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Abstract: Esophageal cancer is one of the most common malignant cancers worldwide. Long non-coding RNAs
(IncRNAs) have been reported to be associated with different types of cancer; however, the precise function of
IncRNAs in tumorigenesis remains largely unknown. Herein, we found that INcRNA NBAT-1 levels were lower in EC
clinic tissues than in normal samples, and INcCRNA NBAT-1 expression was negatively associated with prognosis and
TNM stage in EC patients. More importantly, in EC cancer cells, INCRNA NBAT-1 overexpression strongly inhibited
cell proliferation, cell growth and tumor glycolysis. Furthermore, a series of rescue experiments were performed to
demonstrate that the role of INcRNA NBAT-1 in EC cell proliferation, cell growth and tumor glycolysis was partially
dependent on the PKM2 protein, which is a key metabolic enzyme in tumor development. Taken together, our data
illustrate a functional role for IncRNA NBAT-1 in metabolic reprogramming in EC cancer; thus, IncRNA NBAT-1 might
be a potential clinical therapeutic target in EC patients.
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Introduction

Esophageal cancer is one of the most common
malignant cancers worldwide [1, 2]. To date,
surgical removal of early stage EC is the prima-
ry way to improve patient survival rates [3, 4].
Current clinical strategies have been employed
to diagnose early stage EC to improve the prog-
nosis of EC patients. However, many patients
are diagnosed with advanced tumors, which
cause poor treatment outcomes for EC patients
[5-7]. Thus, there is a great need to explore the
molecular mechanisms underlying EC to devel-
op effective therapies for treating advanced
tumors.

Long noncoding RNAs (IncRNAs) are transcripts
that are greater than 200 nucleotides in length
and are reported to play important roles in
many cellular processes [8, 9]. Many studies
have shown that IncRNAs commonly regulate
gene expression via distinct regulator roles,
such as transcriptional regulation and post-
transcriptional modification [10, 11]. However,
the precise molecular mechanism by which

IncRNAs regulate diverse cellular processes
requires clarification. Many studies have shown
that aberrant IncRNA expression is related to
cancer initiation and progression [12, 13].
Furthermore, recent studies have shown that
IncRNAs are involved in multiple processes of
tumorigenesis [14-16]. For example, Yang X.
and his colleagues showed that long non-cod-
ing RNA HNF1A-AS1 mediates proliferation and
metastasis through regulating IncRNA H19 in
esophageal adenocarcinoma cells [17]. Re-
garding other aspects of tumor biology, IncRNA
also plays important roles through different
molecular mechanisms. Shahabi S. reported
that LINCOO261 was essential for activating
the DNA damage response in lung carcinogen-
esis through epigenetic regulation [18]. There is
much evidence that IncRNAs can be involved in
the regulation of tumor metabolism, which is
one of the hallmarks of human cancer develop-
ment [19, 20]. It has been demonstrated that
IncRNA YIYA promotes breast growth by upre-
gulating tumor glycolysis [21], indicating that
IncRNAs are involved in tumor glycolysis. Re-
cently, INcRNA NBAT-1 was shown to affect neu-
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roblastoma development by regulating cell pro-
liferation [22]. Another report also indicated
that IncRNA NBAT-1 is involved in tumor pro-
gression in lung cancer [23]. However, the role
of IncRNA NBAT-1 in EC progression is still
unknown, and whether it can regulate tumor
glycolysis metabolism remains unclear.

Here, our results demonstrate that IncRNA
NBAT-1 expression correlated with the TNM
stage of EC patients. More importantly, our
data show that IncRNA NBAT-1 levels were hi-
gher in EC tumors than in adjacent normal
tissues. In addition, silencing IncRNA NBAT-1
inhibited tumor growth and glycolysis. Mech-
anistically, we also revealed that IncRNA NBAT-
1 enhances the expression of PKM2 to promote
tumor proliferation. Thus, we discovered that
IncRNA NBAT-1 could be a promising biomarker
for EC patients and could be considered a novel
target for tumor metabolism therapy.

Materials and methods
Cell culture, antibodies and transfection

Ecal09 and KYSE150 cells were purchased
from the American Type Culture Collection
(ATCC) and were cultured with Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) and 1% pen-
icillin/streptomycin. Stable cell lines expressing
IncRNA NBAT-1 or the control vector were con-
structed using puromycin. Cells were transfect-
ed with Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA) following the manufactur-
er’s instructions. Antibodies against PKM2 and
anti-B-actin were purchased from Santa Cruz
Biotechnology. Antibodies against HK-Il, anti-
PFK, anti-PK and anti-PGK1 were obtained
from Cell Signaling Technology.

RNA extraction and gRT-PCR

Total RNA was extracted with Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Then, total RNA
was reverse transcribed into cDNA using a
Prime-Script kit (TakaRa, Dalian, China). The
expression of related genes was examined by
gRT-PCR using SYBR® Green Master Mix
(TaKaRa, Dalian, China). The expression of
related genes was normalized to that of GAPDH.
The following primers were used in this study:
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IncRNA NBAT-1 5-ATTTCTGCTCCTGGGTCTTAC-
3" and 5-AGTGGCTTGTCTGTTAGAGTC-3’ and
GAPDH 5’-CACCCACTCCTCCACCTTTG-3" and 5'-
CCACCACCCTGTTGCTGTAG-3'.

Western blot assay

Cells were lysed with NP40 lysis buffer (Thermo,
USA) with protease and phosphatase inhibitor
reagents (Thermo, USA) according to the ma-
nufacturer’s instructions. Then, an equal am-
ount of protein was separated by sodium do-
decyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto polyvinyli-
dene difluoride (PVDF) membranes. The mem-
branes were incubated with the indicated pri-
mary antibody overnight at 4°C. A secondary
antibody was used to identify the relevant
bands. Finally, the bands were detected using
chemiluminescence (Bio-Rad, USA).

Cell proliferation assay

For the CCK-8 assay, approximately 2000 cells
from each group were seeded in a 96-well
plate. Then, the cells were cultured for the indi-
cated days. CCK-8 reagent (10 ul) was added to
each well and incubated for 2 h. Finally, the
optical density (OD) value of each well was
examined at 450 nm.

For the cell count assay, approximately 1x10*
cells from each group were plated into 6-well
plates. After 24 h, the cells in each well were
counted every 24 h, and the cell growth curve
was plotted.

For the colony formation assay, approximately
100 cells from each group were seeded into
6-well plates. Then, fresh culture medium was
added every three days. After 14 days of cul-
ture, cell colonies were fixed with 4% parafor-
maldehyde, and crystal violet staining was used
to count the number of cell colonies.

Metabolite analysis of the culture media

Cells from each group were incubated with glu-
cose-free DMEM supplemented with 10% dia-
lyzed serum overnight. Then, glucose or [U13C]
glucose (11 mM) was added to the media and
incubated with the cells for 6 h. Finally, the cell
culture media was harvested for metabolite
analysis as previously described [19]. For glu-
cose and lactate concentration analysis, cells
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Figure 1. LncRNA NBAT-1 was downregulated in EC tissues. A. Relative mRNA expression levels of INcRNA NBAT-1
between EC tumor and adjacent normal tissues (n=67). **P<0.01. B. Relative mRNA expression levels of INcCRNA
NBAT-1 among different EC cell lines (Eca109, EC18, KYSE30 and KYSE180) and normal cell lines. C. Kaplan-Meier
analysis showing the survival rate of EC patients stratified by INcRNA NBAT-1 expression. D. Relationship between
the mRNA expression of IncRNA NBAT-1 and the protein expression of PKM2 in clinical EC cancer tissue samples. E.
Spearman correlation analysis between IncCRNA NBAT-1 and PKM2 in 67 EC cancer specimens. **P<0.01.

from each group were seeded in 6-well plates
for 24 h. Then, the cell culture media was har-
vested and analyzed using a Yellow Springs
Instrument (YSI) 7100. The concentrations of
glucose and lactate were detected according to
the manufacturer’s instructions.

Statistical analysis

All data were analyzed using GraphPad Prism 5
software (San Diego, CA, USA). The results are
shown as the mean + standard error. An
unpaired t test was used to examine IncCRNA
NBAT-1 expression between tumor tissues and
paired non-tumor tissues, and a P value <0.05
was considered statistically significant.

Results

LncRNA NBAT-1 was downregulated in EC tis-
sues

To identify the role of IncRNA NBAT-1 in EC
development, we measured the expression of
IncRNA NBAT-1 in paired EC samples and adja-
cent normal tissues. Interestingly, we found
that IncRNA NBAT-1 expression levels were
lower in EC tissues than in normal samples
(Figure 1A). Furthermore, to evaluate the clini-
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cal significance of IncRNA NBAT-1 in EC pati-
ents, we analyzed multiple clinical paramet-
ers in 67 EC patients based on their level of
IncRNA NBAT-1 expression. As shown in Table
1, we found that the expression of IncRNA
NBAT-1 was negatively associated with TNM
stage and tumor volume, indicating that IncRNA
NBAT-1 might be involved in EC progression,
particularly proliferation. To further examine
the phenomenon observed in clinical EC tis-
sues, we also determined the expression of
IncRNA NBAT-1 in several normal and EC cell
lines. Consistent with the above results, lower
levels of IncRNA NBAT-1 were observed in
EC cell lines compared to those in normal cell
lines (Figure 1B). More importantly, a Kaplan-
Meier analysis showed that the prognosis of
EC patients with low IncRNA NBAT-1 expres-
sion was significantly poorer than that of pa-
tients with high IncRNA NBAT-1 expression
(Figure 1C). In addition, we found that the
expression of INCRNA NBAT-1 was negatively
related to PKM2 (Figure 1D, 1E), which is an
enzyme in glycolysis, but not other glycoly-
tic enzymes (data not shown); these data sug-
gest that IncRNA NBAT-1 might be involved in
tumor glycolysis and thus regulate tumor pro-
liferation.
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Table 1. Association between clinicopathological character-
istics and expression of INcRNA-NBAT-1 in the esophageal

cancer patients (n=67)

NBAT-1 is involved in tumor pro-
liferation.

IncCRNA-NBAT-1

Overexpression of IncRNA NBAT-1

Characteristics n - - - P-value inhibited tumor glycolysis
High expression Low expression
Sex 0.548 Given that glycolysis is the most
Male 37 17 20 important hallmark of cancer, we fur-
Female 30 16 14 ther examined the role of IncRNA
Age 0.331 NBAT-1 in tumor glycolysis. Many
<50 28 17 11 metabolic enzymes have been re-
>50 39 19 20 ported to be involved in glucose
Tumor size (cm) 0.036 metabolism. Thus, we examined the
<5 35 el 14 levels of related meta!oolic.: enzyme
>5 32 1 o1 expressm.n.. AgsI s?owr:j n;hFltgure 3A,
. ) we surprisingly foun at overex-
Differential grade 0.408 pression of INncRNA NBAT-1 reduced
Poor 18 10 8 PKM2 protein expression, but not
Middle 23 14 ° other metabolic enzymes such as
Well 26 11 15 HK-Il, G-6-P, and PFK1. Next, we
LN metastasis 0.193 detected metabolic flux using a
Positive 25 16 9 13C-based strategy. As shown in
Negative 42 20 22 Figure 3B, overexpression of IncRNA
TNM stage 0.026 NBAT-1 decreased cellular 13C-glu-
I 28 20 8 cose in EC cells. We also observed
I 19 13 6 lower lactate production in IncCRNA
i 20 7 13 NBAT-1-overexpressing cells compa-

LN, lymph node; TNM, tumor, node, metastasis.

Overexpression of IncRNA NBAT-1 inhibited
tumor proliferation

To examine whether IncRNA NBAT-1 affects
tumor proliferation, we first constructed
KYSE30 and Ecal09 stable cell lines express-
ing INncRNA NBAT-1 using lentivirus. In addition,
a negative vector lentivirus was used as a neg-
ative control. As shown in Figure 2A, the mRNA
levels of IncRNA NBAT-1 were significantly
increased in cells expressing the IncRNA NBAT-
1 lentivirus. Next, we detected the ability of
IncRNA NBAT-1 to affect proliferation in EC cell
lines. As shown in Figure 2B, overexpression of
IncRNA NBAT-1 strongly reduced the number of
colonies formed. In addition, IncRNA NBAT-1
overexpression significantly decreased the
growth rate of EC cell lines according to cell
count assays. Furthermore, we used CCK-8
assays to analyze the effect of IncRNA NBAT-1
on the proliferative ability of EC cells (Figure
2C). Consistent with the above results, CCK-8
assays showed that overexpression of IncCRNA
NBAT-1 markedly abrogated EC cell viability
(Figure 2D). These data suggest that IncRNA
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red to that in control cells (Figure
3C). In addition, glucose consump-
tion was also examined among the
groups. As shown in Figure 3D, overexpression
of IncRNA NBAT-1 suppressed glucose con-
sumption, indicating that IncRNA NBAT-1 plays
a key role in tumor glycolysis in EC.

LncRNA NBAT-1 regulates tumor glycolysis
through PKM2

The PKM2 protein is the only metabolic enzyme
regulated by IncRNA NBAT-1. Thus, to deter-
mine the role of PKM2 in tumor glycolysis
induced by IncRNA NBAT-1, we performed a
series of rescue experiments. We overexpres-
sed PKM2 in IncRNA NBAT-1-overexpressing
cells to make the intracellular expression of
PKM2 equal to that of the control group (Figure
4A). Interestingly, we found that overexpression
of PKM2 could reverse the decreased lactate
production induced by IncRNA NBAT-1 overex-
pression (Figure 4B). Furthermore, re-expres-
sion of PKM2 led to strongly increased glucose
uptake inhibition by IncRNA NBAT-1 overexpres-
sion in EC cell lines (Figure 4C). Metabolic flux
was also used to examine how the role of PKM2
in glycolysis was inhibited by IncRNA NBAT-1
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Figure 2. Overexpression of INcRNA NBAT-1 inhibited tumor proliferation. A. gPCR assay showing IncRNA NBAT-1
expression after INcRNA NBAT-1 overexpression plasmid transfection in EC cell lines. **P<0.01. B. Colony forma-
tion assays were used to evaluate the proliferative ability of Eca109 and KYSE150 cells expressing vector plasmid
or IncRNA NBAT-1. *P<0.05, ***P<0.001. C. Cell count assays were performed to examine the growth ability of
Ecal09 and KYSE150 cells expressing vector plasmid or INCRNA NBAT-1. *P<0.05, **P<0.01. D. CCK-8 assays
were used to determine the proliferative ability of Eca109 and KYSE150 cells expressing vector plasmid or IncRNA

NBAT-1. *P<0.05, **P<0.01.

overexpression. As shown in Figure 4D, expres-
sion of PKM2 significantly rescued the meta-
bolic flux impaired by IncRNA NBAT-1 silencing.
These data suggested that IncRNA NBAT-1 may
modulate tumor glycolysis through regulating
PKM2 expression.

PKMZ2 is necessary for tumor proliferation
regulation by INcRNA NBAT-1

Given that glycolysis plays an important role in
tumor progression, we next asked whether
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PKM2 is involved in tumor proliferation regula-
tion by IncRNA NBAT-1. The colony formation
assays results showed that re-expression of
PKM2 strongly promoted colony formation
(Figure 5A). Next, we further examined cell via-
bility by CCK-8 assays. Unexpectedly, cell viabil-
ity was reversed by the overexpression of PKM2
in INncRNA NBAT-1 overexpression cells (Figure
5B). Additionally, cell count analysis results
also confirmed that overexpression of PKM2
could enhance cancer cell growth inhibited by
IncRNA NBAT-1 (Figure 5C). These results imply
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Figure 3. Overexpression of INcRNA NBAT-1 inhibited tumor glycolysis. A. The protein levels of related metabolic
enzymes (PKM2, HK-II, G-6-P and PFK1) were examined by Western blot assay of control cells and IncRNA NBAT-1
overexpression cells. B. Percentage of [U-13C] glucose to unlabeled glucose in control cells and IncRNA NBAT-1
overexpression cells starved without glucose overnight, followed by [U-13C] glucose addition. *P<0.05, **P<0.01.
C. Medium lactate levels were detected in control cells and IncRNA NBAT-1 overexpression cells. *P<0.05,
***P<(0.001. D. Medium glucose consumption was detected in control cells and IncRNA NBAT-1 overexpression

cells. *P<0.05, **P<0.01.

that IncRNA NBAT-1 regulates EC proliferation
via glycolysis in a manner dependent on PKM2
expression.

Discussion

Previous reports have revealed that IncRNA
dysregulation is involved in diverse cellular pro-
cesses [11, 24]. In human cancer, there is
increasing evidence that IncRNA dysregulation
plays important roles in the initial progression
and advanced development of tumors [25, 26].
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However, the precise molecular mechanisms
underlying IncRNA-mediated tumor develop-
ment remain obscure. In our study, we observed
lower IncRNA NBAT-1 levels in EC tissues that in
normal tissues, and the levels of IncRNA NBAT-
1 expression were related to TNM stage and
tumor size, indicating that IncRNA NBAT-1 may
be involved in EC proliferation and might act as
a potential suppressor biomarker in EC.

In fact, the suppressor roles of INcRNA NBAT-1
have been reported in lung cancer and neuro-

Am J Transl Res 2019;11(9):5978-5987
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Figure 4. LncRNA NBAT-1 regulated tumor glycolysis through PKM2. A. The protein level of metabolic enzyme PKM2
were examined by Western blot assays of control cells and IncRNA NBAT-1 overexpression cells after transfected with
PKM2 plasmids. B. Medium lactate levels in control cells and IncRNA NBAT-1 overexpression cells after transfected
with PKM2 plasmids. **P<0.01, ***P<0.001. C. Medium glucose consumption examination in control cells and In-
cRNA NBAT-1 overexpression cells after transfected with PKM2 plasmids. **P<0.01, ***P<0.001. D. Percentage of
[U-13C] glucose to unlabeled glucose in control cells and INncRNA NBAT-1 overexpression cells after transfected with
PKM2 plasmids starved without glucose overnight, followed by [U-13C] glucose addition. **P<0.01, ***P<0.001.

blastoma. These studies showed decreased
IncRNA NBAT-1 levels in tumor samples com-
pared with those in normal tissues. In support
of this finding, our results also showed that low
expression of INcRNA NBAT-1 was observed in
EC tissues compared with that in paired normal
tissues. Furthermore, we surprisingly found
that the IncRNA NBAT-1 expression level was
negatively related to the PKM2 protein level in
clinical EC samples. Most studies on the role of
IncRNAs in tumor development have shown
that IncRNA dysregulation is involved in tumor
proliferation and metastasis [27-29]. For ex-
ample, a study demonstrated that IncRNA
ABO074169 inhibits papillary thyroid carcinoma
cell proliferation via regulation of KHSRP-
mediated CDKNZl1a expression [30]. Seiler J.
and his colleague showed that IncRNA VELUCT

5984

significantly regulates lung cancer cell viability,
indicating that the dysregulation of some types
of IncRNAs contributes to tumor proliferation
[31]. According to our data, we found that
IncRNA NBAT-1 overexpression markedly inhib-
ited EC proliferation through a series of experi-
ments. Additionally, we found that overexpres-
sion of INcCRNA NBAT-1 resulted in inhibited EC
cell viability. These phenotypic experiments
indicated that IncRNA NBAT-1 plays a crucial
role in EC proliferation.

Glycolysis is the most important hallmark of
cancer and has been shown to affect tumor
progression [32, 33]. More importantly, some
documents have shown that dysregulation of
IncRNAs is involved in tumor glycolysis. Linjie
Zhao demonstrated that IncRNA LINCO0092

Am J Transl Res 2019;11(9):5978-5987
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Figure 5. PKM2 is necessary for tumor proliferation regulation by INCRNA NBAT-1. A. A colony formation assay was
used to evaluate the proliferative ability of EC109 and KYSE150 cells control cells and IncRNA NBAT-1 overexpres-
sion cells after transfected with PKM2 plasmids. *P<0.05, **P<0.01, ***P<0.001. B. Cell viability was assessed in
control cells and IncRNA NBAT-1 overexpression cells after transfected with PKM2 plasmids by CCK-8 assay. C. Cell
count assays were performed to examine the growth ability of EC109 and KYSE150 cells control cells and IncRNA
NBAT-1 overexpression cells after transfected with PKM2 plasmids.

could promote glycolysis to enhance the pro-
gression of ovarian cancer [34]. Zhen Xing and
his colleagues also illustrated that IncCRNA YIYA
increased tumor glycolysis to promote breast
cancer cell proliferation. In the present study,
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we identified that IncRNA NBAT-1 acts as a
mediator of glycolysis in EC cells. Herein, we
found that overexpression of IncRNA NBAT-1
strongly decreased the metabolic flux of EC
cells and lactate in the medium of EC cells. In
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addition, our clinical data showed that the
IncRNA NBAT-1 expression level was related to
PKM2 expression, which is a key metabolic
enzyme. Indeed, overexpression of IncRNA
NBAT-1 markedly decreased the expression of
PKM2, but not that of other metabolic enzymes.
Furthermore, we found that the decreased pro-
liferative ability mediated by IncRNA NBAT-1
was strongly reversed by PKM2 overexpres-
sion, suggesting that PKM2 may be a potential
targeted effector of IncRNA NBAT-1. Moreover,
the current research showed that the suppres-
sive properties of IncRNA NBAT-1 were depen-
dent on tumor glycolysis.

In conclusion, our results have shown dec-
reased expression of INcRNA NBAT-1 in EC sam-
ples. Furthermore, the IncRNA NBAT-1 expres-
sion levels were associated with TNM in EC
patients. The effects of IncRNA NBAT-1 on EC
cell proliferation were dependent on tumor gly-
colysis and mediated by PKM2. Our study pro-
vides novel insight into understanding EC devel-
opment and evidence that IncRNA NBAT-1 may
act as a potential target for EC therapies.
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