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Background: The long noncoding RNA (IncRNA) GAPLINC, or gastric adenocarcinoma
predictive long intergenic ncRNA, plays a carcinogenic role in a variety of different tumor
types. There is limited information regarding the biological function of GAPLINC in the
development of esophageal squamous cell carcinoma (ESCC).

Methods: Surgical tissue samples of 40 patients undergoing ESCC radical surgery were
collected, including ESCC tissues and corresponding adjacent normal tissues. Quantitative
real-time PCR (qRT-PCR) was used to detect the expression of IncRNA GAPLINC in the
human ESCC cell line (TE11). The function role of LncRNA GAPLINC was detected after
specific siRNA interference and overexpression in the TE11 cell line. The effects of LncRNA
GAPLINC on ESCC cell proliferation, migration and invasion abilities were investigated by
flow cytometry, using the Cell Counting Kit-8 (CCK-8), and by Transwell migration assays,
respectively.

Results: The expression of IncRNA GAPLINC in ESCC tissues was significantly higher
than that in corresponding adjacent normal tissues (P<0.05) and correlated with the degree of
tumor differentiation (P<0.05). Compared with human esophageal normal epithelial cell
lines, the expression of LncRNA GAPLINC was significantly higher in the human ESCC
cell line (P<0.05). CCK-8 assays showed that LncRNA GAPLINC overexpression increased
the growth rate of cells (P<0.05). Transwell experiments showed that LncRNA GAPLINC
overexpression increased the ability of cell migration and invasion compared to control cells
(P<0.05). Annexin V assay revealed that LncRNA GAPLINC silencing increased early stage
apoptosis (P<0. 05).

Conclusion: Our results suggest that LncRNA GAPLINC may be used as a biomarker for
the diagnosis and monitoring of ESCC, and may play an oncogenic role in ESCC.
Keywords: esophageal squamous cell carcinoma, long non-coding RNA, GAPLINC,

biomarker, expression

Background

Esophageal squamous cell carcinoma (ESCC) has become one of the six most
frequently diagnosed malignant tumors in the world, with about 572,000 new cases
and 509,000 deaths in 2018, ranking seventh and sixth among all tumors in the
world, respectively.' China has the highest incidence and mortality rate of ESCC in
the world, accounting for 70%.” It should be noted that more than 95% of patients
with ESCC are in advanced stage at their initial diagnosis, and present poor
prognosis with a 5-year survival rate of only about 30%.>* The available studies
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of ESCC.’
Numerous factors are related to the occurrence and devel-

cannot fully explain the pathogenesis
opment of ESCC.® Thus, it is of great importance for the
prevention and treatment of ESCC to better understand its
pathogenesis, clarify its biological behavior, identify any
susceptible genes and specific biomarkers.

LncRNA is a long non coding RNA of more than 200
nucleotides in length, which is mainly transcribed by RNA
Polymerase II and widely distributed in the human
genome.” Numerous IncRNAs have been identified in dif-
ferent malignant tumor. These IncRNAs regulate the
expression of oncogenes and tumor suppressor genes in
different ways and play an important role in the occur-
rence, development, metastasis, and recurrence of tumors.®
Furthermore, IncRNAs are stable in circulating body fluids
such as plasma and urine; thus, providing a new basis for
the diagnosis and treatment of malignant tumors. The
search for new IncRNAs as diagnostic biomarkers and
therapeutic targets for malignant tumors has become
a research hotspot.

GAPLINC is 924 bp in length and is located on the
short arm of human chromosome 18; the RNA length after
transcription is 643 nt.” LncRNA GAPLINC was first
confirmed to be significantly increased in gastric cancer
tissues. GAPLINC expression is strongly correlated with
CD44 expression and its role as a proto-oncogene is
dependent in part, on CD44."" At present, few studies
have described the functional rtole of LncRNA
GAPLINC. The aim of this study was to explore the
biological function of LncRNA GAPLINC in the develop-
ment of ESCC.

Materials and Methods

Patients and Tumor Specimens

In this study, 40 pairs of specimens were collected, includ-
ing ESCC cancer tissues and adjacent normal esophageal
tissues. These tissues were collected from patients under-
going thoracic surgery as a therapeutic intervention in
2018. The normal tissues adjacent to the cancer required
to be >5 cm from the edge of the tumor tissue.

Quantitative Real-Time Polymerase Chain
Reaction

Fifty mg tissue sample was added to 700 pL of lysate (RNA
extraction kit, Shanghai Meixuan Biological Technology Co.,
Ltd.) for RNA extraction. Next, 20 puL of proteinase K solution
and 20 pL magnetic beads to were added to the protocol to

obtain purified RNA. After removing, genomic DNA, cDNA
was obtained by reverse transcription of RNA (RT Reagent
Kit, Takara Co., Ltd.), and Real Time PCR reactions were
performed immediately. hGAPLINC (Forward primer
sequence: CCACATCCAGGGGCTATCAA; Reverse primer
sequence: CACAATCAGGGCTCTTGGACT) and hGAPDH
(Forward primer sequence: GCACCGTCAAGGCTG
AGAAC; Reverse primer sequence: TGGTGAAGACGCC
AGTGGA).

Cell Culture

The human ESCC cell lines KYSE-150, KYSE-450,
KYSES510, TE-10, TE-11 and the human-derived normal
esophageal epithelial cell line (Het-1A) were obtained from
Shanghai Meixuan Biotechnology Co., Ltd.). All cell lines
were cultured in complete medium (containing 90%
DMEM high glucose plus 10% fetal bovine serum,
Hyclone Co., Ltd.) under sterile conditions, and placed in
a 37° incubator.

CCK-8 Assay

The proliferative ability of cell lines was detected by
CCK-8 assay (CCK-8 Cell Proliferation and Cytotoxicity
Detection Kit, Biyuntian Co., Ltd.). A 100 pL cell suspen-
sion was added to the 96-well plate and incubated for 72
h. Next, 10 pL. CCK-8 solution was added to each well,
and the incubation of the plate continued in the incubator
for 1 hour. The absorbance at 450 nm was measured using
a microplate reader.

Transwell Assay

Approximately 5x10% cells were inoculated in the upper
well of the Transwell chamber and 500 pL of fresh medium
containing 20% FBS was added in the lower chamber. After
incubating for 12 h, the Transwell chamber was removed
and cells were fixed with 4% paraformaldehyde for 10
minutes. Crystal violet dyeing solution was added for 5
minutes, the cells were observed under the microscope.

Apoptosis Assay

Cell apoptosis was detected using a flow cytometry assay
(Annexin V-Alexa Fluor647/P1 Apoptosis Detection Kit,
Solarbio Co., Ltd.). Approximately, 50,000-100,000 resus-
pended cells were centrifuged at 1000 xg for 5 minutes.
Next, 195 pL. Annexin V-FITC binding solution, 5 pL
Annexin V-Alexa Fluor647, and 10 pL propidium iodide
staining solution were added to the cells. After incubating
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at room temperature in the dark for 20 minutes, the cells
were analyzed by flow cytometry.

Results

Expression of LncRNA GAPLINC in
ESCC Tissues and Adjacent Tissues
LncRNA GAPLINC expression in ESCC tissue was signifi-
cantly higher than in normal adjacent tissues (P<0.05)
(Figure 1A). The expression of LncRNA GAPLINC in
ESCC lines was significantly higher than that of human
(P<0.05)
relative expression of LncRNA

normal epithelial cell lines
1B). The
GAPLINC was significantly associated with the degree of
differentiation of the ESCC (P<0.05), and was not related to

the patient’s sex, age, history of tobacco and alcohol con-

esophageal
(Figure

sumption, tumor location, esophageal lesion length, infiltra-
tion depth, or lymph node metastasis (Table 1).

Clinical Value of LncRNA GAPLINC in
ESCC

As shown in Figure 2, the area under the curve (AUC) of
LncRNA GAPLINC at diagnosis was 0.715, and when the
cut-off value for GAPLINC expression was lowered to
0.3865, the specificity and sensitivity of the assay were
72.5% and 65.0%, respectively.

Effect of LncRNA GAPLINC on TEI |

Cell Behavior

The expression of LncRNA GAPLINC in the control,
knockdown, and overexpression groups in TE11 cells are
shown in Figure 3A. The relative expression of multiple of
Ct values between of the LncRNA GAPLINC silenced
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group and control group was 18.4%. The knockdown and
overexpression of LncRNA GAPLINC in the TE11 cell line
were significantly higher than in the control group (P <0.05).

CCK-8 Assay

The cellular viability of the TEI11 cell line after
IncGAPLINC-knockdown LncGAPLINC-
overexpression are shown in Figure 3B. We found that
IncGAPLINC-knockdown decreased the cell proliferation
rate, and InGAPLINC-overexpression increased the cell
proliferation rate (P<0.05).

and

Transwell Assay

Transwell cell migration and invasion assays were used to
detect TE11 cell migration and invasion ability after
IncGAPLINC-knockdown and IncGAPLINC-
overexpression. Compared with the control group, the
number of migration and invasion decreased after knock-
ing down and increased after following IncGAPLINC
overexpression (P<0.05) (Figure 3C-F).

Cell Apoptosis

Cell apoptosis was detected in the LncGAPLINC-knockdown,
LncGAPLINC-overexpression, and in control TE11 cell lines.
Compared with the control group, knocking down LncRNA
GAPLINC lead to an increase in cell apoptosis (35.97+3.58%,
P<0.05) (Figure 3G, Table 2). However, there were no sig-
nificant changes in cell apoptosis between the LncGAPLINC-
overexpression cell line and the control cell line.

Discussion

Esophageal cancer is one of the most common malignant
tumors. It ranked sixth among the causes of tumor-related
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Figure | LncRNA GAPLINC expression levels in ESCC tissues, adjacent normal esophagus tissues, and ESCC cell lines. (A) LncRNA GAPLINC expression levels in ESCC
tissues and adjacent normal esophagus tissues. (B) LncRNA GAPLINC expression in five human ESCC cell lines. (*p<0.05).
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Table | Relationship Between LncRNA GAPLINC and Clinical
Characteristics of ESCC Patients

Clinical Information No. % P value
Gender P=0.428
Male 34 85
Female 6 15
Age P=0.269
>60 31 77.5
<60 9 22.5
Smoking P=0.152
Yes 16 40
No 24 60
Drinking P=0.791
Yes 15 375
No 25 62.5

Tumor location vs Low in chest

High in chest 5 12.5 P=0.648
Middle in chest 14 35 P=0.444
Lower middle in chest 10 25 P=0.764
Low in chest 10 25

Unknown | 2.5

Tumor size P=0.629
>4cm 20 50
<4cm 20 50

Differentiation vs High
High 4 10
Higher middle 6 15 P=0.015
Middle 13 325 P=0.011
Lower middle 8 20 P=0.017
Low 9 22.5 P=0.022

Infiltration vs All
Mucosa and submucosa 5 12.5 P=0.700
Superficial muscularis 2 5 P=0.979
Deep muscularis 5 12.5 P=0.538
All 28 70

Lymph node metastasis
Yes 15 355 P=0.114
No 25 62.5

Note: Chi-square test P<0.05.

mortality worldwide, and morbidity ranked seventh in
2018." There are obvious regional differences in esopha-
geal cancer incidence. Northern France, Africa, Central
Asia, and Central and South America are the high inci-
dence areas. In China, the high incidence areas include
Dabie
Mountain, Southern Fujian, Chaoshan of Guangdong,

Taithang Mountain, Northern Jiangsu Area,

and the Eastern Qinling Mountains.''
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Figure 2 Receiver operating characteristics (ROC) curves for LncRNA GAPLINC.
AUC of LncRNA GAPLINC in the diagnosis of patients was 0.715.

The main tissue types of esophageal cancer are eso-
phageal adenocarcinoma (EAC) and ESCC. ESCC is the
most common tissue type of esophageal cancer and the
main pathological type in China. Recent studies have
confirmed that multidisciplinary comprehensive treatment
is the main research direction for ESCC treatment.
Although the diagnosis and treatment methods of ESCC
are continuously being optimized and new drugs are being
developed, ESCC is characterized by high invasiveness,
treatment resistance, and easy metastasis. Therefore, the
overall 5-year survival rate is not obvious. At present, the
clinical prognosis of ESCC is mainly defined by the TNM
stage. Although the prognosis of patients may vary greatly
at the same TNM stage. It is not comprehensive enough to
rely on the clinical pathological staging to evaluate prog-
nosis. The inherent molecular biological mechanism is
also worth exploring.

In recent years, studies have found that genetic
abnormalities are one of the main causes of ESCC, indi-
cating that ESCC occurrence might be related to environ-
mental factors and genetic factors. In order to achieve an
accurate early diagnosis of ESCC and better prognosis
evaluation, we need to further explore its pathogenesis at
the genomic level. Previous studies have confirmed that
the genesis and development of esophageal cancer
involved many genes, such as C-MYC, EGFR, INT-2,
and P53.
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Figure 3 Effects of LncRNA GAPLINC on TEII cell behavior. (A) LncRNA GAPLINC expression in control, and cells with LncRNA GAPLINC knockdown and
overexpression (B) Cell proliferation and (C) cell migration following IncGAPLINC-knockdown and IncGAPLINC-overexpression. (D) Representative images of the cell
migration assay. (E) Cell invasion following IncGAPLINC-knockdown and IncGAPLINC-overexpression. (F) Representative images of the invasion assay. (G) Apoptosis

following IncGAPLINC-knockdown and IncGAPLINC-overexpression. (¥p<0.05).

LncRNAs are more than 200 nucleotides long and do
not encode protein. According to their position, LncRNAs
can be divided into 5 types: sense LncRNA, antisense
LncRNA, bidirectional LncRNA, intron LncRNA, and
intergenic LncRNA.'? Studies on IncRNA in esophageal
cancer are not rare, but it is still a hot spot in current tumor
research. Compared with miRNA, IncRNA is much more
abundant in terms of function and mechanism, and it may
be a core factors in RNA regulation. LncRNAs control
biological events by numerous ways.'> An increasing
number of studies have shown that LncRNA is differen-
tially expressed in tumors.'* Several studies have shown
that IncRNA has a relatively stable secondary structure
and can be detected in plasma or other body fluids.'?

LncRNA may become a new class of tumor markers
and potential therapeutic targets.'® An important function
of LncRNA is to regulate the expression of neighboring
protein-coding genes. The molecular mechanisms include
histone modification, DNA methylation, splicing regula-
tion, and protein ubiquitination. LncRNA can be used as
a signal or guide the recruitment of chromatin modification
complexes to induce transcription, and can even be used as

Table 2 Apoptosis Rate of LncGAPLINC-Knockdown Cell Line
and LncGAPLINC-Overexpression Cell Line

Control Silence Overexpression

Apoptosis rate (%) | 0.49+0.045 | 35.97+3.58 0.70+0.083

a bait that binds transcription factors to prevent them from
binding to target gene promoter regions, and thereby inhi-
biting transcription.'” In addition, IncRNA can hybridize
with the mRNA precursor, block the recognition of the
splice site through the spliceosome, and regulate the alter-
native splicing of the mRNA precursor to produce alter-
nate transcripts.'® Another biological function of IncRNA
is to act as a “microRNA sponge” by interacting with
microRNA, inactivating these small regulatory RNAs,
thereby increasing the expression of microRNA target
genes.'>?° Finally, IncRNA may be involved in the reg-
ulation of protein localization, activity, and function.?!
Thus, identifying IncRNA expression in ESCC may
further expand our understanding of ESCC and open up
a new strategies for the prevention and treatment of eso-
phageal cancer.

LncRNA GAPLINC was first confirmed to be highly
expressed in gastric cancer tissues, where it promotes cell
proliferation by acting as a molecular sponge of miR-378.%*
GAPLINC up-regulates the expression of CD44 by competing
with miR-211-3p.** In colorectal cancer, GAPLINC inhibits
cell proliferation and invasion of cancer cells by combining
with SNAI2 and the up-regulation of GAPLINC expression
has been associated with late clinical stage and overall survival
of colorectal cancer patients.”* In glioma, GAPLINC acts as
an oncogene by regulating NRP2 and ERBB-2 in combination
with miR-331-3p.%* In non-small cell lung cancer, GAPLINC
is located downstream of TGF- signaling and is up-regulated
by TGF-B1. GAPLINC may act as a mediator of TGF- and its
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downstream effectors to promote the migration and invasion
of NSCLC cells.? Overall, the above studies show that
LncRNA GAPLINC plays a role as an oncogene in gastric
cancer, colorectal cancer, glioma, and non-small cell lung
cancer. The function and mechanism of LncRNA GAPLINC
in ESCC is unknown.

This study collected samples from 40 cases of ESCC
tissues and adjacent normal tissue. The results of qRT-PCR
assay showed that IncRNA GAPLINC had a significantly
higher expression in ESCC. The study revealed a correlation
between LncRNA expression level and tumor differentiation
degree, indicating the potential of LncRNA GAPLINC as
a biomarker for diagnosis in ESCC. In order to further
explore the function of IncRNA GAPLINC in esophageal
tumors, we used qRT-PCR technology to detect IncRNA
GAPLINC expression in five human ESCC lines (KYSE-
450, KYSE-510, KYSE-150, TE-10, and TE- 11). Compared
with the normal esophageal epithelial cell line (HET-1A),
IncRNA GAPLINC expression was up-regulated in these
five ESCC lines, which was similar to that observed in
ESCC tissue. We selected the TE-11 cell line to knock
down and overexpress IncRNA GAPLINC. The Annexin
V apoptosis assay showed that knocking down of
GAPLINC lead to a significant difference in cell apoptosis
rates, while overexpression of GAPLINC had no effect on
apoptosis. Knocking down of IncRNA GAPLINC lead to
a decrease in the rates of cell proliferation, migration and
invasion. Conversely, overexpressing IncRNA GAPLINC
led to an increase on cell proliferation, migration and inva-
sion. Thus, downregulation of LncRNA GAPLINC could
significantly inhibit the proliferation, migration, and invasion
ability of ESCC cells in vitro. Altogether our findings show
that LncRNA GAPLINC acts as an oncogene in the devel-
opment of ESCC, and may represent a potential treatment
target for ESCC.

Conclusion

Our results revealed that LncRNA GAPLINC could acts as
an oncogene in the occurrence and development of ESCC
and may be an effective biomarker for ESCC diagnosis
and a potential therapeutic target.

Abbreviations

CCK-8, Cell counting kit-8; EAC, esophageal adenocarci-
noma; ESCC, esophageal squamous cell carcinoma;
GAPLINC, Gastric adenocarcinoma predictive long inter-
genic noncoding RNA; IncRNA, Long non-coding RNA;
gqRT-PCR, Quantitative real-time PCR.
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