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Abstract

Purpose: Long non-coding RNA (IncRNA) KCNQ10T1 (KCNQ1 opposite strand/antisense transcript 1)
has been associated with many kinds of cancers. However, its role hasn’t been researched much in
gastric cancer. The present study investigated the role and mechanism of KCNQ1QOT1 in gastric cancer.
Methods: Quantitative-PCR assays was used to measure KCNQ10T1 and miR-124-3p expression in
gastric cancer tissues and cells. Transfection assays were conducted to evealuate the regulation of
KCNQ10T1 or miR-124-3p expression in vitro. CCK-8 assays examined cell proliferation and Transwell
invasion assays checked cell invasion abilities due to the changes of the key genes. On the other hand,
luciferase reporter assays assisted in verifying the binding between KCNQ10T1 and miR-124-3p. To
explore the mechanism of KCNQ10OT1 in gastric cancer, we checked the independent influence of
.KCNQ10T1 or miR-124-3p on cellular functions and also examined the interplay between the two
genes in gastric cancer cell lines.

Results: The findings showed that KCNQ10OT1 had high expression while miR-124-3p had low
expression in gastric cancer tissues and cells in comparison with normal ones. KCNQ10T1 was found
to bind and target miR-124-3p. KCNQ10T1 was shown to promote cell proliferation and invasion while
miR-124-3p inhibit. Furthermore, the inhibition of miR-124-3p could partially reverse cell function
changes induced by the knockdown of KCNQ71OT1 including cell viability, cell invasion and EMT
process.

Conclusion: KCNQ10T1 was a target of miR-124-3p and reduction in its expression led to an increase
of miR-124-3p and inhibited the proliferation, invasion and EMT in Gastric Cancer. These results
provided evidence that KCNQ10OT1 promoted the growth and invasion of the cells via targeting miR-
124-3p in GC.
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INTRODUCTION

Gastric cancer has remained to be a huge
menace and a concern for public health in the
world with a high number of deaths resulting from
it. It ranks fourth among the world’s malignancies
and has been reported as the second cause of
deaths resulting from malignancies in the world
[1, 2]. Pathogenesis of cancer has been found to
be complex and some study suggests that
cancer development and growth are influenced
by association of genes and the environment and
the results from environmental effects and the
susceptibility to develop tumors. Presently, the
gold standard therapy which can cure gastric
cancer is radical surgical resection with
standardized D2-lymphadenectomy. The
invasive ability of the virus has necessitated that
new non-invasive methods should be sought
after so as to enable the disease to be detected
early.

Long non-coding RNA (IncRNA) are a distinct
class of mRNA look alike transcripts that are
longer than ~200 nt to ~100 kb long [3]. They do
not possess the ability to protein code and are
thought to take part in many biological processes
[4,5]. Many evidences have pointed to the
expression of INcRNA in many cancers and thus
many scientific studies have been conducted to
find out the role functional IncRNA in the human
malignant tissues

LncRNA also have been determined to have the
ability to check the gene expression using some
mechanisms like transcription, post-transcription,
genomic imprinting, chromatin modification and
protein function regulation.

Deregulated IncRNA has been shown to have a
hand in the development of several different
types of cancers in human beings such as breast
cancer, colon cancer, bladder cancer and other
types [6]. Malat1 for example can work, as an
oncogene, to promote metastasis and growth of
lung cancer and this can therefore be used as a
bio marker in deciding the patients' prognosis [7].
Long non coding RNAs have also been linked to
invasion and metastasis in cancers of the head
and neck [8]. However, to date the functions and
behavior of IncRNA in tumor growth is yet to be
clearly understood. It is therefore vital to find the
novel IncRNA as biomarkers for intervention
therapeutically.

The relationship of KCNQ10T1 and miR-124-3p
is known but there are currently no publications
on their role and expression in gastric cancer. In
this study, we determined the amount of
KCNQ10T1 and miR-124-3p in gastric cancer

tissues and the different cell lines. We then
analyzed the cell proliferation and invasion of
KCNQ10OT1. This enabled us to analyze the
association between KCNQ10T1 and miR-124-
3p and their clinicopathological significance in
gastric cancer.

EXPERIMENTAL

Patients and tissue samples

We gathered and collected 55 GC and 55 normal
gastric tissue specimens over a period of five
years from patients who agreed to undergo
surgery in specific times at First Affiliated
Hospital of Gannan Medical University, China.
These situations were all determined to be GC
by the tests carried out in the hospital and to our
knowledge they were not taken through any type
of radiotherapy and/or chemotherapy before
taking part in the study. Liquid nitrogen was used
to freeze the specimens as required and then
they were then kept at temperatures as low as
-80°C. This research was approved by the
Medical Ethics Committee of the First Affiliated
Hospital of Gannan Medical University, China
and each participant signed a medically informed
consent before we proceeded.

Cell lines and cell culture

The AGS, BGC, Hep3B, LMSU and MKN45,
human GC cell lines which were bought from the
American Type Culture Collection were all
maintained in our laboratories. LO2 human
normal cell also was bought from the Cell Bank
of Type Culture Collection in Shanghai. All the
cells used in the research were cultured in
Iscove’s modified Dulbecco’s medium (IMDM,;
Gibco, Beijing, China). All the cells were keptin a
humidified incubator at 37-C having 5% CO2.

Cell Transfection

GenePharma Co., Ltd helped with construction of
three sets of KCNQ10OT1 siRNA which were
shortly seeded in a 6-well plate. Once the cell
amount was at 70-80% confluency, the cells
were taken and then transfected with
KCNQ10T1siRNA1, siRNA2, siRNA3 with the
help of riboFECTTM CP transfection reagents
following the instructions from the manufac-
turerWe used qRT-PCR to measure the
expression of KCNQ1OT1R1L4 in the cells.
SinceKCNQ10T1siRNA1  showed arelatively
higher effective ability to knock down the
expression of KCNQ1OT1we chose to use this
vector for the rest of the experiments. We also
made shRNA  sequence that focused
onKCNQ10T1 which were then ligated into
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pENTR vector (sh KCNQ1OT1) after being
annealed.

Quantitative real-time PCR

We used TRIzol reagent (Takara Bio, Inc., Shiga,
Japan), to extract and isolate all the required
cellular RNA from the cancer cells and tissues
used. For KCNQ10OT1, RNA we used the Prime
Script RT-PCR Kit ( TaKaRa, Dalian, China) to
transcribe it into cDNA in accordance with
instructions from the manufacturer. For miR-124-
3p on the other hand, RNA was reversely
transcribed with the help of M-MLV Reverse
Transcriptase (Invitrogen, Carlsbad, CA, USA).
The amounts of KCNQ10T1 and miR-124-3p
were then measured using qRT-PCR with a
SYBR GREEN MIX kit all following the
manufacturer’s protocols. Primers sequences of
KCNQ10T1: forward, 5- GCACTCTGGGTCC
TGTTCTC-3’; reverse, 5-CACTTCCCTGCCTC
CTACAC-3'[9]. Primers sequences of miR-106a-
5p: forward, 5-GATGCTCAAAAAGTGCTTACA
GTGCA -3’ and reverse, 5-TATGGTTGTTCT
GCTCTCTGTCTC -3'[10]. Primers sequences of
GAPDH: forward, 5-AAGGTGAAGGTCGGA
GTCAA-3’; reverse, 5-AATGAAGGGGTCA
TTGATGG-3'. The experiments were all done in
triplicate. 2-AACt method was used to quantify
the gene expression.

Cell viability assay

AGS and BGC transfection with siNC or si-
KCNQ10OT1 were seeded into 96-well plates at a
density of 4 x 103. After cultured in DMEM with
10% FBS for a night, the Cell Counting Kit-8
(Beyotime, Shanghai, China) was used to check
cell viability after transfection based on the
product manual. The results were checked at 24,
48, 72 and 96 h. The absorbance was tested at
450nm wave length and the cell viability curve
was made according to the values recorded.

Western blot assay

After the GC cell lines AGS and BGC-823 were
centrifuged at 2500* g for five minutes, the cells
were washed twice in cold PBS and then kept in
RIPA Lysis and Extraction Buffer (Thermo
Scientific, Massachusetts, USA) environment.
The mixture was shaken for 15 minutes on ice
and then centrifuged at 14000*g for fifteen
minutes so as to separate cell pieces. The
supernatant was electrophoresis in 10% SDS-
PAGE gel (Beyotime, Shanghai, China). Then
the extracted proteins were transferred to 0.45
pm PVDF membranes (Millipore, Billerica, MA,
USA) and was blocked with 5% skim milk for a
night around 4-C. E-Cadherin Mouse Monoclonal

Antibody( 1:800), N-Cadherin Rabbit Polyclonal
Antibody( 1:800), Vimentin Mouse Monoclonal
Antibody( 1:800) and GAPDH Mouse Monoclonal
Antibody( 1:800) were wused as primary
antibodies (Beyotime, Shanghai, China). Rabbit
Anti-pan Cadherin antibody (1:200, Abcam,
Cambridge, UK), Mouse Anti-pan Cadherin
antibody ( 1:1000, Abcam, Cambridge, UK) and
Goat Anti-Mouse IgG (1:1000, Beyotime,
Shanghai, China) were used as secondary
antibodies. The membranes were finally put
forward to BeyoECL Plus Kit (Beyotime,
Shanghai, China) adopted to reach the grey
bands. The Western blot assay in this research
was to examine E-cadherin, N-cadherin and
vimentin with normalization to housekeeping
gene GAPDH.

Dual Luciferase assay

The GC cell lines AGS and BGC-823AGScells
were seeded and cultured in a 96-well plate. The
pGL6 plasmid (Beyotime, Shanghai, China)was
used to build cell models. PGL6 emptey vector,
PGL6- KCNQ1OT1mut and PGL6- KCNQ10T1-
wt were formed and transfected to AGS and
BGC-823AGS cell lines for different groups.
Then the cells were cotransfected with miR-124-
3p mimics and miR-124-3p mimics control .
Luciferase activity was observed two days later
than co-transfection. The Luciferase Assay
system (Promega, Beijing, China) was adopted
to measure the luciferase activity of different
groups. Experiments were done independently
three times.

Transwell invasion assay

The transwell invasion assay examined cell
invasive ability of GC cells. Briefly, we used the
Matrigel-coated chambers (BD Biosciences, San
José, CA) with 8-um pores to analyze the
invasion ease of the GC cells. The cells that had
been transfected (2 x 105) were planted in the
upper invasion chamber containing medium
deprived of serum. The lower invasion chamber
contained RPMI 1640 supplemented with 10%
FBS to activate cell invasion thus the cells that
moved to the lower invasion chamber after a
48h-incubation at 37°C, period were joined
together with 4% paraformaldehyde, with 0.1%
crystal violet used for staining all for 30minutes.
Olympus light microscope (Tokyo, Japan) were
used and quantities of cells were calculated.

Statistical analysis
The experiments in this study were done in
triplicate and all data expressed as mean and

SD. The data was done via using the software
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Statistical Program for Social Sciences (SPSS)
19.0. Graphpad Prism 8.20 was used to process
statistical data derived from the assays.

RESULTS

Expression of KCNQ10T1and miR-124-3p in
gastric cancer

First, gRT-PCR assays confirmed high
expression of KCNQ10T1 and low miR-124-3pin
55 pairs of tissues that were collected from
gastric cancer patients after surgery. Signed
consents were given by the respective patients
and under supervision of Second Hospital of
Lanzhou University. The results as presented in
(Figure 1A) shows that KCNQ1OT1was relatively
upregulated in gastric tissue specimens and was
downregulated in the normal cells. On the
contrary, miR- 124-3p was lowly expressed in the
cancer tissues (Figure 1B). To further find out
the expression of KCNQ10T1 and miR-124-3p in
gastric cancer, we detected their levels using
gRT-PCR in gastric cancer cell lines LMSU,
MKN45, AGS and BGC-823 and the normal cell
line LO2. BGC-823 had the highest expression of
KCNQ10T1 and the lowest expression of miR-
124-3p as compared to the other cell lines and
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the normal cell line LO2 (Figure 1C-D). These
findings may suggest that high expression of
KCNQ10T1 or low miR- 124-3pmight promote
gastric cancer and there was interplay between
KCNQ10T1 and miR-124-3p in gastric cancer.

Downregulation of KCNQ10T1 inhibited cell
proliferation and cell viability in GC cells

After we determined that KCNQ1OT1 was
upregulated in the gastric cancer cells lines, we
performed a number of experiments to study the
biological role of KCNQ10T1 in GC cell lines. To
do this we first transfected AGS and BGC cells
with KCNQ1OT siRNA1,KCNQ10T1 siRNA2 and
KCNQ10OT siRNA3and RT-gPCR checked the
knockdown  efficiency. = KCNQ1OT1siRNA1
showed a more effective knockdown ability of
KCNQ10T1 in AGS and BGC cells (Figure 2A).
Hence, we used KCNQ1OT1siRNA1 to knock
down KCNQ10OT1 expression in AGS and BGC
cells for following assays. To determine effect
that KCNQ10T1 played on GC cells, we did
CCKa8 assay first and compared it with NC-siRNA
and found that si-KCNQ10OT1 inhibited cell
viability compared to the control group (Figure 2B
and 2C).
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Figure 1: Expression of KCNQ10T1 and miR-124-3p in gastric cancer

A-B,RT-gPCR assessed relative expression of KCNQ10OT1 and miR-124-3p in both normal tissues(n=55) and
gastric tissues (n=55) . C-D, RT-qPCR was applied in cell lines (normal cell line LO2, gastric cancer cell lines
AGS, BGC, Hep3B, LMSU and MKN45) for the relative expression of the genes KCNQ10T1 and miR-124-3p. All
the assays were done three times independently. **P<0.05
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Figure 2: Downregulation of KCNQ10OT1 inhibited cell proliferation and cell viability in GC cells

A. siRNA1#, siRNA2# or siRNA3# was transfected into the BGC-82 cell line. RT-gPCR was adopted to check
the silencing efficiency of three different interference groups so as to select the most effective siRNA for the rest
assays. Si-NC was a control group. B-C.CCK8 checked the cell viability of cells in si-NC group and si-KCNQ
10T1 group in order to examine the effect of KCNQ10OT1 expression on cell viability in gastric cancer cell
lines.All the assays were done for three independent times. **P<0.05

Knockdown of KCNQ10T1 inhibited invasion
of GC cells in vitro

After we found that KCNQ1OT1 inhibited cell
proliferation in gastric cancer cells, we wanted to
study its other pro-malignant features. We
performed transwell invasion assay to examine
whether the KCNQ10OT1 expression change
would make a difference on the cellular invasive
capabilities in GC. The results showed that
KCNQ10OT1 siRNA1 transfected AGS and BGC
cellsdecreased invasive  capability = when
compared with the si-NC group (Figure 3A and
3B). After this, we used western blot assays to
detect the expression levels of EMT related
genes which included E-cadherin, N-cadherin
and Vimentin in AGS and BGC cells with
knockdown of KCNQ1OT1. As compared to the
si-NC groups, E-cadherin was upregulated while
N-cadherin and Vimentin were reduced,which
signified the inhibition of epithelial-mesenchymal
transition (EMT) process (Figure 3B). These
results showed that KCNQ10T1 played a
significant role in regulating cell invasion in GC.

KCNQ10T1was a target of miR-124-3p

miR- 124-3p was upregulated in AGS and BGC
cells and RT-gPCR was applied to confirm
miR124-3p expression level after
transfection ,which was significantly upregulated

in cells transfected with miR- 124-3p mimics
rather than mimics-NC group (Figure 4A).

Bioinformatics tools Starbase (http://starbase.
sysu.edu.cn) predicted the binding between miR-
124-3p and KCNQ10T1 (Figure 4B). To further
confirm whether KCNQ1OT1 was a target of
miR-124-3p we performed a dual-luciferase
assay and our results showed that the luciferase
activity was greatly reduced in the wild-type and
mimics group (Figure 4B). Therefore, it was sure
of the binding between miR-124-3p and
KCNQ10T1. The RT-gPCR assays showed that
knockdown of KCNQ10OT1 led to an increase in
the expression of miR-124-2p in the cancer cells
(Figure 4C). Our results therefore supported that
KCNQ10T1 was a target of miR-124-3p and
might regulatethe miR-124-3pexpression
reversely.

Downregulation of miR-124-3p reversed the
effect of knockdown of KCNQ10T1 on the
gastric cancer cell lines

miR-124-3p inhibitor was introduced to help
observe the regulatory mechanism beneath
KCNQ10OT1 in gastric cancer. As Figure 5A-B
showed, knockdown of miR-124-3p could be
reversed by si-KCNQ10OT1 in AGS and BGC-82
cell lines. Figure 5C-D displayed that cell viability
was inhibited by down-regulation of KCNQ10T1
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Figure 3: Knockdown of KCNQ10OT1 inhibited invasion of GC cells in vitro

AGS and BGC-82 cells transfected with si-NC or si-KCNQ10T1 were selected for Transwell Invasion assays to
study the cellular function of KCNQ10OT1 in gastric cancer. C. Western Blot assays were used to measure the
relative protein expression of the key proteins involved in EMT process. E-cadherin, N-cadherin and vimentin
were checked in both cell lines. All the assays were conducted for three separate times. **P<0.05
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Figure 4: KCNQ10T1 was a target of miR- 124-3p

B. miR-124-3p mimics and mimics-NC were transfected into AGS and BGC-82 cell lines and RT-gPCR checked
the relative expression of miR-124-3p after transfection. C-D. Bioinformatics predicted the binding site between
miR-124-3p and KCNQ10T1 and Luciferase assay was performed to measure the luciferase activity after the
AGS cells were co-transfected with KCNQ1OT1-mut, KCNQ10OT1-wt and miR-124-3p mimics or mimics NC. E.
RT-gPCR checked the miR-124-3p expression after knocking down the KCNQ10OT1 expression in both AGS and
BGC-82 cell lines. All the assays were performed three times. **P<0.05
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Figure 5: Downregulation of miR-124-3p reversed the effect of knockdown of KCNQ10OT1 on the gastric cancer

cell lines

Four groups of cells in both AGS and BGC-82 cell lines were prepared for the following assays listed below: cells
transfected with si-NC, si-KCNQ1OT1 or miR-124-3p inhibitor and cells co-transfected with si-KCNQ10T1 and
miR-124-3p inhibitor. A-B. RT-gPCR was conducted to check miR-124-3p expression in both cell lines after
transfection. C-D.CCK8 assays were performed to show the cell viability.E-F.Transwell invasion assays were
done to detect the cell invasion ability. G-H. Western Blot was for EMT biomarkers , E-cadherin, N-cadherin and
vimentin. All the assays were performed three times. **P<0.05

and meanwhile it was enhanced by inhibition of
miR-124-3p expression in the cancer cell lines.
Moreover, the decrease by suppressed
KCNQ10OT1could be reversed by miR-124-3p
inhibitor in the cell lines, which suggested that
the miR-124-3p might have the opposite function
on cell viability in gastric cancer. Furthermore,
Transwell invasion was conducted so as to see
whether there were similar changes as cell
viability. Results showed that suppression of
KCNQ10OT1 could hinder cell invasion ability
while inhibition of miR-124-3p could promote cell
invasion(Figure 5E-F). In addition, KCNQ10T1
effect could be inversed by miR-124-3p, which
agreed with cell viability changes. Finally, EMT
biomarkers were evaluated via Western Blot and
the results were in accordance with cell viabilites
and invasion discussed above.To be specific, the
E-cadherin was inhibited by miR-124-3p inhibitor
and promoted by si-KCNQ10OT1 while N-

cadherin and Vimentin had the opposite trends
as E-cadherin, which suggested that down-
regulation of miR-124-3p could promote the EMT
process and wheras decrease of KCNQ10T1
expression could inhibit the EMT process. On the
other hand, the results also pointed out that
KCNQ10T1 could adjust the EMT through
regulation of miR-124-3p.

DISCUSSION

Studies carried out recently have demonstrated
that IncRNAs play different functions in various
human diseases [11-13]. KCNQ1OT1 has been
suspected to have a role in inhibiting tumor
growth in diseases such as colorectal cancer [14]
and lung cancer [15]. KCNQ10OT1 has also been
reported to regulate proliferation and cisplatin
resistance in tongue cancer [16]. Meanwhile,
KCNQ10OT1 also controlled the expression of the
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imprinted genes that are found within the
dominion of KCNQ1 [17]. Imprinted genes
positively controlled apoptosis and restrain tumor
growth [18, 19].However, there was no research
that focused on the impact of KCNQ10OT1 on
gastric cancer progression yet.

Thus, our present study was dedicated to the
exploration of how KCNQ10T1 would influence
the gastric cancer and what the possible
mechanism was. First, we traced 55 patients five
years ago. Through qRT-PCR, it was observed
that KCNQ10T1 was up-regulated in GC cells
and tissues compared to normal ones, which
suggested that KCNQ10OT1 might be an
oncogene in gastric cancer, which could possibly
increase the growth and invasion of the cancer
cells. To confirm the suggestion, we did CCK-8
and Transwell invasion assays and the results
pointed out that silencing KCNQ10T1 could lead
to decrease of cell viability and invasion ability.
The results from our present study showed that
KCNQ10OT1 might promote cell proliferation and
invasion in GC. The similar function has been
reported by Ren where downregulation of
KCNQ10OT1 could suppress chemo-resistance
induced by paclitaxel and to participate in
inhibiting cell proliferation and invasion in lung
adenocarcinoma cells [20]. Our results proposed
that INcRNA KCNQ10T1 acted as an oncogene.

EMT is a biological process where the malignant
cells that have been derived from epithelium are
transformed into mesenchymal cells and in the
process invasion and migration abilities are
enhanced [21, 22]. Epithelial markers of cells for
example E-cadherin may be lost during EMT
wheras the mesenchymal markers like vimentin,
fibronectin, N-cadherin are increased. What we
found from our study suggested that KCNQ10T1
played a significant role in regulating cell
invasion in GC by downregulating the expression
of the epithelial marker E-cadherin , and
upregulating mesenchymal markers N-cadherin
and Vimentin, thus leading to high likelihood of
the invasion of GC cells. On the other hand,
several IncRNAs have demonstrated the ability to
sponge miRNA thus promoting tumorigenesis.
[23]. For instance, lincRNA-p21 negates the
growth of non-small cell lung cancer through
binding with miR-17-5p[24]. Further, Linc00152
was observed to confer oxaliplatin resistance in
colon cancer via regulatihg miR-193a-3p
[25].And the bioinformatics analysis showed the
probable binding and hence luciferase was
adopted to verify the idea. We found out that
miR-124-3p was bound to KCNQ10T1. MiR-124-
3p has been reported to suppress bladder cancer
through targeting DNA methyltransferase 3B[26].

Furthermore, silencing KCNQ1OT1 resulted in
upregulating the expression of miR-124-3p,
which indicated the correlation between
KCNQ10T1 and miR-124-3p and also supported
the binding from a different angle. Therefore, it
could be that upregulation of KCNQ10T1
promoted cell viability, growth and invasion in
gastric cancer cells by targeting and inhibiting
miR-124-3p. It was previously demonstrated by
Jin that KCNQ1OT1 promoted cataractogenesis
by competing with miR-214 and activating
caspase-1 pathway [27]. Also, activation of
KCNQ10T1/miR-370/CCNE2 axis led to glioma
carcinogenesis [28]. To further explore and
validate the possible mechanism, we conducted
CCK8,Transwell invasion and Western Blot for
EMT biomakers to validate the independent
effect of KCNQ10OT1 or miR-124-3p on cell
viability, invasion and EMT process. Discoveries
supported our supposition, which proved that
miR-124-3p could inhibit the cell viability,
invasion and EMT process while KCNQ10T1
could enhance the functions. Furthermore, when
we co-transfected the si-KCNQ10T1 and miR-
124-3p inhibitor into the cancer cell lines, the
cellular functions were reversed compared to the
singular transfection of si-KCNQ10OT1, which
indicated that KCNQ1OT1 might exert its
function on cells through regulation of miR-124-
3p expression.

CONCLUSION

It was concluded from the research that
KCNQ10T1 could promote cell viability and
invasion via targeting  miR-124-3p,which
indicated that KCNQ10T1/miR-124-3p axis
might be a potential therapeutic target for the
treatment of gastric cancer..
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