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Abstract

Background Long noncoding RNA colon cancer-associated transcript 1 (LncRNA CCAT1) is highly expressed in gastric
cancer tissues and plays a role in autophagy. However, the underlying mechanism still needs to be further clarified.
Objective To study the role of LncRNA CCAT1 in regulating autophagy of gastric cancer cells, analyze its downstream
targets, and elucidate the mechanism.

Methods gPCR detected the expression of LncRNA CCAT1 in gastric cancer cells. The proliferation, migration, and inva-
sion ability of LncRNA CCAT1 and the expression level of autophagy-related proteins in gastric cancer cells were detected.
Bioinformatics method predicted the downstream targets of LncRNA CCAT1, and they were verified by dual-luciferase assay.
The relationship between LncRNA CCAT1, miR-140, and ATGS5 was verified by co-transfection, and the expression levels
of ATGS5 and ATG5-ATG12 complex proteins were detected. Finally, the role of LncRNA CCAT1 in vivo was confirmed
by gastric cancer transplantation model.

Results LncRNA CCAT1 was highly expressed in gastric cancer cells. LncRNA CCAT1 can promote the proliferation,
migration, invasion, and autophagy activity of gastric cancer cells. LncRNA CCAT1 can bind to miR-140-3p and regulate its
expression, while miR-140-3p further regulates the expression of ATGS. Overexpression of LncRNA CCAT1 can promote
tumor growth in nude mice. After LncRNA CCAT1 silencing, the positive expression rate of ATGS in nude mice was low.
Conclusion LncRNA CCAT1 may inhibit the expression of miR-140-3p by sponge adsorption, thus weakening its inhibitory
effect on ATGS. Eventually, gastric cancer cells were more prone to autophagy under the pressure of stress.
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Introduction mechanism of gastric cancer, an increasing number of stud-

ies have revealed the critical role of autophagy in GC devel-

Gastric cancer (GC), as one of the five significant malignan-
cies in the world, ranks second in the global cancer mortality
rate and is also one of the most common malignancies in
China at present [1, 2]. With the exploration of the molecular
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opment [3, 4]. Autophagy maintains mitochondrial func-
tion and energy balance in cancer cells by degrading aging
organelles and proteins under hypoxia or nutrient deficiency
conditions. Besides, autophagy can act as a promoter of gas-
tric cancer progression. In contrast, inhibition autophagy can
increase the sensitivity of human GC cells to cisplatin [5].
Therefore, elucidation of the autophagy mechanism will help
provide a new therapeutic target for gastric cancer treatment.

Long noncoding RNA (referred to as LncRNA) is a class
of RNA molecules whose transcriptional length exceeds
200 nt but does not have translation ability [6]. LncRNA has
essential biological functions [7, 8]. For example, LncRNA
can participate in many critical signal transduction regula-
tory processes such as genomic imprinting and chromatin
modification [9, 10], transcriptional activation post-tran-
scriptional regulation, and protein function regulation [8].
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These regulatory roles of LncRNA in physiological and dis-
ease processes, especially in tumor occurrence and develop-
ment, have gradually attracted wide-spread attention [11].
But in the case of GC, the research is at the beginning. Colon
cancer-associated transcriptome 1 (CCAT1) is a nuclear-
restricted LncRNA that regulates various gastrointestinal
cancers. Yang’s study indicated that LncRNA CCAT1 gene
expression was significantly upregulated in gastric and colon
cancer tissues, and LncRNA CCATI can be activated by
c-myc which promotes the occurrence and metastasis of
colon cancer [12]. However, whether LncRNA CCATI1 is
involved in autophagy regulation of gastric cancer has not
been discussed.

This project research significance in further understand-
ing of LncRNA in the progression of GC illustrated its func-
tion and regulation mechanism, which would deepen our
understanding of the pathophysiology of gastric cancer and
provide new candidate targets for diagnosis and treatment
of GC.

Materials and Methods
Cell Culture and Transfection

Cell lines AGS, MKN-45, and normal gastric epithelial cells
GES-1 (Zhejiang Ruyao Biotechnology Co., Ltd., Zhejiang,
China) were cultured in RPMI-1640 medium with 10%
fetal bovine serum (FBS) and incubated in a CO, incuba-
tor at 37 °C. Lentivirus for overexpression and silence of
LncRNA CCATI was obtained from Zhejiang Ruyao Bio-
technology Co., Ltd. (Zhejiang, China), and overexpressed
and silenced LncRNA CCAT]1 cell line was named as
pCDH-CCAT1 and pLKO-CCAT]1, respectively. MiR-140
mimic and negative control miR-NC were synthesized by
Genewiz Biotechnology Co., Ltd. (Jiangsu, China), and GC
cells were transfected with Lipofectamine 3000 transfec-
tion reagent (Thermo Fisher, USA). The kit instructions for
cell transfection were followed. Primer sequences for over-
expression of LncRNA CCAT1 were as follows: LncRNA
CCAT]1 forward 5'-cgg GAT CCT TTA AAT CAT ACC
AAT TG-3', LncRNA CCAT]1 reverse 5-TCC CCC GGG
CAA TTG GTA TGA TTT AAA AAC-3". The sequences
of shRNA primers used to knock out LncRNA CCAT1 were
as follows: Oligol forward 5'-CCG GTT TCA CAA GTC
ACA CAA TAT TCT CGA GAA TAT TGT GTG ACT TGT
GAA ATT TTT G-3', Oligol reverse 5'-AAT TCA AAA
ATT TCA CAA GTC ACA CAA TAT TCT CGA GAA TAT
TGT GTG ACT TGT GAA A-3'; Oligo2 forward 5-CCG
GCC ACT GCC CTG AAA CTT ATA TCT CGA GAT ATA
AGT TTC AGG GCA GTG GTT TTT G-3', Oligo2 reverse
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5'-AAT TCA AAA ACC ACT GCC CTG AAA CTT ATA
TCT CGA GAT ATA AGT TTC AGG GCA GTG G-3';
Oligo3 forward 5'-CCG GTT AAC TGC ATG CTC CTA
TTT ACT CGA GTA AAT AGG AGC ATG CAG TTA ATT
TTT G-3', Oligo3 reverse 5'-AAT TCA AAA ATT AAC
TGC ATG CTC CTA TTT ACT CGA GTA AAT AGG AGC
ATG CAG TTA A-3’; ShRNA control: 5'-CCG GCA ACA
AGA TGA GCA CCA ACT CGA GTT GGT GCT CTT
CAT CTT GTT GTT TTT G-3".

gPCR Detection

Total RNA was isolated from cells or tissues using the Tri-
zol method. The microspectrophotometer measured the
concentration and quality of RNA at 260/280 nm. Then,
the total RNA was reverse-transcribed into cDNA using
M-MLYV (NEB, UK). The expressions of LncRNA CCAT1
and ATGS were detected using NovoStart ® SYBR qPCR
Supermix Plus (NovoProtein, Shanghai, China) kit with
GAPDH as the internal reference. The above methods were
also used to detect the expression of miR-140, with U6 as the
internal control. Relative expression of LncRNA CCATI,
ATGS, and miR-140 was calculated by 2-8ACt method. The
primer sequences involved in this study were listed as fol-
lows: Hsa-miR-140-3p 5'-CAC AGG GTA GAA CCA CGG
AA-3', Tiagen miRNA detection reverse primer; U6 forward
5'-CGC TTC GGC AGC ACA TAT AC-3’, U6 reverse
5'-CGA ATT TGC GTG TCA TCC TTG C-3’; LncRNA
CCAT1 forward 5'-TTT ATG CTT GAG CCT TGA-3/,
LncRNA CCAT1 forward 5'-TTT ATG CTT GAG CCT
TGA-3', LncRNA CCAT1 reverse 5'-CTT GCC TGA AAT
ACT TGC-3"; GAPDH forward 5'-CGC TCT CTG CTC
CTC CTG TTC-3', GAPDH reverse 5'-ATC CGT TGA CTC
CGA CCT TCA C-3'.

Cell Viability Assay

After transfection for 48 h, cells were inoculated in 96-well
plates and cultured in a CO, incubator for 24, 36, 48, and
72 h. Cell viability was detected by MTT assay. The cells
were incubated with MTT solution (0.5 mg/mL) at 37 °C
for 4 h, and then, 150 pL dimethyl sulfoxide (DMSO) was
added to dissolve the precipitated formazan. After shaking
for 5 min, the absorbance of cells in each well was measured
at 570 nm with a microplate reader. The larger the OD value,
the higher the cell viability.

Scratch Test

The cells were inoculated in a 6-well plate, grew to approxi-
mately 100% confluence, and then scratched straight with
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a 10-pL tip. The cells were washed three times with PBS
to remove the cell debris, and the cells were cultured with
fresh DMEM containing 1% FBS. The wound healing was
observed under a microscope at different time points. Each
cell line was photographed from a representative scratch,
and cell migration ability was assessed by measuring the
wound’s width. Each test was carried out in triplicate in at
least two independent experiments.

Transwell Assesses the Ability of Cell Invasion

The lower chamber of the transwell plate was filled with
600 pL fresh culture medium containing 5% FBS. Forty-
eight hour after transfection, cells were digested with
trypsin, cell density was adjusted at 5.0 x 10*/mL, and then,
200 pL suspension cells were inoculated into the upper
chamber, which was precoated with Matrigel 24 h before.
Cells were cultured at 37 °C in a CO, incubator for 24 h, the
upper section was taken out, the cells on the upper mem-
brane were scraped out with swab, then fixed with 5% para-
formaldehyde, stained with crystal violet for 15 min, and
observed under an inverted microscope, five random fields
were captured, and the invasion cells number was recorded.

Bioinformatics Analysis and Prediction of Target

For prediction of the potential targets of LncRNA CCATI,
bioinformatics Web sites including Target Scan (http://www.
targetscan.org), miRDB (http://mirdb.org), and miRanda
(http://www.microrna.org) were used, and the results were
integrated. Differentially expressed microRNAs in gastric
cancer patients were obtained from dbDEMC 2.0 data-
base (http://www.picb.ac.cn/dbDEMCY/). The differentially
expressed microRNAs of gastric cancer patients were inter-
sected with the predicted miRNAs of LncRNA CCAT]1. Tar-
get Scan and miRanda further predicted the target genes of
miRNA and the binding site.

Dual-Luciferase Reporter Gene Assay

The wild-type and mutant sequences were chemically syn-
thesized and cloned into a dual-luciferase reporter plasmid.
Partial sequences of LncRNA CCAT1 and ATGS5 3'-UTR
containing wild-type or mutant miR-140-binding sites were
cloned into pGL3-basic luciferase vector (Promega, Madi-
son, WI, USA) to generate CCAT1-WT, CCAT1-MUT, and
ATGS5-3'-UTR-WT (WT) and ATG5-3"-UTR-MUT (MUT),
respectively. The constructed luciferase vector was co-
transfected with PRL-TK plasmid (Promega) miR-NC and
miR-140, respectively, into gastric cancer cells. 48 h after

transfection, luciferase activity in cell lysates was meas-
ured using the dual-luciferase reporter gene assay system
(Promega).

Western Blot

The cells were collected, discarded medium, and washed
once with pre-cooled PBS, then the RIPA lysis buffer was
added, and the cells were incubated on ice for 10 min. The
cell lysates were scraped off with a 1-ml tip, and the DNA
was broken with a 1-ml disposable syringe. The cell lysate
was centrifuged at 12,000 X g for 10 min, and 5 pL of the
supernatant was taken for BCA assay, and the remaining
was mixed with 5 X loading buffer and boiled for 5 min.
SDS—-PAGE was prepared and loaded with 40 pg protein
per lane. After electrophoresis, the protein was transferred
to the PVDF membrane, blocked with 5% skim milk for
2 h at room temperature. The primary antibody including
ATGS, Beclinl, LC3A/B, and ATG12 antibodies was pur-
chased from Wuhan Proteintech Biotechnology Company,
ATGS5-ATG12 antibodies were bought from CST Com-
panies, and all antibodies were diluted at 1:1000. PVDF
membrane was then incubated with primary antibody over-
night at 4 °C and then washed three times with TBST for
10 min, and HRP-labeled secondary antibody was added
and incubated in a shaker at room temperature for 1.5-2 h.
ECL luminescence solution was added, and the images
were captured under the protein imager, and the optical
density of the strips was quantified with ImageJ software.

Acridine Orange Staining

After digestion, the cells were inoculated into a 6-cm dish
with a coverslip pre-placed. After washing with PBS,
acridine orange with a final concentration of 1 pg/mL was
added, and the cells were incubated at 37 °C for 10 min in
the dark. After that, the cells were rinsed once with PBS
and mounted with anti-fluorescence quenching solution.

Subcutaneous Tumor Transplantation Experiment
in Nude Mice

BalB/C nude mice aged 4 weeks were raised in an SPF
environment. After adaptive growth for 1 week, the nude
mice were randomly divided into three groups, namely
the control group, pCDH-CCATI overexpression group,
and pLKO-CCAT1 silent expression group. Two hundred
microliters of cell suspension containing 5x 10° cells was
implanted in the upper arm of nude mice, and the growth
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status was observed every 2-3 days after injection. When
subcutaneous masses were touchable, the long diameter
(A) and short diameter (B) of the tumors were measured
with a digital vernier caliper, and the tumor volume (mm?)
was calculated with the following formula: 0.5 x a x b*.
After 40 days, the nude mice were killed by cervical verte-
brae dislocation. The Animal Ethics Committee of Orien-
tal Hepatobiliary Surgery Hospital Affiliated to the Second
Military Medical University approved this study’s animal
experiment scheme.

HE Staining

The nude mice tumor was stripped, fixed, and embedded
in paraffin, and paraffin sections were made at 5 pm thick-
ness. After the tumor tissues in paraffin were dewaxed to
water, hematoxylin and eosin staining was performed. After
dehydration, the tumor tissues were transparent with xylene,
mounted with neutral gum, and observed and photographed
under a microscope (Leica, DM500).

Immunohistochemistry

The expression and distribution of ATGS protein were
detected by immunohistochemistry in paraffin sections of
each group. Immunohistochemical steps were as follows:
After routine paraffin dewaxing to water, antigen repair was
performed. Three percentage of hydrogen peroxide solution
was added to remove endogenous catalase. One percentage
BSA sealing solution was added and sealed for 15 min. After
the blocking solution was dumped, the primary antibody
ATGS (1:100 dilution) was added and incubated overnight
at 4 °C. Then, it was washed three times with PBST. The
secondary antibody (1:100 dilution) was added and incu-
bated for 1 h at room temperature. The DAB was developed
for color, and the hematoxylin was redyed for 30 s. It was
washed with running water for 1 min. It was treated with
0.1% sodium bicarbonate for blue, subjected to dehydration
and xylene transparent, mounted with neutral gum, observed
under a microscope, and photographed.

Statistical Methods

All of the above experiments were repeated three times
separately, and the data were expressed as mean =+ standard
deviation. Student’s t test was used to compare two groups,
and one-way analysis of variance (ANOVA) was used to
analyze the conflict between multiple groups. The other dif-
ference was analyzed by post hoc test, and GraphPad Prism
8.0 was used to draw statistical charts. p <0.05 was consid-
ered statistically significant.
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Results

Expression Levels of LncRNA CCAT1
and Autophagy-Related Proteins in Gastric Cancer
Cells

gPCR results showed that the expression level of the
LncRNA CCAT]1 gene in gastric cancer cells was signifi-
cantly higher than that in GES-1 cells (Fig. 1a), and the
difference was statistically significant (p < 0.05). As shown
in Fig. 1b—c, the gastric cancer cell line was overexpressed,
and knockdown of LncRNA CCATI1 was established by
lentivirus. After lentivirus infection, qPCR results showed
that the overexpression and silencing of LncRNA CCAT]1
were achieved in AGS and MKN45. Expression of LncRNA
CCATI1 in AGS and MKN45 was upregulated at 7.93 and
6.28 times, respectively. In the three groups of shRNA,
Oligo?2 has the best silencing efficiency, which abolished
the expression of LncRNA CCAT1 in AGS and MKN45 by
89% and 84%, respectively. Thus, No. 2 shRNA was selected
for follow-up research and named pLKO-CCAT1.

Effect of LncRNA CCAT1 Gene on the Function
of Gastric Cancer Cells

The MTT detected the proliferation activity of gastric cancer
cells. As shown in Fig. 2a-b, after LncRNA CCAT1 over-
expression, the cell proliferation rate was fastest than the
control group (p <0.05), and when the LncRNA CCAT1
was silenced, the proliferation rate slowed down significantly
(p <0.05), suggesting that LncRNA CCAT1 can promote
cell proliferation. After overexpression of LncRNA CCAT]1,
cell scratch assay results (Fig. 2c, e) showed that the migra-
tion distance of AGS and MKN-45 cells was 147 +32 pm
and 202 + 25 pm, respectively, compared with 107 + 12 pm
and 108 + 12 pm in the control group, respectively. The dif-
ference was statistically significant (p <0.05), and the cell
migration distance decreased to 64 + 15 pm and 51 + 14 pm,
respectively, after silencing LncRNA CCAT1, which was
statistically significant compared with the control group
(p <0.05). The results of cell invasion assay showed that
the number of invaded cells of AGS and MKN-45 in the
control group was 71 +£4 and 45 + 5, respectively. In con-
trast, after overexpression of LncRNA CCAT1, the num-
ber of invaded cells increased to 136 +6 and 124 +7 cells
(p<0.05), respectively. The LncRNA CCAT]1 silence group
dropped to 24 +4 and 18 +3 (p <0.05), respectively. The
above results suggest that LncRNA CCAT1 can significantly
promote the proliferation, migration, and invasion in gastric
cancer cells.
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Fig. 1 Expression levels of LncRNA CCAT1 and autophagy-related
proteins in gastric cancer cells. a LncRNA CCAT1 gene expression
was detected by qPCR. b The gene expression level of LncRNA
CCATI in AGS cells with overexpression and silencing of LncRNA

LncRNA CCAT1 Affects the Autophagy Level
of Gastric Cancer Cells

After overexpression and silencing of LncRNA CCAT1, the
expression of autophagy-related proteins, including ATGS,
ATG12, LC3A/B, and Beclinl, was detected by western
blot. As shown in Fig. 3a—d, autophagy-related proteins
were upregulated significantly compared with the con-
trol group, and the difference was statistically significant
(» <0.05). When LncRNA CCAT1 was silenced, the above
autophagy-related proteins were downregulated by varying
degrees, compared with the control group, and the difference
was statistically significant (p <0.05).

CCAT1 was detected by qPCR. ¢ The expression level of LncRNA
CCAT1 gene in MKN-45 cells with overexpression and silencing of
LncRNA CCAT1 was detected by qPCR. “*” represents a statistically
significant difference compared with the control group, p <0.05

LncRNA CCAT1 Affects the Activity and Autophagy
of Gastric Cancer Cells by Regulating the Expression
Level of miR-140

Bioinformatics analysis suggested that LncRNA CCAT1
might interact with miR-140. MiR-140 expression levels
in AGS, MKN-45, and GES-1 were detected by qPCR. As
shown in Fig. 4a, the expression level of miR-140 in GES-1
cells was 6.25 and 4.8 times higher than that in AGS and
MKN-45 cells, respectively. Meanwhile, expression of miR-
140 in the LncRNA CCAT1 overexpression and silencing
group was detected, and as shown in Fig. 4b, the expression
level of miR-140 in pCDH-CCATI1 overexpression group
was inhibited significantly (p < 0.05). In contrast, the expres-
sion level of miR-140 in the pLKO-CCAT1 silenced group
was increased significantly (p <0.05). Further, the binding
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«Fig. 2 Effects of LncRNA CCAT1 gene on the function of gastric
cancer cells. a MTT assay was used for AGS cell activity. b MTT was
used to detect the movement of MKN-45 cells. ¢ Cell migration was
detected by cell scratch assay (scale bar 75 pm). d Cell invasion was
detected by transwell assay (scale bar 75 pm). e The results of cell
scratch assay were quantified. f Statistical quantification of the results
of the transwell experiment. “*”” represents a statistically significant
difference compared with the control group, p <0.05

site between LncRNA CCAT1 and miR-140 is shown in
Fig. 4c, and the mutation sequence of LncRNA CCATI1
was shown either. Figure 4d shows the detection results of
dual-luciferase activity assay, which showed a significant
decrease in the fluorescence intensity value between wild-
type LncRNA CCAT1 and miR-140 compared with the
miR-NC group. The difference was statistically significant
(p <0.05), and the fluorescence intensity of mutant LncRNA
CCAT1 was not especially changed after co-transfection
with miR-140 mimic (p > 0.05). The autophagy-related pro-
teins Beclinl and ATGS were detected by western blot. The
results showed a significant increase in the level of Beclinl
and ATGS after overexpression of LncRNA CCAT1 com-
pared with control groups, the difference was statistically
significant (p <0.05), and miR-140 mimic could effectively
reverse the increase of autophagy protein and significantly
reduce the expression of the autophagy-related protein
(p <0.05). Western blotting was performed on gastric cancer
cells silenced with LncRNA CCAT]1, and the results showed
significant inhibition of expression of autophagy-related pro-
teins after silencing with LncRNA CCAT1. The difference
was statistically significant (p <0.05), and transfection of
miR-140 mimic intensified the inhibition effect (Fig. Sa—d).
After transfection with miR-140 mimic, the cell viability
of LncRNA CCAT1-overexpressed and silenced cells was
detected by MTT assay, which showed that overexpression
of LncRNA CCAT1 could significantly improve the activ-
ity of gastric cancer cells. After adding miR-140 mimic, it
reversed the crude proliferation activity of LncRNA CCAT]1,
and the difference between the two groups was statistically
significant (p < 0.05). Compared with the control group,
silencing LncRNA CCATT1 significantly reduced gastric can-
cer cells’ activity, and the difference was statistically signifi-
cant (p <0.05). Simultaneously, after miR-140 mimic, the
cell activity was lower than that of the silent group (Fig. 4e,

f).

MiR-140 Affects the Activity and Autophagy Level
of Gastric Cancer Cells Through ATG5

The expression of ATGS in gastric cancer cells was per-
formed by qPCR. As shown in Fig. 6a, AGS and MKN-45

gastric epithelial cells showed the relatively significantly
higher than that in GES-1 cells, and the difference was sta-
tistically significant (p < 0.05, Fig. 6a). Subsequently, gPCR
was performed on the overexpressed and silenced LncRNA
CCATI1 (Fig. 6b, c). The results showed that the expres-
sion level of miR-140 was significantly inhibited after the
overexpression of LncRNA CCAT1 in gastric cancer cells.
The difference was statistically significant (p <0.05), and
the expression level of ATGS was significantly increased
(p<0.05), and after transfection with miR-140 mimic, the
expression level of miR-140 was increased. The gene expres-
sion level of ATGS5 was decreased considerably, compared
with the control group, and the difference was not statisti-
cally significant (p <0.05). However, miR-140 expression
was significantly increased in gastric cancer cells silenced
by LncRNA CCAT1 (p <0.05). The expression level of
ATGS was significantly lower than that of control group
(p <0.05). After transfection with miR-140 mimic, the
expression level of miR-140 was higher and the expres-
sion level of ATGS5 gene was lower than that of the silent
LncRNA CCAT]1 group, and the differences were statisti-
cally significant (p <0.05). Figure 6d shows the binding site
sequence and mutation sequence of ATGS and miR-140-3p,
with 7 consecutive paired bases and 11 discontinuous base-
binding sites. The results of dual-luciferase activity report
(Fig. 6e) showed that there was a targeted binding relation-
ship between wild-type ATG5 and miR-140, showing a sig-
nificant reduction in the fluorescence intensity after transfec-
tion with miR-140, the difference was statistically significant
(» <0.05), and there was no statistically significant differ-
ence between miR-140 transfected with mutant ATGS and
miR-NC (p > 0.05). The results were further verified by
western blot (Fig. 6f—i). ATGS protein and ATG5-ATG12
complex protein in gastric cancer cells were significantly
downregulated after transfection with a miR-140 mimic
(p <0.05), and after transfection with miR-140 inhibitor,
the expression levels of ATGS5 protein and ATG5-ATG12
complex protein were specifically upregulated, and the dif-
ference was statistically significant compared with the con-
trol group (p <0.05). MTT experiment results showed that
compared with the control group, the cell activity of gastric
cancer cells transfected with miR-140 mimic was signifi-
cantly inhibited (p <0.05), and transfection with miR-140
inhibitor could significantly increase the activity level of
gastric cancer cells (p <0.05). The results of acridine orange
staining (Fig. 7¢) showed that the orange-red aggregation
point was autophagy lysosomes. Compared with the con-
trol group, it significantly reduced the number of autophagy
lysosomes in gastric cancer cells transfected with miR-140.

@ Springer



3732 Digestive Diseases and Sciences (2022) 67:3725-3741
A AGS B MKN-45
ATG12 | " T — ATG12
LC3A/B LC3A/B
Beclin1 Beclin1
B-actin R — — B-actin
» N N
«°© ?6 ?’& ‘0\ N O
N © ¢ R o
(@) % 00 \,{‘
D
c AGS MKN-45
3-1mm Control 3‘|- Control
S mm pCDH-CCAT1 5 B pCDH-CCAT1 *
@ mm pLKO-CCAT1 * & mm pLKO-CCAT1
g 2 : & 2
o c o c
[=2 [~
[ % * [e -3
&= * 5= * *
[} * [
2 2 *
o -t *
© (14

LC3A/B

ATG5 ATG12 Beclin1

Fig.3 The expression level of LncRNA CCAT1 gene affected the
autophagy level of gastric cancer cells. a The expression level of
autophagy-related proteins of LncRNA CCAT1 cell line AGS was
overexpressed and silenced by western blotting. b The expression
level of autophagy-associated proteins in overexpressed and muted
LncRNA CCAT1 cell line MKN-45 was detected by western blot. ¢

Autophagosomes were ubiquitous in gastric cancer cells
after transfection with miR-140 inhibitor.

Effects of Stable Expression and Silencing of LncRNA
CCAT1 Gene on Survival Rate and Tumor Changes
in Tumor-Bearing Nude Mice

The tumor volume of pPLKO-CCAT1 group was the small-
est, and the tumor volume of pCDH-CCAT1 group was the
largest and fastest by killing the tumor-bearing nude mice by
neck removal (Fig. 8a, e). By observing the tumor-bearing
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LC3A/B

ATG5 ATG12 Beclin1

The statistical result of quantification of the gray value of the west-
ern blotting result band A. d The statistical result of quantification of
the gray value of the western blotting result band B. “*” represents
a statistically significant difference compared with the control group,
p<0.05

survival rate of nude mice, the survival rate of pLKO-
CCAT1 group was significantly higher than that of pCDH-
CCAT1 group and the control group (Fig. 8d). HE staining
(Fig. 8b) and IHC staining (Fig. 8c) showed that pLKO-
CCAT]1 group had the smallest tumor area, the tiniest blood
vessels near the tumor in the whole tissue effectively sup-
pressed the tumor, and the positive rate of ATGS protein was
also the highest.
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Fig.4 LncRNA CCAT]1 affected the activity of gastric cancer cells
by regulating the expression level of miR-140. a qPCR was used to
detect the relative expression levels of miR-140 in AGS, MKN-45
gastric cancer cells, and GES-1 gastric epithelial cells. b The rela-
tive gene expression of miR-140 in AGS and MKN-45 LncRNA
CCAT1 cell lines overexpressed and silenced was detected by qPCR.

¢ The targeted binding sequence between LncRNA CCAT1 and miR-
140-3p and the mutant sequence of LncRNA CCATI. d Dual-lucif-
erase activity report. e-f MTT was used to detect the cell activity of
LncRNA CCAT1 AGS and MKN-45 cells transfected with miR-NC
and miR-140 mimics. “*” represents a statistically significant differ-
ence compared with the control group, p <0.05
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Fig.5 LncRNA CCAT1 affected autophagy of gastric cancer cells by
regulating the expression level of miR-140. a The expression levels
of autophagy-related proteins in overexpressed and silenced LncRNA
CCAT1 cell line AGS after transfection with miR-NC and miR-140
mimic were detected by western blot. b Western blotting was used to
detect the expression levels of autophagy-related proteins in overex-

Discussion

In recent years, there have been many studies on LncRNAs.
Downregulation or upregulation of many LncRNAs contrib-
utes to tumorigenesis by affecting many cellular processes
[13]. LncRNAs contribute to gastric cancer development,
including LncRNAs XIST [14], SPRY4-IT1 [15], and ATB
[16], which are involved in the pathogenesis of gastric can-
cer. LncRNA CCAT1 was initially found to be a biomarker
for colorectal cancer. LncRNA CCAT]1 is upregulated in
gastric cancer and acts as a regulator of cell proliferation,
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pressed and silenced LncRNA CCAT]1 cell line MKN-45 after trans-
fection with miR-NC and miR-140 mimic. ¢ Results A quantitative
statistical chart of the gray values of western blotting strips. d Result
B quantified statistic chart of gray scale of western blotting strips. “*”
represents a statistically significant difference compared with the con-
trol group, p<0.05

invasion, and migration. However, the molecular mechanism
of LncRNA CCATI in gastric cancer remains unclear.
Previous studies have reported that other ncRNAs regu-
late autophagy in cancer and can be considered biomark-
ers for cancer. For example, LncRNA HOTAIR is highly
expressed and regulates autophagy by targeting ATG3 and
ATG7. LncRNA SnHG11 can also activate the Wnt/f-
catenin pathway and promote gastric cancer progression
through oncogenic autophagy [17]. Here, we demonstrate
that LncRNA CCATI is overexpressed in gastric cancer
cells compared with normal gastric epithelial cells. Also,
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the enhancement of LncRNA CCAT1 promoted the activity
and autophagy of gastric cancer cell lines. The results sug-
gest that LncRNA CCAT1 may be an essential regulator of
gastric cancer progression. Therefore, limiting the biological
activity of these LncRNAs may provide a new strategy for
targeted therapy of gastric cancer.

LncRNA CCAT]1 has been found to promote tumorigen-
esis, metastasis, and progression of gastric cancer [18, 19].
Also, it has been reported that LncRNA CCAT1 can pro-
mote the expression of ATG7 by inhibiting miR-181, thus
promoting autophagy in HCC cells [20]. MiR-140-3p plays
a vital role in many cancers, such as breast cancer [21], cer-
vical cancer [22], colorectal cancer [23], and bladder cancer
[24]. In our study, LncRNA CCAT1 inhibited the expres-
sion of miR-140. Silencing LncRNA CCAT]1 significantly
reduced the activity and autophagy level of gastric cancer
cells. Therefore, we speculated that LncRNA CCAT1 might
regulate autophagy through negative regulation of miR-
140. This study’s preliminary results showed that LncRNA
CCATI1 gene expression level was relatively high in AGS
and MKN-45 cells of five human gastric cancer cell lines,
namely HGC-27, IM95M, SNU-1, AGS, and MKN-45 (the
results shown in supplementary materials). Moreover, it has
been documented that the autophagy of AGS and MKN-45
cells can protect mitochondrial function damage and pro-
mote cell survival [25, 26]. This indicates that AGS and
MKN-45 cells may be more consistent with this study’s
content and will be used as the main research target cells.

The autophagy pathway is a highly regulated dynamic
process, mainly executed by the autophagy-associated
(ATG) gene family. As far as its involvement in autophago-
some extension is concerned, ATGS is a crucial regulator
necessary for autophagy [27]. ATGS is considered a key reg-
ulator of autophagy, regulating tumorigenesis in GC through
its effect on autophagy [28]. Ge et al. [29] also found that the
upregulation of the expression level of ATGS protein could
induce gastric cancer resistance to chemotherapy drugs. In
our study, the prediction and validation target of miR-140
was ATGS, which binds to the 3'-UTR of miR-140-3p. Com-
bined with previous studies and this experiment’s results,

miR-140 was under-expressed in gastric cancer tissues and
cells. MiR-140 mimic could inhibit gastric cancer cells’
activity and promote autophagy, while miR-140 inhibitor
showed the opposite effect. The expression level of ATGS
was inhibited after transfection with miR-140 mimic, and
the expression level of ATG5-ATG12 complex protein,
which plays a role in its downstream, was also inhibited.
The activity of gastric cancer cells and the autophagy
level were decreased correspondingly, while obtaining the
opposite results after transfection with miR-140 inhibitor.
Therefore, we infer that miR-140 may regulate autophagy
by regulating the expression of ATGS. Besides, it is proved
that LncRNA CCAT]1 inhibited the expression of miR-140,
and ATGS could be used as a target of miR-140. LncRNA
CCAT1-miR-140-ATGS5 axis may mediate the occurrence
of autophagy in gastric cancer. MiR-140 inhibitor increased
ATGS5 and ATG5-ATG12 complex proteins’ expression
levels, suggesting that miR-140 may regulate autophagy in
gastric cancer through the function of ATGS5 and its down-
stream acting proteins.

Although LncRNA CCAT1 is an oncogene, how LncRNA
CCAT1 regulates autophagy remains to be studied. Our
study proved that LncRNA CCAT1 inhibited ATGS, the
target of miR-140-3p, and the regulation of ATGS expres-
sion by miR-140-3p. Meanwhile, after the overexpression
of LncRNA CCATI, the expression of the miR-140-3p
gene was decreased and the expression of ATGS was
enhanced. The results showed that LncRNA CCAT1 regu-
lates autophagy through sponge miR-140-3p to increase the
expression of ATGS.

In conclusion, this study confirmed that LncRNA CCAT1
could act as a new oncogene by affecting cell activity and
autophagy. Besides, LncRNA CCAT1 induces enhanced
ATGS expression and regulates its action by binding
LncRNA CCAT1 to miR-140-3p. LncRNA CCAT1-miR-
140-ATGS can be used as a new target pathway for the tar-
geted therapy of gastric cancer.
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«Fig. 6 miR-140 targeting binds to ATGS. a qPCR was used to detect
the relative expression of Atg5 gene in AGS, MKN-45 gastric can-
cer cells, and GES-1 gastric epithelial cells. b The expression level of
miR-140 gene after transfection with miR-NC and miR-140 mimic in
LncRNA CCATT1 cell line AGS. ¢ The expression level of miR-140
gene after transfection with miR-NC and miR-140 mimic in overex-
pressed and silenced LncRNA CCAT]1 cell line MKN-45. d Target-
ing binding sequence between miR-140-3p and ATG5 and mutation
sequence of ATGS. e Dual-luciferase activity report. f Western blot
was used to detect the relative expression levels of autophagy-related
proteins in transfected miR-NC,miR-140 mimic, and miR-140 inhibi-
tor cell line AGS. g Western blotting was used to detect the relative
expression levels of autophagy-related proteins transfected with miR-
NC, miR-140 mimic, and miR-140 inhibitor cell line MKN-45. h
Results F quantitative statistical chart of the gray values of western
blotting strips. i Results G quantified statistical graph of gray scale of
western blotting strips. “*” represents a statistically significant differ-
ence compared with the control group, p <0.05
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«Fig. 7 miR-140 affected the activity and autophagy level of gas-
tric cancer cells through ATGS. a MTT assay was used to detect
the activity of cells transfected with miR-NC, miR-140 mimic, and
miR-140 inhibitor cell line AGS. b Cell activity of miR-NC, miR-
140 mimic, and miR-140 inhibitor cell line MKN-45 transfected with
MTT was detected. ¢ The transfected miR-NC, miR-140 mimic, and
miR-140 inhibitor cell line AGS was stained with acridine orange for
autophagy lysosome. d The transfected miR-NC, miR-140 mimic,
and miR-140 inhibitor cell line MKN-45 was stained with autophagy
lysosome by acridine orange. “*” represents a statistically significant
difference compared with the control group, p <0.05
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