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Interaction between ACOT7 and LncRNA NMRAL2P
via Methylation Regulates Gastric Cancer Progression
Huiqin Feng' and Xiaojian Liu®

'Department of Internal Medicine, Tongxiang Chinese Medicine Hospital, Tongxiang;
*Department of Surgery, Tongxiang First People’s Hospital, Tongxiang, China.

Purpose: Gastric cancer (GC) has a very poor prognosis when diagnosed at a late stage. Acyl-CoA thioesterase 7 (ACOT7) is a
major isoform of the acyl coenzyme family that catalyzes the hydrolysis of fatty acyl-CoAs into unesterified free fatty acid and co-
enzyme A. The purpose of this study was to investigate the expression levels of ACOT7 in GC and mechanisms related therewith.
Materials and Methods: Screening of systematic biology studies revealed ACOT?7 as a key gene in GC, as well as involvement of the
long non-coding RNA NMRAL2P in ACOT?7 expression. In this study, GC tissues and adjacent tissue samples were obtained from
10 GC patients at the Department of Gastrointestinal Surgery. GES1 and SGC-7901 cells were collected and treated to silence
ACOT7 and overexpress NMRAL2P. The expressions of ACOT7 and NMRAL2P were detected by real-time quantitative PCR and
Western blot. Additionally, cell proliferation, apoptosis, migration, and invasion were examined.

Results: ACOT7 was upregulated in gastric tumor tissues and GC cell lines. ACOT7 gene silencing induced a less malignant phe-
notype and was closely correlated to reduced cell proliferation and migration, altered cell cycle, and increased apoptosis. Further-
more, NMRAL2P was downregulated in tumor tissues and GC cell lines. NMRAL2P overexpression induced a more malignant
phenotype and significantly inhibited the expression of ACOT7. Importantly, NMRAL2P indirectly methylated ACOT7 by binding
to DNMT3Db, thereby suppressing ACOT7 expression.

Conclusion: NMRAL2P activation suppresses ACOT7 expression in GC. Thus, ACOT7 could be a promising target for the treat-

ment of GC.
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INTRODUCTION

Gastric cancer (GC) is one of the most common malignant tu-
mors of the alimentary system. Among all malignant tumors,
the incidence of GC ranks fourth; its mortality ranks second.!
The pathogenesis of GC is a complex biological process involv-
ing multiple genes acting together to activate various tumor-
related pathways.
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Fatty acyl-CoA is an important metabolite in lipid metabo-
lism, which participates in many physiological processes, such
as beta-oxidation, triacylglycerol, and phospholipid synthesis.*
Two enzyme families, acyl-CoA synthetases (ACSs) and acyl-
CoA thioesterases (ACOTs), are required for the formation and
degradation of fatty acyl-CoA, respectively.” Human physiology
involves more than 26 ACS enzymes and 13 ACOT enzymes,**
and recent studies have demonstrated the critical roles of these
enzymes in GC.°

ACOT?7 is the most widely studied member of the ACOT fam-
ily.” The enzyme is localized to the cytosol and is highly ex-
pressed in brain tissue and in the testis.** ACOT?7 is primarily
involved in the hydrolysis of arachidonyl-CoA to arachidonic
acid (AA) and CoA. AA is an important precursor molecule of
eicosanoic acid (arachidic acid), which plays an important role
in cell signal transduction, cell proliferation regulation, and
metabolic enzymes activation.'*" Jung, et al.* demonstrated
that ACOT?7 plays a critical role in cell cycle progression and
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might be a valuable target for radiotherapy and chemotherapy
in lung cancer. However, the role of ACOT7 in GC has rarely
been reported; therefore, the roles and mechanisms of ACOT7
in GC need to be elucidated.

The Cancer Genome Atlas (TCGA) is a collection of free, pub-
lic molecular datasets accessible to cancer researchers world-
wide."”? Meanwhile, the Gene Expression Omnibus (GEO) data-
base is currently the largest fully open gene expression database;
it includes a large number of gene microarrays and various
forms of high-throughput gene sequencing data."* We have
found that differentially expressed genes and their tissue dis-
tribution characteristics are powerful tools for screening and
identifying tumor markers.

Long non-coding RNA (IncRNA) is a non-protein coding RNA
molecule with a length of more than 200 bases. LncRNAs play
important roles in gene transcription and splicing regulation,
post-transcriptional processing, chromosome remodeling,
and protein-protein, protein-DNA, and protein-RNA interac-
tions."”™'® LncRNA is differentially expressed in a variety of tu-
mors, including GC, and its expression patterns affect the oc-
currence and development of tumors, migration, metastasis,
relapse, and drug resistance, which make IncRNA a potential
drug target."”” Importantly, the expression of IncRNA is disease-
and tissue-specific, which are ideal characteristics for diagnos-
tic and prognostic markers."® It has been confirmed that dys-
regulation of IncRNAs plays crucial roles in the regulation of
oncogenes and tumor suppressor genes." The role of IncRNA
NMRAL2P in carcinoma progression has been mentioned,*
although its role in GC has not been reported.

DNA methylation is an important epigenetic mechanism in
many biological processes, including genome marking, X chro-
mosome inactivation, normal cell development, and diffusion.!
DNA methylation primarily participates in histone acetylation
and deacetylation, maintains DNA integrity and stability, and
regulates gene expression.”? DNA methyltransferases (DN-
MTs), including DNMT1, DNMT2, and DNMT3, are an impor-
tant family of enzymes that catalyze and maintain DNA meth-
ylation in epigenetics.>**

In this study, we investigated the role of ACOT7 in linking
IncRNA NMRAL2P and GC. ACOT?7 was found to be up-regu-
lated and inversely correlated with IncRNA NMRAL2P expres-
sion in GC. This may provide new clues on the expression levels
and potential functions of ACOT7 in GC, as well as a potential
mechanism for novel drug targets.

MATERIALS AND METHODS

ACOT7 expression in GC from the TCGA database

The TCGA database provides comprehensive cancer genomic
datasets for researchers where data are available to search,
download, and analyze. The Gene Expression Profiling Inter-
active Analysis database (GEPIA, http://gepia.cancer-pku.
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cn/) is an interactive webserver for analyzing gene expression
data of tumors and normal tissues from TCGA and genotype-
tissue expression database. In this study, we searched the GE-
PIA database to examine ACOT?7 expression in GC tissues and
adjacent normal tissues.

NMRAL2P (LncRNA) expression in GCs from the GEO
database

To evaluate gene expression in GC, a microarray dataset was
obtained from the GEO database (http://www.ncbi.nlm.nih.
gov/geo/). GSE84787 was downloaded from the website
(https://www.ncbi.nlm.nih.gov/geo/geo2r/?acc=GSE84787),
which was based on the Agilent GPL170077 platform (Agile-
nt-039494 SurePrint G3 Human GE v2 8x60K Microarray
039381). Ten primary human advanced gastric carcinoma tis-
sues and 10 noncancerous gastric tissues by high-density oli-
gonucleotide microarray were included.

Human tissue collection and qRT-PCR analysis

GC tissues and adjacent tissue samples were obtained from
10 GC patients at the Department of Gastrointestinal Surgery
at the Hangzhou Hospital of Traditional Chinese Medicine. The
clinicopathologic characteristics of these patients are described
in Supplementary Table 1 (only online). All patients had no his-
tory of radiotherapy, chemotherapy, hormone therapy, or other
diseases that may interfere with the experimental results. This
study was approved by the Institutional Review Board (IRB) of
the Hangzhou Hospital of Traditional Chinese Medicine (IRB
#20180123), and written informed consent was obtained from
all patients. The specimens were snap frozen with liquid nitro-
gen and stored at -80°C. Total RNA samples were extracted us-
ing TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions. Reverse transcription for
cDNA synthesis and real-time quantitative PCR was performed
using a SYBR PrimeScript RT Kit (Takara, Shiga, Japan) follow-
ing the manufacturer’s descriptions. The primer sequences
for the tested genes (GenePharma, Shanghai, China) are pro-
vided in Supplementary Table 2 (only online). The reactions
were performed over at least three independent runs for each
sample. GAPDH was selected as a housekeeping gene, and the
comparative cycle threshold (Ct) method (2*“") was used to
analyze differences in each transcript.”

Western blot assay

Proteins from the tissues and cells were isolated using a pro-
tein extraction kit (Beyotime Biotechnology, Haimen, China),
and the protein content was determined using a BCA Protein
Assay Kit (Beyotime, Jiangsu, China). The protein samples were
separated by SDS-PAGE gel electrophoresis (8-15%) and trans-
ferred onto polyvinylidene difluoride (PVDF) membranes
(EMD Millipore, Billerica, MA, USA). After 2 h of blocking with
5% bovine serum albumin in TBST buffer at room tempera-
ture, the PVDF membranes were individually incubated over-
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night at 4°C with the following primary antibodies: anti-ACOT7
(Abcam, Cambridge, UK) and anti-GAPDH (MultiSciences
Biotech Co., Ltd, Hangzhou, China). After washing with TBST,
the membranes were incubated at room temperature for 1 h
with peroxidase-conjugated goat anti-rabbit immunoglobulin
G antibodies (MultiSciences Biotech Co., Ltd) at a 1:2000 dilu-
tion. Protein expression was detected by the enhanced chemi-
luminescence method. Protein bands were imaged using Im-
age Lab software (BIO-RAD, Hercules, CA, USA) and normalized
with GAPDH as an internal control. The methods for determin-
ing protein content were described previously.” The experi-
ments were repeated at least three times.

Cell culture

Six cell lines were selected in this study: the immortalized nor-
mal human gastric mucosa cell line GES-1 and GC cell lines
AGS, MGC-803, SGC-7901, MKN45, and BGC-823 cells pur-
chased from the China Academia Sinica Cell Repository
(Shanghai, China). GES-1, MGC-803, SGC-7901, MKN45, and
BGC-823 were maintained in RPMI-1640 medium (Gibco,
Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS,
Gibco). The AGS cells were cultured in F12 medium (Gibco)
containing 10% FBS. All cell lines were cultured in an incuba-
tor at 5% CO, and 37°C.

Cell transfection

SGC7901 cells were plated in 6-well plates at a concentration of
1x10° cells per well and cultured at 37°C with 5% CO, in RPMI-
1640 medium containing 10% FBS. Cells were transfected with
specific GFP-tagged shRNA (Genepharma, Shanghai, China)
targeting ACOT7 with Lipofectamine 2000 reagent (Invitro-
gen, Carlsbad, CA, USA). The vector (control) group of cells
were treated with the same amount of nonsense RNA. After 5
days of transfection, the expression of green fluorescent pro-
tein (GFP) was observed under a fluorescence microscope.

Cell proliferation assay

SGC7901 cells were plated in 96-well plates at a concentration
of 1x10* cells per well and incubated overnight. CCK8 reagent
(Biotool, Shanghai, China) was added to each well, the plate
was incubated for 3 h at 37°C, and the colorimetric assay was
measured at 450 nm using a microplate reader (Perkin-Elmer,
Waltham, MA, USA).

Cell cycle analysis by flow cytometry

The cell cycle was detected by propidium iodide (PI) staining
and flow cytometry. SGC 7901 cells from each group were
seeded into 10-cm culture dishes at a concentration of 1x10°
cells per dish and then incubated at 37°C with 5% CO. for 24 h.
The cell cycle was measured using a Cell Cycle Assay Kit (Bec-
ton Dickinson, Franklin Lakes, NJ, USA), according to the
manufacturer’s instructions. Apoptosis was measured using
an Annexin-V (AV)-fluorescein isothiocyanate (FITC)/PI
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double staining kit (Shanghai Solja Technology, Shanghai,
China). SGC7901 cells were cultured in 10-cm culture dishes
at 1x10° cells per dish and incubated at 37°C with 5% CO, for
24 h. The SGC7901 cells were collected and prepared into a
single-cell suspension and then labeled according to the in-
structions provided by the AV/PI Apoptosis Detection Kit (Bec-
ton Dickinson). Flow cytometry (Cube6, Partec Group, Ger-
many) was used to detect FITC at 488 nm and 515 nm and PI
at excitation wavelengths of over 560 nm.

Scratch test

From the logarithmic phase SGC7901 cell suspension, cells
were seeded in a 6-well culture plate (5x10° cells/well). Each
group was cultured with three parallel samples. The cells were
incubated at 37°C with 5% CO, until the cells adhered and
formed a single layer with cell fusion greater than 90%. Then, a
thin wound was created along the ruler on the surface of cells
using a sterile pipette tip (200 pL). The scratch line width was
recorded under an inverted microscope (CX23, Olympus, To-
kyo, Japan). After 24 h of culture, the well plate was removed
for photography.

Transwell assay

Cell invasion and migration were detected using a Transwell
system (EMD Millipore), as described previously.” Briefly,
1x10* of cells in 200 pL of serum-free medium were seeded in
the upper chamber of the Transwell system, and the bottom of
the chamber was filled with 600 pL of medium containing 10%
FBS. Each apical chamber was coated with diluted Matrigel
(1:5; Becton Dickinson) and stored at 37°C for 3 h. After 24 h of
incubation at room temperature, the cells on the upper side of
the filter membrane were removed. Crystal violet staining was
performed at 25°C for 15 minutes, and an inverted light micro-
scope (magnification, x20) was used to count the number of
cells adhering to the submembrane.

NMRAL2P overexpression in cells

Overexpressed DNA transfection was used to upregulate
NMRAL2P expression levels. The cDNA sequence of NMRAL2P
was inserted into the pcDNA3.1 expression vector (Invitro-
gen, Shanghai, China) as previously described.” The SGC7901
cells were transfected with NMRAL2P plasmid DNA or empty
vector as a control (GenePharma, Shanghai, China) using Lipo-
fectamine 2000 reagent according to the manufacturer’s in-
structions.

Methylation-specific polymerase chain reaction

DNA was treated with sodium bisulfite to convert unmethyl-
ated cytosines into uracil. After removing sodium bisulfate and
completing chemical transformation, the modified DNA was
used as a template for PCR. Primers were designed to distin-
guish methylation and unmethylation alleles after sodium bi-
sulfate treatment and to identify sodium bisulfate-modified
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DNA (compared with unmodified DNA).

Luciferase reporter assay

SGC7901 cells were plated in 24-well plates for 12 h. Subse-
quently, ACOT7 promoter sequences were introduced into the
pGL3 vector (Promega Cooperation, Madison, WI, USA) for
ACOTY7 promoter transcriptional activity assay. Reporter plas-
mids (100 ng; EMD Millipore) containing TOP-Flash or FOP-
Flash luciferase reporter plus 1 ng of pRL-TK Renilla plasmid
were co-transfected using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA; Thermo Fisher Scientific, Inc., Hongkong,
China). After 48 h of transfection, luciferase activity was mea-
sured using a Dual Luciferase Reporter assay kit (Promega
Cooperation) according to the manufacturer’s protocol.

DNA methylation

Genomic DNA was extracted from GES-1 cells treated with
the NMRAL2P expression lentivirus, silencing, 5-aza-2"-deox-
ycytidine (5-aza-dC, Sigma, Saint Louis, MO, USA) and their
control group cells. Sodium bisulfate from the EZ DNA Meth-
ylation-Gold TM Kit (Qiagen, Valencia, Canada) was added
into the DNA samples to detect the methylation of ACOT7
promoter using the methylation-specific PCR (MSP) method.

Statistical analysis

All values are expressed as a meantstandard deviation (SD).
The F test was used to analyze the homogeneity of variance
among quantitative data groups, the t test and non-parametric
test were used to compare the data between groups, and the
threshold of significance was selected as a p value<0.05. Quan-
titative data analysis was performed in Graph Pad Prism 7
(GraphPad Software, Inc., La Jolla, CA, USA) and SPSS 23.0
(IBM Corp., Armonk, NY, USA).

RESULTS

Expression analysis of ACOT7 using TCGA

A total of 408 GC samples and 211 adjacent normal tissues sam-
ples were collected from the TCGA database. The results re-
vealed that ACOT7 expression was significantly increased in
the GC group, compared to the adjacent normal tissue group
(Fig. 1A). Similarly, the survival analysis results from Kaplan-
Meier plots depicted the association between gene expression
levels and clinical parameters on patient survival: high ACOT7
expression was associated with worse overall survival (Fig. 1B).
The log-rank p value revealed the statistical significance of the
observed patterns. Overall survival curves were generated by
setting median ACOT?7 expression as the cutoff.

Expression of ACOT7 in GC tissues and cell lines
The results showed that ACOT7 expression levels were signifi-
cantly increased in all examined carcinoma tissues, compared
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with para-carcinoma tissues (Fig. 1C and D). The expression
levels of ACOT?7 in the normal human gastric epithelial cell
line GES-1 and a group of GC cell lines were evaluated. ACOT7
had higher expression in GC cell lines than the GES-1 cells at
both the protein and mRNA level (Fig. 1E and F).

ACOTY7 silencing inhibits proliferation and cell cycle
progression and promotes apoptosis of GC cells

In order to determine the role of ACOT?7 in GC, we observed the
effect of ACOT7 silencing on the GC cell line SGC7901. The ef-
ficiency of ACOT7 shRNA was confirmed by fluorescence mi-
croscopy, Western blots, and qRT-PCR (Fig. 2A and B). CCK8
assay demonstrated that ACOT7 silencing significantly inhibit-
ed the viability of SGC7901 cells (Fig. 2C). The effect of ACOT7
silencing was further investigated by studying the cell cycle and
apoptosis of SGC7901 cells using flow cytometry. The results
showed that ACOT?7 silencing markedly increased the number
of cells in the G1 and S phase, and decreased the number of cells
in G2 (Fig. 2D). A cell apoptosis assay measuring AV/PI stain-
ing revealed that silencing ACOT?7 expression promotes the cell
apoptosis rate, compared to the vector group (Fig. 2E). Together
these results suggested that ACOT7 might stimulate cell prolif-
eration, promote cell cycle progression, and inhibit apoptosis.

ACOT7 silencing inhibits migration and invasion in
GCcells

The transwell assay revealed that the number of invaded cells
in the vector group were significantly increased when com-
pared to the ACOT7-silenced group (Fig. 2F). In the wound-
healing assay, the migration rate of ACOT7 shRNA-transfected
cells was significantly inhibited when compared to vector group
cells (Fig. 2G). These findings indicated that ACOT?7 could en-
hance the migration and invasion abilities of GC cells in vitro.

Expression of IncRNA NMRAL2P in GC

The GEO database results revealed that NMRAL2P expression
was markedly decreased in the GC tissues, compared with the
adjacent normal tissues (Fig. 3A). The part of the data download-
ed from the GEO database are provided in Supplementary Ta-
ble 3 (only online). The gRT-PCR results showed that NMRAL2P
expression levels were significantly decreased in all examined
carcinoma tissues (Fig. 3B), compared to para-carcinoma tis-
sues. NMRAL2P mRNA was expressed at lower levels in all ex-
amined GC cell lines, compared to the GES-1 cells (Fig. 3C).

Overexpression of NMRAL2P inhibits cell
proliferation, cell cycle progression, cell migration,
and invasion and promotes cell apoptosis in GC cells
The qRT-PCR results of NMRAL2P overexpression in the GC
cell line SGC7901 are shown in Fig. 4A. CCK8 assay demon-
strated that NMRAL2P overexpression significantly inhibited
the viability of SGC7901 cells (Fig. 4B). The flow cytometry re-
sults revealed that NMRAL2P overexpression markedly in-
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Fig. 1. The expression of ACOT7 in GC. (A) Boxplot showing the relative expression of ACOT7 in normal and GC samples (¥p<0.05). (B) Kaplan-Meier
curves of overall survival in patients with high or low ACOT7 expression in TCGA-GC. (C) The relative expression of ACOT7 in GC tissues by qRT-PCR as-
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of the expression of ACOT7 in GC tissues. ***Compared with para-carcinoma tissues group, p<0.001. (E) Western blot analysis of the expression of ACOT7
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creased the number of cells in the G1 and S phase, and de-
creased the number of cells in G2 (Fig. 4C). AV/PI staining
revealed that overexpression NMRAL2P promoted the cell apop-
tosis rate, compared to the control group (Fig. 4D). Together

these results suggested that NMRAL2P might inhibit cell prolif-

eration and cell cycle progression and promote cell apoptosis.
In the wound healing assay, the migration rate of the

NMRAL2P overexpression-group was markedly lower than that
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after transfection. (E) Flow cytometry analysis of apoptosis of SGC7901 cells after transfection by flow cytometry. (F) Cell migration and invasion of
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of the control group cells (Fig. 4E). The results revealed that the
number of invaded cells in the control group were significant-
ly increased when compared to the NMRAL2P overexpression
group (Fig. 4F). Collectively, these findings suggested that
NMRAL2P in GC inhibits GC cell proliferation, migration, and
invasion.

Repression of ACOT7 by IncRNA NMRAL2P

Many IncRNAs inhibit the occurrence and development of can-
cer through epigenetic regulation of gene expression.® A panel
of IncRNAs from the GEO database indicated that IncRNA
NMRAL2P was poorly expressed in GC. By investigating the
regulatory relationship between NMRAL2P and ACOT?7, we
found that NMRAL2P overexpression inhibited the expression
of ACOT?7 in SGC7901 cells (Fig. 5A). To further understand the
molecular basis of NMRAL2P-mediated ACOT7 repression, we
examined whether ACOT?7 is directly regulated by NMRAL2P.
Bioinformatics analysis showed that methylation of the ACOT7
promoter decreased significantly in gastric tumor samples
(Fig. 5B).

NMRAL2P upregulates DNMT3b for DNA methylation
of ACOT7 promoter to suppress ACOT7 gene expression
Recent studies have indicated that IncRNAs are important
players in the regulation of DNA methylation.* Therefore, we
speculated that NMRAL2P may regulate the methylation of
ACOT7 by binding to DNMT. MSP is a method used to analyze
the DNA methylation patterns in CpG islands, and it showed
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that ACOT7 was methylated in gastric para-carcinoma tissues
and GES-1 cells and unmethylated in the gastric carcinoma
tissues and SGC7901 cells (Fig. 5C). We transfected SGC7901
cells with unmethylated or completely methylated ACOT7-
pGL3 construct with a pRL-TK plasmid as a control for trans-
fection efficiency. Methylation of the ACOT7-pGL3 plasmid
resulted in a >10-fold inhibition of reporter activity (Fig. 5D).

To determine whether this activation was related to changes
in the methylation of ACOT7 promoter, DNA was isolated from
drug-treated GES-1 cells and analyzed by MSP. GES-1 cells were
treated with the methylation inhibitor 5-aza-dC at varying
concentrations and over different lengths of time in an attempt
to induce ACOT?7 expression. 5-aza-dC treatment resulted in
different degrees of partial demethylation of the ACOT7 pro-
moter in a concentration-dependent manner (Fig. 5E). Con-
sistent with our methylation analysis, induction of ACOT7
protein and mRNA levels were observed (Fig. 5F). Similarly,
GES-1 cells were treated with the methylation inhibitor 5-aza-
dC for varying lengths of time. DNA methylation of ACOT7
was decreased (Fig. 5G) in a time-dependent manner, where-
as ACOTY7 expression increased (Fig. 5H).

To better study the methylation-dependent mechanism of
ACOTY7, the expression levels of the main DNA methyltransfer-
ases DNMT1, DNMT3a, and DNMT3b were further evaluated
by RNA interference. In cells incubated with cDNA to NMRAL2P,
a notable increase in DNMT3b expression was observed, and
DNMT3b expression was significantly decreased after treat-
ment with NMRAL2P shRNA (Fig. 5I). Meanwhile, the expres-
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Fig. 4. The effects of NMRAL2P overexpression on cell proliferation, cycle, apoptosis, migration, and invasion in SGC7901 cells. (A) The overexpression
of NMRAL2P after transfection was confirmed by qRT-PCR assay. (B) The proliferation rate of SGC7901 after transfection. (C) The cell cycle progression
of SGC7901 after transfection. (D) The cell apoptosis of SGC7901 cells after transfection. (E) The scratch test was conducted to examine the migration of
SGC7901 cells after transfection. (F) The cell migration and invasion of SGC7901 cells after transfection using crystal violet staining (x200). **Compared

with empty vector, p<0.01, **Compared with empty vector, p<0.001.

sion levels of ACOT7 were increased after treatment with DN-
MT3b siRNA (Fig. 5]). The results indicated that NMRAL2P
might suppress ACOT7 expression by regulating methylation
via binding to DNMT3b.

DISCUSSION

GC is a common malignant tumor with a high rate of mortali-
ty. Although the strategies of surgery, chemotherapy, and ra-
diotherapy have continuously improved, outcomes for pa-
tients with advanced GC are not ideal. Therefore, it is necessary
to explore sensitive and effective therapeutic targets. The pres-
ent study investigated the role of ACOT7 in GC using tumor tis-
sues and GC cell lines. The IncRNA NMRAL2P was found to
regulate GC progression through inhibition of ACOT7 by
methylation.

TCGA analysis revealed that ACOT?7 is highly expressed in
GC. Similar results were also obtained in gastric carcinoma
tissues and the majority of GC cell lines tested. ACOT?7 silenc-
ing in the GC cell line SGC7901 decreased cell proliferation
rate, migration, and invasion; promoted apoptosis; and arrest-
ed the cell cycle at the G1 and S phase. These findings indicated
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that ACOT7 exerts carcinogenic effects by promoting GC cell
proliferation and migration.

The increased expression of ACOT7 in GC may be related to
genomic alterations, epigenetic modifications, or subcellular
location changes. DNA methylation is the most common fac-
tor leading to the acceleration of cancer progression®** and
an important epigenetic modification. Hypomethylation of
DNA promotes the development of cancer to a certain extent
by activating genes with carcinogenic potential.*>* Similarly,
hypomethylation of oncogenes or hypermethylation of tumor
suppressors is an important mechanisms of tumorigenesis.***
In the present study, analysis of the ACOT7 promoter region
revealed that DNA methylation was markedly reduced in gas-
tric carcinoma tissues and SGC7901 cells. Moreover, the meth-
ylation inhibitor 5-aza-dC concentration- and time-depend-
ently increased ACOT?7 expression in GES-1 cells, confirming
the regulatory role of methylation.

Overexpression of the novel IncRNA NMRAL2P was found
to downregulate ACOT7. Analysis of GSE84787 in the GEO da-
tabase revealed that NMRAL2P is downregulated in GC; this
finding was supported by the qRT-PCR-based comparison of
NMRAL2P expression in gastric tumor tissues and various GC
cell lines with that in para-carcinoma tissues and the normal
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gastric cell line GES-1. Further, NMRAL2P overexpression in
SGC7901 cells by cDNA transfection inhibited cell prolifera-
tion, migration, and invasion; promoted apoptosis; and arrest-
ed the cell cycle at the G1 and S phase. These findings indicat-
ed that NMRAL2P plays a tumor suppressive role by inhibiting
GC cell proliferation and migration. LncRNAs are associated
with the occurrence, metastasis, prognosis, and drug resis-
tance of GC.*** We speculate that the tumor suppressive effect
observed for IncRNA NMRAL2P in this study is likely exerted
via methylation of ACOT7 through binding to DNMT3b, one
of the main enzymes involved in DNA methylation. Despite
the clinical implications, some limitations must be noted. First,
the study included small sample sizes, so more clinical sam-
ples need to be collected for further study. Second, the exact
mechanism of the interaction between ACOT7 and IncRNA
NMRALZ2P require further exploration.

Overall, in this study, we discovered that ACOT7 expression
is markedly increased in GC tissues and cell lines and that the
loss of ACOT7 expression is correlated with cell proliferation,
cell cycle, apoptosis, migration, and invasion. RNAi inhibited
the expression of ACOT7, increased the apoptosis of GC cells,
affected cell cycle changes, and reduced the growth and tu-
morigenicity of GC cells. Furthermore, our results indicated
that NMRAL2P exerts a potential inhibitory effect on ACOT7
by methylation via the combination of DNMT3b and ACOT7
promoter. Therefore, constitutive NMRAL2P activation was pos-
sible because of a lack of ACOT7 expression in GC cells. The re-
sults indicated that ACOT7 may be a critical therapeutic target
for patients with GC, providing a new perspective for future re-
search.
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