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ABSTRACT

Extensive studies showed the vital function of long noncoding RNAs (IncRNAs) in the pathological
and physiological progression of tumors. Previous evidence has indicated that IncRNA MYLK
Antisense RNA 1 (MYLK-AST) acts as an oncogene to facilitate the progression of several tumors.
Nevertheless, little is known about its biological role in gastric cancer (GC). Our report intended to
probe the underlying mechanism and function of MYLK-AST in GC. Results revealed that MYLK-AST
showed an upregulated level in GC. It was worth mentioning that upregulated MYLK-AST caused
the unfavorable clinical outcome in GC patients. Functional assays indicated that MYLK-AST
silencing retarded the proliferation, cell cycle, migration, and invasion in GC. Besides, in vivo
assay validated that MYLK-AS1 deficiency also restrained tumor growth. Through in-depth mechan-
ism exploration, MYLK-AS1 was uncovered to bind with wnhancer of zeste homolog 2 (EZH2), an
epigenetic inhibitor, to inhibit the level of Large Tumor Suppressor 2 (LATS2), thereby exerting
carcinogenicity. Conclusively, our research highlighted the importance of MYLK-AS1 in GC, indicat-
ing that MYLK-AST might be an effective biomarker for GC.
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Introduction

As the third frequent reason for cancer-relevant
death, gastric cancer (GC) seriously threatens pub-
lic health [1]. Global cancer statistics manifests
that the occurrence rate and deaths of GC cases
are increasing each year [1]. Due to the difficulty
in advanced-stage diagnosis and the shortage of
effective treatments, the clinical outcome of GC
patients is quite unsatisfactory [2]. Thus, it is
urgent to enrich the knowledge related to the
biology of GC and to identify effective tumor
biomarkers in early detection and therapy.

Based on human genome study, just a little
fraction of human genes can encode proteins,
whereas most of the rest (~97%) is tightly
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transcribed into noncoding RNA [3,4]. Long non-
coding RNAs (IncRNAs) are a new cluster of non-
coding RNAs (ncRNAs), and its aberrant
expression in tumor tissues attracted extensive
researchers’ attention [5,6]. Existing research has
indicated that IncRNA 1is capable of functioning as
a tumor suppressor gene [7] or carcinogene [8] in
the initiation and progression of tumors. In addi-
tion, IncRNAs have increasingly been biomarkers
of diagnosis, therapy, or prognosis in tumors,
including GC [9,10]. Therefore, to investigate
novel therapeutic methods of GG, it is quite neces-
sary to search more novel tumor-associated
IncRNAs and to probe their biological role and
mechanisms.

CONTACT Huifei Xiang @ xiang_huifei@163.com @ Department of General Surgery, Huaihua First People’s Hospital, Huaihua, P.R. China

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0002-0383-2860
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21655979.2021.1944019&domain=pdf&date_stamp=2021-06-27

3102 (&) J.LUO AND H. XIANG

As a 814-bp IncRNA, MYLK Antisense RNA 1
(MYLK-AS1) locates at chromosome 3 and is ori-
ginally identified as possible alternative promoters
of human genes by the report from the National
Institutes of Health Mammalian Gene Collection
(MGC) Program [11,12]. MYLK-AS1 has been
reported as an oncogene in various human can-
cers. For example, MYLK-ASI facilitated nephro-
blastoma progression via upregulation of CCNE1
[13]. MYLK-ASI promoted the tumorigenesis of
hepatocellular carcinoma via the EGFR/HER2-
ERK1/2 signaling pathway [14]. However, the bio-
logical role of MYLK-AS1 in GC is still unclear.

Large Tumor Suppressor 2 (LATS2), a member
of LATS family [15,16], can inhibit tumor occur-
rence and development by regulating cell-cycle
progression [17]. For instance, miR-135b pro-
moted cell proliferation, migration and invasion
of breast cancer via downregulation of LATS2
expression [18]. LncRNA CCAT2 contributed to
GC progression by regulating the expression of
E-cadherin and LATS2 [19]. In addition, LATS2
is also a part of Hippo signaling pathway, which
can be destroyed by the loss of LATS2 [20].
A number of literatures have reported that
IncRNA can interact with Enhancer of zeste
homolog 2 (EZH2) to modulate LATS2 expression
[21,22]. Therefore, our emphasis was to inspect the
function of MYLK-AS1 and its relationship with
EZH2 and LATS2.

The present study aimed to investigate the bio-
logical role and mechanism of MYLK-ASI in GC.
We hypothesized that MYLK-AS1 might act as an
oncogene in GC progression by epigenetically
silencing LATS2.

Materials and Methods
Tissue samples

GC tissues (n = 70) and adjacent normal tissues
(n = 70) were collected from GC patients at
Huaihua First People’s Hospital. Informed con-
sents were acquired from each patient, who has
not been received any anticancer therapy before
the surgery. After leaving the body, all the tissues
were frozen in liquid nitrogen at once and pre-
served at —80°C for further use. The research was
permitted by the Ethics Committee of Huaihua

First People’s Hospital and each participant signed
the informed consent.

Cell lines and cell culture

GC cell lines (AGS, MKN45, SNU-16 and TMK-1)
and human normal gastric mucosal cell line (GES-
1) were provided by ATCC (Manassas, VA, USA).
The cells were maintained in DMEM (Gibco, MD,
USA) at 37°C in a humidified condition contain-
ing 5% CO,. The DMEM was supplemented with
10% FBS (Gibco) and 1% penicillin-streptomycin.

Cell transfection

Short hairpin (sh) RNA targeting MYLK-ASI
(sh-MYLK-AS1; 5'- GGCAACCAUUAC
UCACCAATT-3"), EZH2  (sh-EZH2; 5'-
GAGGUUCAGACGAGCUGAUUU-3') or
LATS2 (sh-LATS2; 5- GCCACCCAGAGAU
AUUACUTT-3'), and corresponding control
shRNA (sh-NC 5-UUCUCCGAACGUGUCACG
UTT-3") were commercially obtained from
GenePharma  (Shanghai, China). Utilizing
Lipofectamine 3000 (Invitrogen, Carlsbad, CA),
all above plasmids were transfected into the GC
cells (AGS and MKN45 cells). Incubated for 48 h,
the efficiency of transfection was verified by RT-
qPCR, and transfected cells were applied for
further assays.

RT-qPCR analysis

The use of TRIzol Reagent (Invitrogen) was for extract-
ing total RNA in transfected cells. The reverse tran-
scription of RNAs into cDNAs was carried out by
PrimeScript RT reagent kit (TaKaRa, Japan). Then,
based on the direction of SYBR® Green Realtime PCR
Master Mix (TaKaRa), RT-qPCR reactions were per-
formed. Finally, normalized to GAPDH, 2™**“" method
[23] was employed for calculating relative RNA levels.
The sequences of the primers were as follows: MYLK-
ASI: forward, 5- TCTCCTTGTGCAAACCTCC-3'
and reverse, 5-CCCACATTGAGCGAATGCC-3'
LATS2 forward, 5-TAGAGCAGAGGGCGCGGAAG
-3 and reverse, 5- CCAACACTCCACCA
GTCACAGA-3'; EZH2 forward, 5'-
GTGGAGAGATTATTTCTCAAGATG-3' and
reverse, 5- CCGACATACTTCAGGGCATCAGCC-



3 GAPDH forward, 5'-
GAAGATGGTGATGGGATTTC-3' and reverse, 5'-
GAAGGTGAAGGTCGGAGTC-3.

CCK-8 assay

After transfection, CCK-8 assay was carried out to
evaluate cell viability. Plated in 96-well plates, GC cells
were incubated for 0, 24, 48, or 72 h. Then, CCK-8
solution (10 pl/well, Dojindo) was added at each time
point to incubate for further 2 h at 37°C. Later, the
measurement of optical density wavelength was com-
pleted by a microplate reader at 450 nm [24].

Flow cytometry analysis

Cells were harvested after being transfected for 48 h.
Through CycleTESTTM PLUS DNA Kit (BD
Bioscience, NJ, USA), the transfected cells were
colored with propidium iodide (PI), and then ana-
lyzed by flow cytometry (FACScan; BD Biosciences)
[25]. The cell ratio in each phase was compared for
cell-cycle analysis.

Transwell assay

To test cell migratory and invasive abilities, transwell
assay was performed. After transfection, cells (2 x 10*
cells/well) in 1% FBS medium were added into the top
chamber (8 um pore size; Millipore) with Matrigel-
coated membrane (for invasion analysis) or without
Matrigel-coated membrane (for migration analysis).
The medium supplementing with 10% FBS was
placed to the bottom chamber. 24 h later, cells
remaining in top chamber were removed, and cells
migrating into lower chamber were immobilized by
using methanol and stained by using crystal violet.
Subsequently, by a microscope (Olympus, Tokyo,
Japan), migrated and invaded cells were counted.

Tumor xenografts

Four-week-old BALB/c nude mice (male) were pro-
vided by Beijing Vital River Laboratory Animal
Technology Company, and fed under standard con-
ditions. GC cells with stable transfection of sh-
MYLK-AS1 and sh-NC were inoculated into each
nude mouse with subcutaneous injection. Every per
week, tumor volume was monitored. 28 days later,
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the mice were euthanized, and tumors were col-
lected and weighted for subsequent analysis. The
Committee on the Ethics of Huaihua First People’s
Hospital approved this study.

Immunohistochemistry (IHC)

For tumor sections, tissues from the excised tumors
were in fixation by 10% formaldehyde, embedment
by paraffin, and cut into sections (4-pm thick). After
above procedures, the sections were carried out at an
incubation with Ki67 antibody (Abcam, USA) at 4°C
overnight. After incubating with secondary antibody,
they were stained with diaminobenzidine, and a light
microscope was used to take photographs [26].

Western blot analysis

The isolation of total protein was performed via
using RIPA buffer (Beyotime, Shanghai, China).
The SDS-PAGE was applied to resolve the protein
samples, which were later transferred onto PVDF
membranes. Then, blocked with 5% fat-free milk
for 2 h, the membranes were incubated with primary
antibodies against LATS2 (ab110780, Abcam), EZH2
(ab191080, Abcam), E-cadherin (ab1416, Abcam),
N-cadherin (ab18203, Abcam), or GAPDH
(ab8245, Abcam), and then incubated with second-
ary antibody (Abcam) after washing. Finally, ECL
detection (ThermoScientific) was used to visualize
the protein signals.

Luciferase reporter assay

The wild-type or mutant-type LATS2 promoter
region was inserted into the pGL3 luciferase repor-
ters (Promega). The pGL3-LATS2 promoter-Wt or
pGL3-LATS2 promoter-Mut reporters were co-
transfected with sh-MYLK-AS1 or sh-NC into GC
cells through using Lipofectamine 2000 (Invitrogen).
After 48 h, dual-luciferase reporter assay system was
employed to analyze the luciferase activity.

Subcellular fractionation assay

Firstly, AGS and MKN45 cells (1 x 10° cells) were
suspended in precooled PBS. Next, the cells were
centrifuged in cell fractionation buffer, followed by
the collection of cell cytoplasm. Later, cell nuclei were
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acquired after cells lysed in cell disruption buffer.
MYLK-AS1 expression in cytoplasmic and nuclear
fractions was assayed by RT-qPCR. GAPDH or U6
were separately used as cytoplasmic or nuclear
reference.

RNA immunoprecipitation (RIP) assay

RIP assay was used to validate the interaction
between MYLK-AS1 and EZH2 according to the
manufacturer’s protocol [27]. GC cells were
lysed in RNA lysis buffer, and later incubated
with anti-EZH2-conjugated magnetic beads with
anti-IgG as the negative control. Later, RIP buf-
fer and PBS were applied to wash material that
unbound on the magnetic beads. To purify the
bound RNAs, the magnetic beads were resus-
pended by wusing TRIzol Reagents (1 ml).
Finally, RT-qPCR was utilized for the analysis
of the extracted RNAs levels.

ChIP assay

The ChIP Assay Kit (Beyotime) was employed for
ChIP assay [28]. In brief, cells were cross-linked
with 1% formaldehyde, and later 0.125 mol/L glycine
(final concentration) was added to terminate the reac-
tion. After being processed by sonication, DNA frag-
ments were generated and then immunoprecipitated
using anti-EZH2 antibody (ab191250, Abcam), and
IgG (Abcam) served as the internal control. At last,
RT-qPCR was employed for determining the enrich-
ment of precipitated DNAs.

Statistical analysis

Statistical data analysis was conducted by SPSS
20.0 (SPSS, Chicago, IL, USA), and results were
shown as the mean + SD. Kaplan-Meier method
was used to calculate the overall survival curve.
Student’s t-test or one-way ANOVA was
employed to compare the differences between
two or more groups. Each assay was repeated
at least thrice, and P <0.05 was considered as
statistical significance.

Results

MYLK-AS1 was upregulated and predicted poor
prognosis in GC

To explore MYLK-ASI1 functional role in GC, we first
utilized RT-qPCR to analyze MYLK-AS1 level in GC
patients. The results indicated that MYLK-ASI level in
GC tissues was considerably upregulated compared to
that in adjacent normal tissues (Figure 1A). Besides,
MYLK-AS1 expression in GC cells (AGS, MKN45,
SNU-16, and TMK-1) was detected by RT-qPCR,
and GES-1 cell line was taken as the negative control.
Data manifested that MYLK-AS1 expression was
higher in GC cells (Figure 1B). In addition, by analyz-
ing data (GSE13911, GSE54129, and GSE79973) from
Gene Expression Omnibus (GEO) database, we found
that MYLK-AS1 was highly expressed in GC tissues
compared with that in normal gastric tissues (Figure
1C-E). Moreover, Kaplan-Meier survival analysis in
another GEO dataset (GSE62254) indicated overall
survival time of GC patients with high MYLK-AS1
expression was shorter than those with low MYLK-
AS1 expression (Figure 1F). Collectively, MYLK-AS1
presented a high level in GC and predicted an unsa-
tisfactory prognosis.

MYLK-AS1 deficiency inhibited cell
proliferation, cell cycle, migration, and
invasion

According to the above results, we carried out some
in vitro assays to probe MYLK-ASI function in GC.
AGS and MKN45 cell lines, presenting higher MYLK-
AS1 expression than SNU-16 and TMK-1 cell lines,
were chosen to silence the expression of MYLK-ASI.
The results showed that MYLK-ASI1 expression was
significantly decreased by transfecting sh-MYLK-AS1
(Figure 2A). CCK-8 assay indicated viability of sh-
MYLK-ASI-transfected AGS and MKN45 cell lines
was reduced with the comparison of the control group
(Figure 2B). Moreover, flow cytometry analysis
showed that MYLK-AS1 knockdown caused a cell-
cycle arrest at GO/G1 phase (Figure 2C). Additionally,
transwell assay showed that the migratory and inva-
sive capacities were inhibited by the deficiency of
MYLK-AS1 (Figure 2D-E). Next, the EMT process
markers (E-cadherin and N-cadherin) were assessed
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Figure 1. Relative MYLK-AS1 expression in GC tissues and cells, and its clinical significance. (A) RT-qPCR analysis for MYLK-AS1
expression in GC and adjacent normal tissues. (B) Relative MYLK-AST expression in GC cell lines and human normal gastric mucosal
cell line by RT-gPCR analysis. (C-E) The expression of MYLK-AS1 was analyzed in GEO datasets (GSE13911, GSE54129 and GSE79973).
(F) Overall survival of GC patients with high or low MYLK-AS1 expression by Kaplan-Meier method. **p< 0.01.

through western blot. The E-cadherin level was
increased, and N-cadherin level was decreased after
MYLK-AS1 knockdown (Figure 2F and G). Based on
these results, we concluded that MYLK-AS1 knock-
down inhibited GC cell proliferation and invasion
in vitro.

MYLK-AS1 silencing suppressed tumor
growth in vivo

Then, AGS cells transfected with sh-MYLK-ASI
and sh-NC were injected into nude mice to evalu-
ate the function of MYLK-AS1 in vivo in GC
tumorigenesis. The result manifested that tumors
harvested from MYLK-ASI-silencing group had
a smaller size (Figure 3A). Moreover, tumor
volume in sh-MYLK-ASI group was also smaller
(Figure 3B). In addition, compared with control
group, tumor weight in sh-MYLK-AS1 group was
lowered (Figure 3C). Importantly, IHC staining
manifested that MYLK-ASI knockdown decreased
Ki67 expression with comparison of control group

(Figure 3D). Taken together, MYLK-AS1 played
oncogenic role in vivo.

MYLK-AS1 inhibited LATS2 transcription in GC
cells

Subsequently, the relationship between MYLK-
AS1 and LATS2 was explored. As demonstrated
in Figure 4A, compared to control group, the
expression of LATS2 mRNA was increased by
silencing MYLK-AS1. Moreover, MYLK-ASI
knockdown elevated the level of LATS2 protein
by western blot analysis (Figure 4B). For further
elucidating the specific mechanism of MYLK-AS1-
mediating LATS2 expression, the luciferase repor-
ter assay was carried out. As a result, MYLK-AS1
knockdown augmented the luciferase activity of
pGL3-LATS2 promoter-Wt reporters, indicating
that MYLK-AS1 retarded the transcription of
LATS2 (Figure 4C). The above results suggested
that MYLK-AS1 suppressed LATS2 transcription
in GC cells.
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Figure 2. Function of MYLK-AS1 on GC cell growth and invasion in vitro. (A) Relative MYLK-AS1 expression in AGS and MKN45
cells transfected with sh-MYLK-AS1 and sh-NC. (B) The viability of AGS and MKN45 cells transfected with sh-MYLK-AS1 and sh-NC
was determined by CCK-8 assay. (C) The cell cycle of transfected AGS and MKN45 cells was assessed by flow cytometry analysis. (D
and E) Transwell assay was carried out to evaluate the migratory and invasive abilities after AGS and MKN45 cells were transfected
with sh-MYLK-AS1 and sh-NC. (F and G) The protein levels of E-cadherin and N-cadherin were measured by western blot. *p < 0.05,
**p< 0.01.
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MYLK-AS1 recruited EZH2 to inhibit LATS2
transcription

To further explore the mechanism that MYLK-ASI
regulated LATS2 transcription, we conducted subcel-
lular fractionation assay to assess the localization of
MYLK-ASI in GC cells. As a result, MYLK-AS1 was
chiefly distributed in the nuclei of GC cells (Figure

5A). Subsequently, RIP assay demonstrated the con-
siderable enrichment of MYLK-ASI in the beads con-
jugated with anti-EZH2 (Figure 5B), suggesting that
EZH?2 interacted with MYLK-ASI. The next ChIP
assay results indicated that MYLK-AS1 deficiency
weakened the binding ability of EZH2 to LATS2 pro-
moter (Figure 5C). Extensive reports have confirmed
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that EZH2 can be the main modulator in GC [29,30];
therefore, we utilized EZH2 shRNA to knockdown
EZH2. Results manifested that EZH2 mRNA and
protein expressions were both significantly reduced
with the transfection of sh-EZH2 (Figure 5D), suggest-
ing the successful transfection efficiency of sh-EZH2
in GC cells. In addition, we observed that EZH2
silencing downregulated the mRNA and protein
expressions of LATS2 (Figure 5E). To be concluded,
MYLK-AS1 inhibited LATS2 transcriptional expres-
sion by recruiting EZH2 in GC.

LATS2 silencing reversed the effect of
MYLK-AS1 deficiency on GC cell growth

Finally, to verify whether MYLK-AS1 regulated
GC cell growth via silencing LATS2 expression,
we performed a series of restoration assays. RT-
qPCR was employed to validate the transfection
efficiency of sh-LATS2. The results manifested
that LATS2 knockdown effectively decreased
LATS2 expression in GC cells (Figure 6A).
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Then, CCK-8 assay results indicated that
decreased LATS2 expression rescued sh-MYLK-
AS1-damaged cell viability (Figure 6B). In addi-
tion, flow cytometry analysis revealed that
LATS?2 silencing countervailed the GO/GI arrest
caused by MYLK-AS1 deficiency (Figure 6C).
Moreover, transwell assay indicated that MYLK-
AS]1 silencing-mediated inhibition in cell migra-
tion and invasion was reversed with sh-LATS2
transfection (Figure 6D-E). In addition, the
increased E-cadherin expression and the
decreased N-cadherin expression induced by
MYLK-AS1 knockdown were attenuated by
LATS2 silencing (Figure 6F and G). Taken
together, LATS2 knockdown involved the onco-
genic effect of MYLK-AS1 in GC.

Discussion

In recent years, increasing IncRNAs were found by
RNA-sequencing technology with the continuous
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Figure 5. MYLK-AS1 decreased LATS2 transcriptional expression through recruiting EZH2. (A) MYLK-AS1 distribution in AGS
and MKN45 cells was confirmed by subcellular fractionation assay. (B) RIP assay was performed in AGS and MKN45 cells, and the
relative enrichment of MYLK-AS1 was detected by RT-gPCR. (C) The sh-MYLK-AS1 plasmid was transfected into AGS and MKN45 cells,
and ChIP assay were conducted by the use of specific anti-EZH2 antibodies. (D) EZH2 mRNA and protein levels were tested by RT-
gPCR and western blot in AGS and MKN45 cells transfected with sh-EZH2 or sh-NC. (E) RT-qPCR and western blot analyses for LATS2
mRNA and protein levels in transfected AGS and MKN45 cells. **p < 0.01, ***p< 0.001.
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Figure 6. The effect of MYLK-AS1 knockdown on GC cell growth and invasion was rescued by silencing LATS2. (A) The
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improvement in experimental technology, and
most of them were validated to play a necessary
role in tumor occurrence and development [31-
33]. Although studies have reported numerous
differently-expressed IncRNAs, which can regulate
the progression of GC [34-36], more IncRNAs
linked to GC progression are still needed to be
explored. MYLK-AS1, as a 814-bp IncRNA, has
been found to facilitate the invasion and angiogen-
esis in hepatocellular carcinoma by acting as miR-
424-5p sponge to activate VEGFR-2 signaling
pathway [37]. Nevertheless, function and mechan-
ism of MYLK-ASI is little known in GC pathogen-
esis and progression. Herein, we discovered
upregulation of MYLK-ASI in GC tissues and
cells. The silencing of MYLK-ASI in GC cells
restrained cell viability, cell cycle, migration, and
invasion. It was also validated that MYLK-ASI
knockdown inhibited tumor growth through
in vivo experiments.

LATS2 has been confirmed as a tumor suppres-
sor and exerts anti-tumor effect by multiple signal-
ing pathways [38,39]. As the core kinase of Hippo
pathway, LATS2 was also reported to act as inhi-
bitor gene in diverse cancers, including prostate
cancer [40], lung cancer [41], leukemia [42], and
breast cancer [43] via regulating phosphorylation
of YAP and TAZ (transcriptional co-activator with
PDZ domain) [44,45]. Additionally, the shortage
of LATS2 was confirmed to associate with elevated
resistance of chemotherapeutic drug in leukemia
[46] and prostate cancer [47]. Our luciferase
reporter assay results showed that MYLK-ASI
knockdown increased LATS2 promoter activity.

EZH2, a subunit of PRC2, is identified as highly
conserved histone methyltransferase that exerts
regulatory function via triggering H3K27me3 tri-
methylation [48]. It is also reported to restrain
translation of numerous downstream genes and
modulate cell cycle, proliferation, differentiation,
apoptosis, aging, and tumorigenesis [49,50].
Existing reports indicated that IncRNAs can bind
with EZH2 to play its biological role via modulat-
ing downstream gene expression [51,52]. Our
study revealed that MYLK-AS1 directly bound
with EZH2 and promoted cell proliferation and
invasion by decreasing LATS2 expression.

Conclusions

Our research was the first to explore biological
role and mechanism of MYLK-AS1 in GC, and
results showed the upregulated level of MYLK-
AS1 in GC cells. Further, it was discovered that
MYLK-ASI silenced LATS2 expression to exert
oncogenic function by binding with EZH2. These
findings might offer a novel insight into the
exploration of GC diagnosis and treatment. In
the future study, we will enlarge the sample size
of animal experiments to investigate the biological
role of MYLK-AS1 in GC.
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