Am J Transl Res 2022;14(7):5050-5058
www.ajtr.org /ISSN:1943-8141/AJTR0141317

Original Article

MiR-762 regulates the activation of

PI3BK/AKT and Hippo pathways involved in

the development of gastric cancer by targeting LZTS1

Kuaiyun Yu?, Heng Zhu?

1Department of General Surgery, Yantaishan Hospital, Yantai 264001, Shandong, China; 2Department of Digestive,
The Fourth People’s Hospital of Ji'nan, Ji'nan 250031, Shandong, China

Received December 24, 2021; Accepted June 2, 2022; Epub July 15, 2022; Published July 30, 2022

Abstract: Objective: MiR-762 has been confirmed as a tumor promoter in multiple tumors, while few reports il-
lustrate its role in gastric cancer (GC). Thus, this research aimed to investigate whether miR-762 is involved in GC
development. Methods: MiR-762 expression in the tumor tissues from GC patients and GC cell lines was analyzed
by qRT-PCR. The assays including CCK-8, transwell, and flow cytometry were performed to reveal the functions of
miR-762 in GC. The target genes of miR-762 were searched by online databases, and then were verified by dual-
luciferase reporter assay. Western blot was performed to investigate the activation of PI3K/AKT and Hippo pathways
in GC. Results: MiR-762 was aberrantly upregulated in the tumor tissues and cell lines, and miR-762 silencing could
effectively reduce the viability and promote apoptosis of GC cell lines. The study identified LZTS1 as a target gene of
miR-762. It was also found that the effects of miR-762 on GC cells could be reversed by LZTS1, and miR-762 could
upregulate the activation of the PI3K/AKT pathway but inhibit the Hippo pathway by targeting LZTS1. Conclusion:
MiR-762 activates PI3BK/AKT and suppresses Hippo pathways to boost GC proliferation and invasion by targeting
LZTS1.
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Introduction sion of the related proteins [9]. Moreover, given
the effects of miRNAs on cells, controlling the
cellularabundance of miRNAs is increasingly ac-
cepted as a feasible therapeutic strategy for
treatment of diseases ranging from inflamma-
tion to cancer [10]. The effect of miRNAs on the

progression of GC has been widely investigated

Gastric cancer (GC) is characterized by high
malignancy and morbidity. At present, how to
overcome GC has become a medical challenge
[4, 2]. Moreover, more than 60% of the patients
have progressed to a late stage when they are

diagnosed with GC, causing a challenge to pub-
lic health [3]. At present, therapeutic strategies
such as chemotherapy, radiotherapy, and surgi-
cal intervention have been used for gastric can-
cer treatment [4]. However, the long-term sur-
vival rates of GC patients remain unsatisfacto-
ry. Multiple pathogenesis and tumor develop-
ment mechanisms make GC one of the most
intractable problems in clinical practice [5]. In
recent years, many studies have shown that
some short non-coding RNAs may play pivotal
roles in the progression of GC. miRNAs contain
18-25 nucleotides [6, 7]. The functions of miR-
NAs on cellular activity have been shown to
reduce effective abundance of the related pro-
teins and to be involved in cell phenotype alter-
ation [8]. miRNAs can target the 3'-UTRs of
some MRNAs, and then regulate the expres-

as a possible treatment target [11]. Multiple
studies have indicated an aberrant abundance
of miRNAs involved in the malignant behavior
of GC cells [12]. The study has identified miR-
762, as a biomarker that is increased in the
serum of patients with various cancers. How-
ever, the functional mechanism of miR-762 in
GC remains unknown [13]. This study focused
on investigating the abundance of miR-762 in
GCs and revealed the functional mechanism of
miR-762 in GC.

Material and methods
Pathological sample

This study was approved by the ethics commit-
tee of Yantaishan Hospital (No: 20200901). 15
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Table 1. Primer sequence

pared for PCR reaction. Notably, all

Name of primer Sequences

operations used the guidelines of

miR-762-F 5’-ACACGGGGCUGGGGCCGGGGCCGAGCGCCTC-3’
miR-762-R 5’-CTCAGGGGCUGGGGCCGGGGCCGAGCCAGA-3’
U6G-F 5’-CTCGCTTCGGCAGCACA-3’

UG-R 5’-AACGCTTCACGAATTTGCGT-3’

the KAPA @RT-PCR kit (Sigma-
Aldrich, Missouri, USA). The primer
sequences of U6 and miR-762 are
shown in Table 1.

pairs of cancer and corresponding para-cancer-
ous tissues from patients with GC treated at
Yantaishan Hospital from April 2018 to May
2019 were collected to examine the abundan-
ce of miR-762. All patients signed an informed
consent.

Cell culture

The gastric cancer cell lines (MGC-803, BGC-
823 and SGC-7901) and normal cell line (GES-
1) were obtained from Yaji Co., Ltd, Shanghai,
China. All cells were cultured in RPMI-1640
medium (Procell Life Science & Technology Co.,
Ltd, Wuhan, China) containing 10% fetal bovine
serum (Thermo Fisher, Massachusetts, USA),
at 37°C in a humidified incubator with 5% CO,,.

Cell transfection

The miR-762 inhibitors and related negative
control (inhibitor-NC) were purchased from Xi'an
Xiyue Biotechnology Co., Ltd (Xi'an, China). Si-
LZTS1 and control vectors were also designed
and purified by Xi'an Xiyue Biotechnology Co.,
Ltd (Xi'an China). The SGC7901 cells were
seed in 6-well plates. Cell transfection was per-
formed when the cell confluence reached 70%.
4 pg of DNA or 100 pmol RNA and 10 pL
Lipofectamine 2,000 were incubated with 250
uL of medium without FBS for 5 min, respec-
tively. Subsequently, the diluted DNA or RNA
were mingled with diluted Lipofectamine 2,000
(1:1) and then incubated for 25 min at room
temperature, respectively. Finally, the cells
were cultured with 500 uL of the mixture for 24
hours.

qRT-PCR

The RNA in tissues and cells was extracted with
Trizol reagent. Subsequently, the RNAs were
reverse transcribed into cDNA by using a kit
(Shanghai Yihui Biotechnology Co., Ltd, Shang-
hai, China). The primers were designed by Ge-
neseed Biotech Co., Ltd (Guangzhou, China).
Reaction systems (10 uL) of gRT-PCR were pre-
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Western blot

The RIPA buffer was used to extract the total
proteins of the tissues or cells. The concentra-
tions of the proteins in the extracts were quan-
tified by BCA protein assay kits (Shanghai
Meilian Scientific Research and Biotechnology
Co., Ltd, Shanghai, China). The total proteins
were separated with polyacrylamide gel. Wet
transfer method was performed for trans-
ferring the proteins to PVDF membranes. Sub-
sequently, the PVDF membranes were immer-
sed in 5% fat-free milk for 1 hour. After that,
the diluted primary antibodies were used to
incubate the membranes at 4°C overnight.
Next day, after being washed with Tris Buffered
saline Tween solution, the membranes were
incubated with secondary antibodies at 25°C
for 2 hours. Finally, the abundance of interest
proteins was evaluated by a chemiluminescen-
ce detection system. Antibodies: anti-LZTS1
(1:2000, ab2643656, ThermoFisher, Massa-
chusetts, USA); anti-p-PI3K (1:1000, ab281-
6326, ThermoFisher, Massachusetts, USA); an-
ti-p-AKT (1:1000, ab2533699, ThermoFisher,
Massachusetts, USA); anti-YAP1 (1:1000, ab-
2219137, ThermoFisher, Massachusetts, USA).

Transwell assay

To observe the cell migration, 2x10° cells and
100 pL serum-free RPMI 1640 medium were
injected to the upper chamber, and 600 puL me-
dium including 10% FBS was injected to the
lower chamber. SGC7901 cells were cultured
in an incubator with 5% CO, at 37°C for 24
hours. The migrated cells on the lower surface
of the upper chamber were fixed in methanol
for 10 min. Cell staining was performed with
0.1% w/v crystal violet (Bohubio, Shanghai,
China) for 30 min. After that, the excess dye in
the chambers was removed. The migrated cells
were observed and photographed with a light
microscope (Leica DMi8, WETZLAR, Germany).

For cell invasion, the upper chamber was coat-
ed with matrigel. Subsequently, 5x10° cells
were incubated in the upper chamber of ea-
ch well for 24 h. Then, 4% paraformaldehyde
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Figure 1. MiR-762 was significantly upregulated in the tissues and cells of
gastric cancer. A: The relative expression levels of miR-762 in the tissue
specimens were measured by qRT-PCR; B: The expression levels of miR-762
in GES-1, MGC-803, BGC-823, and SGC-7901 were measured by qRT-PCR.

*P<0.01.

was used for cellular fixation, and 0.4% trypan
blue was used for cellular staining. After that,
the cells invaded into the lower chamber we-
re counted using a microscope (Leica DMi8,
WETZLAR, Germany).

CCK-8 assay

SGC7901 cells were cultured in 96-well plates.
After 48 h, CCK-8 reagent (Amyjet, Wuhan,
China) was added to each well. After incubation
for 4 hours, the absorbance value was detect-
ed at 450 nm by a microplate reader (Molecular
Devices, Shanghai, China).

Dual-luciferase reporter gene assay

The sequence of LZTS1 was named as LZTS1-
wild type (LZTS1-wt), and the sequence of
LZTS1 with mutant 3-UTR was named as
(LZTS1-mut). Subsequently, LZTS1-wt or LZTS1-
mut were respectively inserted into the pmir-
GLO luciferase reporter vectors. After that,
the vectors transfected with LZTS1-mut and
LZTS1-wt were respectively transfected into
HEK-293T cells along with miR-762 mimics or
miR-NC, and then HEK-293T cells were incu-
bated for 48 hours. Finally, the luciferase activ-
ity of HEK-293T was observed by a dual-lucifer-
ase reporter assay system.

5052

Immunohistochemistry (IHC)

The tissues were embedded
in paraffin and then cut into
5 um sections. Then, the sec-
tions were immersed in citrate
buffer (0.01 M, PH 6.0) and
heated in a microwave for
deparaffinization, rehydration, and antigen
repair. The sections were incubated in blocking
buffer (AmyjetScientific Co., Ltd, Wuhan, China)
for 1 hour. LZTS1 IgG antibody (5 pg/ml) was
used for incubation of the sections at 4°C for
12 hours. The sections were incubated with
secondary antibody. After that, the peroxidase
reaction was observed with 3’-diaminobenzi-
dine. Finally, the sections were stained with
hematoxylin - eosin stain.

Statistical analysis

The data analysis was performed with SPSS
20.0. Chi-square test or ANOVA with Tukey’s
post hoc-test was performed to calculate the
difference among groups. P<0.05 was consid-
ered a significant difference.

Results

MiR-762 was aberrantly upregulated in GC tis-
sues and cell lines

To observe the relationship between gastric
cancer and abundance of miR-762, we detect-
ed the relative expression of miR-762 using
gRT-PCR. The results showed that miR-762
was upregulated in cancer tissues compared to
para-cancerous tissues (Figure 1A, P<0.01).

Am J Transl Res 2022;14(7):5050-5058
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Furthermore, increased miR-762 was also
found in MGC-803, BGC-823, and SGC-7901
cells, as compared to GES-1 cells. Those find-
ings suggest that miR-762 overexpression is a
key event of gastric cancer (Figure 1B, P<0.01).

MIR-762 silencing suppressed the growth and
invasion of GC cells

To observe the functions of miR-762 in the
development of GC, the miR-762 inhibitors
were transfected into the SGC-7901, and CCK-
8, transwell assay and flow cytometry were per-
formed to illustrate the changes in biologic
behavior of GC cells. The CCK-8 assay proved
that the viability of the SGC-7901 cells treated
with miR-762 inhibitors decreased significantly
compared to the cells transfected with nega-
tive control (Figure 2A, P<0.01). Furthermore,
the Transwell assay reflected that miR-762
inhibitors significantly reduced the numbers of
the invaded and migrated cells (Figure 2D-F,
P<0.01). Flow cytometry results proved that
miR-762 inhibition significantly increased the
apoptosis level of SGC-7901 cells. These ob-
servations suggest that miR-762 is involved in
the development of cancer cells (Figure 2B, 2C,
P<0.01).

LZTS1 is a downstream target of miR-762

Given the effect of miR-762 on SGC-7901 cells,
the interactions between miR-762 and 3’-UTRs
of MRNA might contribute to the effect of miR-
762 on the progression of gastric cancer.
MiRDB, the miRNAs target database, was used
to screen downstream genes of miR-762. The
results showed that LZTS1 was one of the tar-
gets of miR-762. To further confirm the binding
between miR-762 and LZTS1, Dual-luciferase
reporter assay was carried out and confirmed
that miR-762 could significantly decrease the
luciferase activity of LZTS1-wt compared to
LZTS1-mut (Figure 3A, P<0.01). WB and IHC
showed that LZTS1 was significantly downregu-
lated in the tissues and GC cell lines (including
GES-1, MGC-803, BGC-823 and SGC-7901),
and increased miR-762 could inhibit the expres-
sion level of LZTS1 (Figure 3B-D, P<0.01).

LZTS1silencingreversedtheeffects of miR-762
downregulation on GC cells

To confirm whether LZTS1 is involved in the
regulation of miR-762 on gastric cancer, the
LZTS1 silencing vectors and miR-762 inhibitors
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were co-transfected into SGC-7901 cells to
observe the changes in the biological behavior
of SGC-7901 cells. Compared to the cells with
miR-762 inhibitor only, the proliferation and
viability of the cells co-transfected with miR-
762 inhibitor and si-LZTS1 were significantly
enhanced (Figure 4A, P<0.01). Flow cytometry
assay showed that the apoptosis level of the
cells co-transfected with miR-762 inhibitor and
si-LZTS1 was significantly lower than that of
cells transfected with miR-762 inhibitor alone
(Figure 4B, 4C, P<0.01). It was also observed
that the inhibited invasion and migration of
SGC-7901 induced by miR-762 silencing was
reversed by LZTS1 downregulation (Figure
4D-F, P<0.01). These findings suggest that
LZTS1 silencing could reverse the effect of
mMiR-762 inhibition on SGC-7901 cells.

MIiR-762 inhibited the PI3K/AKT pathway and
activated the Hippo pathway of GC cells

To explore the pathogenic mechanism of miR-
762 in GC, the miR-762 inhibitors and si-LZTS1
were co-transfected into SGC-7901 cells. The
results confirmed that the expression levels
of p-AKT, YAP1, and p-PI3K were significantly
downregulated in the cells with miR-762 inhibi-
tion (Figure 5, P<0.01). Increased LZTS1 was
also observed in SGC-7901 cells with reduced
miR-762 expression (Figure 5, P<0.01). In addi-
tion, the effects of miR-762 silencing on the lev-
els of p-AKT, YAP1, and p-PI3K were reversed
in cells co-transfected with si-LZTS1 (Figure 5,
P<0.01).

Discussion

This study explored the role of miR-762 in GC,
and revealed an influence of miR-762 level on
the proliferation, viability and apoptosis of GCs,
and illustrated the functional mechanism of
miR-762 in the progression of GC.

Dysfunction of miRNAs is one of major causes
of the development and formation of many
diseases ranging from organ inflammation to
multiple cancers [12]. In this study, increased
miR-762 was observed in the pathological sam-
ples and cell lines of GC. According to recent
studies, miR-762 is involved in the progression
of multiple cancers [14, 15]. For instance, it has
been confirmed that miR-762 is overexpressed
in the serum of the patients with non-small cell
lung cancer, and it can be used as a biomarker
for evaluating the malignancy ofthe tumor [16].

Am J Transl Res 2022;14(7):5050-5058
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Figure 2. MiR-762 silencing inhibited the proliferation, invasion, and migration and promoted apoptosis of SGC-
7901 cells. A: The effect of miR-762 on the viability of SGC-7901 cells was observed by CCK-8 assay; B, C: The ef-
fect of miR-762 on the apoptosis level of SGC-7901 cells was measured by flow cytometry assay; D-F: The effects
of miR-762 on the invasion and migration of SGC-7901 cells were observed by transwell assay (Scale bar =50 um,
400x). *"P<0.01.
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Figure 3. MiR-762 directly targets the 3’-UTR of LZTS1, and LZTS1 was significantly downregulated in the tissues
and cells of gastric cancer. A: The binding effect of miR-762 on LZTS1 was observed by dual-luciferase reporter
assay; B: The expression level of LZTS1 in the tissues was observed by immunohistochemistry (Scale bar =20 um,
400x); C, D: The relative expression levels of LZTS1 in the cells of GES-1, MGC-803, BGC-823 and SGC-7901 were

measured by western blot. "P<0.05, *"P<0.01.

The dysfunction of miRNAs can induce the
phenotype alteration and malfunction of the
cells. For instance, miR-133a-3p is significantly
downregulated in esophageal squamous cell
carcinoma cells, and overexpressed miR-133a-
3p can impede the malignant behavior and
advance the apoptosis of tumor cells [17]. This
study found that the malignant behavior of GC
cells was significantly suppressed after miR-
762 downregulation. Several studies have con-
firmed that miR-762 plays a key role in regulat-
ing the biological behaviors of cancer cells. A
study indicated that circ 0071662 can sup-
press the proliferation and invasion abilities of
bladder cancers cells by sponging miR-762
[18]. GC development is a complex event which
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generally involves changes in several pathways.
A study has indicated that miR-762 can acti-
vate the STAT3 and AKT pathway by inhibiting
the expression of HPGD to promote the prolif-
eration and invasion of cervical cancer cells
[19]. In this study, it was found that miR-762
played a role in the activation of the Hippo and
PIBK/AKT pathways. Therefore, we suggest
that miR-762 is a key promoter in the develop-
ment of GC. Considering the character of miR-
NAs in regulating the abundance of some pro-
teins by combining with the 3’-UTR of the relat-
ed mRNAs, we hypothesized that regulating the
abundance of the downstream factors might be
an important mechanism of miR-762 affecting
the progression of GC [20, 21]. IRF7 is a down-

Am J Transl Res 2022;14(7):5050-5058
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Figure 4. LZTS1 downregulation reversed the effects of miR-762 silencing on SGC-7901 cells. A: The effect of miR-
762 silencing and LZTS1 downregulation on the viability of SGC-7901 cells was observed by CCK-8 assay; B, C: The
effect of miR-762 silencing and LZTS1 downregulation on the apoptosis level of SGC-7901 cells was measured by
flow cytometry assay; D-F: The effects of miR-762 silencing and LZTS1 downregulation on the invasion and migration
of SGC-7901 cells were observed by transwell assay (Scale bar =50 ym, 400x). “*P<0.01.

stream factor of miR-762, and increased IRF7
induced by miR-762 downregulation can weak-
en the cell proliferation and invasion abilities of
thyroid cancer [15]. This project confirmed that
miR-762 could directly bind to the 3-UTR of
LZTS1, and aberrant abundance of LZTS1 was
also measured in GCs when miR-762 was
downregulated. LZTS1 is involved in multiple
biological behaviors of the cells, and LZTS1
deficiency is related to a poor prognosis of mul-
tiple cancers [22, 23]. In this study, reduced
LZTS1 was found in GC tissues, and LZTS1
downregulation could reverse the effects of
miR-762 silencing on the malignant behaviors
of GC cells. Studies showed that the expression
level of LZTS1 was notably reduced in tumor
tissues compared with the para-cancerous tis-
sues, and increased LZTS1 could significantly
inhibit the proliferation and invasion of GC cells.
Recently, the anti-cancer properties of LZTS1
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have been revealed by several studies showing
that LZTS1 regulates the viability and apoptosis
of the cells to impede the progression of multi-
ple cancers. For instance, Guanen et al. indi-
cated that miR-214 could downregulate the
expression level of LZTS1 though the PI3K/
AKT/mTOR pathway to promote the prolifera-
tion and inhibit the apoptosis of lung cancer
cells [24]. Wan et al. found LZTS1 was a bio-
marker of uveal melanoma, and the low expres-
sion level of LZTS1 was closely associated with
poor outcome of patients with uveal melanoma
[25]. Moreover, we also found that LZTS1
upregulation could remarkably suppress the
PIBK/AKT and boost Hippo pathways. One
study has indicated that LZTS1 is associated
with the changes in angiogenesis, cell prolifera-
tion, and autophagy of liver hepatocellular car-
cinoma cells, and LZTS1 upregulation can inac-
tivate the PIBK/AKT pathway to suppress the

Am J Transl Res 2022;14(7):5050-5058
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Figure 5. MiR-762 silencing inhibited the PI3K/AKT pathway and promoted the Hippo pathway of gastric cancer cells
by targeting LZTS1. A: The relative expression level of miR-762; B-F: The expression levels of LZTS1, p-PI3K, p-AKT
and YAP1 were observed by western blot assay. “"P<0.01.

progression of liver hepatocellular carcinoma
[26]. The study of Li et al. has shown that LZTS1
is regulated by miR-135b, and the expression
level of LZTS1 can significantly affect the acti-
vation of the Hippo pathway [15]. Therefore, we
suggest that decreased LZTS1 controls the
functional mechanism of miR-762 in GC.

Conclusion

MiR-762 can regulate the activities of PI3K/
AKT and Hippo pathways to control the develop-
ment of gastric cancer by targeting LZTS1.
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