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Purpose: It is widely known that some specific microRNAs can regulate the expressions of

genes in gastric cancer cells at the post-transcriptional level. Previous studies have identified

that miRNA-4766-5p was involved in tumor cell proliferation and can be an independent

prognostic indicator for malignant pleural mesothelioma. However, the mechanism under-

lying gastric cancer via the miRNA-4766-5p pathway remains to be blank.

Methods: We investigated the expression of miR-4766-5p in gastric cancer tissues and cells

through qRT-PCR. We used RNAi to change the expressions of miR-4766-5p in gastric

cancer cell lines, AGS and MKN45. Quantitative real-time polymerase chain reaction (qRT-

PCR) was employed to detect the mRNA expression of miR-4766-5p. We identified cell

proliferation by CCK8 and clone formation assays. We analyzed the cell apoptosis and cycle

through flow cytometry. At last, we used a dual-luciferase reporter assay to illustrate the

interaction between miR-4766-5p and NKAP and used Western blot to determine the protein

expression of signaling pathways.

Results: We found that 1) miR-4766-5p was down-regulated in gastric cancer tissues and

cells lines; 2) miR-4766-5p inhibited cell proliferation of gastric cancer cell lines signifi-

cantly; 3) miR-4766-5p significantly inhibited cell migration and invasion of gastric cancer

cells; 4) miR-4766-5p induced gastric cancer cell apoptosis. 5) NKAP was a direct target

gene of miR-4766-5p; and 6) miR-4766-5p induced inactivation of AKT/mTOR pathway.

Conclusion: The above results indicate that miR-4766-5p suppressed the proliferation and

metastasis of gastric cancer cells through targeting NKAP. Our findings could probably

contribute to the diagnostics and prognostics of gastric cancer through new methodologies.
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Introduction
It is widely known that gastric cancer (GC) is one of the most malignant cancer

types, with a huge amount of people dying from it every year.1–3 Gastric cancer is

usually originated from the lining of the stomach, and its early symptoms are not

clearly noticeable. In its early stage, it tends to be mixed and considered as regular

stomach diseases, which poses hurdles to the early diagnostics. Despite the

advances and developments in GC diagnostics and therapies, it is still very critical

and necessary to keep seeking novel and applicable diagnostics, prognostics, and

treatment methodologies.

Previous reports have demonstrated that miRNAs are playing very important

roles in human cancers such as lung cancer,4 ovarian cancer,5 hepatocellular
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carcinomas.6 A large number of studies have found that

miRNAs are closely related to the occurrence and devel-

opment of tumors, and are thought to play the role of

oncogenes or tumor suppressor genes.7,8 More and more

attention has been paid to the role of miRNAs in gastric

cancers, and accumulating evidence suggests that miRNAs

may act as potential biomarkers for diagnostics and

therapies.9,10 However, only limited clinical studies have

revealed several types of miRNAs, with a massive number

of miRNAs, remained to be investigated. MiR-4766-5p is

a newly discovered member of the microRNA family. As

far as we know, only one reports have studied the func-

tions of miR-4766-5p in breast cancer.11 In 2018, Yiran

Liang found that the knockdown of miR-4766-5p could

significantly promote cell growth, metastasis, and

chemoresistance.11 It revealed that miR-4766-5p had a

direct target of SIRT1, which would be suppressed by

the overexpression of miR-4766-5p. MiR-4766-5p, this

novel discovered microRNA, had raised our curiosity

about its functions and role in the regulation or promotion

of gastric cancer.

NKAP has been reported to be a transcriptional repressor

for notch signaling, which is critically demanded in the devel-

opment of T cell.12,13 In 2011, FC. Hsu found that NKAP

participated actively in the maturation of Tcell and is involved

in the T cell’s functioning competency.13 For gastric cancers,

only a few researchers have investigated the NKAP identifica-

tion. In 2010, CUI Juan revealed that NKAP may be related

with gastric cancer as its expression was up-regulated during

the development of GC.14 As described in previous studies,

NKAP knockdown will lead to an increase in cellular pre-

mRNA proportion and chromosome misalignment which

further cause cell cycle arrest.15,16 However, the accurate

mechanism by which NKAP functions in tumor remains

unclear. From these studies, we noticed that NKAP has the

potential role in gastric cancer oncogene, which raised our

interested in the exploration of NKAP in GC.

In this paper, we aim to reveal the functions of miR-

4766-5p in gastric cancer and its underlying molecular

association of NKAP. To the best of our knowledge, we

are the first to target the associations of miR-4766-5p and

NKAP in gastric cancer. We were focused to reveal the

following topics: i. the expression of miR-4766-5p in

gastric cancer cells; ii. the role of miR-4766-5p in GC’s

regulation or promotion; and iii. the inner molecular asso-

ciation between miR-4766-5p and NKAP, and their colla-

borative functions in GC development. The results

identified that miR-4766-5p inhibits the development and

progression of gastric cancer by targeting NKAP through

the AKT/mTOR pathways. We believe these findings

could help unveil new diagnostic and therapeutic strategies

in gastric cancer.

Materials And Methods
Gastric Cancer Tissue Samples
We obtained 30 pairs of human primary gastric cancer

tissues and their matched normal adjacent tissues from

30 patients who were receiving radical surgery. The

patients were recruited from the Affiliated Hospital of

Hebei University. The duration from July 2010 to Feb

2015 and their tumor stages were determined based on

the Seventh Edition of the Cancer Staging Manual by the

American Joint Committee on Cancer. The inclusion cri-

teria were: 1) pathologically confirmed gastric carcinomas;

2) preoperative MRI including DWI. The exclusion cri-

teria were: 1) any adjuvant chemotherapy or radiotherapy

between biopsy and surgery; 2) a minimum diameter of the

tumor being less than 5 mm (insufficient to support draw-

ing an ROI); 3) incomplete pathological information; 4)

inadequate image quality for postprocessing, due to arti-

facts. Prior to experiments, we got the written informed

consent from all patients, and this study was approved by

the Ethics Committee of the Affiliated Hospital of Hebei

University. After receiving the tissues, we immediately

snap-frozen them and stored at 80°C for future analysis.

Cell Culture
The gastric cancer cell lines of MGC-803, AGS, MKN45

and SGC-790 (ScienCell Research Laboratories, US) and

human normal gastric epithelial cell line of GES-1 (Jiniou

Bio, China) were seeded into RPMI 1640 medium, with

10% FBS (Gibco, US), 100 U/mL penicillin and 100 µg/mL

streptomycin (Lonza, US). We cultured the cells under 37 C

with 5% CO2.

Cell Transfection
siRNAs against miR-4766-5p, miR-4766-5p-siRNA1, miR-

4766-5p-siRNA2, and miR-4766-5p-siRNA2, and negative

control siRNA (NC) were synthesized by Ribobio Co., Ltd.

(Guang Zhou, Guangdong, China). We constructed the over-

expressing plasmid vector, pcDNA3.1-miR-4766-5p, from

GeneChem Co., Ltd. (Pudong, Shanghai, China). Cell trans-

fection was performed through Lipofectamine 2000 reagents

(Invitrogen, Carlsbad, CA, USA) following by the manual

from the vendor.

Wei et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:128526

http://www.dovepress.com
http://www.dovepress.com


qRT-PCR Analysis
Total RNAs from tissues or cells were extracted using

Trizol reagent (Invitrogen, Carlsbad, CA, USA) by strictly

following the manufacturer’s instructions. We synthesized

cDNA through the Reverse Transcription System

(Promega, Madison, USA). We conducted RT-PCR using

the SYBR Green Master Mixture (Roche, America)

reagent in ABI 7500 Real-time PCR instrument. β-actin
was acted as an internal control. We calculated relative

expression levels and normalized them using the 2−ΔΔCt
methods.

CCK8 Assay
CCK8 assay was performed to test cell proliferation. After

cell plantation in 96-well plate, we transfected AGS and

MKN45 cells with pNC, siNC, pCMV-MIR- miR-4766-5p

or si-miR-4766-5p. Every 24 hrs, we incubated the cells in

each well with 10 μL CCK-8 solutions for 2 hrs. The

results were measured at 450 nm’s OD value using a

microplate reader.

Clone Formation Assay
After transfection for 24 h, we seeded gastric cancer cells in a

6 cm diameter’s culture dish at a density of 200 cells per well

until visible by naked eyes. Then the supernatants were

removed, and the cells were stained in crystal violet for 20

min. We captured the colonies’ images using a digital camera.

Transwell Assays
Next, we aim to assess cell invasive ability in vitro. Gastric

cancer cells were seeded on Matrigel-coated transwell with

500 μL serum-free medium. We filled the lower chamber

with 500 μL of medium containing 10% FBS. After incuba-

tion for 24 hrs, the cells on the upper surface were wiped

with cotton wool. Then, we stained the invaded cells by

crystal violet for 5 min. We took the photos of the cells and

counted the numbers. Lastly, the transwell migration assay

was performed with the same steps excluding Matrigel.

Flow Cytometry Detection For Cell

Apoptosis
We utilized the Annexin V-FITC Apoptosis Detection Kit

(Thermo Fisher Scientific) to measure cell apoptosis using

standard protocols. Briefly, transfected cells were har-

vested, centrifuged, and washed with precooled PBS.

Then we sequentially stained the cells with Annexin

V-FITC for 15 min and PI for 5 min in a dark

environment. After that, we performed flow cytometry

and used FlowJo software (TreeStar, San Carlos, CA,

USA) to analyze cell apoptosis.

Dual-Luciferase Reporter Assay
MiR-4766-5p and NKAP, miR-4766-5p mimic or NCmimic

with pcDNA-NC, pcDNA-NKAP-3ʹUTR-wt or pcDNA-

NKAP-3ʹUTR-mut were co-transfected into gastric cancer

cells. We determined the relative luciferase activities using a

dual-luciferase reporter assay kit (Promega, USA).

Western Blot
After 48 hr’s transfection, the proteins of gastric cancer

cells were extracted using RIPA buffer containing 1%

protease inhibitors (Roche, Basel, Switzerland). We used

the BCA assay to determine protein concentration. The

proteins were separated using SDS–PAGE at 20 μg/lane
and transferred them to a nitrocellulose membrane

(Millipore, Bedford, MA). Then we blocked the membrane

with 5% non-fat milk for 2 hrs, incubated them with

primary antibodies at 4 °C for one night, and the second

antibodies for 1 hr at room temperature. After washing

with TBST 3 times, we detected the protein bands by ECL.

The primary antibodies to anti-NKAP, anti-AKT, anti-p-

AKT, anti-mTOR, anti-p-mTOR, anti-P70S6K, and anti-

GAPDH were purchased Abcam. We utilized Image J to

quantify the density of each band.

Animal Studies
The female BALB/c nude mice (4–6 weeks) were pur-

chased from Shanghai LAC Laboratory Animal Co. Ltd.

(Shanghai, China). pcDNA3.1 or pcDNA3.1-miR-4766-5p

transfected AGS cells were injected into the posterior flank

of mice subcutaneously at n=6 each group. Tumor volume

was monitored at indicated times. Finally, the mice were

executed and tumors were resected.

Immunohistochemistry (IHC) Analysis
Paraffin-embedded tumor blocks were cut into sections

with 4 μm thickness. Deparaffinization, rehydration and

antigen retrieval (microwave, 30 min) were performed

before incubation with anti-NKAP or anti-Ki67 (20 min,

1:500). The tumor sections were then developed by using a

DAB method. After doubled staining with hematoxylin,

dehydration with gradient ethanol, and mounting with

neutral resins, tissue sections were observed and imaged

in 5 random fields at a microscope. The antibody for anti-

Ki67 was purchased from Abcam.
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Statistical Analysis
All data were presented as mean ± standard deviation and

the statistical analyses were perform using SPSS (19.0

vision, Chicago, IL, USA). We evaluated the differences

by the Student t-test and one-way ANOVA. The significant

difference was set as P<0.05.

Results
MiR-4766-5p Is Down-Regulated In

Gastric Cancer Tissues And Cells
We used the qRT-PCR assay to identify the expression of

miR-4766-5p in gastric cancer tissues and normal tissues.

As shown in Figure 1A, miR-4766-5p expression was

significantly lower in gastric cancer tissues than their

para-carcinoma tissue tissues. Figure 1B shows the expres-

sion of miR-4766-3p in cell lines of CES-1, AGS,

MKN45, MGC-803, SGC-790. The cell line analysis also

indicated that AGS and MKN45 cells exhibited the lowest

expression of miR-4766-5p. These two results confirmed

that miR-4766-5p is down-regulated in gastric cancer tis-

sues and cells.

Inhibition Of Gastric Cancer Cell

Proliferation, Migration, And Invasion By

miR-4766-5p
Next, we aim to determine whether miR-4766-5p is in

gastric cancer progression. We transfected si-miR-4766-

5p into the human gastric cancer cells and performed the

CCK-8 assay. Figure 2A and B revealed that cell prolif-

eration was significantly inhibited when silencing miR-

4766-5p. To validate the result, we also performed the

clone formation assay in gastric cancer cells. Figure 2C

shows the clone formation assay for AGS cells and

MKN45 cells in control, pNC, siNC, miR-4766-5p, and

si-miR-4766-5p. Figure 2D and E show the colony num-

bers of AGS cells and MKN45 cells. From the results, we

found that miR-4766-5p dramatically reduced clone num-

bers of gastric cancer cells. These data indicated that miR-

4766-5p displayed a negative role in gastric cancer cell

proliferation.

Knockdown Of miR-4766-5p Significantly

Increased Cell Migration And Invasion
Next, we wanted to reveal the migration and invasion

properties of gastric cancer cells by the effect of miR-

4766-5p. Here, transwell assays were performed to

analyze cell migration and invasion of gastric cancer

cells. As shown in Figure 3A, si-miR-4766-5p signifi-

cantly increases the velocity of cell migration and

invasion in AGS cells. The invasion cell numbers

also show that the invasion and migration numbers

were increased by the silencing of miR-4766-5p

(Figure 3B). In Figure 3C and D, a similar phenom-

enon was observed for MKN45. Figure 3E–G show the

migration and invasion results. The above results con-

firmed that knockdown of miR-4766-5p significantly

increased the cancer cell migration and invasion.

Figure 1 MiR-4766-5p is down-regulated in gastric cancer tissues and cells. (A) Expression of miR-4766-3p in normal tissues and gastric cancer tissues, P<0.001; (B)
Expression of miR-4766-3p in cell lines of CES-1, AGS, MKN45, MGC-803, SGC-790. *P<0.05, ***P<0.001.
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Figure 2 Inhibition of gastric cancer cell proliferation, migration and invasion by miR-4766-5p. (A) CCK-8 assay for the proliferation of AGS cells. (B) CCK-8 assay for the

proliferation of MKN45 cells. (C) Clone formation assay for AGS cells and MKN45 cells in control, pNC, siNC, miR-4766-5p, and si-miR-4766-5p. (D) The colony numbers

of AGS cells. (E) The colony numbers of MKN45 cells. *P<0.05.
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Figure 3 Knockdown of miR-4766-5p significantly increased cell migration and invasion. Si-miR-4766-5p significantly increased cell migration and invasion. (A) Scratch assay

for AGS. (B) Wound closure of AGS and (C) Scratch assay for MKN45. (D) Wound closure of MKN45. (E) Invasion assay of AGS and MKN45. (F) Invasion cell numbers for

AGS and MKN45. (G) Migrative cell numbers. *P<0.05
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Induction Of Gastric Cancer Apoptosis

By miR-4766-5p
Next, we aim to determine whether cell apoptosis could

make contributions to the inhibiting of miR-4766-5p. We

analyzed the cell apoptosis of AGS and MKN45 cells

using flow cytometry. Figure 4A shows the flow cytometry

results for AGS and MKN45. Figure 4B and C show the

percentage of apoptotic cells in AGS and MKN45. Our

results indicated that miR-4766-5p significantly increased

the percentage of total apoptotic cells in gastric cancer

cells.

NKAP Was A Direct Target Gene Of

miR-4766-5p
We used the online software of TargetScan for the

searching of the endogenic target gene of miR-

4766-5p. Figure 5A shows that miR-4766-5p had some

sharing sequences with the 3′-UTR of NKAP. It

unveiled the fact that NKAP might be a direct target

of miR-4766-5p. Next, we constructed wild-type NKAP

luciferase vector (NKAP -WT) and mutant type NKAP

luciferase vector (NKAP -MUT) and introduced them

into gastric cancer cells. This is to identify the

Figure 4 Induction of gastric cancer apoptosis by miR-4766-5p. Induction of gastric cancer apoptosis by miR-4766-5p in AGS and MKN45. (A) Flow cytometry results for

AGS and MKN45. (B) Percentage of apoptotic cells in AGS, and (C) Percentage of apoptotic cells in MKN45. *P<0.05.
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Figure 5 NKAP was a direct target gene of miR-4766-5p. (A) TargetScan predicted the target gene of miR-4766-5p. (B) The relative luciferase activity. (C) Western blot

results for AGS. (D) Western blot results for MKN45. (E) Correlation analysis between the expression of miR-4766-5p and the expression of NKAP. *P<0.05.
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interactions between miR-4766-5p and NKAP.

Figure 5B shows the relative luciferase activity. We

found that the activity was greatly reduced by the intro-

duction of miR-4766-5p mimics, in gastric cancer cells

transfected with the NKAP-WT vector. However, the

mutation of the matching sites in the 3′-UTR of NKAP

did not affect luciferase activity, which was followed by

the up-regulation of miR-4766-5p. In addition, we per-

formed Western blot assay in Figure 5C and D. We

found that the overexpression of miR-4766-5p could

greatly reduce NKAP expression. However, the down-

regulation of miR-4766-5p would significantly promote

the expression of NKAP in gastric cancer cells. In

Figure 5E, we performed a correlation analysis between

the expression of miR-4766-5p and the expression of

NKAP. We found that the expression of miR-4766-5p

was correlated with the expression of NKAP negatively.

MiR-4766-5p Inhibited The Activation Of

AKT/mTOR Pathways
Finally, we hoped to explore the effect of miR-4766-5p

on the down-regulation of gastric cancer cells. We inves-

tigated AKT/mTOR signaling pathways. Previous

reported have shown that AKT/mTOR signaling pathway

was critical in regulating tumor cell proliferation, cell

cycle, apoptosis, and movements. Figure 6A showed the

Western blot results of AGS and MKN45 in control,

pNC, siNC, miR-4766-5p, and si-miR-4766-5p, respec-

tively. Figure 6B and C then illustrated the phosphory-

lated levels of AKT and mTOR for AGS and MKN45.

We found that the phosphorylated levels of AKT and

mTOR in gastric cancer cells were significantly down-

regulated by miR-4766-5p. In addition, the expression of

downstream effector p70S6K was negatively regulated by

miR-4766-5p.

Overexpression Of miR-4766-5p

Inhibited Gastric Tumor Growth By

Regulating NKAP In Vivo
To validate the function of MiR-4766-5p in vivo, a xenograft

model was established in nude mice. pcDNA or pcDNA-

miR-4766-5p transfected human AGS cancer cells were

injected subcutaneously into the nude mice. Tumor growth

and tumor size were monitored and measured regularly. We

observed that overexpression of miR-4766-5p significantly

inhibited tumor growth compared with a pcDNA group

(Figure 7A and B, P<0.05). Moreover, the qRT-PCR analysis

suggested that the expression of miR-4766-5p was signifi-

cantly elevated in the cervical tumor when miR-4766-5p was

overexpressed (Figure 7C). IHC staining showed that the

expression of NKAP and Ki67 was significantly inhibited

by overexpression of miR-4766-5p (Figure 7D). Taken

together, these data suggest that knockdown of miR-4766-

5p inhibits cervical tumor growth by regulating NKAP,

which was consistent with our findings in vitro.

Discussion
There has been growing interest in the investigations of

microRNAs’ role and functions in many types of cancers

such as breast cancer,17 lung cancer,18 pancreatic cancer.19

Gastric cancer is one of the most harmful human diseases,

which causes deaths from a considerable population every

year.1–3 Researchers have paid a lot of efforts in finding

various types of miRNAs’ working mechanism in the

regulation of promotion of gastric cancers. In recent

years, scientists have revealed that some specific

microRNAs can regulate the expressions of genes in gas-

tric cancer cells at the post-transcriptional level, and can

act as diagnostic biomarkers for GC.20–23

MiRNA-4766-5p is a newly discovered miRNA with

very limited investigation reported published. In 2018,

Yiran Liang et al revealed that miR-4766-5p could greatly

Figure 6 MiR-4766-5p inhibited the activation of AKT/mTOR pathways. (A) Western blots for the protein expression in different cells lines for AGS and MKN45,

respectively. (B) Fold change for AGS in different cell lines. (C) Fold change for MKN45 in different cell lines. *P<0.05.
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decrease the growth, metastasis, and chemoresistance of

breast cancer cells.11 The authors found that miR-4766-5p

directly targeted SIRT1, and suppressed its regulation in

tumor cells. This phenomenon, together with the mystery

of this new microRNA, made us curious about whether it

could also contribute to gastric cancers.

Our first experiments employed qRT-PCR to monitor

the expression of miR-4766-5p in gastric cancer tissues

and cells. We found that it is indeed down-regulated in GC

cells. In 2010, T. Ueda et al had thoroughly discussed the

relationship between the expression of microRNA and the

progression and prognosis of GC.9 It found that many

microRNAs had an abnormal correlation with tumorigen-

esis, especially got down-regulated in the tumors’ progres-

sion and prognosis. Not to mention, many researchers had

reported the down-regulation of many miRNAs like miR-

15b, miR-21, and miR-218 in gastric cancers.20–23

Although we are the first to determine miR-4766-5p’s

role in GC, our results are still lying in the same theore-

tical direction with previous studies carried by other

scientists.

In 2011, YX. Song had reported that miR-148b was

down-regulated in GC, and simultaneously, it suppressed

the GC through the inhibition of cell profanation.24 In

2018, M. Xie revealed that gastric cancer could be

suppressed by miRNA-1 in the angiogenesis-related

growth factors.25 We performed the CCK-8 assay to exam-

ine the proliferation of AGS cells and MKN45 cells and

found that miR-4766-5p inhibited the proliferation, migra-

tion, and invasion of gastric cancer. Our colony formation

assays revealed that the knockdown of miR-4766-5p could

greatly increase the colony numbers, giving evidence that

miR-4766-5p reversed the functions in cell cloning. Our

results confirmed the findings that many microRNAs are

acting as tumor suppressors in gastric cancers.

Previous reports had indicated that the knockdown of

some specific microRNAs could greatly promote tumor

cell migrations and invasions in GC. For example,

microRNA-623 was reported to inhibit these two proper-

ties of GC tumor cells and enhanced the chemo-sensitivity

to GC medications.26 Besides, in 2018, X. Deng stated that

miR-34a could regulate the apoptosis of GC through the

targeting of a regulator.27 Our transwell assays analyzed

the cell migration and invasion properties, and the cell

numbers from migration and invasion both increased sig-

nificantly in the group of knockdown of miR-4766-5p. We

also conducted flow cytometry to investigate the cell apop-

totic percentage, and found that miR-4766-5p may induce

this phenomenon. These results further contributed to the

GC regulation by introducing a new microRNA member.

Figure 7 Overexpression of MiR-4766-5p inhibited gastric tumor growth by regulating NKAP in vivo. pcDNA or pcDNA- miR-4766-5p transfected AGS cells were

implanted subcutaneously to establish a xenograft model in nude mice. (A) Left, a photograph of resected tumors; right, tumor growth curve. (B) Average tumor weights.

(C) MiR-4766-5p expression in xenograft tumors was detected by the qRT-PCR assay. (D) Expression of NKAP and Ki67 in xenograft tumors was detected by IHC analysis.

Magnification, 100X. *P<0.05.
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NKAP was discovered as a transcriptional repressor for

notch signaling.12,13 It is critically required in the devel-

opment and maturation of T cell. The authors including

FC. Hsu found that NKAP is closely related in the matura-

tion of T cell and is involved in the T cell’s functioning

competency in a positive way.13 However, for gastric

cancer, only CUI Juan gave slight evidence that NKAP

might have some relation with gastric cancer. Its expres-

sion was up-regulated during the development of GC.14

Our study bridges this gap between NKAP and gastric

cancer. We used the online gene database and predicted

that miR-4766-5p had a shared sequence with NKAP. The

luciferase was greatly reduced in the miR-4766-5p in

gastric cancer cells transfected with NKAP-WT vector.

The overexpression of miR-4766-5p could reduce NKAP

expression, and down-regulation of miR-4766-5p would

remarkably promote the expression of NKAP in gastric

cancer cells. These results proved that NKAP is a direct

target of miR-4766-5p. Their inner association and inter-

action could regulate the progressing of GC cells.

Previous studies had found many signaling pathways

were utilized in gastric cancers. The signaling pathways

could be inhibited in GC, including JNK,28 PI3K/AKT/

mTOR,29 and AKT/mTOR.30 In 2015, Zhi Zhao et al

found that the activation of the Akt/mTOR pathway pro-

moted cell growth and inhibits apoptosis in gastric cancer

cells.30 The Western blots results showed protein expres-

sion in various cell lines. We found that the phosphorylated

levels of AKT and mTOR in gastric cancer cells were

remarkably down-regulated by miR-4766-5p. Besides, the

expression of downstream effector p70S6K was also nega-

tively regulated by miR-4766-5p. These results are consis-

tent with earlier reports, and confirmed that miR-4766-5p

could inhibit the AKT/mTOR signaling pathway.

Conclusions
The above results and analysis have demonstrated that

miR-4766-5p was down-regulated in gastric cancer tissues

and cells lines. Cell migration and invasion of gastric

cancer cells could be greatly inhibited by miR-4766-5p.

We found that miR-4766-5p suppressed the proliferation

and metastasis of gastric cancer cells through targeting

NKAP and the inhibiting of the AKT/mTOR signaling

pathway.
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