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Purpose: Various microRNAs are involved in the development of gastric cancer (GC). This
study investigated the role and mechanism of miR-520a-3p in GC.

Method: Quantitative real-time fluorescence PCR (qQRT-PCR) was applied to measure the
expression level of miR-520a-3p in GC tissues and cell lines. The chi-squared test was
employed to evaluate the relationship between the expression level of miR-520a-30p and
clinical traits. The cell count kit-8 assay was used to detect the effect of miR-520a-3p on GC
cell proliferation, while its effect on glycolysis was determined using the glucose assump-
tion, lactate, and ATP production assay. The effect of miR-520a-3p on tumor growth in vivo
was examined using a xenograft model. The relationship between miR-520a-30p and AKT1/
mTOR/HIF1a pathway in normoxia and hypoxia was investigated using bioinformatics
analysis, dual-luciferase reporter assay, qRT-PCR and Western blotting.

Results: The expression of miR-520a-3p was decreased in GC tissues and cell lines. The
expression level of miR-520a-3p was negatively associated with various malignant biological
properties in patients. Overexpression/inhibition of miR-520a-3p decreased/promoted cell
proliferation and glycolysis in vitro. Overexpression of miR-520a-3p inhibited tumor growth
in vivo. AKT] is the functional target of MiR-520a-3p, which was decreased in miR-520a-3p-
overexpressing cells. In addition, overexpression of miR-520a-3p decreased the protein level
of AKT1, mTOR, HIF1a, and target genes of HIF1a such as Glutl and VEGF. Restoration of
the expression of AKT1 can decrease the inhibitory effect of miR-520a-3p on the AKT1/
mTOR/HIF1a pathway, as well as cell proliferation and glycolysis. Furthermore, the level of
miR-520a-3p was decreased, while that of AKT1 was increased under hypoxia. Notably,
inhibition of HIF1a or overexpression of miR-520a-3p suppressed these effects.
Conclusion: Our study provided the first evidence for the existence of HIF1a/miR-520a-3p/
AKT1/mTOR feedback, which promotes the proliferation and glycolysis of GC cells, high-
lighting a potential novel target for treatment.
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Introduction
Gastric cancer (GC) is the fifth most common malignancy and the third leading
cause of cancer-related death worldwide.! For most patients suffered from GC,
tumor-associated distant metastases may occur while diagnosed not promptly.”
Therefore, the identification of novel biomarkers or effective therapeutic targets
for the diagnosis and therapy of GC is urgently.

Unlike normal somatic cells, which utilize the mitochondrial oxidative phosphor-
ylation to produce energy, cancer cells tend to use aerobic glycolysis to metabolize
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glucose even in environments containing sufficient levels of
oxygen.** This phenomenon, termed the Warburg effect,
was first reported by Warburg Otto. AKT serine/threonine
kinase 1/mechanistic target of rapamycin/hypoxia- inducible
factor 1-alpha (AKT1/mTOR/HIF1a) is one of key pathways
regulating cell glycolysis, as well as promoting cell prolif-
eration and metastasis.”® This pathway enhances the expres-
sion of glucose transporter 1 (Glutl), a target gene of HIF1a,
to increase the uptake of glucose and production of lactate.’

The microRNAs (miRNAs) are a class of non-coding
RNAs (approximately 22 nucleotides long), which partici-
pate in various biological functions of cells, such as cell
proliferation, migration, and differentiation.® Moreover,
according to previous research studies, miRNAs play an
important role in the development of GC by inducing cell
proliferation, metastasis, etc. For example, Yang et al
found that miR-125a inhibits GC cell migration by sup-
pressing the expression of signal transducer and activator
of transcription 3.° Li et al demonstrated that miR-503 was
reduced in GC tissues and its expression level was posi-
tively associated with overall survival rate in patients
suffering from GC.'® Meng et al found that miR-93-5p
activated the Hippo signaling pathway and promoted the
proliferation and migration of GC cells.'" Furthermore,
Chen et al indicated that miR-421 was an effective bio-
marker for the diagnosis of GC.'* The biological function
of miR-520a-3p has been investigated in various types of
cancer (eg, non-small cell lung cancer'® and colorectal
cancer'?®), and is regarded as tumor-suppressive miRNA.
However, knowledge regarding the biological function of
miR-520a-3p in GC, as well as its relationship with gly-
colysis, is currently limited.

The purpose of the present study was to determine the
biological function of miR-520a-3p in regulating the pro-
liferation and glycolysis of GC cells, as well as latent
molecular mechanisms. The findings of this study may
be useful for the diagnosis and treatment of GC.

Materials And Methods

Clinical Specimens

A total of 90 pairs of GC tissues and corresponding adja-
cent non-tumor tissues were obtained from patients who
underwent surgery at The Affiliated Hospital of Guizhou
Medical University, (Guiyang, China). The specimens
were reviewed by a pathologist and histologically con-
firmed to be GC or non-tumor tissues. The study was
approved by the Ethics Committee of Guizhou Medical

University and performed in accordance with the tenets of
the Declaration of Helsinki. All patients from whom sam-
ples were obtained provided written informed consent.

Cell Culture And Transfection

The gastric epithelial cell line GES-1 and five GC cell lines
(ie, AGS, MKN-28, MKN-45, BGC-823, and SGC-7901)
were purchased from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). The cells
were cultured in RPMI-1640 medium (Gibco, Grand Island,
New York, USA) contain 10% fetal bovine serum (Gibco)
at 37°C, in a humidified environment with 5% CO,. Human
miR-520a-3p overexpression lentiviruses (LV-miR-520a-
3p) and its corresponding negative control (NC) lentiviruses
were obtained from Genechem (Shanghai, China). MiR-
520a-3p inhibitor (UUUCACGAAGGGAAACCUGACA)
and corresponding NC inhibitor were obtained from Sangon
Biotech (Shanghai, China). All transfection procedures
were performed according to the protocols provided by
the manufacturers.

Quantitative Real-Time Fluorescence
PCR

Total RNA was extracted from GC tissues or cells using the
TRIzol reagent (Yeasen Biotechnology, Shanghai, China)
based on the instructions provided by the manufacturer. The
RNA was reversely transcribed into cDNA using the 1st strand
cDNA Synthesis Kit (Yeasen Biotechnology). For the reverse
transcription of miRNAs, the cDNA was synthesized using the
miRNA 1st strand cDNA Synthesis Kit (GeneCopoeia,
Wauhan, China). The qRT-PCR was performed using SYBR
Green Master Mix (Yeasen Biotechnology). B-actin was used
as internal reference. The primers for the target genes were as
follows: AKT1 forward: AGCGACGTGGCTATTGTGAAG,
reverse: GCCATCATTCTTGAGGAGGAAGT; B-actin for-
ward: CATGTACGTTGCTATCCAGGC; reverse: CTCCTT
AATGTCACGCACGAT; miR-520a-3p forward: GCCACC
ACCATCAGCCATAC; reverse: GCACATTACTCTACTCA
GAAGGG.

Cell Count Kit-8 (CCK-8) Assay
Cells were seeded in a 96-well plate at a density of 2x10°.
After culture for 24, 48, 72, and 96 h, 10 pL of CCK-8
reagent (Boster, Wuhan, China) was injected, and the cells
were further cultured for another 24 h. Finally, the optical
density in each well was detected at a wavelength of
450 nm.
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Detection Of Extracellular Acidification
Rate (ECAR) And Cellular Oxygen
Consumption Rate (OCR)

The XF° Extracellular Flux Analyzer (Seahorse Bioscience,
Billericay, Massachusetts, USA) was employed to detect the
ECAR and OCR. The ECAR was detected using the XF
Glycolysis Stress Test Kit (Seahorse Bioscience), while
OCR was detected using XF Cell Mito Stress Test Kit.
Cells were seeded in a matched microplate at a density of
1x10% In the detection of the ECAR, after performing a
measurement at baseline, glucose, oligomycin (an inhibitor
of oxidative phosphorylation; Selleck, Wuhan, China), and
2-deoxyglucose (an inhibitor of glycolysis; Selleck) were
added to each well at specific time points. In the detection
of the OCR, oligomycin, FCCP (a reversible inhibitor of
oxidative phosphorylation; Selleck), and rotenone (an inhi-
bitor of mitochondrial complex I; Selleck) plus antimycin A
(an inhibitor of mitochondrial complex III; Selleck) were
added in the proper order. The data were collected and
XF-96 wave
Bioscience). All data were normalized based on the concen-

analyzed wusing the software(Seahorse

tration of protein.

Measurement Of Glucose Uptake,
Lactate Production And Adenosine
Triphosphate (ATP) Synthesis

For the glucose uptake assay, the Glucose Uptake
Colorimetric Assay kit was employed (Invitrogen, USA). A
total of 2000 cells were seeded in a 96-well plate and treated
with Krebs-Ringer-Phosphate-HEPES buffer containing 2%
bovine serum albumin (Servicebio, Wuhan, China) for 40
min. Subsequently, 10 mL of 2-deoxyglucose (10 mM) was
added to each well. After culture for 20 min, the rate of
glucose uptake was measured. For the measurement of lac-
tate production and ATP synthesis, the Lactate Assay Kit 11
(Invitrogen) and ATP Assay kit (Invitrogen) were used,
respectively. A total of 2x10° cells were lysed in 100 pl of
the corresponding assay buffer and homogenized. Following
centrifugation, the soluble fraction was assayed.

Tumor Xenograft

BALB/c nude mice (female; n=10) aged 4 weeks (weighing
~17 g) were purchased from the Beijing Huafukang
Technology Co. Ltd. (Beijing, China). MiR-520a-3p-overex-
pressing AGS cells and normal control cells were injected into
subcutaneous tissues of the right upper flank of mice. The

volume of tumor tissue was measured once per week. After 5
weeks, all mice were sacrificed and the weights of their tumors
were measured. All animal experiments were approved by the
Ethics Committee of Guizhou Medical University and was
performed in compliance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals.

Immunohistochemistry

The tissues were fixed, dehydrated, embedded in paraffin
(Servicebio), and cut into 4-um specimens. Subsequently, the
specimens were deparaffinized using xylene and rehydrated
with graded alcohols. After restoration with sodium citrate and
blocking using hydrogen peroxide and bovine serum albumin
(Servicebio), the specimens were incubated with the primary
antibodies, including K167, proliferating cell nuclear antigen
(PCNA), AKT1, mTOR, HIF1a, vascular endothelial growth
factor (VEGF), and Glutl (Proteintech, Wuhan, China) for 12
h at 4°C. Subsequently, the sections were immunohistochemi-
cally stained with horseradish peroxidase-conjugated second-
ary antibodies (Servicebio) for 2 h at room temperature. After
incubation with the Cell and Tissue Staining HRP-DAB Kit
(Servicebio), and orthophotomicroscope (Olympus, Japan)
was used to capture the images.

Luciferase Reporter Assay

Firstly, online databases were used to predict AKT1 as a
target of miR-520a-3p. Next, the luciferase reporter assay
was performed with wild type (Wt) and a mutant (Mut) type
3'-untranslated region of AKT1 plasmid, which contains
potential binding sites of miR-520a-3p. The plasmid used
in the assay was synthesized and sub-cloned into the
psiCHECK-2  luciferase reporter vector (Promega
Corporation, USA). After culture for 24 h, AGS and MKN-
28 cells were co-transfected with the Wt/Mut type AKT]I
luciferase reporter vector, miR-520a-3p mimic, and negative
control. Finally, the Dual-Luciferase Reporter Assay System
(Promega Corporation) was employed to measure the luci-
ferase activity. Lipo2000 (Invitrogen) was used throughout
the entire process of transient transfection.

Western Blotting

Cells were collected and lysed using the RIPA regent
(Servicebio). The protein concentration in each sample was
detected using the BCA kit (Servicebio). Protein samples were
separated using 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis under 90 V voltage, and proteins were
transferred onto a PVDF membrane (Millipore, USA). After
blocking the membranes with tris-buffered saline and Tween
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20 containing 5% skim milk at atmospheric temperature for 2
h, the membranes were incubated with primary antibodies (eg,
AKTI, mTOR, HIFla, Glutl, VEGF, and [-actin)
(Proteintech, Wuhan, China) at 1:1,000 dilution for 16 h at 4°
C. After washing with tris-buffered saline and Tween 20 to
remove free antibodies, the membranes were incubated with
the secondary antibodies at 1:3,000 dilution for 2 h at
room temperature. Finally, the signals were detected using
the Photoshop Image Analysis software CS3 (Adobe
Systems, USA).

Statistical Analysis

All statistical analyses in the present study were performed
using the SPSS wversion 21.0 software (IBM Corp.,
Armonk, NY, USA). Comparisons between two groups
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were conducted using the twin tailed Student’s t-test.
Comparisons between multiple groups were performed
using one-way analysis of variance. A P<0.05 denoted
statistical significance.

Results
MiR-520a-3p Was Downregulated In

Gastric Cancer Tissues And Cell Lines

We measured the expression level of miR-520a-3p in GC
tissues and cell lines using qRT-PCR to determine whether
miR-520a-3p participated in the development of GC. The
results indicated that the expression level of miR-520a-3p
was decreased in GC tissues (n=90) compared with adja-
cent non-tumor tissues (n=90) (P<0.01) (Figure 1A).
Similarly, the expression level of miR-520a-3p was lower
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Figure I miR-520a-3p was significantly downregulated in GC. (A) The expression of miR-520a-3p was detected in GC tissues (n=90) compared with adjacent non-tumor
tissues (n=90) using qRT-PCR. (B) The expression of miR-520a-3p was detected in GC tissues provided by patients with different stages of disease (TNM staging) using qRT-
PCR. (C) The expression of miR-520a-3p in the gastric epithelial cell line GES-| and five GC cell lines (ie, AGS, MKN-28, MKN-45, BGC-823, and SGC-7901) was detected
using qRT-PCR. (D) Kaplan—Meier curve showing the survival in patients with GC divided according to the expression of miR-520a-3p. Patients were classified into low
(red) and high expression (blue) group according to the median of miR-520a-3p expression. **P<0.01; ***P<0.001.

Abbreviations: GC, gastric cancer; TNM, tumor-nodes-metastasis; qRT-PCR, Quantitative real-time fluorescence PCR.
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in the GC tissues provided by patients with stage III-IV  metastasis, and local invasion (List 1). Therefore, we
disease (TNM staging) than in those provided by patients  speculated that miR-520a-3p may be a tumor-suppressive
with stage I-1I disease (P<0.01) (Figure 1B). Next, we miRNA in the development of GC.

detected the expression level of miR-520a-3p in the gastric

epithelial cell line GES-1 and five GC cell lines, namely Overexpression Of MiR- 520&-3p

AGS, MKN-28, MKN-45, BGC-823, and SGC-7901. Our o ) ) )
results indicated that miR-520a-3p was decreased in GC Inhibited Cell Proliferation And GIYCOIYSIS

cell lines (P<0.01) (Figure 1C). We analyzed the relation- In Vitro

ship between expression and patient outcome. The results GC cell lines AGS and MKN-28 were stably transfected
showed that the expression level of miR-520a-3p was With miR-520a-3p overexpression (LV-miR-520a-3p) and
positively associated with favorable patient prognosis NC lentiviruses to examine the biological function of miR-
(P=0.03) (Figure 1D). Furthermore, the chi-squared test ~520a-3p in GC cells (Figure 2A). The results of the CCK-8
was performed to detect the relationship between the assay indicated that overexpression of miR-520a-3p inhib-
expression level of miR-520a-30p and clinical traits. The ited the proliferation rate of GC cells (P<0.05)
expression level of miR-520a-3p was negatively asso- (Figure 2B). Since the Warburg effect is involved in the
ciated with the TNM stage, lymph node metastasis, distant ~ progression of GC, the effect of miR-520a-3p on cell
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Figure 2 Overexpression of miR-520a-3p repressed the proliferation and glycolysis of GC cells in vitro. (A) qRT-PCR was used to detect the transfection efficiency of miR-
520a-3p overexpression (LV-miR-520a-3p) and negative control lentiviruses (NC). (B) The effect of miR-520a-3p overexpression on the proliferation of GC cells was
detected using the CCK-8 assay. (C, D) The ECAR and OCR of AGS and MKN-28 cells stably overexpressing miR-520a-3p or NC were measured using a Seahorse
Bioscience XFp analyzer. (E-G) Glucose uptake, lactate production, and ATP synthesis were measured in AGS and MKN-28 cells stably overexpressing miR-520a-3p or NC.
The data were normalized to protein concentrations. ¥P<0.05; **P<0.01; ***P<0.001.

Abbreviations: GC, gastric cancer; qRT-PCR, Quantitative real-time fluorescence PCR; CCKS8, cell count kit-8; ECAR, extracellular acidification rate; OCR, cellular oxygen
consumption rate; ATP, adenosine triphosphate.
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glycolysis was detected. For the ECAR analysis, the max-
imal ECAR was decreased in the miR-520a-3p-overex-
pressing group (P<0.05) (Figure 2C). Similarly, the OCR
analysis indicated that overexpression of miR-520a-3p
increased the consumption of oxygen in GC cells
(P<0.05) (Figure 2D). In addition, the rate of glucose
uptake, lactate production, and ATP synthesis were
significantly decreased in AGS and MKN-28 cells
overexpressing miR-520a-3p (P<0.05) (Figure 2E-G).
Collectively, miR-520a-3p can inhibit the proliferation
and glycolysis of GC cells in vitro.

Inhibition Of miR-520a-3p Promoted Cell

Proliferation And Glycolysis In Vitro
We subsequently used a miR-520a-3p inhibitor to inhibit
the expression of miR-520a-3p in GC cells (P<0.05)

(Figure 3A). The results of the CCK-8 assays showed
that inhibition of miR-520a-3p promoted the proliferation
of GC cells (P<0.05) (Figure 3B). Moreover, suppression
of miR-520a-3p increased the ECAR and decreased the
OCR of GC cells (P<0.05) (Figure 3C and D). In addition,
the decreased expression of miR-520a-3p significantly
promoted the rate of glucose uptake, lactate production,
and ATP synthesis in AGS and MKN-28 cells (P<0.05)
(Figure 3E and F). In general, inhibition of miR-520a-3p
promoted cell proliferation and glycolysis of GC cells in
vitro.

Overexpression Of MiR-520a-3p

Inhibited Tumor Growth In Vivo
The effect of miR-520a-3p on GC tumor growth in vivo
was also determined in the present study. AGS cells stably
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Figure 3 Inhibition of miR-520a-3p promoted the proliferation and glycolysis of GC cells in vitro. (A) qRT-PCR was used to detect the efficiency of the miR-520a-3p
inhibitor and negative control. (B) The effect of miR-520a-3p inhibition on the proliferation of GC cells was detected using the CCK-8 assay. (C, D) The ECAR and OCR in
AGS and MKN-28 cells treated with the miR-520a-3p inhibitor or NC were measured using a Seahorse Bioscience XFp analyzer. (E-G) Glucose uptake, lactate production,
and ATP synthesis were measured in AGS and MKN-28 cells treated with the miR-520a-3p inhibitor or NC. The data were normalized to protein concentrations. *P<0.05;

**P<0.01; ***P<0.001.

Abbreviations: GC, gastric cancer; qRT-PCR, Quantitative real-time fluorescence PCR; ECAR, extracellular acidification rate; OCR, cellular oxygen consumption rate; ATP,

adenosine triphosphate.
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expressing miR-520a-3p or miR-NC were injected into the
subcutaneous tissues of nude mice, and tumor growth was
monitored for 5 weeks. The results revealed that tumors
derived from miR-520a-3p-overexpressing AGS cells
grew significantly slower and were smaller compared
with
(Figure 4A—C). In addition, the weight of mice slowly

those derived from miR-NC-expressing cells

decreased in the miR-520a-3p overexpression group
(Figure 4D). Furthermore, miR-520a-3p-overexpressing
tumors excised after 5 weeks contained markedly lower
levels of KI67 and PCNA proteins compared with the
miR-NC-expressing tumors, as demonstrated through
immunohistochemistry (Figure 4E and F). These results
demonstrated that miR-520a-3p significantly inhibited GC
tumor growth in vivo.

MiR-520a-3p Regulated The AKTI/
mTOR/HIFla Pathway In GC

The online tool Targetscan was used to uncover the
molecular mechanism of miR-520a-3p. This approach
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predicted AKTI1 as the of miR-520a-3p
(Figure 5A). To determine whether miR-520a-3p can
directly bind to AKTI1, we cloned the 3'untranslated
region of AKTI, either Wt or Mut in the putative binding
site of miR-520a-3p into a luciferase reporter vector. This
was subsequently transfected into AGS and MKN-28
cells together with miR-520a-3p or miR-NC. The results
that with  miR-520a-3p
decreased the luciferase activity driven by AKTI1-Wt,
but not by AKTI-Mut (Figure 5B). Furthermore, we
demonstrated that the expression of AKT1 was negatively
associated with miR-520a-3p (R=0.597; P<0.01)
(Figure 5C). Having identified that AKT1 is an upstream
protein of AKT1/mTOR/HIF1a, we measured the expres-
sion levels of AKTI, mTOR, HIFlo, and two target
genes of HIFla (ie, Glutl and VEGF). The results of
the Western blotting analysis showed that the levels of all

target

indicated co-transfection

these proteins were decreased in miR-520a-3p-overex-
pressing GC cells (Figure 5D). Furthermore, we found
that the expression of AKT1, HIFla, mTOR, Glutl, and
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—#-LV-miR-520a-3p
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** 3009
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100 4
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Figure 4 Overexpression of miR-520a-3p inhibited tumor growth in vivo. (A) Representative images of subcutaneous tumors of the miR-520a-3p overexpression group and
control group. (B) The weight of tumor tissues in the miR-520a-3p overexpression group and control group. (C) AGS cells stably expressing miR-520a-3p or miR-NC were
injected into the subcutaneous tissues of nude mice, and tumor growth was monitored for 5 weeks. (D) The weight of mice in the miR-520a-3p overexpression and miR-NC
group was detected each week. (E) qRT-PCR assays showing the expression of miR-520a-3p in transplanted tumors in mice with specific number. (F) The expression of KI67
and PCNA in miR-520a-3p-overexpressing tumors and control tumors was detected through immunohistochemical staining (400x). *P<0.05; **P<0.01.

Abbreviations: qRT-PCR, Quantitative real-time fluorescence PCR; K167, marker of proliferation Ki-67; PCNA, proliferating cell nuclear antigen.
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miR-520a-3p was inversely associated with that of AKT| in GC tissues. (D) Western blotting was used to detect the expression of AKT |, mTOR, HIFla, VEGF, and Glut! in
the miR-520a-3p-overexpressing group and control group. (E) The expression of AKT|, mTOR, HIFla, VEGF, and Glutl in miR-520a-3p high and low expression GC tissues
(200% and 400x). *P<0.05.

Abbreviations: AKTI, AKT serine/threonine kinase |; GC, gastric cancer; 3'-UTR, 3'untranslated region; mTOR, mechanistic target of rapamycin kinase; HIFla, hypoxia
inducible factor | subunit alpha; VEGF, vascular endothelial growth factor; Glutl, Glucose transporter |; ECAR, extracellular acidification rate; OCR, cellular oxygen

consumption rate; ATP, adenosine triphosphate.

VEGF was decreased in GC tissues, whereas that of miR-
520a-3p was upregulated (Figure SE). Therefore, we sug-
gested that miR-520a-3p regulated the AKT1/mTOR/
HIFla pathway in GC.

Restoration Of AKT| Decreased The
Inhibitory Effect Of miR-520a-3p

To illustrate whether AKT1 was involved in the inhibitory
effect of miR-520a-3p on proliferation and glycolysis, we
restored AKT1 in miR-520a-3p-overexpressing cells. The
results demonstrated that restoration of AKT1 decreased
the inhibitory effect of miR-520a-3p on the AKT1/mTOR/
HIFla pathway (Figure 6A). In addition, the CCK-8
assays showed that restoration of AKTI1 decreased the
inhibitory effect of miR-520a-3p on cell proliferation
(Figure 6B). Furthermore, the metabolic measurement
assays showed that the inhibitory effect of miR-520a-3p

on glycolysis was decreased, whereas the expression of
AKT1 was increased (Figure 6C-G).

MiR-520a-3p/AKT| Was Regulated By
HIFl o Under Hypoxia

Previous studies have shown that various miRNAs are
regulated by the tumor microenvironment, including
hypoxia. Therefore, we investigated the expression of
miR-520a-3p under hypoxia. The results verified that the
expression of miR-520a-3p was decreased under hypoxia
in both MGS and MKN-28 cells (P<0.05) (Figure 7A). In
addition, we showed that the expression of AKT1 was
significantly increased under hypoxia (Figure 7B).
Treatment of MGS and MKN-28 cells with LW6 (an
inhibitor of HIF1a) under hypoxia can block the inhibitory
effect of hypoxia on miR-520a-3p (P<0.05) (Figure 7C).
Similarly, overexpression of miR-520a-3p can block the
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Figure 6 Restoration of AKT| decreased the inhibitory effect of miR-520a-3p. According to the treatment factor, AGS and MKN-28 cells were divided into three groups:
NC group, miR-520a-3p-overexpressing group, and miR-520a-3p plus AKT |-overexpressing group. (A) The expression of AKTI, mTOR, HIFla, VEGF, and Glutl was
detected using Western blotting. (B) CCK8 assays were used to detect the proliferation ability of each group. (C, D) The ECAR and OCR of each group were measured
using a Seahorse Bioscience XFp analyzer. (E-G) Glucose uptake, lactate production, and ATP synthesis were measured in each group. The data were normalized to protein

concentrations. *P<0.05; **P<0.01; **P<0.001.

Abbreviations: AKTI, AKT serine/threonine kinase |; mTOR, mechanistic target of rapamycin kinase; HIFla, hypoxia inducible factor | subunit alpha; VEGF, vascular
endothelial growth factor; Glutl, Glucose transporter |; CCKS8, cell count kit-8; ECAR, extracellular acidification rate; OCR, cellular oxygen consumption rate; ATP,

adenosine triphosphate.

stimulative effect of hypoxia on the expression of AKT1
(P<0.05) (Figure 7D). These results demonstrate that the
hypoxic environment regulated miR-520a-3p/AKT1 via
HIF1a.

Discussion

Warburg effect plays a key role in the process of cell
proliferation and metastasis of cancer cells. The latent
mechanism of the Warburg effect in cancer cells was
complicated due to the involvement of multiple genes
and pathways.">”!” In addition, various studies showed
that the changes of metabolism in tumor cells are usually
driven by signaling from the tumor environment, such as
hypoxia.'® Under hypoxia, cancer cells may adjust their

gene expression and the metabolism “pattern to adapt to
the environment, while HIFs are regarded as the most
direct response elements of cells to hypoxia. HIF1, HIF2,
and HIF3 are three members of the HIF gene family.
HIFloa is an o subunit of HIF1, which can bind to the
promoter or silencer of target genes, leading to change in
gene expression.'® For example, by increasing the expres-
sion of several genes involved in glycolysis (eg, CA9 and
Glutl), HIF1a promoted the Warburg effect in a series of
cancer types.”’*' Furthermore, HIF 1o has the capacity to
regulate the expression of miRNAs, which also termed
22,23 miRNAs
which cross-talked with hypoxia environment

hypoxia-responsive miRNAs. However,
and

Warburg effect was known limit. In the present study, we
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demonstrated that miR-520a-3p was a key regulator of
Warburg effect in GC, as well as a hypoxia associated
miRNA regulated by HIF1a.

In general, the role and molecular mechanism of miR-
520a-3p have been investigated in various types of cancer. Lv
et al demonstrated that miR-520a-3p was a tumor suppressor
miRNA in non-small cell lung cancer and inhibited cell
proliferation via the PI3K/AKT pathway.>* Li et al showed
that miR-520a-3p was decreased in breast cancer tissues.*’
Zhang et al demonstrated that inhibition of miR-520a-3p in
osteosarcoma cells promoted cell proliferation and migration
via the Janus kinase/signal transducer and activator of tran-
scription pathway.?® Furthermore, Bi et al revealed that miR-
520a-3p has the capacity to inhibit epithelial-mesenchymal
transition and promotes apoptosis in papillary thyroid carci-
noma cells.?’ In addition, Qu et al showed that lidocaine
inhibited the proliferation of colorectal cancer cells by upre-
gulating the level of miR-520a-3p.* Consistent with

previous studies, we found that miR-520a-3p was decreased
in GC tissues. The expression level of miR-520a-3p in
patients with GC was positively associated with overall
survival (months). Furthermore, the expression level of
miR-520a-3p was negatively associated with TNM stage,
lymph node metastasis, distant metastasis, and local inva-
sion. Overexpression/inhibition of miR-520a-3p decreased/
promoted the proliferation of GC cells and glycolysis.
Therefore, we demonstrated that miR-520a-3p is a key reg-
ulator miRNA of Warburg effect and played as a tumor-
suppressive role in GC.

Various studies showed that the AKT1/mTOR pathway is
involved in glycolysis.?’ In our study, we demonstrated that
AKT1 is a key target of miR-520a-3p in GC; an increase in the
expression of miR-520a-3p inhibited the AKT1/mTOR path-
way. Based on the facts that HIF 1o was a main regulator target
gene of mTOR which was involved in cell glycolysis,*® we

then detected the expression of HIF 1o and its target genes, and
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found that the expression of HIFla and its two target genes
(ie, Glutl and VEGF) were decreased, while that of miR-
520a-3p was increased. Restoration of AKT1 can decrease the

inhibitory effect of miR-520a-3p on cell proliferation and
glycolysis, as well as the AKT1/mTOR//HIFla pathway.
This evidence demonstrated that miR-520a-3p inhibited the
proliferation and glycolysis of GC cells by suppressing the
AKT1/mTOR/HIF 1o pathway.

hypoxia-responsive

Furthermore, we showed that miR-520a-3p was also a
miRNA regulated by HIFlo.

Suppression of HIFla can reverse the inhibitory effect of

hypoxia on miR-520a-3p, while overexpression of miR-

520a-3p blocks the stimulative effect of hypoxia on the

expression of its target gene AKTI1. Therefore, HIF1a/
miR-520a-3p/AKT1/mTOR may form a positive feedback
loop and contribute to the development of GC.

Conclusion

Collectively, the present results indicate that there is a
HIF1o/miR-520a-3p/AKT1/mTOR positive feedback loop
in GC. The HIFlo/miR-520a-3p/AKT1/mTOR feedback
loop has the potential to improve the proliferation and

glycolysis of GC cells. The present study demonstrated
that target therapy for miR-520a-3p can block this feed-
back loop, and highlighted a potential strategy for the

clinical treatment of GC.
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