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Background: The aim of this study was to determine the role of miRNA-590-5p in gastric 

cancer (GC) progression.

Methods: Quantitative real-time polymerase chain reaction was performed to measure endog-

enous miR-590-5p levels in GC cells and tissues. Overexpression or knockdown of miR-590-5p in 

GC cells was performed by transfection with mimics or an inhibitor, respectively. MTT, matrigel 

transwell, and Western blot assays were used to assess the effects of miR-590-5p on cell pro-

liferation, invasion, chemosensitivity of GC cells, and the AKT pathway, respectively. In silico 

prediction and luciferase reporter activity were used to identify potential targets of miR-590-5p. 

A xenograft model was also established to evaluate the function of miR-590-5p in vivo.

Results: The expression of miR-590-5p was significantly increased in GC cells and tissues, 

and upregulated miR-590-5p was associated with increased tumor size, lymph node metasta-

sis, and poor survival. Overexpression of miR-590-5p promoted cell proliferation and invasion 

and reduced the sensitivity of GC cells to cisplatin and paclitaxel. In contrast, inhibition of 

miR-590-5p had the opposite effects on GC cells. RECK was identified as a direct target of 

miR-590-5p. Knockdown of RECK accelerated cell proliferation and motility and decreased 

the drug sensitivity. Furthermore, reintroduction of RECK inhibited the oncogenic effects of 

miR-590-5p by suppressing cell proliferation and invasion and increasing drug sensitivity. We 

found that the AKT/ERK and STAT3 signaling pathways were activated by miR-590-5p over-

expression. The chemoresistance of miR-590-5p was also verified by in vivo analysis.

Conclusion: In summary, we suggest that the miR-590-5p/RECK/AKT axis contributes to 

GC and may serve as a promising therapeutic target for treatment.
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Introduction
Gastric cancer (GC), the second most common cause of cancer-related death, is also 

the fourth most common type of human malignancy worldwide.1 Although treat-

ments have improved in past years, the 5-year survival rate among GC patients is still 

unsatisfactory.2,3 Metastasis and chemoresistance are the major challenges blocking 

effective GC treatment. Thus, understanding the molecular mechanisms of invasion 

and identifying potential novel chemotherapy targets are indispensable for improving 

the prognosis of GC.

miRNAs are a class of endogenous, small, non-coding regulatory RNAs that nega-

tively regulate gene expression at the post-transcriptional level. miRNAs exert their 

oncogenic or tumor-suppressive effects through base-pairing with the 3′ untranslated 

region (3′-UTR) of target mRNAs4 and have been widely demonstrated to be critical 
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regulators of cell proliferation, migration, invasion, and 

apoptosis.5–7 Previous studies have reported that some 

miRNAs are closely correlated with the progression of 

GC.8–10 For example, Nishida et al found that miR-125a-5p 

is a relevant prognostic marker and could inhibit prolifera-

tion of GC cells.10 Hu et al showed that miR-449a inhibited 

GC cell proliferation and enhanced chemosensitivity by 

downregulating BCL2 and CCND1.11 Taken together, the 

results indicate that miRNAs are potential biomarkers for 

diagnosis or therapeutic targets of GC.

RECK, which is suppressed strongly in human malig-

nancy, is frequently reported as a tumor suppressor.12 Loss 

of RECK is correlated with metastasis in lung cancer, 

hepatoblastoma, and osteosarcoma.13–15 RECK inhibited 

tumorigenicity of GC by suppressing NOTCH1 signaling.16 

Hypoxia- and RAS-signaling cooperatively downregulated 

the expression of RECK, thereby promoting malignant cell 

behavior.17 Collectively, RECK functions as a multi-role 

regulator involvement in tumorigenesis.

miR-590-5p has been reported to be involved in cell 

growth of liver cancer and cervical cancer.18,19 However, the 

function and underlying mechanism of miR-590-5p in gas-

tric carcinogenesis remain unknown. In this study, we found 

that miR-590-5p was upregulated in GC tissues, and ectopic 

expression of miR-590-5p promoted the colony formation, 

proliferation, and invasion of GC cells. Most importantly, we 

found that miR-590-5p could reduce the sensitivity of GC cells 

to cisplatin (cDDP) and paclitaxel (PTX). RECK was identified 

as a direct target of miR-590-5p and is involved in miR-590

-5p-regulated invasion and chemosensitivity of GC cells.

Materials and methods
Tissue specimens and cell lines
Tissue specimens of GC and adjacent nontumor tissues were 

obtained from 50 patients who were diagnosed and underwent 

surgery at Jiangsu Cancer Hospital Affiliated with Nanjing 

Medical University. This study was approved by the eth-

ics committee of Nanjing Medical University, and written 

informed consent was obtained from all patients before 

surgery. After resection, all specimens were snap-frozen in 

liquid nitrogen immediately and then stored at -80°C. All 

clinicopathological data, such as sex, age, TNM stage, differ-

entiation and lymph node metastasis (LNM), were collected 

from the medical records and are summarized in Table S1. 

By regular visits or telephone interviews, the patients’ overall 

survival was also determined.

The human GC cell lines SGC-7901, MKN-28, MKN-45, 

BGC-823, AGS, and MGC-803 were all obtained from the 

American Type Culture Collection (ATCC, Manassas, VA, 

USA). The normal human gastric epithelial cell line GES-1 

(Chinese Academy of Sciences, Shanghai, People’s Republic 

of China) was also used in this study. Cells were cultured 

in Roswell Park Memorial Institute-1640 medium (Thermo 

Fisher Scientific, Waltham, MA, USA) with 10% fetal 

bovine serum and antibiotics (1% penicillin/streptomycin; 

Thermo Fisher Scientific) in a humidified chamber with an 

atmosphere of 5% CO
2
 at 37°C.

Quantitative real-time polymerase chain 
reaction (qrT-Pcr) of mirnas
The miRNAs were isolated and purified with a miRNA isola-

tion system (Exiqon, Vedbaek, Denmark). For qRT-PCR, the 

miScript II RT Kit (Qiagen, Germany) was used to generate 

cDNA, and qRT-PCR was performed using a miScript SYBR 

Green PCR Kit (Qiagen NV) according to the manufacturer’s 

instructions. The qRT-PCR analysis was conducted on 7,500 

Real-Time PCR System (ABI, Foster City, CA, USA). The 

miRNA expression was calculated by normalization to the 

internal control U6 using the 2-ΔΔCt method.

Transfection and plasmid construction
The miR-590-5p mimics, mimic control, miR-590-5p inhibitor, 

and inhibitor control were synthesized by GenePharma 

(Shanghai, People’s Republic of China). For cell transfection, 

cells were seeded in six-well plates (2×105/well), and trans-

fection was performed using Lipofectamine 2000 (Thermo 

Fisher Scientific). For luciferase activity analysis, the 3′-UTR 

of RECK containing the putative binding sites for miR-590-5p 

was amplified and cloned into the pGL3-luciferase reporter 

plasmid (Promega Corporation, Madison, WI, USA). Muta-

tions in the miR-590-5p binding sites of RECK 3′-UTR were 

generated using a QuikChange Site-Directed Mutagenesis kit 

(Stratagene, La Jolla, CA, USA). For stably overexpressing 

miR-590-5p cells, the lentiviruses expressing miR-590-5p and 

control viruses were used to infect SGC-7901 cells.

The siRNA 5′-AAGACCCAGCCCUUGCCUCAA-3′ 
(sense) was used to knock down the expression of RECK, 

and the RNA 5′-AACGUUGCGAUAGCGUAGUAC-3′ was 

used as a control. The RECK coding region with and without 

the 3′-UTR was obtained from Hanbio (Shanghai, People’s 

Republic of China).

cell proliferation assays
For proliferation assay, the transfected GC cells were seeded 

in 96-well plates (2,000 cells per well) and maintained 

at 37°C and 5% CO
2
 for 4 days. The reaction was stopped 

by addition of 150 µL dimethyl sulfoxide, and cell prolif-

eration was determined by measuring the optical density at 
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490 nm using a spectrophotometric plate reader (Thermo 

Fisher Scientific).

cell invasion assay
Matrigel transwell assays were used to assess the invasive 

ability of GC cells. Briefly, at 36 hours post-transfection, 

3×104 cells in 300 µL serum-free medium were placed into 

the upper chambers precoated with 150 mg matrigel (BD 

Biosciences, San Jose, CA, USA). Then, 0.5 mL medium 

containing 10% fetal bovine serum was added to the lower 

chambers as a chemo-attractant. After incubation at 37°C for 

24 hours, cells that migrated to the bottom of the membrane 

were fixed, stained, and visualized under a microscope.

MTs assay
The sensitivity of cells to cDDP was determined using a Cell 

Titer 96® AQueous One Solution Cell Proliferation Assay kit 

(Promega Corporation). Cells (3×103 cells/well) were seeded 

onto 96-well plates for 24 hours before use. The medium was 

exchanged with fresh medium containing cDDP at different 

concentrations, and cells were then cultured for an addi-

tional 72 hours. Then, 20 µL MTS was added to each well. 

Two hours later, the absorbance at 490 nm was recorded for 

each well on a BioTek Synergy 2 (BioTek Instruments Inc, 

Winooski, VT, USA). cDDP was obtained from Calbiochem 

(Darmstadt, Germany) and was stored at a concentration of 

5 mg/mL at -20°C. Freshly prepared PTX (Sigma-Aldrich 

Co., St Louis, MO, USA) was added at a final concentration 

ranging from 5 to 100 nM.

luciferase reporter assay
In a 96-well plate, HEK-293 cells were co-transfected with 

0.2 mg/mL of wild-type or mutant-RECK-3′-UTR plasmid 

and 50 ng of Renilla luciferase plasmid with miR-590-5p or 

an empty vector control using Lipofectamine 2000 (Thermo 

Fisher Scientific). After 24 hours, the cells were lysed, and 

luciferase activity was determined using a Dual-Luciferase 

reporter assay system (Promega Corporation). Firefly 

luciferase activity was then normalized to the corresponding 

Renilla luciferase activity.

Western blot analysis
Protein concentrations were measured using a BCA Protein 

Assay Kit (Pierce, Rockford, IL, USA). Equal amounts 

of proteins (20 µg) were separated by 10% sodium dode-

cyl sulfate polyacrylamide gel electrophoresis and then 

transferred to polyvinylidene difluoride membranes (Bio-Rad 

Laboratories Inc., Hercules, CA, USA). The membranes were 

blocked by incubation in Tris-buffered saline with Tween 20 

(25 mM Tris, pH 7.4, 150 mM NaCl, 0.1% Tween 20) con-

taining 5% fat free milk for 1 hour at room temperature and 

were then immunoblotted with primary antibodies against 

RECK (R&D Systems, Inc., Minneapolis, MN, USA), AKT, 

p-AKT (Ser473), ERK, p-ERK (Cell Signaling Technol-

ogy, Danvers, MA, USA), pSTAT3, STAT3, and β-actin 

(Affinity, Ossipee, NH, USA), followed by incubation with 

HRP-conjugated secondary antibodies (Santa Cruz Biotech-

nology Inc., Dallas, TX, USA). Blots were detected using an 

enhanced chemiluminescence detection system (Pierce).

in vivo xenograft models
All animal experiments in this study were approved by 

ethics committee of Nanjing Medical University, and the 

national Animal Care and Use guidelines were followed. 

Thirty-six mice (4 weeks old) were used in this study and 

equally divided into three groups. One group was injected 

with the miR-590-expressing vector (3×106), one group with 

cDDP, and one group with both miR-590 and cDDP. When 

the tumors were palpable, cDDP (5 mg/kg) was peritoneally 

injected into the mice every 4 days. Tumor volume was mea-

sured and calculated as tumor volume = length × width2/2. 

Mice were sacrificed on the 14th, 21st, and 28th day, and the 

harvested tumors were subjected to Western blot assays.

statistical analysis
Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA) 

and SPSS 14.0 (SPSS Inc., Chicago, IL, USA) were used 

to analyze the experimental data. The data are presented 

as the mean ± standard error of mean, and the differences 

between groups were analyzed using Student’s t-test with 

only two groups or one-way analysis of variance when more 

than two groups were compared. A Mann–Whitney test was 

used to assess the expression of miR-590-5p between two 

groups, and a Kruskal–Wallis test was used for more than 

two groups. Kaplan–Meier and log-rank tests were used in the 

overall survival analysis. A P-value of ,0.05 was considered 

statistically significant.

Results
Upregulated mir-590-5p is correlated 
with poor prognosis
First, we determined the endogenous miR-590-5p levels 

in GC cells and compared them with the miR-590-5p 

expression in the normal control cell line GES-1. The 

expression of miR-590-5p in GC cells was significantly 

higher than that in GES-1 cells (Figure 1A). Subsequently, 

we measured the expression of miR-590-5p in GC patients. 

Similar results showed that the miR-590-5p level in primary 
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tumors was significantly increased compared to that in adja-

cent non-tumor tissues (0.0174±0.0010 vs 0.0157±0.0009, 

P=0.0003, Figure 1B).

We separated GC cases according to the different clini-

copathological characteristics of patients, such as female 

vs male, tumor stage I/II vs stage III/IV, with LNM vs 

without LNM. We found that the expression of miR-590-5p 

was gradually increased along with increasing tumor size 

(0.0139±0.0010 vs 0.0162±0.0016 vs 0.0215±0.0018, 

P=0.012, Figure 2A). The expression of miR-590-5p 

was markedly higher in patients with LNM than that in 

patients without LNM (0.0195±0.0014 vs 0.0152±0.0013, 

P=0.028, Figure 2B). For survival analysis, the mean value 

of miR-590-5p expression in all GC tumors was used as a 

threshold value to classify the 50 patients into the high or 

low miR-590-5p expression group. Kaplan–Meier survival 

analysis showed that the low miR-590-5p group had a sig-

nificantly higher overall survival compared to that of the high 

Figure 1 The expression of mir-590-5p in gc cells and clinical cases (n=50).
Notes: The relative mir-590-5p level (normalized to U6) was increased in gc cells and primary tumors (A) and (B). **P,0.01; ***P,0.001.
Abbreviations: GC, gastric cancer; ns, not significant.

Figure 2 mir-590-5p is correlated with tumor progression and prognosis.
Notes: Upregulated mir-590-5p was correlated with larger tumor size (Kruskal–Wallis test) and lymph node metastasis (Mann–Whitney test; [A] and [B]). (C) Patients with 
high mir-590-5p levels had poor prognosis. small, ,2; moderate, 2#T,4; large, T$4.
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miR-590-5p group (P=0.025, Figure 2C). These results sug-

gested that miR-590-5p is involved in gastric tumorigenesis, 

and its upregulation is inversely associated with prognosis.

mir-590-5p promotes cell proliferation 
and invasion and reduces sensitivity of 
gc cells to cDDP and PTX in vitro
Because the expression of miR-590-5p was correlated with 

tumor size and LNM, we explored the effect of miR-590-5p 

on cell proliferation and invasion. SGC-7901 cells express-

ing relatively low levels of miR-590-5p and BGC-823 cells 

expressing relatively high levels of miR-590-5p were trans-

fected with miR-590-5p mimics and inhibitor, respectively, 

which increased the level of miR-590-5p in SGC-7901 cells 

by 10.28-fold and decreased that in BGC-823 cells by 3.03-

fold compared to that of matched control cells (Figure 3A).

MTT assays indicated that overexpression of miR-590-5p 

significantly promoted the proliferation of SGC-7901 cells. 

In contrast, knockdown of miR-590-5p significantly sup-

pressed the proliferation of BGC-823 cells compared to con-

trol cells (Figure 3B). Matrigel transwell assays showed that 

miR-590-5p markedly increased the invasion of SGC-7901 

cells, whereas inhibition of miR-590-5p impaired this activity 

in BGC-823 cells (Figure 3C).

We also explored the effects of ectopic miR-590-5p 

expression on cell chemosensitivity. Here, we found that 

overexpression of miR-590-5p via transfection of mimics 

significantly reduced the sensitivity of SGC-7901 cells to 

cDDP and PTX (Figure 3D and E). Consistent with these 

results, downregulation of miR-590-5p noticeably increased 

the chemosensitivity of BGC-823 cells. These data collec-

tively indicated that miR-590-5p functions as an oncogene 

and desensitizes GC cells to chemotherapeutics.

recK is a direct target of mir-590-5p
We used the bioinformatics algorithms TargetScan, miRDB, 

and microRNA to search for potential targets of miR-590-5p. 

All of these databases predicted RECK as a target of 

miR-590-5p, and the 3′-UTR of RECK mRNA contains a 

highly conserved binding site from positions 1,138 to 1,145 

with a miR-590-5p seed sequence (Figure 4A). Luciferase 

activity analysis showed that miR-590-5p significantly 

inhibited the luciferase activity of the RECK-3′-UTR-WT 

reporter, but did not affect the RECK-3′-UTR-Mut reporter 

(Figure 4B). Furthermore, Western blot analysis showed that 

the RECK protein expression was downregulated in GC cells 

compared to GES-1 cells and was substantially reduced by 

miR-590-5p overexpression in both SGC-7901 and AGS 

cells (Figure 4C).

mir-590-5p modulates cell growth, 
invasion, and chemosensitivity by 
targeting recK
To verify whether the oncogenic effects of miR-590-5p are 

mediated through RECK, we knocked down RECK by RNA 

interference, and the protein level of RECK was significantly 

suppressed after RECK knockdown (Figure 5A). MTT assays 

indicated that knockdown of RECK in SGC-7901 cells sig-

nificantly enhanced cell growth and invasion compared with 

control cells (Figure 5B and C). Additionally, knockdown 

of RECK markedly decreased the sensitivity of SGC-7901 

cells to cDDP (Figure 5D).

We rescued the expression of RECK in miR-590-5p 

mimic-transfected cells to demonstrate the functional 

relationship between miR-590-5p and RECK. We trans-

fected the RECK-expressing vector (lacking 3′-UTR) into 

SGC-7901 cells, and the protein expression level of RECK 

was determined by Western blot assays (Figure 6A). As 

shown in Figure 6B and C, increased RECK in SGC-7901 

cells inhibited the effect of miR-590-5p on cell proliferation 

and invasion. The chemosensitivity of SGC-7901 cells was 

also enhanced by RECK protein overexpression (Figure 6D). 

We evaluated whether miR-590-5p could regulate the AKT 

pathway, which is generally activated and associated with 

the progression and multi-drug resistance of cancer.20,21 As 

shown in Figure 6E, the phosphorylation of AKT (Ser473) 

and ERK (Thr202/Thr204) was promoted by miR-590-5p 

mimics. The total protein levels of AKT and ERK were not 

changed. Furthermore, STAT3 signaling was also activated 

by overexpression of RECK (Figure 6E).

mir-590-5p promotes tumor growth  
in vivo
To further confirm the role of miR-590-5p in reducing the 

sensitivity of GC cells to chemotherapeutics in vivo, the stable 

miR-590-5p-expressing SGC-7901 cells were inoculated into 

the flanks of four nude mice (Figure 7A). The results showed 

that the tumors from the miR-590-5p-expressing cells were 

significantly larger than those derived from the vector control 

(Figure 7B). The tumor weight was also increased in the 

miR-590-5p-overexpressing cells (Figure 7C). We analyzed 

the expression of miR-590, RECK, pAKT, pERK, and 

pSTAT3 in xenograft tumors. In miR-590-overexpressing 

tumors, the levels of miR-590-5p were enhanced along with 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6014

shen et al

Fi
gu

re
 3

 m
ir

-5
90

-5
p 

pr
om

ot
es

 c
el

l g
ro

w
th

 a
nd

 in
va

si
on

 a
nd

 r
ed

uc
es

 c
he

m
os

en
si

tiv
ity

. 
N

ot
es

: (
A

) 
T

he
 e

xp
re

ss
io

n 
of

 m
iR

-5
90

-5
p 

w
as

 c
on

fir
m

ed
 b

y 
qR

T
-P

C
R

 a
fte

r 
tr

an
sf

ec
tio

n.
 T

he
 e

ffe
ct

 o
f 

m
iR

-5
90

-5
p 

on
 c

el
l p

ro
lif

er
at

io
n 

an
d 

in
va

si
on

 w
as

 d
et

er
m

in
ed

 b
y 

M
T

T
 (

B
) 

an
d 

m
at

ri
ge

l t
ra

ns
w

el
l a

ss
ay

s 
(C

). 
M

ag
ni

fic
at

io
n:

 2
00

×.
  

T
he

 s
en

si
tiv

ity
 o

f g
c

 c
el

ls
 t

o 
cD

D
P 

(D
) 

an
d 

PT
X

 (
E

) 
w

as
 d

ec
re

as
ed

 o
r 

in
cr

ea
se

d 
by

 t
ra

ns
fe

ct
io

n 
w

ith
 m

im
ic

s 
or

 in
hi

bi
to

r,
 r

es
pe

ct
iv

el
y.

 *
P,

0.
05

; *
*P

,
0.

01
; *

**
P,

0.
00

1.
A

bb
re

vi
at

io
ns

: c
D

D
P,

 c
is

pl
at

in
; P

T
X

, p
ac

lit
ax

el
; M

im
 c

on
, m

im
ic

s 
co

nt
ro

l; 
In

h 
co

n,
 in

hi
bi

to
r 

co
nt

ro
l; 

ns
, n

ot
 s

ig
ni

fic
an

t; 
O

D
, o

pt
ic

al
 d

en
si

ty
; G

C
, g

as
tr

ic
 c

an
ce

r;
 q

R
T

-P
C

R
, q

ua
nt

ita
tiv

e 
re

al
-t

im
e 

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n.
 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6015

mir-590 regulates cell growth and chemosensitivity in gastric cancer

′

′

′

′

′

β

β

Figure 4 recK is a direct target of mir-590-5p.
Notes: (A) a schematic of the putative binding sites of mir-590-5p in the 3′-UTr of recK is presented. (B) luciferase reporter assays. cells were transfected with reporters 
containing the wild-type (recK-WT) or mutant-type recK-3′-UTr (recK-Mut) after transfection with mir-590-5p or a control. (C) The levels of recK protein in gc cells 
were inhibited by mir-590-5p overexpression. **P,0.01.
Abbreviations: gc, gastric cancer; 3′-UTr, 3′ untranslated region.

β

Figure 5 recK regulates cell proliferation, invasion, and drug sensitivity.
Notes: The protein level of recK was reduced by transfection with sirecK (A), followed by MTT (B), and matrigel transwell assays (C) to assess the effect of sirecK on 
cell proliferation and invasion. (D) cDDP sensitivity was promoted by knockdown of recK. *P,0.05; ***P,0.001.
Abbreviations: ns, not significant; cDDP, cisplatin; OD, optical density; siRNA, small interfering RNA.
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β

β

Figure 6 reintroduction of recK inhibited the effect of mir-590-5p on sgc-7901 cells.
Notes: (A) after transfection of recK (lacking 3′-UTr), the protein level of recK was restored. MTT (B) and invasion assays (C) showed the inhibitory effects of recK 
on gc cells. (D) recK increased the sensitivity of gc cells to cDDP and PTX. (E) The p-aKT, p-erK, and psTaT3 expression was decreased by restoration of recK. 
*P,0.05; **P,0.01; ***P,0.001.
Abbreviations: cDDP, cisplatin; OD, optical density; gc, gastric cancer; 3′-UTr, 3′ untranslated region; PTX, paclitaxel; Mim con, mimics control.

the activated pAKT, pERK, and pSTAT3, while the RECK 

protein was downregulated (Figure 7D and E).

Discussion
GC progression is a multistep process involving genetic and 

epigenetic alteration of proto-oncogenes and tumor-suppressor 

genes. Hence, identification of the exact role of miRNAs in 

GC progression and chemoresistance would provide novel 

insights for diagnosis and therapy of GC patients.

In this study, upregulated miR-590-5p was observed in 

GC cells and primary tumors, suggesting the oncogenic role 

of miR-590-5p in GC pathogenesis. Previous studies also 

reported upregulated miR-590-5p in cells from hepatocellular 

carcinoma, cervical cancer, and renal carcinoma.18,19,22 There-

fore, we speculated that miR-590 has a broad role in various 

types of tumors. We showed that upregulated miR-590-5p 

was correlated with tumor progression and poor survival, 

similar to a previous study showing that miR-590-5p was 

positively correlated with LNM.23 Further studies based on a 

large number of clinical cases may provide more information 

on miR-590-5p as a prognostic factor.

Subsequently, we found that miR-590-5p contributed 

to cell growth and invasion, which was consistent with the 

observations in previous studies.18,19 Our data expanded the 

knowledge of miR-590-5p in carcinogenesis. More impor-

tantly, we found that miR-590-5p attenuated the chemo-

sensitivity of GC cells, suggesting the potential function 

of miR-590-5p as a drug-related gene in cancer treatment. 

In former studies, miR-590-5p was one of three miRNA 

transcripts determined to predict complete or incomplete 

response to neoadjuvant chemoradiotherapy in rectal cancer24 

or serve as predictive markers of chemo-responsiveness in 

Wilms’ tumors.25 Alterations in the circulating miR-590-5p 

levels during chemotherapy indicated the response of head 

and neck cancer cells.26 These data and ours implied that 

miR-590-5p may be a promising therapeutic target. Further 

studies examining the correlations between miR-590-5p and 

chemotherapy would be beneficial for the improvement of 

treatment and prognosis of patients.

RECK is usually reported as a tumor suppressor, particu-

larly an inhibitor of metastasis, in many types of cancer.14,15,27 

In this study, the suppressive effect of RECK on GC cells 

was confirmed, and RECK was inhibited by miR-590-5p. 

Additionally, other miRNAs, including miR-221, miR-

222, miR-374-5p, and miR-25, also regulated RECK by 

binding to its 3′-UTR and contributing to the growth and 
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invasion of GC.28–30 RECK may be a critical regulator of 

miRNA-related tumor cell behavior. Furthermore, RECK 

was involved in miR-590-related AKT/ERK and STAT3 sig-

naling activation in our present study. The anti-tumor activity 

of RECK was documented in breast cancer by inhibiting 

erbB signaling, which is associated with chemoresistance.31 

RECK was downregulated by miR-96 and ultimately led to 

proliferation and chemoresistance in esophageal cancer.32 

The activated AKT/ERK signaling pathway may explain the 

alterations in cell growth and drug sensitivity in our study. 

Overall, we elucidated a novel mechanism responsible for 

gastric tumorigenesis and found that the miR-590/RECK 

axis may be a useful therapeutic target.

Conclusion
Taken together, our findings highlight the important func-

tion of miR-590-5p in GC progression and chemotherapy. 

Dysregulated miR-590-5p targets RECK and AKT/ERK 

signaling to promote GC progression and acquired chemore-

sistance. Therefore, the miR-590-5p/RECK/AKT axis was 

identified as a new molecular mechanism and potential 

therapeutic tool for GC treatment.

β

Figure 7 mir-590-5p promotes tumor formation and activates the aKT/erK pathway. 
Notes: (A) stably expressing mir-590-5p and vector control cells were subcutaneously injected into nude mice. Vertical arrows indicate the time of cDDP injection. The 
tumor volume and weight were increased in mir-590-5p-overexpressing tumors (B and C). (D) Tumors were obtained on days 14, 21, and 28. qrT-Pcr assays were used 
to measure the expression of mir-590-5p in xenograft tumors. (E) Western blot analysis of proteins in xenograft tumors. *P,0.05; **P,0.01; a, b, and c represent different 
treatment groups.
Abbreviations: cDDP, cisplatin; nc, negative control; qrT-Pcr, quantitative real-time polymerase chain reaction. 
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Supplementary material

Table S1 The clinicopathological features of gastric cancer cases

Characteristics Number of 
patients, n=50

sex
Female 21
Male 29

age (years)
,55 26
$55 24

Differentiation
Well, moderate 32
Poor 18

TnM stage
i, ii 26
iii, iV 24

Tumor size (cm)
T,2 22
2#T,4 15
T$4 13

lymph node
n0 24
n1–3 26

Tumor site
antrum 34
cardia 10
Body 6
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