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Abstract. MicroRNAs (miRs) have been demonstrated to be 
associated with the development, progression and prognosis of 
gastric cancer. However, the exact role of miR-27b in the regu-
lation of gastric cancer cells and the underlying mechanisms 
remain unclear. In the current study, it was demonstrated 
that miR‑27b was significantly upregulated in gastric cancer 
tissues and cell lines, compared with their matched normal 
adjacent tissues and normal gastric epithelial cells, respec-
tively. Luciferase reporter assay data indicated that sprouty2 
(SPRY2) is a direct target of miR-27b, and miR-27b binds to 
the 3'-untranslated region of SPRY2 mRNA. Overexpression of 
miR‑27b led to a significant reduction in the protein expression 
of SPRY2, while knockdown of miR-27b enhanced the SPRY2 
protein expression in gastric cancer cells. Furthermore, knock-
down of miR-27b promoted migration and invasion in gastric 
cancer cells, exhibiting similar effects to those of SPRY2 
overexpression on the migration and invasion of gastric cancer 
cells. Investigation of the molecular mechanisms identified 
that the activity of extracellular signal-related kinase (ERK) 
signaling was mediated by miR-27b and SPRY2 in gastric 
cancer cells. In addition, it was observed that SPRY2 was 
frequently downregulated in gastric cancer tissues compared 
with their matched normal adjacent tissues. In summary, it was 
suggested that miR-27b promotes the migration and invasion 
of gastric cancer cells via inhibition of SPRY2-mediated ERK 
signaling. Therefore, miR-27b/SPRY2 may be used as a poten-
tial target for the treatment of gastric cancer.

Introduction

Gastric cancer is one of the most common types of human cancer 
and the second leading cause of cancer-associated mortality 
worldwide. Surgical resection combined with chemotherapy 
has proved effective in the treatment of numerous patients 
with gastric cancer when diagnosed early (1,2). However, the 
prognosis of patients with gastric cancer at late stages remains 
poor, predominantly due to metastasis and recurrence (3,4). 
The molecular mechanism of gastric cancer remains largely 
unclear, however investigation into the molecular targets 
appears promising (1).

As a type of small non-coding RNA, microRNAs 
(miRs) are able to modulate multiple cellular processes by 
negatively regulating the expression of their targets at the 
post-transcriptional level (5,6). It has been well established 
that deregulations of oncogenes or tumor suppressors serve 
key roles in the development and progression of human cancer, 
while aberrant upregulation or downregulation of certain miRs 
affect the expression of these oncogenes or tumor suppressors, 
thus mediating human cancer (7,8). Previous studies have 
identified multiple miRs that are associated with the develop-
ment, progression and prognosis of gastric cancer, including 
miR-10b (9), miR-126 (10), miR-143 (11), miR-145 (11), 
miR-204 (12), miR-218 (13) and others (1).

miR-27b has been identified to serve a role in multiple 
types of human cancer. For example, miR-27b inhibits tumor 
progression and angiogenesis in colorectal cancer via targeting 
vascular endothelial growth factor C (14). In addition, miR-27b 
is able to inhibit the growth and invasion of non-small cell lung 
cancer cells through targeting LIM domain kinase 1 (15). On 
the contrary, miR-27b serves an oncogenic role in breast cancer 
and gastric cancer (16,17). Zhang et al (17) demonstrated that 
miR-27b promoted the metastasis of gastric cancer by increasing 
the levels of the epithelial-mesenchymal transition-associated 
genes ZEB1, ZEB2, Slug and Vimentin, in addition to reducing 
E-cadherin levels (17). However, the exact role of miR-27b in 
the regulation of gastric cancer cell migration and invasion, in 
addition to the underlying mechanism, remains unclear.

The present study aimed to identify the underlying mecha-
nism by which miR-27b regulates the migration and invasion 
of gastric cancer cells.
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Materials and methods

Reagents. Dulbecco's modified Eagle's medium (DMEM), 
fetal bovine serum (FBS), TRIzol agent, Lipofectamine 2000, 
SYBR Green Quantitative Polymerase Chain Reaction 
(qPCR) Assay kit, miRNA Reverse Transcription kit and 
all miRNA mimics and inhibitors were purchased from 
Thermo Fisher Scientific, Inc. (Waltham, MA, USA). The 
Bicinchoninic Acid (BCA) Protein Assay kit and Enhanced 
Chemiluminescence (ECL) kit were purchased from Pierce 
Biotechnology, Inc. (Rockford, IL, USA). 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was 
purchased from Biosharp (Hefei, China). The Hairpin-it™ 
miRNAs qPCR Quantitation kit and U6 small nuclear 
RNA were purchased from Shanghai GenePharma Co., Ltd. 
(Shanghai, China). PsiCHECK™-2 vector was purchased from 
Promega Corporation (Madison, WI, USA). A Stratagene 
QuikChange Site-Directed Mutagenesis kit was purchased 
from Agilent Technologies, Inc. (La Jolla, CA, USA). Mouse 
anti-sprouty2 (SPRY2), mouse anti-phosphorylated extracel-
lular signal-related kinase (p-ERK), mouse anti-ERK and 
mouse anti-glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) primary antibodies, and rat anti-mouse secondary 
antibodies were purchased from Abcam (Cambridge, MA, 
USA). The Chemicon Cell Invasion Assay kit was purchased 
from EMD Millipore (Temecula, CA, USA).

Tissue specimen collection. The current study was approved by 
the Ethical Committee of Central South University (Changsha, 
China). Informed consent was obtained from the patients. A 
total of 15 gastric cancer tissues and matched normal adjacent 
gastric tissues were obtained at the Department of General 
Surgery, The Third Xiangya Hospital of Central South 
University (Changsha, China). Tissue samples were immedi-
ately frozen in liquid nitrogen subsequent to surgical removal.

Cell culture. Human gastric cancer HGC-27, GC7901 and 
AGS cells, and normal gastric mucosa epithelial GES-1 cells 
were obtained from the Cell Bank of Central South University 
(Changsha, China), and cultured in DMEM with 10% FBS at 
37˚C in a humidified incubator containing 5% CO2.

Reverse transcription‑qPCR (RT‑qPCR) assay. According 
to the manufacturer's instructions, total RNA was extracted 
using TRIzol agent. Subsequent to that, the miRNA Reverse 
Transcription kit was used to convert RNA into cDNA (500 ng). 
The expression levels of miRNAs were then evaluated according 
to the manufacturer's instructions using the Hairpin-it™ miRNAs 
qPCR Quantitation kit. The relative expression of miRNA was 
analyzed by the 2-ΔΔCt method (18). The U6 small nuclear RNA 
was used for normalization. Expression of SPRY2 mRNA was 
detected by the SYBR Green qPCR Assay kit. Expression of 
GAPDH was used as an endogenous control. The specific primers 
used are as follows: SPRY2, forward 5'-CCT ACT GTC GTC CCA 
AGA CCT-3' and reverse 5'-GGG GCT CGT GCA GAA GAA T-3'; 
GAPDH, forward 5'-GGA GCG AGA TCC CTC CAA AAT-3' and 
reverse 5'-GGC TGT TGT CAT ACT TCT CAT GG-3'.

Western blotting. Tissues or cells were lysed in radioim-
munoprecipitation assay lysis buffer (Beyotime Institute of 

Biotechnology, Wuhan, China). Protein was quantified using 
the BCA Protein Assay kit. Proteins (60 µg) were separated 
with 10% sodium dodecyl sulfate-polyacrylimide gel elec-
trophoresis and transferred onto a polyvinylidene difluoride 
(PVDF; Thermo Fisher Scientific, Inc.) membrane, which 
was then incubated with Tris-buffered saline with Tween-20 
(Beyotime Institute of Biotechnology) containing 5% milk 
at room temperature for 3 h. The PVDF membrane was 
then incubated with mouse anti-SPRY2 (1:50; ab50317), 
mouse anti-p-ERK (1:100; ab50011), mouse anti-ERK 
(1:100; ab119933) and mouse anti-GAPDH (1:100; ab8245) 
primary antibodies, respectively, at room temperature for 3 h. 
Subsequent to washing with phosphate-buffered saline (PBS) 
with Tween-20 3 times, the membrane was incubated with the 
rat anti-mouse secondary antibody (1:1,000; ab187851) at room 
temperature for 40 min. Chemiluminescent detection was 
performed using the ECL kit. The relative protein expression 
was analyzed by Image-Pro Plus software, version 6.0 (Media 
Cybernetics, Inc., Rockville, MD, USA), represented as the 
density ratio versus GAPDH.

Transfect ion.  Transfect ion was per formed using 
Lipofectamine 2000 according to the manufacturer's instruc-
tions. For miR-27b functional analysis, GC7901 cells were 
transfected with the scrambled miRNA as the negative control 
(NC), miR-27b mimics, or miR-27b inhibitor. For SPRY2 
functional analysis, GC7901 cells were transfected with the 
pcDNA3.1-SPRY2 plasmid.

Dual luciferase reporter assay. A QuikChange Site-Directed 
Mutagenesis kit was used to generate a mutant type 
3'-untranslated region (UTR) of SPRY2, according to the 
manufacturer's instructions. The wild type or mutant 3'-UTRs 
of SPRY2 were inserted into the psiCHECK™-2 vector, 
respectively. Subsequent to culture of the GC7901 cells to 
approximately 70% confluence, the cells were transfected with 
psiCHECK™-2-SPRY2-3'-UTR or psiCHECK™-2-mutant 
SPRY2-3'-UTR vector, with or without 100 nM miR-27b 
mimics, respectively. Subsequent to transfection for 48 h, 
the luciferase activities were determined using the LD400 
luminometer (Beckman Coulter, Inc., Brea, CA, USA). Renilla 
luciferase activity was normalized to firefly luciferase activity.

Cell migration analysis. The wound healing assay was used 
to determine the cell migration. Cells were cultured to full 
confluence. A wound of approximately 1 mm in width was 
created using a plastic scriber. Cells were washed using PBS, 
and then cultured at 37˚C with 5% CO2 for 48 h. Subsequently, 
the cells were fixed with absolute ethanol (Beyotime Institute 
of Biotechnology) and observed under a microscope (CX41; 
Olympus Corporation, Tokyo, Japan).

Invasion assay. The cell invasion assay was performed using the 
Cell Invasion Assay kit according to the manufacturer's instruc-
tions. In brief, the cell suspension containing 500,000 cells/ml 
was prepared in serum-free media (DMEM). Subsequently, 
300 µl cell suspension was placed in the upper compartment 
of the chambers and DMEM containing 10% FBS was added 
into the lower chambers. Following 24 h of incubation at 37˚C, 
cells on the upper face of the membrane were scraped using 
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a cotton swab, and cells on the lower face were fixed with 
absolute ethanol, stained with 0.1% crystal violet (Beyotime 
Institute of Biotechnology) and observed under a microscope. 
Then, the dye on the membrane was dissolved with 10% acetic 
acid (Beyotime Institute of Biotechnology), plated into 96-well 
plates (150 µl/well), then the optical density was measured 
at 570 nm (OD570) with an ELISA reader (ELx800; BioTek 
Instruments, Inc., Winooski, VT, USA).

Statistical analysis. The results are expressed as the 
mean ± standard deviation of three independent experi-
ments. Statistical analysis of the differences was performed 
with one-way analysis of variance using SPSS software, 
version 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑27b was upregulated in gastric cancer. The expression 
levels of miR-27b were measured in gastric cancer tissues and 
their matched normal adjacent tissues. As presented in Fig. 1A, 
the expression levels of miR-27b in gastric cancer tissues were 
observed to be frequently increased when compared with their 
matched normal adjacent tissues. In addition, it was expression 
was observed to be upregulated in gastric cancer cell lines, 
when compared with normal gastric epithelial cells (Fig. 1B). 
Accordingly, the data suggests that miR-27b is downregulated 
while SPRY2 is upregulated in gastric cancer.

SPRY2 is a target gene of miR‑27b in gastric cancer cells. 
The putative seed sequences for miR-27b at the 3'UTR of 
SPRY2 were indicated in Fig. 2A based on bioinformatical 
analysis. To further confirm the association between SPRY2 
and miR-27b, the wild type (WT) and mutant (MUT) of 
SPRY2 3'-UTR was generated (Fig. 2A), then the luciferase 

reporter assay was conducted in gastric cancer GC7901 cells. 
As presented in Fig. 2B, the luciferase activity was notably 
reduced in gastric cancer GC7901 cells co-transfected with 
miR-27b mimics and the WT 3'UTR of SPRY2, however 
was unaltered in GC7901 cells co-transfected with miR-27b 
mimics and MUT SPRY2 3'UTR, indicating that miR-27b 
is able to directly bind to the 3'-UTR of SPRY2 mRNA in 

Figure 1. (A) RT-qPCR was performed to examine the relative expression of 
miR-27b in eighteen gastric cancer tissues (tumor) and their matched normal 
adjacent tissues (normal). (B) RT-qPCR was performed to examine the rela-
tive expression of miR-27b in three gastric cancer cell lines. Normal gastric 
mucosa epithelial GES-1 cells were used as a control. *P<0.05 and **P<0.01 
vs. GES-1. RT-qPCR, reverse transcription-quantitative polymerase chain 
reaction; miR-27b, microRNA-27b.

  A

  B

Figure 2. (A) The seed sequences of miR-27b in the WT and MUT 3'-UTR 
of SPRY2 are indicated. (B) The luciferase activity was notably reduced in 
gastric cancer GC7901 cells co-transfected with miR-27b mimics and WT 
of SPRY2 3'UTR, however unaltered in GC7901 cells co-transfected with 
miR-27b mimics and MUT of SPRY2 3'UTR. Control, cells co-transfected 
with blank vector and WT SPRY2 3'-UTR or MUT SPRY2 3'-UTR, respec-
tively. **P<0.01 vs. control. miR-27b, microRNA-27b; WT, wild type; MUT, 
mutant; SPRY2, sprouty2; UTR, untranslated region; NC, negative control.

  A

  B

  A

  B

Figure 3. (A) Reverse transcription-quantitative polymerase chain reaction 
was conducted in order to determine the relative expression of miR-27b in 
GC7901 cells transfected with scramble miRNA (NC), miR-27b mimics and 
miR-27b inhibitor. (B) Western blotting assay was performed to examine the 
protein level of SPRY2 in GC7901 cells transfected with scramble miRNA 
(NC), miR-27b mimics and miR-27b inhibitor. Control, GC7901 cells 
without any transfection. **P<0.01 vs. control. miR-27b, microRNA-27b; NC, 
negative control; SPRY2, sprouty2; GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase.
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gastric cancer GC7901 cells, and thus SPRY2 may be a target 
of miR-27b.

miR‑27b negatively regulated the protein expression of SPRY2 
in gastric cancer cells. The GC7901 cells were then transfected 
with miR-27b mimics or inhibitor, in order to upregulate or 
inhibit the expression levels of miR-27b, respectively. As 
presented in Fig. 3A, the expression levels of miR-27b were 
increased subsequent to transfection with miR-27b mimics, 

however were reduced following transfection with the 
miR‑27b inhibitor, thus the transfection efficiency was deemed 
to be satisfactory. In addition, it was demonstrated that the 
protein levels of SPRY2 were reduced following upregulation 
of miR-27b, however were increased subsequent to inhibition 
of miR-27b (Fig. 3B), indicating that miR-27b negatively 
regulates the protein expression of SPRY2 in gastric cancer 
GC7901 cells.

The roles of miR‑27b and SPRY2 in the regulation of migra‑
tion and invasion of gastric cancer cells. At present, the roles 
of miR-27b and SPRY2 in the mediation of gastric cancer cell 
migration and invasion, in addition to the association between 
them, remain to be elucidated. To investigate this, GC7901 
gastric cancer cells were transfected with miR-27b inhibitor 
or the pcDNA3.1-SPRY2 plasmid, respectively. Subsequent to 
transfection with the pcDNA3.1-SPRY2 plasmid, the protein 
level of SPRY2 was significantly increased compared with the 
control group (Fig. 4A). As presented in Fig. 4B and C, knock-
down of miR-27b inhibited migration and invasion of GC7901 
gastric cancer cells, while upregulation of SPRY2 additionally 
suppressed GC7901 cell migration and invasion. As miR-27b 
negatively mediated the expression of SPRY2 in GC7901 cells, 
it is suggested that the role of miR-27b in the regulation of 

  A

  B

  C

Figure 4. (A) Western blotting was performed to determine the protein 
expression of SPRY2 in GC7901 cells transfected with pcDNA3.1-SPRY2 
plasmids. Control, GC7901 cells transfected with blank vector. (B) A wound 
healing assay was performed to examine the cell migration of GC7901 cells 
transfected with miR-27b inhibitor or SPRY2 plasmid, respectively. Control, 
GC7901 cells without any transfection. (C) A Transwell assay was performed 
to examine the cell migration of GC7901 cells transfected with miR-27b 
inhibitor or pcDNA3.1-SPRY2 plasmids, respectively. Control, GC7901 cells 
without any transfection. **P<0.01 vs. control. SPRY2, sprouty2; miR-27b, 
microRNA-27b; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 5. Western blotting was performed to determine the protein expres-
sion in gastric cancer GC7901 cells transfected with miR-27b mimics or 
inhibitor, or the pcDNA3.1-SPRY2 plasmid. Control, GC7901 cells without 
any transfection. **P<0.01 vs. control. miR-27b, microRNA-27b; SPRY2, 
sprouty2; ERK, extracellular signal-related kinase; GAPDH, glyceraldehyde 
3-phosphate dehydrogenase.

Figure 6. Reverse transcription-quantitative polymerase chain reaction was 
performed to examine the relative mRNA expression of SPRY2 in gastric 
cancer tissues (tumor) and their matched normal adjacent tissues (normal). 
SPRY2, sprouty2.
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cell migration and invasion is at least partly mediated through 
targeting of SPRY2.

The activity of ERK signaling is mediated by miR‑27b and 
SPRY2 in gastric cancer cells. It has been demonstrated that 
SPRY2 inhibits the activity of ERK signaling by binding to 
growth factor receptor bound protein 2 (GRB2) during fibro-
blast growth factor receptor (FGFR) activation, disrupting the 
GRB2-son of sevenless complex that transduces signals from 
FGFR to RAS (19). Accordingly, the activity of ERK signaling 
in each group was determined. As presented in Fig. 5, upregu-
lation of miR-27b increased the phosphorylation level of the 
ERK protein, indicating that the activity of ERK signaling was 
upregulated. On the contrary, knockdown of miR-27b reduced 
the phosphorylation level of ERK protein, exhibiting a similar 
effect to that of SPRY2 overexpression in GC7901 gastric cancer 
cells (Fig. 5). As miR-27b negatively mediated the expression of 
SPRY2 in GC7901 cells, it is suggested that miR-27b promotes 
the activity of ERK signaling via directly targeting SPRY2.

SPRY2 was frequently downregulated in gastric cancer. The 
expression levels of SPRY2 were determined by performing 
RT-qPCR in gastric cancer tissues in addition to in their 
matched normal adjacent tissues. As presented in Fig. 6, the 
mRNA level of SPRY2 was frequently reduced in gastric cancer 
tissues, compared with the matched normal adjacent tissues.

Discussion

miRs have been demonstrated to serve crucial roles in human 
cancer, via negatively mediating the protein expression of their 
target genes (20). In the current study, SPRY2 was identified 
as a target of miR-27b in gastric cancer GC7901 cells, and 
it was observed that SPRY2 was upregulated while miR-27b 
was downregulated in gastric cancer. In addition, the results 
indicated that SPRY2 was involved in miR-27b-mediated 
migration and invasion of gastric cancer cells, suggesting that 
miR-27b promotes migration and invasion of gastric cancer 
cells via inhibition of SPRY2-mediated ERK signaling.

Deregulations of miRNAs have been observed to be 
involved in the development and progression of gastric 
cancer. For example, miR-335 was reported to act as a tumor 
suppressor in gastric cancer metastasis by targeting Bcl-w and 
specificity protein 1 (21). miR‑338‑3p inhibits the progression 
of gastric cancer through activation of PTEN and inhibition of 
protein kinase B (AKT) signaling by targeting PREX2a (22). 
In the present study, it was observed that miR-27b was 
frequently upregulated in gastric cancer, which is consistent 
with a previous study that demonstrated that miR-27 levels 
were increased in gastric cancer tissues (17). In addition, it 
was further demonstrated that miR-27b served an inhibitory 
role in the regulation of migration and invasion of GC7901 
gastric cancer cells. Zhang et al (17) obtained similar results, 
observing that the overexpression of miR-27 promoted the 
metastasis of gastric cancer AGS cells, whereas knockdown 
of miR-27 reduced cell metastasis. However, the underlying 
molecular regulatory mechanism by which miR-27b regulates 
gastric cancer migration and invasion remains largely unclear.

In the current study, it was observed that SPRY2 
was involved in the miR-27b-mediated migration and 

invasion of gastric cancer cells. The SPRY2 protein contains 
a carboxyl-terminal cysteine-rich domain essential for the 
inhibitory activity on receptor tyrosine kinase signaling 
proteins and is required for growth factor stimulated trans-
location of the protein to membrane ruffles (23). SPRY2 
has been suggested to have a role in several types of human 
cancer. For instance, Li et al (24) investigated the expression 
pattern of SPRY2 and its clinicopathological significance 
among patients with renal cell carcinoma, and demonstrated 
that SPRY2 was modestly downregulated in cancerous 
renal cell carcinoma tissues compared with adjacent normal 
tissue. In addition, they demonstrated that siRNA-induced 
SPRY2 knockdown promoted the proliferation and invasion 
of renal cell carcinoma in vitro, suggesting a tumor suppres-
sive role of SPRY2 in renal cell carcinoma (24). SPRY2 has 
been identified to serve an inhibitory role in the regulation 
of proliferation and migration of osteosarcoma cells (25). In 
the study, it was additionally identified that the expression of 
SPRY2 was reduced in gastric cancer tissues compared with 
adjacent normal tissues, and overexpression of SPRY2 inhib-
ited gastric cancer migration and invasion. Based on these 
studies and the present study, it is suggested that SPRY2 may 
be a promising therapeutic target for types of human cancer, 
including gastric cancer.

SPRY2 has also been reported to be mediated by addi-
tional miRs. For example, SPRY2 has been identified as a 
target gene of miR-21 that is involved in miR-21-mediated 
cardiovascular disorders (26). Additionally, during human 
mesenchymal stem cell differentiation, miR-21 modulates the 
ERK-mitogen-activated protein kinase (MAPK) signaling 
pathway by targeting SPRY2 (27). The post-transcriptional regu-
lation of SPRY2 by miR-21 has been associated with the 
malignant progression of human gliomas (28). The association 
between miR-27b and SPRY2 has been previously reported in 
zebrafish, Biyashev et al (29) reported that miR-27b promoted 
endothelial tip cell fate and sprouting in addition to venous 
differentiation via targeting SPRY2, at least in part. SPRY2 
overexpression eliminated the tip cell branching in the inter-
segmental vessels, and blocking SPRY2 rescued the miR-27b 
knockdown phenotype in zebrafish and in mouse vascular 
explants. Therefore, the association between miR-27b and 
SPRY2 may be evolutionally conversed.

The downstream signaling pathway of miR-27b/SPRY2 
in gastric cancer cells was also investigated. It has been well 
established that the ERK signaling was negatively regulated 
by SPRY2 (27). In addition, SPRY2 was identified to inhibit 
hepatocarcinogenesis via activation of the MAPK and pyru-
vate kinase muscle isozyme 2 pathways and then the activity of 
AKT signaling (30). ERK signaling has been demonstrated to 
serve key roles in the regulation of tumor cell growth, metas-
tasis and drug-resistance in various types of malignant tumor 
including gastric cancer (31). In the current study, the ERK 
signaling pathway was identified to be mediated by miR‑27b 
and SPRY2, suggesting that miR-27b promotes the activity of 
ERK signaling via directly targeting SPRY2.

In summary, it is suggested that miR-27b promotes migra-
tion and invasion of gastric cancer cells via inhibition of 
SPRY2-mediated ERK signaling. Therefore, miR-27b/SPRY2 
may be used as a potential target for the treatment of gastric 
cancer.

RETRACTED



JIANG et al:  miR-27b ENHANCES GC CELL MIGRATION AND INVASION2272

References

 1. Ishiguro H, Kimura M and Takeyama H: Role of microRNAs in 
gastric cancer. World J Gastroenterol 20: 5694-5699, 2014.

 2. Kuo CY, Chao Y and Li CP: Update on treatment of gastric 
cancer. J Chin Med Assoc 77: 345-353, 2014.

 3. Piazuelo MB and Correa P: Gastric cáncer: Overview. Colomb 
Med (Cali) 44: 192-201, 2013.

 4. Pasechnikov V, Chukov S, Fedorov E, Kikuste I and Leja M: 
Gastric cancer: Prevention, screening and early diagnosis. World 
J Gastroenterol 20: 13842-13862, 2014.

 5. Yates LA, Norbury CJ and Gilbert RJ: The long and short of 
microRNA. Cell 153: 516-519, 2013.

 6. Wright CM, Dan T, Dicker AP and Simone NL: microRNAs: 
The Short Link between Cancer and RT-Induced DNA Damage 
Response. Front Oncol 4: 133, 2014.

 7. Zhang L, Xu Z, Xu X, Zhang B, Wu H, Wang M, Zhang X, 
Yang T, Cai J, Yan Y, et al: SALL4, a novel marker for human 
gastric carcinogenesis and metastasis. Oncogene 33: 5491-5500, 
2014.

 8. Xia J, Guo X, Yan J and Deng K: The role of miR-148a in gastric 
cancer. J Cancer Res Clin Oncol 140: 1451-1456, 2014.

 9. Kim K, Lee HC, Park JL, Kim M, Kim SY, Noh SM, Song KS, 
Kim JC and Kim YS: Epigenetic regulation of microRNA-10b and 
targeting of oncogenic MAPRE1 in gastric cancer. Epigenetics 6: 
740-751, 2011.

10. Li X, Wang F and Qi Y: MiR-126 inhibits the invasion of gastric 
cancer cell in part by targeting Crk. Eur Rev Med Pharmacol 
Sci 18: 2031-2037, 2014.

11. Takagi T, Iio A, Nakagawa Y, Naoe T, Tanigawa N and Akao Y: 
Decreased expression of microRNA-143 and -145 in human 
gastric cancers. Oncology 77: 12-21, 2009.

12. Sacconi A, Biagioni F, Canu V, Mori F, Di Benedetto A, 
Lorenzon L, Ercolani C, Di Agostino S, Cambria AM, 
Germoni S, et al: miR-204 targets Bcl-2 expression and 
enhances responsiveness of gastric cancer. Cell Death Dis 3: 
e423, 2012.

13. Tie J, Pan Y, Zhao L, Wu K, Liu J, Sun S, Guo X, Wang B, 
Gang Y, Zhang Y, et al: MiR-218 inhibits invasion and metastasis 
of gastric cancer by targeting the Robo1 receptor. PLoS Genet 6: 
e1000879, 2010.

14. Ye J, Wu X, Wu D, Wu P, Ni C, Zhang Z, Chen Z, Qiu F, Xu J 
and Huang J: miRNA-27b targets vascular endothelial growth 
factor C to inhibit tumor progression and angiogenesis in 
colorectal cancer. PLoS One 8: e60687, 2013.

15. Wan L, Zhang L, Fan K and Wang J: MiR-27b targets LIMK1 
to inhibit growth and invasion of NSCLC cells. Mol Cell 
Biochem 390: 85-91, 2014.

16. Jin L, Wessely O, Marcusson EG, Ivan C, Calin GA and 
Alahari SK: Prooncogenic factors miR-23b and miR-27b are 
regulated by Her2/Neu, EGF, and TNFα in breast cancer. Cancer 
Res 73: 2884-2896, 2013.

17. Zhang Z, Liu S, Shi R and Zhao G: miR-27 promotes human 
gastric cancer cell metastasis by inducing epithelial-to-mesen-
chymal transition. Cancer Genet 204: 486-491, 2011.

18. Lin CH, Lin PP, Lin CY, Huang CH, Huang YJ and Lane HY: 
Decreased mRNA expression for the two subunits of system xc-, 
SLC3A2 and SLC7A11, in WBC in patients with schizophrenia: 
Evidence in support of the hypo-glutamatergic hypothesis of 
schizophrenia. J Psychiatr Res 72: 58-63, 2015.

19. Yim DG, Ghosh S, Guy GR and Virshup DM: Casein kinase 1 
regulates Sprouty2 in FGF-ERK signaling. Oncogene 34: 
474-484, 2014.

20. Nana-Sinkam SP and Croce CM: Clinical applications for 
microRNAs in cancer. Clin Pharmacol Ther 93: 98-104, 2013.

21. Xu Y, Zhao F, Wang Z, Song Y, Luo Y, Zhang X, Jiang L, 
Sun Z, Miao Z and Xu H: MicroRNA-335 acts as a metastasis 
suppressor in gastric cancer by targeting Bcl‑w and specificity 
protein 1. Oncogene 31: 1398-1407, 2012.

22. Guo B, Liu L, Yao J, Ma R, Chang D, Li Z, Song T and Huang C: 
miR-338-3p suppresses gastric cancer progression through a 
PTEN-AKT axis by targeting P-REX2a. Mol Cancer Res 12: 
313-321, 2014.

23. Cabrita MA and Christofori G: Sprouty proteins, masterminds of 
receptor tyrosine kinase signaling. Angiogenesis 11: 53-62, 2008.

24. Li P, Tao L, Yang J, Cai H, Ju X, Li J, Shao P, Cao Q, Qin C, 
Meng X and Yin C: Sprouty2 is associated with prognosis and 
suppresses cell proliferation and invasion in renal cell carcinoma. 
Urology 82: 253 e1-7, 2013.

25. Rathmanner N, Haigl B, Vanas V, Doriguzzi A, Gsur A and 
Sutterlüty-Fall H: Sprouty2 but not Sprouty4 is a potent inhibitor 
of cell proliferation and migration of osteosarcoma cells. FEBS 
Lett 587: 2597-2605, 2013.

26. Cheng Y and Zhang C: MicroRNA-21 in cardiovascular disease. 
J Cardiovasc Transl Res 3: 251-255, 2010.

27. Mei Y, Bian C, Li J, Du Z, Zhou H, Yang Z and Zhao RC: miR-21 
modulates the ERK-MAPK signaling pathway by regulating 
SPRY2 expression during human mesenchymal stem cell differ-
entiation. J Cell Biochem 114: 1374-1384, 2013.

28. Kwak HJ, Kim YJ, Chun KR, Woo YM, Park SJ, Jeong JA, Jo SH, 
Kim TH, Min HS, Chae JS, et al: Downregulation of Spry2 by 
miR-21 triggers malignancy in human gliomas. Oncogene 30: 
2433-2442, 2011.

29. Biyashev D, Veliceasa D, Topczewski J, Topczewska JM, 
Mizgirev I, Vinokour E, Reddi AL, Licht JD, Revskoy SY and 
Volpert OV: miR‑27b controls venous specification and tip cell 
fate. Blood 119: 2679-2687, 2012.

30. Wang C, Delogu S, Ho C, Lee SA, Gui B, Jiang L, Ladu S, 
Cigliano A, Dombrowski F, Evert M, et al: Inactivation of Spry2 
accelerates AKT-driven hepatocarcinogenesis via activation of 
MAPK and PKM2 pathways. J Hepatol 57: 577-583, 2012.

31. Wu G, Qin XQ, Guo JJ, Li TY and Chen JH: AKT/ERK activation 
is associated with gastric cancer cell resistance to paclitaxel. Int 
J Clin Exp Pathol 7: 1449-1458, 2014.

RETRACTED


