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Background: Gastric cancer (GC) is one of the most common aggressive cancers and is

characterized by high mortality. Increasing evidence has shown that microRNA-665

(miRNA-665) serves as inhibiting-miRNA in cancers. However, the role of miR-665 in

GC is yet unclear.

Methods: miR-665 was first analyzed using bioinformatics. Subsequent quantitative real-

time PCR was used to detect miR-665 expression levels in different GC cell lines and tissues.

The function of miR-665 in GC cells was determined via Cell Counting Kit 8, colony

formation, wound healing, and transwell assays. Furthermore, Western blotting was utilized

to measure the expression level of epithelial–mesenchymal transition (EMT)-related proteins.

The target prediction and luciferase reporter assays were performed to confirm the binding

between miR-665 and 3ʹ-UTR of the CRIM1 gene. In addition, rescue assays were used to

determine whether CRIM1 upregulation abolished the inhibitory effect of miR-665.

Results: The expression of miR-665 was significantly decreased in GC patients and GC cell

lines. Clinical and pathological analyses showed that the low expression of miR-665 was

significantly associated with high TNM stage (P = 0.007), distant metastasis (P = 0.031), and

poor differentiation (P = 0.029). Endogenic mimics of miR-665 remarkably suppressed GC

cell proliferation, migration, invasion, and EMT in in vitro experiments. Inhibition of miR-

665 expression induced the opposite effects. The results of the bioinformatics analysis and

dual-luciferase assay showed that miR-665 targeted the 3ʹ-UTR of the CRIM1 gene. Rescue

assays revealed that overexpression of CRIM1 attenuated the inhibitory effects of miR-665 in

GC progression and EMT.

Conclusion: The overall study results demonstrated that miR-665 inhibits tumor progres-

sion and EMT in GC by targeting CRIM1, indicating that miR-665 might be a potential

therapeutic target in the treatment of GC patients.
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Introduction
Gastric cancer (GC) is one of the most aggressive digestive malignant tumors and the

fifth most common cause of cancer-related death in the world.1 In 2018, 1,000,000 new

diagnoses of GC and 783,000 deaths were estimated worldwide.2 Although various

therapeutic strategies have been developed for GC, the prognosis for patients with

advanced GC remains poor and the treatments are often ineffective.3–5 Thus, it is

necessary to explore the potential biological molecular mechanisms of GC development

and discover important biomarkers for early diagnosis and anti-cancer targeted therapies.
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MicroRNAs (miRNAs) are key components of the

conservative noncoding RNA family. Approximately

18–24 nucleotides in length, they regulate target

mRNA expression via complementary pairing with the

3′-untranslated regions (3′-UTRs) of target mRNAs to

mediate target gene degradation and regulate

translation.6,7 Several studies have shown that miRNAs

are frequently dysregulated in cancers, including GC.

For example, miR-214 inhibited the tumor-promoting

effect of cancer-associated fibroblasts (CAFs) on GC

by targeting FGF9 in CAFs and also by regulating the

EMT process in GC cells.8 Moreover, Li et al9 found

that miR-188-5p was overexpressed in GC patients and

promoted GC cell migration and invasion abilities by

activating Wnt/β-catenin signaling. Furthermore, studies

have shown that miRNAs regulate the biological beha-

viors of cancers, including proliferation, invasion,

migration, and epithelial–mesenchymal transition

(EMT).10–13 EMT serves as a key process in the patho-

genesis of GC. In recent years, EMT has been reported

to be regulated by miRNAs, such as miR-223,10 miR-

630,14 and miR-345,15 suggesting that EMT-related

miRNAs might serve as potential biomarkers and targets

for therapies in distant metastasis of GC.

miR-665 is an intergenic miRNA, with its gene located

on human chromosome 14q32.2. Recent research has

revealed that miR-665 can regulate EMT-related proteins

by targeting mRNAs in various cancers.16,17 It has also

been reported that miR-665 is down-regulated in

osteosarcoma,18 retinoblastoma,19 and ovarian cancer,20

but is up-regulated in non-small cell lung cancer21 and

breast cancer.22 However, the functional role of miR-665

in GC remains unclear.

In this study, miR-665 expression and its prognostic

value were first evaluated using bioinformatics analy-

sis. Subsequently, miR-665 was demonstrated to be

downregulated in GC tissues and cell lines, and asso-

ciated with high TNM stage, distant metastasis, and

poor differentiation. Functional experiments and

Western blotting were performed to explore the miR-

665 anti-cancer functions in GC. Then, the ability of

miR-665 to inhibit migration, invasion, and EMT pro-

cesses by directly targeting cysteine-rich motor neuron

1 (CRIM1) was verified through a series of experi-

ments. Thus, it was revealed that miR-665 inhibits

the EMT process and progression of GC by directly

targeting CRIM1.

Materials and Methods
Bioinformatics Prediction
The gene expression profile microarray, GSE93415, was

downloaded from the Gene Expression Omnibus (GEO)

database (https://www.ncbi.nlm.nih.gov/geo/) and con-

tained 20 pairs of GC tissues and adjacent normal tissues.

Data were processed using the R software limma package

to determine the different miRNA expression profiles. The

cut-off criteria were P < 0.05 and |log2FC| > 1.0.

Furthermore, RNA-seq and clinical GC data were down-

loaded from the Cancer Genome Atlas (TCGA) database

to investigate the relationship between the expression level

of miR-665 and GC patient survival. A total of 375 GC

tissues and 32 normal gastric tissues were included in the

study.

GC Cell Lines and Tissue Samples
Four human GC cell lines, including AGS, HGC-27,

MKN-45, and MGC-803, and a normal gastric epithelial

cell line (GES-1) were purchased from the Chinese

Academy of Sciences (Shanghai, China). All cells were

cultivated in RPMI 1640 medium (Invitrogen, Carlsbad,

CA, USA) containing 10% fetal bovine serum (FBS,

Invitrogen) and were maintained in a humidified atmo-

sphere of 5% CO2 at 37°C. Sixty-three paired surgically-

resected GC tissue and adjacent normal tissue (>5 cm from

cancer tissue) samples were collected from the Fourth

Affiliated Hospital of China Medical University, between

November 2016 and June 2017. All tissues were snap-

frozen in liquid nitrogen and promptly stored at –80°C

after surgical removal. None of the patients enrolled in this

study received preoperative chemotherapy and/or radio-

therapy. Informed consent was obtained from all GC

patients. TNM stage histological grade was confirmed

based on the 8th American Joint Committee on Cancer

(AJCC) system. The study was approved by The Medical

Association Ethics Committee of the Fourth Affiliated

Hospital of China Medical University.

RNA Isolation and Quantitative

Real-Time PCR (qRT-PCR)
RNAios Plus (Takara Bio Inc., Shiga, Japan) was used to

extract total RNA from cell lines and tissues, according to the

manufacturer’s instructions. Reverse transcription and qRT-

PCR of miR-665 were performed using the Hairpin-it™

miRNA RT-PCR Quantitation Kit (Gene Pharma,

Shanghai, China), with U6 RNA as the internal reference.
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RNA reverse transcription was synthesized with the

PrimerScriptTM reagent kit (Takara, Dalian, China) and

SYBR Green (Solarbio, Beijing, China) was utilized to ana-

lyze the CRIM1 mRNA expression level, where glyceralde-

hyde phosphate dehydrogenase (GAPDH) was used as an

endogenous control. The Applied Biosystems 7500 Real-

Time PCR system (Applied Biosystems, Carlsbad, CA, US)

was used to perform qRT-PCR. All primers were as follows:

miR-665 sense, 5′-GGTGAACCAGGAGGCTGAGG-3′,

miR-665 antisense, 5′-CAGTGCAGGGTCCGAGGTAT-3′,

U6 sense, 5′-CGCTTCGGCAGCACATATAC-3′, U6 anti-

sense, 5′-TTCACGAATTTGCGTGTCATC-3′, CRIM1

sense, 5′- AGTTTCCAAGTCAGGATATGTGC-3′, CRIM1

antisense, 5′- AGCATAACCCTCGATCAGAACA-3′,

GAPDH sense, 5′-AGCCACATCGCTCAGACTC-3′,

GAPDH antisense, 5′- GCCCAATACGACCAAATTC −3′.

Cell Transfection
The miR-665 mimics, mimic controls, miR-665 inhibitors,

and inhibitor controls were synthesized by the

GenePharma Company (Shanghai, China). In order to

overexpress CRIM1, the CRIM1 coding sequence was

inserted into the pcDNA3.1 eukaryotic expression plasmid

(Invitrogen). Then, miR-665 mimics, mimic controls,

miR-665 inhibitors, inhibitor controls, and CRIM1 and

pcDNA3.1 plasmid were transfected using the

Lipofectamine 3000 reagent (Invitrogen) into HGC-27

and MGC-803 cells, according to the manufacturer’s

protocol.

Cell Proliferation Assays
Cell proliferation was measured using the Cell Counting

Kit-8 (CCK-8) and colony formation assays. After a 24-

h transfection with miRNA, 5×103 transfected cells were

seeded into each well in 96-well plates with 100 μL of

medium. After 0, 24, 48, 72, and 96 h of incubation,

10 μL of the CCK-8 solution (Solarbio) was added to

each well and incubated at 37°C for 1 h. Results were

detected by a microplate reader with absorbance at 450

nm. For the plate colony assays, approximately 2×103

transfected cells were inoculated into each well in six-

well plates. After two weeks of culture, the cells were

fixed with 4% paraformaldehyde, stained using 0.1%

crystal violet (Solarbio) for 10–30 min, and photo-

graphed after rinsing. Each experiment was performed

three times.

Wound Healing Assay
The transfected cells were cultured in six-well plates for

24 h. Then, a linear scratch was drawn with a 100 μL

pipette tip. The cells were cultured at 37°C with 5% CO2

and observed and photographed with an inverted micro-

scope (Leica, Wetzlar, HE, GER) at 0 and 48 h. Wound

healing percentage was assessed using ImageJ software

(US National Institutes of Health, Bethesda, MD, USA).

Transwell Assays
Approximately 2×104 transfected cells were plated into the

upper insert of a transwell chamber (BD, Biosciences, San

Jose, CA, USA), with or without Matrigel (BD), to exam-

ine their invasion and migration functions, respectively.

The upper transwell chamber was treated with 200 μL of

serum-free medium, while the lower chamber was filled

with medium containing 20% FBS (Invitrogen) as

a stimulus. After 24 h of culture at 37°C, cells were

fixed and stained as described above. Cells that migrated

to the bottom of the filter were photographed in randomly

selected fields of view with an inverted microscope

(Leica).

Target Gene Prediction for miR-665
Potential target genes for miR-665 were identified using

three bioinformatics tools, including miRDB (http://www.

mirdb.org/), TargetScan (http://www.targetscan.org/), and

miRWalk (http://zmf.umm.uniheidelberg.de/apps/zmf/mir

walk2/). Subsequently, the GEPIA (Gene Expression

Profiling Interactive Analysis) dataset (http://gepia.cancer-

pku.cn/), which is a comprehensive website based on

TCGA and GTEx databases, was used to predict differen-

tial expression of the target genes in GC and adjacent

normal tissues.23

Luciferase Reporter Assays
Wild-type (wt) and mutant (mut) CRIM1 3′-UTRs were

inserted into the pmiR-RB-REPORT (RiboBio,

Guangzhou, China). Cells were seeded in 24-well plates

and transfected with CRIM1-3′ UTR wt or mut vectors,

and miR-665 mimic or miR-NC using Lipofectamine 3000

(Invitrogen). Luciferase activity was measured with

a dual-luciferase assay kit (Promega, Madison, WI,

USA), in accordance with the manufacturer’s instructions.

Each assay was repeated three times.
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Western Blotting
RIPA buffer (Beyotime, Shanghai, China) containing pro-

tease inhibitors was utilized to extract the total protein.

Protein sample concentration was quantified with the BCA

Protein Assay Kit (Takara, Shanghai, China). The

extracted proteins were analyzed using sodium dodecyl

sulfate-polyacrylamide gel electrophoresis and then elec-

tro-transferred to a polyvinylidene fluoride membrane

(Takara). After blocking with 5% bovine serum albumin

for 2 h at room temperature, the membranes were incu-

bated at 4°C with primary antibodies diluted with primary

antibody dilution buffer (Solarbio) as follows: CRIM1

(1:500 dilution; Abcam, Hong-Kong, China), E-cadherin

(1:100 dilution; Abcam), vimentin (1:1500 dilution;

Abcam), N-cadherin (1:1500 dilution; Abcam), and β-
actin (1:5000 dilution; Abcam). After incubation with

peroxidase-conjugated secondary antibodies (goat anti-

rabbit, 1:5000 dilution; Proteintech, Chicago, IL, USA)

at room temperature, the signal was detected using ECL

chemiluminescent reagents (Pierce, Rockford, IL, USA).

The abundance of target protein bands was measured and

analyzed using the chemiluminescence Western blotting

detection system (Tanon, Shanghai, China).

Statistical Analysis
All statistical analyses were performed using SPSS 20.0

(SPSS Inc., Chicago, IL, USA) and Prism 7.0 (GraphPad,

Inc., La Jolla, CA, USA) software. The chi-squared test or

paired Student’s t-test were used to perform comparisons

between two groups. Survival analysis was performed

using the Kaplan–Meier method and compared using the

Log rank test. All data are expressed as the mean ±

standard deviation (SD). P-values < 0.05 or < 0.01 were

considered statistically significant. All experiments were

performed at least three times.

Results
miR-665 Is Downregulated in GC
The GSE93415 dataset was downloaded from the NCBI-

GEO database and analyzed using R software. A total of

110 abnormally expressed miRNAs were discovered

(Supplementary Table 1). The 19 low-expression and 91

high-expression miRNAs are represented in a volcano plot

(Figure 1A). MiR-665 was selected for further research

after a comprehensive evaluation of the logFC value for

each miRNA and of the reported studies. Subsequently,

375 samples from the TCGA were used to assess the

association between miR-665 expression and GC patient

survival. The Kaplan–Meier survival analysis indicated

that a higher miR-665 expression is correlated with

a higher survival rate in GC patients (P = 0.0249,

Figure 1B).

Endogenous expression of miR-665 in four GC cell

lines (AGS, HGC-27, MKN-45, and MGC-803) and in

a normal gastric cell line (GES-1) was measured to further

evaluate miR-665 expression. The qRT-PCR results indi-

cated that miR-665 was significantly downregulated in

four GC cell lines compared to GES-1, HGC-27 was

relatively overexpressed, and MGC-803 was relatively

downregulated (Figure 1C). In addition, miR-665 expres-

sion levels were detected in 63 GC tissues and correspond-

ing adjacent normal tissues, revealing that miR-665

expression was diminished in GC tissues in comparison

to the adjacent normal gastric tissues (Figure 1D). Clinical

and pathological analyses showed that the low expression

of miR-665 was significantly associated with high TNM

stage (P = 0.007), distant metastasis (P = 0.031), and poor

differentiation (P = 0.029, Table 1).

miR-665 Inhibits Proliferation of GC Cells
To elucidate the function of miR-665 in GC cells, rela-

tively overexpressed HGC-27 and relatively downregu-

lated MGC-803 were selected for the miR-665

transfection. Transfection efficiency was detected using

qRT-PCR (Figure 2A). Subsequently, GC proliferation

was examined using the CCK-8 assay. The results showed

that the growth rate of HGC-27 and MGC-803 cells after

miR-665 mimic transfection was significantly decreased,

but increased upon the addition of miR-665 inhibitors

(Figure 2B). Furthermore, colony formation assays indi-

cated that cell proliferation was inhibited by miR-665

overexpression. Low expression of miR-665 showed the

opposite effects (Figure 2C). These results demonstrated

that miR-665 efficiently suppressed GC cell proliferation.

miR-665 Inhibits GC Cell Migration,

Invasion, and EMT in vitro
Wound scratch and transwell assays were performed 24

h after transfection in an attempt to explore the effect of

miR-665 on migration and invasion in GC cells. These

results indicated that miR-665 overexpression inhibited

GC cell migration, compared to the control group. MiR-

665 expression inhibition showed the opposite effect

(Figure 3A). Transwell results demonstrated that GC
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cells co-transfected with miR-665 mimics suppressed cell

migration and invasion, while cells transfected with miR-

665 inhibitors showed the opposite results (Figure 3B).

Based on previous studies on the role of miR-665 in

a variety of cancers, this study hypothesized that miR-

665 might serve as an EMT-related miRNA. Hence,

Western blotting was performed to detect EMT markers

in MGC-803 and HGC-27 cells. The expression of the

epithelial marker E-cadherin was enhanced after miR-665

upregulation in GC cells. However, the levels of mesench-

ymal markers N-cadherin and vimentin were decreased.

Inhibition of miR-665 expression restrained E-cadherin

expression and promoted N-cadherin and vimentin expres-

sion (Figure 3C). These findings indicated that miR-665

inhibited GC cell EMT process.

CRIM1 Is a Direct Target of miR-665
To explore the molecular mechanism of miR-665 in GC,

three bioinformatics tools, including TargetScan7.1,

miRDB, and miRWalk, were used to search for potential

target genes of miR-665. A total of 117 target genes were

selected (Figure 4A). Among the identified potential candi-

dates, CRIM1 was chosen due to its high prediction score.

Potential binding sites between CRIM1 and miR-665 were

Figure 1 miR-665 is downregulated in GC tissues and cells. (A) Volcano plot of 110 differentially-expressed miRNAs. Red dots represent 91 upregulated miRNAs and green

dots represent 19 downregulated miRNAs (cut-off criteria are P < 0.05 and |log2FC| > 1.0). (B) Kaplan–Meier survival analysis of correlation between miR-665 expression

level and overall survival from TCGA. (C) miR-665 was significantly downregulated in four GC cell lines (AGS, HGC-27, MKN-45, and MGC-803) compared to gastric

epithelial cell line (GES-1). (D) qRT-PCR analysis of miR-665 expression in 63 GC and adjacent normal tissues. Data are shown as –ΔΔCT values. Expression level data are

presented as mean ± SE. *P < 0.05.
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predicted using TargetScan7.1 (Figure 4B). Subsequently,

GEPIA data were extracted to explore the expression of

CRIM1. These results indicated that CRIM1 expression was

significantly upregulated in GC tissues, compared to adja-

cent normal gastric tissues (P < 0.05, Figure 4C). Western

blotting and qRT-PCR were performed to further verify the

association between miR-665 and CRIM1. As a result,

CRIM1 was downregulated and upregulated after transfec-

tion with miR-665 mimics and inhibitors, respectively

(Figure 4D, E). The luciferase report assay showed that

miR-665 mimics significantly inhibited the luciferase activ-

ity of the CRIM1-wt vector, but failed to significantly

change the luciferase activity of the CRIM1-mut binding

sites (Figure 4F).

CRIM1 expression level via qRT-PCR showed that

CRIM1 was significantly upregulated in GC cell lines

and tumor tissues (Figure 5A and B). Spearman correla-

tion analysis indicated that CRIM1 expression was inver-

sely correlated with miR-665 level in GC (Figure 5C).

Moreover, Western blot results indicated that the CRIM1

protein level was upregulated in the GC cell lines and four

tumor tissue samples (Figure 5D and E).

CRIM1 Attenuates miR-665 Inhibitory

Effects on GC Cells
A rescue experiment was performed to confirm whether

miR-665 suppresses GC cell EMT progress by regulating

CRIM1. First, the pcDNA3.1-CRIM1 plasmid was trans-

fected into MGC-803 and HGC-27 cells, and its transfec-

tion efficiency was examined by qRT-PCR and Western

blot (Figure 6A and B). Subsequently, MGC-803 and

HGC-27 cells were co-transfected with the

pcDNA3.1-CRIM1 plasmid or empty vector and miR-665

mimics or negative controls to explore whether CRIM1

mediated the function of miR-665 in GC. Functional

experimental results indicated that restoration of CRIM1

expression abrogated the inhibitory effects of miR-665 in

relation to metastasis and invasion of GC cells (Figure

6C). Moreover, Western blot results revealed that co-

transfection with CRIM1 partially abolished the regulatory

effects of miR-665 on EMT marker expression in GC

cells, including inhibition of E-cadherin and upregulation

of N-cadherin and vimentin (Figure 6D). These results

show that miR-665 inhibits GC progression and EMT

through negative regulation of CRIM1.

Discussion
An increasing number of studies have reported that

miRNAs play a crucial role in carcinogenesis and the

progression of GC. However, comprehensive profiling

and regulatory mechanisms of dysregulated miRNAs in

cancer remain largely elusive. In the present study, the

microarray database, GSE93415, was analyzed to discover

that miR-665 was significantly down-regulated in GC

cells. Clinical information and RNA-seq data from 375

GC patients downloaded from the TCGA demonstrated

that GC patients with high miR-665 expression had

a better prognosis than those with low expression.

According to the qRT-PCR analysis, miR-665 was down-

regulated in GC cell lines and tissue specimens. In addi-

tion, clinicopathological features showed that

Table 1 Association Between miR-665 Expression and GC

Clinicopathological Characteristics

Variable miR-665

Expression

Total

Samples

P-value

Low, n,

%

High, n,

%

Age

<60 17 (27.0) 13 (20.6) 30 0.259

≥60 14 (22.2) 19 (30.2) 33

Sex

Male 15(23.8) 13 (20.6) 28 0.535

Female 16(25.4) 19 (30.2) 35

TNM Stage

I + II 8 (12.7) 19 (30.2) 27 0.007a

III + IV 23 (36.5) 13 (20.6) 36

Tumor Invasion

T1 + T2 19 (30.2) 16 (25.4) 35 0.367

T3 + T4 12 (19.0) 16 (25.4) 28

Lymph Node Metastasis

No 20 (31.7) 22 (34.9) 42 0.722

Yes 11 (17.5) 10 (15.9) 21

Distant Metastasis

No 14 (22.2) 23 (36.5) 37 0.031a

Yes 17 (27.0) 9 (14.3) 26

Differentiation Grade

Well and

moderate

9 (14.3) 18 (28.6) 27 0.029a

Poor 22 (34.9) 14 (22.2) 36

Note: aP <0.05 was considered statistically significant.
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downregulation of miR-665 correlated with a high TNM

stage (P = 0.007), distant metastasis (P = 0.031), and poor

differentiation (P = 0.029). Cell function experiments con-

firmed that miR-665 overexpression was able to inhibit

GC cell proliferation, invasion, and migration in vitro,

while low miR-665 expression showed the opposite

effects.

Furthermore, Western blotting was performed to detect

EMT-related markers in MGC-803 and HGC-27 cells

transfected with miR-665 mimics or miR-665 inhibitor.

Western blot results demonstrated that miR-665 partici-

pates in the process of EMT inhibition in GC. MiR-665

has been reported to significantly regulate the EMT

process in various cancers. Liu et al previously concluded

that miR-665 suppressed the development and metastasis

of ovarian cancer by targeting homeobox A10.20 MiR-665

had a similar effect in colorectal cancer, inhibiting metas-

tasis and EMT in vitro via the STAT3 signaling pathway.17

By contrast, miR-665 is up-regulated in hepatocellular

carcinoma and miR-665 expression is associated with

growth, metastasis, and EMT in hepatocellular carcinoma

cells.24 Although miR-665 plays different roles in different

cancers, these reports indicate that miR-665 can serve as

an EMT-related miRNA. In recent years, EMT has been

considered a prominent mechanism in the invasion and

migration processes of tumors by restraining cell adhesion

Figure 2 miR-665 inhibits GC cell proliferation. (A) qRT-PCR analysis of miR-665 expression in MGC-803 and HGC-27 cells transfected with miR-665 mimics or miR-665

inhibitor. (B) CCK-8 assays were performed to detect the growth ability of MGC-803 and HGC-27 cells transfected with miR-665 mimics or miR-665 inhibitor. (C) Colony

formation assays were used to analyze proliferation of MGC-803 and HGC-27 cells after transfection with miR-665 mimics or miR-665 inhibitor. Data are presented as mean

± SD. *P < 0.05, **P < 0.01.
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Figure 3 miR-665 inhibits GC cell invasion, migration, and EMT process. (A) Wound healing assays were performed to detect invasion and migration capacity of MGC-803

and HGC-27 cells transfected with miR-665 mimics or miR-665 inhibitor. (B) Transwell assays were performed to reveal invasion and migration capacity of GC cells

transfected with miR-665 mimics or miR-665 inhibitor. (C) Protein expression levels of E-cadherin, N-cadherin, and vimentin were measured by Western blotting 24 h after

transfection with miR-665 mimics or miR-665 inhibitor in MGC-803 and HGC-27 cells. Data are presented as mean ± SD. *P < 0.05, **P < 0.01.
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Figure 4 CRIM1 is a direct target gene of miR-665. (A) Target genes of miR-665 were predicted using three online databases (TargetScan, miRDB, and miRWalk). (B) miR-665 binding
site was predicted in CRIM1 3′UTR by TargetScan. (C) Expression of CRIM1 in GC (GEPIA). (D) qRT-PCR analysis of CRIM1 expression in MGC-803 and HGC-27 cells transfected with

miR-665 mimics or miR-665 inhibitor. (E) Expression of CRIM1 was measured byWestern blotting 24 h after transfection with miR-665 mimics or miR-665 inhibitor in MGC-803 and

HGC-27 cells. (F)CRIM1-3ʹUTR-wt,CRIM1-3ʹUTR-mut,miR-665mimics, andmiR-665NCwere transfected intoMGC-803 andHGC-27 cells and luciferase activitywas detected.Data

are presented as mean ± SD. *P < 0.05, **P < 0.01.
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and facilitating cytoskeletal remodeling.25 However, the

regulatory functions and mechanisms of EMT remain

unclear, especially concerning miRNAs. The above results

indicate that miR-665 is a key EMT-related miRNA in GC

and requires further experimental research to explore its

potential regulatory mechanisms.

The miRNAs have been previously confirmed to regulate

target gene expression by binding to complementary

sequences in the target gene 3′-UTR, leading to target gene

degradation and translation inhibition. For example, miR-

1224 functions as a tumor suppressor in intestinal GC by

targeting focal adhesion kinase (FAK),26 while miR-1236-3p

inhibits tumor metastasis in GC by targeting MTA2.27 In this

study, bioinformatics tools and experimental assays were

used to verify that the CRIM1 gene is the direct target of

miR-665. CRIM1 is a glycosylated type I transmembrane

protein that inhibits bone morphogenetic proteins (BMPs),

maintains tissue architecture, and regulates cell migration

and adhesion.28 A negative correlation between miR-665

and CRIM1 was also demonstrated in GC. CRIM1 has

Figure 5 CRIM1 is upregulated in GC cell lines and tissues. (A) qRT-PCR results of CRIM1 expression level in GC cells and GES-1 cells. (B) qRT-PCR results of CRIM1
expression level in 63 pairs of GC and adjacent normal tissues. Data are shown as –ΔΔCT values. (C) Association between CRIM1 and miR-665 expression levels was

analyzed in 63 GC patients by Spearman correlation analysis. (D) Western blot results of CRIM1 protein levels in GC and GES-1 cells. (E) CRIM1 protein level was measured

using Western blotting in four GC patients. Data are presented as mean ± SD. *P < 0.05, **P < 0.01.
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Figure 6 Restoration of CRIM1 expression abolished the effects of miR-665 on the proliferation, migration and invasion in GC cells. MGC-803 and HGC-27 cells were co-

transfected with the pcDNA3.1-CRIM1 plasmid or empty vector and miR-665 mimics or negative controls. All post transfected cells were collected and used in the following

experiments. (A and B) CRIM1 mRNA expression and protein expression in MGC-803 and HGC-27 cells transfected with pcDNA3.1-CRIM1 plasmid or empty vector was

examined by qRT-PCR and Western blotting, respectively. (C) Transwell assays were conducted to examine post transfected cells migration and invasion, respectively. (D)

Western blotting was used to detect the effects of post transfected cells on EMT-related proteins (E-cadherin, N-cadherin, and vimentin) in MGC-803 and HGC-27 cells.

Data are presented as mean ± SD. *P < 0.05, **P < 0.01.
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been reported to promote tumor metastasis and EMT in

a variety of cancers and its expression is associated with

tumor development and poor prognosis.29 Ogasawara et al

found that CRIM1 activates invasion and EMT by down-

regulating E-cadherin and upregulating Claudin-1, matrix

metalloproteinase (MMP) 2, and MMP9 in renal carcinoma

cells.30 In addition, it has been reported that CRIM1 can

promote EMT in lung and prostate cancers.31,32 In the pre-

sent study, CRIM1 was shown to be upregulated in GC cell

lines and tissues. Moreover, rescue assay results confirm that

miR-665’s inhibitory effects are attenuated by CRIM1 in

relation to progression and EMT of GC cells. These findings

revealed that miR-665 inhibited the progression and EMTof

GC by targeting CRIM1.

However, there are some limitations in the current

study. First, in vivo experiments were not conducted to

validate the findings. Second, this study did not involve

investigating potential signaling pathways of miR-665 in

regulatory mechanisms of GC. Furthermore, studies have

shown that using histologically normal tissue adjacent to

the tumor (NAT) as a healthy control tissue to characterize

tumor-related biological processes and pathways may lead

to suboptimal results.33,34 Since we collected and analyzed

surgically-resected GC tissues and NAT, the prognostic

value of miR-665 may not be adequately reflected.

Hence, more experimental research is needed to further

explore its diagnostic and therapeutic values.

In conclusion, this study demonstrated that miR-665 is

downregulated in GC cell lines and tissues, and is associated

with high TNM stage, distant metastasis, and poor differentia-

tion. The results of a series of experiments indicated that miR-

665 can inhibit GC cell proliferation, invasion, migration, and

EMT by targetingCRIM1. The present study reveals that miR-

665 and CRIM1 can serve as novel prognostic biomarkers of

GC and are promising targets for GC therapy.
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