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Abstract. Numerous studies have reported that abnormal 
cadherin 3 (CDH3) and microRNA (miRNA/miR)‑665 
expression can induce the progression of gastric cancer (GC). 
However, the mechanism of interaction between miR‑665 and 
CDH3 in GC requires further investigation. The present study 
aimed to investigate the influence of miR‑665 and CDH3 in GC 
development. The effect of miR‑665 and CDH3 on GC tissues 
and cell lines was examined using reverse transcription‑quan‑
titative PCR. Subsequently, CDH3 protein expression in GC 
cell lines was detected using western blotting. To confirm the 
association between miR‑665 and CDH3, a dual‑luciferase 
reporter assay system was employed. Cell proliferation and 
adhesion were analyzed using BrdU ELISA, MTT and cell 
adhesion assays. Finally, caspase‑3 activity assay kit and 
FITC apoptosis detection kit were used for the determination 
of apoptosis of GC cells. The current findings confirmed the 
upregulation of CDH3 expression in GC cell lines and tissues. 
Experimental results indicated that CDH3 overexpression 
increased cell proliferation and adhesion, but decreased the 
apoptosis level of the cells. Similarly, the miR‑665 inhibitor 
enhanced cell proliferation and adhesion, but inhibited apop‑
tosis of GC cells. Additionally, it was observed that CDH3 
was a direct target of miR‑665 in GC cells and that miR‑665 
inhibited CDH3 expression, thereby repressing the progres‑
sion of GC. In conclusion, the present study suggested that by 
targeting CDH3, miR‑665 suppressed the progression of GC. 
These findings may provide a significant theoretical basis for 
future GC clinical therapy.

Introduction

Gastric cancer (GC) refers to the deleterious inflammation 
of the stomach wall, and this type of tumor accounted for 
~8.2% of tumor‑associated deaths worldwide in 2018 (1). 
GC is a multifactorial disease that is associated with the 
environment, including Helicobacter pylori infection (2), 
smoking and alcohol consumption (3). To date, treatment 
options such as surgery, radiotherapy, chemotherapy and 
medication are the most frequently therapeutic strategies 
for patients with GC; however, these methods have not 
improved the recurrence and the poor prognosis of GC (4). 
Gene therapy has also been utilized in recent years to treat 
patients with GC (5). However, numerous target genes in GC 
remain unknown. By exploring the molecular mechanism of 
GC, the clinical outcomes of patients suffering from GC can 
be improved.

The cadherin 3 (CDH3) gene is located on chromosome 
16q22.1 and consists of 18 exons. It is found in a six‑cadherin 
bundle, and this calcium‑dependent gene is comprised of 
five extracellular repeats, a cytoplasmic tail and a transmem‑
brane region (6). The aberrant expression of CDH3 has been 
frequently observed in various types of cancer, including 
colorectal (7), pancreatic (8) and esophageal cancer (9). More 
specifically, CDH3 has been demonstrated to increase cell 
adhesion and invasion (10). However, only a few studies have 
been conducted to investigate the tumorigenic role of CDH3 in 
GC cells (11,12), revealing that CDH3 expression was upregu‑
lated in GC tissues. Therefore, it is noteworthy to investigate 
the impacts of CDH3 on GC.

MicroRNAs (miRNAs/miRs) can be referred to as 
non‑coding protein sequences with the capability of regulating, 
decoding and controlling gene expression (13). Previous 
studies have revealed that miRNAs regulate cell proliferation, 
invasion and apoptosis, as well as serving a pivotal role in tumor 
progression (14,15). For instance, miR‑665 has been associated 
with lung cancer progression by increasing cell proliferation, 
migration and invasion (16). Some studies have suggested 
that miR‑665 may be used as a potential molecular target for 
various types of cancer, including pancreatic (17), breast (18) 
and ovarian carcinoma (19). Additionally, several studies on 
GC have suggested that by targeting different genes, miR‑665 
may act both as an oncogene and as a tumor inhibitor (20,21). 
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However, the mechanism of interaction between miR‑665 and 
CDH3 in GC requires further investigation. 

The present study aimed to explore the effect of the 
miR‑665/CDH3 interactome on the pathogenesis of GC. The 
objective included the investigation of potential bio‑targets 
for GC treatment. It was hypothesized that miR‑665 could 
suppress GC cells by targeting CDH3. The current study may 
be relevant in terms of providing a theoretical basis for GC 
clinical therapy.

Materials and methods

Bioinformatics analysis. The mRNA expression profiles 
GSE118916 (22) and GSE79973 (23) were obtained from the 
Gene Expression Omnibus (GEO) database (https://www.
ncbi.nlm.nih.gov/gds/?term=), a public database that stores 
gene expression microarrays. The upregulated differentially 
expressed genes (DEGs) were screened from GSE118916 and 
GSE79973 using log2‑fold‑change (logFC)>1 and adjusted (adj) 
P<0.05. STRING (https://string‑db.org/) was used to analyze 
the Gene Ontology (GO) enrichment of the upregulated DEGs. 
The expression levels of the key genes in stomach adenocarci‑
noma (STAD) were analyzed using The Cancer Genome Atlas 
(TCGA) database (https://portal.gdc.cancer.gov/). 

Clinical samples and cell lines. All tissue samples, including 
tumor and non‑tumor specimens, were obtained from 30 patients 
with GC (16 male and 14 female; median age, 60 years; age 
range 29‑72 years) at Henan Provincial People's Hospital 
(Zhengzhou, China) between January 2019 and January 2020. 
All patients signed informed consent forms to participate in the 
study. The ethical protocols of the present study were approved 
by the Ethics Committee of Henan Provincial People's 
Hospital. The diagnosis of GC included a clinical examination, 
blood sampling, endoscopy (when clinically indicated) and 
computed tomography scanning of the chest, abdomen and 
pelvis. The tumor tissues were all confirmed by endoscopic 
biopsy or surgical specimens. Patients with a history of cancer 
or severe clinical symptoms and genetic diseases, and patients 
who received preoperative radiochemotherapy were excluded 
from the study. Non‑tumor specimens were ≥1.5 cm from 
the tumor margins. All collected samples were stored at the 
recommended temperature (‑80˚C). The clinical features of 
patients who participated in the study are shown in Table I. 
The tumors were staged following the tumor‑node‑metastasis 
(TNM) staging system of the International Union Against 
Cancer (24). CDH3 was divided into high and low expression 
groups according to the median expression level of CDH3 
(5.848). The association between CDH3 expression and clinical 
characteristics in patients with GC are shown in Table SI. 

All cell lines used were purchased from the American 
Type Culture Collection, including GC cell lines (HGC‑27, 
GTL‑16, MKN74 and AGS) and the gastric epithelial cell line 
(GES‑1). MKN74 cells were maintained in F‑12K medium, 
GES‑1 cells were maintained in RPMI‑1640 medium and 
AGS, HGC‑27 and GTL‑16 cells were kept in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.). The media were supplemented 
with 100 U/ml penicillin and 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.). Cells were incubated at 37˚C in an atmosphere 
containing 5% CO2.

RNA extraction and reverse transcription‑quantitative (RT‑q)
PCR. RNA extraction from tissues and cells was performed 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). cDNA was obtained using the PrimeScript First Strand 
cDNA Synthesis kit (Takara Bio, Inc.) according to the 
manufacturer's protocol. Subsequently, qPCR was performed 
using SYBR® Premix Ex Taq™ (Takara Bio, Inc.) according to 
the manufacturer's protocol. The thermocycling conditions were 
as follows: Denaturation at 95˚C for 20 sec, followed by 40 cycles 
of denaturation at 95˚C for 1 min and annealing/extension 
at 60˚C 20 sec. The expression levels of miR‑665, CDH3, 
collagen type XVIII α1 chain (COL18A1) and fibroblast 
activation protein (FAP) were measured using the 2‑ΔΔCq method, 
and U6 or GAPDH were used as an endogenous reference for 
miRNA or mRNA, respectively. The relative expression levels of 
miR‑665, CDH3, COL18A1 or FAP were reported in relation to 
an internal control gene called ΔCt. The ΔCT and ΔΔCT values 
were calculated using the following mathematical formulas: 
ΔCt=CtmiRNA‑126/CDH3‑CtU6/GAPDH and ΔΔCt=ΔCtcase‑ΔCtcontrol (25). 
All the primer sequences used in the study are listed in Table II.

Western blotting. GC cells were lysed using RIPA lysis buffer 
(Sangon Biotech Co., Ltd.). Total protein concentration was 
quantified using the BCA method. Proteins (30 µg/lane) were 
separated via 10% SDS‑PAGE and then transferred to PVDF 
membranes, which were blocked with 5% BSA (Gibco; Thermo 
Fisher Scientific, Inc.) for 2 h at 25˚C, and washed three times 
with TBS‑0.1% Tween‑20. After blocking the membranes, 
primary antibodies against CDH3 (1:1,000; cat. no. ab242060; 
Abcam) and GAPDH (1:2,000; cat. no. ab181602; Abcam) 
were used to incubate the membranes overnight at 4˚C. 
Subsequently, HRP‑conjugated goat anti‑rabbit IgG (1:5,000; 
cat. no. ab97051; Abcam) secondary antibody was incubated 
for 1 h at 25˚C. The protein signal was subsequently visualized 
using an ECL system (Bio‑Rad Laboratories, Inc.). Finally, the 
quantification of the density of each band was performed using 
Gel‑Pro Analyzer 4.0 (Media Cybernetics, Inc.).

Cell transfection. The small interfering RNA (siRNA) used 
as a non‑targeting negative control (si‑NC) and the siRNA 
against CDH3 (si‑CDH3) were obtained from Shanghai Tuoran 
Biological Technology Co., Ltd. For CDH3 overexpression, 
full‑length CDH3 was synthesized and transformed into 
pcDNA3.1 (OE‑CDH3), provided by Shanghai Tuoran 
Biological Technology Co., Ltd., and the corresponding empty 
vector was used as a NC (OE‑NC). Using Lipofectamine® 3000 
Transfection Reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.), the transfection of AGS and HGC‑27 cells was performed 
using 50 nM siRNA or 2 µg/ml pcDNA3.1 in 24‑well plates 
at 37˚C for 48 h. Subsequent experiments were performed 48 h 
after transfection. The next procedure involved the selection 
of stable cell lines with puromycin (4 µg/ml). Additionally, 
the miR‑665 inhibitor, miR‑665 mimic and the corresponding 
non‑targeting NCs (mimic‑NC and inhibitor‑NC) were 
obtained from Genewiz, Inc. The sequences of si‑CDH3, 
miR‑665 inhibitor, miR‑665 mimic and their corresponding 
NCs are listed in Table III. HGC‑27 and AGS cells were 
seeded into 24‑well plates (2x105 cells/well). After the density 
of the cells was 50%, they were transfected with the miR‑665 
mimic, miR‑665 inhibitor or corresponding negative controls 
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at a concentration of 50 nM using Lipofectamine 3000 
Transfection Reagent for 48 h at 37˚C. Subsequent experiments 
were performed 48 h after transfection.

MTT assay. MTT colorimetric assay was used to detect 
cell viability. HGC‑27 and AGS cells were cultured 
into 96‑well plates at a density of 5x103 cells/well. MTT 
(5 mg/ml) was then added to each well at four time points 
(0, 24, 48 and 72 h). After 4 h incubation at 37˚C, acid 
isopropanol was added to each well. The cell samples were 
then mixed until the dark blue crystals dissolved completely. A 
microplate reader was used to read the absorbance at 570 nm. 
The triplicate repeated readings for each sample were 
averaged, and the medium background was subtracted from 
the analytical readings to correct the absorbance. 

BrdU ELISA assay. The BrdU Cell Proliferation Assay kit 
(cat. no. 6813; Cell Signaling Technology, Inc.) was used to 
detect cell proliferation according to the manufacturer's 
protocol. First, 2x104 HGC‑27 and AGS cells were cultured 
into each well of a 96‑well plate. The next day, the cells were 
serum‑starved overnight. Subsequently, the serum was added 
to the cells for 8 h. After that, cells were incubated for 8‑12 h 
without removing the treatment media. The absorbance value 
was subsequently recorded at 450 nm using a microplate reader. 
BrdU was incorporated into the DNA of dividing cells, and 
the intensity of the luminescence recorded using a microplate 
reader was proportional to the amount of incorporated BrdU 
in the cells to evaluate cell proliferation.

Apoptosis assay. The FITC Annexin V Apoptosis Detection kit 
(BD Biosciences) was used for apoptosis analysis according to 
the manufacturer's protocol. After the cell lines were collected 
in 100 µl ice‑cold PBS (6x104 cells), they were suspended with 
the binding buffer (100 µl) and treated with Annexin V‑FITC 
(5 µl) and propidium iodide (5 µl) in the dark at 20‑22˚C for 
15 min. The next procedure was the addition of 400 µl of the 
same binding buffer to the aforementioned binding buffer 
(100 µl). The cells were detected and characterized by flow 
cytometry (FACSCalibur; Becton, Dickinson and Company), 
and cells were analyzed using FlowJo v10.6.2 (FlowJo LLC). 
Early apoptosis (Annexin V‑FITC+/PI‑; Q4) and late apoptosis 
(Annexin V‑FITC+/PI+; Q2) were considered as the apoptosis 
rate.

Caspase activity assay. This assay was performed using the 
caspase‑3 activity assay kit (cat. no. 5723; Cell Signaling 
Technology, Inc.) according to the manufacturer's protocol. 
The first step was seeding AGS and HGC‑27 cells into the 
96‑well plates (2x104 cells/well) and culturing the cells at the 
suggested operating conditions (37˚C and 80% density). The 
caspase‑3 assay loading solution was then prepared by adding 
N‑Acetyl‑Asp‑Glu‑Val‑Asp‑p‑Nitroanilide (DEVD‑pNA) 
substrates and DL‑Dithiothreitol (DTT) reagents. This 
preparation was performed according to the manufacturer's 
instructions. After the cells were collected, they were suspended 
with ice‑cold cell lysis buffer included in the aforementioned 
kit for 10 min and then incubated on ice. Then, the caspase‑3 
assay loading solution (100 µl/well) was added to the cells, and 
the mixture was incubated at 37˚C for 2 h. The absorbance 
at 405 nm was measured using a microplate reader.

Cell adhesion assay. HGC‑27 and AGS cells were transferred 
to a DMEM containing 10% FBS and seeded into 96‑well 

Table II. Primer sequences used for reverse transcription‑quan‑
titative PCR.

Gene Primer sequences (5'‑3')

miR‑665 Forward: GCCGAGACCAGGAGGCUGA
 Reverse: CTCAACTGGTGTCGTGGA
U6  Forward: ATTGGAACGATACAGAGAAGATT
 Reverse: GGA ACGCTTCACGAATTTG
CDH3 Forward: CAGGTGCTGAACATCACGGACA
 Reverse: CTTCAGGGACAAGACCACTGTG
COL18A1 Forward: GGAGAGATTGGCTTTCCTGGAC
 Reverse: CCTCATGCCAAATCCAAGGCTG
FAP Forward: GGAAGTGCCTGTTCCAGCAATG
 Reverse: TGTCTGCCAGTCTTCCCTGAAG
GAPDH Forward: AGCCACATCGCTCAGACAC
 Reverse: GCCCAATACGACCAAATCC

miR, microRNA; CDH3, cadherin 3; COL18A1, collagen type XVIII 
α1 chain; FAP, fibroblast activation protein.

Table I. Clinical characteristics of 30 patients with gastric 
cancer.

Characteristics N Percentage, %

Age, years  
  >60 18 60.0
  ≤60 12 40.0
Sex  
  Male 16 53.3
  Female 14 46.7
Tumor size, cm  
  >5 19 63.3
  ≤5 11 36.7
Histological grade  
  Low 13 43.3
  High 17 56.7
TNM stage  
  I 5 16.7
  II 7 23.3
  III 14 46.7
  IV 4 13.3
Lymph nodes status  
  Positive 19 63.3
  Negative 11 36.7
Differentiation  
  Poor 17 56.7
  Well/moderate 13 43.3
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plates (2x104 cells/well). A total of ~30 µl/well of Collagen I 
solution (40 µg/ml) (Chrono‑log Corporation) was transferred 
to the 96‑well plate and incubated at 4˚C for 12 h. The next 
step was the removal of the solution, followed by air‑drying the 
plate at 20‑22˚C. The cells were then washed with serum‑free 
DMEM and cultured for 8 h at 37˚C in serum‑free DMEM. 
To dissociate them, 10 mM EDTA was added to the cells for 
10 min at 25˚C. The cells were then washed three times with 
PBS to remove EDTA and were suspended in DMEM with 
0.1% BSA (2x105 cells/ml; Gibco; Thermo Fisher Scientific, 
Inc.). Subsequently, 100 µl cell suspension was added to the 
96‑well plate with air‑dried Collagen I, and the cells were 
incubated at 37˚C for 60 min. After the cells adhered to the 
plate surface, DMEM (100 µl) was added to eliminate other 
non‑adherent cells. Next, the cells were incubated at 37˚C for 
1 h with DMEM containing 10% FBS. Subsequently, the MTT 
substrate (10 µl) was added to each well, and the cells were 
incubated for 2 h at 30˚C. DMSO (100 µl) was then added to 
lyse the cells. Finally, the absorbance was measured at 570 nm 
using a microplate reader. The absorbance was positively 
associated with the number of adherent cells, so the optical 
density value was used to evaluate the adhesion ability of cells.

Luciferase assay. The miRNA upstream of CDH3 was 
predicted using bioinformatics softwares, including 
GSE93415 (26) from Gene Expression Omnibus DataSets 
(https://www.ncbi.nlm.nih.gov/gds/?term=), TargetScan 
(http://www.targetscan.org/), starBase (http://starbase.sysu.
edu.cn/panCancer.php) and Venny 2.1.0 (http://bioinfogp.cnb.
csic.es/tools/venny/index.html). The pmiRGLO plasmid vector 
(Promega Corporation) used in the present study contained 
both the firefly luciferase reporter gene and the internal control 
gene, Renilla luciferase. The pmiRGLO CDH3 3'‑untranslated 
regions (3'‑UTRs) wild‑type (WT) vectors and pmiRGLO 
CDH3 3'‑UTR mutated (MUT) vectors with the miR‑665 
binding sites replaced by a random nucleotide sequence were 
constructed. A 24‑well plate was then used to seed AGS 
and HGC‑27 cells (2x105 cells/well). The next step was the 
co‑transfection of the cells with pmiRGLO CDH3‑MUT or 
pmiRGLO CDH3‑WT and with either miR‑665 mimic or 
mimic‑NC using Lipofectamine 3000 Transfection Reagent. 

After collecting the cells transfected for 48 h, Renilla lucif‑
erase and firefly luciferase activities were detected using the 
Dual Luciferase Reporter Assay System (Thermo Fisher 
Scientific, Inc.). Firefly luciferase activity was normalized to 
that of Renilla luciferase activity. 

Statistical analysis. GraphPad Prism 7.0 (GraphPad Software, 
Inc.) was used for data analysis. To compare two variables in 
tissues, paired Student's t‑test was utilized. To compare two 
groups in cell experiments, unpaired Student's t‑test was used. 
To compare multiple groups, one‑way ANOVA with Dunnett's 
or Tukey's post‑hoc test was employed. Pearson correlation 
analysis was applied to assess the correlation between CDH3 
and miR‑665 expression. Fisher's exact test was used to 
determine the association between CDH3 expression and 
clinicopathological variables. Each experiment was performed 
thrice, and results were presented as the mean ± standard error. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Identification of key genes involved in GC. Two mRNA expression 
profiles (GSE118916 and GSE79973) were downloaded from 
the GEO database. The profiles were then applied to filter 
the DEGs involved in GC. A total of 251 upregulated DEGs 
were overlapped between GSE79973 and GSE118916, with 
logFC values >1 and adj. P<0.05 (Fig. 1A). The 251 overlapped 
DEGs were uploaded to STRING for GO enrichment analysis 
(Fig. 1B). After performing GO enrichment analysis, ‘cell 
adhesion’ and ‘regulation of cell population proliferation’ were 
significantly enriched following GO analysis, and 16 genes 
were involved in these two biological processes (Fig. 1C). By 
using TCGA analysis, CDH3, COL18A1 and FAP were found 
to be significantly upregulated in GC samples compared with in 
non‑tumor samples (Fig. 1D). To identify and investigate these 
key genes, the expression levels of CDH3, COL18A1 and FAP 
were further detected in clinical tissues, revealing that they were 
all upregulated in tumor tissues compared with in normal tissues 
(Fig. 1E‑G). Since CDH3 exhibited the highest upregulation, it 
was selected to be further explored in subsequent experiments.

Table III. Oligonucleotide sequences used for cell transfection.

Oligonucleotide Primer sequences (5'‑3')

si‑CDH3 Forward: UUCAACAGCAACCAGCCUGUUUCCU
 Reverse: AGGAAACAGGCUGGUUGCUGUUGAA
si‑NC Forward: CGGAAGGCCUAAUGCCGAAdTdT
 Reverse: UUCGGCAUUAGGCCUUCCGdTdG
miR‑665 inhibitor AGGGGCCUCAGCCUCCUGGU
inhibitor‑NC CAGUACUUUUGUGUAGUACAA
miR‑665 mimic Forward: CAGCAGCACACUGUGGUUUGU
 Reverse: AGGGACCUCAGCCUCCUGGUUU
mimic‑NC Forward: UUCUCCGAACGUGUCACGUTT
 Reverse: ACGUGACACGUUCGGAGAATT

si, small interfering RNA; CDH3, cadherin 3; NC, negative control; miR, microRNA.
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CDH3 expression is increased in GC cells. The association 
between CDH3 expression and clinical features in patients 
with GC was then analyzed. CDH3 expression was associated 
with tumor size, histological grade, TNM stage and advanced 
lymph nodes status (Table SI). However, CDH3 expression 
was not associated with other clinicopathological features, 
such as age, sex, differentiation, smoking, drinking alcohol 

and H. pylori infection. Furthermore, the expression levels of 
CDH3 were confirmed in the gastric epithelial cells (GES‑1) 
and the gastric adenocarcinoma cells (AGS, MKN74, GTL‑16 
and HGC‑27). CDH3 expression was significantly increased in 
all GC cells compared with in GES‑1 cells (Fig. 2A). Western 
blotting was employed to analyze CDH3 protein expression. 
Consistent with gene expression, CDH3 protein expression in 

Figure 1. CDH3 is a key gene in GC. (A) A total of 251 upregulated differentially expressed genes overlapped between GSE118916 and GSE79973 mRNA 
expression profiles. (B) Gene Ontology enrichment analysis of the 251 upregulated genes was performed using STRING. (C) A total of 16 genes were 
involved in ‘cell adhesion’ and ‘regulation of cell population proliferation’ according to STRING analysis. (D) High CDH3, COL18A1 and FAP expression 
was observed in tumor tissues based on TCGA database. The blue and red colors in TCGA database represent low and high expression, respectively. Reverse 
transcription‑quantitative PCR detection of the expression levels of (E) CDH3, (F) COL18A1 and (G) FAP in collected GC and adjacent normal tissues (n=30). 
Data are presented as the mean ± SD, and at least three independent tests were performed per experiment. **P<0.001. GC, gastric cancer; CDH3, cadherin 3; 
COL18A1, collagen type XVIII α1 chain; FAP, fibroblast activation protein; TCGA, The Cancer Genome Atlas.
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GC cells was significantly increased compared with in GES‑1 
cells (Fig. 2B). Since HGC‑27 and AGS cell lines exhibited 
the highest CDH3 expression, they were selected to perform 
subsequent experiments. The transfection of si‑CDH3 and 
OE‑CDH3 in AGS and HGC‑27 cells was performed to 
assess the function of CDH3 expression in GC cells. The 
transfection efficiency was confirmed using RT‑qPCR and 
western blotting. The results revealed that overexpression 
of CDH3 led to a significant upregulation of CDH3 mRNA 
and protein expression, while si‑CDH3 led to a significant 
downregulation of CDH3 mRNA and protein expression 
(Figs. S1A, 2C and D).

CDH3 acts as an oncogene in GC cells. Several experiments 
were performed to explore the function of CDH3 in GC cells. 

The MTT assay results indicated that the cells transfected with 
OE‑CDH3 presented higher cell viability than control cells, 
while the cells transfected with si‑CDH3 exhibited lower cell 
viability than control cells (Fig. 3A). The results of the BrdU 
ELISA assay revealed that the proliferation of cells transfected 
with OE‑CDH3 increased by 2‑fold, while that of the cells 
transfected with si‑CDH3 declined by 50% compared with 
control cells (Fig. 3B). The apoptosis level was ascertained 
using the Caspase‑3 Activity Assay kit and Annexin V‑FITC 
Apoptosis Detection kit (Fig. 3C and D). The results demon‑
strated that the apoptosis level and caspase 3 activity in cells 
transfected with si‑CDH3 significantly increased compared 
with that in control cells, while there was a decrease in the 
apoptosis and caspase 3 activity of cells transfected with 
OE‑CDH3 (Fig. 3C and D). Additionally, the adhesion ability 

Figure 2. Upregulation of CDH3 expression in GC cells. (A) RT‑qPCR detection of CDH3 mRNA expression in gastric epithelial cells (GES‑1) and gastric 
adenocarcinoma cell lines (AGS, MKN74, GTL‑16 and HGC‑27). **P<0.001 vs. GES‑1 cells. (B) Measurement of CDH3 protein expression in GES‑1, AGS, 
MKN74, GTL‑16 and HGC‑27 cell lines via western blotting. *P<0.05 and **P<0.001 vs. GES‑1 cells. (C) CDH3 mRNA expression was identified using RT‑qPCR 
in HGC‑27 and AGS cells transfected with Si‑CDH3 or OE‑CDH3. **P<0.001 vs. NC (D) CDH3 protein expression was confirmed via western blotting in 
HGC‑27 and AGS cells transfected with Si‑CDH3 or OE‑CDH3. Data are presented as the mean ± SD (n=3), and at least three independent tests were performed 
for every experiment. **P<0.001 vs. NC. CDH3, cadherin 3; Si‑CDH3, small interfering RNA‑CDH3; OE‑CDH3, overexpression‑CDH3; CON, blank control; 
NC, negative control of Si‑CDH3 co‑transfected with negative control of OE‑CDH3; GC, gastric cancer; RT‑qPCR, reverse transcription‑quantitative PCR.
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Figure 3. Overexpression of CDH3 enhances the viability, proliferation and adhesion, and represses the apoptosis of gastric cancer cells. (A) Cell viability 
was detected in AGS and HGC‑27 cells transfected with OE‑CDH3 or Si‑CDH3 using the MTT assay. (B) Cell proliferation was ascertained in HGC‑27 and 
AGS cells transfected with Si‑CDH3 or OE‑CDH3 by BrdU ELISA assay. (C) Apoptosis was determined in AGS and HGC‑27 cells transfected with Si‑CDH3 
or OE‑CDH3 using the FITC apoptosis detection kit. (D) Apoptosis was established in HGC‑27 and AGS cells transfected with Si‑CDH3 or OE‑CDH3 by 
caspase activity assay kit. (E) Cell adhesion was detected in HGC‑27 and AGS cells transfected with Si‑CDH3 or OE‑CDH3 using a cell adhesion assay kit. 
Data are presented as the mean ± SD (n=3), and at least three independent tests were performed for each experiment. *P<0.05 and **P<0.001 vs. NC. CDH3, 
cadherin 3; Si‑CDH3, small interfering RNA‑CDH3; OE‑CDH3, overexpression‑CDH3; CON, blank control; NC, negative control of Si‑CDH3 co‑transfected 
with negative control of OE‑CDH3; OD, optical density.
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of the OE‑CDH3 group exhibited a >1.5‑fold increase, while 
that of cells transfected with si‑CDH3 decreased by 50% 
compared with control cells (Fig. 3E). Overall, the present 
results suggested that the overexpression of CDH3 enhanced 
the adhesion and proliferation of GC cells, but inhibited the 
apoptosis of GC cells.

miR‑665 targets the CDH3 3'‑UTR in GC. The GSE93415 
profile was obtained from the GEO database and was 
used to screen the downregulated differentially expressed 
miRNAs with logFC <‑1 and adj. P<0.05. TargetScan and 
starBase were used to predict the miRNAs binding to the 
CDH3 3'‑UTR. Venny 2.1.0 analysis indicated an overlap of 
hsa‑miR‑665 (Fig. 4A). The TargetScan results revealed that 
miR‑665 matched the position 593‑599 of the CDH3 3'‑UTR 
(Fig. 4B). Next, the luciferase activity detected in AGS and 
HGC‑27 cells confirmed that the miR‑665 mimic in the 
CDH3‑WT group downregulated the luciferase activity by 
60% compared with cells transfected with the mimic‑NC; 
in contrast to the CDH3‑WT cells, miR‑665 mimic had 
no significant effect on the cells in the CDH3‑MUT group 
(Fig. 4C). Additionally, miR‑665 expression was decreased 
by 60% in tumor tissues compared with in adjacent non‑tumor 
tissues (Fig. 4D). Furthermore, an inverse correlation was 
detected between CDH3 and miR‑665 expression in GC 
tissues (Fig. 4E). miR‑665 expression was also analyzed in 
GC cells, revealing that miR‑665 expression in AGS and 
HGC‑27 GC cells was decreased by 50% compared with 
that in GES‑1 cells (Fig. 4F). After transfection, miR‑665 
expression in the cells transfected with the miR‑665 mimic 
increased by 4‑fold, while it decreased by 80% in the cells 
transfected with the miR‑665 inhibitor compared with in 
the cells in the control group (Figs. S1B and 4G). Western 
blot analysis indicated that CDH3 protein expression in 
the miR‑665 inhibitor‑transfected cells was significantly 
increased, while it was significantly decreased in the cells 
transfected with the miR‑665 mimic (Fig. 4H). Overall, these 
results indicated that by targeting CDH3 mRNA, miR‑665 
regulated GC cells.

miR‑665 targeting CDH3 inhibits GC progression. MTT assay 
were performed to study the function of miR‑665 in GC cells. 
The results indicated that the cells transfected with the miR‑665 
inhibitor exhibited enhanced cell viability; additionally, the 
miR‑665 inhibitor could reverse the suppressive effect of 
si‑CDH3 on cell viability (Fig. 5A). Additionally, the results of the 
BrdU ELISA assay revealed a 2‑fold increase in the proliferation 
of the cells transfected with the miR‑665 inhibitor, and the 
miR‑665 inhibitor reversed the suppressive effect of si‑CDH3 
on cell proliferation (Fig. 5B). The apoptosis level was identified 
using the two aforementioned kits, and the results indicated that 
apoptosis was suppressed by the miR‑665 inhibitor, while the 
apoptosis in the group co‑transfected with si‑CDH3 and miR‑665 
inhibitor was similar to that in the control group (Fig. 5C and D). 
The cells transfected with the miR‑665 inhibitor also exhibited 
a 1.5‑fold increase in cell adhesion, and the negative effect of 
si‑CDH3 on cell adhesion was relieved by the miR‑665 inhibitor 
(Fig. 5E). Overall, the current results suggested that by targeting 
CDH3, miR‑665 could inhibit cell proliferation and adhesion, 
but promote the apoptosis of GC cells.

Discussion

The present study confirmed the upregulation of CDH3 
expression and the downregulation of miR‑665 expres‑
sion in GC tissues and cell lines. The overexpression of 
CDH3 increased cell proliferation and adhesion levels, 
and decreased the apoptosis level. On the other hand, the 
miR‑665 mimic restrained the proliferation and adhesion of 
GC cells, and promoted their apoptosis. Moreover, CDH3 
seemed to be a direct target of miR‑665 in GC cells, meaning 
that miR‑665 may inhibit CDH3 expression to suppress the 
progression of GC.

In the last three decades, several studies have reported the 
ability of CDH3 to accelerate the growth of multiple types of 
cancer, including lung (27), esophageal (9), colorectal (7) and 
breast cancer (28). A previous study has also suggested the 
involvement of CDH3 in promoting the motility of pancreatic 
cancer cells by activating Rho‑family GTPases (8). Another 
study revealed that CDH3 upregulation associated with CDH3 
promoter hypomethylation significantly influenced the prolif‑
eration of breast cancer cells (29). Moreover, in some studies, 
CDH3 expression was upregulated in GC cells (11,12). The 
detection of the CDH3 demethylation level in 36 primary 
gastric carcinoma samples revealed that 25/36 (69%) samples 
had an abnormal demethylation level, which may result in the 
promotion of gastric carcinoma (11). Another study reported 
the upregulation of CDH3 expression in 20/28 (71%) GC 
tissues based on a cDNA microarray, and immunohistochem‑
ical analyses further confirmed an increase in CDH3 protein 
expression in GC tissues (12). Consistent with the aforemen‑
tioned studies, the present study demonstrated that upregulated 
CDH3 expression in GC tissues and cells augmented cell 
proliferation and adhesion, and decreased apoptosis.

Furthermore, miR‑665 has been associated with numerous 
human malignancies, including pancreatic (17), breast (18), 
cervical (30) and ovarian cancer (31). Previous studies 
indicated that this miRNA could promote the occurrence of 
cancer, as well as suppress cancer. For instance, by targeting 
Homeobox Protein Hox‑A10, miR‑665 inhibited the progression 
of ovarian cancer (19). Additionally, miR‑665 sponged by 
RHPN1 Antisense RNA 1 suppressed tumor development by 
preventing the activation of AKT3 (32). Nonetheless, miR‑665 
could facilitate the tumorigenesis of ovarian cancer cells by 
targeting SRC Kinase Signaling Inhibitor 1 (31). In addition, 
miR‑665 overexpression enhanced the proliferation, migration 
and invasion of non‑small cell lung cancer cells (16). Regarding 
GC, miR‑665 has been documented in several studies to 
suppress the progression of GC (20,33). After binding to Protein 
Phosphatase 2 Regulatory Subunit Bα, this miRNA inhibited 
the proliferation, invasion and epithelial‑mesenchymal 
transition (EMT) of GC cells (20). In addition, miR‑665 
attached to AKT3 suppressed GC cells by decreasing 
proliferation and increasing apoptosis. Additionally, miR‑665 
was observed to be a target of LINC00565, which accelerated 
the development of GC by upregulating AKT3 expression (33). 
However, by inhibiting its target gene suppressor of cytokine 
signaling 3 (SOCS3), miR‑665 promoted the EMT of gastric 
adenocarcinoma cells (21). In the present study, miR‑665 
binding to CDH3 inhibited cell proliferation and adhesion, but 
enhanced apoptosis in GC cells.
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A single miRNA may have a number of targets (34). 
More specifically, miR‑665 is involved in numerous pathways 
involved in GC, since it can target AKT3 (33), Yes‑associated 
protein 1 (YAP1) (35), cysteine‑rich transmembrane bone 

morphogenetic protein regulator 1 (CRIM1) (36) and 
SOCS3 (21). However, in the current study, the effect of miR‑665 
on AKT3, YAP1, CRIM1 and SOCS3 was not explored. While 
the current study has investigated the proliferation, adhesion 

Figure 4. CDH3 is a candidate target gene of miR‑665. (A) miR‑665 was identified by Venny 2.1.0 analysis. TargetScan and starBase were employed to ascer‑
tain the miRNAs binding to CDH3. GSE93415 was used to identify the miRNAs with low expression in GC. (B) TargetScan revealed the predicted binding 
sequences of CDH3 3'‑UTR. (C) Dual luciferase assay kit was utilized in CDH3‑WT and CDH3‑MUT cells transfected with NC or miR‑665 mimic. **P<0.001 
vs. NC. (D) RT‑qPCR was used to identify miR‑665 expression in GC and adjacent normal tissues (n=30). **P<0.001. (E) Pearson's correlation analysis revealed 
the negative correlation between CDH3 and miR‑665 expression in GC samples. RT‑qPCR was used to detect the expression levels of miR‑665 in (F) GES‑1, 
HGC‑27 and AGS cells, and (G) AGS and HGC‑27 cells transfected with miR‑665 inhibitor or miR‑665 mimic. (H) Measurement of CDH3 protein expression 
in HGC‑27 and AGS cells transfected with miR‑665 inhibitor or miR‑665 mimic. Data are presented as the mean ± SD (n=3), and at least three independent 
tests were performed for every experiment. *P<0.05 and **P<0.001 vs. NC. CDH3, cadherin 3; miR/miRNA, microRNA; WT, wild‑type; MUT, mutant; CON, 
blank control; NC, negative control of miR‑665 inhibitor co‑transfected with negative control of miR‑665 mimic; UTR, untranslated region; RT‑qPCR, reverse 
transcription‑quantitative PCR; GC, gastric cancer.
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Figure 5. miR‑665 targeting CDH3 inhibits proliferation and adhesion, and promotes apoptosis of gastric cancer cells. (A) Cell viability was ascertained in 
AGS and HGC‑27 cells transfected with Si‑CDH3, miR‑665 inhibitor or Si‑CDH3+miR‑665 inhibitor by MTT assay. (B) Cell proliferation was analyzed in 
AGS and HGC‑27 cells transfected with Si‑CDH3, miR‑665 inhibitor or Si‑CDH3+miR‑665 inhibitor by BrdU ELISA assay. Apoptosis was confirmed in 
AGS and HGC‑27 cells transfected with Si‑CDH3, miR‑665 inhibitor or Si‑CDH3+miR‑665 inhibitor by (C) FITC apoptosis detection kit and (D) caspase‑3 
activity assay kit. (E) Cell adhesion was detected in HGC‑27 and AGS cells transfected with miR‑665 inhibitor, Si‑CDH3 or Si‑CDH3+miR‑665 inhibitor 
using a cell adhesion assay kit. Data are presented as the mean ± SD, and at least three independent tests were performed for every experiment. *P<0.05 and 
**P<0.001 vs. NC. CDH3, cadherin 3; miR, microRNA; Si‑CDH3, small interfering RNA‑CDH3; CON, blank control; NC, negative control of miR‑665 
inhibitor co‑transfected with negative control of Si‑CDH3; OD, optical density.
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and apoptosis of GC cells, it is important to note that cancer 
occurrence is a complicated pathway interaction. The present 
study only confirmed the association between miR‑665 and 
CDH3 in GC cells by analyzing the enrichment of target 
genes, so the lack of miRNA enrichment analysis and of 
survival analysis on the target genes and associated miRNAs 
are the other major limitations of the study. In the future, 
the potential signaling pathways and survival analysis of the 
target genes and associated miRNAs in GC should be further 
explored. Additionally, the current study only observed tumor 
characteristics at the cellular level. However, further studies 
are required to verify the current findings in animal models.

In conclusion, to the best of our knowledge, the present 
study was the first to demonstrate an interaction between 
miR‑665 and CDH3, and to reveal that miR‑665 may suppress 
the progression of GC by targeting CDH3. The present find‑
ings may offer further insight into the prognosis and treatment 
of GC. 
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