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Abstract: Objective: The current study was designed to explore the mechanisms in which miR-433-5p affects vi-
ability, invasion, and apoptosis of gastric cancer cells via targeting CLCN4. Methods: Gastric cancer tissues and 
adjacent tissues were collected. Bioinformatics tools and dual-luciferase reporter assays were utilized to confirm 
target genes of miR-433-5p. H&E staining was adopted to detect the histopathologic structure. CLCN4 expres-
sion was determined by immunohistochemistry. Gastric cancer cell lines with the highest protein expression of 
CLCN4 were selected for the experiments. Cells were transfected with miR-433-5p mimics, miR-433-5p inhibitors, 
or CLCN4 shRNAs. A negative Control (NC) group was also set up. Cell viability and invasion abilities were evalu-
ated using CCK-8 and Transwell assays. Q-PCR and Western blotting were used to quantify mRNA and protein 
expression levels of vimentin and MMP-2. Annexin V-FITC/PI staining was used to detect apoptosis levels of gastric 
cancer cells. Results: Results obtained from bioinformatics analysis and dual-luciferase reporter assays revealed 
that CLCN4 was the target gene of miR-433-5p. Immunohistochemical staining results indicated that, compared 
with para-cancerous tissues, expression of CLCN4 was significantly upregulated in cancer tissues. Cell experiments 
indicated that, compared with the NC group, cell viability, invasion, and metastasis were downregulated in the miR-
433-5p mimics group and CLCN4 shRNA group. MMP-2 and vimentin mRNA and protein expression levels were also 
decreased, while cell apoptosis was induced in those two groups (all P < 0.05). Compared with the NC group, cell 
viability, invasion, and metastasis levels in the miR-433-5p inhibitor group were significantly upregulated. Moreover, 
mRNA and protein expression of MMP-2 and vimentin levels were increased. Cell apoptosis was inhibited (all P < 
0.05). Conclusion: Findings obtained in the current study suggest that miR-433-5p functions as a tumor suppressor 
through targeting CLCN4 genes, resulting in the inhibition of cell viability, invasion, and metastasis.
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Introduction

Gastric cancer, derived from gastric mucosal 
epithelium, is one of the most prevalent can-
cers worldwide [1]. Its characteristic low cure 
rate has greatly troubled doctors [2]. Despite 
diagnosis and treatment strategies improving 
continuously, 5-year survival rates for advanced 
gastric cancer patients remain very low [3, 4]. 
Studies concerning the potential molecular 
mechanisms of this disease are necessary to 
provide effective therapeutic strategies for gas-
tric cancer patients.

MicroRNAs, as master regulators of several 
essential cell biological processes, such as cell 
transcription, apoptosis, cell cycle regulation, 

metabolism, and proliferation, have been re- 
ported to participate in the process of tumori-
genesis [5-8]. A previous study indicated that 
expression of miR-433 was downregulated in 
gastric cancer, according to a microRNA micro-
array. At the same time, low expression of miR-
433 was shown to be relevant to adverse out-
comes of gastric cancer [9]. Another study 
confirmed that miR-433 expression was 
decreased in advanced gastric carcinoma, sug-
gesting that miR-433 could be an important 
diagnostic biomarker of gastric cancer [10]. 
However, the underlying mechanisms in which 
miR-433 participates in progression and devel-
opment of gastric cancer remain largely 
unknown. A member of the voltage-dependent 
chlorine channel family, chloride channel 4 
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(CLCN4) had been confirmed as a novel driver 
of colon cancer migration, invasion, and metas-
tases [11]. However, the roles in gastric cancer 
have not been fully presented. 

The current study found that there was a bind-
ing site between miR-433-5p and CLCN4. 
Given the above evidence, this study aimed to 
evaluate the mechanisms of miR-433-5p in tar-
geting CLCN4 in gastric cancer.

Materials and methods

Ethical statement

All experiments were performed in accordance 
with the Declaration of Helsinki. The study was 
approved by the Ethics Committee of the 
Second Hospital University of South China 
(HengYang, Hunan, China). Informed consent 
was obtained from all patients and families.

Bioinformatics prediction

TargetScan7.2 (http://www.targetscan.org/ve- 
rt_72/), miRWalk (http://mirwalk.umm.uni-hei-
delberg.de/), RNA22 (https://cm.jefferson.
edu/rna22/), and miRDB (http://www.mirdb.
org/) were used to predict downstream genes 
that might have binding sites with miR-433-5p. 
Subsequently the intersection was chosen 
using Venny2.1.0 (http://bioinfogp.cnb.csic.es/
tools/venny/index.html).

Luciferase reporter gene assay

The 3’UTR wild type (WT) and 3’UTR-mutant 
(MUT) fragments of the target genes were 
designed and synthesized by Beijing Genomics 
Institute (Beijing, China). The fragments were 
cloned into an upstream of pmirGLO (3577193, 
Promega, USA). The plasmid was extracted 
after sequencing. HEK-293T cells (CBP60441, 
Cobioer, China) were cultured into 24 well 
plates, then co-transfected with WT or MUT 
CLCN4 3’UTR fragments and combined with 
miR-433-5p mimics and negative controls (NC), 
according to the instructions of Lipofectamine 
3000 (L3000001, Thermo Fisher, USA). 
Relative luciferase activity was detected using 
the Dual-Luciferase Reporter assay (E2920, 
Promega, USA) and chemiluminescence appa-
ratus (DXI800, Beckman Coulter, USA), after 
culturing for 48 hours at 37°C. Relative lucifer-
ase activity was calculated with the following 
formula: Luciferase activity of firefly/luciferase 
activity of renilla.

Tissue samples and cell culturing

Gastric cancer tissues and adjacent tissues 
(above 4 cm from cancer focuses) of 27 
patients, diagnosed at the Second Hospital 
University of South China, between September 
2016 and October 2017, were enrolled in this 
study. The study consisted of 14 males and 13 
females. The median age of patients was 48 
years (25-76 years old). In terms of the gastric 
carcinoma classification, 9 cases were signet 
ring cell cancer, 7 cases were adeno-squamous 
carcinoma, 7 cases were squamous cell carci-
noma, and 4 cases were undifferentiated carci-
noma. A total of 24 cases were at stage I-II, 
while 3 cases were at III-IV, in accordance with 
tumor node metastasis (TNM) standards [12]. 
All collected tissues were cut into two pieces, 
with one piece fixed in 10% formaldehyde solu-
tion for pathological observation. Another piece 
was preserved in liquid nitrogen. MGC-803 gas-
tric cancer cell lines were purchased from 
American Type Culture Collection (CC-Y1353, 
ATCC, USA). SGC-7901 gastric cancer cell lines 
were obtained from Procell (CP-H048, Procell, 
China). MKN-45 gastric cancer cell lines and 
GES-1 gastric epithelium cells were received 
from the Third Xiangya Hospital of Central 
South University (Hunan, China). Gastric cancer 
cell lines were cultured in RPMI 1640 medium 
(61870-036, ThermoFisher, USA) containing 
10% fetal bovine serum. GES-1 cells were cul-
tured with gastric mucosal epithelial cells spe-
cific culture medium (CM-H048, Procell, China).

Construction of gene silencing vector

CLCN4 gene sequencing was obtained from 
NCBI (Accession: NM_008561.3). CLCN4 sh- 
RNA sequences (5’-CACCGCAAGAGCAAGGA- 
GTCCATATCGAAATATGGACTCCTTGCTCTTG- 
C-3’) and negative control sequences (5’-CC- 
GGCCTAAGGTTAAGTCGCTCCTCGAGGAGCG- 
ACTTAACCTTAGGTG-3’) were designed using 
BLOCK-iT™ RNAi Designer. Subsequently, the 
two sequences were synthesized by Shenzhen 
BGI Health Technology Co., Ltd. (Shenzhen, 
China). Empty pcDNA3.1 (+) plasmid (#70219, 
Addgene, USA) was digested with EcoR I and 
BamH I restriction endonuclease. Next, the lin-
ear plasmid was extracted and constructed by 
ligation of CLCN4 fragments with pcDNA3.1. 
Subsequently, the pcDNA3.1- CLCN4 plasmid 
was further transfected and amplified in DH5α. 
The Rapid Bacterial Genomic DNA Isolation Kit 
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(B518225-0050, Sangon Biotech, China) was 
used to extract the recombinant vector after 
identification by agarose gel electrophoresis. 
The purified recombinant plasmid was pre-
served at -80°C.

Cell grouping and transfection

Gastric cancer cells were assigned into the fol-
lowing groups: 1) NC group (transfected with 
negative control sequence); 2) miR-433-5p 
mimic group (transfected with miR-433-5p 
mimic); 3) miR-433-5p inhibitor group (trans-
fected with miR-433-5p inhibitor); 4) CLCN4 
shRNA group (transfected with CLCN4 shRNA); 
and 5) miR-433-5p inhibitor + CLCN4 shRNA 
group.

Transfection methods: Gastric carcinoma cells 
at the logarithmic phase were seeded into 
24-well plates. Lipofectamine 3000 (L300- 
0001, Thermo Fisher, USA) was used to trans-
fect the cells until cell confluence reached 80%, 
in accord with manufacturer instructions. 
Briefly, 100 pmoL of miR-433-5p mimic was 
dissolved with 250 µL serum-free medium Opti-
MEM, with a final concentration of 50 nM (solu-
tion A). The samples were then incubated at 
room temperature for 5 minutes. Next, 5 µL of 
Lipofectamine 3000 was dissolved with 250 µL 
serum-free medium Opti-MEM (solution B) and 
incubated at room temperature for 5 minutes. 
The above two solutions were mixed together 
and incubated at room temperature for 20 min-
utes. The cells were then incubated at 37°C 
containing 5% CO2. The RPMI1640 culture me- 
dium was changed after 6-8 hours. The cells 
continued to be cultured for 24-48 hours. 
Similar experimental steps were applied to NC 
sequences, miR-433-5p inhibitors, and CLCN4 
shRNA.

H&E staining

Paraffin sections of gastric cancer and adja-
cent tissue samples were produced and dried 

Subsequently, the slices were differentiated 
with 1% hydrochloric alcohol for 30 seconds 
and rinsed with running water. The slices were 
then immersed in eosin staining solution for 
2-3 minutes, then rinsed with running water. 
This was followed by dehydration using gradi-
ent ethanol (90%, 80%, 70%) for 4-6 minutes. 
Finally, the slices were treated with xylene I and 
xylene II for 3-5 minutes and 5-10 minutes, 
respectively, and sealed with neutral gum.

Immunohistochemistry

Paraffin section of gastric cancer and adjacent 
tissue samples were obtained and dried in an 
oven at 60°C for 1 hour. They were dewaxed 
using xylene I and xylene II for 5-10 minutes. 
The slices were hydrated using gradient etha-
nol (100%, 90%, 80%, 70%, 60%, 50%, 30%) 
for 5 minutes. Subsequently, the slices were 
washed with H2O2 and distilled water for 1 min-
ute. This was followed by immersion in 95°C 
0.01 M citrate solution (pH 6.0). Afterward, the 
slices were washed with PBS and blocked with 
5% bull serum albumin (BSA) for 20 minutes. 
The rabbit anti-polyclonal antibody CLCN4 
(1:1000, ab75008, ABCAM, UK) was added into 
the slices. The slices were then washed with 
PBS after incubating at 37°C for 20 minutes. 
Next, horseradish peroxidase (HRP) labeled 
goat anti-rabbit antibody IgG (1 µg/mL, ab- 
99697, ABCAM, UK) was added into the slices 
and incubated at 37°C for 20 minutes. The sec-
tions were washed with PBS for 3 minutes, then 
incubated with SABC at 37°C for 30 minutes. 
The slices were washed with PBS again 3 times 
for 5 minutes each time. Subsequently, the slic-
es were developed with DAB, counterstained 
with hematoxylin, washed with running water, 
dehydrated with gradient ethanol, and sealed 
with neutral gum. 

Staining intensities (SI) and positive percent-
ages (PP) of the tissues were evaluated. SI was 
divided into 4 grades: Colorless, light yellow, 
pale brown, and tan, marked as 0, 1, 2, and 3, 

Table 1. Primer sequences
Gene Forward primer(5’-3’) Reverse primer(5’-3’)
CLCN4 TCTGCCTTCTGGTATAGCCAT CAGCAGCTCCGACCATTTCT
Vimentin CTCTCAAAGATGCCCAGGAG GCACGATCCAACTCTTCCTC
MMP-2 TTTTCTCGAATCCATGATGG CTGGTGCAGCTCTCATATTT
GAPDH TGCACCACCAACTGCTTAGC TCTTCTGGGTGGCAGTGATG

in an oven at 60°C for 1 hour. They 
were dewaxed using xylene I and 
xylene II for 5-10 minutes. The slices 
were hydrated using gradient ethanol 
(100%, 90%, 80%, 70%) for 2 minutes. 
The slices were washed with distilled 
water for 2 minutes and stained  
by hematoxylin for 8-10 minutes. 
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respectively. PP was divided into 5 grades: 
When positive cells were less than 5%, the slic-
es were marked as 0. Slices were regarded as 
1 when positive cells were 5%-25%. When posi-
tive cells were 25%-50%, the slices were 
marked as 2. Slices were regarded as 3 when 
positive cells were 51%-75%. When positive 
cells were above 75%, the slices were marked 
as 4. The comprehensive score was the prod-
uct of SI and PP: 0 was regarded as negative; 1 
was marked as weakly positive (+); 2 was 
marked as moderately positive (++); Slices 
were marked as strongly positive when the 
comprehensive score was more than or equal 
to 3 [13].

otech, China). The reaction system was as fol-
lows: 10 μL 2 × TransStart Tip Green qPCR 
SuperMix, 1 μg RNA template, 0.4 μL of forward 
and reverse primer, 0.4 μL Transcript II One-
Step RT/RI Enzyme Mix, 0.4 μL Passive 
Reference Dye (50 ×). Reaction conditions 
were: Pre-denaturation at 50°C for 5 minutes, 
40-45 cycles of denaturation at 94°C for 30 
seconds, 94°C for 5 seconds, annealing at 
50-60°C for 5 seconds, and extension at 72°C 
for 10 seconds. Primers were designed and 
synthesized by Shenzhen BGI Health Technology 
Co., Ltd. (Shenzhen, China). GAPDH was used 
as internal reference (Table 1). Specificity and 
reliability of PCR results were verified by disso-

Figure 1. Bioinformatics tools combined with dual luciferase reporter system to predict the target gene of miR-433-
5p. Note: (A) Four online prediction tools indicated that CASK, HIPK2, HSD3B7, CLCN4, DDHD1, TTF2, and CISD1 
were the target genes of miR-433-5p; (B) Results obtained from dual-luciferase reporter assay system confirmed 
that miR-433-5p could downregulate the wild type fluorescence activity of CASK, HSD3B7, CLCN4, and TTF2. #com-
pared with the NC group, P < 0.05.

Figure 2. Western blotting was utilized to detect protein expression levels 
of target genes in SGC-7901. Note: (A) Protein bands of CASK, HSD3B7, 
CLCN4, and TTF2; (B) Quantification of protein expression of CASK, HSD3B7, 
CLCN4, and TTF2. #compared with the NC group, P < 0.05.

Reverse transcription quan-
titative polymerase chain 
reaction (RT-qPCR)

TRIzol Reagent (15596026, 
Invitrogen, USA) was used to 
extract total RNA in gastric 
cancer cells, in accordance wi- 
th manufacturer instructions. 
RNA was diluted with ultra-
pure water treated by diethyl 
phosphorocyanidate (DEPC). 
Quality and concentrations of 
RNA were tested by compar-
ing A260/280 ratios. RT-PCR 
and Q-PCR were conducted 
using the TransScript II Green 
One-Step qRT-PCR SuperMix 
kit (AQ311-01, TransGen Bi- 
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lution curve: ΔCt = CT (target gene) - CT (GAPDH), 
ΔΔCt = ΔCt (experimental group) - ΔCt (control 
group). Expression of mRNA of related genes 
was calculated by 2-ΔΔCt. The experiment was 
repeated 3 times.

Western blotting

RIPA lysate (R0010, Beijing Solarbio Science & 
Technology Co., Ltd., China) was added to the 
PMSF before the experiment. The final concen-
tration of PMSF was 1 mM. Gastric cancer cells 
were washed with PBS 2 times, then added 
with RIPA lysate (2-5 × 107 cells were added 
with 1 mL RIPA lysate). Gastric cancer cells 
were then incubated on ice and the lysates 
were centrifuged at 12,000 × g for 30 minutes. 
Next, protein concentrations were determined 
via the BCA kit (P0006, Beyotime Institute of 
Biotechnology, China). The proteins were trans-
ferred to PVDF membranes after separating by 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE). The membranes 
were then blocked with tris buffered saline with 

Cell counting kit 8 (CCK8) assay

Cells were made into the cell suspension when 
the cell density reached 80%. It was then added 
into 96-well plates with each well 4 × 103 cells 
(200 μl per well). Six duplicated wells were set 
and cultured in an incubator. Subsequently, 
each well was added with 5 g/L CCK-8 solution 
at 24, 48, and 72 hours post-incubation. It was 
then incubated for another 4 hours. Each well 
was added with 100 µL Dimethyl sulfoxide 
(DMSO). A microplate reader (SpectraMax iD5, 
Molecular Devices, USA) was used to detect 
optical density (OD) values at 490 nm. Cell 
growth curves were made in accordance with 
OD values. The experiment was repeated 3 
times.

Transwell assay

Matrigel (354230, Becton, Dickinson, and 
Company, USA) was diluted with serum-free 
MEM medium at a ratio of 1:10. The Transwell 
upper chamber was added with 100 μL diluted 

Figure 3. H&E staining results of gastric cancer and adjacent tissues (400 
×).

Figure 4. Immunohistochemistry was used to detect CLCN4 protein expres-
sion in cancer tissues and adjacent tissues (400 ×).

Tween 20 (TBST) containing 
5% bovine serum albumin  
for 1 hour. After abando- 
ning the blocking liquid, the 
membranes were incubated 
with primary antibody CL- 
CN4 (1:500, ab75008, AB- 
CAM, UK), vimentin (1:1000, 
ab52947, ABCAM, UK), MMP-2 
(1 µg/mL, ab837150, ABCAM, 
UK), and GAPDH (1:1000, 
ab8245, ABCAM, UK). It was 
placed at 4°C overnight. The 
membranes were washed wi- 
th TBST for 3 × 10 minutes 
and incubated with goat anti-
mouse IgG (1:5000, ab97040, 
ABCAM, UK) for 4-6 hours. 
Next, the membranes were 
washed with TBST for 3 × 5 
minutes. ECL (PE0010, Beijing 
Solarbio Science & Technology 
Co., Ltd., China) was used to 
detect the chemilumines-
cence signal. Target protein 
expression levels were quanti-
fied by determining the ratio of 
gray values of target protein 
bend to the internal reference. 
The experiment was repeated 
3 times.
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Matrigel and placed at room temperature for 2 
hours. It was rinsed with 200 μL serum-free 
1640 culture medium and resuspended using 
a serum-free DMEM medium. After the cells 
were calculated and diluted to 3 × 105 cells/
mL, 100 μL diluted cells were added to the 
upper Transwell chamber. The lower chamber 
was added with 600 μL DMEM containing 10% 
serum. After incubating for 24 hours, crystal 
violet staining was performed. The Transwell 
chambers were collected and an optical micro-
scope (CX21, Olympus, Japan) was utilized to 
detect results. Invasion rate = cells passing 
through the Matrigel/total number of cells × 
100%.

Annexin V-FITC/PI staining

Gastric cancer cells were washed with PBS 
after culturing for 48 hours. They were then 
centrifuged at 2,000 × g for 5 minutes. Cell 
density was adjusted to 4 × 105 cells/mL after 
removing the supernatant. The cells were 
resuspended by adding with 500 μL binding 
buffer. This was followed by adding 5 μL 
Annexin-V-FITC and 5 μL PI dye liquid before 
flow cytometry analysis. It was mixed gently and 
incubated in an ice bath in the dark for 10-12 
minutes. Flow cytometry (CoulterCytoFLEX, 
Beckman Coulter, USA) was used to determine 
FITC and PI levels.

Statistical analysis

SPSS 21.0 software (IBM. Corp., Armonk, USA) 
was used for statistical data analysis. 
Quantitative data are presented as mean ± 
standard deviation (SD). Each experiment was 
conducted in triplicate. The Kolmogorov-
Smirnov method was utilized to determine the 
normality of data distribution in each group. 
Student’s t-tests were used to compare group 
variables. One-way analysis of variance (ANOVA) 
was used for multiple groups analysis. LSD 
tests were used to compare inter-group vari-
ables. Grade data were compared using 

cancer through targeting CLCN4

Targetscan7.2, miRWalk, RNA22, and miRDB 
were used to explore potential target genes 
that might have binding sites with miR-433-5p. 
Moreover, 1,047, 14,645, 5,916, and 48 genes 
were identified, respectively. Venn images 
(Figure 1A) indicated that CASK, HIPK2, 
HSD3B7, CLCN4, DDHD1, TTF2, and CISD1 
were the intersection. Subsequently, dual-lucif-
erase reporter assays were used to confirm tar-
geting regulatory relationships between miR-
433-5p and the above genes. Results indicated 
that miR-433-5p have binding sites with CASK, 
HSD3B7, CLCN4, and TTF2 (Figure 1B). Next, 
SGC-7901 was transfected with miR-433-5p 
mimics. Negative controls were also set up. 
Western blotting was adopted to determine 
protein expression levels of CASK, HSD3B7, 
CLCN4, and TTF2. Results indicated that 
(Figure 2A, 2B), compared with the NC group, 
protein expression of CASK and CLCN4 was sig-
nificantly downregulated. TTF2 protein expres-
sion was upregulated in the miR-433-5p mimic 
group (all P < 0.05). There were no significant 
differences in HSD3B7 protein expression lev-
els between NC and miR-433-5p mimic groups 
(P > 0.05).

MicroRNAs always function as negative regula-
tors in post transcriptional gene silencing 
(PTGS) through base pairing with target mRNAs. 
This results in mRNA cleavage and translation-
al inhibition. Thus, it can be speculated that 
other ways may participate in the regulating 
effects of miR-433-5p on HSD3B7 and TTF2. 
Therefore, CASK and CLCN4 were selected as 
candidate genes in this study. The protein 
encoded by CASK was calcium/calmodulin 
dependent serine protein kinase, a member of 
the membrane associated guanylate kinase 
family. A previous study proved that CASK was 
highly expressed in esophageal cancer and 
related to progression and worse prognosis in 
colorectal cancer [14, 15]. In addition, CASK 

Table 2. CLCN4 expression in gastric cancer tissues and adjacent tis-
sues

CLCN4 expression
PNegative 

(-)
Weakly positive 

(+)
Medium 

positive (++)
Strong  

positive (+++)
Adjacent tissue 15 8 3 1

0.001
Gastric tissue 5 6 13 3

Wilcoxon rank-sum tests. 
P < 0.05 indicates statis-
tical significance.

Results

Bioinformatics prediction 
indicated that miR-433-
5p may regulate the 
development of gastric 
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had been reported to participate in the growth 
and metastasis of gastric cancer via regulation 
by miR-203 [16]. Thus, the regulatory mecha-
nisms of CASK in gastric cancer are relatively 
clear. CIC-4 chloride channel (CLCN4) gene is  
a member of voltage gated chloride chan- 
nels (CICs) family. Previous studies have con-
firmed that CLCN4 could induce the invasion 
and metastasis of colon cancer using gene 
trapping technology. There existed gender dif-
ferences in copy number variations of CLCN4 in 
colon cancer [11]. However, the specific molec-
ular mechanisms of CLCN4 in gastric cancer 
remain largely unknown. The present study 
focused on the function and regulation of miR-
433-5p in gastric cancer through targeting 
CLCN4.

H&E staining results

According to results obtained from H&E stain-
ing (Figure 3), gastric cancer tissues showed 

sue invaded the gastric fundus glandular 
mucosa.

CLCN4 expression was upregulated in gastric 
cancer

Immunohistochemical staining was performed 
to examine expression of CLCN4 in tumor tis-
sues and para-cancerous tissues. Results 
showed that (Figure 4, Table 2) CLCN4 was 
mainly expressed in signet cells, as well as the 
cytoplast and nucleolus. Compared to adjacent 
normal tissues, elevated CLCN4 expression 
was found in cancer tissues.

Highest levels of CLCN4 found in SGC-7901 
cells

Western blotting was utilized to detect CLCN4 
expression. Results indicated that (Figure 5), 
compared with GES-1, levels of CLCN4 in other 
cell lines were significantly upregulated. The 
highest level of CLCN4 expression was found in 
SGC-7901 cell lines. Thus, SGC-7901 was 
selected for the experiments.

miR-433-5p inhibited cell viability of SGC-7901 
through targeting CLCN4

To evaluate the impact of miR-433-5p in SGC-
7901 cell line, cells were transfected with miR-
433-5p inhibitors, miR-433-5p mimics, or 
CLCN4 shRNA. CCK-8 assays were performed 
to determine the cell viability in each group. 
Results indicated that (Figure 6), compared 
with the NC group, cell viability was significantly 
decreased after the cells were transfected with 
miR-433-5p mimics or CLCN4 shRNA, at each 
time point (all P < 0.05). However, cell viability 
in the miR-433-5p inhibitor group was obvious-
ly increased, compared with the NC group. 

Figure 5. CLCN4 protein expression in different gastric cancer cells, Note: (A) 
The protein bands of CLCN4 in different gastric cancer cell lines; (B) Quan-
tification of CLCN4 protein in different gastric cancer cell lines. &P < 0.05.

Figure 6. Cell viability of SGC-7901 in each group. 
Note: compared with NC group, #P < 0.05; compared 
with miR-433-5p inhibitor group, *P < 0.05.

histopathological changes, in- 
cluding a disordered and crib-
riform pattern of glands, ab- 
sence of interstitial tissue, 
and glandular secretions silt-
ation. At the same time, the 
glandular cavity was integrat-
ed into expansion and size  
of cysts. Regarding the para-
cancerous tissues, the nu- 
cleus was occasionally found 
and appeared as signet ring 
form. The nuclear membrane 
was thickened. The cancer tis-
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Figure 7. Invasion ability of SGC-7901 in each group. Note: (A) Transmembrane cells stained by crystal violet in each 
group; (B) Quantification of invasive rate in each group. Compared with NC group, #P < 0.05; compared with miR-
433-5p inhibitor group, *P < 0.05.

Figure 8. mRNA and protein expression of vimentin and MMP-2 in each group of SGC-7901 cell. Note: (A) mRNA 
expression of vimentin and MMP-2 in each group; (B) Protein bands of vimentin and MMP-2 in each group; (C) Quan-
tification of vimentin and MMP-2 protein expression in each group. Compared with NC group, #P < 0.05; compared 
with miR-433-5p inhibitor group, *P < 0.05.

Effects of miR-433-5p inhibitors on SGC-7901 
cells can be reversed by silencing of CLCN4.

miR-433-5p inhibited invasion and metastasis 
of SGC-7901 by targeting CLCN4

Transwell assays were adopted to determine 
invasion abilities in each group. Results 
revealed that (Figure 7), compared with the NC 
group, invasion abilities of the miR-433-5p 
mimic group and CLCN4 shRNA group were sig-
nificantly decreased (all P < 0.05). However, 
invasion abilities in the miR-433-5p inhibitor 
group were obviously enhanced (P < 0.05). 
Moreover, CLCN4 silencing could reverse tumor 
invasion induced by miR-433-5p inhibitors.

Western blotting and Q-PCR were performed to 
quantify the mRNA and protein expression lev-

els of vimentin and MMP-2. Results indicated 
that (Figure 8), compared with the NC group, 
vimentin and MMP-2 mRNA and protein expres-
sion levels were significantly downregulated in 
the miR-433-5p mimic group and CLCN4 
shRNA group (all P < 0.05). However, levels in 
the miR-433-5p inhibitor group were obviously 
upregulated (P < 0.05). CLCN4 silencing could 
partly reverse the induction of vimentin and 
MMP-2 induced by miR-433-5p inhibitors.

miR-433-5p could promote SGC-7901 apopto-
sis through targeting CLCN4

Annexin V-FITC/PI staining was utilized to detect 
apoptosis levels of SGC-7901 in each group. 
Results obtained from this experiment indicat-
ed that (Figure 9), compared with the NC group, 
SGC-7901 apoptosis was significantly increased 



Effects of miR-433-5p and CLCN4 in gastric cancer

9696 Int J Clin Exp Med 2019;12(8):9688-9698

in the miR-433-5p mimic group and CLCN4 
shRNA group (all P < 0.05). However, cell apop-
tosis was inhibited when cells were transfected 
with miR-433-5p inhibitors. CLCN4 silencing 
could partly reverse SGC-7901 apoptosis 
induced by miR-433-5p inhibitors.

Discussion

Prognosis of patients with advanced gastric 
cancer remains extremely low despite great 
advancements made in targeting preparations 
and cytotoxic drugs [17-19]. Thus, it is impor-
tant to reveal the underlying pathological mech-
anisms of gastric carcinoma, providing novel 
diagnostic biomarkers and new strategies for 
gastric cancer therapy. Moreover, miR-433 has 
been reported to play a significant role in the 
progression of gastric carcinoma [10]. Guo LH 
et al. confirmed that miR-433 exerted a sup-
pressor role in gastric cancer [20]. Thus, the 
current study focused on miR-433-5p and its 
potential mechanisms in gastric cancer. A 
series of experiments were performed. Results 
obtained from this study indicate that miR-433-
5p could inhibit viability, as well as invasion and 
metastasis, of gastric cancer cells. It may also 
induce cell apoptosis through downregulation 
of CLCN4.

Initially, bioinformatics tools and dual-lucifer-
ase reporter assays were used to predict the 

target genes of miR-433-5p. CLCN4 was even-
tually selected. A study designed by Ishiguro et 
al. found that CLCN4 could induce invasion and 
metastasis of colon cancer [11]. Thus, this 
study focused on roles in gastric cancer. 
Evidence obtained from immunohistochemical 
tests demonstrated that CLCN4 expression 
was upregulated in gastric cancer tissues, com-
pared with para-cancerous tissues. SGC-7901 
cell lines were used for subsequent experi-
ments and transfected with miR-433-5p mim-
ics, miR-433-5p inhibitors, or CLCN4 shRNA. 
CCK8 assay and Transwell assay results proved 
that miR-433-5p overexpression or CLCN4 
silencing could inhibit the viability and invasion 
abilities of gastric cancer cells. Metastasis and 
recurrence are the most important factors that 
affect the prognosis of cancer patients. 
Degradation of the basement membrane is a 
key point for tumor metastasis and invasion 
[21-23]. Matrix metalloproteinases (MMPs), a 
calcium-dependent endopeptidase, has been 
proven to have the ability to degrade the extra-
cellular matrix, promoting metastasis and inva-
sion of tumors [24-27]. MMP2 is an important 
member of the MMPs family. In this study, it 
was found that mRNA and protein expression 
levels of MMP-2 were significantly decreased 
after SGC-7901 cell lines were transfected with 
miR-433-5p mimics or CLCN4 shRNA. CLCN4 
silencing could partly reduce MMP2 expression 
induced by miR-433-5p inhibitors. Vimentin is 

Figure 9. Apoptosis of SGC-7901 cells in each group. Note: (A) SGC-7901 cell apoptosis in each group was deter-
mined by Annexin V-FITC/PI staining; (B) Quantification of SGC-7901 cell apoptosis rates in each group. Compared 
with NC group, #P < 0.05; compared with miR-433-5p inhibitor group, *P < 0.05.
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a kind of cytoskeletal protein. Accumulating evi-
dence has demonstrated that vimentin is 
expressed in a variety of tumor cells [28-31]. 
Detection of vimentin expression has been an 
important measure in diagnosing or screening 
of cancer [32, 33]. Results also confirmed that 
miR-335-5p could downregulate expression of 
vimentin through inhibition of CLCN4. Annexin 
V-FITC/PI staining results showed that, com-
pared with the NC group, cell apoptosis was 
increased in the miR-433-5p mimic group and 
CLCN4 shRNA group, while decreased in the 
miR-433-5p inhibitor group. Present results 
suggest that miR-433-5p could promote cell 
apoptosis by inhibiting CLCN4.

Collectively, key findings obtained in this study 
indicate that miR-433-5p can act as a tumor 
suppressor in gastric cancer. It can inhibit gas-
tric cancer cell viability, invasion, and metasta-
sis. At the same time, it may induce gastric can-
cer cell apoptosis through downregulation of 
CLCN4. Current findings demonstrate the vital 
roles of miR-433-5p and CLCN4 in gastric can-
cer, suggesting that miR-433-5p and CLCN4 
could serve as a pivotal therapeutic targets in 
gastric cancer management. More in vivo and 
in vitro studies are necessary to further vali-
date the clinical utility.
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