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MicroRNA-199a-5p suppresses cell proliferation, migration
and invasion by targeting ITGA3 in colorectal cancer
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Abstract. As a member of the integrin family, integrin a3p1
(ITGA3) has been linked to intercellular communication and
serves an important role in the signaling among cells and
the extracellular matrix. MicroRNA (miR)-199a-5p has been
demonstrated to be related to the pathogenesis and progres-
sion of multiple malignant diseases. However, the biological
functions of miR-199a-5p and ITGA3 in colorectal cancer
(CRC) have rarely been reported. The aim of the present study
was to explore the roles of miR-199a-5p and ITGA3 in CRC.
Immunohistochemistry staining and western blotting were
applied to detect the protein expression of ITGA3 in CRC
tissues and cells. Reverse transcription-quantitative PCR
was performed to investigate the expression of miR-199a-5p
and ITGA3 mRNA. HCT-116 cells were transfected with
miR-199a-5p mimics, mimics control, short hairpin RNA
targeting ITGA3, or pcDNA-ITGA3 for the functional
experiments. Dual luciferase reporter assay was applied to
confirm whether miR-199a-5p targeted the 3' untranslated
region (3'UTR) of ITGA3. The MTT, Transwell and wound
healing assays were used to evaluate the proliferation, inva-
sion and migration of CRC cells. Immunofluorescence assay
was used to monitor the epithelial-mesenchymal transition
(EMT) biomarker expression. The results demonstrated
downregulation of miR-199a-5p and upregulation of ITGA3
in CRC tissues and cell lines. miR-199a-5p mimics and knock-
down of ITGA3 suppressed the proliferation, invasion and
migration of CRC cells. Bioinformatics analysis and luciferase
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reporter assay indicated that miR-199a-5p targeted the 3'UTR
of the ITGA3 transcript, and overexpression of ITGA3
reversed the tumor-suppressive effects of miR-199a-5p eleva-
tion. In addition, the immunofluorescence assay suggested
that miR-199a-5p mimics suppressed the EMT of CRC cells,
whereas the overexpression of ITGA3 restored this effect. In
conclusion, miR-199a-5p may act as a tumor suppressor by
targeting and negatively regulating ITGA3 in CRC.

Introduction

The genome profile stability serves a crucial role in the main-
tenance of human health. Emerging evidence has indicated
that the dysregulation of gene expression occurs in multiple
diseases, such as cardiovascular disease (1), Parkinson's
disease (2) and malignant tumors (3,4). Colorectal cancer
(CRC) is a common malignant disease of the gastrointestinal
tract; the incidence and mortality of CRC has been steadily
declining for the past two decades (5), with an exception of
younger adults (<50 years), which is possibly related to an
increase in cancer screening and improved therapeutic modal-
ities (5). Currently, the treatment of CRC mainly includes
surgical resection, radiotherapy and chemotherapy (6).
Another modern aspect of CRC treatment is immunotherapy
with programmed cell death protein 1 (PD-1) inhibitors
nivolumab and pembrolizumab, which currently constitute the
standard of care for the treatment of chemotherapy-resistant
microsatellite instability-high/mismatch repair-deficiency
CRC (7). Patients with early stage CRC usually have favorable
prognoses after surgery, yet the prognoses of most patients at a
late stage are poor due to the tumor invasion and metastasis (8).
Furthermore, epithelial-mesenchymal transition (EMT) is a
key cellular event for various biological processes including
cell division, fetal development and wound healing (9,10).
In malignant diseases, EMT is usually considered as an
important factor for promoting cell invasion, migration and
drug resistance (10). The expression levels of N-cadherin and
E-cadherin are important biomarkers of EMT progress (11).
Previous studies have reported that EMT participates during
colon cancer carcinogenesis and development (12); therefore,
identifying novel therapeutic targets to prevent EMT may be
valuable for CRC.

MicroRNAs (miRNAs) are a type of short RNA
sequences without the capability of encoding proteins,
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usually 18-25 nucleotides long (13). miRNAs post-transcrip-
tionally inhibit target mRNA expression by binding to their
3'untranslated regions (3'UTRs) (14). miRNAs participate in
the regulation of various biological events, including tumor
growth, invasion, metastasis and angiogenesis (15). miRNA
(miR)-199a-5p belongs to the miR-199a family, which has
been demonstrated to participate in the progression of multiple
diseases such as acute myeloid leukemia (16) and cervical
cancer (17). Dai et al (18) reported that miR-199a-5p prevented
hepatocyte damage induced by bile acid. Furthermore,
miR-199a-5p was downregulated in non-small cell lung
cancer (19). miR-199a-5p is associated with CRC cell prolif-
eration via targeting ROCK1 (20) and FZD6 (21); however,
the impact of miR-199a-5p on other signaling pathways during
CRC is not completely understood.

Integrins are a class of transmembrane receptors, and
their main function is to participate in the regulation of
cellular adhesion (22). Integrins are dimers consisting of
o (120-185 kDa) and  (90-110 kDa) subunits; they can receive
mechanical stimuli the from extracellular matrix and transit
these stimuli into downstream signals to regulate cell prolifer-
ation, adhesion and migration (23,24). Integrin a.3p1 (ITGA3)
has been reported to be upregulated and correlated with poor
prognosis in oral squamous cell carcinoma and pancreatic
cancer (25,26). Moreover, ITGA3 promotes EMT and cancer
stemness during breast cancer (27); therefore, ITGA3 may be
a potential target for anticancer therapy.

The present study aimed to identify the role of miR-199aa-5p
during CRC carcinogenesis and progression. Using bioinfor-
matics analysis, several potential targets of miR-199a-5p were
identified, among them, ITGA3 was further investigated.

Materials and methods

Samples. A total of 101 pairs of tumor and para-tumor tissue
(2 cm away from the tumor margin) specimens obtained from
49 male and 52 female patients (age range, 38-79 years) were
collected from Jinhua People's Hospital between March 2018
and October 2019. This research did not cause any extra medical
expenses or pain. The samples were grouped according to the
TNM phasing: 37 cases of T1, 43 cases of T2, 11 cases of T3
and 10 cases of T4 tumors. All samples were collected with
the written informed consent of patients, and the study was
approved by the Ethics Committee of Jinhua People's Hospital.
All tissues were stored at -80°C.

Cell culture. Human CRC cell lines HCT-116 and Caco-2
and the normal colon epithelial cell line NCM460 were
obtained from the Cell Bank of Chinese Academy of Sciences
(Shanghai, China). NCM460, HCT-116 and Caco-2 cells were
cultured in McCoy's 5A medium (Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS (Gibco: Thermo Fisher
Scientific, Inc.) and 1% penicillin/streptomycin in a humidified
atmosphere containing 5% CO,at 37°C.

Cell transfection. Cells (1x10°/well) were plated into 6-well
plates and cultured for 24 h, and subsequently transfected
with miR-199a-5p mimics negative control (miR-199a-5p
NC; sense, 5-UUCUCCGAACGUGUCACGUTT-3' and
antisense, 5'-ACGUGACACGUUCGGAGAATT-3",
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miR-199a-5p mimics (sense, 5'-CCCAGUGUUCAGACU
ACCUGUUC-3' and antisense, 5'-ACAGGUAGUCUGAAC
ACUGGGUU-3"), pcDNA-NC (empty), pcDNA-ITGA3
(Shanghai GenePharma Co., Ltd.), short hairpin RNA
(sh)-NC or sh-ITGA3 (pLVX-sh-ITGA3 plasmids supplied by
Shanghai GenePharma Co., Ltd.) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's instructions. Briefly, Firstly, 1 ug nucleic
acid fragment and 2 pl Lipofectamine 2000 were mixed with
0.5 ml serum-free McCoy's SA medium. After incubation for
15 min at room temperature, the mixture was added to each
well with 4 ml serum-free medium. Following incubation
for 24 h, the culture medium was replaced with McCoy's 5A
medium containing 10% FBS. After 24-72 h, cells were used
for subsequent experiments. pcDNA-ITGA3 transfection
efficiency is presented in Figs. S1 and S2.

MTT assay. HCT-116, Caco-2 and NCM460 cells were seeded
in 96-well plates at the density of 1x10* cells/well. The cells
were incubated at 37°C for 24 h after the cells were attached.
Subsequently, the medium was removed, and MTT (0.5 mg/ml)
diluted in medium was added to the wells. After 3 h, the
medium containing MTT was removed and 200 xl DMSO
was added. Finally, the absorbance was detected on a micro-
plate reader (Thermo Fisher Scientific, Inc.) at 595 nm. The
experiments were performed independently at last three times.

Wound healing assay. Wound healing assay was used
to investigate the cell migration in the different groups.
Following treatment with miR-199a-5p mimics, mimics NC,
sh-NC or sh-ITGA3, HCT-116 cells were collected and seeded
(1x10%/well) in 6-well plates for 24 h, followed by scratching
with a 10-u1 pipette tip, and then images of the scratches were
captured under a light microscope. Following 24 h incubation
with McCoy's SA medium containing 1% FBS, the migration
of the HCT-116 cells were calculated using the following
formula: (Sy,-S,41)/Son X 100%, where S represents the width
of the wound.

Transwell assay. The Transwell assay was used to investigate
cell invasion after treatment with miR-199a-5p mimics, mimics
NC, sh-NC or sh-ITGA3. The upper chambers of the Transwell
plates were pre-coated with 50 ul 1:1 mixture of Matrigel® and
McCoy's SA medium at 37 °C for 1 h. Briefly, HCT-116 cells
were collected and seeded in serum-free McCoy's SA medium,
and then re-seeded (2x10* cells/well) into the upper chambers,
while McCoy's 5A medium containing 20% FBS was placed
in the lower chambers. Following incubation at 37°C for
24 h, non-invasive cells were removed using a sterile cotton
swab and the invading cells were fixed with 4% parafor-
maldehyde at room temperature for 10 min. Subsequently,
invading cells were stained using 0.1% crystal violet at room
temperature for 20 min and observed using a light microscope
(magnification, x400).

Total RNA extraction and reverse transcription-quantitative
PCR (RT-gPCR). miR-199a-5p and ITGA3 mRNA expres-
sion levels were detected by RT-qPCR. Total RNA in the
different groups was extracted using the TRIzol® Reagent kit
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
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manufacturer's instructions. Total RNA was reverse transcribed
into cDNA using the RT Reagent kit (TransGen Biotech) or the
miRNA First-Strand cDNA Synthesis SuperMix kit (TransGen
Biotech). The following thermocyclcing conditions were used
for reverse transcription: 42°C for 15 min, followed by 5 sec at
85°C and storage at 4°C until further analysis. Subsequently,
qPCR was preformed using an ABI Detection System (Applied
Biosystems; Thermo Fisher Scientific, Inc.) and SYBR® Green
Premix Ex Taq™ (Takara Bio, Inc.). The following thermo-
cycling conditions were used for qPCR: Initial denaturation
for 30 sec at 95°C; followed by 40 cycles of 5 sec at 95°C and
30 sec at 60°C; and dissociation at 95°C for 15 sec, 60°C for
30 sec and 95°C for 15 sec. The primer sequences used for
qPCR were as follows: ITGA3 forward, 5-TCAACCTGG
ATACCCGATTCC-3' and reverse, 5'-GCTCTGTCTGCC
GATGGAG-3'; miR-199a-5p forward:, 5"TCAAGAGCAATA
ACGAAAAATGT-3' and reverse, 5-GCTGTCAACGATACG
CTACGT-3'; U6 forward, 5-CGCTTCGGCAGCACATATAC
TA-3" and reverse, 5-CGCTTCACGAATTTGCGTGTCA-3";
GAPDH forward, 5~ AGGTCGGTGTGAACGGATTTG-3'
and reverse, 5'-GGGGTCGTTGATGGCAACA-3". mRNA
and miRNA expression levels were quantified using the
2-4%¢4 method and normalized to the internal reference genes
GAPDH and U6, respectively (28).

Total protein extraction and western blotting. After treat-
ment with miR-199a-5p mimics, mimics NC, sh-ITGA3 or
sh-NC, HCT-116 cells were lysed using RIPA buffer (Nanjing
KeyGen Biotech Co., Ltd.). Subsequently, protein samples
(25 ug per lane) were quantified using a Bicinchoninic Acid
Assay kit (Beyotime Institute of Biotechnology), separated
via 10% SDS-PAGE and transferred to PVDF membranes.
The membranes were blocked with 5% skim milk at room
temperature for 1-2 h. Subsequently, the membranes were incu-
bated with an anti-ITGA3 antibody (cat. no. ab131055; 1:500;
Abcam) and an anti-GAPDH antibody (cat. no. 10494-1-AP;
1:2,000; ProteinTech Group, Inc.) at 4°C overnight. Following
primary incubation, the membranes were incubated with a
horseradish peroxidase-conjugated Affinipure Goat Anti-Rat
IgG (H+L) secondary antibody (cat. no. SA00001-15;
1:2,000; ProteinTech Group, Inc.) at 37°C for 1 h. Protein
bands were visualized using Western Bright™ ECL
(cat. no. K-12045-D50; Advasta, Inc.) and analyzed using
ImagelJ software (version 1.8.0; National Institutes of Health)
with GAPDH as the loading control.

Immunofluorescence assay. The expression levels of
E-cadherin and N-cadherin were evaluated by an immunofluo-
rescence assay. Following co-transfection with pcDNA-ITGA3
and miR-199a-5p mimics or mimics NC, HCT-116 cells were
fixed with 4% paraformaldehyde at 4°C for 24 h. Subsequently,
cells were incubated with the following primary antibodies at
4°C overnight: Anti-E-cadherin (cat. no. ab40772; 1:1,000;
Abcam) and anti-N-cadherin (cat. no. ab18203; 1:1,000;
Abcam). Following primary incubation, cells were incubated
with an anti-Rabbit I[gG H&L horseradish peroxidase-conju-
gated secondary antibody (cat. no. ab6721; 1:1,000; Abcam) at
37°C for 30 min. Subsequently, cells were stained with DAPI at
room temperature for 5 min and observed using a fluorescence
microscope (magnification, x400).

2309

Dual luciferase reporter assay. The relationship between the
3'UTR of ITGA3 and miR-199a-5p was investigated using
a dual luciferase reporter assay. HCT-116 cells were trans-
fected with 300 ng/well miR-199a-5p mimics or mimics NC,
300 ng/well mutant (MUT) or wild-type (WT) 3'UTR ITGA3
and 100 ng Renilla luciferase plasmid (pRL-TK; Promega
Corporation) using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). HCT-116 cells transfected with pRL-TK
alone served as the negative control group. After co-transfec-
tion, the cells were cultured at 37°C for 24 h. Subsequently,
the luciferase activities in the different groups were analyzed
using a Dual-Luciferase Reporter assay system (Promega
Corporation), according to the manufacturer's protocol. Firefly
luciferase activities were normalized to Renilla luciferase
activities.

Immunohistochemical analysis (IHC). The expression of
ITGA3 in CRC tissues and normal tissues was detected
by IHC staining. The paraffin sections in different groups
were dewaxed in xylene and hydrated using an ascending
alcohol gradient. The tissues were boiled in citric acid buffer
(pH 6.0) for 10 min, followed by cooling to room tempera-
ture. The sections were blocked using goat serum (Beijing
Solarbio Science & Technology Co., Ltd.) for 30 min at room
temperature, and incubated using an anti-ITGA3 antibody
(cat. no. ab131055; 1:500; Abcam) at 4°C overnight. Following
primary incubation, the sections were incubated with a goat
anti-rabbit IgG H&L horseradish peroxidase-conjugated
secondary antibody (cat. no. ab6721; 1:500; Abcam) at 37°C
for 20 min. Subsequently, the sections were stained with DAB
(OriGene Technologies, Inc.) at room temperature for 5 min
and observed under a light microscope (magnification, x400).

Statistical analysis. Statistical analyses were performed using
SPSS software (version 23.0; IBM Corp.). The differences
between two groups were analyzed using the paired Student's
t-test. The differences among multiple groups were analyzed
by one-way ANOVA followed by Tukey's post-hoc test at the
95% confidence interval. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-199a-5p and ITGA3 expression is dysregulated in
CRC tissues and cells. To determine the expression levels of
miR-199a-5p and ITGA3 in CRC, total RNA was extracted
from CRC and adjacent non-cancerous tissues. RT-qPCR
was applied to evaluate the expression of miR-199a-5p and
ITGA3 at the mRNA level. As presented in Fig. 1A and D,
miR-199a-5p was significantly downregulated in CRC tissues
and cancer cells compared with normal tissues. The expres-
sion of miR-199a-5p was significantly decreased in T2, T3
and T4 tumors compared with normal tissues, although no
statistically significant differences were observed between
normal tissues and T1 (Fig. 1A).

IHC staining indicated the upregulation of ITGA3 at the
protein level in cancer tissues compared with normal tissues
(Fig. 1C), which was consistent with the results detected in the
cell lines (Fig. 1E and F). ITGA3 was significantly increased
in T2, T3 and T4 tumors compared with normal tissues,
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Figure 1. miR-199a-5p and ITGA3 levels are dysregulated in CRC tissues and cells. (A) The expression of miR-199a-5p was significantly decreased in
CRC tissues, and the level was decreased in T2, T3 and T4 tumors compared with normal tissues. No statistically significant difference was observed between
T1 and normal tissues. (B) RT-qPCR revealed that ITGA3 expression was upregulated in CRC tissues. ITGA3 was significantly increased in T2, T3 and
T4 tumors compared with normal tissues, No significant difference was observed between T1 and normal tissues. (C) Immunohistochemical staining results
indicated upregulated ITGA3 protein levels in CRC tissues compared with normal tissues. (D) RT-qPCR demonstrated that miR-199a-5p was downregulated
in cancer cell lines HCT-116 and Caco-2. (E) RT-qPCR revealed that ITGA3 was upregulated in cancer cell lines HCT-116 and Caco-2 compared with the
normal colon epithelial cell line NCM460. (F) Western blotting demonstrated that ITGA3 was upregulated in cancer cell lines HCT-116 and Caco-2 compared
with NCM460 cells. “P<0.05, “P<0.01, "*P<0.001 and “""P<0.0001. CRC, colorectal cancer; RT-qPCR, reverse transcription-quantitative PCR; ITGA3,

integrin a3p1; miR, microRNA; NC, negative control.

although the differences between normal tissues and T1 were
not statistically significant (Fig. 1B).

These results suggested that miR-199a-5p expression
was downregulated, whereas ITGA3 was upregulated in
CRC tissues and cell lines, and their expression was partially
associated with tumor stages.

Overexpression of miR-199a-5p suppresses the proliferation,
migration and invasion of HCT116 cells. To assess the biological
mechanism of miR-199a-5p in CRC progression, HCT-116 cells
were transfected with miR-199a-5p mimics or mimics NC.
RT-qPCR results suggested that miR-199a-5p expression was
significantly increased in the miR-199a-5p mimics group
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Figure 2. miR-199a-5p mimics inhibit the proliferation, migration and invasion of HCT-116 cells. (A) RT-qPCR results revealed that miR-199a-5p expression
was significantly increased in cells transfected with miR-199a-5p mimics compared with the mimics NC and NC group. (B) MTT assay demonstrated that
the miR-199a-5p mimics suppressed cell proliferation compared with that in the mimics NC and NC group. (C) The miR-199a-5p mimics suppressed cell
invasion compared with that in the mimics NC and NC group. (D) Wound healing assay demonstrated that the miR-199a-5p mimics suppressed the migration
of CRC cells compared with that in the mimics NC and NC group. (E) The mRNA expression of ITGA3 was decreased in the miR-199a-5p mimics group
compared with that in the mimics NC and NC group. (F) The expression of ITGA3 was decreased in miR-199a-5p mimics group at the protein level compared
with that in the NC group. "P<0.05 and *"P<0.01 vs. mimic NC or NC. RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA; CRC, colorectal

cancer; ITGA3, integrin a3p1; NC, negative control.

compared with that in the mimics NC group (Fig. 2A). MTT,
Transwell and wound healing assays were performed to evaluate
the HCT-116 cell proliferation, invasion and migration. The MTT
results demonstrated that miR-199a-5p mimics suppressed cell
proliferation compared with the mimics NC group (Fig. 2B).
Transwell assay results indicated the inhibition on tumor cell
invasiveness by miR-199a-5p compared with the mimics
NC group (Fig. 2C). Furthermore, wound healing assay revealed

that miR-199a-5p mimics suppressed the migratory ability of
HCT116 cells compared with the mimics NC group (Fig. 2D).
These results demonstrated that miR-199a-5p suppressed the
cell proliferation, migration and invasion in a CRC cell line. In
addition, downregulated expression of ITGA3 was observed in
the miR-199a-5p mimics group compared with the mimics NC
at the mRNA and protein levels (Fig. 2E and F), which indicated
that ITGA3 may be a direct or indirect target of miR-199a-5p.
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Figure 4. The 3'UTR of ITGA3 is a direct target of miR-199a-5p. (A) Bioinformatics analysis predicted that miR-199a-5p could bind to 3'UTR of ITGA3.
(B) Dual luciferase reporter assay confirmed that luciferase activity was suppressed in HCT-116 cells co-transfected with ITGA3-WT and miR-199a-5p mimics,
but not ITGA3-MUT. “P<0.05 vs. miR-NC. 3'UTR, 3' untranslated region; miR, microRNA; ITGA3, integrin a3p1; NC, negative control; WT, wild-type;
MUT, mutant.

ITGA3 knockdown inhibits the proliferation, migration and
invasion in HCT-116 cells. To further investigate the poten-
tial role of ITGA3 in HCT-116 cells, cells were transfected
with sh-ITGA3 or sh-NC. RT-qPCR and western blotting

in Fig. 3C, the proliferative ability was remarkably decreased
in cells transfected with sh-ITGA3 compared with sh-NC.
The Transwell (Fig. 3D) and wound healing (Fig. 3E) assay
results revealed that the invasive and migratory abilities were

demonstrated that the level of ITGA3 was significantly
downregulated in cells transfected with sh-ITGA3 compared
with those transfected with sh-NC (Fig. 3A and B). The MTT
assay was performed to detect cell proliferation; as presented

significantly decreased in the sh-ITGA3 group compared with
the sh-NC groups. These data indicated that knockdown of
ITGA3 inhibited the proliferation, migration and invasion of
HCT-116 cells.
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Figure 5. miR-199a-5p suppresses the proliferative, migratory and invasive abilities of CRC cells by negatively regulating ITGA3 expression. (A) RT-qPCR
results showed that the expression of ITGA3 was significantly decreased in the miR-199a-5p mimics + pcDNA-ITGA3 group compared with the mimics
NC + pcDNA-ITGA3 group at the mRNA level. (B) Western blotting results demonstrated that the expression of ITGA3 was significantly decreased in the
miR-199a-5p mimics + pcDNA-ITGA3 group compared with the mimics NC + pcDNA-ITGA3 group at the protein level. (C) The MTT assay revealed that
overexpression of miR-199a-5p and ITGA3 together increased the cell proliferation compared with the miR-199a-5p mimics alone. "P<0.05 vs. NC; “P<0.05
vs. miR-199-5p mimics. (D) Transwell results demonstrated that the cell invasive ability was decreased in cells co-transfected with miR-199a-5p mimics
and pcDNA-ITGA3 compared with that in cells transfected with mimics NC + pcDNA-ITGA3. (E) Wound healing assay demonstrated that overexpression
of ITGA3 attenuated the effects of miR-199a-5p on cell migration. "P<0.05, “P<0.01, ““P<0.001 and “*"P<0001. ITGA3, integrin a.31; RT-qPCR, reverse
transcription-quantitative PCR; miR, microRNA; NC, negative control.

ITGA3 3'UTR is a direct target of miR-199a-5p. As a nega-  of ITGA3 (Fig. 4A). To further determine the connection
tive association was observed between miR-199a-5p and  between miR-199a-5p and ITGA3, the dual luciferase reporter
ITGA3 in CRC tissues and cell lines, bioinformatics analysis  assay was performed. As presented in Fig. 4B, the luciferase
was used to predict whether miR-199a-5p bound to 3'UTR  activity in cells transfected with ITGA3-WT was significantly
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Figure 6. N-cadherin is increased in the mimics NC + pcDNA ITGA3 group compared with the miR-199a-5p mimics + pcDNA ITGA3 group. (A) NC group.
(B) miR-199a-5p mimics group. (C) Mimics NC + pcDNA ITGA3 group. (D) miR-199a-5p mimics + pcDNA ITGA3 group. miR, microRNA; ITGA3,

integrin a3f1; NC, negative control.

suppressed compared with the ITGA3-MUT group, which
suggested that miR-199a-5p bound to the 3'UTR of ITGA3 to
negatively regulate ITGA3 expression.

miR-199a-5p suppresses cell proliferative, migratory and
invasive abilities in CRC cells by negatively regulating ITGA3
expression. To further confirm the proliferative, migratory and
invasive functions of the miR-199a-5p/ITGA3 axis in CRC,
mimics NC + pcDNA ITGA3 or miR-199a-5p mimics + pcDNA
ITGA3 were co-transfected into HCT-116 cells. As presented
in Fig. 5A and B, ITGA3 expression levels were decreased
in the miR-199a-5p mimics group compared with the
miR-199a-5p mimics NC + pcDNA ITGA3 group. The MTT
results demonstrated that overexpression of miR-199a-5p and
ITGA3 together increased the cell proliferation compared with
that in cells transfected with the miR-199a-5p mimics alone
(Fig. 5C). The results of the Transwell and wound healing
assay also demonstrated that overexpression of ITGA3 attenu-
ated the effects of the miR-199a-5p mimics on cell invasion
and migration, respectively (Fig. 5D and E).

The expression levels of E-cadherin and N-cadherin
were analyzed by immunofluorescence assay. The
expression of N-cadherin increased in the miR-199a-3p
mimics + pcDNA-ITGA3 group compared with the

miR-199a-3p mimics group (Fig. 6B and C), whereas the
expression of E-cadherin decreased in the miR-199a-3p
mimics + pcDNA-ITGA3 group compared with the
miR-199a-3p mimics group (Fig. 7B and C). The expres-
sion levels of E-cadherin decreased and the expression
levels of N-cadherin increased in the miR-199a-5p mimics
NC + pcDNA ITGA3 group compared with the NC group.
The results suggested that ITGA3 overexpression rescued
miR-199a-3p-mediated inhibition of EMT, indicating that the
tumor suppressive activity of miR-199a-5p during CRC was
established by inhibiting the expression of ITGA3.

Discussion

Although great progress has been achieved in tumor diagnosis
and treatment, the mortality rates of various types of cancer
remain high worldwide, especially those of CRC (29). The
surgical treatment of early stage CRC can effectively increase
the survival period, whereas the prognosis for patients with
late stage CRC remains in need of further improvement (30).
Accumulating evidence has suggested that the invasion
and migration are crucial reasons for poor prognosis at the
late stage of cancers (31,32). Thus, it is crucial to investigate
specific and effective prognostic biomarkers for CRC. The
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Figure 7. E-cadherin is decreased in mimics NC + pcDNA ITGA3 group, which is rescued in the miR-199a-5p mimics + pcDNA ITGA3 group. (A) NC group.
(B) miR-199a-5p mimics group. (C) Mimics NC + pcDNA ITGA3 group. (D) miR-199a-5p mimics + pcDNA ITGA3 group. miR, microRNA; ITGA3,

integrin a3p1; NC, negative control.

biological functions of miRNAs in the development of tumors
have attracted the attention of researchers (33). The present
study focused on whether miR-199a-5p, a rarely reported
miRNA in CRC, may function as a tumor suppressor in CRC.
The results demonstrated that the expression of miR-199a-5p
was downregulated, whereas ITGA3 expression was upregu-
lated in CRC tissues, which was consistent with the results in
CRC cells. The 3'UTR of ITGA3 was predicted to be a binding
target for miR-199a-5p via bioinformatics analysis. Based on
the above results, it was hypothesized that miR-199a-5p may
regulate the progression of colon cancer by regulating the
expression of ITGA3.

Despite the definition of miRNAs as non-coding RNAs,
they have been demonstrated to be involved in >60% of human
gene expression by participating in post-transcriptional regu-
lation (34). Dysregulation in miRNAs results in a variety of
diseases, including malignant tumors (3,35). Previous studies
have demonstrated that miRNA dysregulation is involved
in cell proliferation, invasion and tumor metastasis (36,37).
Yuan et al (38) reported that elevated miR-199a-5p promoted
the apoptosis and suppressed the proliferation in oral
submucous fibrocytes, which was consistent with the results
of the present study indicating cell proliferation inhibition.
Furthermore, a previous study reported that upregulated

miR-199a-5p expression alleviated sustained endoplasmic
reticulum stress, and thus protected hepatocytes from bile
acid-induced cell death (18). The results of the present study
demonstrated that miR-199a-5p was downregulated in CRC,
and miR-199a-5p mimics suppressed CRC cell invasion,
migration and proliferation. These results were in accordance
with a previous study by Chao et al (39), which demonstrated
that downregulated miR-199a-5p was involved in the migra-
tion and invasion of the CRC cell line DLD-1. In addition,
the present study demonstrated that ITGA3 expression
levels decreased when HCT-116 cells were transfected with
miR-199a-5p mimics, which suggested that miR-199a-5p may
negatively regulate ITGA3 expression.

As a member of the integrin family, ITGA3 participates
in the Wnt/TGF-f signaling pathway among cells and
extracellular matrix. It has been reported that ITGA3 may
be involved in cell proliferation, migration and invasion.
Previously, studies have reported the association between
overexpressed ITGA3 and invasion in gastric carci-
nomas (40,41). Furthermore, ITGA3 has been considered as
a biomarker for tongue squamous cell carcinoma cervical
lymph node metastasis (42). The results of the present study
demonstrated an increase of ITGA3 expression in CRC tissues
and cell lines, and knockdown of ITGA3 inhibited CRC cell
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proliferation, invasion and migration. Furthermore, luciferase
reporter assay confirmed that ITGA3 was a direct target of
miR-199a-5p. In addition, the expression of EMT biomarkers
was investigated in the different groups, and the results
suggested that miR-199a-5p mimics significantly inhibited
the EMT process of CRC cells, whereas overexpression of
ITGA3 reversed the effects of miR-199a-5p on the EMT
process. These results also supported the tumor-suppressive
role of miR-199a-5p by downregulating ITGA3.

In conclusion, the present study demonstrated that
miR-199-5p suppressed ITGA3 expression by directly binding
to its 3'UTR, and thus may exert a tumor-suppressive role in
CRC, indicating that miR-199a-5p may be a potential candidate
for gene regulation-based tumor therapy. In the present study,
miR-199a-5p and IGTA3 were detected in tumor tissues and
cell lines; in our future work, the expression of miR-199a-5p
will be further studied in the blood, and the feasibility of using
it as a biomarker of CRC will be evaluated.
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