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hsa-miR-5580-3p inhibits oral cancer cell viability,
proliferation and migration by suppressing LAMC2
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Abstract. The present study aimed to explore whether and
how microRNA-5580-3p (miR-5580-3p) affected oral cancer
(OC) cell phenotypes via regulation of laminin subunit y2
(LAMC?2). Bioinformatics analysis was used to identify
miR-5580-3p/LAMC?2, a novel interactome that, to the best
of our knowledge, has not been studied previously in OC. In
the present study, the expression levels of miR-5580-3p and
LAMC?2 were detected by reverse transcription-quantitative
PCR, while the protein expression levels of LAMC2 were
identified using western blotting. To determine the effects of
miR-5580-3p and LAMC?2 in OC, a number of experiments,
including Cell Counting Kit-8, 5-bromo-2'-deoxyuridine
cell proliferation and wound healing migration assays, were
performed using OC SCC-4 and Cal-27 cell lines. Additionally,
luciferase reporter assays were employed to examine the
interaction between miR-5580-3p and LAMC2 mRNA.
The results demonstrated that miR-5580-3p expression was
downregulated, while LAMC2 expression was upregulated
in OC tissues and cell lines. In addition to the observation
that miR-5580-3p promoted the malignant phenotypes of
OC, it was also revealed that miR-5580-3p inhibited OC cell
viability, proliferation and migration by suppressing LAMC?2.
Therefore, the present study suggested that miR-5580-3p and
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LAMC?2 may be potential biomarkers and therapeutic targets
for OC diagnosis and therapies in the future.

Introduction

Oral cancer (OC) refers to a group of tumors found in the
lining of the mouth, lips, throat, tongue or cheek (1). At present,
>540,000 individuals are diagnosed with OC annually, and
the 5-year survival rate of patients with OC is <50% (1). Oral
squamous cell carcinoma (OSCC) is the most common type
of OC, ranking eighth in terms of cancer incidence world-
wide (2). This type of mouth cancer has gradually become a
public health problem due to its high incidence and low cure
rate (3). Numerous methods, including surgery, radiotherapy
and chemotherapy, have been used to treat OC; however,
these treatments do not achieve the expected results (4-6). To
enhance the prognosis of patients with OC, more treatment
approaches should be explored.

Laminin subunit y2 (LAMC?2) serves an important role in
OC, and the human LAMC?2 gene is located on chromosome
1g25-q31 (7). More specifically, this gene has been reported
to be involved in head and neck cancer (8). Laminin y2,
which belongs to the laminin protein family, is a basal
lamina glycoprotein encoded by the LAMC?2 gene (9). As a
specific biomarker, LAMC?2 is expressed in several types of
malignant cancer, including gastric cancer (10), esophageal
squamous cell carcinoma (11) and pancreatic ductal adenocar-
cinoma (12). Furthermore, cell-surface receptors combine with
LAMC?2 to guide tumor migration and invasion, thus making
it a possible effective cancer target (7,11,13,14). To the best of
our knowledge, the present study was the first to investigate
the expression levels and effects of LAMC2 in OC.

With a length of 18-25 nucleotides, microRNAs
(miRNAs/miRs) were previously regarded as junk RNAs that
have no effects (15-17). However, previous studies revealed
that when miRNAs are involved in the development of tumors,
they can inhibit the translation of mRNAs and shorten the
half-life of mRNAs (15-17). In tumors, most downregulated
miRNAs function as tumor suppressors, whereas upregu-
lated miRNAs function as cancer-promoting factors (18-21).
Efficient diagnosis and prognosis of OC may become possible,
with various tumors exhibiting a signature miRNA profile
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associated with tumor progression. Small non-coding RNA
molecule miR-5580 was once identified along with another
84 miRNAs using the miRDeep 2 algorithm (22). The gene
that encodes miR-5580 is located on chromosomel4q22.2,
according to the National Center for Biotechnology
Information genome database (https://www.ncbi.nlm.nih.
gov/gene/100847076). However, to the best of our knowledge,
no previous study has explored the effects of miR-5580-3p in
human cancer types.

Therefore, the roles of miR-5580-3p and LAMC2 in OC
deserve further investigation. The purpose of the present study
was to investigate whether and how miR-5580-3p affected OC
cell phenotypes by regulating LAMC2.

Materials and methods

Bioinformatics analysis. Gene Expression Omnibus (GEO,
https://www.ncbi.nlm.nih.gov/geo), a public functional
database, stores mRNA and non-coding RNA expression
profiles. Three mRNA expression profiles, GSE19089 (23),
GSE23558 (24) and GSE138206 (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE138206), which included
the mRNA expression profiling in OC were analyzed
using the GEO2R built-in algorithm by R software 4.0.4
(https://www.r-project.org/) on the GEO database with the
criteriaoflogFC=1.5 and adjusted P<0.05. The intersected genes
from the three mRNA expression profiles were uploaded to
the Search Tool for the Retrieval of Interacting Genes/Proteins
database (https://string-db.org/) for enrichment analysis. The
Gene Expression Profiling Interactive Analysis (GEPIA)
survival analysis tool (http://gepia2.cancer-pku.cn/#survival)
was used to study the prognostic effects of the genes of interest
in human head and neck squamous cell carcinoma (HNSCC),
and to obtain the expression of LAMC?2 in HNSCC. The target
miRNAs of LAMC?2 predicted by TargetScan Human 7.2 (25)
were eventually overlapped with the downregulated miRNAs
in the GSE98463 dataset (a miRNA microarray dataset) (26)
with logFC<-1.5 and P<0.05.

Clinical samples collection from patients with OC. A total
of 40 patients diagnosed with OC at Puai Hospital, Tongji
Medical College of Huazhong University of Science and
Technology (Wuhan, China) participated in the present study.
The inclusion criteria were patients with OC without radio-
therapy, chemotherapy or other treatments, and the exclusion
criteria were the patients with OC and with other diseases.
The participants were divided into a training set (n=20) and
a validation set (n=20; the requirement of Mann-Whitney
test). The cancer tissues and corresponding adjacent healthy
tissues (<3 c¢cm from tumor tissues) were collected between
January 2020 and March 2020, frozen and embedded in
paraffin until they were used in the present study. The clinical
characteristics of the 40 patients are listed in Table I. The
present study was approved by the Ethics Committee of Puai
Hospital, Tongji Medical College, Huazhong University of
Science and Technology (approval no. KY2020-501-01). All
patients who participated in the present study provided written
informed consent. It was ensured that all experimental proce-
dures, including the use and collection of tissues, followed the
ethical standards set out in the Declaration of Helsinki.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was used to extract total RNA from tissues
and cells, according to the manufacturer's protocols. miRNAs
were purified using the miRcute miRNA isolation kit (cat.
no. DP501; Tiangen Biotech Co., Ltd.). Prior to the RNA
reverse transcription process, RNA was quantified using
gel electrophoresis. miR-5580-3p reverse transcription (cat.
no. KR211; Tiangen Biotech Co., Ltd.) and LAMC2 mRNA
reverse transcription (cat. no. RR037A; Takara Bio, Inc.) were
then performed, according to the manufacturer's protocols.
Subsequently, the 7500 Fast Dx Real-Time PCR Instrument
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was
used to analyze the expression levels of miR-5580-3p using a
miRcute Plus miRNA gPCR kit (SYBR Green) (cat. no. FP411;
Tiangen Biotech Co., Ltd.) with the thermocycling conditions:
95°C 15 min, 40 cycles of 94°C 20 sec and 60°C 34 sec, and
the mRNA expression levels of LAMC2 were analyzed using
a TB Green® Premix Ex Taq™ Kkit (cat. no. RR420A; Takara
Bio, Inc.) with the thermocycling conditions: 95°C 30 sec,
40 cycles of 95°C 5 sec and 60°C 30 sec. U6 and GAPDH
were used as reference genes for miR-5580-3p and LAMC?2
mRNA quantification using 2244 method (27), respectively.
All primers are listed in Table II.

Cell lines and transfection. The human OC cell lines (SCC-4,
SCC-9 and Cal-27), as well as the human oral epithelial
cell line (HOEC; cat. no. BNCC340217), were purchased
from BeNa Culture Collection; Beijing Beina Chuanglian
Biotechnology Research Institute. SCC-4, SCC-9, Cal-27 and
HOEC cells were cultured in DMEM (cat. no. C11965500BT;
Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10%
FBS (cat. no. 10439024; Gibco; Thermo Fisher Scientific,
Inc.). These cells were subsequently placed in a humidified
incubator at 37°C with 5% CO,. All plasmids, including small
interfering (si) RNA-LAMC?2 (cat. no. siGO00003918A-1-5),
overexpression (OE)-LAMC2, miR-5580-3p mimic (cat.
no. miR10022274-1-5), miR-5580-3p inhibitor and negative
controls (NC), such as si-NC and OE-NC, were obtained from
Guangzhou RiboBio Co., Ltd. SCC-4 and Cal-27 cells were
seeded (1x10° cells/well) into plates for 24 h. Subsequently,
the samples were transfected with 50 nM plasmids using
Lipofectamine® 2000 reagent (cat. no. 11668027; Thermo
Fisher Scientific, Inc.) for48 h at 37°C. The following sequences
were used in the present study: miR-5580-3p mimic, 5'-UGC
UGGCUCAUUUCAUAUGUGUGCUGAGAAAAUUCACA
CAUAUGAAGUGAGCCAGCAC-3'; miR-5580-3p inhibitor,
5'-ACGACCGAGUAAAGUAUACACACGACUCUUUUA
AGUGUGUAUACUUCACUCGGUCG-3"; miR-5580-3p
mimic NC, 5'-UCACAACCUCCUAGAAAGAGUAGA-3';
and inhibitor NC, 5'-CAGTACTTTTGTGTAGTACAA-3'. The
NC for LAMC?2 overexpression was an empty pEXP-RB-Mam
vector (Guangzhou RiboBio Co.,Ltd.), and the NC for LAMC?2
knockdown was an empty pRNAT-UG6.1 vector (Guangzhou
RiboBio Co., Ltd.). After 48 h transfection, the transfected
cells were used for the subsequent experiments.

Luciferase reporter assay. SCC-4 and Cal-27 cells
were seeded into 96-well plates at a density of
3x10° cells/well. The wild-type (Wt) pEZX-MTO05-LAMC2-3'
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Table I. Clinical characteristics of patients with oral cancer in
the training (n=20) and validation (n=20) sets.

Pathological Training set,  Validation set,
characteristics n (%) n (%)
Age, years

>50 12 (60) 10 (50)

<50 8 (40) 10 (50)
Sex

Male 11 (55) 12 (60)

Female 9 (45) 8 (40)
Site

Buccal mucosa 6 (30) 5 (25)

Tongue 6 (30) 6 (30)

Alveolus 8 (40) 9 (45)
T classification

T1-T2 11 (55) 10 (50)

T3 6 (30) 6 (30)

T4 3(15) 4 (20)
N classification

NO 9 (45) 8 (40)

N1 7 (35) 8 (40)

N2 4 (20) 4 (20)
Metastasis

No 20 (100) 20 (100)

Yes 0 0
Histological differentiation

Well 6 (30) 8 (40)

Moderate 9 (45) 7 (35)

Poor 5(25) 5(25)

T, tumor; N, node.

untranslated region (3'UTR) constructs and the mutant-type
(Mut) pEZX-MTO05-LAMC-3'UTR constructs were purchased
from GeneCopoeia, Inc. The 3'UTR constructs were co-trans-
fected with miR-5580-3p mimic, miR-5580-3p inhibitor, mimic
control or inhibitor control into SCC-4 and Cal-27 cells using
Lipofectamine 2000 reagent. Subsequently, the Secrete-Pair
Dual Luminescence assay kit (cat. no. LFO31; GeneCopoeia,
Inc.) was used to detect the firefly and secreted alkaline
phosphatase (SEAP) activities. Cells were collected after 72 h
of transfection and the fluorescence intensity was measured.
Relative luciferase activity was normalized to SEAP.

Cell Counting Kit-8 (CCK-8) assay. Cell viability was
determined using a CCK-8 assay (cat. no. HY-K0301;
MedChemExpress). Briefly, 1,500 transfected SCC-4 and
Cal-27 cells were seeded into the wells of 96-well plates and
cultured at 37°C with 5% CO, for 24 h. From the next day, at 0,
24,48 and 72 h, 10 ul CCK-8 solution was added to the corre-
sponding wells of each group. Next, the plate was incubated
for 4 h. Finally, the optical density (OD) at 450 nm of each well
was determined using a microplate reader.

Table II. Primer sequences included in the present study.

Genes Primer sequences (5'—3")
miR-5580-3p F: CACAGTTGAAGAGAGCCAGCAC
R: CAGTGCGTGTCGTGGAGT
LAMC2 F: GGAGCTGGAGTTTGACACGA
R: GAGCATGGAGCTGGAAGGTT
GAPDH F: ATGGAGAAGGCTGGGGCTC

R: AAGTTGTCATGGATGACCTTG
ue6 F: TGCGGGTGCTCGCTTCGGCAGC
R: CCAGTGCAGGGTCCGAGGT

F, forward; R, reverse; miR-5580-3p, microRNA-5580-3p; LAMC2,
laminin subunit y2.

5-Bromo-2'-deoxyuridine (BrdU) cell proliferation assay. A
BrdU incorporation assay was used to evaluate cell proliferation.
After the transfected SCC-4 and Cal-27 cells (3x10° cells/well)
were seeded into 96-well plates for 1 day, the old medium
was replaced with DMEM without FBS. Subsequently, 10 ul
BrdU (cat. no. ab126556; Abcam) was added to each well
for an incubation period of 4 h to allow proliferating cells to
incorporate BrdU into their DNA. Then, the cells were fixed
using the fixing solution included in the kit. Primary antibody
against BrdU (prediluted, ready-to-use, provided in the kit) and
secondary HRP-conjugated antibody (1:2,000, provided in the
kit) were sequentially added to the wells and incubated at room
temperature. 3,3',5,5'-tetramethylbenzidine solution was added
to develop the color. Finally, the OD at 450 nm was measured
using a scanning multi-well spectrophotometer immediately
after the stop solution was added.

Wound healing migration assay. A wound healing assay was
performed to examine cell migration. Briefly, SCC-4 and
Cal-27 cells (3x10° cells/well) were seeded into 12-well plates
for 24 h. Once the cell density reached 80%, the fused cell
monolayer was scratched in the center using a 20-xl micro-
pipette tip. Subsequently, the non-adherent cells were washed
off with PBS. The DMEM medium was then replaced with
serum-free DMEM medium, and the cells were cultured for
another 24 h. At 0 and 24 h, images were captured under a
light microscope at 100x magnification to observe the wound
width. The migration rate was calculated as: (wound width at
0 h-wound width at 24 h)/wound width at O h.

Western blotting. RIPA buffer (cat. no. 20-188; Sigma-Aldrich;
Merck KGaA) with 5 mM EDTA (cat. no. V900106;
Sigma-Aldrich; Merck KGaA) and PMSF (cat. no. 78830;
Sigma-Aldrich; Merck KGaA) was used to extract and lyse
protein from SCC-4 and Cal-27 cells. After determining
protein concentration by BCA Protein Assay Kit (Thermo
Fisher Scientific, Inc.), 30 ug protein was separated via
SDS-PAGE on 10% gel. The separated proteins were then
transferred to PVDF membranes (cat. no. ISEQ00010; EMD
Millipore). Next, the membranes were blocked with 5% milk
in TBS with 0.1% Tween-20 at room temperature for 2 h.
Subsequently, the membranes were incubated with primary
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antibodies against LAMC2 (1:1,000; cat. no. ab210959;
Abcam) and GAPDH (1:5,000; cat. no. ab181602; Abcam)
at 4°C overnight. The following day, the membranes were
incubated with the Goat Anti-Rabbit I[gG H&L (HRP) anti-
body (1:10,000; cat. no. ab97051; Abcam) for 2 h at room
temperature. Finally, ECL reagent (cat. no. 1705062; Bio-Rad
Laboratories, Inc.) was used to visualize the protein signals.
Image Lab v3.0 software (Bio-Rad Laboratories, Inc.) was
used for densitometry.

Statistical analysis. The experiments were repeated three
times, and the data were shown as mean + standard deviation.
SPSS v23.0 (IBM Corp.) was used to analyze all data collected
in the present study. The Wilcoxon test was used to analyze the
differences between tumor and healthy groups for tissue data.
Unpaired Student's t-test was used to analyze the differences
between two groups for cell experiments. One-way ANOVA
with Dunnett's post hoc test was used to evaluate the differ-
ences among multiple groups in cell experiments. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-5580-3p/LAMC? as a potential biomarker and therapeutic
target in OC. By analyzing three mRNA expression profiles
(GSE19089, GSE23558 and GSE138206), 35 common differ-
entially expressed genes were obtained using the criteria of
logFC=1.5 and adjusted P<0.05 (Fig. 1A and B). The mRNA
expression analysis results for the GSE19089, GSE23558
and GSE138206 datasets are shown in Tables SI-III. The
35 genes were uploaded to the Search Tool for the Retrieval of
Interacting Genes/Proteins database for enrichment analysis.
The results revealed that the ‘extracellular matrix organization’
biological process and the ‘extracellular matrix component’
were significantly enriched terms, in which LAMC?2, collagen
type IV a6 chain and laminin subunit a3 were involved (Fig. 1C).
Subsequently, the GEPIA survival analysis tool (http:/gepia.
cancer-pku.cn/detail.php) was used to study the prognostic
effects of the three genes in human HNSCC. The results revealed
that LAMC2 was a prognostic marker (Fig. 1D). By analyzing
GEPIA expression data, it was also identified that LAMC2
expression was markedly upregulated in HNSCC (Fig. 1E).
Therefore, LAMC2 was considered to be the gene of interest.
The target miRNAs of LAMC?2 predicted by TargetScan Human
7.2 (25) were overlapped with the downregulated miRNAs in
the GSE98463 dataset (a miRNA microarray dataset) (26) with
logFC<-1.5 and P<0.05. The results indicated that miR-5580-3p
was a potential cancer suppressor in OC (Fig. 1F). The targets
of LAMC?2 predicted by TargetScan Human 7.2 are listed in
Table SIV. The analysis results for the GSE98463 dataset are
shown in Table SV.

Upregulation of LAMC2 in OC. Compared with that in
adjacent healthy tissues, LAMC2 mRNA expression was
upregulated ~2-fold in cancerous tissues in the training and
validation sets (Fig. 2A and B). LAMC2 mRNA and protein
expression levels were significantly upregulated in cancer cell
lines, particularly in Cal-27 and SCC-4 cells, compared with
in the HOEC cell line (Fig. 2C and D). Therefore, SCC-4 and
Cal-27 cells were selected for the follow-up experiments.

LAMC?2 enhances the viability, proliferation and migration
of OC cells. The successful transfection of si-LAMC2, si-NC,
OE-LAMC?2 and OE-NC into SCC-4 and Cal-27 cells was
demonstrated. LAMC2 mRNA expression in the OE-LAMC2
group was increased 3-fold compared with that in the OE-NC
group. Furthermore, LAMC2 mRNA expression was decreased
by 0.7-fold in the si-LAMC?2 group compared with that in the
si-NC group (Fig. 3A). Additionally, it was observed that the
cell viability in the OE-LAMC?2 group was 0.5-fold higher
compared with that in the OE-NC group; however, that in the
si-LAMC?2 group was ~0.3-fold lower compared with that in
the si-NC group in SCC-4 and Cal-27 cells at 72 h (Fig. 3B).
Cells in the OE-LAMC?2 group exhibited a 0.3-fold increase
in cell proliferation compared with cells in the OE-NC group.
Nevertheless, cells in the si-LAMC2 group had a 0.3-fold
decline in the cell proliferation level compared with cells
in the si-NC group (Fig. 3C). Furthermore, it was observed
that LAMC2 overexpression accelerated the wound healing
process by 0.3-fold, whereas LAMC2 knockdown decreased
it by ~0.3-fold. This observation suggested that LAMC2
overexpression enhanced OC cell migration (Fig. 3D). Overall,
LAMC?2 improved the viability, proliferation and migration of
OC cells.

LAMC? is a downstream target gene of miR-5580-3p. The
complementary relationship between miR-5580-3p and
LAMC?2 mRNA is shown in Fig. 4A. Luciferase activity in
the cells co-transfected with Wt LAMC2 mRNA 3'UTR and
miR-5580-3p mimic was decreased by 0.5-fold compared
with that in the cells co-transfected with Wt LAMC2
mRNA 3'UTR and miR-5580-3p mimic-NC plasmids in
both cell lines. On the other hand, the luciferase activity
in cells co-transfected with Wt LAMC2 mRNA 3'UTR
and miR-5580-3p inhibitor was markedly increased by
~2-fold compared with that in the cells co-transfected with
Wt LAMC2 mRNA 3'UTR and miR-5580-3p inhibitor-NC
(Fig. 4B). The expression levels of miR-5580-3p were 0.5-fold
lower in OC tissues compared with in the healthy tissues in
both the training and validation sets (Fig. 4C and D). The
results of RT-qPCR revealed that miR-5580-3p expression
was significantly downregulated in OC cell lines, particularly
in Cal-27 and SCC-4 cells, compared with in the HOEC cell
line (Fig. 4E). miR-5580-3p was significantly upregulated in
the mimic group, whereas LAMC2 mRNA was significantly
downregulated in the mimic group (Fig. S1). In addition,
miR-5580-3p expression was markedly increased (~2-fold)
in the mimic + OE-NC and mimic + OE-LAMC2 groups,
compared with in the mimic-NC + OE-NC group in Cal-27
and SCC-4 cells. LAMC2 expression was decreased by
~0.8-fold in the mimic + OE-NC group, but increased
~4-fold in the mimic-NC + OE group compared with in
the mimic-NC + OE-NC group in Cal-27 and SCC-4 cells
(Fig. 4F). These results demonstrated that miR-5580-3p
directly targeted LAMC?2.

miR-5580-3p inhibits OC cell viability, proliferation and
migration by suppressing LAMC2. To further investigate
whether miR-5580-3p inhibited the viability, proliferation and
migration of OC cells by regulating LAMC2 mRNA, rescue
experiments were designed. The results of the CCK-8 assay
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Figure 1. Identification of miR-5580-3p and LAMC?2 as potential biomarkers and therapeutic targets in OC. (A) Heatmaps of DEGs in three OC Gene
Expression Omnibus datasets (GSE19089, GSE23558 and GSE138206) using R software 4.0.4. (B) Venn diagram revealing that 35 common DEGs were identi-
fied using the criteria of logFC=1.5 and adjusted P<0.05. (C) The 35 DEGs were analyzed using the Search Tool for the Retrieval of Interacting Genes/Proteins
database, and the extracellular matrix organization biological process and extracellular matrix component were identified as enriched terms. Genes that were
involved in the two included LAMC2, COL4A6 and LAMA3. (D) GEPIA survival analysis was employed to study the prognostic effects of the three genes
in HNSCC. (E) By interrogating GEPIA expression data, it was also revealed that LAMC2 expression was upregulated in HNSCC. "P<0.01. (F) Intersection
of the target miRNAs of LAMC?2 identified using TargetScan Human 7.2 and the downregulated miRNAs in the GSE98463 dataset (criteria, logFC<-1.5 and
adjusted P<0.05). COL4A®6, collagen type IV a6 chain; DEGs, differentially expressed genes; FC, fold-change; GEPIA, Gene Expression Profiling Interactive
Analysis; HNSCC, head and neck squamous cell carcinoma; LAMA3, laminin subunit a3; LAMC2, laminin subunit y2; miR-5580-3p, microRNA-5580-3p;
miRNAs, microRNAs; num (T), number of the tumor group; n (N), number of the normal group; OC, oral cancer.
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Figure 2. LAMC2 expression in oral cancer. (A) mRNA expression levels of LAMC2 were higher in oral tumor tissues than in adjacent healthy tissues in
the training set according to RT-qPCR analysis. P<0.001 (Mann-Whitney test). (B) mRNA expression levels of LAMC2 were higher in oral tumor tissues
compared with those in adjacent healthy tissues in the validation set according to RT-qPCR analysis. P<0.001 (Mann-Whitney test). (C) mRNA expression
levels of LAMC?2 were higher in oral tumor cell lines than in the normal oral HOEC cell line according to RT-qPCR analysis. “P<0.01 vs. HOEC cell line.
(D) Protein expression levels of LAMC2 were increased in oral tumor cell lines compared with in the HOEC cell line according to western blotting. "P<0.05
and “P<0.01 vs. HOEC cell line. LAMC2, laminin subunit y2; RT-qPCR, reverse transcription-quantitative PCR; HOEC, human oral epithelial cell line.

revealed that the cell viability at 72 h was decreased in the
miR-5580-3p mimic + OE-NC group, whereas the cell viability
inthe mimic-NC + OE-LAMC?2 group was increased,compared
with thatin the mimic-NC + OE-NC group. The viability of cells
in the miR-5580-3p mimic + OE-LAMC?2 group was similar
to that of cells in the mimic-NC + OE-NC group, suggesting
that LAMC?2 could reverse the effect of miR-5580-3p on OC
cell viability (Fig. 5A). Furthermore, cell proliferation was
decreased by ~0.2-fold in the miR-5580-3p mimic + OE-NC
group, while that in the mimic-NC + OE-LAMC?2 group
was increased by nearly 0.5-fold compared with that in the
mimic-NC + OE-NC group. In addition, in the miR-5580-3p
mimic + OE-LAMC?2 group, the effect of miR-5580-3p on
OC cell proliferation was reversed (Fig. 5B). Furthermore,
it was observed that the migration rate was decreased by
0.2-fold in the miR-5580-3p mimic + OE-NC group, while
that in the mimic-NC + OE-LAMC?2 group was increased by
0.3-fold compared with that in the mimic-NC + OE-NC group.
Additionally, in the miR-5580-3p mimic + OE-LAMC?2 group,
the effect of miR-5580-3p on OC cell migration was reversed
(Fig. 5C). Overall, the results demonstrated that miR-5580-3p
inhibited OC cell viability, proliferation and migration by
suppressing LAMC?2.

Discussion

The present experiments demonstrated that LAMC2 expres-
sion was upregulated in OC tissues and cell lines, whereas
miR-5580-3p expression was downregulated in OC tissues
and cells. Following overexpression of LAMC2, cell viability,
proliferation and migration were increased notably in SCC-4
and Cal-27 cells. Whereas upregulation of miR-5580-3p led to
the opposite results. Following co-transfection of miR-5580-3p
mimic in LAMC2-overexpressing cell lines, the effects on cell
viability, proliferation and migration abilities were reversed.
Increasing reports have revealed that LAMC?2 expres-
sion is upregulated in various types of cancer, including
gastric carcinoma, lung carcinoma, colorectal carcinoma,
pancreas carcinoma, cervix carcinoma, oral carcinoma and
melanoma (7,28-34). These previous studies demonstrated
that LAMC2 enhanced tumor aggressiveness and was asso-
ciated with shorter survival time, and high recurrence or
metastasis rate in patients (7,28-34). Additionally, in a study
by Lindberg et al (35), which included 20 LAMC2-positive
tumors, in 11 grade one cases of incipient carcinoma, LAMC?2
had a similar expression pattern to plasminogen activator
inhibitor-1 (PAI-1). These results suggested that PAI-1 and
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Figure 3. LAMC2 affects the viability, proliferation and migration of oral cancer cells. (A) Transfection efficiency in oral tumor cell lines following trans-
fection with si-LAMC?2, si-NC, OE-LAMC?2 and OE-NC was detected by reverse transcription-quantitative PCR. “P<0.01 vs. si-NC group; “P<0.01 vs.
OE-NC group. (B) Results of the Cell Counting Kit-8 assay in SCC-4 and Cal-27 cells transfected with si-LAMC2, si-NC, OE-LAMC?2 and OE-NC. “P<0.01
vs. si-NC group; “P<0.01 vs. OE-NC group at 72 h. (C) Results of the 5-bromo-2'-deoxyuridine incorporation assay in SCC-4 and Cal-27 cells transfected with
si-LAMC?2, si-NC, OE-LAMC?2 and OE-NC. "P<0.05 vs. si-NC group; “P<0.05 and "P<0.01 vs. OE-NC group. (D) Wound healing assay results in SCC-4 and
Cal-27 cells. “P<0.01 vs. si-NC group; “P<0.01 vs. OE-NC group. si-LAMC2, LAMC?2 siRNA; si-NC, siRNA-negative control; OE-LAMC2, overexpression
of LAMC?2; OE-NC, negative control of overexpression; LAMC2, laminin subunit y2; si/siRNA, small interfering RNA.

LAMC?2 with coordinated expression sustained the early-phase
features of invading cancer cells in OSCC (35). Another study
reported that LAMC?2 expression was upregulated in OSCC
tissues with a-smooth muscle actin positivity, increasing to
participate in the vascular basement membrane reorganiza-
tion in tumor angioneogenesis (36). The results of the present

study revealed that LAMC?2 expression was upregulated in OC
tissues and cell lines to promote cell viability, proliferation
and migration.

Several miRNAs have been determined to function as
tumor suppressors or promoters during OC genesis (37,38).
In 2016, the results of a microarray study demonstrated that
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Figure 4. LAMC?2 is a downstream target gene of miR-5580-3p. (A) Predicted binding sites of miR-5580-3p in the LAMC2 mRNA 3'-UTR according to
TargetScan Human 7.2. (B) A luciferase reporter assay in SCC-4 and Cal-27 cells suggested that LAMC?2 is a downstream target of miR-5580-3p. “P<0.01
vs. inhibitor-NC group; “P<0.01 vs. mimic-NC group. (C) miR-5580-3p expression was lower in oral tumor tissues than in healthy tissues in the training set.
P<0.001 (Wilcoxon test). (D) miR-5580-3p expression was lower in oral tumor tissues compared with that in healthy tissues in the validation set. P<0.001
(Wilcoxon test). (E) miR-5580-3p expression was significantly lower in SCC-4 and Cal-27 cells than in HOEC cells. “P<0.01 vs. HOEC cell line. (F) Expression
levels of miR-5580-3p and LAMC?2 in co-transfection groups (miR-5580-3p mimic + OE-NC; mimic-NC + OE-NC; miR-5580-3p mimic + OE-LAMC?2;
mimic-NC + OE-LAMC?2) was detected by reverse transcription-quantitative PCR. “P<0.01 vs. mimic-NC + OE-NC group. Mimic-NC + OE-NC, miR-5580-3p
mimic negative control + LAMC2 overexpression negative control; mimic + OE-NC, miR-5580-3p mimic + LAMC?2 overexpression negative control;
mimic-NC + OE, miR-5580-3p mimic negative control + LAMC?2 overexpression; mimic + OE, miR-5580-3p mimic + LAMC2 overexpression; LAMC2,
laminin subunit y2; miR-5580-3p, microRNA-5580-3p; Wt, wild-type; Mut, mutant; UTR, untranslated region; HOEC, human oral epithelial cell line.

let-7a, let-7d, let-7f and miR-16 were expressed at low levels
in OSCC tissues, whereas the expression levels of miR-29b,
miR-142-3p, miR-144, miR-203 and miR-223 were increased
in OSCC tissues (37). However, one study demonstrated

that miR-196 was associated with lymph node metastasis
when highly overexpressed in OC tissues, thus resulting in
enhanced cell migration and invasion (39). A study published
in 2014 revealed that miR-99a, one of the most significantly
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Figure 5. Effects of miR-5580-3p on cell viability, proliferation and wound healing via targeting of LAMC2. (A) Cell Counting Kit-8 assay results revealed
that miR-5580-3p inhibited cell viability, while LAMC?2 reversed its effect. (B) 5-bromo-2'-deoxyuridine incorporation assay results demonstrated that
miR-5580-3p inhibited cell proliferation, while LAMC?2 reversed its effect. (C) miR-5580-3p increased the wound healing rate, while LAMC?2 reversed
its effect. "P<0.05 and “P<0.01 vs. NC + OE-NC group; “P<0.05 and “P<0.01 vs. mimic + OE group. Mimic-NC + OE-NC, miR-5580-3p mimic negative
control + LAMC?2 overexpression negative control; mimic + OE-NC, miR-5580-3p mimic + LAMC?2 overexpression negative control; mimic-NC + OE,
miR-5580-3p mimic negative control + LAMC2 overexpression; mimic + OE, miR-5580-3p mimic + LAMC?2 overexpression; LAMC2, laminin subunit y2;

miR-5580-3p, microRNA-5580-3p.

downregulated miRNAs in OSCC, decreased the migration
and invasion of OSCC cells (40). In the present study, it was
observed that miR-5580-3p expression was downregulated
in both OC tissues and cell lines, and that it inhibited cell
viability, proliferation and migration.

The present study provided additional insights into how
miRNAs regulate OC. It has been widely hypothesized that a
miRNA can bind to the 3'UTR of its target mRNA (41-43). For
instance, miR-31-5p regulates the expression of extracellular
PEG?2 antagonistically, thereby enhancing prostaglandin E
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receptor 1-ERK-MMP9 (44). Furthermore, miR-125b,
which is expressed at low levels in OSCC tissues, is a direct
upstream gene of peroxiredoxin like 2A, and its overexpres-
sion in OSCC cells increases oxidative stress and inhibits the
activity of OSCC cells (45). Additionally, LAMC?2 has been
reported to be targeted by other miRNAs and to affect OC cell
phenotypes. For instance, LINC00511 is highly expressed in
tongue squamous cell carcinoma, and it acts as a competing
endogenous RNA sponging miR-765, finally upregulating
LAMC?2 expression to enhance cell proliferation and inva-
sion (46). In HNSCC, LAMC?2 is regulated by miR-29s to
promote cell migration and invasion (47). In the present study,
miR-5580-3p was demonstrated to be an upstream miRNA of
LAMC?2. By binding to the 3'UTR of LAMC2, miR-5580-3p
decreased cell viability, proliferation and migration in OSCC.

Another study revealed that laminin-5 protein could
co-deposit with large un-spliced tenascin-C in the extracel-
lular matrix to promote invasion and metastasis in OSCC (48).
Therefore, further experiments should be performed to study
how LAMC?2 enters the cell nucleus to remodel the extracellular
matrix and thus influence tumor invasion. To further validate the
current results, animal experiments could also be conducted in
the future. Clinically, the log-rank test may not be applicable for
survival plots where late stage crossover is present in LAMC2
prognostic analysis, so further verification should be performed
using a weighted test, such as Renyi or Cramer-von Mises.

In summary, the present study demonstrated that
miR-5580-3p suppressed cell viability, proliferation and
migration by decreasing the expression levels of LAMC2. This
means that, in the future, miR-5580-3p and LAMC2 may be
used as potential biomarkers or even therapeutic targets for
OC diagnosis and therapies.
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