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Abstract
Purpose Oral cancer has the characteristics of rapid progression, wide invasion and poor prognosis,
which induces higher mortality in the patients. At present, there are about 300 thousand new cases of oral
cell carcinoma worldwide. Particularly, the incidence rate of oral cancer in China is relatively high.
Therefore, it urgently needs to understand the pathogenesis of oral cancer and molecular mechanisms
underlying. Abnormal regulation of miR-219-5p is present in various types of cancer. However, the
relationship between miR-219-5p and its targets in oral cancer has not been well evaluated.

Methods Western blotting and Quantitative RT-PCR were used to detect the expression of SOX5 in oral
cancer tissues.Migration ,cell proliferation,and invasion were detected using CCK8 assay,Conlony
formation assay and Transwell assays .The interaction between SOX5 and miR-219-5p and oral cancer
was con�rmed using dual-luciferase reporter assays.

Result This study aims to investigate the possible roles of miR-219-5p and its potential target gene, SOX5,
in the progress of oral cancer. Our data showed that the high miR-219-5p and low SOX5 expression levels
were associated with improved survival rates in patients. miR-219-5p level was negatively correlated with
the expression of SOX5. Genetic analysis and luciferase assay revealed that the miR-291-5p regulated
SOX5 expression by targeting the 3'-UTR region of SOX5 mRNA. Functionally, we con�rmed that miR-219-
5p mimics inhibited SOX5 expression and suppressed the proliferation, colony formation ability, invasion
and migration of oral cancer cells, SCC4 and SCC9. In contrast, inhibition of miR-219-5p increased SOX5
levels and promoted the vitality and mobility of oral cancer cells. Furthermore, special siRNA targeting
SOX5 partially neutralized the effects of miR-219-5p inhibitor.

Conclusions This study demonstrates that miR-219-5p may inhibit the proliferation, migration and
invasion of oral cancer by targeting the expression of SOX5, which provided novel candidates for clinic
prognosis and/or therapy.

Introduction
Head and neck cancer is the sixth most common cancer in humans, accounting for about 3% of all
cancers. Among all head and neck cancers, 48% of cancers occur in the oral cavity, which is collectively
referred to as oral cancer[1]. Despite advances in the treatment of oral cancer, patients with oral cancer
has a very poor prognosis and low survival rate. Therefore, it is expected to make a breakthrough in the
early diagnosis and treatment of oral cancer by integrating multiple molecular targets for prediction or
treatment based on the further researches.

Small noncoding micro-RNAs (miRNAs) are a class of single-stranded RNA molecules with length of 17-
25 nucleotides, which play an important role in the regulation of posttranscriptional gene expression.
After mRNA is produced by gene transcription, miRNA can interact with the 3'- untranslated region (3'-
UTR) of target messenger RNA (mRNA) to induce the direct degradation of target mRNA and
subsequently inhibit the expression of target protein[2 3]. Current studies have found that more than 30%
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of human genes are regulated by miRNA, and the same miRNA can regulate the degradation of hundreds
of mRNAs[4]MiRNA is involved in cell proliferation and differentiation, development, apoptosis,
in�ammation, as well as tumor genesis and metastasis by regulating the expression of targeted genes.
Studies have shown that miRNAs can act as proto-oncogenes or tumor suppressors to regulate the
signaling pathways involved in gene expression and the proteins encoded by the modi�ed genes.
Previous reports have shown that miRNAs are also involved in the occurrence and development of oral
cancer. Further in vitro studies �nd that miR-219-5p inhibits the proliferation, migration and invasion of
various cancer cells[5 6]. However, the expression and roles of miR-219-5p in oral cancer are still unclear.

SOX5 (SRY-related high-mobility-group box 5) is a member of the SOX transcription factor family. The
human SOX5 protein has two isomers, the longer and shorter SOX5 isomer. The former encodes 763
amino acids, which is expressed in the heart, brain, liver, lung, spleen, and testes. The latter isomer, which
encodes 750 amino acids, is expressed speci�cally only in testes[7 8]. Recent studies demonstrate that
SOX5 is involved in promoting the development and metastasis of nasopharyngeal carcinoma, pituitary
tumor, liver cancer, breast cancer and prostate cancer[9 10 11 12 13]. However, there are no reports
about the expression of SOX5 in oral cancer and its role in the development and metastasis of oral
cancer. Therefore, this study on the expression changes of miR-219-5p and its potential targets in oral
cancer will help us to understand the molecular mechanism of the occurrence and progress of oral
cancer.

Methods
Clinical samples collection

Fifty-six pairs of cancer tumor tissues and adjacent normal tissues were obtained from patients with oral
cancer who received surgery at the A�liated stomatological hospital of Kunming Medical University
between January 2014 and December 2015. Specimens were immediately stored at -80˚C until nucleic
acids and proteins were isolated. All the patients recruited were undergoing surgery in the hospital for the
�rst time and had not received anti-tumor treatment prior to surgery.

All procedures performed in the present study involving human participants were conducted in
accordance with the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards revised in 2000. The present study was approved by The Medical Ethics Committee of
Kunming Medical University (Kunming, China). All the patents involved in this study were required the
informed consents.

Cell preparation

The human tongue squamous carcinoma cells, SCC4 and SCC9, and the human normal skin �broblast
cell line, HF, were purchased from The Cell Bank of Type Culture Collection of The Chinese Academy of
Sciences (Shanghai, China). The SCC4 and SCC9 cells were veri�ed by The Cell Bank of Type Culture
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Collection of the Chinese Academy of Sciences. No misidenti�ed and/or contaminated cell lines were
used in the present study.

The cells were 12th generations and cultured in the mixture medium, which contained Dulbecco’s
Modi�ed Eagle’s Medium (DMEM)/F12 (ThermoFisher Scienti�c, Shanghai, China), 2 mM glutamine, 10%
fetal bovine serum, 100 U/ml penicillin and 100 mg/ml streptomycin (ThermoFisher Scienti�c, Shanghai,
China). The culture conditions were 37˚C with a humidi�ed atmosphere containing 5% CO2.

Cell treatment

The SCC4 and SCC9 cell lines were transiently transfected with either miR-219-5p mimics (1.5μl, 3μM) or
miR-219-5p inhibitor (5μl, 2.5μM) or the matched control using Lipofectamine 3000 reagent (Invitrogen;
Thermo Fisher Scienti�c, Inc.). The miR-219-5p mimics, miR-219-5p inhibitor, miRNA mimics negative
control (miR-NC) and scrambled siRNA negative control (miR-219-5p inhibitor NC) were provided by
Guangzhou RiboBio Co., Ltd. The sequences of the miRNAs used are described as: miR-219-5p mimics:
UGAUUGUCCAAACGCAAUUCU; miR-NC: UGGAUUCCUUAACUUCCCAA; miR-219-5p inhibitor:
UUCAACCAGGAAAAGUUGGGAAU; miR-219 inhibitor NC: AUGGCACGUGUACUCCUACAUAC. The 1x106

cells were seeded in a plate and transfected with the reagents described above for 48 h at 37˚C as
recommended by the manufacturer’s protocol. Subsequently, the treated cells were harvested for further
analyses, including Reverse transcription-quantitative PCR (RT-qPCR), Western blot, Cell proliferation,
colony formation assay and migration assays.

pcDNA3.1 (+) plasmid or siRNAs was purchased to up-regulate or down-regulate the expression levels
SOX5 in oral cancer cells, respectively. Brie�y, the full-length ORF of SOX5 was ampli�ed by PCR, and
then the cDNA was connected with pcDNA3.1 (+) plasmid (Invitrogen) by T4 ligase (Takara Bio Inc.). DNA
sequencing was used to verify whether the recombinant plasmid (pcDNA3.1-SOX5) was correct. The
constructed pcDNA3.1-SOX5 plasmid was transfected into SCC4 and SCC9 with Lipofectamine 2000
reagent (Invitrogen) according tot the protocol provided by manufacturers. Twenty-four hours post
transfection, the expression levels of SOX5 were detected by RT-qPCR and Western blot.

Three speci�c siRNAs targeting human SOX5 mRNA and control siRNA were designed and synthesized
by Sigma-Aldrich. The control and SOX5 siRNAs were transiently transfected into SCC4 and SCC9 with
Lipofectamine 2000 reagent (Invitrogen), respectively. After 24h of transfection, the total RNA and protein
were extracted from the cells to evaluate the changes in expression levels of SOX5 mRNA or protein by
RT-qPCR or Western blot, respectively. Two siRNAs with high e�ciency were selected for subsequent
experiments.

Veri�cation SOX5 as the target gene of miR-219-5p and the binding regions

According to the computational algorithms miRMine (http://www.microrna.org), the binding site of miR-
219-5p in the 3 '- UTR of SOX5 mRNA was predicted to be 5' - GGACCAAA -3 '. Subsequently, the
corresponding mutation site sequence was designed as 5' - GCAGGCCA -3 '. Luciferase reporter assays

http://www.microrna.org/
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were performed to validate the miR-219-5p target gene SOX5 in oral cancer cells. The wild-type (wt) and
mutant (mut) sequences were inserted into pmirglo vector (Promega company) by molecular cloning. For
luciferase activity assay, miR-219-5p mimic or inhibitor were transfected into oral cancer cells with wt-
SOX5 and mut-SOX5 reporter plasmid, respectively. After 48h of transfection, luciferase activities of both
�re�y and renilla were measured by using a Dual-Luciferase Reporter assay system (Promega, Madison,
WI). Renilla luciferase activities were evaluated as an internal control. Fire�y luciferase activity was
normalized to that of Renilla luciferase activity. All experiments were performed three times in triplicate.

CCK-8 Assay

1 × 104 SCC4 or SCC9 cells were inoculated into one well of 96 well plate. The constructed plasmids were
transiently transfected with Lipofectamine rnaimax reagent (ThermoFisher Scienti�c, Shanghai, China)
for 48 hours. 10 μl CCK-8 solution (Sigma Aldrich company) was added to each well and incubated in the
cell incubator at 37˚C for 1.5 hours. The plate reading was analyzed at 490 nm absorbance.

Colony formation assay

The constructed plasmid was transiently transfected into oral cancer cells SCC4 and SCC9 with
Lipofectamine 2000 reagent. After 48 hours, the cells were seeded on a 6-well culture plate covered with
0.6% agarose for culture. After 14 days of culture, �xed cell colonies were stained with crystal violet
(Sigma Aldrich company), and the number of cell colonies were observed under microscope.

RT-qPCR

Samples from the clinical tissues or from human tongue squamous carcinoma cells were used to assess
the relative expression levels of miR-219-5p and SOX5 by RT-qPCR as preciously described[14]. Brie�y,
TRIzol® (Invitrogen; Thermo Fisher Scienti�c, Inc.) and an miRNeasy mini kit (Qiagen AB) were purchased
for extracting the total RNA. According to the manufacturer’s protocol, the All-in-OneTM miRNA
quantitative RT-PCR Detection kit (GeneCopoeia, Inc.) was employed to the RT-qPCR analysis for miR-219-
5p. The miRNA RT-PCR primers of hsa-miR-219-5p and U6 (reference gene) were provided by Applied
Biosystems; Thermo Fisher Scienti�c, Inc. U6 was served as a reference gene and the expression levels of
the examined samples were normalized to those of U6[15]. The sequences of hsa-miR-219-5p primers are
described as: forward: 5’- UAUCCACUUGAUCG- GCCUAC-3’, reverse: 5’- GCUCCGCTGUAGACCUA UCUGCA-
3’.

Moloney Murine Leukemia Virus Reverse Transcriptase (Takara Bio, Inc.) and 2X Mix SYBR Green I
(Takara Bio, Inc.) were employed to evaluate the expression of SOX5 mRNA. Each PCR reaction was
composed of two parts, including the initial denaturation at 95˚C for 3 min and multiple cycles of
ampli�cation (36 cycles at 95˚C for 10 sec, 56.5˚C for 20 sec, and 75˚C for 30 sec), followed by a
denaturation step at 95˚C for 15 sec, an annealing step at 65˚C for 10 sec, and a �nal extension step at
95˚C for 10 sec. GAPDH was used as the reference control. The primers were purchased from Invitrogen
(Invitrogen; Thermo Fisher Scienti�c, Inc. ). The primers sequences were described as follows: GAPDH
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forward, 5′-CGAGATCCCTCCAAAATCAA-3′ and reverse, 5′- TTCACACCCATGACGAAC AT-3′; and SOX5
forward, 5′-CGTAACGAGCCTATGCAAT-3′ and reverse, 5′-TACCGGAAGCTACAATGCA-3′. The 2-ΔΔCq method
was performed to evaluate the relative levels of the genes[16].

Western blot analysis

According to the manufacturer's instruction, the BCA detection kit (Beijing Biotechnology, China) was
used to detect the protein concentration. Protein samples (40 mg) were separated by 10% SDS-PAGE and
transferred to nitrocellulose membrane (beyotime biotechnology, China). The expression levels of SOX5
protein was assessed. Brie�y, the membrane was sealed with 5% skim milk for two hours, then incubated
with primary antibody, SOX5 (1:1000; cat.no.sc-293215;Santa Cruz Biotechnology, Inc.) and GAPDH
(1:500; cat. no. sc-47724; Santa cruz Biotechnology, Inc.) overnight at 4°C. Following the primary antibody
incubation, the membranes were washed by 0.01M PBS buffer solution for three times and incubated
with IgG binding protein-HRP (1:2,000; cat. no. sc-516102) secondary antibody at 20-24˚C for 2h. The
protein signal of cell membrane was observed with enhanced chemiluminescence reagent (EMD
Millipore). GAPDH was used as the reference for protein expression.

Migrating and invading assay

Cells with a density of 1 × 105 / ml were prepared in serum-free medium, and the cell migration or
invading experiment was carried out in the upper chamber. Matrigel solution (BD, Franklin lakes, NJ, USA)
was used. After incubation for 48 hours, the cells migrated to the upper membrane surface were
physically cleaned / removed. The cells migrated or invaded into the membrane were collected for
statistical analysis. The cells were stained with 0.1% crystal violet and 20% methanol for 20 min and
�xation with 20% methanol for 30sec at 20-24˚C. The stained cells were then imaged and counted with
ibx3 inverted microscope (Olympus, Tokyo, Japan).

Statistical analysis

The data were expressed as mean ± standard deviation (SD). In this study, SPSS software (spssinc.,
version 21.0, Chicago, IL) was used for analysis. Multivariate logistic regression analysis was used to
evaluate the relationship between the expression of miR-219-5p (low or high level), SOX5 (low or high
level) and oral cancer. The median expression levels of miR-219-5p or SOX5 were used as the cutoff
values[17]. Kaplan-Meier method and log-rank test were performed to evaluate the �ve-year overall
survival (OS) curves of oral cancer patients with different expressional levels of miR-219-5p or
SOX5. Signi�cant differences between mRNA and proteins expression levels, cell viability, colony
numbers and migration and invasive activities, among multiple groups were determined using ANOVA
and Student-Newman-Keuls test. P<0.05 was considered to indicate a statistically signi�cant difference.

Results
The deregulation of SOX5 and miR-219-5p in either oral cancer tissues and cells
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The expression changes of SOX5 and miR-219-5p were analyzed in cancer samples and tongue
squamous carcinoma cells by RT-qPCR and Western blot. The data showed that the expression levels of
SOX5 mRNA and protein in cancer tissues and cells was signi�cantly increased compared with the
matched control cohorts, respectively (P<0.05, Fig.1a). On the other hand, after searching various cancer
databases, we found that there was no previous study on the expression of miR-219-5p in oral cancer.
Therefore, we compared the expression of miR-219-5p in oral cancer and paracancerous tissues using RT-
qPCR. The results showed that the expression level of miR-219-5p was much lower in oral cancer (vs.
adjacent normal tissue, P < 0.05, Fig.1a).

Similarly, further comparison between the normal human HF and tongue squamous carcinoma cells
revealed signi�cant increases in SOX5 and decreases in miR-219-5p expression levels in the SCC4 and
SCC9 cells, compared with that of HF respectively (P<0.05, Fig.1b).

According to the OS curves analysis, oral cancer patients with high expression of miR-219-5p (cut-off
level 0.64; >0.64 high expression) demonstrated a higher rate OS compared with patients with low
expression (≤0.64, low expression) (χ2=15.24, P=0.00031; Fig.1c). The OS rate of patients with low levels
of SOX5 (cut-off level 2.86; ≤2.86, low expression) in tumors was higher compared with high levels of
SOX5 (>2.86, high expression) (χ2=18.11, P=0.00027; Fig.1d).

These results suggests that the abnormal expressions of miR-219-5p and/or SOX5 may be associated
with the occurrence and development of oral cancer.

miR-219-5p regulates the expression of SOX5 in oral cancer cells by targeting 3 '- UTR region

Since SOX5 and miR-219-5p showed the opposite expressional tendency in oral cancer tissues and cells,
we speculated that miR-219-5p might target SOX5 mRNA by speci�c “seed” region. In order to validate
this speculation, miRMine was employed to predict the possible binding site of miR-219-5p in SOX5
mRNA. The results showed that there was indeed a binding site of miR-219-5p on the 3 '- UTR of SOX5
mRNA and SOX5 is a potential target gene of miR-219-5p (Fig.2a).

Transfection of SOX5 3'UTR-wt in combination with miR-219-5p mimic (SOX5 3'UTR-wt+miR-219-5p)
signi�cantly reduced the luciferase activity compared with the corresponding control (SOX5 3'UTR-
wt+miR-NC). However, in cells transfected with SOX5 3'UTR-mut vector, miR-219-5p did not induce the
reduction of luciferase activity in SCC4 nor SCC9 cells (P<0.05, Fig.2b).

To further determine whether miR-219-5p regulated the expression levels of SOX5, SCC4 and SCC9 cells
were treated with miR-219-5p mimics or inhibitors and subsequently the expression levels of SOX5 were
detected. The results showed that miR-219-5p mimic dramatically suppressed SOX5 expressions, while
miR-219-5p inhibitor signi�cantly restored the expression of SOX5 in SCC4 and SCC9 cells (P<0.05,
Fig.2c, d, e). These results validated that miR-219-5p targeted SOX5 by binding to the speci�c 3 '- UTR
region of SOX5 mRNA.
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Investigate the possible roles of SOX5 in the proliferation, migration and invasion of oral cancer cells

The results showed the mRNA and protein expression levels in SCC4 and SCC9 cells with pcDNA3.1-
SOX5 treatment were signi�cantly higher than that of the pcDNA3.1 plasmid transfected control group
(P<0.05, Fig.3a,b).

Following siRNAs (siRNA-1, siRNA-2 and siRNA-3) treatment, the expression levels of either SOX5 mRNA
and protein were interfered. Among the three siRNAs fragments, siRNA-1 showed the best interfering
effect which induced signi�cant decreases in SOX5 mRNA and protein of SCC4 and SCC9 cells (P<0.05,
Fig.3c,d). Therefore, siRNA-1 fragment was selected for subsequent assessments.

SOX5 promotes colony formation of SCC4 and SCC9 cells

In order to observe the number and size of cell colony, the cell colony experiment was carried out. It was
observed that the cell colonies in pcDNA3.1-SOX5 treated SCC4 and SCC9 cells signi�cantly increased,
compared with that of pcDNA3.1 plasmid treated control cells (P<0.05). By contrast, the colony number in
siRNA-SOX5 treated cells was signi�cantly lower than that of scrambled siRNA control treated SCC4 and
SCC9 cells (P< 0.05, Fig.4a,b).

SOX5 enhances the vitality of oral cancer cells

Treatment with pcDNA3.1-SOX5 signi�cantly promoted proliferation of SCC4 and SCC9 cells (vs.
pcDNA3.1 plasmid treated ones, P<0.05), which indicated by CCK-8 assay. The CCK-8 assay also revealed
that the optical density in SCC4 and SCC9 cells marked reduced after transfecting with siRNA-SOX5,
compared with that of siRNA control treated ones (P<0.05). These results suggested that SOX5 facilitated
the proliferation of oral cancer cells, while SOX5 knockdown impaired the cell viability (P<0.05, Fig.4 c).

The effects of SOX5 overexpression and knockdown on the migration and invasion of oral cancer cells

The migration and invasion OSCC cell numbers with pcDNA3.1-SOX5 transfection were signi�cantly
larger than that of pcDNA3.1 plasmid control treated cells (P<0.05). It suggested that the overexpression
of SOX5 enhanced the migration and invasion of SCC4 and SCC9 cells. Transwell migration and invasion
assay was performed according to BD Bioscience and Sigma-Aldrich kit instructions to determine the
effects of SOX5 knockdown on the migration and invasion of oral cancer cells.The results also showed
that the cell migration and invasion ability of OSCC cells treated with siRNA-SOX5 was obviously
weakened, compared with that of scramble siRNA-SOX5 control treated ones (P<0.05,Fig.5a,b)

Investigate the possible roles of miR-219-5p in the proliferation, migration and invasion of oral cancer
cells

The miR-219-5p mimics or inhibitors were transiently transfected into oral cancer cells SCC4 or SCC9 with
Lipofectamine rnaimax reagent. It was observed that the apoptosis rates of SCC4 and SCC9 cells
transfected with miR-219-5p mimics were higher than those of cells treated with negative control (NC)
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The apoptosis rate of SCC4 and SCC9 cells transfected with miR-219-5p inhibitor was lower than that of
NC cells transfected with miR-219-5p inhibitor (P<0.05,Fig.6a).

miR-219-5p inhibits colony formation of SCC4 and SCC9 cells

In order to observe the effect of miR-219-5p on cell colony, the experiment was conducted, and the results
showed that the number and size of cells transfected with miR-219-5p mimic were signi�cantly lower
than that of miR-NC, while the number and size of cells transfected with miR-219-5p inhibitor were
signi�cantly increased, compared with the control group.(compared with NC of each group, there was
statistical signi�cance, P< 0.05,Fig.6b,c).

miR-219-5p inhibits the vitality of oral cancer cells

The mimics and inhibitors of miR-219-5p were transfected and the the cell viability were determined by
CCK8 assays and analyzed. The results showed that the OD490 nm values of cells transfected with miR-
219-5p mimics was signi�cantly lower than that of the cells treated with miR-NC, while the OD490 nm
values of cells transfected with miR-219-5p inhibitors was signi�cantly higher than that of the control
group (P < 0.05, Fig.6d).

The effects of miR-219-5p on the migration and invasion of oral cancer cells.

The miR-219-5p mimic or inhibitor was transfected into oral cancer cells, SCC4 and SCC9, to detect the
effects of miR-219-5p on the migration and invasion of oral cancer cells. The experiment showed that
transfection with miR-219-5p mimics signi�cantly reduced the migration and invasion of SCC4 and SCC9
cells, compared with control negative control -treated (miR-NC) cells, respectively. However, miR-219-5p
inhibitor treatment signi�cantly promoted the migration and invasion of SCC4 and SCC9 cells (P<0.05,
Fig.6e,f).

miR-219-5p inhibits the vitality and mobility of oral cancer cells by targeting SOX5

siRNA-SOX5 transfection effectively reduced the colony numbers (P<0.05,Fig.7a), values of optic density
490nm (OD 490nm, indicated by CCK-8 assay; (P<0.05,Fig.7c), migrating and invading numbers
(P<0.05,Fig.8a,b), while pcDNA3.1-SOX5 transfection marked increased the colony numbers
(P<0.05,Fig.7b) and OD 490nm values (P<0.05,Fig.7d), and migrating and invading numbers
(P<0.05,Fig.8a,b) of SCC4 and SCC9 cells. The data also showed that compared with the blank control
group, the colony numbers and OD 490nm values, as well as the migration and invading cell numbers of
SCC4 and SCC9 cells were signi�cantly increased by transfection with miR-219-5p inhibitor, while those
increases were partially neutralized by combined siRNA-SOX5 treatment (P<0.05, Fig.7a,c Fig.8a,b).

On the contrary, the colony numbers, values of OD 490nm, migrating and invading oral cancer cells
transfected with miR-219-5p mimics were signi�cantly reduced, compared with the blank control group
(P<0.05,Fig.7b, d Fig.8a,b). Furthermore, combined transfection with miR-219-5p mimics and pcDNA3.1-
SOX5 alleviated those suppression in proliferation and migration induced by miR-219-5p mimics, and
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partially restored the colony formation ability, OD 490nm values, as well as migrating and invading
capacities of oral cancer cells (P<0.05,Fig.7b, d Fig. 8a,b)

Discussion
The results showed that the expression levels of SOX5 in oral cancer tissues and oral cancer cells were
higher than that in paracancerous tissues, while they were lower than that in paracancerous tissues. Oral
cancer patients with high expression of miR-219-5p demonstrated a higher OS rate compared with
patients with low expression, while the OS rate of patients with low levels of SOX5 in tumors was higher
compared with high levels of SOX5. In addition, the expression of SOX5 in oral cancer tissues was
negatively correlated with miR-219-5p. Luciferase report assays and in vitro experiments con�rmed that
SOX5 was a target gene of miR-219-5p and miR-219-5p regulated the expression levels of SOX5. It also
found that SOX5 and miR-219-5p played important roles in the the proliferation, migration and invasion
of oral cancer cells. miR-219-5p inhibitor or SOX5 overexpression enhanced cell viability, while miR-219-
5p mimics or SOX5 siRNA weakened the proliferation and viability of oral cancer cells. Combined with
miR-219-5p inhibitor and SOX5 siRNA partially neutralized the proliferation and migration promotion
induced by miR-219-5p inhibitor. Similarly, treatment with both miR-291-5p mimics and SOX5 up-
regulated plasmids attenuated the suppression in viability and mobility induced by miR-219-5p in oral
cancer cells. The present study demonstrated the potential roles of miR-219-5p in the development and
progress of oral cancer by targeting SOX5.

The potential roles of SOX5 in various kinds of tumors were available in the database and public
literature. Huang et al. found that SOX5 promoted the progress of nasopharyngeal carcinoma by inducing
the down-regulation of SPARC protein expression, and the overexpression of SOX5 in carcinoma was
positively correlated with low clinical survival rate[18]. In cases with liver cancer and breast cancer, SOX5
promotes epithelial mesenchymal transition (EMT) and tumor cells invasion through smad3-SOX5-twist1
signaling pathway[19,20]. In prostate cancer, SOX5 regulates the TGF-β-induced EMT by regulating the
expression of Twist1, thus enhanced the metastasis of prostate cancer cells[21]. Currently, researchers
present evidences that SOX5 may serve as a tumor metastasis-promoting gene in patients with gastric
cancer. Data suggested that patients with high expression of SOX5 were more likely to have
metastasis[22]. In addition, the loss of endogenous SOX5 expression attenuates the invasion and
metastasis of gastric cancer cells, while overexpression of SOX5 signi�cantly reverses these events[23].
Furthermore, other studies have pointed out that member proteins of SOX family detected in human
cancer tissues, were served as potential molecular markers[24]. It is proved that SOX5 is up-regulated in
various forms of cancer and is associated with poor prognosis of patients. However, there are rare reports
about the expression of SOX5 and its possible roles in the occurrence, development and metastasis of
oral cancer. The results of this study demonstrated that the expression of SOX5 increased in oral cancer
tissues and the expression levels of SOX5 was positively related with the poor prognosis of patients.
Overexpression of SOX5 enhanced the proliferation, migration and invasion of oral cancer cells. By
contrast, knockdown of SOX5 expression suppressed the proliferation, migration and invasion of oral
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cancer cells. These results support that SOX5 might served as a promise molecular markers for diagnose
and prognosis of patients with oral cancer.

A series studies reveal that miRNAs play essential roles in regulating the proliferation, invasion and
metastasis of oral tumors, which is a leading cause of death in patients. Recent studies have found that
miR-219-5p inhibited the proliferation, migration and invasion of epidermal ovarian cancer cells by
regulating the Twist/Wnt/β-catenin signaling pathway[25]. Other studies reported that miR-219-5p was
downregulated in gastric cancer, and might serve as a gastric cancer suppressor by inhibiting cell
proliferation, migration, and invasion by targeting the LRH-1 and Wnt/β-catenin signaling pathways[26].
In colorectal cancer cases, miR-219-5p inhibited the proliferation and invasion process of cancer cells by
down-regulating the expression of Calcyphosin and PDGF receptor[27,28], and was proved to inhibit the
EMT and metastasis process by down-regulating the expression of LEBF1[29]. However, the expression
changes and possible roles of miR-219-5p in oral cancer are still unclear. In this study, the expression of
miR-219-5p in oral cancer tissues and cells were determined. The results showed that the expression level
of miR-219-5p in oral cancer tissues was signi�cantly lower than that in adjacent tissues. Moreover, we
demonstrated that miR-219-5p mimics inhibited the proliferation, migration and invasion of oral cancer
cells. Conversely, inhibition of miR-219-5p expression promoted the growth and invasion of oral cancer
cells. The present data demonstrated a novel role of miR-219-5p as a tumor suppressor in oral cancer.

Followed, this study determined whether miR-291-5p regulated the proliferation, migration and invasion
of oral cancer cells by targeting SOX5. Databases prediction and luciferase reporter assays veri�ed SOX5
as one of the target gene of miR-219-5p by interacting with the 3 '- UTR region of SOX5 mRNA. Treatment
with miR-291-5p mimics or inhibitors induced signi�cant decrease or increase in SOX5 expression levels,
respectively. Combined with miR-219-5p inhibitor and SOX5 siRNA partially neutralized the proliferation
and migration promotion induced by miR-219-5p inhibitor. Treatment with both miR-291-5p mimics and
SOX5 up-regulated plasmids attenuated the suppression in viability and mobility induced by miR-219-5p
in oral cancer cells. Given those, this study demonstrated that miR-291-5p inhibited the proliferation,
migration and invasion of oral cancer cells by targeting SOX5. It was noticed that transfection with SOX5
siRNA or pcDNA3.1-SOX5 leaded to partial, rather than rounded, neutralization of the corresponding
effects induced by miR-219-5p mimics or inhibitor treatment. It is well demonstrated that a single miRNA
species, in association with Argonaute proteins, may target hundreds or even thousands of different
mRNAs[30,31]. Therefore, miR-291-5p may be involved in the progress of oral cancer through other
targets regulating, besides SOX5. However, further investigation is necessary.

This study indicates novel roles of miR-219-5p in the proliferation, migration and invasion of oral cancer
cells, and demonstrates its mechanism by regulating the target gene SOX5. This work will provide
evidences for novel biomarker for dignosis and prognosis of patients with oral cancer and supply
promise drug target for clinical therapy.
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Figure 1

Abnormal expression levels of miR-219-5p and SOX5 in tumor tissues and cell lines of oral cancer (a)The
relative expression of SOX5 and miR-219-5p in oral cancer and adjacent normal tissues indicated by
Western blot and/or RT-qPCR analysis; (b) The relative expression levels of SOX5 and miR-219-5p in oral
cancer cells and normal HF cell lines detected by Western blot and/or RT-qPCR analysis. Compared with
normal HF and tongue squamous cell carcinoma cells, the expression levels of SOX5 were increased and
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the expression level of miR-219-5p was signi�cantly decreased (P<0.05). (c)The relationship between
miR-219-5p expression level and survival rate of patients. (d)The relationship between expression level of
SOX5 and survival rate of patients.

Figure 2

miR-219-5p targets SOX5 by binding to the 3’-UTR of SOX5 mRNA (a):Prediction of the target genes of
miR-219-5p using online miRNA target prediction databases. Based on the list of the putative miR-219-5p
binding sequences in the 3’-UTR of SOX5, mutations were generated. The mutated sequences were
indicated in the schematic diagram. (b):The wild-type (wt) and mutant (mut) plasmids of the 3 '-UTR of
SOX5 mRNA were cloned, and the wt- or mut- sequences were inserted into the pmirGlo vector by
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molecular cloning. Then the relative activity of luciferase was detected 48h after co-transfection with
miR-219-5p mimics /miR-219-5p negative control and PhRM-TK Renilla reporter vector. Western blot (c)
and RT-qPCR (d, e) were performed to evaluate the expression levels of SOX5 in SCC4 and SCC9 cells
treated with miR-219-5p mimics or inhibitor. NC: negative control

Figure 3

Evaluation the transfection e�ciency of pcDNA3.1-SOX5 and siRNAs introduction in SCC4 and SCC9
cells (a):Western blot and RT-qPCR were performed to evaluate the expression levels of SOX5 in SCC4
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and SCC9 cells treated with pcDNA3.1-SOX5.(b):Western blot and RT-qPCR were performed to evaluate
the expression levels of SOX5 in SCC4 and SCC9 cells treated with pcDNA3.1-SOX5.(c):Western blot and
RT-qPCR were performed to evaluate the expression levels of SOX5 to determine the siRNA interference
e�ciency.(d):Western blot and RT-qPCR were performed to evaluate the expression levels of SOX5 to
determine the siRNA interference e�ciency.(Fig.3. P<0.05)

Figure 4
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SOX5 expressional regulation affects the vitality of oral cancer cells (a):Representative micrographs of
colony formation. Colony formation (b) and CCK-8 assays (c) were used to detect the expression levels of
SOX5 overexpressed and under-expressed cells. Magni�cation, 100X

Figure 5

SOX5 alters the migration and invasion of oral cancer cells Cell migration (a) and invasion (b) were
evaluated following treatment with SOX5 overexpression (pcDNA3.1-SOX5) or inhibition (siRNA-SOX5),
respectively. The representative crystal violet stained cells from different groups were exhibited.
Magni�cation, 200X
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Figure 6

miR-219-5p weakens the viability and mobility of oral cancer cells (a):The miR-219-5p levels were
detected in SCC4 and SCC9 cells treated with miR-219-5p mimics or inhibitor by RT-qPCR.
(b):Representative micrographs of colony formation assays from SCC4 and SCC9 cells treated with miR-
219-5p mimics or inhibitor. Magni�cation, 100X. The quantitative analysis of the colony formation (c)
and CCK-8 assays (d) were performed. Cell migration (e) and invasion (f) of SCC4 and SCC9 cells were
determined using the Transwell assay. Magni�cation, 200X. NC: negative control.
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Figure 7

Effects of miR-219-5p/SOX5 on the viability of oral cancer cells The representative stained colonies and
quantitative analysis of colony formation (a, b) and CCK-8 assays (c, d) were performed to evaluate
whether the effects of miR-219-5p on the cell viability were depended on regulating SOX5. SCC4 and
SCC9 cells were treated with miR-219-5p inhibitor or/and siRNA-SOX5, AS as well as miR-219-5p mimics
or/and pcDNA3.1-SOX5. The innocent cells were served as blank control. Magni�cation, 100X.
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Figure 8

Effects of miR-219-5p/SOX5 on the mobility of oral cancer cells The representative stained cells and
quantitative analysis of migration assays (a) and invasion assays (b) were performed to evaluate
whether the effects of miR-219-5p on the cell mobility were depended on targetingSOX5. SCC4 and SCC9
cells were treated with miR-219-5p inhibitor or/and siRNA-SOX5, as well as well as miR-219-5p mimics
or/and pcDNA3.1-SOX5. The innocent cells were served as blank control. Magni�cation, 200X.


