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Oral mucosal mesenchymal stem cell-derived exosomes:
A potential therapeutic target in oral premalignant lesions
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Abstract. Emerging evidence indicates that mesenchymal
stem cells (MSCs) serve an indispensable role in the tumor
microenvironment. However, whether MSCs participate in
the development of oral carcinogenesis remains unclear.
The present study isolated MSCs from clinical tissues and
investigated the differences of MSCs derived from normal oral
mucosa (N-MSC), oral leukoplakia with dysplasia (LK-MSC)
and oral carcinoma (Ca-MSC). The results revealed that the
LK-MSCs exhibited reduced proliferation and migration,
compared with the N-MSCs and Ca-MSCs. Furthermore, it
was demonstrated that the exosomes secreted by LK-MSCs
have significant roles in promoting proliferation, migration and
invasion in vitro, which was similar to the Ca-MSC-derived
exosomes. The promoting effect was also demonstrated in
a 3D coculture model. When the secretion of exosomes was
blocked, the promoting effect of LK-MSCs was reversed.
Based on a microarray analysis of MSC-derived exosomes,
microRNA-8485 (miR-8485) was identified to be ectopically
expressed. The exosomal miR-8485 was capable of promoting
the proliferation, migration and invasion of tumor cells.
Therefore, the present study highlights the significance
of MSC-derived exosomes and exosomal miR-8485 in
premalignant lesions and carcinogenesis. Intervention with
the secretion of MSC-derived-exosomes may be an innovative
strategy to retard the carcinogenesis.
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Introduction

Oral squamous cell carcinoma (OSCC) is one of the most
common malignancy types globally, with an annual incidence
of 354,864 cases according to a paper published in 2018 (1).
The majority of OSCC cases in the oral mucosa evolve from
oral premalignant lesions (2). Although erythroplakia has an
increased malignant transformation rate, oral leukoplakia is
more common in the clinic (3). Oral leukoplakia is one of
the most common types of precancerous lesion (4), but its
pathogenesis and carcinogenesis have not yet been thoroughly
elucidated. Generally, the clinical treatment of oral leukoplakia
includes photodynamic therapy, microwave therapy and
surgical resection (5). However, oral leukoplakia is prone to
recur and transform into carcinoma in situ, which notably
affects the quality of life of patients in a negative way (6).

Malignant transformation is not only attributable to the
cancer cells, as the complex biological interactions between
the tumor and the stroma-tumor microenvironment (TME)
also contribute to this transformation (7,8). The TME involves
different types of cells, including mesenchymal stem cells
(MSCs), fibroblasts, immune cells and endothelial cells (9).
During carcinogenesis, MSCs sustain tumor cell growth
and downregulate antitumor effector lymphocytes (10).
MSCs also inhibit the antitumor immune response through
carcinoma-associated fibroblasts or bone marrow stromal
cells (11). However, the nature of the association between
MSCs and tumor cells is controversial (12). In mouse xeno-
graft models, tumor growth could be inhibited following the
injection of MSCs (13,14). MSC may inhibit tumor growth by
increasing inflammatory infiltration, inhibiting angiogenesis
and suppressing tumor-associated signaling pathways (15).
MSCs derived from oral mucosa have a distinct neural crest
origin and possess superior immunomodulation, exhibiting
a number of unique stem cell-like properties, including
enhanced proliferative capacity, compared with MSCs
derived from bone marrow and other postnatal tissues (16,17).
Therefore, MSCs derived from oral tissues may have
different properties. In oral leukoplakia, whether local MSCs
participate in the process of carcinogenesis has not yet been
thoroughly elucidated.
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Cell-to-cell interactions are direct and indirect, and the
exchange of extracellular vesicles has profound effects (18).
Exosomes are vesicles secreted by the majority of cells and
are rich in protein, mRNA, microRNA (miRNA) and lipids
that mediate cell-to-cell signaling (19-21). The contents in an
exosome vary according to cell type and environment (22).
Recent studies demonstrated that exosomes encapsulating
microRNAs are delivered to regulate recipient cells through
serum (23,24) or saliva (25). Thus, exosomes are promising
prognostic biomarkers and are targets for the treatment of
various types of disease.

In the present study, it was proposed that exosomes secreted
by MSCs are influenced by abnormal microenvironments and
MSCs derived from oral leukoplakia with dysplasia (LK-MSC)
may be the pivotal factor in the process of oral carcinogenesis.
Additionally, the exosomal miR-8485 was also investigated
and the tumor promotion function was identified.

Materials and methods

Clinical samples. Oral mucosal tissues were obtained from
clinical patients in the Peking University School of Stomatology
(Beijing, China) from September 2016. to September 2018. The
patients were suffering from mucosal cysts or the third molar
extraction (n=16), oral dysplasia (n=17) and oral carcinoma
(n=15). The inclusion criteria were as follows: For oral normal
mucosal tissues, biopsy results indicated that there was no
inflammation; for dysplasia tissues, the clinical diagnosis
was oral leukoplakia or erythema and the biopsy results were
mild to moderate hyperplasia; and for carcinoma tissues, the
clinical diagnosis was carcinoma and biopsy results were early
infiltration or carcinoma in situ. All patients provided informed
consent. The patient information is presented in Table I. The
present study was approved by the Ethics Committee of the
Peking University School of Stomatology (Beijing, China).

Cell culture. Human MSCs were isolated and identified
according to a previous study (26). Briefly, the primary
tissues were treated by dispase (2 mg/ml; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) in sterile PBS and the
mesenchyme part was separated and cut into 2 mm?, and then
cultured in a 60-mm dish in MSC medium (Sciencell Research
Laboratories, Inc., San Diego, CA, USA) for 5-7 days at 37°C.
The MSCs were obtained from three donors for each type
and the patient information is presented in Table II. Cells at
passages 3-5 were used for the subsequent experiments. The
DOK cell line (oral hyperplasia cell line) was purchased from
the Cell Laboratory of Central South University (Changsha,
China) and the SCCI15 cell line (oral carcinoma cell line) was
provided by the Department of Pathology, Peking University
School of Stomatology (Beijing, China). DOK cells were
cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) and SCC15 cells were
cultured in Dulbecco's modified Eagle's medium: F12
(DMEM:F12; Gibco; Thermo Fisher Scientific, Inc.). All cells
were cultured at 37°C in a humidified 5% CO, atmosphere
with 10% fetal bovine serum (FBS).

Osteogenic and adipogenic differentiation. The MSCs were
characterized by differentiation into osteogenic and adipogenic
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lineages according to the protocols of our previous study (26).
For osteogenic differentiation, 10 nM dexamethasone, 10 mM
[-glycerophosphate, 0.1 mM L-ascorbic acid-2-phosphate and
2 mM glutamine (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) were supplemented in a-minimum Eagle's
medium (a-MEM; Gibco; Thermo Fisher Scientific, Inc.)
for cell culture at 37°C in a humidified 5% CO, atmosphere.
For adipogenic differentiation, 1 yM dexamethasone,
0.5 mM 3-isobutyl-ethylxanthine, 10 mg/ml insulin, 60 mM
indomethacin and 2 mM glutamine were supplemented in
a-MEM. Alizarin Red S and Oil Red O staining assays were
performed respectively for 30 min at room temperature, to
detect osteogenic and adipogenic differentiation. The staining
was imaged with a light microscope (Olympus IX51; Olympus
Corporation, Tokyo, Japan) at x10 magnification.

Cell proliferation assay. An IncuCyte® live-cell imager
(Essen Bioscience, Ann Arbor, MI, USA) was utilized for
the proliferation assay. In brief, cells (MSC, 1x10°; SCCI5,
5x10% and DOK, 3x10°) were seeded in a 96-well-plate with
100 pl a-MEM (MSCs), DMEM:F12 (SCC15) or RPMI-1640
(DOK cells), medium containing 10% FBS/well and incubated
at 37°C in a humidified 5% CO, atmosphere for 2-5 days. Fresh
medium was applied every day. The plate was scanned, and
phase-contrast images were captured at x10 magnification
with a light microscope (Nikon Corporation, Tokyo, Japan).
The ratios of cell growth confluence were analyzed.

Wound healing assay. The cells (MSC, 1x10* SCC15, 3x10%
DOK, 3x10%) were seeded in a 96-well-plate with 100 ul
a-MEM, DMEM:F12 or RPMI-1640 medium containing
10% FBS at 37°C and then when a confluence of 90% was
reached, a uniform wound ~800 ym in width was inflicted
by a woundmaker (Essen Bioscience). To remove all cellular
debris, the cells were washed twice with PBS. Subsequently,
the plates were cultured in serum-free medium for 6 h
(SCC15 cells, DMEM:F12 medium) or 24 h (MSC, a-MEM
medium; and DOK cells, RPMI-1640 medium) at 37°C. The
closure of the wounds was evaluated using a light microscope
(Nikon Corporation) at x10 magnification and the relative
mobility width was calculated.

Cell invasion assay. A cell invasion assay was conducted
using a Transwell chamber (8 ym, 24-well insert; Corning Inc.,
Corning,NY,USA). The Transwell membranes were coated with
Matrigel (cat. no. 356234; BD Biosciences; Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) prior to the seeding of
SCC15 or DOK cell suspensions (1x10°cells/ml) with medium
(SCCI15 cells, DMEM:F12 medium; and DOK cells, RPMI-1640
medium) without FBS in the upper chamber. After culturing
for 12 h, the cells invading into the lower chambers, which
contained 10% FBS and RPMI-1640 medium for DOK cells
and DMEM:F12 for SCC15 cells, were fixed with methanol at
room temperature for 20 min, stained with 0.1% crystal violet
at room temperature for 5 min and observed in =6 fields using
a light microscope (Olympus BX51; Olympus Corporation) at
x20 magnification in order to count the cells.

Exosome isolation, characterization and uptake. Exosomes
were collected from the supernatants of the MSCs cultured
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Table I. Clinical characteristic of the patients for reverse tran-
scription-quantitative polymerase chain reaction.

Group (n) Median age + standard ~ Male, Female,
deviation (years) n n
Normal (16) 38+11 6 10
Dysplasia (17) 5114 10 7
Carcinoma (15) 56+13 4 11

Table II. Clinical characteristic of the patients for primary cell
culture.

Patient Sex Age, years
N-MSC-1 Female 31
N-MSC-2 Female 35
N-MSC-3 Male 42
LK-MSC-1 Female 32
LK-MSC-2 Male 40
LK-MSC-3 Female 54
Ca-MSC-1 Male 29
Ca-MSC-2 Female 48
Ca-MSC-3 Male 55

MSC, mesenchymal stem cell; N-MSC, MSCs derived from normal
oral mucosa; LK-MSC, MSCs derived from oral premalignant lesion;
Ca-MSC, MSCs derived from oral carcinoma.

for 48 h in a-MEM containing 10% FBS and centrifuged for
16 h at 100,000 x g at 4°C. The exosomes were then collected
by density gradient differential centrifugation (27). Briefly, the
supernatants were centrifuged at 300 x g for 10 min, 2,000 x g
for 20 min and 10,000 x g for 30 min all at 4°C to remove the cell
debris and large vehicles. Subsequently, the supernatants were
passed through centrifugal filters at 5,000 x g for 30 min at 4°C.
The concentrated supernatants were centrifuged at 100,000 x g
for 70 min at 4°C in a 30% sucrose/D,0 solution, and were then
washed and purified with PBS by centrifugation at 5,000 x g
for 30 min repeated 3 times at 4°C in centrifugal filters. The
shape of exosomes was observed with an electron microscope
(JEOL, Ltd., Tokyo, Japan) at x350,000 magnification. The
concentration of the total exosome proteins was quantified
using a Bicinchoninic Acid (BCA; Thermo Fisher Scientific,
Inc.) protein assay. Exosomes were labeled by PKH26
(Sigma-Aldrich; Merck KGaA), according to the manufacturer's
protocols. Briefly, 100 pg exosomes suspended in PBS were
added into 1 ml Dilute C, and then 4 ul PKH26 was added
into Dilute C and mixed for 5 min at room temperature.
Subsequently, 2 ml 0.5% bovine serum albumin (Huaxingbio
Biotechnology, Beijing, China) was added to bind excess dye.
The labeled exosome suspensions were then centrifuged at
100,000 x g for 70 min at 4°C and resuspended with 100 ul
PBS. The labeled exosomes were incubated with SCC15 cells
for 24 h at 37°C. Actin-Tracker Green [F-actin-fluorescein
isothiocyanate (FITC); Beyotime Institute of Biotechnology,
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Haimen, China] was used to label the cytoskeleton at room
temperature for 20 min and DAPI was used to label the cellular
nuclei at room temperature for 5 min, respectively. The uptake
images were captured with a LSM 5 Exciter confocal laser
scanning microscope (Carl Zeiss AG, Oberkochen, Germany)
at x100 magnification. In total, 100 xg/ml exosomes were
predicted to be the best concentration and were therefore
applied in the subsequent experiments.

Western blotting. The proteins was extracted by
radioimmunoprecipitation assay lysis buffer (cat. no. R0020;
Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China). The protein concentration was determined by BCA
method. A total of 30 ug proteins were loaded and separated
on 10% SDS-PAGE. The proteins were transferred onto
polyvinylidene difluoride membranes (EMD Millipore,
Billerica, MA, USA). Following blocking with 5% evaporated
milk at room temperature for 1 h, the membrane was
incubated with the mouse antibodies cluster of CD63 (1:1,000;
cat. no. ab59479; Abcam, Cambridge, MA, USA) and CD9
(1:1,000; cat. no. ab92726; Abcam) and the rabbit antibody
p53 (1:1,000; cat. no. 2527; Cell Signaling Technology, Inc.,
Danvers, MA, USA) at 4°C overnight. The mouse antibody
GAPDH (1:5,000; cat.no. HX1828; Huaxingbio Biotechnology)
was used as reference protein at 4°C overnight. Goat
FITC-conjugated anti-mouse IgG (1:10,000; cat. no. HX2032;
Huaxingbio Biotechnology) or goat anti-rabbit IgG (1:5,000;
cat. no. CW0103; CWhbio, Beijing, China) was used as the
secondary antibody at room temperature for 30 min. The results
were detected with a chemiluminescence reagent (CWbio).

3D coculture model. A total of 5x105 MSCs were embedded
in 1 ml rat tail collagen type-I (Beijing Solarbio Science &
Technology Co., Ltd.). After the collagen had solidified, the
gel was overlaid with 5x10° SCC15 cells and then cultured
at 37°C, 24 h later, the gel was lifted at the cell-air interface
with a Transwell chamber (8 gm, 24-well insert; Corning Inc.)
and cultured for 5 days at 37°C with the stimulation of
transforming growth factor (TGF)-f1 (5 ng/ml; Proteintech
Group, Inc., Chicago, IL, USA). Meanwhile, GW4869 (10 mM;
cat. no. HY-19363/CS-6865; MedChemExpress, Monmouth
Junction, NJ, USA), an inhibitor of exosomal secretion, was
added to the coculture models. Subsequently, the cocultures
were fixed with 4% paraformaldehyde for 20 min at room
temperature for the following staining procedures.

Immunohistochemical staining and haematoxylin
and eosin (H&E) staining. The tissues were fixed by
4% paraformaldehyde at4°C for 24 h and the paraffin-embedded
sections (5 ym) were then dewaxed in xylene and dehydrated in
ethanol (100, 95, 90, 80 and 70%). For immunohistochemical
staining, the tissue sections were placed into sodium citrate
buffer (OriGene Technologies, Inc., Beijing, China) and
heated to 120°C for 1 min for antigen retrieval. Subsequently,
3% hydrogen peroxide was applied as blocking reagent at
room temperature for 10 min. CK-Pan (1:1,000; cat. no. 4545;
Cell Signaling Technology, Inc.) and vimentin (1:1,000;
cat. no. ab92547; Abcam) primary antibodies were applied to
the tissue sections overnight at 4°C. The endogenous peroxidase
activity was blocked by 3% hydrogen peroxide pretreatment.
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Figure 1. Characteristics of the N-MSCs, LK-MSCs and Ca-MSCs. (A) Adipogenic and osteogenic differentiation were assessed. Representative images with a
magnification of x10 are depicted. (B) Quantitative analysis of adipogenic differentiation was calculated using the absorbance value at 490 nm. (C) Quantitative
analysis of osteogenic differentiation was calculated using the absorbance value at 490 nm. (D) MSCs were cultured and the cell confluence was analyzed
with an InCucyte monitoring microscope. (E and F) The relative migration width was determined by a wound healing assay. Representative images with a
magnification of x10 are depicted. “P<0.01. MSC, mesenchymal stem cell; N-MSC, MSCs derived from normal oral mucosa; LK-MSC, MSCs derived from

oral leukoplakia with dysplasia; Ca-MSC, MSCs derived from oral carcinoma.

The sections were then incubated with peroxidase-conjugated
mouse anti-goat secondary antibody (ready to use;
cat. no. PV-9000; OriGene Technologies, Inc.) for 30 min at
room temperature, and DAB staining at room temperature
for 30 sec was used for staining. For H&E staining, the tissue
sections were stained followed by standard protocols (28) after
dewaxing in xylene and dehydrated in ethanol (100, 95, 90, 80
and 70%). The results were observed with a light microscope
(Olympus BX51; Olympus Corporation) at x20 magnification.

Reverse transcription-quantitative polymerase chain reaction
(PCR) and microarray analysis. Total RNA was extracted by
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.) from the
6-well plates and tissue RNA was obtained, according to
standard protocols (29). An All-in-One™ First-Strand cDNA
Synthesis kit (cat. no. QP008; GeneCopoeia, Inc., Rockville,
MD, USA) was used to reverse transcribe the miRNAs.
Subsequently, quantitative PCR was performed and the
expression of miR-8485 (cat. no. HmiRQP4656;
GeneCopoeia, Inc.) was normalized to the expression of U6
[Sangon Biotech Co., Ltd., Shanghai, China; sequence (5'-3"),

forward primer: CTCGCTTCGGCAGCACA; and reverse
primer: AACGCTT CACGAATTTGCGT]. The experiment
was performed with an Applied Biosystems 7500 instrument. A
20 pl reaction system was used with 10 ul 2X SYBR® Green
(Roche Applied Science, Rotkreuz, Switzerland), 1 ul primer,
1 p1 2X Universal Adapter (cat. no. QP029; GeneCopoeia, Inc.),
2 ul ¢cDNA and 2 ul H,O. Reactions were incubated at 95°C for
10 min; 95°C for 15 sec; 60°C for 30 sec; 72°C for 20 sec for
40 cycles; 95°C for 15 sec; 60°C for 1 min; 95°C for 15 sec; 60°C
for 15 sec. The results were analyzed using the 2244 method (30).
Microarray analysis was performed by Sangon Biotech Co.,Ltd.,
according to standard Agilent protocols (31-33).

miRNA transfection. DOK or SCC15 cells were pretreated
with 50 nM miR-8485 mimics (cat. no. miR1180323091501) or
negative control (NC-mimics; cat. no. miR1N0000001), as well
as 100 nM miR-8485 inhibitor (cat. no. miR2180709052553)
or the corresponding negative control (NC-inhibitor;
cat. no. miR2N0000001) (Guangzhou RiboBio Co., Ltd.,
Guangzhou, China) for 48 h at 37°C. Lipofectamine® 3000
(Thermo Fisher Scientific, Inc.) was used to transfer the mimics
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Figure 2. Identification of exosomes. (A) Exosomes were isolated from MSCs and observed using transmission electron microscopy. (B) The western blotting
revealed that the CD63 and CD9 proteins were expressed in the exosomes. (C) Confocal microscopy was used to identify the uptake of PKH26-labeled
exosomes, which were secreted by N-MSC and internalized in the cytoplasm. N-exo, exosomes secreted by MSCs derived from normal oral mucosa; LK-exo,
exosomes secreted by MSCs derived from oral leukoplakia with dysplasia; Ca-exo, exosomes secreted by MSCs derived from oral carcinoma; MSCs, mesen-

chymal stem cells; CD63, cluster of differentiation 63.

or inhibitors into the cells, according to the manufacturer's
instructions.

Statistical analysis. All data conforming to a normal distribution
is expressed as the mean =+ standard deviation. For all other data,
the median + standard deviation is expressed. A Student's t-test,
least significant difference test of one-way analysis of variance
or the Mann-Whitney U test was applied to evaluate differences
among groups using SPSS software, version 17.0 (SPSS, Inc.,
Chicago, IL, USA). All in vitro data was repeated at least 3
independent experiments. P<0.05 was considered to indicate a
statistically significant difference.

Results

Identification and comparison of MSCs derived from normal
oral mucosa (N-MSCs), LK-MSCs and oral carcinoma
(Ca-MSCs). N-MSCs, LK-MSCs and Ca-MSCs were
successfully generated according to the methods of our previous
study (26). For osteogenic and adipogenic differentiation, all
of the MSCs formed mineralized nodules and oil droplets,
and there was no statistically significant difference among the
three groups (P>0.05; Fig. 1A-C). However, the proliferation
rate of the LK-MSCs was reduced at 24-72 h, compared with
N-MSCs and Ca-MSCs (Fig. 1D). The wound healing assay
demonstrated that compared with the N-MSCs, the migration

rates of the LK-MSCs and Ca-MSCs were significantly
reduced; however, there was no significant difference between
those of the LK-MSCs and Ca-MSCs (P>0.05; Fig. 1E and F).

Characterization of MSC-derived exosomes. In oral
premalignant lesions, the interaction between epithelial cells
and MSCs is probably via paracrine signaling with cytokines
or extracellular vesicles. Exosomes are small membrane
vesicles (diameter, 30-200 nm) that are constitutively
released via fusion with the cell membrane (22). In order to
investigate whether exosomes participate in the interaction
between MSCs and epithelial cells, exosomes from MSCs
were isolated and characterized in the present study. The
electron microscopy results revealed that the exosomes
had a cup-shaped morphology with diameters of <100 nm
(Fig. 2A). Additionally, CD63 and CD9 were enriched among
the exosome proteins (Fig. 2B). To confirm the uptake of
exosomes, the fluorescent dye PKH26 was applied to label
the exosomes. The PKH26-labeled exosomes were localized
in the cytoplasm of the SCCI15 cells (Fig. 2C), indicating that
exosomes can be internalized by tumor cells.

LK-MSC- and Ca-MSC-derived exosomes enhance the
proliferation, migration and invasion abilities of epithelial
cells. To identify the function of the exosomes, SCCI15 and
DOK cells were treated with them separately. The cell
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Figure 3. Effects of MSC-derived exosomes on epithelial cells. (A) The effect of the exosomes on proliferation was determined by the confluence of DOK
cells. (B) The effect of the exosomes on proliferation was determined by the confluence of SCC15 cells. (C) The relative migration width of DOK cells was
determined by a wound healing assay. Representative images with a magnification of x10 are depicted. (D) The relative migration width of SCC15 cells was
determined by a wound healing assay. Representative images with a magnification of x10 are depicted. (E) The invasion ability of DOK cells treated with
exosomes was assessed by a Matrigel cell invasion assay. Representative images with a magnification of x20 are depicted. (F) The invasion ability of SCC15
cells treated with exosomes was assessed by a Matrigel cell invasion assay. Representative images with a magnification of x20 are depicted. (G) The expres-
sion of p53 was assessed by western blotting for DOK cells. (H) The expression of p53 was assessed by western blotting for SCC15 cells. “P<0.01, compared
with N-exo. N-exo, exosomes secreted by MSCs derived from normal oral mucosa; LK-exo, exosomes secreted by MSCs derived from oral leukoplakia with
dysplasia; Ca-exo, exosomes secreted by MSCs derived from oral carcinoma; MSCs, mesenchymal stem cells.

proliferation assay demonstrated that the exosomes from the exosomes derived from the N-MSCs (N-exo) (P<0.01;
the LK-MSCs (LK-exo) and Ca-MSCs (Ca-exo) accelerated  Fig. 3A and B). However, there was no significant difference
the proliferation of DOK and SCC15 cells, compared with  between the LK-MSC and Ca-MSC groups (P>0.05).
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Figure 4. SCCI15 cells cocultured with MSCs in a 3D coculture model. MSCs and SCCI15 cells were cocultured in a 3D coculture model for 5 days. The
cocultures were assessed with H&E and immunohistochemical staining. Representative images with a magnification of x20 are depicted. MSCs, mesenchymal
stem cells. MSC, mesenchymal stem cell; N-MSC, MSCs derived from normal oral mucosa; LK-MSC, MSCs derived from oral premalignant lesion; Ca-MSC,

MSCs derived from oral carcinoma; H&E, haematoxylin and eosin.

Subsequently, the role of the exosomes secreted by MSCs in
inducing migration and invasion was investigated. The wound
healing assay demonstrated that the relative migration widths of
the SCC15 and DOK cells pretreated with LK-exo and Ca-exo
were significantly increased, compared with the N-exo-treated
group (P<0.01; Fig. 3C and D). The Transwell cell invasion
experiment revealed that the LK-exo and Ca-exo groups had an
increased number of invading cells, compared with the N-exo
group (Fig. 3E and F). The p53 tumor suppressor gene is widely
reported to be implicated in oral carcinogenesis (34-36). The
western blot assay in the present study demonstrated that the
LK-exo- and Ca-exo-pretreated SCC15 and DOK cells exhibited
reduced expression of p53, compared with the N-exo-pretreated
group (Fig. 3G and H). These results implied that exosomes
secreted by LK-MSCs have similar functions to those secreted
by Ca-MSCs, which indicates that exosomes secreted by residual
LK-MSCs may be a cause of the recurrence of oral leukoplakia
and may accelerate the process of malignant transformation,
which will be further identified in animal models.

Interaction between MSCs and tumor cells in a 3D coculture
model. In order to fully understand the interaction between
MSCs and epithelial cells, a TGF-f1-3D-coculture
model was prepared to mimic in vivo interactions (37).
Immunohistochemical staining of CK-Pan and vimentin
was conducted to clarify the boundaries between the MSCs
and SCCI15 cells. Notably, the LK-MSCs and Ca-MSCs,
particularly LK-MSCs, were more susceptible to TGF-31
stimulation, compared with N-MSCs, promoting SCC15 cell
invasion via collagen hydrolysis and fracture, with CK-Pan

expressed in a deeper part of the MSCs; however, the integrity
of the basement membrane was maintained in the N-MSC
group. Furthermore, the enhancing nature of LK-MSC- and
Ca-MSC-derived exosomes was blocked by the exosomal
secretion inhibitor GW4869, as they exhibited similar
H&E staining to the N-MSC group (Fig. 4).

Exosomes derived from LK-MSCs and Ca-MSCs contain
increased miR-8485, compared with N-MSCs. To investigate
whether miRNAs contained in exosomes from different MSCs
function differently, microarray analysis was performed. The
results demonstrated that there were 16 differentially-expressed
miRNAs between the N-exo and LK-exo groups, 49 between
the N-exo and Ca-exo groups, and 20 between the LK-exo
and Ca-exo groups. Among these miRNAs, the expression
levels of miR-4433a and miR-8485 were different between
all three groups (Fig. 5A). Therefore, miR-8485, which may
participate in manipulating tumor cells, was selected for the
subsequent experiments. The clinical tissues and cells were
treated with the exosomes. The expression levels of miR-8485
were elevated in the oral carcinoma tissues (P<0.05) and oral
dysplasia tissues, compared with the normal mucosa tissues
(Fig. 5B). Furthermore, the cells treated with LK-exo and
Ca-exo expressed significantly increased levels of miR-8485,
compared with the N-exo group (P<0.01; Fig. 5C and D).

miR-8485 promotes the proliferation, migration and invasion
abilities of epithelial cells. Based on the aforementioned
results, miR-8485 mimics were transfected into DOK and
SCCI5 cells and the transfection efficiency was assessed by a
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Figure 5. Expression of exosomal miR-8485 was gradually elevated. (A) The miRNA from the N-exo, LK-exo and Ca-exo groups was analyzed. Among the
miRNAs measured with fold change >2, the expression levels of miR-4433a and miR-8485 were both changed. (B) The expression of miR-8485 in the clinical
tissues was assessed by reverse transcription-quantitative polymerase chain reaction. The box represents the interquartile range (25-75th percentile) and
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reverse transcription-quantitative PCR assay (Fig. 6A and B).
Compared with the NC-mimics group, the miR-8485 mimics
caused rapid growth of the DOK (48 and 72 h) and SCC15 cells
(24 h) (P<0.01; Fig. 6C and D). Overexpression of miR-8485
promoted migration of the DOK cells (P<0.05) and SCC15 cells
(P<0.01) (Fig. 6E and F). Furthermore, the cell invasion assay
demonstrated that the miR-8485 mimics increased the invasive
ability of the DOK and SCC15 cells (P<0.01; Fig. 6G and H).
To further confirm the effects of miR-8485, DOK and SCC15
cells were transfected with a miR-8485 inhibitor (Fig. 7A and B).
As expected, the DOK and cells transfected with the miR-8485
inhibitor exhibited marked inhibition of proliferation at 48 and
72 h, and the SCCI15 cells at 24 and 36 h (Fig. 7C and D).
Additionally, the miR-8485 inhibitor inhibited the migrative and
invasive ability of the DOK and SCC15 cells in the wound healing
assay and Matrigel cell invasion assay (P<0.01; Fig. 7E-H).

Discussion

Oralleukoplakiaisoneofthecommon oral potentially malignant
disorders worldwide, and the malignant transformation rate
of oral leukoplakia varies between 0.13-34% (38). To date,
studies on the etiology of oral leukoplakia carcinogenesis
have primarily focused on local irritation factors, including
abuse of tobacco and alcohol, infection factors, such as human
papillomavirus (39), and epithelial cell factors, including

oxidative stress injury on DNA (40). However, recent studies
demonstrated that microenvironmental factors serve a
critically important role in tumor development (9,41). MSCs
are a cellular component of the TME, and the interaction
between MSCs and tumor cells is bidirectional (12). In normal
tissues, MSCs maintain normal structure and function, as
well as organizational homeostasis (42). However, during the
process of malignant transformation, MSCs are vulnerable
and acquire the abnormal phenotypes of tumor cells, thereby
sustaining cancer cell growth and tumor progression (43). In
the present study, MSCs derived from normal mucosa, oral
leukoplakia and oral carcinoma in situ tissues were separated.
Compared with the N-MSCs, the LK-MSCs and Ca-MSCs
exhibited a decreased migration capacity. The functions of
MSCs are notably diverse and depend on the tissue-specific
origins and the special microenvironment in which MSCs are
embedded (44). During the process of carcinogenesis, MSC
heterogeneity is characterized by altered proliferative capacity
and aging properties, which may also include epigenetic
changes (45). The result indicates that there is a process of
functional transformation in MSCs during the TME maturing.

In the 3D coculture models, which were affected by oral
epithelial dysplasia or carcinoma in situ, the LK-MSCs and
Ca-MSCs exhibited clear compatibility with the tumor cells.
Furthermore, the LK-MSCs were more vulnerable and sensitive
to the TGF-P1 stimulation, thus promoting the migration and
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Figure 6. Overexpression of miR-8485 promotes the migration and invasion of DOK and SCC15 cells. (A) The miR-8485 mimics and mimics control
(NC-mimics) were transfected into DOK cells, and the efficiency was assessed by reverse transcription-quantitative polymerase chain reaction. (B) The
miR-8485 mimics and mimics control (NC-mimics) were transfected into SCC15 cells, and the efficiency was assessed by reverse transcription-quantitative
polymerase chain reaction. (C) The effect of the miR-8485 mimics on proliferation was analyzed by assessing cell confluence of DOK cells. (D) The effect
of the miR-8485 mimics on proliferation was analyzed by assessing cell confluence of SCC15 cells. (E) The relative migration width of the DOK cells fol-
lowing overexpression of miR-8485 was determined with a wound healing assay. Representative images with a magnification of x10 are depicted. (F) The
relative migration width of the SCC15 cells following overexpression of miR-8485 was determined with a wound healing assay. Representative images with a
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invasion capacity of the tumor cells via the hydrolysis and
rupture of collagen type I. Therefore, MSCs are affected by
epithelial cells, and thus MSCs could regulate epithelial cells
by negative feedback.

As previously described, the exosome is capable of
mediating intercellular communication between cells (46).
Exosomes secreted by MSCs orchestrate various autocrine
and paracrine functions, including receptor-binding, direct
fusion or endocytosis by target cells (47), thereby trans-
forming the biological behavior of epithelial cells (48,49).
The exosome contents of MSCs cocultured with tumor cells
differs from normal MSCs (50). Blocking the secretion of
exosomes using the exosomal inhibitor GW4869 reverses
the development of diseases caused by MSCs (51,52).
Additionally, with regards to histocompatibility and repro-
ducibility, exosomes have favorable application prospects
in cell-free treatments (53). According to the present study,
exosomes derived from MSCs from normal mucosa or that
suffering from oral leukoplakia with dysplasia and carci-
noma exhibit dissimilar effects. The exosomes isolated
from LK-MSCs exhibited similar effects to the Ca-MSCs,
promoting proliferation and migration, and reducing
the expression of p53 in SCC15 and DOK cells in vitro.
Additionally, the application of GW4869 reversed the
promoting function of the LK-MSC- and Ca-MSC-derived
exosomes.

MicroRNAs are preferentially encapsulated by
exosomes (54). Exosomal microRNAs have various effects
on tumor biological behaviors, including proliferation,
migration and invasion (55), apoptosis and chemoresistance
(8) and epigenetic modification of TME (56). Considering the
importance of exosomal microRNAs, the N-exo, LK-exo and
Ca-exo groups were subjected to microarray analysis in the
present study. miR-8485, a rarely reported gene that may be
associated with tumor development, was selected. In order to
identify the function of miR-8485 in the cells, transfection of
mimics and inhibitors was utilized. miR-8485 promoted the
proliferation, migration and invasion of the tumor cells in vitro,
indicating that miR-8485 is a novel microRNA associated with
malignant transformation.

In summary, the present study clarifies the function of
MSCs associated with both dysplastic oral keratinocyte
cells and tumor cells. LK-MSCs share similar effects with
Ca-MSCs, and are more susceptible to the surrounding
environment. LK-MSCs may be involved in the recurrence of
oral leukoplakia and malignant transformation by secreting
exosomes. Additionally, the observation that the exosomes
contained miR-8485 demonstrates that miR-8485 acts
as an oncogene in oral carcinogenesis and therefore is a
potential novel biomarker for clinical treatment. The present
study emphasizes the importance of MSCs derived from
premalignant lesions and the exosomes they secrete. As it is
difficult to convert tumor cells to normal cells, intervention
with MSC-derived exosomes from premalignant lesions may
be an excellent choice to reduce the malignant transformation
rate during clinical therapy.
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