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Objectives: microRNA (miRNA) expression patterns have provided new insight as biomarkers of prognosis as well
as novel therapeutic targets for several neoplasms. However, the role of exosomal miRNA in the prognosis of oral
squamous cell carcinoma (OSCC) has not yet been completely clarified. Paired primary tumor and normal oral
epithelial cells from OSCC patients were obtained, and the exosomal miRNA profiles between them were
compared by miRNA microarray analysis. The miRNA levels in the serum exosomes of OSCC patients were
verified by real-time quantitative reverse transcription PCR (qQRT-PCR) analysis. Finally, the biological functions
and the potential as a prognostic marker of the selected miRNA candidates were analyzed in the OSCC cells and
patients, respectively.

Results: Exosomal miR-155 and miR-21 were significantly upregulated, and exosomal miR-126 was dramatically
downregulated in the primary OSCC cells and the serum of OSCC patients. In the analysis of oncogenic behaviors,
coculture with either miR-155-rich or miR-21-rich exosomes could promote cell proliferation and invasion
accompanied with downregulation of PTEN and Bcl-6 tumor suppressors. Moreover, treatment with miR-126-
rich exosomes inhibited oncogenic behaviors and oncogene EGFL7 expression in OSCC cells. Finally, exosomal
miR-126 was reduced in the serum of the late-staged OSCC patients, and downregulation of blood exosomal miR-
126 was associated with poor survival in OSCC patients.

Conclusion: Exosomal miR-155 and miR-21 are oncogenic miRNAs which suppress PTEN and Bcl-6 expression,
and exosomal miR-126 acts as a tumor suppressor which downregulates EGFL7 in OSCC. Furthermore, blood
exosomal miRNAs may serve as biomarkers for the diagnosis and prognosis of OSCC.

Introduction tumor progression would be helpful to understand tumor development

and to find novel therapeutic targets for OSCC.

Oral squamous cell carcinoma (OSCC) is the sixth most prevalent
malignancy in the world [1], occurring at the lips, tongue, buccal mu-
cosa, mouth floor, gingiva, hard palate, and retromolar trigone [2]. The
prognosis of OSCC is usually poor with a high recurrent rate and
frequent metastases [3]. Although great progress has been made for the
therapeutic strategy during the past decades, the prognosis of OSCC has
no significant improvement [4]. Rapid tumor growth and recurrence
remain the big challenges for OSCC. Thus, exploration of biomarkers for

Exosomes are small (30-100 nm) vesicles that have been recognized
as important mediators of intercellular communication [5]. Many cell
types can produce exosomes, including dendritic cells, B cells, T cells,
mast cells, epithelial cells and tumor cells [6]. Exosomes of tumors may
drive the formation of pre-metastatic niche and determine organotropic
metastasis through integrins [7]. Exosomes play such biological and
pathological roles in intercellular communication through their cargo
molecules, which include protein and genetic materials, such as
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microRNA (miRNA) [8,9]. miRNAs are small non-coding RNAs that
mediate destabilization and/or translational repression of target
messenger RNA (mRNA) molecules and thus reduce the final protein
output. Increasing evidences have linked miRNAs to cancer develop-
ment and progression. miRNAs upregulated in some cancers to promote
oncogenesis by targeting tumor suppressor genes are known as “onco-
genic miRNAs (oncomiRs)”, whereas miRNAs downregulated in cancers
are thought to be “tumor suppressor miRNAs (TS-miRNAs)” [10].

In this study, the expression profile of exosomal miRNAs was
comprehensively investigated using miRNA microarray analysis in
human primary OSCC cells and non-neoplastic squamous cells isolated
from paired keratinized gingival tissue. According to the microarray
data, the potential candidates for further analyses were preliminarily
selected. Moreover, we analyzed serum specimens from a cohort of
patients with OSCC and conducted an investigation to systematically
identify serum exosomal miRNAs which could potentially serve for
prognostic prediction of OSCC.

Materials and methods
Patients and sample collection

Paired tissue samples were obtained from primary tumor and
gingival tissues in 3 OSCC patients. In addition, serum samples (n = 35)
from OSCC patients were collected. All serum and tissue samples were
obtained from patients who underwent primary tumor resection. The
serum samples were derived from the residual blood for the purpose of
clinical examination during the preoperative and follow-up phases. All
patients were diagnosed with OSCC and closely followed up every 1
month for the first year, every 2 months for the second year, every 3
months for the third year, and every 6 months for the fourth year and
later postoperatively. The primary culture cells from paired tissue
samples were used for microarray analysis and the serum samples were
used for further validation by real-time quantitative reverse transcrip-
tion PCR (qRT-PCR). Additional serum samples were also obtained from
healthy individuals (n = 11) as control for qRT-PCR. All tissue and blood
samples were collected from Kaohsiung Chang Gung Memorial Hospital,
Kaohsiung, Taiwan. Hematoxylin-eosin-stained sections of each were
reviewed by pathologists. Written informed consent was obtained from
all patients and healthy individuals. The study was approved by the
Chang Gung Medical Foundation Institutional Review Board (No. 103-
3528B).

Cell cultures

The tissue specimens were sent to the cell culture laboratory in 10-ml
culture media (Dulbecco’s Modified Eagle’s Medium [DMEM]: Gibco,
Bethesda, MD, USA; pH 7.2) supplemented with 10% heat-inactivated
fetal calf serum (FCS), 100 U/ml penicillin, 100 pg/ml streptomycin
and 0.5% amphotericin B (Gibco) to prevent growth of microorganisms.
The tissue specimens were washed and disinfected in a 10% povidone
iodine solution for one to two minutes and then washed in culture
media. The tissue specimens were cut into pieces, approximately 11 mm
in size, and placed in the culture plate (T-25 flask, Corning, New York,
USA) using a sterile needle of the dental injector. Tissue pieces were left
in the culture plate for 15-20 min and then the culture media were
gently dropped on the tissue pieces. After waiting for three to four hours,
the culture plate was flooded with 5 ml culture media and then incu-
bated at 37 °C in a humidified atmosphere of 95% air and 5% CO5. The
old culture medium was replaced with a fresh one twice a week. When
the keratinocytes, which were squamous in shape, started to multiply
around the tissue sample to a diameter of 2-5 mm, the culture medium
was changed to EpilLife culture medium supplemented with human
keratinocyte growth factors (Cascade Biologics, Portland, OR, USA),
125 pg/ml gentamycin and 1 pg/ml amphotericine B (Sigma-Aldrich, St
Louis, MO, USA), with a calcium concentration of 0.06 mM (Sigma-
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Aldrich). Thus, fibroblast overgrowth was eliminated and prevented.
The culture was fed every other day with the EpiLife culture medium.
After about 10 days, when the primary cell culture reached a 70-80%
confluence, oral mucosa keratinocytes were harvested with a solution of
0.025% trypsin-EDTA (Cascade Biologics) at 37 °C. After four to five
minutes, trypsin-EDTA activity was inhibited with an equal volume of
0.0125% trypsin inhibitor. Primary cultured keratinocytes were used
from the third through the fifth passages in a T-75 flask. Moreover, OSCC
cell lines SCC4 and FaDu were purchased from Taiwan Bioresource
Collection and Research Center, Hsinchu, Taiwan and cultured in DMEM
or RPMI supplemented with 10% FBS without antibiotics—antimycotics.

Isolation of exosomes

Exosomes were isolated from the serum and the culture medium
using a Total Exosome Isolation Kit (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol.

Microarray analysis for miRNAs

Exosomal miRNA expression profiles in the culture medium of pri-
mary culture cells derived from the paired oral epithelial tumor tissues
(n = 3) and keratinized gingival tissues (n = 3) were examined using a
miRNA microarray analysis system (Agilent Technologies, Santa Clara,
CA, USA) according to the manufacturer’s protocol.

qRT-PCR analysis for miRNAs

Exosomal miRNA expression was assayed using qRT-PCR in serum
sample of OSCC patients. After isolation and quantitation of the exoso-
mal RNA, 5-pg RNA was used for a reverse transcription reaction with
the Tagman MicroRNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA). qRT-PCR was performed using a 7500 Fast Real Time
PCR system (Applied Biosystems) with TagMan® Universal PCR Master
Mix, No AmpErase® UNG (Applied Biosystems). miRNAs specific
primers (hsa-miR-21, ID: 000397; hsa-miR-205, ID: 000509; hsa-miR-
155, ID: 002287; hsa-miR-126, ID: 002228; hsa-miR-20a, ID: 000580;
hsa-miR-32, ID: 002109; hsa-miR-362, ID: 001273; hsa-miR-101, ID:
002143; RNU6B as internal control, ID: 001093) (Applied Biosystems)
were used in this study.

gRT-PCR analysis for specific genes

Total RNA was isolated from cultured OSCC cells using Quick-RNA
MiniPrep Kit (Zymo Research, Orange, CA, USA). Briefly, 2 pg of total
RNA was used for the reverse transcription reaction with Superscriptase
IT (Invitrogen) using oligo-dT and random primers. cDNA was used as
template for qRT-PCR analysis. Amplification and detection were per-
formed by TagMan probes (Applied Biosystems) or SYBRR Green master
mixes (Thermo Fisher Scientific, Inc, Waltham, MA, USA) in a 7500 Fast
Real-Time PCR System (Applied Biosystems). The probe and primer
sequences used in this study were listed in Table 1.

Cell proliferation assay

Cells were supplemented with fresh medium containing 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) (Sigma-
Aldrich) and incubated for 2 h at 37 °C. After medium removal, the
viable cells were dissolved with 100 ml of DMSO and determined by
reading optical densities in a microplate reader (Dynex Technologies,
Inc., Chantilly, VA) at an absorption wavelength of 570 nm.

Cell invasion assay

Cells were seeded in triplicate in the upper compartment of the
chamber (2.5 x 10* cells in 50 L per well) and supplemented with
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Table 1
The probes and primers for qRT-PCR analysis.
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Gene Probe Forward primer Reverse primer

PTEN CCAGTGCTAAAATTCA CCTTCTCCATCTCCTGTGTAATCAA GTTGACTGATGTAGGTACTAACAGCAT
Bcl-6 TGGCCTCGCCGGCTGACAG AGCAAGGCATTGGTGAAGACA ATGGCGGGTGAACTGGATAC

EGFL7 GGGATGGCAGGGAGATACTTG CTGGCGTGGGACTTGGTG

p-actin CCCATCTATGAGGGTTACGC TTTAATGTCACGCACGATTTC

DMEM serum-free media. The lower compartment was filled with 30 pL
of DMEM media containing 10% CS serum media. A polycarbonate filter
(8-um pore size Nucleopore; Costar, Cambridge, MA) was coated with
0.1% gelatin to allow cell adhesion, and the upper and lower compart-
ments were separated by the coated filter. After incubation for 24 h in a
humidified 5% CO, atmosphere chamber at 37 °C, cells on the upper
side of the filter were removed. Migrated cells on the lower side were
fixed in absolute methanol and stained with 10% Giemsa solution
(Sigma). Finally, the fixed cells were photographed by microscope with
digital images system (Olympus, Tokyo, Japan) and counted as mean +
SD per high-power field by the average of five different high-power
fields.

Statistical analysis

Differences between the groups were statistically evaluated using the
unpaired Student’s ¢t test. The results are presented as mean + SD. Sur-
vival curves were plotted according to the Kaplan-Meier method and the
generalized log-rank test was applied to compare the survival curves. P
< 0.05 was considered statistically significant. GraphPad Prism 7.0
(GraphPad Software, San Diego, CA) was used for statistical analysis.

Results

Differential expression of miRNA in the secreted exosomes between human
primary OSCC cells and non-neoplastic squamous cells

miRNA expression profile was analyzed by miRNA array in the
secreted exosomes of human primary OSCC cells and squamous cells
isolated from paired keratinized gingival tissue (Table 2). Thirty-one
miRNAs were downregulated with at-least 2-fold change in the exo-
somes of OSCC cells. Twenty-six of them were downregulated in 2 to 5
folds, and five miRNAs were downregulated in 5 to 10 folds. Moreover,
twenty-one miRNAs were upregulated (2 to 5 folds) in the exosomes of
OSCC cells. Based on the above results, the potential of exosomal miR-
NAs in the serum from OSCC patients to act as a biomarker was further
validated in this study. It has been reported that miR-155 [11], miR-21
[12], miR-205 [13], miR-126 [14], miR-20a [15], miR-32 [16], miR-362

Table 2
Comparison of fold change (tumor/normal) in exosomal miRNA levels between
paired primary tumor and normal cells from OSCC patients.

Fold Number
change

miRNA

-5~ -10 5 hsa-miR-126¢, hsa-miR-190, hsa-miR-20a, hsa-miR-32,
hsa-miR-362-3p

hsa-let-7a, hsa-miR-101, hsa-miR-1257, hsa-miR-1259,
hsa-miR-1266, hsa-miR-1297, hsa-miR-130a, hsa-miR-203,
hsa-miR-30, hsa-miR-379, hsa-miR-411, hsa-miR-424, hsa-
miR-582-5p, hsa-miR-587, hsa-miR-590-5p, hsa-miR-592,
hsa-miR-593, hsa-miR-609, hsa-miR-644, hsa-miR-648,
hsa-miR-769-3p, hsa-miR-886-5p, hsa-miR-889, hsa-miR-
9, hsa-miR-922, hsa-miR-95

hsa-miR-155, hsa-miR-1205, hsa-miR-1274b, hsa-miR-
1275, hsa-miR-1277, hsa-miR-138-2, hsa-miR-182, hsa-
miR-187, hsa-miR-188-3p, hsa-miR-200a, hsa-miR-204,
hsa-miR-208b, hsa-miR-543, hsa-miR-548e, hsa-miR-571,
hsa-miR-589, hsa-miR-597, hsa-miR-605, hsa-miR-92a-2,
hsa-miR-21, hsa-miR-205

-2~ -5 26

[17] and miR-101 [18] showed clinical significance in OSCC. By qRT-
PCR analysis, exosomal miR-155, miR-21 and miR-205 were signifi-
cantly upregulated in the serum of OSCC patients (Fig. 1). Furthermore,
exosomal miR-126, miR-20a, miR-32, miR-362 and miR-101 were
significantly downregulated in the patient serum with OSCC (Fig. 1).
Taken together, the expression profile of selected miRNAs was consis-
tent in the microarray and qRT-PCR analyses, and exosomal miRNA in
the serum could be potentially used as a non-invasive tumor marker of
OSCC.

Exosomal miR-155 and miR-21 as oncomiRs in OSCC

It has been reported that miR-155 [19] and miR-21 [20] promoted
oncogenic behaviors in OSCC cells. Thus, we selected these two miRNAs
(miR-155 and miR-21) upregulated in the exosomes of the patient serum
with OSCC to perform further functional analysis. In this study, SCC4
cells acted as packaging cells for production of miR-rich exosomes, and
FaDu OSCC cells severed as target cells for validation of oncogenic
function (Fig. 2A). miR-rich exosomes were collected in the culture
medium of SCC4 cells after miR mimics transfection for 48 h. Treatment
with miR-155- or miR-21-rich exosomes promoted miR-155 or miR-21
upregulation in FaDu cells, respectively (Supplementary Fig. 1), and
exosomal miR-155 or miR-21 significantly promoted cell proliferation of
FaDu cells (Fig. 2B). Moreover, cell invasiveness was promoted in the
target cells after treatment with miR-155- or miR-21-rich exosomes
(Fig. 2C). Previous studies indicated that miR-21 and miR-155 over-
expression could downregulate PTEN and Bcl-6 tumor suppressors,
respectively, to promote the oncogenic behaviors of OSCC cells [21,22].
By qRT-PCR analysis, miR-21- or miR-155-rich exosomes from SCC-4
cells significantly downregulated both PTEN and Bcl-6 mRNA in FaDu
cells (Fig. 2D). Taken together, miR-21- or miR-155-rich exosomes may
promote oncogenesis by downregulating PTEN and Bcl-6 in OSCC cells.

Exosomal miR-126 as a TS-miRNA suppressing oncogenesis in OSCC cells

In miRNA microarray analysis, miR-126 was downregulated in OCSS
cells, and miR-126 transfection could inhibit oncogenic processes in
OSCC cells [14]. To study the role of miR-126-rich exosomes in the
oncogenesis of OSCC cells, SCC4 cells served as packaging cells for the
production of miR-126-rich exosomes, and FaDu OSCC cells acted as
target cells for the evaluation of tumorigenic role (Fig. 3A). miR-126-
rich exosomes were collected in the culture medium of SCC4 cells
after miR-126 mimics transfection for 48 h, and the treatment with
exosomal miR-126 significantly inhibited cell growth accompanied with
miR-126 upregulation in FaDu cells (Fig. 3B and Supplementary Fig. 2).
Furthermore, the cell invasion of FaDu cells was suppressed by treat-
ment with miR-126-rich exosomes (Fig. 3C). Previous research indicated
that miR-126 can suppress oncogenic processes of OSCC cells by
downregulating EGFL7 oncoprotein [23]. Thus, whether miR-126-rich
exosomes affected EGFL7 expression of OSCC cells was investigated in
this study. In qRT-PCR analysis, exogenous miR-126-rich exosomes from
SCC4 cells significantly downregulated EGFL7 mRNA level in FaDu cells
(Fig. 3D). Taken together, exosomal miR-126 is a TS-miRNA to suppress
the oncogenic behaviors and signaling in OSCC cells.
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Figure 1. Differential exosomal miRNAs expression in the serum of healthy peoples and OSCC patients. qPCR analysis for exosomal miR-155, miR-21, miR-
205, miR-126, miR-20a, miR-32, miR-362, and miR-101 were performed in the serum of healthy persons and OSCC patients. n = 11 in the healthy group; n = 35 in

the OSCCs group. All data were mean + SD (**p < 0.01).

The correlation of serum exosomal miRNA with tumor staging and
prognosis in OSCC patients

The correlation of serum exosomal miRNA with tumor staging and
prognosis of OSCC was investigated in this research. The exosomal
miRNAs were extracted from the serum of OSCC patients, and the level
of TS-miRNA miR-126 was evaluated. By qRT-PCR analysis, exosomal
miR-126 was downregulated in the serum of the OSCC patients, and
downregulation of miR-126 was associated with advanced tumor stages
(Fig. 4A). To investigate the effect of exosomal miR-126 on the survival
of the OSCC patients, we referred the previous study to define miR-
126™Mi8" (miR126 above median) and miR-126°" (miR126 below me-
dian) in the serum of the OSCC patients [24]. In Kaplan-Meier analysis,

low exosomal miR-126 expression in serum was significantly associated
with poor overall survival in OSCC patients (Fig.4B), but exosomal miR-
126 expression in serum did not significantly impact the disease-free
survival in the OSCC patients (Fig. 4C). Accordingly, we demonstrated
for the first time that serum exosomal miRNA may correlate with tumor
staging and prognosis of OSCC.

Discussion

Although a few serum miRNAs were proposed as prognostic bio-
markers of OSCC, these studies were limited by studying too few miR-
NAs, using an inadequate inclusion or exclusion criteria, employing a
small study population, or having no independent validation [25,26].
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Figure 2. Exosomal miR-21 and miR-155
acting as oncomiRs in OSCC. (A) SCC4
cells were used as packaging cells for the
production of miR-rich exosomes, and FaDu
OSCC cells were severed as target cells for
the validation of oncogenic function. (B)
MTT assay for cell proliferation in FaDu cells
after treatment with miR-21-rich or miR-
155-rich exosomes for 72 h. (C) Cell inva-
sion assay in FaDu cells after treatment with
miR-21-rich or miR-155-rich exosomes for
24 h. Scale bar = 200 pm. (D) qRT-PCR
analysis for PTEN and BCL-6 in FaDu cells
after treatment with miR-21-rich or miR-
155-rich exosomes for 48 h. All data were
mean £ SD (*p < 0.05; **p < 0.01).
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The aim of this study was to comprehensively select potential exosomal
miRNA candidates in the paired normal and cancer cells from OSCC
patients using microarray analysis, and further identify specific serum
exosomal miRNAs as biomarkers reflecting the progression of OSCC. In
this study, we hypothesized that OSCC cells secrete exosomes containing
miRNAs in order to transport signals to recipient cells. By miRNA
microarray analysis, thirty-one miRNAs were downregulated with at-
least 2-fold change in the exosomes of human primary OSCC cells, and
twenty-one miRNAs were upregulated (2 to 5 folds) in the exosomes of
OSCC cells. Among these miRNAs, miR-155 [11], miR-21 [12], miR-205
[13], miR-126 [14], miR-20a [15], miR-32 [16], miR-362 [17] and miR-
101 [18] were associated with the outcome in the OSCC patients. Thus,
the expression levels of these eight miRNAs were further validated in the
serum of OSCC patients using qRT-PCR analysis, and the results were
consistent with the microarray data. miR-155, miR-21 and miR-205
were upregulated in the serum of OSCC patients, and miR-126, miR-
20a, miR-32, miR-362 and miR-101 levels were reduced in the serum of
OSCC patients. By miRNA-rich exosomes and OSCC cells co-culture
assay, miR-21-rich and miR-155-rich exosomes promoted oncogenic

behaviors including cell proliferation and cell invasion. Thus, we
confirmed that both miR-21 and miR-155 were oncomiRs in OSCC cells.
Recent studies also indicated that miR-21 can promote cell invasion,
impact disease free survival and act as a biomarker in OSCC [27-29].
Moreover, it has been reported that miR-155 is also an oncomiRs which
can promote oncogenic behaviors and impact prognosis in OSCC
[19,30,31]. In the gene regulation, we found that both exosomal miR-21
and miR-155 could target BCL6, and PTEN mRNA level was repressed by
exosomal miR-21 in OSCC cells. This finding is consistent with or similar
to the previous reports [21,22,32]. BC6 is a novel tumor suppressor gene
in medulloblastoma by repressing Sonic Hedgehog (SHH) signaling
[33], and SHH signaling promotes tumor cell growth and bone
destruction in OSCC [34]. Thus, BCL6/SHH axis may participate in the
exosomal miR-21- and miR-155-promoted oncogenic processes of OSCC
cells. Moreover, PTEN is a well-known tumor suppressor in many types
of cancer including OSCC [35], and exosomal miR-21/PTEN axis may
play a crucial role in cell proliferation and invasion in OSCC cells.

On the other hand, a TS-miRNA, miR-126, was identified to be
downregulated in the exosomes of OSCC cells. miR-126-rich exosomes
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significantly repressed oncogenic processes including cell proliferation
and cell invasion in OCSS cells. It has been reported that miR-126 can
suppress angiogenesis, lymphangiogenesis and tumorigenesis by tar-
geting EGFL7 in oral cancer [23,36], which is consistent with the result
of the present study that miR-126-rich exosomes significantly down-
regulated EGFL7 mRNA level of OSCC cells. EGFL7 is an oncogene in
many types of cancer including OSCC [23,36-40]. In signal trans-
duction, EGFL7 also participates in the activation of VEGF [36], Notch
[40] and Wnt [39] signaling. Thus, exosomal miR-126 may affect VEGF,
Notch and Wnt pathways mediated by EGFL7 downregulation to inhibit
the oncogenic processes of OSCC cells.

The role of oncomiRs miR-21 and miR-155 and TS-miRNA miR-126
had been studied in OSCC cells, but the role of exosomal miR-21, miR-
155 and miR-126 have not been investigated in miRNA-rich exosomes
and OSCC cells co-culture system. In this study, we demonstrated that
exosomal miR-21, miR-155 and miR-126 also participates in the onco-
genesis and gene regulation of OSCC for the first time. However, the
detailed role and function of these exosomal miRNAs in oral carcino-
genesis have not been completely cleared. The detailed exosomal
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Figure 3. miR-126 acting as a TS-miRNA in OSCC.
(A) SCC4 cells were used as packaging cells for the
production of miR-126 exosomes, and FaDu OSCC
cells were severed as target cells for the validation of
oncogenic function. (B) MTT assay for cell prolifera-
tion in FaDu cells after treatment with miR-126-rich
exosomes for 72 h. (C) Cell invasion assay in FaDu
cells after treatment with miR-126-rich exosomes for
24 h. Scale bar = 200 pm. (D) qRT-PCR analysis for
EGFL7 in FaDu cells after treatment with miR-126-
rich exosomes for 48 h. All data were mean + SD
(**p < 0.01).

miR-126

miR-126

miRNA-impacted signal transduction and oncogenic processes in OSCC
should be further investigated in the future. Furthermore, the biological
function of exosomal miR-21, miR-155 and miR-126 in OSCC cells
should be further validated in vivo. On the other hand, betel quid
chewing and cigarette smoking are major risk factors of OSCC in Taiwan
[41]. In the future work, we would study whether these risk factors
participate in the processes and secretion of exosomal miR-21, miR-155
and miR-126 in OCSS cells.

miR-126 level in OSCC tissues is a good prognostic factor [36], but
whether serum miR-126 level impacts prognosis of OSCC patients was
not reported. In this study, we found that serum miR-126 level was a
good prognostic factor in OSCC patients for the first time. Thus, the
development of non-invasive kits for serum miRNAs detection would be
potentially useful for the prediction of OSCC patient outcome. Further-
more, whether exosomal miRNAs can serve as a therapeutic target
should be evaluated in the future.
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Figure 4. Evaluation of exosomal miR-126 in serum of OSCC patients for
tumor staging and prognosis. (A) qRT-PCR analysis for miR-126 in the serum
of OSCC patients with different tumor stages. n = 9 in the healthy group; n = 4
in the stage I group; n = 5 in the stage II group; n = 10 in the stage III group; n
= 13 in the stage IV group. (B) Overall survival analysis in miR-126™8" and
miR-126"°" OSCC patients. (C) Disease-free survival analysis in miR-126"8%
and miR-126"°" OSCC patients. All data were mean + SD (*p < 0.05, **p
< 0.01).

Conclusion

Oncogenic miR-155 and miR-21 from secreted exosome can down-
regulate PTEN and Bcl-6 tumor suppressor genes to promote cell pro-
liferation and invasion in OSCC cells, and exosomal miR-126 is a tumor
suppressor miRNA which downregulates EGFL7 to repress oncogenic
behaviors in OSCC. Furthermore, exosomal miRNAs such as miR-126 in
serum may act as non-invasive biomarkers for the diagnosis and prog-
nosis of OSCC.

Oral Oncology 120 (2021) 105402

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The study was supported by the grants from Kaohsiung Chang Gung
Memorial Hospital, Taiwan (grant number CMRPG8D0641,
CMRPG8D0642 and CMRPG8G1271). We thank Chang Gung Medical
Foundation Kaohsiung Chang Gung Memorial Hospital Biobank and
Tissue Bank Core Lab (CLRPG8L0081) for excellent technical support.
This study was approved by the Chang Gung Medical Foundation
Institutional Review Board (No. 103-3528B).

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.oraloncology.2021.105402.

References

[1] Chen Z, Tao Q, Qiao B, Zhang L. Silencing of LINC01116 suppresses the
development of oral squamous cell carcinoma by up-regulating microRNA-136 to
inhibit FN1. Cancer Manag Res 2019;11:6043-59.

Lee KC, Chuang S-K, Philipone EM, Peters SM. Which Clinicopathologic Factors

Affect the Prognosis of Gingival Squamous Cell Carcinoma: A Population Analysis

of 4,345 Cases. J Oral Maxillofac Surg 2019;77:986-93.

Martins F, Mistro FZ, Kignel S, Palmieri M, do Canto AM, Braz-Silva PH. Pigmented

Squamous Cell Carcinoma In Situ: Report of a New Case and Review of the

Literature. J Clin Exp Dent 2017.

[4] Lakshminarayana S, Augustine D, Rao RS, Patil S, Awan KH, Venkatesiah SS, et al.
Molecular pathways of oral cancer that predict prognosis and survival: A
systematic review. J Carcinog 2018;17:7.

[5] Nilsson J, Skog J, Nordstrand A, Baranov V, Mincheva-Nilsson L, Breakefield XO,

et al. Prostate cancer-derived urine exosomes: a novel approach to biomarkers for

prostate cancer. Br J Cancer 2009;100:1603-7.

Wabhlgren J, Karlson TDL, Brisslert M, Vaziri Sani F, Telemo E, Sunnerhagen P,

et al. Plasma exosomes can deliver exogenous short interfering RNA to monocytes

and lymphocytes. Nucleic Acids Res 2012;40:e130.

[7] Hoshino A, Costa-Silva B, Shen T-L, Rodrigues G, Hashimoto A, Tesic Mark M, et al.
Tumour exosome integrins determine organotropic metastasis. Nature 2015;527:
329-35.

[8] Montecalvo A, Larregina AT, Shufesky WJ, Beer Stolz D, Sullivan MLG,

Karlsson JM, et al. Mechanism of transfer of functional microRNAs between mouse
dendritic cells via exosomes. Blood 2012;119:756-66.

[9] Le MTN, Hamar P, Guo C, Basar E, Perdigao-Henriques R, Balaj L, et al. miR-200-
containing extracellular vesicles promote breast cancer cell metastasis. J Clin
Invest 2014;124:5109-28.

[10] Ling H, Fabbri M, Calin GA. MicroRNAs and other non-coding RNAs as targets for
anticancer drug development. Nat Rev Drug Discov 2013;12:847-65.

[11] Emami N, Mohamadnia A, Mirzaei M, Bayat M, Mohammadi F, Bahrami N. miR-
155, miR-191, and miR-494 as diagnostic biomarkers for oral squamous cell
carcinoma and the effects of Avastin on these biomarkers. J Korean Assoc Oral
Maxillofac Surg 2020;46:341-7.

[12] Dioguardi M, Caloro GA, Laino L, Alovisi M, Sovereto D, Crincoli V, et al.
Circulating miR-21 as a Potential Biomarker for the Diagnosis of Oral Cancer: A
Systematic Review with Meta-Analysis. Cancers (Basel) 2020;12.

[13] Wiklund ED, Gao S, Hulf T, Sibbritt T, Nair S, Costea DE, et al. MicroRNA
alterations and associated aberrant DNA methylation patterns across multiple
sample types in oral squamous cell carcinoma. PLoS ONE 2011;6:e27840.

[14] Qin WJ, Lv LH, Zhang M, Zhou X, Liu GQ, Lu HJ. MiR-126 inhibits cell migration
and invasion by targeting ADAMS9 in oral squamous cell carcinoma. Eur Rev Med
Pharmacol Sci 2019;23:10324-31.

[15] Chang C-C, Yang Y-J, Li Y-J, Chen S-T, Lin B-R, Wu T-S, et al. MicroRNA-17/20a
functions to inhibit cell migration and can be used a prognostic marker in oral
squamous cell carcinoma. Oral Oncol 2013;49:923-31.

[16] Zhang D, Ni Z, Xu X, Xiao J. MiR-32 functions as a tumor suppressor and directly
targets EZH2 in human oral squamous cell carcinoma. Med Sci Monit 2014;20:
2527-35.

[17] LiJ, Xu X, Zhang D, Lv H, Lei X. LncRNA LHFPL3-AS1 Promotes Oral Squamous
Cell Carcinoma Growth and Cisplatin Resistance Through Targeting miR-362-5p/
CHSY1 Pathway. Onco Targets Ther 2021;14:2293-300.

[18] Miao L, Wang L, Yuan H, Hang D, Zhu L, Du J, et al. MicroRNA-101 polymorphisms
and risk of head and neck squamous cell carcinoma in a Chinese population.
Tumour Biol 2016;37:4169-74.

[19] Rather MI, Nagashri MN, Swamy SS, Gopinath KS, Kumar A. Oncogenic microRNA-
155 down-regulates tumor suppressor CDC73 and promotes oral squamous cell

[2

—

[3

—

[6

—


https://doi.org/10.1016/j.oraloncology.2021.105402
https://doi.org/10.1016/j.oraloncology.2021.105402
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0005
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0005
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0005
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0010
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0010
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0010
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0015
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0015
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0015
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0020
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0020
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0020
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0025
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0025
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0025
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0030
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0030
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0030
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0035
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0035
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0035
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0040
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0040
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0040
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0045
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0045
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0045
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0050
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0050
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0055
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0055
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0055
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0055
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0060
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0060
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0060
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0065
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0065
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0065
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0070
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0070
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0070
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0075
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0075
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0075
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0080
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0080
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0080
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0085
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0085
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0085
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0090
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0090
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0090
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0095
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0095

C.-M.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Chen et al.

carcinoma cell proliferation: implications for cancer therapeutics. J Biol Chem
2013;288:608-18.

LiL, Li C, Wang S, Wang Z, Jiang J, Wang W, et al. Exosomes Derived from Hypoxic
Oral Squamous Cell Carcinoma Cells Deliver miR-21 to Normoxic Cells to Elicit a
Prometastatic Phenotype. Cancer Res 2016;76:1770-80.

Zheng Y, Xie J, Jiang F, Li Y, Chang G, Ma H. Inhibition of miR21 promotes cell
apoptosis in oral squamous cell carcinoma by upregulating PTEN. Oncol Rep 2018;
40:2798-805.

Zeng QI, Tao X, Huang F, Wu T, Wang J, Jiang X, et al. Overexpression of miR-155
promotes the proliferation and invasion of oral squamous carcinoma cells by
regulating BCL6/cyclin D2. Int J Mol Med 2016;37:1274-80.

Yang X, Wu H, Ling T. Suppressive effect of microRNA-126 on oral squamous cell
carcinoma in vitro. Mol Med Rep 2014;10:125-30.

Jin Yu, Li Y, Wang X, Yang Ya. Dysregulation of MiR-519d Affects Oral Squamous
Cell Carcinoma Invasion and Metastasis by Targeting MMP3. J Cancer 2019;10:
2720-34.

Xu H, Yang Y, Zhao H, Yang X, Luo Yu, Ren Y, et al. Serum miR-483-5p: a novel
diagnostic and prognostic biomarker for patients with oral squamous cell
carcinoma. Tumour Biol 2016;37:447-53.

Schneider A, Victoria B, Lopez YN, Suchorska W, Barczak W, Sobecka A, et al.
Tissue and serum microRNA profile of oral squamous cell carcinoma patients. Sci
Rep 2018;8:675.

Yu EH, Tu HF, Wu CH, Yang CC, Chang KW. MicroRNA-21 promotes perineural
invasion and impacts survival in patients with oral carcinoma. J Chin Med Assoc
2017;80:383-8.

Hedbéck N, Jensen DH, Specht L, Fiehn A-M, Therkildsen MH, Friis-Hansen L, et al.
MiR-21 expression in the tumor stroma of oral squamous cell carcinoma: an
independent biomarker of disease free survival. PLoS ONE 2014;9(4):e95193.
Singh P, Srivastava AN, Sharma R, Mateen S, Shukla B, Singh A, et al. Circulating
MicroRNA-21 Expression as a Novel Serum Biomarker for Oral Sub-Mucous
Fibrosis and Oral Squamous Cell Carcinoma. Asian Pac J Cancer Prev 2018;19:
1053-7.

Shi L-J, Zhang C-Y, Zhou Z-T, Ma J-Y, Liu Y, Bao Z-X, et al. MicroRNA-155 in oral
squamous cell carcinoma: Overexpression, localization, and prognostic potential.
Head Neck 2015;37:970-6.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Oral Oncology 120 (2021) 105402

Wu M, Duan Q, Liu X, Zhang P, Fu Yu, Zhang Z, et al. MiR-155-5p promotes oral
cancer progression by targeting chromatin remodeling gene ARID2. Biomed
Pharmacother 2020;122:109696.

Sawant DV, Wu H, Kaplan MH, Dent AL. The Bcl6 target gene microRNA-21
promotes Thy differentiation by a T cell intrinsic pathway. Mol Immunol 2013;54:
435-42.

Tiberi L, Bonnefont J, van den Ameele J, Le Bon S-D, Herpoel A, Bilheu A, et al.
A BCL6/BCOR/SIRT1 complex triggers neurogenesis and suppresses
medulloblastoma by repressing Sonic Hedgehog signaling. Cancer Cell 2014;26:
797-812.

Honami T, Shimo T, Okui T, Kurio N, Hassan NMM, Iwamoto M, et al. Sonic
hedgehog signaling promotes growth of oral squamous cell carcinoma cells
associated with bone destruction. Oral Oncol 2012;48:49-55.

Squarize CH, Castilho RM, Abrahao AC, Molinolo A, Lingen MW, Gutkind JS. PTEN
deficiency contributes to the development and progression of head and neck
cancer. Neoplasia 2013;15:461-71.

Sasahira T, Kurihara M, Bhawal UK, Ueda N, Shimomoto T, Yamamoto K, et al.
Downregulation of miR-126 induces angiogenesis and lymphangiogenesis by
activation of VEGF-A in oral cancer. Br J Cancer 2012;107(4):700-6.

Wang F-y-F, Kang C-S, Wang-gou S-y, Huang C-H, Feng C-Y, Li X-J. EGFL7 is an
intercellular EGFR signal messenger that plays an oncogenic role in glioma. Cancer
Lett 2017;384:9-18.

Luo B-H, Xiong F, Wang J-P, Li J-H, Zhong M, Liu Q-L, et al. Epidermal growth
factor-like domain-containing protein 7 (EGFL7) enhances EGF receptor-AKT
signaling, epithelial-mesenchymal transition, and metastasis of gastric cancer cells.
PLoS ONE 2014;9(6):€99922.

Li Z, Xue TQ, Yang C, Wang YL, Zhu XL, Ni CF. EGFL7 promotes hepatocellular
carcinoma cell proliferation and inhibits cell apoptosis through increasing CKS2
expression by activating Wnt/beta-catenin signaling. J Cell Biochem 2018;119:
10327-37.

Wang J, Liu Q, Gao H, Wan D, Li C, Li Z, et al. EGFL7 participates in regulating
biological behavior of growth hormone-secreting pituitary adenomas via Notch2/
DLL3 signaling pathway. Tumour Biol 2017;39(7). 101042831770620.

Chen PC, Kuo C, Pan CC, Chou MY. Risk of oral cancer associated with human
papillomavirus infection, betel quid chewing, and cigarette smoking in Taiwan-an
integrated molecular and epidemiological study of 58 cases. J Oral Pathol Med
2002;31:317-22.


http://refhub.elsevier.com/S1368-8375(21)00225-6/h0095
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0095
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0100
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0100
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0100
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0105
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0105
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0105
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0110
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0110
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0110
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0115
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0115
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0120
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0120
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0120
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0125
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0125
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0125
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0130
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0130
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0130
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0135
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0135
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0135
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0140
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0140
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0140
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0145
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0145
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0145
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0145
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0150
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0150
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0150
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0155
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0155
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0155
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0160
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0160
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0160
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0165
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0165
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0165
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0165
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0170
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0170
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0170
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0175
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0175
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0175
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0180
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0180
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0180
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0185
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0185
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0185
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0190
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0190
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0190
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0190
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0195
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0195
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0195
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0195
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0200
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0200
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0200
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0205
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0205
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0205
http://refhub.elsevier.com/S1368-8375(21)00225-6/h0205

	Exosome-derived microRNAs in oral squamous cell carcinomas impact disease prognosis
	Introduction
	Materials and methods
	Patients and sample collection
	Cell cultures
	Isolation of exosomes
	Microarray analysis for miRNAs
	qRT–PCR analysis for miRNAs
	qRT–PCR analysis for specific genes
	Cell proliferation assay
	Cell invasion assay
	Statistical analysis

	Results
	Differential expression of miRNA in the secreted exosomes between human primary OSCC cells and non-neoplastic squamous cells
	Exosomal miR-155 and miR-21 as oncomiRs in OSCC
	Exosomal miR-126 as a TS-miRNA suppressing oncogenesis in OSCC cells
	The correlation of serum exosomal miRNA with tumor staging and prognosis in OSCC patients

	Discussion
	Conclusion
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


