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Abstract Background/purpose: Oral cancer is one of the common cancers worldwide.
Emerging evidence has indicated that microRNAs (non-coding RNA molecules of approximately
22 nucleotides in length) are implicated in the regulation of cancer stemness. However, the
functional role of microRNA-509 (miR-509) in the characteristics of oral cancer stem cells
(CSCs) has not been unraveled.
Materials and methods: The expression level of miR-509 in ALDH1þ and sphere oral CSCs was
examined by qRT-PCR. The aldehyde dehydrogenase 1 (ALDH1) activity and CD44 expression
were assessed using flow cytometry. Self-renewal, transwell migration, and colony formation
assays were conducted to measure the CSC phenotypes. Besides, a luciferase reporter assay
was used to confirm the direct interaction between miR-509 and its target polo-like kinase 1
(plk1).
Results: We showed the expression of miR-509 was downregulated in the CSCs derived from
oral cancer cells (SAS), and upregulation of miR-509 diminished the several CSCs features,
including ALDH1 activity, self-renewal capacity, CD44 expression, migration, and colony-
forming abilities. Moreover, the result from the luciferase reporter assay validated the direct
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binding of miR-509 to plk1.
Conclusion: Our results suggest that the miR-509/plk1 axis may mediate the cancer stemness
in oral cancer, and targeting this axis may attenuate the progression of oral cancer.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Oral cancer includes cancers of the ‘oral cavity and
oropharynx’, excluding the salivary glands and other
pharyngeal sites. It ranks as the sixth leading cancer in the
world and the high incidence areas comprise countries in
South Asia, such as Sri Lanka, India, Pakistan, Taiwan.1

Numerous studies have suggested that cancer stem cells
(CSCs) are implicated in cancer relapse and distant
metastasis due to their self-renewal capacity, pluripotency,
and aggressiveness.2 To study the effects of CSCs on cancer
progression, several approaches have been used to identify
CSCs in oral cancer, such as examination of aldehyde de-
hydrogenase 1 (ALDH1) activity,3 the expression of surface
marker CD444 or cells with sphere-forming ability.5

Various factors have been known to be associated with
cancer stemness, such as p53 expression6 or Wnt/b-catenin
signaling.7 Accumulating evidence has suggested that
microRNAs may also serve pivotal roles in the maintenance
of oral cancer stemness.8 MicroRNAs belong to non-coding
RNAs, which refer to RNAs that do not encode proteins.
MicroRNAs (w19e22 nucleotides in length) are a type of
short non-coding RNAs, and there are long non-coding RNAs
(lncRNAs; more than 200 nucleotides in length) that can
affect oral carcinogenesis as well.9 Additionally, microRNAs
(miRs) have been shown to exert their regulatory effects via
binding to the targeted mRNAs with the 30-untranslated
region (30-UTR).

Previous studies have shown that miR-509 was aber-
rantly expressed in several types of cancers,10,11 and it also
has been reported to function as a tumor suppressor in
tongue squamous cell carcinoma through suppressing
epidermal growth factor receptor (EGFR).10 Nevertheless,
whether miR-509 affects the cancer stemness in oral cancer
has not been investigated. As such, we aimed to assess the
functional role of miR-509 in oral CSCs and explore the
potential downstream target of miR-509 in the present
study.
Materials and methods

OSCC cell culture, OSCC tissues and oral cancer
stem cells

The OSCC cell line SAS was cultivated as previously
described.5 OSCC tissues were collected after obtaining
written informed consent. All procedures were conducted
in accordance with the Declaration of Helsinki, and
approved by The Institutional Review Board in Chung Shan
Medical University Hospital. OSCC tissues were snap-frozen
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in liquid nitrogen and stored at �80 �C for miR-509 and plk1
expression by qRT-PCR analysis. Isolation of ALDH1þ oral
cancer stem cells were conducted by staining cells with
ALDEFLUOR assay kit (StemCell Technologies, Inc., Van-
couver, BC, Canada) and sorted with FACSAria II cell sorter
(BD Biosciences, San Jose, CA, USA).5
Spheres formation assay

OSCC cells were dissociated and cultured as moral spheres
in modified DMEM/F-12 supplemented with N2 (R&D),
10 ng/mL epidermal growth factor (EGF, Invitrogen), 10 ng/
mL basic fibroblast growth factor (bFGF, Invitrogen), and
penicillin/streptomycin at 103 live cells/low-attachment
six-well plate (Corning Inc., Corning, NY), and the me-
dium were changed every other day until the moral spheres
formation observed in about 2 weeks. For the self-renewal
ability evaluation, single cells will be obtained from
accurtase treated spheroids and the cell density of passage
will be 1000 cells/ml in the serum-free medium.5
Quantitative real-time PCR (qRT-PCR)

Total RNA is prepared from cells using Trizol reagent ac-
cording to the manufacturer’s protocol (Invitrogen Life
Technologies, Carlsbad, CA). qRTePCR of mRNAs are
reverse-transcribed using the Superscript III first-strand
synthesis system for RTePCR (Invitrogen Life Technolo-
gies, Carlsbad, CA). qRT-PCR reactions on resulting cDNAs
will be performed on an ABI StepOne� Real-Time PCR
Systems (Applied Biosystems).5
Western blot analysis

Western blot analysis followed previously described pro-
tocols. The primary antibodies were those against Plk1 and
GAPDH markers.5
Reporter construction and assay

The 30UTR sequence of Plk1 was cloned into the pMIR-
REPORT vector (Life Technologies, Grand Island, NY) to
generate the wild type reporter (WT). A mutant reporter
(MUT) construct was generated from the WT by replacing
the targeted sequence. Firefly luciferase activity after
normalizing to transfection efficiency represented reporter
activity. Transfectin lipid transfection reagent was pur-
chased from BioRad Lab (Hercules, CA).12
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Migration and colony-formation assay

All procedures followed the previously described protocol.5

Statistical analysis

Statistical Package of Social Sciences software (version
13.0) (SPSS, Inc., Chicago, IL) was used for statistical
analysis. Data from at least triplicate analysis was shown as
Figure 1 MiR-509 is downregulated in oral cancer stem cells (CSCs
and sphere oral CSCs; The relative expression of miR-509 in parent
ALDH1þ CSCs derived from SAS cells. *p< 0.05 compared to paren

Figure 2 Ectopic expression of miR-509 diminishes ALDH1 activity
509 in two types of oral CSCs (SAS-CSCs) reduced the ALDH1 activ
ondary sphere formation assay (B). *p< 0.05 compared to miR-Scr

655
mean� SD. Student’s t test was used to determine statis-
tical significance of the differences between experimental
groups; p values less than 0.05 will be considered statisti-
cally significant.

Results

To detect the aberrant expression of non-coding RNA
transcripts among parental, ALDH1-, ALDH1þ, and sphere
) (A) A heatmap showing miR-509 was downregulated in ALDH1þ

al and sphere oral CSCs (B) as well as ALDH1- non-CSC cells and
tal or ALDH1

-

non-CSC cells.

and self-renewal capacity of oral CSCs. Overexpression of miR-
ity using flow-cytometry (A) and self-renewal ability using sec-
ambled (miR-Scr.).
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cells, high-throughput RNA-sequencing was employed and
miR-509 was found as one of the differentially expressed
genes (Fig. 1A). To validate this finding, qRT-PCR was con-
ducted and we showed that miR-509 was downregulated in
sphere cells of SAS (Fig. 1B). Similarly, the expression of
miR-509 was reduced in ALDH1þ cells compared to ALDH1-

cells (Fig. 1C). These results suggested that miR-509 may be
suppressed in the oral CSCs.

To assess the functional role of miR-509 in cancer
stemness features, we transfected oral CSCs with mimics
and examined the ALDH1 activity, self-renewal ability, and
CD44 expression. As shown in Fig. 2A, ALDH1 activity was
decreased in SAS CSCs transfected with miR-509 mimics,
and N,N-diethylaminobenzaldehyde (DEAB) was used as a
selective inhibitor of ALDH1 (negative control). Over-
expression of miR-509 also inhibited the self-renewal ability
in these two types of oral CSCs using secondary sphere
assay (Fig. 2B). Besides, CD44 expression was markedly
reduced in miR-509-overexpressing oral CSCs (Fig. 3).

Additionally, ectopic expression of miR-509 in SAS oral
CSCs suppressed their migration capacity (Fig. 4A), indi-
cating the anti-metastasis potential of miR-509. The result
from the clonogenic assay demonstrated that elevation of
miR-509 in SAS oral CSCs mitigated the ability of a single
Figure 3 Overexpression of miR-509 mitigates CD44 expression
CSCs (SAS-CSCs) suppressed the percentage of cells expressing CSC m
Scr.

Figure 4 Upregulation of miR-509 lessens CSCs phenotypes. Ecto
attenuated the transwell migration (A) and colony-forming (B) abi
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cell to grow into a colony (Fig. 4B). These findings showed
that an increase of miR-509 in oral CSCs may attenuate the
cancer stemness properties.

To unravel the target gene of miR-509, we used a bio-
informatics tool to predict that polo-like kinase 1 (plk1)
may serve as one of the putative targets of miR-509. In
order to confirm the direct relationship between miR-509
and plk1, we employed the luciferase reporter assay to
validate the binding site. Fig. 5A illustrated the comple-
mentarity between the 30 UTRs of plk1 and miR-509 to
pinpoint the target sequence of miR-509. Reporter plas-
mids containing either full-length (Wt-plk1) or mutated
(mut-plk1) forms of the miR-509-binding region were
constructed and co-transfected with miR-509 mimics into
oral CSCs. We demonstrated that the luciferase activity of
Wt-plk1 vector was reduced when co-transfected with
miR-509 mimics, whereas no significant change was
observed in the mut-plk1 vector group (Fig. 5B). Our re-
sults showed that miR-509 binds to the 30UTR of plk1
through imperfect base pairing. Furthermore, we showed
that the expression of plk1 in SAS CSCs were both abol-
ished following miR-509 overexpression. Clinically, miR-
509 is negatively correlated with plk1 expression in
Taiwanese OSCC specimens (Fig. 6).
in two oral CSCs. Upregulation of miR-509 in two types of oral
arker, CD44, using flow-cytometry. *p< 0.05 compared to miR-

pic expression of miR-509 in two types of oral CSCs (SAS-CSCs)
lities. *p< 0.05 compared to miR-Scr.



Figure 6 The negative correlation between miR-509
expression and plk1 in Taiwanese OSCC specimens by qRT-
PCR and linear regression analysis.
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Discussion

Currently, research regarding the significance of miR-509 in
cancer progression is still limited. The majority of studies
suggested that miR-509 may be downregulated and play a
tumor-suppressive role in several types of cancer, such as
renal cancer,13 papillary thyroid carcinoma,14 gliomas,11 and
non-small cell lung cancer.15 It has been demonstrated that
miR-509 inhibited the proliferative and migratory abilities of
renal cancer cells, thyroid cancers, or gliomas via down-
regulating the mitogen-activated protein kinase 8
(MAP3K8),13 paired box 6 (PAX6),14 or X-linked inhibitor of
apoptosis,11 respectively. Aside from repressing cell viability,
migration, and invasion capacities, overexpression of miR-
509 also attenuated the colony formation through forkhead
box M1 (FOXM1)15 and increased the chemosensitivity
through Axl16 in lung cancer or osteosarcoma. As for tongue
squamous cell carcinoma, miR-509 has been shown to miti-
gate the proliferation and invasion abilities via EGFR.10 In
the present study, we showed that miR-509 exerted an
inhibitory effect on oral CSCs through plk1.

Plk1 is a serine/threonine-protein kinase that has been
implicated in various stages of mitosis, meiosis, and
Figure 5 MiR-509 directly interacts with plk1 (A) Schematic of m
sequence at the 30-untranslated region (30UTR) of plk1 (B) Lucifera
plk1 and miR-509 mimic (C) The expression of plk1 in SAS-CSC trans
miR-Scr.
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cytokinesis.17,18 It has been shown that silencing of plk1
resulted in inhibition of proliferation in cancer cells.19 In oral
cancer, plk1 has been shown to be overexpressed and
iR-509, the putative binding sequence along with the mutant
se activity decreased when cells were co-transfected with Wt-
fected with miR-Scr. or miR-509 mimics. *p< 0.05 compared to
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considered as one of the most potent genes required for oral
cancer cell proliferation.20 Likewise, plk1 is crucial to cell
proliferation in CSCs. It has been demonstrated that sup-
pression of plk1 inhibited Bmi1, an important regulator of
CSC phenotype, by upregulating the miRNA-200c/141 cluster
in breast cancer cells.21 Besides, plk1 activity has been
known to be imperative for maintaining forkhead box protein
C2 (FOXC2) protein stability, which could regulate the G2/M
transition of breast CSCs.22 Another study showed that plk1
activity modulated the mitotic entry and cell polarity of
glioblastoma CSCs and targeting plk1 reduced glioblastoma
cell growth.23 In line with our finding, it has been shown that
plk1 was a direct target of miR-509 in smooth muscle cells.24

Taken together, these results suggested that downregulation
of plk1 by miR-509 may affect the stemness features, pro-
liferation, and migration abilities of CSCs.

In conclusion, this study demonstrated that the expres-
sion of miR-509 was repressed in oral CSCs, and upregula-
tion of miR-509 mitigated several CSCs characteristics. In
addition, we showed that plk1 was a direct target of miR-
509. Our findings suggested that approaches to increase the
expression of miR-509 may be beneficial to oral cancer
treatment.
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