Kim et al. BMC Oral Health (2022) 22:378
https://doi.org/10.1186/512903-022-02425-6

BMC Oral Health

RESEARCH Open Access

MicroRNA-18a regulates the metastatic

®

Check for
updates

properties of oral squamous cell carcinoma cells

via HIF-1a expression

Shihyun Kim', Suyeon Park’, Ji-Hyeon Oh?, Sang Shin Lee', Yoon Lee® and Jongho Choi'”

Abstract

assay, EdU assay, and a Transwell® insert system.

mimics.

Background: Rapid metastasis of oral squamous cell carcinoma (OSCC) is associated with a poor prognosis and

a high mortality rate. However, the molecular mechanisms underlying OSCC metastasis have not been fully eluci-
dated. Although deregulated expression of microRNA (miRNA) has a crucial role in malignant cancer progression, the
biological function of miRNA in OSCC progression remains unclear. This study aimed to investigate the function of
miRNA-18a in OSCC metastatic regulation via hypoxia-inducible factor 1a (HIF-1a).

Methods: miRNA-18a-5p (miRNA-18a) expressions in patients with OSCC (n=39) and in OSCC cell lines (e.g., YD-10B
and HSC-2 cells) were analyzed using quantitative real-time polymerase chain reaction. HIF-1a protein expressions in
OSCC cells treated with miRNA-18a mimics or combined with cobalt chloride were analyzed using western blotting.
The miRNA-18a expression-dependent proliferation and invasion abilities of OSCC cells were analyzed using MTT

Results: miRNA-18a expression was significantly lower in OSCC tissue than in the adjacent normal tissue. In OSCC

cell lines, HIF-1a expression was significantly decreased by miRNA-18a mimic treatment. Furthermore, the migration
and invasion abilities of OSCC cells were significantly decreased by miRNA-18a mimics and significantly increased by
the overexpression of HIF-1a under hypoxic conditions relative to those abilities in cells treated only with miRNA-18a

Conclusions: miRNA-18a negatively affects HIF-1a expression and inhibits the metastasis of OSCC, thereby suggest-
ing its potential as a therapeutic target for antimetastatic strategies in OSCC.
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Background

Oral squamous cell carcinoma (OSCC), the most com-
mon type of head and neck cancer worldwide, affects
multiple sites, including the oral cavity, larynx, pharynx,
and neck [1]. Approximately, 65,000 new OSCC cases are
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estimated to occur annually in the United States. [2]. In
South Korea, 3310 patients were newly diagnosed with
OSCC and died from the disease in 2015 [3]. Late diagno-
sis strongly influences the high mortality rate in patients
with OSCC [4]. The presence of lymph node metastasis
is one of the critical factors that determine the prognosis
in such patients [5, 6]. Metastasis is associated with the
migration and invasion of cancer cells from the primary
tumor and is regulated in multiple steps and by various
underlying molecular mechanisms. In OSCC, metastasis
occurs predominantly in the cervical lymph nodes, which
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is an important determinant in OSCC diagnosis and
patient survival [7, 8]. Despite the advancements in the
detection and elimination of lymph node metastasis, this
strategy has its own limitations, and the molecular mech-
anism underlying OSCC metastasis remains unclear.

MicroRNAs (miRNAs) are single-stranded noncod-
ing RNAs composed of 21-25 nucleotides that nega-
tively regulate gene expression in post-transcriptional
processes by regulating messenger RNA (mRNA) deg-
radation or translational suppression [9-11]. In OSCC,
miRNAs have been reported to play a crucial role in the
progression, metastasis, and the low long-term survival
rates of the patients [9, 12]. Particularly, the miRNA-17-
92 cluster, including miRNA-17, -18a, -19a/b, -20a, and
-92a, has been reported to function in tumorigenesis and
metastasis in several cancers, including thyroid, colon,
lung, and renal cell carcinomas [13-16]. In this cluster,
miRNA-17 is highly expressed and is related to recur-
rence in patients with OSCC according to its participa-
tion in cell cycle distribution [17]. Chang et al. detected
the regulation of miRNA-17 and -20a in OSCC cells,
which promoted the migration ability of OSCC cells.
Clinically, the expression of these miRNAs is negatively
associated with tumor node metastasis stage and lym-
phatic metastasis via direct binding to integrin 8 [18].
However, the expression level of this cluster in OSCC has
not been verified, and it is unclear which miRNA in this
cluster is involved in OSCC metastasis.

Hypoxia, an insufficient oxygen level in whole organ-
isms or tissues, is a well-known critical factor in tumor
microenvironments and pathophysiology. Hypoxia in tis-
sues triggers various cellular molecular responses, includ-
ing rapid cell division, metabolism, and abnormal blood
vessel formation [19, 20]. Hypoxia also induces tumor
progression and is one of the causes for chemother-
apy and radiotherapy resistance in tumors [21]. Under
hypoxic conditions, a family of transcription factors
known as hypoxia-inducible factors (HIFs) is activated
and plays a critical role in orchestrating multicellular
signaling pathways by changing the expressions of hun-
dreds of genes [22]. HIFs are heterodimeric transcription
factors composed of HIF-1a and constitutively expressed
HIF-1f. In particular, HIF-1a is a key molecule induced
under hypoxic conditions during excessive tumor growth
and can control the expression of target genes involved in
tumor angiogenesis, proliferation, invasion, and metas-
tasis in various cancers [23-26]. HIF-1a expression can
regulate a panel of miRNAs, and certain miRNAs are
able to target the protein expression of HIF-1a [27]. Wu
et al. showed that hypoxia affected the induction level
of type 1 collagen prolyl-4-hydroxylase, which led to the
accumulation of Ago2 via an HIF-1a-dependent pathway
[28]. In addition, Kelly et al. found that hypoxia-induced
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miRNA-210 expression suppressed the activity of glyc-
erol-3-phosphate dehydrogenase 1-like, a regulator of
HIF-1a, which resulted in an increase in HIF-1a stability
and the expression of HIF-1a target genes [29]. However,
other than the expression of HIF-1a, the precise molecu-
lar mechanisms underlying the clinical progression of
OSCC are not well understood.

This study aimed to analyze the expression of HIF-1a
and validate HIF-1a target miRNA candidates in OSCC.
Furthermore, this study intended to determine if the
interaction between HIF-la and miRNAs regulates
OSCC progression and metastasis.

Methods

Human tissues

In total, 39 paired normal and tumor tissue specimens
were obtained from patients with OSCC. The biospeci-
mens and data used in this study were obtained from
the Biobank of Inje Paik University, Pusan National Uni-
versity and Keimyung University Dongsan Hospital (a
member of the Korea Biobank Network), or Gangneung-
Wonju Dental Hospital National University, Gangneung,
South Korea according to the approved protocols. All
studies received ethical approval from the Committees
for Ethical Review of Research at Gangneung-Wonju
National University (Institutional Review Board [IRB]
No.: GWNUIRB-2020-26-1).

Cell culture and transfection

The human OSCC cell lines YD-10B and HSC-2 were
purchased from the Korean Cell Line Bank (Seoul, South
Korea) and the Japanese Collection of Research Biore-
sources Cell Bank (Ibaraki, Osaka, Japan), respectively.
These cell lines were cultured in Dulbecco’s modified
Eagle’s medium with high glucose (Invitrogen, Carlsbad,
CA, USA) supplemented with 1% penicillin/streptomycin
and 10% fetal bovine serum (FBS; Gibco, Waltham, MA,
USA). The cells were cultured in a humidified atmosphere
at 37 °C with 5% CO,. To expose YD-10B and HSC-2 cells
to hypoxic conditions, they were cultured in an HERA cell
150i incubator with 94% N,, 1% O,, and 5% CO, at 37 °C.
For the transfection of miRNA-18a, the cells were first
cultured with reduced serum Opti-MEM (Gibco). After
the cells reached 60% confluence, hsa-miRNA-negative
control (25 nM; Bioneer, Daejeon, Korea) or hsa-miRNA-
18a-5p (25 nM; Bioneer) was transfected into the cells
using Lipofectamine RNAIMAX Transfection Reagent
(Invitrogen). The cells were further cultured with 300 mM
cobalt chloride (CoCl,) for 24 h after transfection. The
mature sequence of hsa-miRNA-18a-5p used was as fol-
lows: 5'-UAA GGU GCA UCU AGU GCA GAU AG -3'.
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RNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR) analysis

Total RNA was extracted using the TRIzol reagent (Inv-
itrogen). For HIF-la or miRNA-18a quantification,
c¢DNA was synthesized using Superscript III Reverse
Transcriptase (Invitrogen) or miRNA First-Strand Syn-
thesis Kit (Takara Bio Inc., Shiga, Japan) according to the
respective manufacturer’s instructions. The expression of
HIF-1a or mature miRNAs was detected using a CFX96
Touch Real-Time PCR system (Bio-Rad Laboratories,
Hercules, CA, USA) and SYBR Premix ExTaq (Takara Bio
Inc., Shiga, Japan). The amplification conditions were as
follows: initial denaturation at 95 °C for 10 s, followed by
40 cycles of denaturation at 95 °C for 5 s, and annealing
and extension at 60 °C for 20 s. The primers used in the
present study were as follows: forward-HIF-la: 5-CCA
GTT ACG TTC CTT CGA TCA G-3'; reverse-HIF-1a:
5-GTA GTG GTG GCA TTA GCA GTA G-3/; forward-
hsa-miRNA-17: 5'-TGC TTA CAG TGC AGG TAG-3/;
forward-hsa-miRNA-18a: 5-AGG TGC ATC TAG TGC
AG-3'; forward-hsa-miRNA-19a: 5-GTT TTG CAT
AGT TGC ACT A-3; and forward-has-miRNA-20a:
5-GTG CTT ATA GTG CAG GTA-3'. In addition, nor-
malization was performed using the following primers:
forward-GAPDH: 5-CAA AGT TGT CAT GGA TGA
CC-3/; reverse-GAPDH: 5-CCA TGG AGA AGG CTG
GGG-3'; and reverse-U6: 5'-AAA ATA TGG AAC GCT
TCA CGA-3'. Relative expression levels were calculated
using the 2722" method. All experiments were per-
formed in triplicate.

Western blots

The cells were lysed with lysis buffer (RIPA buffer;
Sigma), including Complete Protease Inhibitor Cocktail
(Roche Diagnostics, Basel, Switzerland). The protein con-
centration of the lysates was calculated using the BCA
Protein Assay Kit (Pierce, Rockford, IL, USA). Subse-
quently, 50 pg of the total lysate was mixed with 5 x load-
ing dye (Bio-Rad) and separated using 8-12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis. After
being electrophoresed, the proteins were transferred
to a nitrocellulose membrane using a Wet/Tank Blot-
ting System (Bio-Rad). The membranes were incubated
with 5% bovine serum albumin (Sigma) in phosphate-
buffered saline with 0.01% Tween-20 for 30 min at room
temperature. Subsequently, they were incubated with
rabbit monoclonal antibodies specific to anti-HIF-1la
(1:1000 dilution; GeneTex, Inc., Irvine, CA, USA),
GAPDH (1:3000 dilution; Ab Frontier, Seoul, Republic of
Korea), and anti-mouse-Proliferating Cell Nuclear Anti-
gen (PCNA) (1:1000 dilution; Cell Signaling Technol-
ogy, Danvers, MA, USA) for 3 h at room temperature.
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Secondary antibodies were blocked using horseradish
peroxidase (HRP)-conjugated goat anti-rabbit immuno-
globulin G (IgG) (1:5000 dilution; Cell Signaling Technol-
ogy) and HRP-conjugated goat anti-mouse IgG (1:10,000
dilution; Cell Signaling Technology). Specific bands were
detected using an imaging system (VILBER Smart Imag-
ing, Eberhardzell, Germany) and chemiluminescence
reagent (Millipore Corporation, St. Louis, MO, USA).
Image] image processing software (https://imagej.nih.
gov/ij/) was used to analyze the intensity of each detected
band, which was quantified as the fold change. All experi-
ments were performed at least in duplicate.

Cell proliferation assay

To analyze the proliferation ability of the OSCC cell lines,
a  3-(4,5-dimethylyhiazol-2-yl)-2,5-diphenyl  tetrazo-
lium bromide (MTT) assay was performed to assess cell
viability in proliferating cells and a Click-iT 5-ethynyl-
2/-deoxyuurindine (EdU) assay was conducted to assess
DNA synthesis in proliferating cells (each according
to the manufacturer’s instructions). In the MTT assay,
3x 10° cells were seeded in a 96-well cell culture plate
(Corning Inc., Corning, NY, USA) and cultivated with
miRNA-18a or CoCl, at 37 °C in an incubator with a
humidified atmosphere containing 5% CO,. After 24 h,
200 ul of dimethyl sulfoxide (DMSO; Sigma) was added
for 10 min, and the resulting formazan was dissolved in
DMSO. The absorbance was then detected at 570 nm
using a SpectraMax iD3 Multimode Microplate Reader
(Molecular Devices, San Jose, CA, USA). In the EdU
assay, 3 x 10° cells were seeded on coverslips in cell cul-
ture dishes and cultured with miRNA-18a or CoCl, at
37 °C in an incubator with a humidified atmosphere
containing 5% CO,. The cells were maintained in EAU
solution for 2 h, after which they were fixed using 4% par-
aformaldehyde for 20 min and permeabilized in 0.5% Tri-
ton X-100 for 15 min. Subsequently, the coverslips were
stained using an EAU Cell Proliferation Kit, Alexa Fluor
488 (Abcam, Cambridge, UK) according to the manufac-
turer’s protocol. Each process was performed in a dark
environment to protect the fluorescence from the light.
The cells were imaged using fluorescence microscopy
(Olympus, Tokyo, Japan), and the images were chosen
randomly from seven parts of the coverslip. All experi-
ments were performed at least in triplicate.

Transwell migration and invasion assays

To analyze the migration and invasion abilities of the
OSCC cells, a 24-well plate cell culture insert system
(8.0-um pore size; Corning, Inc.) was used. To determine
the invasion abilities of the OSCC cells, the inserts were
precoated with 5% collagen mixed with 40 pl of reduced
serum Opti-MEM (Gibco). After transfection with the
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negative control or miRNA-18a, the reduced serum
Opti-MEM medium was added to the upper insert and
culture medium containing 10% FBS was added to the
lower plate for 24 h. The inserts were then fixed with
methanol and stained using Mayer’s Hematoxylin Histo-
logical Staining Reagent (Dako, Santa Clara, CA, USA)
for 20 min at room temperature. The noninvaded cells
in the upper chamber were scraped out using a cotton
swap, and the number of invaded cells was counted using
an inverted light microscope (Olympus, Tokyo, Japan)
to make observations. The images of the migrated and
invaded cells were randomly selected from seven parts
of each insert, and the number of cells was calculated
using Image]J. All experiments were performed at least in
triplicate.

Statistical analysis

All results were presented as mean =+ standard error of
the mean. To confirm the normal distribution of the anal-
ysis data, Levene’s test was performed. If the data were
normally distributed, student’s t-test was performed,
and if they were not normally distributed, the Mann—
Whitney test was performed. In this study, the differ-
ences were considered to be statistically significant for p
values <0.05.

Results

miRNA-18a and -20a target HIF-1a directly in patients

with OSCC

To determine miRNA candidates that might target
HIF-1a in OSCC, we used three public algorithm pro-
gram sets, namely, Targetscan, MiRDB, and PICTAR,
to predict targets of miRNA. We found that miRNA-
4495, -17, -18a, -1276, -19a, -20a, and -5692a potentially
targeted HIF-1a (Fig. 1A). To verify these targets, we
matched the miRNA sequences with the 3’-UTR region
of HIF-1a mRNA. Sequence alignment showed that parts
of miRNA-17, -18a, -19a, and -20a possessed comple-
mentary binding sites for the 3/-UTR of HIF-1a, whereas
miRNA-4495, -1276, and -5692 did not (Fig. 1B). In clini-
cal OSCC samples, the expressions of miRNA-18a and
-20a were significantly decreased and increased, respec-
tively, in the OSCC tissue relative to their expressions
in the normal tissue (p<0.05; Fig. 1C). Additionally, the
expressions of HIF-1a and p53 (a tumor suppressor gene)
were significantly increased and decreased, respectively,
in the OSCC tissue relative to their expressions in the
normal tissue (p < 0.05; Fig. 1D). Moreover, the expression
of HIF-1a was significantly correlated with OSCC TNM
staging including tumor size and lymph node metasta-
sis (p < 0.05; Additional file 1: Table S1). Collectively,
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these results suggest that miRNA-18a and -20a are direct
targets of HIF-1a in OSCC although their expression pat-
terns differed.

Hypoxia suppresses the expression of miR-18a in OSCC cell
lines

Some miRNAs are differentially expressed under
hypoxia and are known as hypoxia-regulated miRNAs,
which have been identified in several cancer types [30].
To determine if miRNA-18a and -20a are hypoxia-regu-
lated miRNAs, we confirmed the expressions of HIF-1a
and two miRNAs in YD-10B and HSC-2 cells cultured
under normoxic or hypoxic conditions. The protein
expression of HIF-1a was significantly increased in YD-
10B and HSC-2 cells cultured under hypoxic conditions
relative to its expression under normoxic conditions
(p<0.05; Fig. 2A, B). In contrast, the mRNA expres-
sion of miRNA-18a was significantly decreased in YD-
10B and HSC-2 cells cultured under hypoxic conditions
relative to its expression under normoxic conditions
(p<0.05; Fig. 2C). However, the mRNA expression of
miRNA-20a was not altered in the two cell lines cul-
tured under hypoxic conditions (Fig. 2D).

miRNA-18a regulates the expression of HIF-1a in OSCC cell
lines

To determine if miRNA-18a directly regulates the
expression of HIF-1a in OSCC cell lines, we confirmed
HIF-1a expression in YD-10B and HSC-2 cells treated
with miRNA-18a mimics. miRNA scrambled con-
trol (control) or miRNA mimics were transfected into
each OSCC cell line. The qPCR analysis showed an
approximately five-fold increase in miRNA-18a expres-
sion in YD-10B and HSC-2 cells treated with miRNA-
18a mimics compared with its expression in control
cells (p<0.05; Fig. 3A), which resulted in significantly
decreased mRNA expression of HIF-1a relative to that
in control cells (p<0.05; Fig. 3B). Indeed, miRNA-
mediated translation expression is usually coupled with
the target degradation of mRNA [31]. Furthermore, we
observed that the protein expression of HIF-1a was sig-
nificantly decreased in YD-10B and HSC-2 cells treated
with miRNA-18a mimics relative to its expression in
control cells (p < 0.05; Fig. 3C). To test the re-expression
of HIF-1a, we used a combination treatment of YD-
10B and HSC-2 cells, i.e., treatment with CoCl, after
miRNA-18a mimic treatment. Accordingly, HIF-la
protein expression was significantly increased in YD-
10B and HSC-2 cells treated with miRNA-18a mimics
and CoCl, relative to its expression in cells treated only
with miRNA-18a mimics (p<0.05; Fig. 3D). However,
the miRNA-18a mimics and CoCl, had no effect on the
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Fig. 1 Identification of miRNA-18a associated with HIF-1a in OSCC. A Predictive analysis of HIF-1a and miRNAs according to three miRNA databases
(Targetscan, MiRDB, and PICTAR). B Schematic drawing showing the specific binding sites between HIF-1a and the miR-17-92 cluster according to
the results of a sequence alignment assay. C mRNA expression of miR-17,-18a,-19a, and -20a in OSCC relative to that in adjacent normal tissues,
as assessed using qRT-PCR. U6 was used as the control gene. D mRNA expression of HIF-1a and p53 in OSCC tissues relative to that in adjacent
normal tissues according to gRT-PCR analysis. GAPDH was used as the control gene. *Significant difference in expression between the nontumor
and tumor conditions (p < 0.05). Tissue samples were pooled. All experiments were performed at least in triplicate. miR-17, microRNA-17; miR-18a3,
microRNA-18a; miR-20, microRNA-20a; miRs, microRNAs; Nor, normal tissue; OSCC, oral squamous cell carcinoma

protein expression of PCNA (Fig. 3C, D). These results
suggest that the expression of HIF-1a was regulated by
miRNA-18a in YD-10B and HSC-2 cells.

miRNA-18a inhibits the metastatic, but not proliferative,
properties of OSCC cells

Overexpression of miRNA-18a has previously been
reported to promote the proliferation ability of OSCC
cells in vitro [32]. To further examine the effect of
miRNA-18a expression on the proliferation ability
of OSCC cells, we performed EAU and MTT assays
to analyze the proliferative abilities of YD-10B and
HSC-2 cells treated with miRNA-18a mimics. Com-
pared with the control cells, EAU incorporation into

cells treated with miRNA-18a mimics had no signifi-
cant effect (Fig. 4A, B). Consistently, there was no sig-
nificant difference in the MTT absorbance of YD-10B
and HSC-2 cells treated with miRNA-18a mimics rela-
tive to that of the control cells (Fig. 4C). Additionally,
a Transwell migration assay performed to determine if
miRNA-18a had an effect on the metastatic properties
of OSCC cells showed that the number of migrated
cells decreased significantly in miRNA-18a mimic-
treated YD-10B and HSC-2 cells relative to the num-
ber in the control cells (p <0.05; Fig. 4D) (Additional
files 1 and 2). Moreover, the number of invaded cells
decreased significantly in YD-10B and HSC-2 cells
treated with miRNA-18a mimics (p<0.05; Fig. 4E).
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Collectively, these findings indicate that miRNA-18a
plays a role in the metastatic properties of OSCC.

miRNA-18a regulates the metastatic properties of 0SCC
primarily via HIF-1a

To determine if the proliferative properties induced by
miRNA-18a were mediated by HIF-la expression, we
investigated the effects of miRNA-18a mimic treatment
alone or in combination with CoCl,. The proliferation
assay showed that EAU incorporation into YD-10B and
HSC-2 cells treated with miRNA-18a mimics and CoCl,
was not significantly different from that in cells treated
with miRNA-18a mimics alone (Fig. 5A, B). However,
there was no significant difference in the MTT absorb-
ances of YD-10B and HSC-2 cells treated with both
miRNA-18a mimics and CoCl, relative to those of cells
treated with miRNA-18a alone (Fig. 5C). To determine if
the metastatic properties induced by miRNA-18a were
mediated by HIF-1a expression, we confirmed the migra-
tion and invasion ability of YD-10B and HSC-2 cells
treated with miRNA-18a mimics alone or in combination
with CoCl,. The number of migrated cells increased sig-
nificantly in YD-10B and HSC-2 cells treated with both
miRNA-18a mimics and CoCl, relative to that in cells
treated with miRNA-18a mimics alone (p <0.05; Fig. 5D).
Furthermore, the number of invaded cells increased

significantly in YD-10B and HSC-2 cells treated with
miRNA-18a mimics and CoCl, in combination relative
to that in cells treated only with miRNA-18a mimics
(p<0.05; Fig. 5E). These results allude that the miRNA-
18a-induced metastatic properties of OSCC were medi-
ated by HIF-la expression although the results were
inconsistent with the proliferative properties of OSCC
cells.

Discussion

Despite the advancements in diagnosis and treatment,
the 5-year survival rate of patients with OSCC remains
low; thus, the disease is an unresolved public health
problem [33]. Several studies have highlighted the fun-
damental role of miRNAs in tumor progression [34, 35].
The miRNA-17-92 cluster is a well-known collection of
miRNAs, the deregulation of which has been investigated
in various tumor types [36, 37]. Many studies have high-
lighted the conflicting pro-oncogenic or antioncogenic
roles of these miRNAs in different cancer types, and this
disagreement probably reflects the polycistronic struc-
ture of the clusters [38, 39]. In this study, the expression
of the miRNA-17-92 cluster, including miRNA-17, -18a,
-19a, and -20a, was inconsistent in patients with OSCC.
For example, miRNA-18a was rarely expressed in patients
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the expression level of proteins after treatment with C miR-18a mimics or D miRNA-18a and CoCl, in OSCC cell lines, as determined with western
blotting. *Significant difference in expression between control- and miRNA-18a-treated or miRNA-18a and CoCl,-treated OSCC cell lines (p < 0.05).
GAPDH was used as the control gene. All experiments were performed at least in triplicate. miR-18a, microRNA-18a; CoCl,, cobalt chloride. The
original pictures of western blots of C and D were shown in Additional file 2: Fig. S2, S3 and Fig. S4, S5.

with OSCC, whereas miRNA-20a was highly expressed.
Thus, we hypothesized that these two miRNAs have dif-
ferent functions: miRNA-18a acts as an antioncogene,
whereas miRNA-20a acts as a pro-oncogene and partici-
pates in the progression and tumorigenesis of OSCC.

As one of the most multifunctional and conserved
miRNAs, the altered expression of miRNA-18a has been
detected in various pathological and physiological pro-
cesses, including cell proliferation, apoptosis, cancer
invasion, and metastasis [40]. Relative to the other mem-
bers of this cluster, miRNA-18a is less well-studied, and
our limited understanding of it comes primarily from
expression studies in human cancer cells. For example,
Liu et al. showed that miRNA-18a is upregulated in
hepatocellular carcinoma cells and that its expression
promotes the proliferation of these cells by blocking the

translation of estrogen receptor alpha [41]. In addition,
the inhibition of miRNA-18a is known to induce the
proliferation of thyroid cancer cells, such as ARO and
FRO cells, because of caspase cascade activation, which
results in apoptosis [15]. Thus, miRNA-18a may be a
potential therapeutic target for cancer therapy. However,
the functional role of miRNA-18a in OSCC progres-
sion is yet to be confirmed [42]. Studies have shown that
the expression is upregulated in hypopharyngeal and
laryngeal squamous cell carcinomas (SCCs) but down-
regulated in oropharyngeal SCC and that this differen-
tial expression markedly affects human papillomavirus
(HPV) status [43—45]. In the present study, to exclude
the expression of HPV-status-dependent miRNAs, two
types of OSCC cell lines, YD-10B and HSC-2 cells (i.e.,
HPV-negative cell lines [46—48]), were used to determine




Kim et al. BMC Oral Health (2022) 22:378 Page 8 of 12

A B s0-
Control
Edur - %) &G,
YD10B HSC2 %
3 40
; :
s w
o 0
C 2
23
© =3
2 it 1
2 Za
£ e
3S
0
YD10B HSC2
D Migration E Invasion
YD10B
oI ©°
S I
€ €
O | (=]
(8) (8]
o | ©
S | s
£ E
400 7 O Control 300 7 O Control
" B miR-18a o B miR-18a
3 . ?
2 200 B 150 -
E e}
=) x S x
= B m_
0 0
YD10B HSC2 YD10B HSC2

Fig. 4 Cell viability, migration, and invasion abilities in OSCC cell lines according to miRNA-18a treatment. A Representative images acquired after
an EdU assay in YD-10B and HSC-2 cells with and without miRNA-18a treatment (scale bar: 200 um; original magnification: x 10). B Graphs showing
the mean positive cell number for proliferation in five random regions in each well in the two tested OSCC cell lines. C Graphs showing cell viability,
as measured using an MTT assay in YD-10B and HSC-2 cells. Representative images of D migration ability (scale bar: 200 um; original magnification:
x 10) and E invasion ability (scale bar: 200 pum; original magnification: x 20) in YD-10B and HSC-2 cells transfected with miRNA-18a. Graphs
represent the mean migrated and invaded cells induced by miRNA-18a treatment in YD-10B and HSC-2 cells in five random regions in each well
(bottom panels). *Significant difference between the control- and miRNA-18a-treated conditions (p < 0.05). miR-18a, microRNA-18a

the effects of miRNA-18a in OSCC progression. Unex-  no effect on cell viability in cervical cancer or on apop-
pectedly, we found that miRNA-18a expression was not  tosis after transfection but did affect cell viability in
associated with the viability of either OSCC cell line. cervical cancer after radiotherapy [49]. Thus, miRNA-
Similarly, Liu et al. demonstrated that miRNA-18a had 18a apparently participates in cellular senescence by
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Fig.5 Cell viability, migration, and invasion abilities of OSCC cell lines under hypoxic conditions with miRNA-18a treatment. A Representative
images from the EdU assay in which YD-10B and HSC-2 cells were treated with CoCl, and miR-18a or miRNA-18a alone (scale bar: 200 pm; original
magnification: x 10). B Graphs showing the mean positive cell number for proliferation in five random regions in each well in the two tested
OSCC cell lines. € Graphs showing cell viability, as measured by an MTT assay in YD-10B and HSC-2 cells. Representative images of D migration
ability (scale bar: 200 um; original magnification: x 10) and E invasion ability (scale bar: 200 um; original magnification: x 20) in YD-10B and HSC-2
cells under CoCl, treatment induced with miRNA-18a treatment. Graphs showing the mean number of migrated and invaded cells induced by
miRNA-18a treatment in YD-10B and HSC-2 cells under hypoxic conditions (bottom panels). These values were obtained from five random regions
in each well. *Significant difference between cells treated with miRNA-18a alone and those treated with miRNA-18a under hypoxic conditions
(p<0.05). miR-18a, microRNA 18a; CoCl,, cobalt chloride
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regulating DNA double-strand breaks rather than pro-
liferation and apoptosis [50]. However, further investi-
gation into the cellular responses to DNA double-strand
breaks and cellular senescence in relation to miRNA-18a
expression during OSCC progression is required.

Solid tumor cells commonly encounter low nutrient
and oxygen conditions in their region of origin dur-
ing tumor development and progression, and hypoxic
conditions in solid tumors are known to promote the
activation of HIF-1a [51]. Hypoxic conditions mediate
tumor growth, metabolism, and metastasis via several
mechanisms, including inactivation of tumor suppres-
sor genes and activation of oncogenes via miRNAs
[27] known as hypoxamiRNAs [52]. Using bioinfor-
matics analysis, we found evidence showing that four
candidate miRNAs among the miRNA-17-92 cluster
target HIF-1a, and miRNA-18a was verified as a tar-
get of HIF-la expression. Indeed, the expression of
miRNA-18a was markedly altered in OSCC cell lines
under hypoxic conditions; thus, we hypothesized that
it has a role in the regulation of OSCC cell behavior.
In addition, overexpression of miRNA-18a inhibited
the migration and invasion ability of OSCC cells under
hypoxic conditions. Based on the effects of miRNA-18a
under hypoxic conditions and the association between
miRNA-18a and HIF-1gq, it is possible that miRNA-18a
affects the migration and invasion abilities of OSCC
cells via HIF-1a.

One limitation of this study is that the mechanism
underlying the migration and invasion ability of OSCC
cells that depended on the altered expression of miRNA-
18 and/or HIF-la under hypoxic conditions was not
investigated in vivo. Therefore, further studies should be
conducted to address this limitation.

Conclusion

This study showed that miRNA-18a is downregulated in
patients with OSCC and that it affects the migration and
invasion of OSCC cells (YD-10B and HSC-2 cell lines)
under hypoxic conditions. Furthermore, miRNA-18a was
identified to be a target miRNA of HIF-1a. Collectively,
these results indicate that miRNA-18a is a potential tar-
get for antimetastatic strategies in OSCC. However, the
interaction between miRNA-18a and HIF-a and how it
regulates the molecular mechanisms underlying metasta-
sis should be further investigated to clarify the effect of
miRNA-18a on OSCC metastasis.

Abbreviations

OSCC: Oral squamous cell carcinoma; miRNA: MicroRNA; HIF-1a: Hypoxia-
inducible factor 1a; CoCl,: Cobalt chloride; PCNA: Proliferating cell nuclear
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Additional file 1. Supplementary table 1. Characteristics of the studies
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Additional file 2. Figure S1. The original picture of western blots of
Figs. 2A were shown in Figs. S1 (the red box indicated the representative
picture in duplicate). Protein expression of HIF-1ain YD-10B and HSC-2
cells under hypoxic conditions by western blot analysis. All membranes
were cut into small pieces and incubated with each antibodies. GAPDH
was used as the control gene. Merge images indicate combination with
bright field and chemiluminescence. The chemiluminescence images
were time exposures of minimum (Low exposure) and maximum (High
exposure) duration by the Fusion Solo Vilber Lourmat system. All images
were unprocessed files.Figure $2. The original picture of western blots of
Figs. 3C were shown in Figs. S2 (the red box indicated the representative
picture in duplicate). Protein expression of HIF-1a and PCNA induced by
miRNA-18a mimics in YD-10B cells by western blot analysis. All mem-
branes were cut into small pieces and incubated with each antibodies.
GAPDH was used as the control gene. Merge images indicate combina-
tion with bright field and chemiluminescence. The chemiluminescence
images were time exposures of minimum (Low exposure) and maximum
(High exposure) duration by the Fusion Solo Vilber Lourmat system. All
images were unprocessed files. Figure S3. The original picture of western
blots of Figs. 3C were shown in Figs. S3 (the red box indicated the rep-
resentative picture in duplicate). Protein expression of HIF-1a and PCNA
induced by miRNA-18a mimics in HSC-2 cells by western blot analysis.
All membranes were cut into small pieces and incubated with each
antibodies. GAPDH was used as the control gene. Merge images indicate
combination with bright field and chemiluminescence. The chemilumi-
nescence images were time exposures of minimum (Low exposure) and
maximum (High exposure) duration by the Fusion Solo Vilber Lourmat
system. All images were unprocessed files. Figure S4. The original picture
of western blots of Figs. 3D were shown in Figs. S4 (the red box indicated
the representative picture in duplicate). Protein expression of HIF-1a and
PCNA induced by miRNA-18a mimics or miRNA-18a and CoCl2 in YD-10B
cells by western blot analysis. All membranes were cut into small pieces
and incubated with each antibodies. GAPDH was used as the control
gene. Merge images indicate combination with bright field and chemi-
luminescence. The chemiluminescence images were time exposures of
minimum (Low exposure) and maximum (High exposure) duration by
the Fusion Solo Vilber Lourmat system. All images were unprocessed files.
Figure S5. The original picture of western blots of Figs. 3D were shown
in Figs. S5 (the red box indicated the representative picture in duplicate).
Protein expression of HIF-1a and PCNA induced by miRNA-18a mimics or
miRNA-18a and CoCl2 in HSC-2 cells by western blot analysis. All mem-
branes were cut into small pieces and incubated with each antibodies.
GAPDH was used as the control gene. Merge images indicate combina-
tion with bright field and chemiluminescence. The chemiluminescence
images were time exposures of minimum (Low exposure) and maximum
(High exposure) duration by the Fusion Solo Vilber Lourmat system. All
images were unprocessed files.
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