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Abstract

Canine oral melanoma (COM) is an aggressive oral tumor with poor prognosis. MicroRNAs (miRNAs)
have emerged as potential diagnostic and therapeutic targets, but the role of individual miRNAs
remains underexplored. This study investigated miR-708 expression and function in KMeC and LMeC
COM cell lines. MiR-708 expression was significantly higher in both cell lines than in controls. Inhibition
of miR-708 using a mirVANA inhibitor did not affect cell morphology or proliferation but significantly
enhanced migration in both cell lines (P < 0.01). Invasion showed a non-significant increase. These
results suggest that miR-708 is upregulated in COM and may regulate cell motility. Further studies are

needed to clarify its functions and potential as a diagnostic or therapeutic biomarker.
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Canine oral melanoma (COM) is the most
common malignant oral tumor in dogs, accounting
for 4-7% of all canine malignant tumors. It is
highly invasive to surrounding tissues and prone
to metastasizing to regional lymph nodes and
distant organs. These characteristics, combined
with resistance to treatment, make COM a
refractory disease with a particularly poor

1629 The primary treatment options

prognosis
include surgical resection, radiotherapy, or a
combination of the two. However, in many cases
of oral onset, complete resection becomes difficult
when the tumor is located more caudally or when
detection is delayed. Furthermore, due to its high
metastatic potential, most patients ultimately

succumb to its spread®*”. Although chemotherapy

and immunotherapy have been explored and
certain approaches have shown effectiveness,
a number of patients still experience a poor
prognosis'®*”. Therefore, there is an urgent need
for diagnostic methods that enable early detection
and the development of more effective therapeutic
strategies.

In human medicine, the aberrant expression
of microRNAs (miRNAs) has been reported in
various tumors in recent years, and functional
analyses have shown potential for application
in both therapy and diagnostics’*”. miRNAs
are small functional RNAs consisting of 18-25
nucleotides. They are noncoding RNAs that
negatively regulate gene expression by binding

complementarily to the 3’ untranslated region
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(3’-UTR) of target mRNAs, leading to mRNA
degradation, cleavage, or translational inhibition®.
Abnormal miRNA expression has been implicated
in tumorigenesis, progression, metastasis, and
therapeutic responses. Accordingly, efforts have
been made to utilize miRNAs as biomarkers
and therapeutic tools in various cancers'”. In
COM, comprehensive expression analyses have
also identified numerous dysregulated miRNAs,
some of which have been reported as potential
biomarkers™®. Among these miRNAs, in this
study, we focus on miR-708 in particular, which
has garnered attention in human medicine.

miR-708 is located within the first intron
of the ODZ4 gene, which encodes Tenm4 and
has been investigated as a diagnostic marker in
human cancers, such as colorectal and cervical
cancer”'*'”. In human melanoma, miR-708 has
been shown to target NRAS and regulate cell
proliferation, motility, and apoptosis via the
PISK-AKT-mTOR or RAF-MEK-ERK signaling
pathwaysm. In contrast, although aberrant
expression of miR-708 has been reported in
COM™*| its functional role remains unclear.
Therefore, this study aims to elucidate the role
of miR-708 in COM by analyzing its expression
levels and investigating the effects of its inhibition
on two COM cell lines in vitro.

The KMeC and LMeC cell lines used in this
study were established in a previous publication®.
These cell lines, which were kindly provided by
Professor Takayuki Nakagawa of the University
of Tokyo, required no additional authentication
testing because they had been validated in the
cited study. Cell culture was performed using
RPMI 1640 medium supplemented with 10% fetal
bovine serum in a 5% CO: atmosphere at 37°C.

Normal oral tissues surgically excised from
five dogs that had visited the Osaka Metropolitan
University Veterinary Clinical Center between
May and July 2024 were confirmed to be free
of abnormalities through histopathological
examination. The dogs included two Chihuahuas,
one shiba inu, one shih tzu, and one cavalier
King Charles spaniel, with an average age of
6.6 + 3.1 years. None of the dogs were diagnosed
with COM or other malignant tumors. This
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Fig. 1. EComparison of miR-708 expression levels in
normal tissues and COM cell lines

Both KMeC and LMeC exhibited significantly higher miR-708
expression levels compared to the control group. RNU44 was used
as the endogenous control. Data are presented as mean + standard
deviation. *P < 0.01.

study was conducted in accordance with the
ARRIVE (Animal Research: Reporting of In Vivo
Experiments) guidelines and with consideration
for animal welfare. Informed consent for each dog
was obtained from the owners. These procedures
were reviewed and approved by the Animal Ethics
Committee of Osaka Metropolitan University
(Approval No. 202501).

To investigate the expression level of
microRNA, small RNA was extracted from the
cultured cells and tissues using the NucleoSpin®
miRNA kit MACHEREY-NAGEL GmbH & Co.
KG, Diuren, Germany) using DNase I treatment.
To analyze the expression levels of miRNAs,
TagMan MicroRNA assays (hsa-miR-708 [Assay
ID: 002341] and RNU44 [Assay ID: 001094];
Thermo Fisher Scientific, Waltham, MA, United
States) were performed following reverse
transcription using the TagMan MicroRNA
Reverse Transcription Kit (Thermo Fisher
Scientific). The application of these kits to canine
samples was reported previously, and we followed
that method'”. The mature miR-708 sequence
is highly conserved between humans and dogs,
supporting the applicability of this assay to canine
samples. Real-time PCR using THUNDERBIRD"
Probe qPCR Mix (TOYOBO, Osaka, Japan) was
performed. Primers specific for each miRNA,
included in the TagMan MicroRNA assay kits,
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Fig. 2. Comparison of cell morphology and proliferation in COM cell lines after miR-708 inhibition
NC indicates cells transfected with a negative control miRNA mimic. (A, B) Upon the inhibition of miR-708 using an miRNA
inhibitor, the relative expression levels in both KMeC and LMeC cell lines were significantly lower than in the NC group (set
at 1). (C, D) Morphological observations over 72 hr revealed no distinct differences or changes between the inhibitor and NC
groups in either the KMeC or LMeC cell lines. The scale bar represents 100 pm. (E, F) Absorbance was measured using WST-
8 to examine the time-dependent changes in viable cell counts after miR-708 inhibition. No clear differences were observed
between the inhibitor and NC groups in either KMeC or LMeC. Data are presented as the mean =+ standard deviation of

absorbance. *P < 0.01.

were used for both reverse transcription and real-
time PCR. The relative expression level of miR-
708 was analyzed using the AACt method'.
Briefly, ACt values were calculated by subtracting
the Ct value of RNU44 from that of miR-708
in each sample (where “sample” refers to miR-
708 expression in each experimental group), and
AACt values were determined as ACt(sample)
— ACt(control). RNU44 was used as an internal
control (where “control” indicates the calibrator
sample normalized using RNU44 as the internal
reference), as previously described®”. The
expression levels of miR-708 were analyzed in the
KMeC and LMeC cell lines. Both COM cell lines
showed significantly higher miR-708 expression

than the control group (P < 0.01). Additionally,
among the COM cell lines, LMeC exhibited
significantly higher expression levels than KMeC
(P < 0.01) (Fig. 1). The mean relative expression
levels + standard deviation in the control, KMeC,
and LMeC groups were 1.30 + 0.91, 18.1 + 0.92,
and 56.9 + 3.36, respectively.

To investigate the functional inhibition of
miR-708 in COM cell lines, mirVANA™ miR-708
Inhibitor (Thermo Fisher Scientific) was used as an
miRNA inhibitor and mirVANA™ miRNA Mimic,
Negative control #2 (Thermo Fisher Scientific) was
used as an miRNA mimic. Both the inhibitor and
mimic were used at a final concentration of 20 uM.
The group treated with the miRNA inhibitor was
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Fig. 3. Comparison of cell migration in the wound healing assay after miR-708 inhibition

NC indicates cells transfected with a negative control miRNA mimic. After conducting the wound healing assay, the coverage
rate was calculated using ImageJ and compared between the two groups. In both KMeC and LMeC, the inhibitor group showed
a significantly higher coverage rate than the NC group. The left and right panels represent KMeC and LMeC, respectively. The
scale bar represents 100 um. Data are presented as the mean + standard deviation of the coverage rate. *P < 0.01.

designated as the inhibitor group, while the group
treated with the miRNA mimic was designated
as the negative control (NC) group. According to
the manufacturer’s protocol, cationic liposomes
with lipofectamine RNAIMAX (Thermo Fisher
Scientific) were used for transfection. Upon the
inhibition of miR-708 using an miRNA inhibitor,
the relative expression levels in both cell lines
were significantly lower than in the NC group
(set at 1) (Fig. 2A,B, KMeC inhibitor group: 9.14
+ 3.29 x 10, LMeC inhibitor group: 8.09 + 4.43
x 107* P < 0.01). Morphological observations over
72 hr revealed no distinct differences or changes
between the inhibitor and NC groups in either the
KMeC or LMeC cell lines (Fig. 2C,D). In the cell
proliferation assay, no significant differences were
observed between the inhibitor and NC groups in
either the KMeC or LMeC cell lines at any time
point (Fig. 2E.F).

To evaluate the effect of miR-708 inhibition
on cell growth, a proliferation assay and
morphological observation were performed. A
total of 1 x 10* cells/mL of each cell line were
seeded in 96-well plates. The miRNA inhibitor
or miRNA mimic was transfected, and the cells

were incubated for 24 hr. After incubation, cell
morphology was observed and the cells were
stained using SF Cell Counting Reagent (Nacalai
Tesque, Kyoto, Japan). Absorbance at 450
nm was measured using a plate reader (Nivo,
PerkinElmer, MA, USA).

To examine whether inhibition of miR-708
affects migration, a wound healing assay was
performed. A total of 5 X 10* cells/mL of each cell
line were seeded in 12-well plates. The miRNA
inhibitor or miRNA mimic was transfected, and
the cells were incubated for 24 hr. After 90%
confluence was confirmed, a wound was created
using the tip of a 200 uL pipette. The procedures
followed the previously described method™".

To investigate the effect of miR-708 inhibition
on cell invasion, the invasive ability of the cell
lines was assessed using the CytoSelect 24-well
Cell Invasion Assay Kit (Cell BioLabs, Inc., San
Diego, CA, USA), following the manufacturer’s
protocol. A total of 1 x 10° cells/well were seeded
in the upper chamber of each trans-well system,
followed by transfection with miRNA and
incubation for 24 hr. Invading cells were stained
according to the kit instructions, and absorbance
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Fig. 4. Comparison of cell invasion in the assay after miR-708 inhibition

NC indicates cells transfected with a negative control miRNA mimic. The number of invasive cells was stained and assessed
by absorbance. In both KMeC and LMeC, the inhibitor group showed a tendency toward a higher number of invasive cells
than the NC group. Data are presented as the mean + standard deviation of absorbance.

at 560 nm was measured using a plate reader
(Nivo). In the cell invasion assay, both KMeC
and LMeC cell lines showed a tendency for the
inhibitor group to have a higher number of
invading cells than the NC group (Fig. 4). The
mean absorbance values + standard deviation for
the KMeC NC, KMeC inhibitor, LMeC NC, and
LMeC inhibitor groups were 0.52 + 0.04, 0.59 +
0.01, 0.37 + 0.02, and 0.49 + 0.07, respectively.

The cell invasion assays were performed
in duplicate, with all other experiments were
conducted in triplicate, followed by a statistical
analysis. Comparisons between the two groups
were performed using the unpaired two-tailed
Student’s t-test, while comparisons between
multiple groups were performed using one-way
analysis of variance followed by the Tukey—
Kramer method. All statistical processing was
performed using JMP version 13.2.0 (SAS
Institute Inc., Cary, NC, USA). Significance was
set at a P-value of less than 0.05, and the results
with a P-value of less than 0.01 are specifically
highlighted.

In this study, the intracellular expression
levels of miR-708 in the COM cell lines KMeC
and LMeC were found to be higher than those of
the control group. As differences between tissue
specimens and cell lines make a direct comparison
of expression levels difficult, the present findings
should be interpreted within the context of
established cell lines only. Whether miR-708 is
also highly expressed in spontaneous melanoma
tissues remains to be clarified in future studies.

Additionally, the expression levels of miR-708
were notably higher in LMeC, a metastatic-
derived cell line, than in KMeC, a primary
tumor—derived cell line. Husna et al. performed a
comprehensive analysis of miRNA expression in
exosomes from control, KMeC, and LMeC groups
and reported that the levels of miR-708 were
higher in the LMeC group than in both the control
and KMeC groups”, which is consistent with our
findings. However, they noted that the expression
level of miR-708 in the KMeC group did not differ
significantly from that of the control group, which
contrasts with our results. This discrepancy may
be due to differences in the focus on exosomes,
miRNA extraction methods, culture conditions,
and other experimental techniques, which may
account for the variations in the results.

The inhibition of miR-708 using the miR-708
inhibitor resulted in significantly lower expression
levels of miR-708 in both the KMeC and LMeC
groups than in the NC group, indicating that the
inhibitor effectively reduced miR-708 expression.
Furthermore, no significant differences were
observed in cell morphology or cell proliferation
assays between the inhibitor and NC groups,
indicating that miR-708 was not involved in
regulating cell morphology or proliferative
capacity in COM. On the other hand, the wound
healing and cell invasion assays revealed higher
rates of wound coverage and invasive cell numbers
in the inhibitor groups than in the NC groups,
suggesting that miR-708 may be associated with
cell motility in COM.
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Previous studies have reported that miR-
708 regulates cell proliferation through PI3K/
AKT-related signaling pathways”. However, in
the present study, inhibition of miR-708 did not
result in detectable changes in cell morphology
or proliferative capacity in either COM cell line.
This discrepancy may be attributable to the
activation of compensatory or alternative signaling
pathways that maintain proliferative signaling
independently of miR-708 in COM cells. It is also
possible that miR-708 plays a more prominent
role in regulating cell motility rather than cell
proliferation in this tumor context. These findings
suggest that miR-708-mediated regulation in
COM may be preferentially associated with
migratory and invasive phenotypes rather than
with proliferative control.

At first glance, the finding that miR-
708 was highly expressed in LMeC while its
inhibition enhanced cell migration may appear
counterintuitive. However, accumulating evidence
suggests that the function of miRNAs is highly
context-dependent and may vary depending on
tumor type, cellular origin, and the regulatory
network in which they are involved. In this
regard, elevated miR-708 expression in COM cell
lines may reflect a compensatory or regulatory
response rather than a simple indicator of tumor-
suppressive activity.

miRNAs are known to form complex
regulatory networks and to exert their biological
effects through the coordinated regulation of
multiple target genes and signaling pathways.
Therefore, alterations in miR-708 levels may lead
to non-linear or indirect effects on cell motility,
depending on the balance of downstream signaling
pathways. Such context-dependent functions of
miR-708 have been reported in various human
malignancies, supporting the notion that its role
cannot be defined uniformly across tumor types'”.

Numerous studies in human medicine have
investigated the role of miR-708. In osteosarcoma,
hepatocellular carcinoma, and retinoblastoma,
miR-708 expression is lower than in normal
tissue, and its role has been reported to inhibit cell
migration®"*®. Conversely, in colorectal cancer,
pancreatic ductal adenocarcinoma, and pediatric

leukemia, miR-708 expression is higher, and it has
been shown to function as an oncogene®'*'”. The
dual nature of miR-708 expression and function in
various tumors has been widely debated. However,
to the best of the authors’ knowledge, the function
of miR-708 in COM has not previously been
explored. The results suggest that miR-708 may
influence cell motility, although the underlying
mechanisms, including target gene regulation,
remain to be elucidated, and it is unclear how
elevated miR-708 expression relates to motility
during tumorigenesis. Further studies are needed
to clarify these points, particularly regarding its
potential role in clinical behaviors such as local
invasion and metastasis.

The expression level of miR-708 in both the
KMeC and LMeC COM cell lines was higher
compared to the control. Additionally, inhibition
of miR-708 function resulted in a significant
enhancement of migration, suggesting that
reduced miR-708 levels may influence cell motility.
However, despite the significant difference in miR-
708 expression levels between KMeC and LMeC
before the inhibitor treatment, both the KMeC
and LMeC NC groups showed similar migration
abilities. The precise mechanisms by which miR-
708 influences migration or invasion remain
unclear and should be addressed in future studies.
miRNAs are thought to form networks through
interactions with multiple other miRNAs®*.
Moreover, miR-708 has been reported to target
several genes, including Lefl in the Wnt signaling
pathway® as well as genes involved in SMAD3"
Jakq” and PISK/AKT?. Taken together, these
observations indicate that further investigation of
the miRNA network, including both upstream and
downstream interactions, as well as the expression
levels and regulation of related proteins in these
pathways, is necessary for a comprehensive
functional analysis of miR-708 in COM.

Regarding the experimental conditions used
in this study, a final concentration of 20 uM was
adopted for the miR-708 inhibitor. Although this
concentration was selected based on preliminary
investigations, it is higher than the concentrations
commonly used in miRNA inhibition experiments.
Therefore, while no apparent effects on cell
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proliferation were observed, the possibility of
off-target effects associated with miRNA-based
inhibition cannot be excluded. Further studies
will be required to more precisely evaluate the
specificity of miR-708 inhibition.

In this study, we demonstrated that the
expression level of miR-708 was higher in COM-
cultured cell lines in vitro and that inhibiting
miR-708 function primarily affected cell motility.
However, this only reveals a partial aspect of the
function of miR-708 in COM cell lines, and failing
to elucidate its full role remains a major limitation
of this study. The other limitation is that it was
conducted using only cultured cell lines. Future
studies involving more detailed in vitro analyses
and the exploration of the effects of miR-708 in
spontaneous in vivo cases will help clarify the
detailed role of miR-708 in COM. Our study may
contribute to the future development of novel
biomarkers for diagnosis and treatment or even
therapeutic agents.
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