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ABSTRACT: Objective: Periodontal diseases can cause pro-inflammatory cytokine overproduction, particularly
tumor necrosis factor-alpha (TNF-α), and this inflammatory microenvironment is a critical driver of oral cancer
progression. MicroRNA-146a-5p is a key regulator of inflammation, linked to both periodontal disease and carcino-
genesis. The objective of this study was to illustrate the regulatory function of miR-146a-5p in gingival squamous cell
carcinoma OECM-1 cells under conditions that mimic those of periodontal disease. Methods: OECM-1 cells were
stimulated with 25 ng/mL TNF-α for 48 h, and subsequently transfected with 50 nM miR-146a-5p mimic or inhibitor
for an additional 48 h. The inflammatory extracellular matrix components were demonstrated, and wound closure, cell
invasion, and colony formation were evaluated to investigate cell motility in treated cells. Results: Overexpression
of miR-146a-5p significantly downregulated mRNA levels of TNFA (p < 0.05), IL1B (p < 0.01), IL6 (p < 0.01), and IL8
(p < 0.05) while increasing IL6R (p < 0.001) and COL4A1 (p < 0.05) in stimulated cells. TNF-α stimulation also increased
cortactin (p < 0.05) and coronin-1B (p < 0.01) mRNA levels, which may influence cellular migration and invasion
dynamics. The results from the inflammatory protein array indicated that transfection with a miR-146a-5p mimic
reduced the secretion of interleukin 6 (IL-6), IL-6sR, and IL-8. Conversely, the observed increase in TIMP-2 may
contribute to matrix remodeling. However, the utilization of blank transfection reagent adversely affected wound
closure in normal OECM-1 cells and reduced cell invasion in inflamed OECM-1 cells, thereby compromising the
interpretation of miR-146a-5p in TNF-α-stimulated cellular behavior. Conclusions: Modulating miR-146a-5p can
regulate the inflammatory response, and further investigation is needed to determine its impact on cell motility in
OECM-1 cells, highlighting its potential role in linking periodontal inflammation to oral cancer progression.
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1 Introduction

Multiple systematic reviews and meta-analyses have reported that individuals with periodontitis have
a higher prevalence of oral cancer than those with periodontally healthy individuals [1,2]. While a direct
causal relationship has not been established, chronic periodontal inflammation is considered a biological
contributor to oral carcinogenesis. Persistent inflammatory signaling in periodontitis may promote oxidative
stress, DNA damage, immune dysregulation, and a pro-tumor microenvironment. Inflammatory cytokine-
mediated cellular invasion and migration are crucial mechanisms in the metastasis of oral cancer. In
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particular, tumor necrosis factor alpha (TNF-α) overexpression within the oral squamous cell carcinoma
(OSCC) niche has been shown to promote invasion and metastasis by inducing pro-inflammatory and
pro-invasive characteristics via the NF-κB pathway [3,4]. This process also activates paracrine mechanisms
that attract and enhance the activity of inflammatory cells. Furthermore, polymorphisms in the TNF-α gene
expression are significantly linked to a higher risk of OSCC [5], underscoring the importance of modulating
inflammatory responses in managing OSCC progression.

MicroRNA (miRNA) is a short, non-coding RNA that modulates targeted mRNA post-transcriptionally.
miRNAs participate in various cellular functions, and dysregulation of miRNAs is associated with various
oral diseases, such as oral stomatitis and neoplasms [6]. Additionally, cytokines released by inflamed oral
mucosa are associated with the progression of oral cancer [7]. Multiple studies have identified miR-146a as
a miRNA linked to inflammation, as it modulates gene expression through various signaling pathways,
including TNF-α signaling cascades [8]. Using a dual-luciferase reporter gene assay, several articles have
confirmed that miR-146a-5p directly targets IRAK1 and TRAF6 in the NF-κB pathway [9,10]. Compared with
healthy individuals, miR-146a levels are altered in human inflammatory gingival tissues and periodontal
ligament fibroblasts [11,12]. Inhibition of miR-146a led to increased secretion of IL-1β, IL-6, and TNF-α in
human gingival fibroblasts [13]. In addition, miR-146a is also a pleiotropic regulator of carcinogenesis [14].
A decrease in miR-146a is linked to aggressive human OSCC [15]. Although miR-146a is expressed at
higher levels in various OSCC cell lines and tissues, its regulation of proliferation and apoptosis is context-
dependent [16].

Despite miR-146a levels are frequently altered during immune responses across various oral tissues,
the specific role in oral inflammation and oral cancer remains unclear and warrants further investigation.
Accordingly, we hypothesize that miR-146a is involved in the TNF-α-mediated inflammatory response in
oral cancer. Additionally, miR-146a may also participate in remodeling the extracellular matrix (ECM) in
the OSCC microenvironment. Therefore, the purpose of this study is to demonstrate the role of miR-146a
in the inflammatory response and cellular mobility in inflamed human OSCC cells.

2 Materials and Methods

2.1 Human Gingival Squamous Carcinoma Cell Line OECM-1 Cultivation and TNF-𝜶 Stimulation

The human gingival squamous carcinoma cell line OECM-1 (obtained from Prof. Yin-Ju Chen at Chang
Gung University, Taoyuan, Taiwan, and the cell line was tested negative for mycoplasma contamination
prior to distribution) was cultured in high-glucose Dulbecco’s Modified Eagle’s Medium (DMEM, D5648,
Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS, 04-001-1A, Biological
Industries, Kibbutz Beit Haemek, Israel), and 1% antibiotics (penicillin-streptomycin, CC502-0100, Simply
Biologics, Hsinchu, Taiwan) in a 37◦C, 5% CO2 incubator.

The OECM-1 cells were cultured overnight and then treated with TNF-α (570104, recombinant human
TNF-α, BioLegend, San Diego, CA, USA) at 10, 25, 50, or 100 ng/mL for 24 or 48 h. The morphology
of the treated cells was examined, and cell viability and death were assessed using the water-soluble
tetrazolium salt-1 (WST-1) reagent (10008883, Cayman, Ann Arbor, MI, USA) and the lactate dehydrogenase
(LDH) release assay (CytoTox 96 NonRadioactive Cytotoxicity Assay, G1780, Promega, Madison, WI, USA),
respectively. The WST-1 assay was measured at 450 nm, and LDH at 490 nm using a microplate reader
(Multiskan GO, Thermo Fisher Scientific, Waltham, MA, USA).



Biocell. 2026;50(10):10 3

2.2 miR-146a-5p Transfection and Evaluation

Based on the results of TNF-α stimulation, OECM-1 cells were stimulated with 25 ng/mL of TNF-α for
48 h. Following stimulation, the cells were transfected using a non-liposomal polymer transfection reagent
(MIR6005, TransIT-X2 Dynamic Delivery System, Mirus, Madison, WI, USA) at final concentrations of 50
or 75 nmol/L of either a miR-146a-5p mimic or a miR-146a-5p inhibitor (without chemical modification;
Table 1) for an additional 48 h. After TNF-α stimulation and miR-146a-5p transfection, cell morphology,
activity, and death were evaluated again. In addition, cell survival was determined using a live/dead cell
staining kit (LIVE/DEAD Cell Imaging Kit, R37601, Thermo Fisher Scientific). The cell survival ratio was
determined by calculating the proportion of live cells (green) to the combined total of live (green) and dead
(red) cells.

Table 1: RNA oligonucleotides of miR-146a-5p.

Name Sequences (5′-3′)

hsa-miR-146a-5p mimic Sense UGAGAACUGAAUUCCAUGGGUU

Antisense CCCAUGGAAUUCAGUUCUCAUU

hsa-miR-146a-5p inhibitor Single-stranded AACCCAUGGAAUUCAGUUCUCA

Scramble miR-negative control negative
control Single-stranded UUGUACUACACAAAAGUACUG

Note: Scramble miR-negative control (miR-NC): A non-targeting miRNA negative control oligonucleotide that has no known
targets in the human transcriptome.

2.3 mRNA Extraction and Gene Expression

TNF-α-stimulated OECM-1 cells were subjected to transfection with a non-targeting miRNA negative
control oligonucleotide (miR-NC), a miR-146a-5p mimic, or a miR-146a-5p inhibitor, each at a concentration
of 50 nmol/L for a duration of 48 h. Total RNAwas extracted from treated OECM-1 cells using TRIzol reagent
(15596018, Invitrogen, Carlsbad, CA, USA), and cDNA was synthesized from the RNA (28025013, M-MLV
Reverse Transcriptase, Invitrogen). The expression level of mature miR-146a-5p (MIR146A-5p) in transfected
cells was determined using primers specifically designed to detect the mature miRNA sequence with snRNA
U6 as a reference gene (Genomics, New Taipei City, Taiwan; Table 2). In addition, the mRNA expression
pattern of targeted genes was evaluated using the primer sets for TNFA, interleukin 1 beta (IL1B), IL6, IL-6
signal transducer (IL6ST ), IL-6 receptor (IL6R), IL8, collagen type IV alpha 1 chain (COL4A1), cortactin
(CTTN ), and coronin-1B (CORO1B) with the SYBR green mix kit (BIO-98005, SensiFAST SYBR No-ROX Kit,
Bioline, Meridian Bioscience, Memphis, TN, USA) and the real-time polymerase chain reaction (real-time
PCR, LightCycler 96, Roche, Mannheim, Germany). The PCR cycling conditions were as follows: initial
denaturation at 95◦C for 10 min, followed by 40 cycles of denaturation at 95◦C for 15 s, annealing/extension
at 60◦C for 60 s. Relative gene expression levels were calculated using the 2−ΔΔCt method, with housekeeping
gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH ) as an internal control for normalization.
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Table 2: The primer sequences for targeting genes.

Gene Sequence (5′-3′)

IL1B
Forward CAGGGACAGGATATGGAGCAAC
Reverse CATCTTTCAACACGCAGGACAG

TNFA
Forward CCTCTCTCTAATCAGCCCTCTG
Reverse GAGGACCTGGGAGTAGATGAG

IL6
Forward GCCACTCACCTCTTCAGAACGA
Reverse GGCAAGTCTCCTCATTGAATCC

IL6ST
Forward GGAAGGACACAGAGGTGGAG
Reverse TTGGTCTGTGGAAGGTCTGG

IL6R
Forward TGCACAGGACATGAAACCTG
Reverse AGTGCTGAGCTGACAGTGAA

IL8
Forward ATCTGGCAACCCTAGTCTGCTA
Reverse CTGTGAGGTAAGATGGTGGCTA

COL4A1
Forward ACCTGGTCAAACTGGTCCTG
Reverse GTGTCCCCTAATGCCTTTGA

CTTN
Forward AGGGTCCTCTGCCTACCAGAA
Reverse CCTGCTCTTTCTCCTTAGGAG

CORO1B
Forward CCAAGTTCCTGGCGGTGATTGT
Reverse TCGTTGTGAGGACACCAGTCGA

GAPDH
Forward GAAGGTGAAGGTCGGAGT
Reverse GAAGATGGTGATGGGATTTC

MIR146A-5p Forward CGCGTGAGAACTGAATTCCA
Reverse GTCGTATCCAGTGCAGGG

U6
Forward CTCGCTTCGGCAGCACATATACT
Reverse ACGCTTCACGAATTTGCGTGTC

2.4 Inflammation Antibody Array

OECM-1 cells were initially stimulated with TNF-α for 48 h to induce an inflammatory condition, after
which they were transfected with miR-146a-5p and cultured for an additional 48 h. At the experimental
endpoint, culture media from treated OECM-1 cells were collected and centrifuged (15,000 rpm for 10 min;
Kubota 3740, Osaka, Japan) to separate the supernatants for the detection of inflammatory cytokines and
chemokines. The supernatants were subsequently analyzed utilizing a human inflammation antibody
membrane array (ab134003, Abcam, Cambridge, UK). Finally, the chemiluminescence of the target proteins
was measured (Invitrogen iBright FL1000 Imaging System), and the band of the targeted protein was
normalized to the positive control and expressed as relative densitometric values. For this array, only one
sample was tested as an exploratory screen to detect broad changes in cytokine levels in treated cells.

2.5 Wound Closure, Cell Invasion, and Colony Formation Assays

After TNF-α exposure for 48 h and miR-146a-5p transfection for an additional 48 h, OECM-1 cells were
seeded at a cell density of 1 × 105 cells/per well in a 24-well plate and cultured until 100% confluence. A
silicone culture insert (80209, ibidi, Gräfelfing, Germany) was utilized to establish a specific vertical cell-free
space within the monolayers. Cell movement toward the center of the wound area was observed at 0, 3, 6,
12, and 24 h using an imaging system (EVOS M5000 Imaging System, Thermo Fisher Scientific), and the
percentage of wound closure relative to the cell-free area was calculated.

Additionally, the treated OECM-1 cells were suspended in serum-free cell culture medium and then
seeded into the upper compartment of a transwell insert at a cell density of 1 × 105 cells/per insert (8-µm
pore size, 37224, SPL, Gyeonggi-do, Korea) in a 24-well culture plate. Complete medium was then added to
the lower compartment of the culture plate. After 24 h of culture, the migrated cells that attached to the
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opposite side of the membrane were fixed, stained with 0.2% crystal violet (ab143095, Abcam), and counted.
The results are expressed as the number of migrated cells relative to the untreated cells.

Finally, a single-cell suspension was prepared in complete medium, seeded into a 6-well culture plate
at 400 cells per well, and cultured for 14 days. The colonies were fixed with methanol for 5 min, stained
with 0.1% crystal violet, and subsequently counted.

2.6 Statistical Analysis

The data is expressed as the average ± standard deviation (SD) derived from at least four independent
experiments. Data analysis was conducted using one-way analysis of variance (ANOVA) with post-hoc
Tukey’s test. Statistical analysis and figure preparationwere conducted using GraphPad Prism 9.0 (GraphPad,
San Diego, CA, USA). A difference is considered statistically significant when the p-value is less than 0.05.

3 Results

3.1 High TNF-𝜶 Concentrations Reduce Viability and Cause Death in OECM-1 Cells

TNF-α stimulation significantly impaired cell viability (WST-1 assay; Fig. 1A, p < 0.05 for the 10, 25, 50
and 100 ng/mL groups at 24 h; p < 0.05 for the 10 and 50 ng/mL groups, and p < 0.01 for the 100 ng/mL
group at 48 h) and increased cell death (LDH assay; Fig. 1B, p < 0.05 for the 10 ng/mL group, p < 0.01 for
the 25 ng/mL group, and p < 0.001 for the 50 and 100 ng/mL groups at 24 h; p < 0.05 for the 10, 25, 50 and
100 ng/mL groups at 48 h) in OECM-1 cells. Normal OCEM-1 cells clustered tightly, and exposure to low
doses of TNF-α (10, 25, and 50 ng/mL) did not alter their epithelial morphology. However, when cells were
exposed to a higher TNF-α concentration (100 ng/mL), cell shrinkage occurred (Fig. 1C). Consequently,
cells treated with 25 ng/mL TNF-α for 48 h were selected for further studies.

Figure 1: The toxic effects of TNF-α on OECM-1 cells. (A) TNF-α stimulation significantly impaired cell viability
(WST-1) in a dose-dependent fashion. (B) TNF-α stimulation induced cell death (LDH). (C) OECM-1 cells exposed to
TNF-α (10–50 ng/mL) maintained an epithelial morphology, while a relatively higher concentration (100 ng/mL) caused
cell shrinkage. Scale bar: 100 µm. Data are expressed as the mean ± SD (n = 4), *p < 0.05, **p < 0.01, and ***p < 0.001.
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3.2 miR Transfection Decreases Cell Activity and Survival in TNF-𝜶-Stimulated OECM-1 Cells

Relative to TNF-α-treated cells, transfection further significantly decreased cell viability (WST-1 assay;
Fig. 2A, p < 0.05 for both the 50 nM miR-146a-5p mimic and inhibitor groups, p < 0.05 for the 75 nM
miR-146a-5p mimic group, and p < 0.01 for the 75 nM miR-146a-5p inhibitor group) and significantly
increased cell death (LDH assay; Fig. 2B, p < 0.01 for both the 50 nM miR-146a-5p mimic and inhibitor
groups, p < 0.01 for the 75 nM miR-146a-5p mimic group, and p < 0.001 for the 75 nM miR-146a-5p inhibitor
group). Microscopic examination showed that most TNF-α-treated cells had an epithelial morphology;
however, we noted changes in cell shape and a reduction in cell number after miRNA transfection (Fig. 2C).
TNF-α stimulation decreased the cell survival from 97.09% ± 1.02% to 89.40% ± 3.56% (p < 0.05), while
miR-146a-5p mimic or inhibitor transfection further significantly decreased cell survival (71.43% ± 2.50%
for the 50 nM miR-146a-5p mimic group, p < 0.01, 68.33% ± 3.26% for the 75 nM miR-146a-5p mimic group,
p < 0.01, and 74.88% ± 1.48% for the 75 nM miR-146a-5p inhibitor group, p < 0.01). In addition, the 50 nM
miR-146a-5p mimic or inhibitor group had a significantly higher survival rate than the 75 nM miR-146a-5p
mimic or inhibitor (p < 0.05 for the 50 nM and 75 nM miR-146a-5p mimic groups and p < 0.01 for the 50 nM
and 75 nM miR-146a-5p inhibitor groups; Fig. 2D).

Figure 2: Effects of miR-146a-5p modulation on cell viability, cell death, and cell survival in TNF-α-stimulated
OECM-1 cells. OECM-1 cells were stimulated with TNF-α for 48 h and subsequently transfected with a miR-146a-5p
mimic or inhibitor for an additional 48 h. (A) Cell viability (WST-1 assay) was assessed following miR-146a-5p mimic
or inhibitor transfection. (B) Cell death (LDH assay) was evaluated under the indicated experimental conditions.
(C) Representative images and quantitative analysis of live/dead cell staining in TNF-α-stimulated OECM-1 cells
following transfection with a miR-146a-5p mimic or inhibitor. Scale bar = 300 µm. (D) Quantitative analysis of cell
survival. Data are expressed as the mean ± SD (n = 4). *p < 0.05, **p < 0.01, ***p < 0.001.
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3.3 Overexpression of miR-146a-5p Decreases Inflammatory Cytokine mRNA Expression and
Protein Production in TNF-𝜶-Stimulated OECM-1 Cells

The miR-146a-5p mimic transfection significantly increased the levels of MIR146A-5p (p < 0.01)
compared to TNF-α-stimulated cells (Fig. 3A). In contrast, a miR-146a-5p inhibitor transfection significantly
decreased MIR146A-5p levels (p < 0.05), while a scrambled miR-negative control (miR-NC) did not lead to a
substantial change. TNF-α stimulation significantly upregulated the mRNA expression of TNFA (p < 0.05),
IL1B (p < 0.05), IL6 (p < 0.05), IL6R (p < 0.01), and IL8 (p < 0.05), while IL6ST (p < 0.01) and COL4A1 (p < 0.05)
were significantly downregulated. Transfection with a miRNA-146a-5p mimic significantly decreased TNFA
(p < 0.05), IL1B (p < 0.01), IL6 (p < 0.01), and IL8 (p < 0.05) and significantly increased IL6R (p < 0.001) and
COL4A1 (p < 0.05) mRNA expression in TNF-α-stimulated cells. For the miR-146a-5p inhibitor transfection
group, the mRNA levels of TNFA (p < 0.05), IL1B (p < 0.01), IL6 (p < 0.01), IL6R (p < 0.001), IL6ST (p < 0.001),
and IL8 (p < 0.01) were significantly upregulated, while COL4A1 (p < 0.05) was significantly downregulated.

The protein array results from a single screening suggested potential changes in cytokine secretion
following TNF-α stimulation, including lower levels of IL-6sR, IL-8, PDGF-BB, and TIMP-2 (Fig. 3B). In
TNF-α-stimulated OECM-1 cells, transfection with a miR-146a-5p mimic appeared to be associated with
lower IL-6, IL-6sR, and IL-8 levels and higher TIMP-2 levels, whereas transfection with a miR-146a-5p
inhibitor appeared to be associated with higher levels of IL-6, IL-6sR, IL-8, RANTES, PDGF-BB, and TIMP-2
compared with TNF-α-stimulated cells.

3.4 miR-146a-5p Mimic Transfection Impairs Cell Motility, Wound Closure, and Clonogenic
Capacity in TNF-𝜶-Treated OECM-1 Cells

TNF-α stimulation significantly upregulated themRNA levels ofCTTN (p < 0.05) andCORO1B (p < 0.01)
in OECM-1 cells (Fig. 4A). Transfection with both a miR-146a-5p mimic and an inhibitor significantly
decreased these two gene levels (all p < 0.05). Additionally, TNF-α stimulation impaired cell migration,
and transfection with either a miR-146a-5p mimic or an inhibitor further reduced cell migration (Fig. 4B).
Normal cells showed a significantly smaller wound area than the TNF-α-treated group (p < 0.001 at 12 h).
Cells transfected with miR-146a-5p exhibited a significantly larger wound area compared to the TNF-α
group (p < 0.01 for the miR-146a-5p mimic group and p < 0.0001 for the miR-146a-5p inhibitor group at 24 h).
TNF-α stimulation enhanced cell invasion capacity, but a miR-146a-5p mimic transfection significantly
reduced cell invasion (p < 0.05), whereas the miR-146a-5p inhibitor also significantly impaired cell invasion
(p < 0.01) in TNF-α-treated cells (Fig. 4C). Lastly, TNF-α stimulation significantly decreased the clonogenic
capacity of OECM-1 cells (p < 0.05), and both the miR-146a-5p mimic (p < 0.05) and inhibitor (p < 0.01)
further reduced the number of colonies in TNF-α-treated cells (Fig. 4D).
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Figure 3: Effects of miR-146a-5p modulation on inflammatory gene expression and cytokine secretion in TNF-α-
stimulated OECM-1 cells. (A) Relative mRNA expression of inflammatory cytokines and extracellular matrix-related
genes in TNF-α-stimulated OECM-1 cells following transfection with a miR-146a-5p mimic or inhibitor. Data are
expressed as the mean ± SD (n = 5). *p < 0.05, **p < 0.01, ***p < 0.001. (B) Cytokine secretion profiles of TNF-α-
stimulated OECM-1 cells following transfection with a miR-146a-5p mimic or inhibitor.
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Figure 4: Analysis of cell motility and clonogenic capacity in TNF-α-stimulated OECM-1 cells following miR-146a-5p
modulation. (A) Relative mRNA expression of CTTN and CORO1B in TNF-α-stimulated OECM-1 cells following
transfection with a miR-146a-5p mimic or inhibitor (n = 8). (B) Representative images and quantitative analysis
of wound healing assays performed in TNF-α-stimulated OECM-1 cells following transfection with a miR-146a-5p
mimic or inhibitor (n = 4). Scale bar = 100 µm. (C) Representative images and quantitative analysis of Transwell
invasion assays performed in TNF-α-stimulated OECM-1 cells following transfection with a miR-146a-5p mimic
or inhibitor (n = 5). Scale bar = 20 µm. (D) Representative images and quantification of colony formation assays
performed in TNF-α-stimulated OECM-1 cells following transfection with a miR-146a-5p mimic or inhibitor (n = 4).
Data are presented as the mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.

4 Discussion

Oral inflammation can facilitate the invasion and metastasis of OSCC through a TNF-α-dependent
mechanism [3,4]. Additionally, miR-146a-5p is recognized as a multifaceted modulator that influences both
inflammation and carcinogenesis [8,14]. Furthermore, dysregulation of miR-146a is associated with TNF-α
overexpression. Accordingly, this study aims to demonstrate the role of miR-146a-5p in the inflammatory
response and cellular mobility in the inflamed OECM-1 cells.

Given that TNF-α is highly expressed in the oral cancer microenvironment [3], we treated OECM-1 cells
with TNF-α to mimic the inflammatory conditions found in the oral niche. Exposure to TNF-α demonstrated
cytotoxic effects in a dose-dependent manner, particularly leading to cell death (Fig. 1B). A reduction in cell
number was observed in the 100 ng/mL TNF-α treatment group (Fig. 1C). Similarly, Basso et al. reported
that exposure to 100 ng/mL TNF-α induced apoptosis in gingival fibroblasts and epithelial cells [17]. The
cell viability of the 50 ng/mL group was lower than thot of the 25 ng/mL group (Fig. 1A), and the replication
rate of cells stimulated with 50 ng/mL was also slower. As a result, we chose to use a TNF-α concentration
of 25 ng/mL for the subsequent experiments. Likewise, other studies also treated various OSCC cell lines
with TNF-α at concentrations of 10–50 ng/mL for different purposes. For example, Tang et al. used 10
ng/mL TNF-α to treat OSCC cells to study invasion and metastasis [4]. Similarly, Zhou et al. used 10 ng/mL
TNF-α to treat OSCC cells to investigate inflammation-induced tumor promotion [18]. On the contrary,
Zheng et al. reported that 100 ng/mL TNF-α inhibited the migration of OSCC cell lines, whereas 5, 10, and
50 ng/mL TNF-α did not alter cell proliferation; however, 50 ng/mL showed a higher cytotoxicity than
10 ng/mL [19]. Otherwise, Shu et al. used 50 ng/mL TNF-α to treat OSCC and studied the role of autophagy
in OSCC progression [20]. In our study, we noted that a concentration of 25 ng/mL TNF-α elicited effects
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similar to those observed with 10 ng/mL TNF-α in OECM-1 cells; thus, exposure to 25 ng/mL TNF-α for
48 h was used to ensure the inflammatory response in treated cells.

While lipofection is an efficient approach for delivering nucleic acids to cells, it can also be cytotoxic,
inducing apoptosis and cell death [21]. In this study, OECM-1 cells were transfected with 50 or 75 nM of miR-
146a-5p using a non-liposomal polymer transfection reagent. The results showed an increase in cell death
(Fig. 2B) with both concentrations, while transfection with 75 nM of miR-146a-5p significantly reduced cell
survival (Fig. 2C). Nakase et al. reported that cationic liposome reagents influenced cell proliferation activity
in oral malignant melanoma and oral osteosarcoma cell lines [22]. Similarly, Kiefer et al. reported that
lipofection induced varying levels of cytotoxicity in human aortic smooth muscle cells, human endothelial
cells, and rat smooth muscle cells [23]. In contrast, our previous study assessed the cytotoxicity of miRNA
transfection and found that lipofection concentrations ranging from 15 to 100 nM did not induce cell death
in oral submucosal fibroblasts [24]. Therefore, the toxic effects of transfection reagents depend on the
reagent type and dosage, as well as the target cell type.

Exposure to TNF-α triggers cells to overproduce inflammatory mediators such as IL-1β, IL-6, IL-8,
and interferon-gamma, which amplify immune responses in oral tissues. After stimulating OECM-1 cells
with TNF-α, we observed a significant inflammatory response characterized by an increase in the mRNA
levels of proinflammatory cytokines (Fig. 3A). Chan et al. found that CXCL1 treatment increased TNF-α
and cyclooxygenase-2 expression in OECM-1 cells, indicating that a heightened inflammatory stimulation
can increase proinflammatory mediators [25]. Likewise, our findings align with those of Watanabe et al.,
which showed that TNF-α stimulation upregulates IL-8 gene expression and increases protein production
in human OSCC cell lines [26]. In addition, IL-1β, together with TNF-α, contributes to a pro-tumorigenic
microenvironment that promotes tumor invasion, angiogenesis, and metastasis in OSCC [27], emphasizing
the intricate interactions and positive feedback loop among cytokines.

Despite some controversial findings, miR-146a-5p is recognized as a microRNA that plays a critical
role in immune responses. To address this issue, we transfected a miR-146a-5p mimic into OECM-1 cells,
which effectively downregulated the mRNA expression of inflammatory cytokines (Fig. 3A) and protein
products (Fig. 3B). Similarly, Pan et al. noted that miR-146a-5p reduced the expression of IL1B and IL6 in
cementoblasts [28], which supports our findings. miR-146a-5p has been shown to possess anti-inflammatory
effects by targeting IL-1 receptor-associated kinase-1 and TNF receptor-associated factor-6, which are
crucial downstream mediators in the cellular response to IL-1β [29]. IL-1β can stimulate the growth of
dysplastic oral cells, thereby increasing the invasiveness of OSCC [30]. Additionally, excessive IL-6 not
only promotes OSCC progression but also contributes to radiation resistance [31]. The binding of IL-6
to its receptor, IL-6R, leads to homodimer formation and the recruitment of IL6ST, which activates the
downstream inflammatory cascade [32]. Interestingly, we found that transfection with a miR-146a-5p mimic
significantly downregulated IL6 mRNA expression while upregulating IL6R mRNA expression in TNF-
α-stimulated OECM-1 cells, suggesting that miR-146a-5p modulates the IL-6/IL-6R signaling axis during
inflammatory responses. Previous studies have demonstrated that miR-146a exerts anti-inflammatory
effects by suppressing pro-inflammatory cytokines, including IL-6, through negative regulation of the
NF-κB signaling pathway and its downstream mediators such as IRAK1 and TRAF6. For example, Roos et al.
reported that miR-146a mimic transfection reduced IL-6 expression in inflamed adipocytes [33], while
Zeng et al. showed that miR-146a overexpression suppressed IL-6 production in LPS-induced inflammatory
models [34]. These findings are consistent with our observation of reduced IL6 mRNA levels following
miR-146a-5p overexpression. In contrast, the observed increase in IL6R mRNA expression may reflect
a compensatory regulatory mechanism to maintain IL-6 responsiveness under conditions of suppressed
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cytokine production, suggesting that miR-146a-5p may fine-tune inflammatory signaling by differentially
regulating IL-6 and IL-6R expression. Similarly, Yan et al. found that miR-146a-5p decreased IL-6 and
IL-8 levels, thereby alleviating inflammation and airway epithelial cell damage [35], consistent with our
experimental results.

In addition to the inflammatory mediators, miR-146a-5p mimic transfection upregulated COL4A1
mRNA levels and TIMP-2 production. The loss of type IV collagen integrity, a major component of the
basement membrane, is linked to the invasive nature of OSCC. Therefore, while TIMP-2 functions as either a
tumor growth promoter or a suppressor [36], miR-146a-5p modulation not only alleviates the inflammatory
response but may also influence the aggressiveness of OSCC. However, the findings of the cytokine array
were derived from a single screening experiment; they should be interpreted with caution.

To demonstrate the role of miR-146a-5p in OECM-1 cellular mobility, we further analyzed the mRNA
levels of CTTN and CORO1B in transfected cells. CTTN facilitates lamellipodia formation and cell migration,
while CORO1B modulates leading-edge dynamics and cell motility; both genes are associated with cell
invasion. Additionally, high CTTN expression is associated with nodal metastasis in OSCC, while high
CORO1B levels are correlated with a poorer prognosis in OSCC patients [37,38]. TNF-α stimulation
upregulated both CTTN and CORO1B mRNA expression; however, transfection with either a miR-146a-5p
mimic or an inhibitor decreased these gene levels (Fig. 4A). In order to clarify these findings, we conducted
a mock transfection in both normal and inflamed OECM-1 cells, and the results indicated that the blank
transfection reagent impaired cell migration in normal cells (Fig. S1A) and invasion in TNF-α-stimulated
cells (Fig. S1B). Since TNF-α stimulation upregulated CTTN and CORO1B mRNA levels in OECM-1 cells,
our findings raise the possibility that blank transfection reagent may impair cell migration, potentially
by suppressing cytoskeletal regulators involved in lamellipodia dynamics. Although mock transfection
is widely used as a negative control, several studies indicate that these reagents are not biologically
inert. Kleefeldt et al. demonstrated that several commonly used transfection reagents altered endogenous
mRNA and protein abundance and reduced cell viability/proliferation even in reagent-only controls [39],
emphasizing that mock transfection can significantly perturb cellular physiology. Similarly, Raof et al.
reported that the polyethylenimine transfection reagent induced broad gene expression changes in the
absence of any siRNA or plasmid cargo [40], supporting the possibility that membrane perturbation and
intracellular trafficking associated with cationic transfection reagents are sufficient to trigger cellular stress
responses. These findings support that mock transfection may induce membrane/endosomal stress, alter
endogenous transcription, and suppress components of the actin-remodeling machinery—including CTTN
and CORO1B—thereby impairing migratory capacity.

Inhibition of TNF-α signaling using the anti-TNF-α agent infliximab reduced acute inflammation in
oral traumatic ulcers; however, it also delayed cell migration and wound healing in rats [41]. Transfection
of a miR-146a-5p mimic reduced cell migration in OECM-1 cells, while transfection of a miR-146a-5p
inhibitor further significantly impeded cell migration (Fig. 4B). Transfection of a miR-146a-5p mimic in
KATO III gastric cancer cells inhibited cell migration [42], whereas knockdown of miR-146a-5p inWharton’s
jelly-mesenchymal stem cells enhanced their migratory capabilities [43]. Otherwise, miR-146a-5p mimic
transfection reduced TNF-α-induced cell invasion (Fig. 4C). Liu et al. showed that miR-146a modulates
the aggressive ability of OSCC cells [44]. TNF-α stimulation impaired clonogenic capacity, and both
miR-146a-5p mimic and inhibitor transfections further reduced colony counts in OECM-1 cells (Fig. 4D).
Since OECM-1 is a tumorigenic OSCC cell line, and foundational studies have shown that it exhibits a less
aggressive profile than other established OSCC cell lines, such as SAS [45], the effects of miR-146a-5p on
cellular mobility in TNF-α-stimulated OECM-1 cells need further clarification. Furthermore, miR-146a-5p is
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identified as both an oncomiR and a tumor suppressor in oral cancer [14]. However, the potential influence
of the non-liposomal polymer transfection reagent on cell mobility cannot be excluded. Likewise, other
OSCC cells should also be verified to clarify the role of miR-146a-5p.

Amajor limitation of this study is the findings of IL-8 and PDGF-BB.While the IL8 mRNAwas increased
upon TNF-α exposure, the IL-8 secretion decreased in TNF-α-stimulated cells (Fig. 3). Several articles
have reported that miR-146a-5p directly binds to the 3′ UTR of IL-8 mRNA, resulting in degradation or
translational repression, which subsequently reduces IL-8 secretion [33,46]. However, we utilized a protein
membrane array for cytokine detection and tested only a single representative sample, which may contribute
to the contradictory findings. Furthermore, the earlier transcriptional changes may not fully parallel protein
secretion measured at the endpoint. A detailed time-course analysis with larger sample numbers, evaluated
with relevant ELISA kits, would be valuable for further defining the kinetics of TNF-α-induced cytokine
regulation and the temporal effects of miR-146a-5p. In addition, TNF-α stimulation also decreased PDGF-BB
production in OECM-1 cells. Although transfection with the miR-146a-5p mimic did not substantially alter
the PDGF-BB level, transfection with the miR-146a-5p inhibitor restored PDGF-BB secretion in OECM-1
cells. Overexpression of PDGF-BB has been associated with oral tumorigenesis and poor prognosis in
OSCC [47]. Furthermore, once the cytotoxic effects of the transfection reagent on cells can be excluded, the
regulatory role of miR-146a-5p in other OSCC cells shall be validated. Despite the above limitations, this
study suggests that miR-146a-5p may reduce TNF-α-induced inflammatory responses and modulate ECM
remodeling in OECM-1 cells. However, the impacts of miR-146a-5p on cellular mobility require further
investigation.

5 Conclusion

TNF-α stimulation can induce an inflammatory response and enhance cell invasion and migration in
OSCC. When OECM-1 cells were transfected with a miR-146a-5p mimic, there was a decrease in the mRNA
levels of TNFA, IL1B, IL6, and IL8. Conversely, the levels of IL6R and COL4A1 increased. Despite TNF-α
stimulation also increasing CTTN and CORO1B mRNA levels, the blank transfection reagent adversely
affected wound closure and reduced cell invasion, thereby compromising the interpretation of miR-146a-5p
in TNF-α-stimulated cellular behavior. This study indicates that modulating miR-146a-5p can regulate the
inflammatory response, although further research is necessary to understand its impact on cell motility in
OSCC cells.
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