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Abstract Background/purpose: Oral submucous fibrosis (OSF) is a precancerous lesion in the
oral cavity, commonly results from the Areca nut chewing habit. Arecoline, the main compo-
nent of Areca nut, is known to stimulate the activation of myofibroblasts, which can lead to
abnormal collagen I deposition. Meanwhile, Resveratrol is a non-flavonoid phenolic substance
that can be naturally obtained from various berries and foods. Given that resveratrol has sig-
nificant anti-fibrosis traits in other organs, but little is known about its effect on OSF, this study
aimed to investigate the therapeutic impact of resveratrol on OSF and its underlying mecha-
nism.
Materials and methods: The cytotoxicity of resveratrol was tested using normal buccal
mucosal fibroblasts (BMFs). Myofibroblast phenotypes such as collagen contractile, enhanced
migration, and wound healing capacities in dose-dependently resveratrol-treated fBMFs were
examined.
Results: Current results showed that arecoline induced cell migration and contractile activity
in BMFs as well as upregulated the expressions of a-SMA, type I collagen, and ZEB1 markers.
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Resveratrol intervention, on the other hand, was shown to inhibit arecoline-induced myofibro-
blast activation and reduce myofibroblast hallmarks and EMT markers. Additionally, resveratrol
was also demonstrated to restore the downregulated miR-200a in the arecoline-stimulated
cells.
Conclusion: In a nutshell, these findings implicate that resveratrol may have an inhibitory in-
fluence on arecoline-induced fibrosis via the regulation of miR-200a. Hence, resveratrol may
be used as a therapeutic strategy for OSF intervention.
ª 2023 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 submucous fibrosis (OSF) is a chronic inflammatory
disease in the oral cavity, commonly arises from the habit
of chewing betel nuts.1,2 OSF has been identified as a pre-
malignant oral lesion, as characterized by the presence of
inflammation and abnormal collagen I deposition.3 Various
research have shown that individuals with OSF are at much
higher risk (up to 19.1 times) of acquiring oral cancer than
healthy people.4e6 Oral cancer is considered a deadly
cancer with a high metastasis and mortality rate.7 Thus, it
is crucial to understand the underlying mechanism of betel
nut in the development of OSF in order to develop a novel
treatment to target it.

The loss of balance in the synthesis and degradation of
extracellular matrix (ECM) is one of the key reasons for the
development of OSF. The activation of myofibroblasts pri-
marily contributes to this, as activated myofibroblasts are
responsible for abnormal ECM deposition.8 The expression
of a-smooth muscle actin (a-SMA), a marker of differenti-
ated myofibroblasts,9 in fact, has a positive association
with OSF.10

Another key factor in the pathogenesis of OSF is the
development of epithelial-to-mesenchymal transition
(EMT) among epithelial cells, in which these cells might
have the potential to become myofibroblasts.11,12 EMT is
defined as a process of the transformation of epithelial cells
into migratory mesenchymal cells. In light of that, its
expression has been shown to be highly correlated with OSF
and metastasis.13,14 Arecoline, the main component of the
Areca nut, was observed to upregulate the expression of
zinc finger E-box binding homeobox 1 (ZEB1) among the
myofibroblasts.15,16 ZEB1, along with other E-cadherin
transcriptional repressors such as Snail, Slug, and Twist,
have been implicated in the promotion of EMT.17

Meanwhile, ZEB1 expression was thought to be regulated
by microRNAs,13,18 which are short-stranded RNAs that
modulate messenger RNA (mRNAs) expression by targeting
the 30 region.19 For instance, miR-200a was able to regulate
transforming growth factor beta 1 (TGF-b1)-induced
epithelial-mesenchymal transition in peritoneal mesothe-
lial cells via targeting ZEB1/2 expression.20 miR-200a, a
member of the miR-200 family, has been shown to regulate
various fibrotic diseases in the cardiac, renal, and liver
tissues.21e23 In addition, in peritoneal fibrosis, miR-200a
agomir has been revealed to reduce EMT and reduce sub-
sequent myofibroblast differentiation and collagen
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accumulation.24 Given that miR-200a has the ability to
modulate both collagen accumulation and EMT, targeting
this mRNA within the myofibroblasts could be a promising
therapeutic approach in preventing the development of
pre-cancerous OSF.

In the recent, increasing attention is directed to
resveratrol in the attempt to target fibrotic diseases.
Resveratrol is a non-flavonoid phenolic substance natural
compound exist in various berries and food. Specifically,
resveratrol has exhibited excellent anti-fibrotic effect in
various tissues or organs such as hepatocytes, perivascular,
pancreas.25e34 Considering that resveratrol has significant
anti-fibrosis trait in many tissues but little is known about
its effect on OSF, this study aimed to investigate the ther-
apeutic impact of resveratrol on OSF and whether or not
the effects are attributed to the modulation of miR-200a.

Materials and methods

Cell culture and chemicals

Arecoline, resveratrol and collagen solution from bovine
skin were purchased from Sigma-Aldrich (St. Louis, MO,
USA). All procedures were carried out in accordance with
the approved guidelines from the Institutional Review
Board of Chung Shan Medical University Hospital and
informed written consent was granted from each individual
prior to commencing the study. As previously indicated,
primary cultures of BMFs were grown, and the third and
eighth passages were employed in the OSF investigation.35

BMFs were treated with 20 mg/mL arecoline for 24 h and
were furtherly treated with varied doses of resveratrol for
48 h for functional study.

Evaluation of cell proliferation

Cell proliferation/survival were determined using the MTT
test for IC50 determination. 1� 104 cells were grown per
well for 48 h at 37 �C in control or varied doses of resvera-
trol -containing media. The MTT test was carried out in
accordance with previously established guidelines.36

miR-200a overexpression or inhibition

miR200a mimic, and miR-200a inhibitor, and scramble (Scr)
control were purchased from Applied Biosystems (Foster

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


H.-W. Yang, D. Chun-Yu Ho, H.-Y. Liao et al.
City, CA, USA). LipofectamineTM 3000 transfection reagent
(Invitrogen, Thermo Fisher Scientific Inc., Carlsbad, CA,
USA) was used in this experiment according to the manu-
facturer’s protocol.37

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated using the Trizol Reagent and reverse
transcribed to cDNA using a High-Capacity cDNA reverse
transcription kit as directed by the manufacturer’s in-
structions (Invitrogen Life Technologies, Carlsbad, CA,
USA). qRT-PCR analysis is carried out using a standard
protocol.35

Western blot examination

All techniques in this assay will adhere to the protocols
formerly published. Primary antibodies will be used against
SMA, COL1A1, and ZEB1.38

Collagen gel contraction assay

After dispersion of cells in collagen gel solution (Sigma-
Aldrich, St. Louis, MO, USA), the mixture was placed to a
24-well plate before being incubated at 37 �C for 2 h.
Following polymerization, the gels were cultured in 0.5 ml
media for 48 h. ImageJ software was used to determine the
variation in collagen gel size (contraction index) (NIH,
Bethesda, MD, USA).39

Transwell migratory assay

Cells along with serum-free media were added in the upper
chamber of a transwell (Corning, Acton, MA). The transwell
membranes were pre-coated with Matri-gel (2.5 mg/ml,
Sigma) for the transwell invasion assay, prior to supplying
the lower compartment with medium containing 10% FBS,
and the cells were cultivated for 24 h. Cells adhering to the
Figure 1 Suppressive effects of resveratrol on arecoline-induc

of BMFs. (B) Resveratrol ranging from 25 to 50 mg/ml did not sign
BMFs. Resveratrol only had a significant inhibition on cell proli
mean � SD. *P< 0.05 compared to arecoline-stimulated control gr
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other end of the membrane was dyed with crystal violet,
and five to ten random areas were recorded.40

Statistical analysis

Statistical Package of Social Sciences software (version
13.0) (SPSS, Inc., Chicago, IL) will be utilized for statistical
analysis. Data from analyses performed in at least three
replicates were presented as mean SD. The statistical sig-
nificance of the differences between the experimental
groups was assessed using the Student’s t-test; P values less
than 0.05 was regarded as statistically significant.
Results

To investigate the effect of resveratrol on the cell viability
of buccal mucosal fibroblasts, cell proliferation was exam-
ined after resveratrol treatment by using MTT assay. From
there, 50% inhibitory concentration (IC50) values were
calculated to quantitatively evaluate the drug responses.
IC50 value of BMFs were 185.9 mM (Fig. 1A). The present
study revealed that resveratrol has low toxicity to BMFs,
but at a high concentration of 100 mM, resveratrol exhibited
a significant inhibitory effect on the cell proliferation of
arecoline-induced BMFs (Fig. 1B). The main contributing
factors in the progression of OSF are the activation of
myofibroblasts and development of EMT. In regard to
myofibroblast, myofibroblasts are defined as fibroblasts
with a more contractile phenotype. Thus, it is crucial to
explore the effect of resveratrol on the contractility of
BMFs. It was demonstrated that arecoline stimuli increased
the contractility in BMFs while resveratrol intervention
significantly reversed this (Fig. 2). Besides that, arecoline
was demonstrated to induce migration in BMFs whereas the
addition of resveratrol inhibited the migration in arecoline-
induced BMFs (Fig. 3).

As mentioned, myofibroblasts may be derived from cells
who undergo EMT.11 ZEB1, as an E-cadherin transcriptional
ed BMFs. (A)The cytotoxic effect of resveratrol on the viability
ificantly affect the cell proliferation rate in arecoline-induced
feration at concentration of 100 mg/ml. Data represent the
oup.



Figure 2 The arecoline-induced BMFs heightened contractile activity was dose-dependently reversed by resveratrol.
Arecoline significantly increased the contractile activity in BMFs and this was restored with resveratrol intervention in a dose-
dependent manner. *P< 0.05 compared to control group; #P< 0.05 compared to arecoline only group.

Figure 3 Resveratrol inhibited the migration ability in the arecoline-induced BMFs. (A) Representative images and (B)
quantification data demonstrated that resveratrol treatment inhibited the increased migration in the arecoline-stimulated BMFs.
*P< 0.05 compared to control group; #P< 0.05 compared to arecoline only group.
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repressors, has been correlated to EMT upregulation.
Hence, to elucidate the impact of this compound on EMT
and myofibroblast expression, we investigated the influ-
ence of resveratrol on the gene expression of ZEB1 and the
protein expression of myofibroblast markers. Our results
demonstrated that arecoline increased ZEB1’s gene
expression, while this upregulated expression was sup-
pressed when resveratrol was given as intervention
1031
(Fig. 4A). As for the protein expression of myofibroblast
markers, it was observed that all the markers- ZEB1,
COL1A1 and a-SMA were increased in arecoline-induced
cells, and this phenomenon was reversed by resveratrol
(Fig. 4B).

Lastly, we would like to investigate if the inhibitory ef-
fects of resveratrol on arecoline-induced BMFs is due to the
modulation of miR-200a. Therefore, we investigated the



Figure 4 Resveratrol reversed the expression of EMT and collagen markers in arecoline-stimulated BMFs. (A) The mRNA level of
ZEB1 and (B) protein expression levels of ZEB1, a-SMA and type I collagen A1 were found heightened in arecoline-induced BMFs and
they were downregulated by resveratrol. *P< 0.05 compared to no treatment group. #P< 0.05 compared to arecoline only group.
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expression of miR-200a in the arecoline-induced BMFs and
resveratrol-treated cells. As shown in Fig. 5, the expression
of miR-200a was found reduced in arecoline-induced cells
and was upregulated in resveratrol group. To clarify the
roles of miR-200a in BMFs, we upregulated miR-200a
expression in BMFs and assessed its cell migration and
myofibroblast markers. The results showed that both the
cell migration (Fig. 6A) and protein levels of all myofibro-
blast markers (Fig. 6B) were reduced.

Lastly, to investigate the relationship of miR-200a and
ZEB1 expression on myofibroblast differentiation, we first
inhibited miR-200a and then inhibited both miR-200a and
ZEB1 and then measured the relative migration. The results
showed that when miR-200a expression was inhibited, the
cell migration increased tremendously. However, when
accompanied by the inhibition of ZEB1, the migration
ability in cells was suppressed (Fig. 7A), marking that miR-
Figure 5 Resveratrol restored the downregulated expres-

sion of miR-200a in arecoline-stimulated BMFs. The expres-
sion of MiR-200a in BMFs cultured with arecoline was
downregulated, while treatment with resveratrol restored it.
*P< 0.05 compared to control group; #P< 0.05 compared to
arecoline only group.
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200a has the ability to negatively regulate the expression of
ZEB1. Overall, resveratrol inhibits arecoline-induced OSF
via the regulation of miR-200a/ZEB1 axis (Fig. 7B).
Discussion

In the current study, we investigated the potential of
resveratrol in the treatment of pre-cancerous OSF. In order
to simulate OSF, we first cultured the BMFs with arecoline,
which is the main component of the Areca nut. We then
investigated resveratrol’s effect on their cell viability, and
it was shown that resveratrol has rather low toxicity to-
wards the cells. Resveratrol only had a significant inhibition
on cell proliferation at the concentration of 100 mg/ml.

As previously mentioned, the differentiation of BMFs to
myofibroblasts and the development of EMT are the two
most important reasons for the progression of OSF. Myofi-
broblasts conduct wound healing, but their continuous ex-
istence in tissues is the core of accelerating fibrosis.41 A
myofibroblast differs from BMF in the sense that a myofi-
broblast possesses a much superior contractile nature42 and
cell migration than BMF.43 In agreement with the prior
studies, arecoline was shown to enhance the cells contrac-
tility and migratory skills in this study while intervention
with resveratrol reversed these phenomena in a dose-
dependent manner. The high contraction and migratory
capability in a myofibroblast is due to the presence of
cytoskeletal proteins that are normally found in smooth-
muscle cells e in particular, a-smooth muscle actin.42,44 As
expected, in this study, the expression of markers of myo-
fibroblasts, including a-SMA and type I collagen A1 was found
to be heightened in arecoline-induced BMFs. Interestingly,
when resveratrol was added as a treatment, all the myofi-
broblast markers were suppressed.

Another important aspect of the pathophysiology of OSF
is the emergence of epithelial-to-mesenchymal transition
(EMT).11,12 EMT is defined as a process of the trans-
formation of epithelial cells into migratory mesenchymal
cells, and its expression has been shown to be highly
correlated with OSF and metastasis.13,14 In line with pre-
vious studies,15,16 the current study demonstrated that the



Figure 6 miR-200a mimics inhibited cell migration ability, EMT and myofibroblast differentiation. When miR-200a mimics was
given to BMFs, the cell migration (A) and protein levels of EMT and myofibroblast markers (B) were reduced. *P< 0.05 compared to
control group; #P< 0.05 compared to arecoline only group.

Figure 7 The inverse association of miR-200a and ZEB1 in cell migration in BMFs. (A) The enhanced cell migration ability in
miR-200a-knockdown BMFs was inhibited by the knockdown of ZEB1 and miR-200a. *P< 0.05 compared to control group; #P< 0.05
compared to miR-200a inhibition. (B) Schematic representation of the study.
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expression of ZEB1 was markedly increased in arecoline-
induced BMFs while resveratrol reversed its expression.
ZEB1, along with other E-cadherin transcriptional re-
pressors such as Snail, Slug, and Twist, have been associ-
ated with the establishment of EMT.17

Since resveratrol was able to suppress ZEB1 expression in
cells, it was crucial to investigate the underlying molecular
mechanism to have a better understanding of the patho-
physiology of this oral disease. We targeted miR-200a in our
study as it has been revealed to be able to target ZEB1/2
expression and reversed the epithelial-mesenchymal tran-
sition,20 as well as regulate various fibrotic diseases in the
cardiac, renal, and liver tissues.21e23 The present study
revealed that the expression of miR-200a was down-
regulated in arecoline-induced BMFs, while treatment with
resveratrol restored it. When miR-200a-mimic was given to
the cells, the cell migratory ability and protein levels of
EMT and myofibroblast markers were found to be
1033
considerably reduced. These propose that the lowered miR-
200a in arecoline-stimulated BMFs is responsible for pro-
moting EMT and subsequent myofibroblast activation and
collagen accumulation.24 Moving on, to explore the rela-
tionship between miR-200a and ZEB1 in BMFs/myofibro-
blasts, miR-200a was first inhibited, followed by the
measurement if the relative migration. The results showed
that when miR-200a expression was inhibited, cell migra-
tion increased tremendously. However, when both miR-
200a and ZEB1 were knocked down, the initially enhanced
cell migration in miR-200a-knockdown BMFs was sup-
pressed. This may signify that miR-200a can inversely
regulate the expression of ZEB1 in BMFs/myofibroblasts.

In conclusion, our results have demonstrated that
resveratrol has a protective effect against arecoline-
induced BMFs in terms of myofibroblast activation, EMT
development, and collagen production. It was proposed
that resveratrol exerts its anti-fibrotic effect in OSF via the
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upregulation of miR-200a. Hence, resveratrol may be a
potent therapeutic approach with great potential as an OSF
intervention in the future.
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