
Journal of the Formosan Medical Association (2016) 115, 311e317
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.jfma-onl ine.com
ORIGINAL ARTICLE
Elevation of Twist expression by arecoline
contributes to the pathogenesis of oral
submucous fibrosis

Yu-Hsien Lee a,b,d, Li-Chiu Yang a,b,d, Fang-Wei Hu a,b,
Chih-Yu Peng a,b, Chuan-Hang Yu a,b,*, Cheng-Chia Yu a,b,c,*
a School of Dentistry, Chung Shan Medical University, Taichung, Taiwan
b Department of Dentistry, Chung Shan Medical University Hospital, Taichung, Taiwan
c Institute of Oral Sciences, Chung Shan Medical University, Taichung, Taiwan
Received 11 April 2015; received in revised form 20 April 2015; accepted 8 May 2015
KEYWORDS
arecoline;
myofibroblasts;
oral submucous
fibrosis;

Twist
Conflicts of interest: The authors h
* Corresponding authors. School of D

Taiwan.
E-mail addresses: tao2008@csmu.e

d Contributed equally to the results

http://dx.doi.org/10.1016/j.jfma.201
0929-6646/Copyright ª 2015, Formos
CC BY-NC-ND license (http://creative
Background/purpose: Oral submucous fibrosis (OSF), a chronic progressive scarring disease,
has been considered as a precancerous condition of oral mucosa. In this study, we investigated
the functional role of Twist, an epithelial-mesenchymal transition (EMT) transcriptional factor,
in myofibroblastic differentiation activity of OSF.
Methods: Arecoline, a major areca nut alkaloid, was used to explore whether expression of
Twist could be changed dose-dependently in human primary buccal mucosal fibroblasts (BMFs).
Collagen gel contraction and migration capability in arecoline-stimulated BMFs and primary
oral submucous fibrosis-derived fibroblasts (OSFs) with Twist knockdown was presented.
Results: We observed that the treatment of arecoline dose-dependently increased Twist
expression transcript and protein levels in BMFs. The myofibroblast activity including collagen
gel contraction and migration capability also induced by arecoline, while knockdown of Twist
reversed these phenomena. Importantly, inhibition of Twist led to the suppression collagen
contraction and wound healing capability of primary cultivated OSFs. Clinically, Twist tran-
script and protein expression was higher in areca quid chewing-associated OSF tissues than
in normal oral mucosa tissues.
Conclusion: This evidence suggests that upregulation of Twist might be involved in the patho-
genesis of areca quid-associated OSF through dysregulation of myofibroblast activity.
Copyright ª 2015, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Oral submucous fibrosis (OSF), a chronic progressive scar-
ring disease, has been considered as a precancerous con-
dition of oral mucosa.1,2 OSF is characterized by the
submucosal accumulation of dense fibrous connective tis-
sue with inflammatory cell infiltration and epithelial atro-
phy.1,2 Epidemiological evidence strongly indicates that
OSF is highly associated with an areca quid chewing habit.
However, the detailed molecular mechanisms involved in
the pathogenesis of OSF are still poorly understood.

Myofibroblasts, the a-smooth muscle actin (SMA)-
expressing contractile fibroblasts, contribute to wound
healing repair processes and tissue fibrosis through the
contraction, dysregulation, and secretion of extracellular
matrix (ECM) protein.3 Recent findings demonstrated that
myofibroblasts may play the role of conductors in the
pathogenesis of fibrosis.3 High myofibroblastic differentia-
tion activity has been reported by several groups of organ
fibrosis, such as liver,4 heart,5 and lung.6 The origin of
myofibroblast is still being debated as it might be derived
from other cell types such as resident stromal fibroblasts
and endothelial cells or from terminally epithelial differ-
entiated cells that undergo an epithelial-mesenchymal
transition (EMT) process to transdifferentiate into myofi-
broblasts.3 Several experimental and clinical studies have
revealed that aberrant expression of several EMT-related
molecules, such as plasminogen activator inhibitor-1,7

insulin-like growth factor-1,8 and NF-kB (nuclear factor
kappa B),9 vimentin,10 S100A4,1 or ZEB111 were detected in
OSF. These findings suggest that EMT program may be
involved in the pathogenesis of OSF.

Twist, a basic helix-loop-helix domain-containing tran-
scription factor, functions as a transcription repressor to
activate EMT traits by repressing the expression of
epithelial marker E-cadherin.12 In vitro and in vivo evi-
dence supports major roles for Twist as a regulator of
EMT.13 Twist was observed to be upregulated in fibroblasts
of lung tissue from idiopathic pulmonary fibrosis pa-
tients.14,15 Twist was involved in bleomycin-induced pul-
monary fibrosis.16 Upregulation of Twist-positive cells is
associated with liver and kidney fibrosis.17,18 The role of
twist in areca nut chewing-associated OSF also remains
unknown. However, it is unclear whether Twist is involved
in the pathogenesis of OSF.

In this study, we explore a possible role of Twist in the
pathogenesis of areca quid-associated OSF. Targeting Twist
attenuated arecoline-stimulated collagen gel contraction
and migration capability in buccal mucosal fibroblasts
(BMFs). Knockdown of Twist could abolish myofibroblastic
activity in primary OSFs, supporting the clinical elevation of
Twist expression in OSF tissues.
Materials and methods

Reagents and antibodies

Arecoline was purchased from Sigma-Aldrich (St. Louis, MO,
USA). Ployclonal antihuman Twist antibody was purchased
from Santa Cruz Biotechnology, Inc. (sc-15393; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA).

Primary BMFs and OSFs cell culture

All procedures of tissues acquirements have followed the
tenets of the Declaration of Helsinki and are reviewed by
the Institutional Review Committee at Chung Shan Medical
University, Taichung. Taiwan. Primary BMFs and OSFs cells
were established as previously described.1 Fibroblast cul-
tures were grown and maintained by using the explant
method as described previously.1 Cell cultures between the
third and eighth passages were used in this study.

Western blot assay

The extraction of proteins from cells and western blot
analysis were performed as described.19 Samples (15 mL)
were boiled at 95�C for 5 minutes and separated using 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis.
The proteins were wet-transferred to Hybond-ECL nitro-
cellulose paper (Amersham, Arlington Heights, IL, USA).
The following primary antibodies were used: mouse anti-
human Bcl-2 and rabbit antihuman Bax (Upstate Biotech-
nology, Charlottesville, VA, USA); and mouse anti-b-actin
(Chemicon, Temecula, CA, USA). Immunoreactive protein
bands were detected by the ECL detection system (Amer-
sham Biosciences Co., Piscataway, NJ, USA).

Quantitative real-time reverse transcriptase-
polymerase chain reaction

Total RNA was prepared from cells or tissues using Trizol
reagent according to the manufacturer’s protocol (Invi-
trogen, Calsbad, CA, USA). Quantitative real-time reverse
transcriptase-polymerase chain reactions (qRT-PCR) of
mRNAs were reverse-transcribed using the Superscript III
first-strand synthesis system for RT-PCR (Invitrogen). qRT-
PCR reactions on resulting cDNAs were performed on an
ABI StepOne Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). The end-point used in the real-time
quantification was calculated with StepOne software
(Applied Biosystems, Foster City, CA, USA), and the
threshold cycle number (Ct value) for each analyzed sample
was calculated. Each target gene was normalized to that of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) to
derive the change in Ct value (OCt). The primer se-
quences used in this study were listed as follows: Twist: 50-
GGGAGTCCGCAGTCTTACGA-30 and 50-AGACCGAGAAG
GCGTAGCTG -30; and Gapdh: 50- CATCATCCCTGCCTCTACTG-
30 and 50- GCCTGCTTCACCACCTTC-30.

Lentivirus-based short hairpin RNA delivery

The pLV-RNAi vector was purchased from Biosettia Inc. (Bio-
settia, San Diego, CA, USA). The method of cloning the
double-stranded short hairpin RNA (shRNA) sequence is
described in the manufacturer’s protocol. Lentiviral vectors
expressing shRNA that targets human Twist were synthesized
and cloned into pLVRNAi to generate a lentiviral expression
vector. Lentivirus production was performed with
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transfection of plasmid DNA mixture with lentivector plus
helper plasmids (VSVG and Gag-Pol) into 293T cells using
Lipofectamine 2000 (Invitrogen). Supernatants were
collected 48 hours after transfection and then were filtered;
the viral titers were then determined using fluorescence-
activated cell sorting at 48 hours post-transduction. Subcon-
fluent cells were infected with lentivirus in the presence of
8 mg/mL polybrene (Sigma-Aldrich). The green fluorescence
protein, which was coexpressed in lentiviral-infected cells,
was served as a selection marker to indicate the successfully
infected cells.20

Collagen contraction assay

Cells were suspended in 0.5 mL of 2 mg/mL collagen solu-
tion (Sigma-Aldrich) and added into one well of 24-well-
plate. The plate was incubated at 37�C for 2 hours which
caused polymerization of collagen cell gels. After detaching
the gels from the wells, the gels were further incubated in
0.5 mL MEMa medium for 48 hours. Contraction of the gels
was photographed and measured using ImageJ software
(National Institutes of Health, Bethesda, Maryland) to
calculate their areas.1

Cell migration assay

For transwell migration assays, 1� 105 cells were plated into
the top chamber of a transwell (Corning, Acton, MA, USA)
with a porous transparent polyethylene terephthalate
Figure 1 Arecoline dose-dependently induces the expression of
bovine serum)) for 48 hours and treated with indicated concentrati
expression of Twist was detected by western blot. GAPDH was used
by arecoline in BMFs were measured with a densitometer. The rel
GAPDH signal and the control was set as 1.0. Optical density value
from control values with p < 0.05. BMF Z buccal mucosal fibrobla
membrane (8.0 mm pore size). Cells were plated in medium
with lower serum (0.5% fetal bovine serum), and medium
supplemented with higher serum was used as a chemo-
attractant in the lower chamber. The cells were incubated
for 24 hours and cells that did not migrate through the pores
were removed by a cotton swab. Cells on the lower surface of
the membrane were stained with Giemsa (Sigma-Aldrich,
Oakville, ON, Canada). The number of migration cells in a
total of five randomly selected fields was counted.21
Wound healing assay

Cells were seeded into a 12-well culture dish, and then
wounds were introduced to the confluent monolayer of cells
with a sterile 200 mL plastic pipette tip to create a denuded
area. Cell movement into the wound area was photo-
graphed at 0 hours and 24 hours under a microscope.21
Statistical analysis

Data are presented as mean � SD. A Student t test or
analysis of variance test was used to compare the contin-
uous variables between groups, as appropriate. The Chi-
square test or Fisher’s exact test was used to compare
the categorical variables. A p value < 0.05 was considered
statistically significant.
Twist in BMFs. (A) BMFs were serum-starved (0.5% FBS (fetal
on of arecoline for further 24 hours in serum-free medium. The
as protein loading control. (B) Protein levels of Twist stimulated
ative level of Twist protein expression was normalized against
s represent the mean � SD. * represents significant difference
st; GAPDH Z glyceraldehyde 3-phosphate dehydrogenase.
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Results

Arecoline induces the expression of Twist in BMFs

OSF is highly associated with the habit of areca quid
chewing based on the epidemiological evidences.22 To
examine the effect of arecoline, a major areca nut alka-
loid, on the Twist expression in human primary BMFs, two
BMFs strains were treated with dose-dependently
increasing concentration of arecoline and the levels of
Twist protein were measured using western blotting.
Arecoline treatment dose-dependently elevated Twist
expression in BMFs (Figures 1A and 1B).
Figure 2 Silencing of Twist expression suppresses arecoline-induc
The silencing effect of Twist shRNA in arecloine-treated BMFs was va
proteins prepared from single cell suspension of BMF transduced wi
treated with or without arecoline were analyzed for Twist expressi
treated BMFs infected with Twist-specific shRNA or control sh-Luc le
migration ability of the control or Twist-knockdown in arecoline-tre
versus control group. **p < 0.05 Sh-Twsit-1þarecoline or Sh-Twist-
mucosal fibroblast; RT-PCR Z reverse transcriptase-polymerase ch
Knockdown of Twist suppresses arecoline induced
collagen contraction and migration capabilities of
BMFs

Myofibroblasts are the contractile fibroblasts that
contribute to tissue repair during wound healing but play a
pathological role in OSF.23,24 To further investigate whether
Twist plays a role in maintaining myofibroblastic differen-
tiation activity associated with OSF, the approach of loss-
of-function of Twist was first conducted. Downregulation
of Twist in arecoline-stimulated BMFs was achieved by viral
transduction with lentiviral vector expressing shRNA tar-
geting Twist (sh-Twist-1 and sh-Twist-2), and lentiviral
vector expressing shRNA against luciferase (sh-Luc) was
used as control. Real-time RT-PCR and immunoblotting
analyses confirmed that lentivirus expressing both sh-Twist-
1 and sh-Twist-2 markedly reduced the expression level of
arecoline-induced Twist transcript (Figure 2A) and protein
ed collagen contraction and migration capabilities of BMFs. (A)
lidated transcriptionally by real-time RT-PCR analysis. (B) Total
th sh-Luc or sh-Twist entivirus, individually or concurrently, and
on by western blotting. (C) Single cell suspension of arecoline-
ntivirus was analyzed by collagen gel contraction assay. (D) The
ated BMFs was evaluated. *p < 0.05 Sh-Luc. þ arecoline group
2þ arecoline versus Sh-Luc. þ arecoline group. BMF Z buccal
ain reaction; shRNA Z short hairpin RNA.
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(Figure 2B) expression in BMFs. Previously, we have
demonstrated that arecoline could induce myofibroblast
activities in BMFs.1,11 Targeting sh-Twist-1 abrogated
arecoline-induced collagen gel contraction (Figure 2C) and
migration abilities (Figure 2D) in BMFs.

Twist mediates myofibroblast activities in OSFs

To validate the significance of Twist in clinical specimens,
we collected five paired samples of normal buccal mucosa
and fibrotic buccal mucosa from OSF patients for primary
culture and real-time RT-PCR analysis (Figure 3A). Quanti-
tative real-time RT-PCR analysis has confirmed an increase
of Twist in primary oral submucous fibrosis-derived fibro-
blasts (OSFs) compared with BMFs samples (Figure 3A).
Lentivirus expressing both sh-Twist-1 and sh-Twist-2 mark-
edly reduced the expression level of Twist in OSFs
(Figure 3B). The collagen gel contraction was elevated in
OSFs compared with the BMFs. Notably, silencing Twist
reversed these effects (Figure 3C). Similarly, targeting
Twist also abolished wound healing capability in OSFs
(Figure 3D). These results collectively suggest that Twist
Figure 3 Depletion of Twist represses myofibroblastic differentiat
independent pairs (n Z 5) of normal buccal mucosa-derived fibrobl
RT-PCR analysis. (B) The silencing effect of Twist shRNA in prim
analysis. (C) OSFs were transduced with shRNA lentivirus and embe
was photographed and measured using ImageJ software (NIH) to ca
OSFs infected with Twist-specific shRNA or control sh-Luc lentivirus
group versus BMFs group. **p < 0.05 Sh-Twsit-1 or Sh-Twist-2 versus
transcriptase-polymerase chain reaction; shRNA Z short hairpin RN
mediates the maintenance of myofibroblastic properties in
OSF.

Twist is upregulated in OSF specimen tissues

To validate the significance of Twist in clinical specimens,
we also compared the expression levels of Twist between
normal buccal mucosa (N) and fibrotic buccal mucosa from
OSF patients. In line with our previous data, the transcript
level of Twist expression was higher in OSF sample tissues
but lower in normal buccal mucosa subjects by real-time
RT-PCR analysis (Figure 4A). Accordingly, the western
blotting data showed that the protein levels of Twist in OSF
tissues were also upregulated (Figure 4B).
Discussion

EMT, a dedifferentiation program converting epithelial cells
phenotypes into mesenchymal traits, is involved in embry-
onic development in several cellular functions that posi-
tively affect tumor development and progression, and
ion activity in OSF. (A) Analysis of Twist transcript expression in
asts (BMFs) and OSF specimens-derived fibroblasts by real-time
ary OSFs was validated transcriptionally by real-time RT-PCR
dded into collagen gels. After 48 hours, contraction of the gels
lculate their areas (lower panel). (D) Single cell suspension of
was analyzed by wound healing assay. *p < 0.05 Sh-Luc. þOSFs
Sh-Luc group. OSFZ oral submucous fibrosis; RT-PCRZ reverse
A.



Figure 4 Clinical significance of Twist expression in OSF tissues. (A) Pairs of normal buccal mucosa (N) tissues and OSF specimen
lesions were subjected to real-time RT-PCR analysis for the transcript expression levels of Twist; (B) the representative image of
Twist expression in normal buccal mucosa (N) tissues and OSF specimens by western blotting. *p < 0.01; paired t test was used in
this sample cohort. OSF Z oral submucous fibrosis; RT-PCR Z reverse transcriptase-polymerase chain reaction.
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fibrosis.3 Intensive studies revealed that transcriptional
factors, such as ZEB1, Snail, Slug, and Twist activate the
EMT process.25 Myofibroblasts could also come from other
cell types within tissues, such as epithelial cells, endothe-
lial cells, and hepatocytes, through EMT process.26 Our
previous study has demonstrated that ZEB1 could bind to
the E-box domain of a-SMA promoter to induce myofibro-
blast transdifferentiation activities in OSF.11 However, the
detailed molecular mechanisms involved in the regulatory
links between Twist-mediated EMT and myofibroblast in OSF
are still poorly understood. In this study, we attempted to
investigate the role of Twist in the pathogenesis of areca
quid chewing-associated OSF. We first found that Twist
could be induced by arecoline in BMFs (Figure 1). Depletion
of Twist by lentiviral-mediated knockdown reversed
arecoline-induced myofibroblastic differentiation
(Figure 2). The upregulation of Twist was also observed in
OSF tissues from patients with areca quid chewing habit
(Figure 4). Our data suggest that Twist expression is
involved in the pathogenesis of OSF.

Transforming growth factor-b (TGF-b), a multifunction
cytokine, is associated with the onset and progression of
fibrosis in many human tissues, such as liver fibrosis,27 renal
fibrosis,28 pulmonary fibrosisc,6 and cardiac fibrosis.29 TGF-
b1 is also a well-known inducer of EMT program.30 Arecoline
could promote the transdifferentiation of human BMFs into
myofibroblasts through activation integrin avb6/TGF-b1
signalings.2 Areca nut extracts were found to induce TGF-b
signaling in primary human gingival fibroblast.31 During
fibrogenesis in OSF, it could be possible that arecoline
induced Twist is mediated by TGF-b signaling.

OSF is thought to be an oral precancerous condition with
about 7.6% malignant transformation rates.32 Currently,
there is no specific and effective therapy for OSF treat-
ment. Surgical intervention, as well as anti-inflammation
drugs have been used to manage OSF, but the effect is
limited.33 The present findings provide the crucial role of
Twist in areca quid-associated OSF. It is worth using Twist as
a molecular target to select inhibitors or phytochemicals
which can downregulate Twist expression for antifibrotic
therapeutics in OSF. For example, (-)-epigallocatechin-3-
gallate34 and curcumin35 have been reported to inhibit
Twist expression in cancer cells.

Conclusively, we report a possible role of Twist in the
pathogenesis of areca quid-associated OSF. Arecoline
treatment enhanced Twist expression and myofibroblast
transdifferentiation activities, while silencing Twist effec-
tively reversed these phenomena. This study would greatly
contribute to a deeper understanding of pathogenesis in
OSF and promote the development of effective therapies
for OSF through targeting Twist.
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