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Background/purpose: Oral submucous fibrosis (OSF) is a precancerous condition of oral cancer
with a complex etiology. Our previous work has demonstrated that non-coding RNA miR-1246
contributes to the cancer stemness of oral cancer. In the current study, we sought to investi-
gate the effect of the inhibition of miR-1246 on the oral fibrogenesis.
Methods: The expression levels of miR-1246 in OSF tissues and fibrotic buccal mucosal fibro-
blasts (fBMFs) were examined by qRT-PCR. Collagen gel contraction and migration assays were
conducted to evaluate the myofibroblast activities. The relationship between miR-1246 and
type I collagen was assessed and the protein expression of type I collagen was determined
by Western blot.
Results: MiR-1246 expression was upregulated in both OSF specimen and fBMFs compared to
the normal counterparts. Inhibition of miR-1246 successfully suppressed the myofibroblast ac-
tivities, including collagen gel contractility and migration capacity. Moreover, the expression
of miR-1246 was positively correlated with type I collagen and the expression of type I collagen
was abrogated by repression of miR-1246.
Conclusion: MiR-1246 is not only critical to the maintenance of oral stemness but also impor-
tant to the activation of myofibroblasts. Our results showed that miR-1246 is positively associ-
ated with the type I collagen, which may be a downstream effector of miR-1246 and
responsible for the fibrosis effect on fBMFs.
entistry, Institute of Oral Sciences, Chung Shan Medical University, No. 110, Sec. 1, Jianguo N. Rd.,
24759065.
entistry, Institute of Oral Sciences, Chung Shan Medical University, No. 110, Sec. 1, Jianguo N. Rd.,
24759065.
tw (C.-C. Yu), myc@csmu.edu.tw (M.-Y. Chou).

02.014
n Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).

ymous User (n/a) at Chung Shan Medical University Hospital from ClinicalKey.com by Elsevier on May 
onal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

mailto:ccyu@csmu.edu.tw
mailto:myc@csmu.edu.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jfma.2019.02.014&domain=pdf
https://doi.org/10.1016/j.jfma.2019.02.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/09296646
http://www.jfma-online.com
https://doi.org/10.1016/j.jfma.2019.02.014
https://doi.org/10.1016/j.jfma.2019.02.014


1094 C.-M. Liu et al.
Downloaded for Anonym
30, 2022. For person
Copyright ª 2019, 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/).
Introduction

Oral submucous fibrosis is a premalignant disorder of the
oral cavity, which is characterized by juxta-epithelial
inflammation, atrophy and progressive fibrosis in the sub-
mucosal tissues. Although the precise etiology of OSF re-
mains obscure, it has been indicated that areca nut
chewing is strongly associated with OSF1 and the abnormal
collagen metabolism has been considered to be implicated
in the susceptibility and pathogenesis of OSF.2 It has been
known that the key cellular mediator of fibrosis is myofi-
broblast, which serves as the primary collagen-producing
cell when activated by areca nut stimulation.3 Neverthe-
less, the detailed molecular mechanism of the aberrant
expression of extracellular matrix (ECM) molecules such as
collagen still needs further investigation.

MicroRNAs are important regulators of gene expression
at the translational level that control both physiological
and pathological processes, including fibrosis.4 Our previous
work also has shown that miR-200 family modulates the
myofibroblastic transdifferentiation in buccal mucosal fi-
broblasts.5,6 As a matter of fact, numerous miRs have been
proven to be crucial in both fibrogenesis and carcinogen-
esis. For instance, miR-217,8 or miR-133a9,10 been found to
be implicated in various cancer and fibrosis diseases. One of
our recent findings has shown that miR-1246 is critical to
the oral cancer stemness,11 but the understanding of its
role in fibrosis has not been understood.

Hence, we sought to investigate the effect of miR-1246
on the myofibroblast activities and the expression of
collagen to reveal its role in OSF. We examined the
expression of miR-1246 in OSF tissues and assessed the
myofibroblast activities after modulation of miR-1246. Last,
we measured the expression of collagen in the myofibro-
blasts from OSF after miR-1246 inhibition.
Materials and methods

Tissues acquisition and cell culture

All procedures were conducted in accordance with the
approved guidelines from the Institutional Review Board of
Chung Shan Medical University Hospital and informed
written consent was obtained from each individual prior to
commencing the study. Tissues from OSF patients were
collected from Department of Dentistry, Chung Shan Med-
ical University Hospital, Taichung, Taiwan. Specimens were
excised from the histologically normal or fibrotic mucosa,
and were minced and washed in PBS supplemented with
antibiotics (100 U/ml penicillin, 100 mg/ml streptomycin,
and 0.25 mg/ml of amphotericin). Explants were placed into
60 mm Petri dishes and maintained in Dulbecco’s-modified
Eagle’s medium (Gibco Laboratories, Grand Island, NY, USA)
ous User (n/a) at Chung Shan Medical Uni
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supplemented with 10% fetal bovine serum (Gibco Labora-
tories) and antibiotics. Cell cultures between the third and
eighth passages were used in this study.

Quantitative RT-PCR

Trizol reagent (Invitrogen Life Technologies, Carlsbad, CA,
USA) was used to isolate total RNA of cells according to the
manufacturer’s instruction. Superscript III first-strand syn-
thesis system (Invitrogen Life Technologies, Carlsbad, CA,
USA) was utilized to reversely transcribe the total RNAs.
qRTePCR was performed using TaqMan miRNA assays with
specific primer sets (Applied Biosystems, Carlsbad, Calif).
qRT-PCR reactions on resulting cDNAs were performed on
an ABI StepOne� Real-Time PCR Systems (Applied
Biosystems).

Collagen contraction assay

Cells (2 � 105 cells) were suspended in 0.5 ml of 2 mg/ml
collagen solution (SigmaeAldrich, St. Louis, MO, USA) and
added into one well of 24-well-plate followed by incubation
at 37 �C for 2 h for the polymerization of collagen cell gels.
After detaching gels from wells, the gels were further
incubated for 48 h. Contraction of the gels was photo-
graphed and measured using ImageJ software (NIH,
Bethesda, MD, USA) to calculate their areas.

Transwell migration and invasion assays

The 24-well Transwell system with a polycarbonate filter
membrane of 8-mm pore size (Corning, United Kingdom) was
employed. For the invasion capacity analysis, we coated
the membrane of upper chamber with Matrigel. Cells will
be placed in the upper chamber of transwell (Corning,
Acton, MA) with serum free medium and medium containing
10% FBS was added to the lower chamber. After 24 h of
incubation, cells attached to the reverse side of the
membrane were stained with crystal violet subsequent to
the filter membrane fixation. These cells were counted
from five different visual areas of 100-fold magnification
under a microscope.

Western blot

Western blot analysis was carried out as previously
described.12 The sample was separated on 10% SDS-PAGE
and transferred to polyvinylidene difluoride membrane
(Amersham, Arlington Heights, IL, USA). The primary anti-
body against ColA1 was obtained from Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA, USA). Following the primary
antibody incubation, the corresponding secondary antibody
was added to the membrane. GAPDH was used as protein
versity Hospital from ClinicalKey.com by Elsevier on May 
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loading control. The immunoreactive bands were devel-
oped using an ECL-plus chemiluminescence substrate (Per-
kineElmer, Waltham, MA, USA) and captured by LAS-1000
plus Luminescent Image Analyzer (GE Healthcare, Piscat-
away, NJ, USA).

Statistical analysis

Three replicates of each experiment were performed. Data
were expressed as the mean � SD and analyzed by Stu-
dent’s t-test. p < 0.05 was considered statistically
significant.

Results

In order to determine the expression of miR-1246, we
analyzed the relative expression levels of miR-1246 in OSF
tissues (n Z 20) and buccal mucosal fibroblasts (BMFs)
derived from OSF specimen. qRT-PCR revealed that miR-
1246 was aberrantly upregulated in fibrosis tissues (Fig. 1A)
and fBMFs (Fig. 1B) compared to their normal counterparts.
Subsequently, we utilized the inhibitor of miR-1246 to
suppress its expression (Fig. 2A) and found that down-
regulation of miR-1246 significantly inhibited collagen
contractility, a characteristic of activated myofibroblasts,
using collagen gel contraction assay in two individual fBMFs
(Fig. 2B). Likewise, we observed another feature of acti-
vated myofibroblasts, the migration (Fig. 3A) and invasion
(Fig. 3B) capacity, was impeded by the administration of a
miR-1246 inhibitor, suggesting that regulation of miR-1246
may be an effective approach to modulate the activation
of myofibroblasts.

It has been known that the disturbance in homeostatic
equilibrium between synthesis and degradation of extra-
cellular matrix, wherein collagen represents a major
component, is implicated in OSF. According to one of the
previous studies, the excessive production and reduced
degradation of type I collagen by myofibroblasts derived
from OSF may contribute to the collagen deposition.13 As
such, we first analyzed the data of oral cancer from The
Cancer Genome Atlas (TCGA) and see whether there was
any connection between miR-1246 and type I collagen. As
expected, our results showed that miR-1246 was positively
correlated with collagen type I a1 (COL1A1), 2 (COL1A2),
and 3 (COL1A3) chain (Fig. 4AeC). Next, we assessed the
Figure 1 miR-1246 is up-regulated in OSF tissues and fibrotic bu

1246 in (A) OSF specimen and its normal counterparts, or (B) fB
**represents significant difference from control values with p < 0.
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expression of type I collagen in fBMFs with or without miR-
1246 inhibitor to evaluate the effect of miR-1246. Our re-
sults demonstrated that suppression of miR-1246 signifi-
cantly blocked the expression of type I collagen in two
fBMFs (Fig. 4D). Taken together, these findings indicated
that miR-1246 may affect the myofibroblast activities via
regulation of type I collagen.
Discussion

Various studies have shown that miR-1246 functions as an
oncogenic factor and could serve as a biomarker for
tracking disease progression.14e16 It has been demonstrated
to drive Wnt/b-catenin activation in liver cancer stem
cells17 and numerous experimental results have revealed
that miR-1246 exerts its ability through exosomes. Exoso-
mal miR-1246 increased breast cancer proliferation, inva-
sion, drug resistance via CCNG2,18 and it promoted cell
motility by directly targeting DENN/MADD Domain Con-
taining 2D in oral cancer cells.19 One of the recent studies
revealed that TP53 mutant colon cancer cells shed miR-
1246-enriched exosomes for the neighboring macrophages,
triggering the miR-1246-dependent reprogramming into a
cancer-promoting state.20 Although these findings all sup-
port the oncogenic role of miR-1246, its effect on the
precancerous condition has not been investigated yet. In
the present study, we showed the expression of miR-1246
was upregulated in OSF tissues and fBMFs, and down-
regulation of the aberrantly elevated miR-1246 successfully
reduced the myofibroblast activities with lower expression
of type I collagen in fBMFs. Since myofibroblasts share
similar expression profiles of cancer-associated fibroblasts
and we observed high expression of miR-1246 in both oral
cancer cells and myofibroblasts, it is very likely that miR-
1246 participates in tumorigenesis and progression, and it
is worthy to investigate whether miR-1246 is also crucial to
the refractory to conventional therapy.

There is no doubt that collagen-related genes play an
important role in the homeostasis of collagen and fibro-
genesis. Evidence has been accumulated to suggest that
collagen-related genes are altered due to ingredients in the
areca nut21 and collagen biosynthesis plays a part in the
accumulation of collagen in OSF lesions.13 It has been
demonstrated that OSF cells produced about 85% type I
collagen and 15% type III collagen, and the ratio of a1(I) to
ccal fibroblasts (fBMFs). The relative expression levels of miR-
MFs and normal BMFs were determined by qRT-PCR analysis.
01.
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Figure 2 Inhibition of miR-1246 relieves the collagen gel contractility. (A) The knockdown efficiency of miR-1246 in fBMFs was
determined by qRT-PCR analysis. (B) The collagen gel contraction assay was used to evaluate their contractility in two fBMFs with
or without a miR-1246 inhibitor. *p < 0.05 compared with scramble control.

Figure 3 Downregulation of miR-1246 reduces the migration capacity of fBMFs. The migration (A) and invasion (B) ability of
fBMFs was assessed by transwell migration assay and the quantification result was presented as the relative value of scramble
control. *p < 0.05 compared with scramble control.
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a2(I) chains was about 3:1 in OSF cells instead of 2:1 in the
normal fibroblasts for type I collagen.13 Our results showed
that miR-1246 was positively correlated with type I collagen
a1 (COL1A1), 2 (COL1A2), and 3 (COL1A3) chain from oral
Downloaded for Anonymous User (n/a) at Chung Shan Medical Uni
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cancer tissues using TCGA dataset, indicating that miR-1246
may interact with type I collagen. Furthermore, inhibition
of miR-1246 eliminated the expression of type I collagen a1
in two fBMFs, suggesting that downregulation of miR-1246
versity Hospital from ClinicalKey.com by Elsevier on May 
ion. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 4 MiR-1246 is associated with type I collagen in oral cancer and fBMFs. Data from The Cancer Genome Atlas suggested
that there is a positive correlation between miR-1246 and type I collagen a1 (COL1A1) (A), a2 (COL1A2) (B), and a3 (COL1A3) (C)
chains in oral cancer. Pearson and Spearman correlation coefficients were both used to show the relationship; (D) Administration of
miR-1246 inhibitor in fBMFs blocked the expression of type I collagen a1.
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may be able to impede the abnormally-regulated produc-
tion of type I collagen. Moreover, it has been shown that
type I collagen increases the transdifferentiation and pro-
liferation of myofibroblasts by lowering a2b1 integrin in
cardiac fibrosis.22 Our findings revealed that miR-1246 may
alter the myofibroblast activation via modulation of type I
collagen. It has been shown that miR-1246 could activate
Wnt/b-catenin signaling,17 which has shown to be impor-
tant in the TGF-b1-induced type I collagen expression.23

Therefore, it is possible that miR-1246 affects type I
collagen in fBMFs via Wnt/b-catenin. Further studies are
required to verify whether miR-1246 could directly binds to
type I collagen to affect its expression or via other path-
ways, such as Wnt/b-catenin.

Collectively, this study showed that miR-1246 contrib-
utes to fibrogenesis in the oral cavity through the regulation
of type I collagen. Suppression of the increased miR-1246 in
fBMFs mitigated the activated myofibroblast features and
the expression of type I collagen. Further studies are
required to verify that miR-1246 directly binds to type I
collagen and maintain the myofibroblast activation.
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