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Background/Purpose: Gingival overgrowth can occur as a result of poor oral hygiene or a side
effect of taking certain medications, such as cyclosporine A (CsA). It has been shown that this
immunosuppressant drug induces epithelial-to-mesenchymal transition (EMT) in the gingival
epithelium but the associated molecular mechanism remains to be elucidated.
Methods: We first assessed the relative expression of microRNA-200a (miR-200a) in response to
the CsA treatment using qRT-PCR. Next, luciferase reporter assay was applied to examine
whether miR-200a was able to regulate ZEB2 and Western blot was utilized to measure the
expression of ZEB2 in normal human gingival fibroblasts (HGFs). To confirm the significance of
miR-200a and ZEB2 in the CsA-induced gingival overgrowth, miR-200a inhibitor and shRNA medi-
ated knockdown of ZEB2 were used and cell proliferation in HGFs was assessed by MTT assay.
Results: The expression of miR-200a was dose-dependently downregulated following the CsA
treatment. Luciferase reporter assay confirmed that ZEB2 was a direct downstream target
regulated by miR-200a and ZEB2 was indeed increased after the administration of CsA. We
demonstrated that knockdown of ZEB2 hampered the CsA-induced HGFs proliferation and
the elevated cell proliferation due to inhibition of miR-200a was reversed by repression of
ZEB2.
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Conclusion: Our results showed that insufficient miR-200a in HGFs caused by CsA administra-
tion may lead to gingival enlargement mediated by the upregulation of ZEB2. This finding sup-
ported that CsA-induced EMT contributed to the adverse effect of using CsA and miR-200a may
serve as an upstream target to prevent the overgrowth of the gingiva.
Copyright ª 2020, 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

Gingival overgrowth or enlargement has been known to be
associated with several medications, such as anticonvul-
sants, calcium channel blockers, and immunosuppres-
sants.1 As a powerful immunosuppressant agent,
cyclosporin A (CsA) has been widely used for the prevention
of transplant rejection or management of various autoim-
mune conditions like rheumatoid arthritis. The prevalence
of CsA-associated gingival enlargement was approximately
40e56.5% in adult transplant patients,2,3 and around
85e97% in pediatric transplant patients.4,5 According to the
animal studies, it has been summarized that the gingival
overgrowth regressed after discontinuing the drug and
dental plaque was related to the severity.6

Although the precise mechanism is not fully under-
stood, it has been revealed that CsA caused the abnormal
production of inflammatory mediators (e.g. IL-6 and IL-
1b7,8) and inhibited the secretion of several extracellular
matrix metalloproteases, leading to the accumulation of
extracellular matrix components, a characteristic of
gingival overgrowth.9 Besides, epithelial to mesenchymal
transition (EMT) has been demonstrated to play a pivotal
role in the medication-induced gingival overgrowth.10 It
has been suggested that CsA induced type 2 EMT in gingiva
by altering the morphology of epithelial cells and regu-
lating the EMT markers.11 In human gingival fibroblasts
(HGFs), numerous EMT inducers (e.g. Slug12 and Snail13)
also have been proven to be implicated in the develop-
ment of CsA-stimulated gingival overgrowth. Apart from
TGF-b1,11 microRNAs may participate in the CsA-mediated
EMT as well. MicroRNAs are small non-coding RNA mole-
cules of w22 nucleotides in length and have been found to
regulate gene expression at the posttranscriptional level
by binding to the 30-untranslated region (30-UTR) of the
target mRNAs.14 It has been shown that microRNA-200 b
(miR-200 b) was able to regulate Slug and lower expression
of miR-200 b has been observed in HGFs as a result of CsA
administration.15 In addition, several members of miR-200
family, including miR-200a, miR-200 b and miR-200c were
significantly downregulated in CsA-treated rats.16 Since
the miR-200/ZEB feedback loop has long been known to be
the key to cellular plasticity in the normal and disease
development,17 we sought to investigate whether this miR-
200/ZEB axis contributes to the CsA-induced gingival
overgrowth.

In the current study, we examined the effect of CsA on
the expression of miR-200a in HGFs and certified the rela-
tionship between miR-200a and ZEB2. By using the miR-
200a inhibitor and knockdown of ZEB2, we were able to
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show whether cell proliferation was affected by hindering
the miR-200/ZEB axis after CsA stimulation.

Materials and methods

Chemical and cell culture

CsA (SigmaeAldrich, St. Louis, MO, USA) was used to extract
to treat HGFs. All procedures were carried out in accor-
dance with the approved guidelines from the Institutional
Review Board at the Chung Shan Medical University Hospi-
tal. HGFs from two healthy individuals were selected from
the crown lengthening procedure using an explant tech-
nique as previously described.12,13 Cell cultures between
the third and eighth passages were used in this study. All
experiments have been done in two individual HGFs.

Quantitative RT-PCR

Trizol reagent (Invitrogen Life Technologies, Carlsbad, CA,
USA) was used to extract total RNA of cells according to the
manufacturer’s instruction. Superscript III first-strand syn-
thesis system (Invitrogen Life Technologies) was applied to
reversely transcribe total RNA. SYBR Green-based qRT-PCR
reactions on resulting cDNAs were performed on an ABI
StepOne� Real-Time PCR Systems (Applied Biosystems,
Foster City, CA, USA). The primer sequences used in this
study were listed as follows: ZEB2: 50-CCTGCCTCAC-
TAAACCCACA-30 and 50-CCTTGTTCCTGTGCTTGGCAT-3; and
GAPDH: 50-CTCATGACCACAGTCCATGC-30 and 50-
TTCAGCTCTGGGATGACCTT-30.

Transfection of miRNA-200a and ZEB2 30-UTR
reporter

Cells were seeded in a 12-well plate for attachment over-
night and miR-200a was transfected by LipofectamineTM
3000 transfection reagent (Invitrogen, Thermo Fisher Sci-
entific Inc., Carlsbad, CA, USA) at a concentration of
100 nmol/L according to the manufacturer’s protocol. A
firefly luciferase reporter plasmid with full-length ZEB2 30-
UTR sequence was purchased from OriGene Technologies,
Inc., Rockville, MD, USA. The mutant ZEB2 30-UTR reporter
plasmid used for the deletion of the potential miRNA-200a
binding region (Fig. 2A) was further constructed by Quick-
Change II XL Site-Directed Mutagenesis Kit (Agilent Tech-
nologies Inc., Santa Clara, CA, USA). MiR-200a
overexpression plasmid construct was generated according
to our previous method.18
versity Hospital from ClinicalKey.com by Elsevier on May 
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Fig. 1 The effect of CsA on the relative expression of miR-

200a. The expression of miR-200a in HGFs was downregulated
in response to CsA treatment (0e1000 ng/ml) in a dose-
dependent manner. Data represent the mean � SD. *p < 0.05.

Fig. 2 ZEB2 is a direct target of miR-200a. (A) Schematic lucifer
or mutated (mut) forms with the location of the predicted miR
cotransfected with reporter construct (wt and mut ZEB2 30UTR) a
value of the corresponding empty vector was set to one. Data rep
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Western blot

Western blot analysis was conducted as previously
described.18 The primary antibody against ZEB2 was ob-
tained from Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA. Following the primary antibody incubation, the cor-
responding secondary antibody was added to the mem-
brane. The immunoreactive bands were developed using an
ECL-plus chemiluminescence substrate (PerkinElmer, Wal-
tham, MA, USA) and captured by LAS-1000 plus Luminescent
Image Analyzer (GE Healthcare, Piscataway, NJ, USA).

ZEB2 knockdown in CsA-treated HGFs by lentiviral-
mediated shRNAi

The pLV-RNAi vector was purchased from Biosettia Inc.
(Biosettia, San Diego, CA, USA). The method of cloning the
double-stranded shRNA sequence is described in the man-
ufacturer’s protocol as described previously.14 Lentiviral
vectors expressing shRNA that targets human ZEB2 were
ase reporter constructs of the ZEB2 30UTR, either wild type (wt)
-200a target site. (B) Luciferase reporter activity with HGFs
nd a microRNA overexpressing plasmid (miR-200a). The mean
resent the mean � SD. *p < 0.05.
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synthesized and cloned into pLVRNAi to generate a lenti-
viral expression vector. shRNA that targets luciferase (sh-
Luc: 50-CCGGACTTACGCTGAGTACTTCGAACTCGAGTTC-
GAAGTACTCAGCGTA -30) was utilized for an experimental
control. The target sequences for ZEB2 were listed as fol-
lows: Sh-ZEB2-1: 50- AAAAGCTGTGTTAAGCTGTTCATTTG-
GATCCAAATGAACAGCTTAACACAGC -30; Sh-ZEB2-2: 50-
AAAAGCACAACAACGAGATTCTATTGGATCCAATA-
GAATCTCGTTGTTGTGC -3. Lentivirus production was per-
formed by transfection of plasmid DNA mixture with
lentivector plus helper plasmids (VSVG and Gag-Pol) into
293 T cells using Lipofectamine 2000 (Invitrogen, Calsbad,
CA, USA). Supernatants were collected 48 h after trans-
fection and then were filtered; the viral titers were then
determined by FACS at 48 h post-transduction. Subcon-
fluent cells were infected with lentivirus in the presence of
8 mg/ml polybrene (SigmaeAldrich). The green fluores-
cence protein (GFP), which was co-expressed in lentiviral-
infected cells, was served as a selection marker to indi-
cate the successfully infected cells.

Cell proliferation assay

HGFs placed in 96-well plates were washed with PBS, and
the medium was replaced with DMEM for serum starvation
overnight. After treatment with CsA or CsA combined with
miR-200a overexpression for 48 h, cell proliferation was
tested using the MTT assay (SigmaeAldrich). The produced
insoluble formazan was dissolved with DMSO followed by
treatment of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide), and the resulting colored
solution was evaluated spectrophotometrically at 570 nm.
Optical density values of the experimental groups were
divided by the control value and expressed as a percentage
of the control.

Statistical analysis

Three replicates of each experiment were performed.
Statistical analysis was carried out by one-way analysis of
variance (ANOVA). Tests of differences in the treatments
were analyzed by Duncan’s test and a value of p < 0.05 was
considered statistically significant.
Fig. 3 The effect of CsA on the expression of ZEB2. The
protein expression of ZEB2 was dose-dependently increased
following CsA administration (0e1000 ng/ml) by western
blotting.
Results

First of all, we showed that CsA dose-dependently down-
regulated the expression of miR-200 b in HGFs and the level
of miR-200 b dropped significantly once a CsA concentration
higher than 200 ng/ml was delivered (Fig. 1). To ascertain
that ZEB2 was able to serve as a direct target gene of miR-
200a, we exploited the luciferase reporter assay to
examine the promoter activity and whether ZEB2 was
regulated by miR-200a. Alignment of the ZEB2 30-untrans-
lated region (UTR) region with miR-200a and nucleotides
mutagenized to disrupt the miRNA/mRNA base pairing were
shown in Fig. 2A. Transfection of miR-200a significantly
inhibited the luciferase activity of the ZEB2 30UTR wild-type
reporter (wt), while it did not affect the reporter in which
the ZEB2 was mutagenized (mut) (Fig. 2B). This result
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demonstrated that miR-200a exerts an epigenetic control
over ZEB2 mRNA in HGFs.

To address whether the expression level of ZEB2 was
affected by the administration of CsA, we examined the
protein expression of ZEB2 in HGFs and showed that its
expression was reduced in response to CsA in a dose-
dependently manner (Fig. 3). Subsequently, we investi-
gated the functional role of ZEB2 in the CsA-stimulated cell
proliferation of HGFs. In agreement with the above-
mentioned result, the mRNA and protein expression levels
of ZEB2 were upregulated following CsA administration and
knockdown efficiency of two short hairpin RNAs (shRNAs)
against ZEB2 was presented in Fig. 4A and B. We then uti-
lized the MTT assay to evaluate the effect of ZEB2 knock-
down on CsA-induced cell proliferation. As expected, the
cell growth in the CsA-treated cells transfected with sh-
ZEB2 was markedly suppressed (Fig. 4C). This finding sug-
gested that the presence of ZEB2 was critical to cell pro-
liferation in response to CsA treatment.

Based on the data accumulated, we sought to investi-
gate the significance of miR-200a/ZEB2 interplay in the
CsA-induced gingival overgrowth. We showed that the miR-
200a inhibitor upregulated the expression of ZEB2, which
was consistent with the result that miR-200a directly
regulated ZEB2 (Fig. 5). In the finding of MTT assay, we
showed that inhibition of miR-200a enhanced the cell pro-
liferation, whereas downregulation of ZEB2 reverted it
(Fig. 5). Taken together, these results indicated that the
repression of miR-200a increased the cell growth of HGFs
through inhibition of ZEB2.

Discussion

Gingival overgrowth not just causes a major problem for the
maintenance of oral hygiene and difficulty with mastication,
the disfiguration of gingiva even increases the risk for
infection or other complications in the already vulnerable
population. In an effort to elucidate the molecular mecha-
nism underlying the drug-induced gingival overgrowth, we
conducted the present study and showed that the expression
of miR-200a in HGFs was affected by the treatment of CsA,
which led to the reduced inhibitory regulation to ZEB2. We
demonstrated that the expression level of ZEB2 was gradu-
ally elevated as the concentration of CsA increased, which
was consistent with a previous study showing that miR-200a
in gingivae was downregulated while ZEB2 were upregulated
after 40 and 60 days of CsA administration.16
versity Hospital from ClinicalKey.com by Elsevier on May 
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Fig. 4 Knockdown of ZEB2 hinders the cell proliferation of HGFs. (A) The relative gene expression and (B) protein expression of
ZEB2 in CsA-treated cells with sh-Luc, sh-ZEB2-1 or sh-ZEB2-2. (C) Cell proliferation of CsA-stimulated HGFs with sh-Luc, sh-ZEB2-1
or sh-ZEB2-2 using MTT assay. *p < 0.05 compared to control group. #p < 0.05 compared to CsA þ sh-Luc group.
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ZEB factors (ZEB1 and ZEB2) are zinc-finger E-box-bind-
ing transcription factors that were found to induce EMT by
suppressing the expression of several epithelial genes, such
as E-cadherin.19 ZEB2, also known as SIP1 (Smad-interacting
factor), was initially described as an inducible factor
following TGF-b stimulation and could downregulate E-
cadherin transcription to promote tumor cell invasion.20 On
the other hand, miR-200a belongs to the miR-200 family,
which consists of two subgroups (I: miR-141 and miR-200a;
II: miR-200 b, c, and miR-429). ZEB and miR-200 family
have been shown to reciprocally control the expression of
each other. In this study, we showed that the down-
regulation of miR-200a following CsA treatment resulted in
the upregulation of ZEB2. Various studies have suggested
that ZEB2 and miR-200a regulated several cellular events,
including proliferation. For instance, it has been shown that
ZEB2 could impair G1/S cell-cycle progression in cells un-
dergoing an EMT via repressing cyclin D1 transcription.21 In
glioma cells, downregulation of ZEB2 induced apoptosis and
cell cycle arrest at G1/S phase by regulating various cyclins
and cyclin-dependent kinases.22 As for miR-200a, it has
been shown to inhibit cell proliferation by targeting
aspartate-b-hydroxylase and the activation of the ERK/
PI3K/Akt pathway in hepatoma cells.23 Overexpression of
Downloaded for Anonymous User (n/a) at Chung Shan Medical U
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miR-200a in metastatic melanoma cells elicited cell cycle
arrest through repressing CDK6.24 In agreement with these
findings, we showed that alteration of miR-200a and ZEB2
by CsA stimulation affected the cell proliferation of HGFs.

The increased proliferation of HGFs may cause various
consequences that result in gingival overgrowth, such as
the enhanced production of extracellular matrix (ECM) in
gingivae. It has been shown that there was an elevation of
CCN2 (connective tissue growth factor; CTGF) in drug-
induced gingival overgrowth25 and CsA-induced CCN2
expression was mediated by JNK and Smad signaling in
HGFs.26 Numerous studies have indicated that TGF-b stim-
ulated the expression of CTGF,27 which may enhance the
production of ECM in HGFs, like collagen.28 Besides, it has
been revealed that TGF-b was crucial for the CsA-induced
gingival overgrowth through the promotion of cell prolif-
eration29 and reduction of proteolytic activity30 of HGFs.
Given that there was an autocrine TGF-b/ZEB/miR-200
signaling network that modulates the EMT process,31

further work to elucidate the causal relationship among
these three factors during the development of CsA-elicited
gingival overgrowth will be needed.

In summary, we showed the axis of miR-200a/ZEB2
involved in the CsA-induced gingival enlargement. An
niversity Hospital from ClinicalKey.com by Elsevier on May 
ission. Copyright ©2022. Elsevier Inc. All rights reserved.



Fig. 5 Upregulation of ZEB2 by miR-200a inhibitor in-

creases cell proliferation. (A) The ZEB2 expression of HGFs
with miR-200a inhibitor with or without sh-ZEB2. (B) Cell pro-
liferation of HGFs with miR-200a inhibitor with or without sh-
ZEB2 using MTT assay. *p < 0.05 compared to miR-scramble
(Scr.) group. #p < 0.05 compared to miR-200a inhibitor group.
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approach to inhibit ZEB2 will hold good potential as a
therapeutic adjunct to CsA treatment.
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