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Abstract
Objective: Idiopathic gingival fibromatosis (IGF), which is characterized by diffuse enlargement of the gingiva
due to expansion and accumulation of connective tissue, is a relatively rare hereditary condition that has no specific
cause. The aim of this study was to investigate whether the anti-tumor drugs trichostatin A (TSA; inhibits histone
deacetylase) and panobinostat (LBH589; a non-selective inhibitor of histone deacetylase) inhibit the proliferation of
cells derived from gingiva in patients with IGF.
Materials and methods: After osteogenic differentiation and adipogenic induction, the differences between
normal gingival mesenchymal stem cells ( N-GMSCs ) and hyperplastic gingival mesenchymal stem ( H-GMSCs,
theI cells from IGF ) were determined in terms of alkaline phosphatase staining and activity, alizarin red staining,
calcium-nodule formation and, lipid droplets,. The effects of TSA and LBH589 were investigated via the MTT assay,
flow cytometry, and reverse transcription polymerase chain reaction (RT-PCR).
Results: Alkaline phosphatase staining and activity, alizarin red staining, lipid droplets detected the differentiative
capacity in normal and IGF cells. These assays indicated that IGF cells possess multipotent differentiation properties
similar to those of normal cells. RT-PCR showed that mRNA levels of the gene encoding p21Waf/Cip1, a cyclin-dependent
kinase inhibitor and an essential regulator of growth inhibition, were lower in H-GMSCs than in N-GMSCs. After
exposure to 1000 nM TSA or 1000 nM LBH589 for 48 h, p21Waf/Cip1 mRNA levels increased in H-GMSCs.
Conclusions: TSA and LBH589 can repress the growth and proliferation of hyperplastic IGF cells by regulating
p21Waf/Cip1 mRNA levels.

Keywords: Histone deacetylase inhibitor; Idiopathic gingival
fibromatosis; Cell proliferation; Trichostatin A; LBH589, p21Waf/Cip1

Introduction
Background
Idiopathic gingival fibromatosis (IGF) [1-3] is a rare oral disease
in infants characterized by slow and progressive enlargement of both
the maxillary and mandibular gingiva, with normal color and a firm
consistency that is non-hemorrhagic and asymptomatic. Gingival
enlargement may affect marginal gingiva, attached gingiva, and
interdental papilla. IGF is similar to hereditary gingival fibromatosis,
but without the associated family history. Fibromatosis may cover
exposed tooth surfaces, causing esthetic and functional problems.
The most prominent pathologic manifestations of this disease are
an excessive accumulation of extracellular matrix, predominantly type
I collagen, and increased expression of matrix metalloproteinases [46], which may induce the degradation of collagen. Many studies have
detected increased levels of type I collagen mRNA and protein in both
tissue and cells derived from the gingiva of IGF patients. However, the
molecular and functional characteristics of these cells remain unknown.
Although histone deacetylase inhibitors (HDACi) were initially
studied for their ability to increase gene expression, they have
emerged as potent anti-inflammatory agents [7] due to their ability to
promote osteogenic differentiation of stem cells [8] Their pleiotropic
effects impact nearly every aspect of cancer biology [9-13], inhibiting
cell proliferation and up-regulating cell-cycle inhibitors (such as
p21Waf/Cip1) expressed in tumors [14]. As global HDACi, valproic
acid, suberoylanilide hydroxamic acid, trichostatin A (TSA), and
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panobinostat (LBH589) [15,16] have positive effects on cancers.
However, the effects of HDACi on the proliferation of IGF remain
unclear.
In this study, we investigated the cellular characteristics of normal
gingival cells and cells from IGF. In vitro results demonstrated that
TSA and LBH589 inhibit the proliferation of IGF cells partly due to the
induction of apoptosis and cell-cycle arrest in G1 phase.

Materials and methods
Cell culture: IGF and normal gingival tissues were obtained
in accordance with guidelines set by the Tianjin Medical University
School of Stomatology; all patients provided written informed consent.
Normal gingival samples were collected from clinically healthy subjects
with no systemic disease and no history of periodontal disease. IGF
patients required surgery to shape their gums.
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Cells were gently separated from IGF and normal gingival tissues
and digested in a solution of 3 mg/mL collagenase type I (SigmaAldrich, USA) and 4 mg/mL dispase (Sigma-Aldrich). The mixture
was placed in a 37°C water bath for 40-60 min and shaken once every
5 min. Single-cell suspensions were obtained by passing the cells
through a 70-μm strainer. Cells were cultured in a humidified, 5% CO2
incubator at 37°C in Dulbecco’s Modified Eagle Medium (Hyclone,
USA) supplemented with 20% fetal bovine serum (Gibco, USA), 2
mM glutamine, 100 μg/mL penicillin, and 100 μg/mL streptomycin
(Gibco). Culture medium was changed every 2-3 days. When the fused
cells had grown to 80% confluence, they were digested with 0.25%
trypsin containing 0.02% ethylenediaminetetraacetic acid for ~1 min,
then centrifuged at 300g for 10 min. The supernatant was discarded
and cells were seeded in culture flasks and passaged at 1:3. Cell growth
was observed daily under an inverted microscope, and cell morphology
and growth were recorded and photographed. All experiments were
performed using cells between the third and forth passages.
Alkaline phosphatase (ALP) activity and staining and alizarin
red staining: To induce osteogenic differentiation, N-GMSCs and
H-GMSCs (2×103/cm2) were seeded in 6-well plates, grown to 80%
confluence, and incubated in differentiation medium containing 50
mg/mL ascorbate phosphate, 10 mM β-glycerophosphate, 10% fetal
bovine serum, and 10 nM dexamethasone. Culture medium was
changed every 2 days.
For ALP staining, cells were cultured for 7 days, washed twice with
PBS, and fixed in medium containing 66% acetone, 25.5% citrate, and
8.5% formaldehyde. We discarded the medium and washed the cells
twice with distilled water; 2 mL ALP staining liquid (ALP kit, SigmaAldrich) were added at room temperature for 15 min, and the cells
were viewed with a microscope. After 7 days of culture, the cells were
washed twice with PBS, 300 μL lysis buffer were added for 15 min, and
the supernatant was collected. Then, 100 μL of solution (50 μL ALP
buffer solution plus 50 μL stock substrate Sol) were added to 10 μL of
the supernatant at 37°C for 15 min, after which stop solution was added
and absorbance was measured at 450 nM.
To detect mineralization , cells were induced for 2-3 weeks, fixed
with 70% ethanol, and stained with 40 mM alizarin red S (SigmaAldrich). Samples were then dissolved in distilled water for 5 min,
washed with distilled water, and observed via microscopy.
To quantitatively determine calcium levels, alizarin red S was
removed with 10% cetylpyridinium chloride in 10 mM sodium
phosphate for 30 min at room temperature. The calcium concentration
was determined by measuring the absorbance of the solution at 562 nm
on a multiplate reader and compared it to a standard curve of calcium
dilutions in the same solution. The final calcium level in each group was
normalized to the total protein concentration measured in a duplicate
plate.
Oil red O staining: To induce adipocyte differentiation, N-GMSCs
and H-GMSCs (2×103/cm2) were seeded in 6-well plates, grown to 80%
confluence, and incubated in adipocyte differentiation basal medium
(Gibco) for 28 days. Cells were washed with PBS and fixed in 10% (v/v)
neutralized formalin (pH 7.2) for 10 min at room temperature. After
one wash with PBS, 60% (v/v) isopropanol was added for 1 min before
the cells were stained with 0.18% (w/v) oil red O (Sigma-Aldrich)
for 15 min at room temperature. Cells were washed with 60% (v/v)
isopropanol and PBS and observed under phase-contrast microscopy.
Cell proliferation and viability: Cell proliferation and viability
were measured using the colorimetric 3-(4,5-dimethylthazol-2-yl)J Stem Cell Res Ther
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2,5-diphenyltetrazolium bromide (MTT) assay (Solarbio, Beijing).
Briefly, N-GMSCs and H-GMSCs (3×103 cell/well) were seeded in 96well plates and cultured for 24 h. Approximately 10 μL of premixed
optimized dye solution were added after 1, 2, 3, 4, 5, or 6 days. Cells
were incubated in 5% CO2 at 37°C for 4 h; 100 μL of a solubilization/
stop solution were added to solubilize the formazan product. Each
condition was prepared in triplicate and reactions were assessed with
an enzyme-linked immunosorbent assay reader at 490 nm.
To determine the effects of TSA and LBH589 (Selleckchem, USA),
H-GMSCs (6×103 cell/well) were seeded and cultured with 0, 50, 100,
200, 500, or 1000 nM TSA or LBH589 in 96-well plates for 48 h. Cell
proliferation was assessed with the cell counting kit-8
Cell-cycle progression and apoptosis: Flow cytometry was used to
determine the influence of TSA and LBH589 on cell-cycle progression
and apoptosis. Cells were seeded (1×106 cells/well) in 6-well plates for 24
h before the addition of Dulbecco’s Modified Eagle Medium containing
TSA (50 nM, 500 nM, 1000 nM) or LBH589 (50 nM, 500 nM, 1000 nM)
for 48 h. Positive controls contained cell cultures without HDACi.
For the analysis of apoptosis, H-GMSCs were washed with PBS
and harvested in annexin binding buffer (Invitrogen, USA). Cells
(1×106/mL, 100 μL) were treated with 5 μL annexin V (Invitrogen)
and 1 μL propidium iodide (from 100 μg/mL stock solution) at room
temperature for 15 min. Annexin binding buffer (400 μL) was added,
and cell sorting and analysis were performed on a FACSCalibur flow
cytometer (BD Biosciences, USA).
For cell-cycle analysis, H-GMSCs were harvested and washed in
PBS. Cells were fixed in cold 70% ethanol for 12 h at 4°C and washed
three times in PBS. Cells were centrifuged at 850 x g and the supernatant
was discarded. Cells were re-suspended in 0.5 mL PBS and treated with
RNase (2.5 μL of a 10 mg/mL stock), after which 25 μL propidium
iodide (from a 1 mg/mL stock solution) were added. Cells were placed
in a 37°C water bath for 15 min, then subjected to flow cytometry.
Reverse transcriptase polymerase chain reaction (RT-PCR): HGMSCs were seeded (5×104 cells/well) into a 6-well culture dish and
TSA or LBH589 was added after 48 h. The applied concentrations of
HDACi were determined based on results from our assays of proliferation, cell cycle, and apoptosis. Positive controls contained no HDACi.
N-GMSCs were also seeded (5×104 cells/well) into a 6-well culture dish
and cultured without HDACi. Total RNA was isolated from H-GMSCs
and N-GMSCs with Trizol reagent (Invitrogen) and cDNA was prepared using the HiFi-MMLV RT-PCR kit (ComWin Biotech, Beijing)
according to the manufacturer’s instructions. RT-PCR was performed
with the following primer sequences: glyceraldehyde 3-phosphate dehydrogenase: forward, 5’-GTCAGTGGTGGACCTGACCT-3’, reverse,
5’-AGGGGAGATTCAGTGTGGTG-3’; p21: forward, 5’-GGTGGCAGTAGAGGCTATGG-3’, reverse, 5’-ATTCAGCATTGTGGGAGGAG-3’. Amplification was performed for 30-35 cycles after an
initial 30 s denaturation at 95°C, annealing occurred for 30 s at 5660°C, and extension occurred for 30 s at 72°C, with a last extension
for 5 min at 72°C. RT-PCR products were separated via agarose gel
electrophoresis and stained with ethidium bromide.

Statistical analysis
All statistical calculations were performed using SPSS 19.0.
Student’s t test or one-way analysis of variance was performed to
determine statistical significance. p-values < 0.05 were considered
significant.
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Results
Human IGF tissues contain cells with the characteristics of
GMSCs
Cells were isolated from normal gingiva and IGF tissues using
previously described standardized methods and were enzymatically
expanded. During the first and second passages, H-GMSCs had the
same shape as N-GMSCs (Figure 1).
After 1 week of mineralization-induced differentiation, N-GMSCs
and H-GMSCs expressed ALP (Figure 2A) and displayed ALP activity
(Figure 2B), with no significant differences between groups. After
3 weeks of differentiation, N-GMSCs and H-GMSCs began to show
mineralized nodules that were stained by alizarin red S (Figure 2C).
However, N-GMSCs were associated with a greater number of
calcified nodules and stronger staining than H-GMSCs (Figure 2C).
De-staining revealed higher calcium concentration in N-GMSCs than
that in H-GMSCs (Figure 2D). After 4 weeks of culture in adipogenic
induction medium, N-GMSCs and H-GMSCs produced lipid droplets,
the hallmark of functional adipogenesis (Figure 2E). Taken together,
these results indicate that despite differences between normal gingiva
and IGF, IGF harbors cells with features of mesenchymal stem cells.

H-GMSCs have greater proliferation abilities than N-GMSCs
Gingival enlargement, the overgrowth of gingiva, is characterized
by expansion and accumulation of the connective tissue, with increased
numbers of cells. We applied the MTT assay to detect cell numbers
after 1, 2, 3, 4, 5, and 6 days of culture. Proliferation was significantly
higher in H-GMSCs than N-GMSCs (0.155 ± 0.003, 0.164 ± 0.003,

Original (P0) and second-generation (P2) H-GMSCs had the same shape as
N-GMSCs (scale bar=200 μm).
Figure 1: Isolation of cells from normal gingiva and IGF.

0.218 ± 0.005, 0.246 ± 0.004, 0.317 ± 0.007, 0.369 ± 0.006 in N-GMSCs;
0.150 ± 0.004, 0.254 ± 0.004, 0.380 ± 0.005, 0.439 ± 0.004, 0.539 ± 0.006,
0.586 ± 0.006 in H-GMSCs, respectively; n=5, P<0.05; Student’s t test,
Figure 3).

TSA and LBH589 inhibit H-GMSC proliferation
Here, we carried out the first investigations of the effects of the
HDACi drugs TSA and LBH589 on the proliferation of H-GMSCs.

(A) ALP staining of N-GMSCs and H-GMSCs.
(B) ALP activity in N-GMSCs and H-GMSCs did not differ (n=5, P<0.1; Student’s t test).
(C) Alizarin red S staining of N-GMSCs and H-GMSCs under osteogenic induction.
(D) Calcium concentrations in N-GMSCs were higher than in H-GMSCs (n=5, P<0.01; Student’s t test).
(E) Oil red O staining of N-GMSCs and H-GMSCs under adipogenic induction (scale bar=200 μm).
Figure 2: Cells from IGF (H-GMSCs) express some characteristics of mesenchymal stem cells.
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± 0.038, 0.30 ± 0.054, 0.31 ± 0.034, 0.31 ± 0.023, 0.27 ± 0.024, 0.21 ±
0.021 by TSA and 0.27 ± 0.039, 0.30 ± 0.050, 0.30 ± 0.029, 0.27 ± 0.010,
0.22 ± 0.029,0.21 ± 0.010 by LBH589, respectively, p<0.05 Figure 4).

Results from the MTT assay are shown (n=5, P<0.05; Student’s t test).
Figure 3: H-GMSCs undergo significantly more proliferation than N-GMSCs.

After 48 h of culture, CCK8 assays showed that TSA and LBH589
suppressed H-GMSC proliferation in a dose-dependent manner, with
the largest decrease in absorbance at doses of 1000 nM (O.D. value, 0.30

We next investigated apoptosis in H-GMSCs after exposure
to various doses of TSA or LBH589 for 48 h. As an early marker of
apoptosis, annexin V was added to the culture medium and cells
were analyzed via flow cytometry. Significantly more apoptotic cells
were found in populations of H-GMSCs treated with 1000 nM TSA
or LBH589 than in populations exposed to lower drug concentrations
(3.38 ± 0.32% in control; 4.71 ± 0.18%, 8.33 ± 0.32%, 11.02 ± 0.20%
stimulated by different concentrations of the TSA; 6.04 ± 0.17%, 8.91
± 0.16%, 11.20 ± 0.23% stimulated by different concentrations of the
LBH589, respectively; n=5, P<0.05, one-way analysis of variance,
Figure 5). Next, we used propidium iodide staining to evaluate cellcycle progression after the addition of 0, 50, 100, 200, 500, or 1000 nM
TSA or LBH589. The highest doses of both drugs arrested cell-cycle
progression after 48 h at the G1/S phase. The proliferation index was
16.56 ± 0.70% in the 1000 nM TSA group and 17.30 ± 1.03% in the

H-GMSCs were exposed to 0, 50, 100, 200, 500, or 1000 nM TSA or LBH589. After 48 h of culture, CCK8 assay showed that TSA or LBH589 inhibited the proliferation
of H-GMSCs in a dose-dependent manner
Figure 4: TSA and LBH589 inhibit the proliferation of IGF cells.

The apoptosis in H-GMSCs at 0, 50, 100, 200, 500 and 1000 nM TSA or LBH589. The apoptosis rates in H-GMSCs were treated by different concentration of TSA or
LBH589. The dose of 1000 nM most effectively induced propidium iodide-positive, annexin-positive apoptosis (n=5, P<0.05, one-way analysis of variance).
Figure 5: Exposure to TSA or LBH589 induces H-GMSCs apoptosis in a dose-dependent manner.
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Exposure to TSA or LBH589 arrested cell-cycle progression at G1/S, as revealed by flow cytometry. Propidium iodide staining and flow cytometry confirmed that
the percentage of H-GMSCs in G1 increased after adding TSA. H-GMSCs in G1 increased after addingLBH589. Propidium iodide-stained cells=S cells+G2 cells/G1
cells+S cells+G2 cells; n=5, P<0.01; one-way analysis of variance).
Figure 6: TSA and LBH589 influence cell-cycle progression in H-GMSCs.

1000 nM LBH589 group, values that were lower than those associated
with the other drug doses (42.49 ± 1.69% in control, 28.89 ± 1.04%,
20.76 ± 0.84%, 16.56 ± 0.70% stimulated by different concentrations
of the TSA; 24.24 ± 1.38%, 20.46 ± 0.84% ,17.30 ± 1.03% stimulated
by different concentrations of the LBH589, respectively; n=3, P<0.01,
one-way analysis of variance, Figure 6). Thus, these HDACi repressed
H-GMSC proliferation in a dose-dependent manner.

overgrowth of gingival tissues. The results reported here comprise the
first demonstration that HDACi inhibit proliferation in IGF. Previous
studies have shown that HDACi such as TSA, sodium butyrate, and
valproic acid can inhibit cancer-cell growth in vitro and in vivo,
inducing apoptosis. Other studies reported that valproic acid inhibits
the proliferation of BGC-823 gastric carcinoma cells by arresting cells
in G1 and inducing apoptosis [23].

TSA and LBH589 up-regulate the expression of p21Waf/Cip1 in
H-GMSCs

Mesenchymal stem cells from normal human and hyperplastic
gingival tissues were previously isolated and characterized [24]. In
the present investigation, we confirmed that H-GMSCs from IGF
share features with N-GMSCs, which can undergo multi-directional
differentiation. The proliferation of H-GMSCs was significantly
higher than that of N-GMSCs. After exposing H-GMSCs to TSA or
LBH589 for 48 h, we observed that apoptosis increased in a dosedependent manner; a dose of 1000 nM was most effective. Additionally,
progression into G1 phase significantly differed between HDACitreated cells and unexposed cells. These results confirm that TSA and
LBH589 play obvious roles in inhibiting the proliferation of H-GMSCs
in vitro.

Next, we investigated the mechanism by which TSA and LBH589
inhibit H-GMSC proliferation. We measured p21Waf/Cip1 mRNA levels
in N-GMSCs and H-GMSCs via RT-PCR; these levels were lower in
H-GMSCs than in N-GMSCs (Figure 7A,B). Addition of 1000 nM TSA
or LBH589 to the culture medium for 48 h resulted in levels of p21Waf/
Cip1
mRNA that were higher than levels in control cultures without drug
(Figure 7C, D), supporting our observation that progression into G1
was retarded in HDACi-exposed cells.

Discussion
Epigenetic mechanisms, such as reversible factors (histone
modifications, DNA methylation, non-coding RNA) involved in
transcriptional and post-transcriptional regulation of proteins, are
indispensable for the control of cancerous phenotypes [17] However,
DNA methylation, histone deacetylation, and methylation [18]
may participate in the regulation of transcription and are important
regulatory factors in cell proliferation. Histone acetylation [19,20], a
reversible dynamic process, is regulated by histone acetyltransferases
and histone deacetylases [21,22], both of which play vital roles in the
regulation of transcription. Histone acetyltransferases are recruited to
promoter regions by transcription factors in order to unfold the local
chromatin structure, which enables the formation of transcriptioninitiation complexes and other protein complexes to control gene
expression. High expression of histone deacetylases is closely correlated
with tumorigenesis; thus, inhibiting the expression of these enzymes
may constitute a therapeutic strategy for patients with tumors.
IGF is a rare lesion characterized by proliferative benign
J Stem Cell Res Ther
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One of the major regulators of cell-cycle progression is the
cyclin-dependent kinase inhibitor p21Waf/Cip1 [25,26], a member of the
CIP/KIP family. p21Waf/Cip1 is a downstream mediator of p53 activity
[27]; it mediates growth arrest by inhibiting the action of G1 cyclindependent kinases, yielding cell-cycle arrest and/or apoptosis [28].
Previous research on HDACi focused on the up-regulation of p21Waf/
Cip1
[29]. Shen et al. [30] found that HDAC4 could repress the mRNA/
protein of p21 and in turn promoted the proliferation and migration of
epithelial ovarian cancer cells. In epidermoid carcinoma, TSA induced
cell growth inhibition through interfering with TSA –induced p21
activation [31]. So activation of p21 Waf/Cip1 involves the acetylation of
promoter chromatin, but the mechanism underlying remains poorly
understood. Here, we observed that p21Waf/Cip1 mRNA levels were lower
in H-GMSCs than in N-GMSCs. After exposure to 1000 nM TSA or
LBH589, these levels remarkably increased. Thus, the HDACi TSA
and LBH589 may up-regulate the expression of p21Waf/Cip1 to induce
apoptosis and to block H-GMSC progression into G1, which decreases
H-GMSC proliferation.
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(A) RT-PCR of p21Waf/Cip1 mRNA in N-GMSCs and H-GMSCs.
(B) Expression of the gene encoding p21Waf/Cip1 was lower in H-GMSCs than in N-GMSCs (n=5, P<0.01; Student’s t test).
(C) Addition of TSA or LBH589 stimulated H-GMSCs for 48 h.
(D) p21Waf/Cip1 mRNA levels were up-regulated in H-GMSCs after exposure to TSA or LBH589 (n=5, P<0.01; one-way analysis of variance).
Figure 7: Exposure to TSA or LBH589 increases the mRNA levels of p21Waf/Cip1 in IGF cells.

In summary, IGF cells and cells from normal gingiva have similar
characteristics. However, the osteogenic capability of H-GMSCs is
weaker than that of N-GMSCs, and H-GMSCs undergo more growth.
TSA and LBH589 exhibit anti-proliferative activity and potently induce
apoptosis in IGF cells, affecting progression into G1 as well as p21Waf/Cip1
mRNA levels. We will further explore how the mechanism of HDACi
affects proliferation and apoptosis in H-GMSCs. The present findings
raise the possibility that HDACi may be particularly effective for the
treatment of IGF.
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