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Abstract Background/purpose: The acetylation of histone H3 proteins keeps local chromatin
regions open and accessible, thereby facilitating transcriptional events. We recently reported
integrative epigenomic and transcriptome analyses of differentiating dental pulp stem cells
(DPSCs). A significant increase in the number of super-enhancers, which are local genomic lo-
cations marked by condensed open chromatin peaks that facilitate transcriptional events, in
differentiating DPSCs were observed. However, it is still unclear whether histone deacetylase
(HDACs) inhibitors (HDACis) have beneficial effects on the odontogenic differentiation of DPSCs
and on the matrix mineralization-inducing ability of DPSCs.
Materials and methods: DPSCs were cultured in an odontogenic induction medium for a pro-
longed period in the presence of HDACis, MS-275 and Trichostatin A (TSA). ATAC-seq and
RNA-seq samples were collected from differentiating DPSCs to explore the epigenomic and
transcriptomic alterations induced by HDACis and identify key target proteins that mediate
HDACis-induced phenotypic changes.
Results: MS-275 and TSA did not change whole-genome open chromatin accessibility or in-
crease odontogenic differentiation, as assessed by alkaline phosphate activity. However, the
matrix mineralization-inducing ability assessed by calcified nodule formation was significantly
increased by MS-275 but not by TSA. FN1, which encodes fibronectin, was identified as upregu-
lated by MS-275. The knockdown of fibronectin evidently suppressed MS-275-induced calcified
nodule formation.
Conclusion: MS-275 induced calcified nodule formation by the mechanistic upregulation of
FN1, independent of epigenomic alterations. Hence, the application of MS-275 as direct
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capping materials has therapeutic potential for promoting reparative dentin formation by con-
structing a fibronectin-organizing physiological extracellular matrix environment that is
adequate for matrix mineralization.
ª 2024 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

Histone acetylation in nucleosomes, both at the gene locus
and within the distal and mesial enhancer regions, has been
linked to active gene transcription. The degree of acety-
lation is regulated by histone acetyltransferase, which
catalyzes the transfer of an acetyl group from acetyl-CoA to
lysine residues, and by histone deacetylase (HDAC), which
promotes the removal of the acetyl group from lysine res-
idues.1e3 Thus, HDAC inhibitors (HDACis) increase chro-
matin accessibility, thereby accelerating subsequent
transcriptional events. HDACis also maintain the acetyla-
tion status of various non-histone substrates; thus, the ef-
fects of HDACis are not always believed to arise from
histone-mediated epigenomic alterations.4

Dental pulp stem cells (DPSCs), isolated from permanent
teeth using general mesenchymal stem cell markers, have
multi-regenerative abilities and are widely recognized for
their roles in inducing dentin and pulp regeneration and in
maintaining dental pulp tissue homeostasis through their
odontogenic differentiation and immunomodulatory abil-
ities.5e8 Changes in histone acetylation and deacetylation in
specific gene loci during the odontogenic differentiation of
DPSCs have been revealed.9 p300 is a transcriptional co-
activator with histone acetyltransferase activity. Suppres-
sion of p300 inhibited the odontogenic abilities of DPSCs,
which were estimated by alkaline phosphatase activity,
calcified nodule formation, and the dentin matrix protein-1
(DMP-1) and dentin sialophosphoprotein (DSPP) expression
levels, known markers of odontogenic differentiation.10e12

p300 facilitated the acetylation of lysine 9 of histone H3 in
the promoter regions of Osteocalcin and DSPP to induce
odontogenic differentiation.13 Krüppel-like factor 4 (KLF4), a
key transcription factor for terminal odontogenic differen-
tiation, is associated with p300 to transactivate Dmp1 and
Osterix,14 Recently, an inhibitor of nuclear factor kappa Bz
(IkBz) was identified as the key negative epigenomic regu-
lator of dentin formation in odontoblasts.15 However, the
whole-genome epigenomic status changes of DPSCs during
the pulp and dentin regeneration process remain unclear. To
elucidate some of the underlying epigenomic mechanisms
that contribute to dental pulp tissue regeneration and ho-
meostasis, we recently reported an integrative epigenomic
and transcriptome analysis of DPSCs during odontogenic
differentiation to investigate how epigenetic status regu-
lates gene expression changes.16 Differentiating DPSCs
exhibit a substantial increase in the number of super-
enhancers, a local genomic location for condensed open
chromatin peaks that facilitates transcriptional activities.

MS-275 and Trichostatin A (TSA) induce osteogenic dif-
ferentiation in vitro and in vivo.17e19 Short-term treatment
1681
with MS-275 induces the expression of odontogenic differ-
entiation markers, such as Runx2 and DMP-1, in DPSCs.20

However, it remains unclear whether MS-275 and TSA
exert beneficial effects on the odontogenic differentiation
in DPSCs and subsequent matrix mineralization by differ-
entiated DPSCs.

In this study, we explored the beneficial effects of MS-
275 and TSA and their underlying mechanisms by con-
ducting the Assay for Transposase-Accessible Chromatin
using high-throughput sequencing (ATAC-seq), RNA-seq an-
alyses, and in vitro assessment of odontogenic differenti-
ation and maturation of DPSCs stimulated with MS-275 and
TSA.

Materials and methods

Reagents

MS-275 (#S1053) was purchased from Selleck Chemicals
(Houston, TX, USA). Trichostatin A (TSA) (#203-17561) was
purchased from Fujifilm Wako Pure Chemical Corporation,
Ltd. (Osaka, Japan).

Cell culture

Human DPSCs were purchased from Lonza, Inc. (Walkers-
ville, MD, USA). DPSCs were cultured in low-glucose Dul-
becco’s modified Eagle’s medium (DMEM; Thermo Fisher
Scientific, Carlsbad, CA) supplemented with 100 units/mL
of penicillin, 100 mg/mL of streptomycin, and 10 % fetal
bovine serum (FBS; Biosera, Kansas City, MO). DPSCs were
cultivated at 37 �C under humidified atmospheric condi-
tions (5 % CO2 and 95 % air). For inducing odontogenic dif-
ferentiation, DPSCs were cultured in an induction medium
(low-glucose DMEM with 10 % FBS, ascorbic acid (100 mg/
mL), b-glycerophosphate (10 mM), and dexamethasone
(10 nM)) for 30 days.

Alkaline phosphatase activity

Alkaline phosphatase (ALP) activity was measured as pre-
viously described.21 It was normalized to cell numbers ob-
tained from parallel cell culture and quantified using the
Cell Counting Kit-8 assay (Dojindo, Kumamoto, Japan).22

Alizarin Red S staining

DPSCs were washed twice with Dulbecco’s Phosphate-
Buffered Saline (DPBS) and fixed with 70 % ethanol for
10 min. Fixed cells were washed with dH2O and stained
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with 1 % Alizarin Red S (pH 4.2) solution. Images from each
stained well were converted to a black/white scale for
quantification. The average intensity of the area containing
the cells was measured using ImageJ software. Because
black and white were defined as low and high, respectively,
on the black/white scale, the measured value was sub-
tracted from the average intensity of an empty well.

Immunoblotting

Immunodetection was conducted as previously described.23

Briefly, reduced samples were loaded onto NuPAGE Bis-Tris
(Thermo Fisher Scientific) gels in MOPS buffer, and sepa-
rated proteins were transferred onto a polyvinylidene
fluoride membrane for immunodetection using the anti-
Fibronectin (15613-1-AP, 1:1000, Proteintech, Rosemont,
IL, USA), anti-HSP90b (GTX101448: GeneTex Inc, 1:2000),
and anti-GAPDH (GTX100118: GeneTex Inc., 1:6000) anti-
bodies as the primary antibodies.

ATAC-seq and data analyses

Following 9-day odontogenic induction, DPSCs were fixed
with formaldehyde in the presence or absence of MS-275 or
TSA, and ATAC-seq was performed using the ATAC-Seq Kit
(#53150 Active Motif, Carlsbad, CA, USA) following the
manufacturer’s protocol. Prepared libraries were
sequenced using 150-bp paired-end reads on a NovaSeq
instrument.24 Reads were processed as follows: trimming
with Trimmomatic,25 removal of PCR duplicates using
MarkDuplicates, annotation to a reference genome (hg38)
using Bowtie2 version 2.5.1,26 and duplication comparison
using deepTools.

27

The identification of significantly
enriched chromatin peak using HOMER28 have been
described previously.16

Poly-A selection, strand-specific RNA-seq, and data
analyses

Purified total RNA was DNase-treated and used in RNA-seq
analyses as described previously.29 For processing of the
RNA-seq data, adapter trimming was conducted using Trim
Galore version 0.6.5 (http://www.bioinformatics.
babraham.ac.uk/projects/trim_galore/) with default
settings, followed by alignment to the reference genome
(hg38) using HISAT2 version 2.2.1.30 Transcript expression
at the exons was quantified using the “analyzeRepeast.pl”
command in HOMER with “-strand both” and “-count exons”
for MS-275-treated DPSCs or TSA-treated DPSCs as the
target and non-treated DPSCs as the background. The
expression ratio of all transcripts was calculated by dividing
the expression level in MS-275-treated DPSCs or TSA-
treated DPSCs by non-treated DPSCs. Transcripts with a
ratio greater than 2 were identified as upregulated genes,
while those with a ratio less than 0.5 were identified as
downregulated genes by MS-275 and TSA. The original raw
data from the ATAC-seq and RNA-seq analyses were
deposited to the National Center for Biotechnology Infor-
mation Gene Expression Omnibus database with the
accession number GSE244059.
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Transient siRNA transfection

Control siRNA (negative control DsiRNA) and 3 separate
siRNAs for human Fibronectin 1 (FN1) (hs.Ri.FN1.13.1,
hs.Ri.FN1.13.3, and hs.Ri.FN1.13.4) were purchased from
Integrated DNA Technologies (Coralville, IA, USA). siRNAs
were forward-transfected into DPSCs at a final concentra-
tion of 10 nM using Lipofectamine RNAiMAX (Thermo Fisher
Scientific) reagent and incubated for 24 h, as previously
described. 31,32

Quantitative PCR analysis

Total RNA purification, cDNA preparation, and quantitative
PCR (qPCR) were conducted as described previously.33,34

Human HPRT was used as an internal reference control.
The PCR primer sequences for the target genes are listed in
Table 1.

Statistical analysis

Statistical analyses were performed using a one-way anal-
ysis of variance, followed by Bonferroni’s (Fig. 1), Dunnett’s
(Fig. 2), Tukey’s (Fig. 5D) tests, and two-tailed unpaired
Student’s t-tests (Fig. 5A).

Results

Determining the optimal HDACis concentrations for
long-term stimulation

First, to determine the less-cytotoxic concentrations of MS-
275 and TSA for long-term culture, DPSCs were cultured
with the various concentrations of MS-275 and TSA
(0.01e10.0 mM) for 9 days and the cell numbers were
counted (Fig. 1). MS-275 (5.0 and 10.0 mM) and TSA (0.5,
1.0, 5.0, and 10.0 mM) caused a drastic decrease in cell
numbers from day 6 after the MS-275 treatment and day 3
after the TSA treatment. MS-275 (1.0 mM) and TSA (0.1 mM)
caused a minor decrease, but the decrease was not signif-
icant compared to that in non-treated cells. Thus, the
maximum concentrations of MS-275 and TSA for long-term
culture of DPSCs without apparent cytotoxicity were set
at 1.0 and 0.1 mM, respectively.

MS-275 induced the formation of calcified nodules
in DPSCs

To investigate whether MS-275 and TSA influence odonto-
genic differentiation in DPSCs as assessed by ALP activity
and matrix mineralization-inducing ability in differentiated
DPSCs as assessed by calcium nodule formation, cells were
cultured for an extended period in the presence of MS-275
(1.0 mM) and TSA (0.1 mM). ALP activity and calcified nodule
formation were evaluated every 3 days. None of the HDACis
increased ALP activity in DPSCs (Fig. 2A). In contrast, Aliz-
arin Red S staining revealed that MS-275, but not TSA,
significantly induced calcified nodule formation on days 24,
27, and 30 compared with the untreated control (Fig. 2B).
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Table 1 Primer pairs used in this study.

Primer name Species Direction Sequence

FN1 Human forward TCCACAAGCGTCATGAAGAG
reverse CTCTGAATCCTGGCATTGGT

HPRT Human forward TGGCGTCGTGATTAGTGATG
reverse CGAGCAAGACGTTCAGTCCT

FN Z Fibronectin 1, HPRT Z Hypoxanthine Phosphoribosyltransferase 1.

Fig. 1 Determining the optimal HDACi concentration for long-term stimulation DPSCs were cultured in an odontogenic induction
medium for 9 days in the presence of various concentrations of MS-275 (A) or TSA (B). The number of cells was counted on days 3, 6,
and 9. The average number of cells counted on day 0 is indicated by the dashed line. *P < 0.05; **P < 0.01; ***P < 0.001 significantly
lower than non-treated DPSCs at each time point.
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These results suggest that MS-275 induces calcified nodule
formation without inducing odontogenic differentiation.
Subtle changes in open chromatin accessibility
caused by MS-275 and TSA

Plot correlation analysis of ATAC-seq samples indicated
complete concurrence of duplicate samples in untreated
DPSCs, MS-275-treated DPSCs, and TSA-treated DPSCs
(Spearman’s R > 0.98) (Fig. 3A). The correlations among
the different experimental groups were also similar
(Spearman’s R > 0.87). In particular, MS-275-treated DPSCs
and TSA-treated DPSCs showed higher concurrence.
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Furthermore, principal component analysis (PCA) of ATAC-
seq tags revealed only subtle changes in open chromatin
accessibility peaks (OCAPs), as PC1 accounted for 97.5 % of
the variance (Fig. 3B). Additionally, PCA of PC2 and PC3
indicated that MS-275-treated DPSCs and TSA-treated
DPSCs were distinct from each other. ATAC-seq tags ob-
tained on day 0 prior to the 9 days of odontogenic induction
were precisely analyzed in accordance with a former
study,16 to validate the accuracy of the PCA. Integrated
transcriptome and chromatin accessibility analyses
revealed that higher ATAC-seq signals induced higher
expression levels of the closest transcripts in MS-275-
treated DPSCs and TSA-treated DPSCs (Fig. 3C). Previous
reports of non-treated DPSCs showed comparable results.16



Fig. 2 MS-275 induced the formation of calcified nodules in DPSCs (A) DPSCs were cultured in an odontogenic induction medium
for 24 days, and the ALP activity was evaluated. ALP activities were normalized using the Cell Counting Kit-8. (B) Alizarin Red S
staining of DPSCs performed on days 24, 27, and 30. *P < 0.05; **P < 0.01; ***P < 0.001 significantly higher than non-treated DPSCs
at each time point.
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Comprehensive gene expression profiling identifies
MS-275-induced up-regulation of extracellular
matrix organization-related genes, unlike TSA

To comprehensively examine the gene expression changes
induced by MS-275 or TSA treatment, DPSCs were cultured
in an odontogenic induction medium for 9 days, and the
RNA was collected. RNA-seq analyses of untreated and
MS275-treated DPSCs showed that 2833 and 1928 transcripts
(threshold Z 2.0) were upregulated and downregulated,
respectively, by the addition of MS-275 (Fig. 4A). However,
only 14 and 1 transcripts (threshold Z 2.0) were
1684
upregulated and downregulated, respectively, by TSA
treatment (Fig. 4B).

The results of gene ontology analyses of the differen-
tially expressed genes are shown in Fig. 4C. The upper rank
of the pathway analyses of the enhanced biological pro-
cesses in MS-275-treated DPSCs compared to non-treated
DPSCs revealed that MS-275 treatment (red) specifically
increased the expression of genes functionally related to
the extracellular matrix (ECM), such as ECM organization
and proteoglycans. Genes functionally related to the cell
cycle were downregulated following MS-275 treatment
(blue).



Fig. 3 Conservative open chromatin accessibility induced by treatment with MS-275 and TSA (A) Heatmaps of Spearman’s cor-
relation between two replicates of non-treated DPSCs, MS275-treated DPSCs, and TSA-treated DPSCs. (B) Principal component
analysis. Upper dotplot using principal component (PC) 1 as the horizontal axis and PC2 as the vertical axis. Lower dotplot using PC2
as the horizontal axis and PC3 as the vertical axis. (C) Increased ATAC-seq signal level is correlated with the average expression
level of the closest transcript of MS275-treated DPSCs and TSA-treated DPSCs.
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Fig. 4 Comprehensive gene expression profiling reveals MS-275 induced up-regulation of extracellular matrix organization-
related genes Whole-genome transcriptional changes assessed by RNA-seq. (A) Scatter plot comparing untreated DPSCs (x-axis)
and MS-275-treated DPSCs (y-axis). (B) Scatter plot comparing untreated DPSCs (x-axis) and TSA-treated DPSCs (y-axis). (C) Gene
Ontology analysis of genes upregulated and downregulated by MS-275 treatment. Red indicates terms associated with the extra-
cellular matrix. Blue indicates terms associated with the cell cycle.
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Table 2 Relative expression levels obtained from
normalized million reads of ECM-associated genes that were
up-regulated by MS-275 treatment.

Annotation None MS-275

FN1 17.74 18.81
THBS1 15.17 16.22
SERPINE1 14.02 15.24
CTSB 13.91 14.47
ITGA5 12.51 12.80
PLOD1 11.11 11.74
SDC4 11.19 11.63
COL8A1 10.55 11.39
LTBP4 9.75 10.37
COL8A2 8.33 10.15
COL4A1 8.33 9.80
ITGA8 9.65 9.71
FMOD 8.74 9.60
TGFB2 11.43 9.59
NTN4 8.99 9.49
AGRN 9.19 9.46
NID2 8.70 9.34
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Fibronectin is required for MS-275-mediated
calcium nodule formation

The ECM-related genes identified as MS-275-up-regulated
genes (threshold Z 2.0) were extracted (Table 2). Of these
30 genes, FN1, which encodes fibronectin, showed the
highest expression. Consistently, a 9-day culture of DPSCs
with MS-275 in odontogenic induction medium induced
fibronectin expression (Fig. 5A). During the reparative dentin
formation process, a fibronectin-positive irregular matrix
was created.35 Therefore, to assess the role of fibronectin in
the increased calcium nodule formation induced by treat-
ment with MS-275, fibronectin expression was knocked down
using three independent siRNAs for FN1, and calcified nodule
formation was evaluated. qPCR and SDS polyacrylamide gel
electrophoresis analyses revealed successful suppression of
fibronectin (Fig. 5B and C). Long-term odontogenic induction
culture of siRNA-transfected DPSCs revealed that three kinds
of siRNA for FN1 were effective in suppressing MS-275-
mediated increases in calcified nodule formation (Fig. 5D).
These results indicated that fibronectin is indispensable for
MS-275-mediated calcified nodule formation.
ITGA4 8.80 8.87
ITGA7 7.96 8.78
ICAM1 6.89 8.25
DMD 7.56 8.31
MMP17 7.38 7.85
P3H2 6.34 6.47
PCOLCE2 6.00 6.43
ADAMTS10 4.58 5.34
LRP4 4.76 5.26
ICAM5 4.60 5.16
COL9A2 4.91 5.13
IBSP 2.74 2.87
BCAN 1.91 2.17

Comparable expression level between the genes and also be-
tween the treatments.
FN1 Z Fibronectin 1, THBS1 Z Thrombospondin 1,
SERPINE1 Z Serpin Family E Member 1, CTSB Z Cathepsin B.
ITGA5 Z Integrin Subunit Alpha 5, PLOD1 Z Procollagen-
Lysine,2-Oxoglutarate 5-Dioxygenase 1.
SDC4 Z Syndecan 4, COL8A1 Z Collagen Type VIII Alpha 1
Chain.
LTBP4 Z Latent Transforming Growth Factor Beta Binding
Protein 4, COL8A2 Z Collagen Type VIII Alpha 2 Chain.
COL4A1 Z Collagen Type IV Alpha 1 Chain, ITGA8 Z Integrin
Subunit Alpha 8, FMOD Z Fibromodulin.
TGFB2Z Transforming Growth Factor Beta 2, NTN4Z Netrin 4,
AGRN Z Agrin, NID2 Z Nidogen 2.
ITGA4 Z Integrin Subunit Alpha 4, ITGA7 Z Integrin Subunit
Alpha 7, ICAM1 Z Intercellular Adhesion Molecule 1.
DMD Z Dystrophin, MMP17 Z Matrix Metallopeptidase 17,
P3H2 Z Prolyl 3-Hydroxylase 2.
PCOLCE2 Z Procollagen C-Endopeptidase Enhancer 2.
ADAMTS10 Z ADAM Metallopeptidase With Thrombospondin
Type 1 Motif 10.
LRP4 Z LDL Receptor Related Protein 4, ICAM5 Z Intercellular
Adhesion Molecule 5.
COL9A2 Z Collagen Type IX Alpha 2 Chain, IBSP Z Integrin
Binding Sialoprotein, BCAN Z Brevican.
Discussion

In this study, we examined chromatin accessibility changes,
transcriptome alterations, and odontogenic differentiation
abilities of DPSCs through long-term treatment with two
HDACis, including MS-275 and TSA. The results revealed
that long-term stimulation with these HDACis was unable to
modify whole-genomic chromatin accessibility (Fig. 3);
however, MS-275 treatment specifically up-regulated ECM-
coding genes (Fig. 4) and enhanced calcified nodule for-
mation (Fig. 2B), possibly due to the up-regulation of
fibronectin expression (Fig. 5), without affecting the
odontogenic differentiation status of DPSCs (Fig. 2A).

Integrative epigenomic and transcriptome analyses of the
untreated DPSCs and MS-275-treated DPSCs revealed that
2833 transcripts, including FN1, were upregulated by the
addition of MS-275 (Fig. 4A) without apparent alteration of
chromatin accessibility (Fig. 3).TwoOCAPsenrichments in the
intragenic and intergenic FN1 gene loci were identified, and
their enrichment depths remained unchanged by the addition
ofMS-275. This observation implies that expression changes in
some transcripts, including FN1, are regulated by the binding
ofkey transcription factors to theOCAPs,which triggersactive
gene transcription, rather than by the alteration in the degree
of accessibility of adjacent OCAPs. Thus, a limitation of this
study is the lack of a mechanistic explanation for the corre-
lation between epigenomic and transcriptomic changes.
Further studies, such as ChIP-seq and CUT&RUN-seq analyses,
are required to fill this gap by exploring the whole-genome
identification of the binding sites of key transcriptional fac-
tors, such as KLF4 and Osterix.13,14

MS-275, a specific inhibitor of HDAC1 and HDAC3, and
TSA, a pan-HDAC inhibitor, were selected for this study
because the positive effects of MS-275 and TSA on
1687



Fig. 5 Fibronectin is required for MS-275-mediated calcium nodule formation (A) DPSCs were stimulated with or without MS-275
(1.0 mM) in an odontogenic induction medium for 9 days. Whole cell lysate was collected, and FN1 expression was examined using
specific antibodies. The membrane was also incubated with an HSP90b antibody as a loading control. (B) Three independent siRNAs
for FN1 were transfected into DPSCs for 24 h, and total RNA was collected to quantify the expression of FN1. HPRT was used for
normalization. (C) DPSCs were transfected with either si-control or independent siRNAs for FN1 for 24 h, and whole cell lysate was
collected, and FN1 expression was examined using specific antibodies. The membrane was also incubated with a GAPDH antibody as
a loading control. (D) DPSCs were transfected with si-control and three independent siRNAs for FN1 (si-FN1-1, si-FN1-2, si-FN1-3) for
24 h, followed by stimulation with or without MS-275 (1.0 mM) in odontogenic induction medium for 24 days. Alizarin Red S staining
was performed on day 24. si-con Z si-control *P < 0.05; **P < 0.01; ***P < 0.001 significantly different.
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osteogenesis are widely known.17e19 Similar to TSA and MS-
275, DPSCs were treated with RGFP966, an inhibitor of
HDAC3, for 9 days. Whole epigenomic changes were nomi-
nal and equivalent to TSA and MS-275 (data not shown).
Therefore, the relationship between HDAC inhibitor-
induced DPSC phenotypes and the inhibitory abilities of
HDAC inhibitors should be carefully assessed.

Fibronectin was identified as a key molecule in MS-275-
induced calcified nodule formation in differentiated
DPSCs. During the reparative dentin formation process, by
direct pulp capping with Ca(OH)2, a fibronectin-positive
irregular matrix was created, and an odontoblast-like
cell layer was located directly beneath it.35 This in vivo
finding suggested the prominent role of fibronectin in
calcified nodule formation by pulp residential cells such as
DPSCs. In addition, fibronectin is a multi-functional pro-
tein that can bind to collagen, induce cellular functions
through its RGD (Arg-Gly-Asp) domain-integrin receptor
interaction, and efficiently trap growth factors extracel-
lularly, releasing them in a temporo-spatial manner.36,37

Since the efficiency of siRNA does not last for long in
DPSCs,38 suppressing calcified nodule formation using
siRNAs for FN1 implies that fibronectin is required in the
early stages of the construction of an organized ECM
microenvironment during odontogenic differentiation.
Approximately 12 % of the cells in dental pulp tissues are
considered to be DPSCs5,39; therefore, DPSCs are not the
only cell population to contribute to pulp tissue regener-
ation. Further studies are necessary to evaluate the po-
tential of MS-275 for cells with matrix mineralization-
inducing abilities in pulp tissue.

In conclusion, among the HDACis examined in this study,
MS-275 induced calcified nodule formation through the
upregulation of fibronectin without apparent epigenomic
changes in DPSCs. Therefore, MS-275, a direct capping
material, has therapeutic potential for DPSC-induced
reparative dentin formation in a fibronectin-organizing
physiological ECM environment that is adequate for ma-
trix mineralization.
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