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Abstract
Objectives Dentin sialophosphoprotein (DSPP) plays an important role in the mineralization of both dentin and
bones. The Dspp null mice developed periodontal diseases. Patients with DSPP mutations have dentinogenesis
imperfecta (DGI), but very little is known about their bone characteristics. This study aims to characterize alveolar
bone cells of a DGI patient with DSPP mutation.
Materials and methods Pathogenic variants were identified by whole exome and sanger sequencing. Cells isolated from the
alveolar bones of a DSPP patient were investigated for their characteristics including cell morphology, attachment, spreading,
proliferation, colony formation, mineralization, and osteogenic differentiation.
Results We identified a Thai family with three members affected with autosomal dominant DGI harboring a hetero-
zygous pathogenic missense mutation, c.50C > T, p.P17L, in exon 2 of the DSPP gene. The patients’ phenotypes
presented deteriorated opalescent teeth with periapical lesions, thickening of lamina dura, furcation involvement,
alveolar bone loss, and bone exostoses. The alveolar bone cells isolated from DSPP patient exhibited compromised
proliferation and colony formation. Scanning electron microscope revealed altered cellular morphology and spreading.
The DSPP cells showed deviated mRNA levels of OCN, ALP, and COL1 but maintained in vitro mineralization ability
compared to the control.
Conclusions We demonstrate that the DSPP p.P17L mutant alveolar bone cells had compromised cell spreading, proliferation,
colony formation, and osteogenic induction, suggesting abnormal bone characteristics in the patient with DGI caused by DSPP
mutation.
Clinical relevance DSPP mutation can induce the behavior alterations of alveolar bone cells.
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Introduction

The DSPP gene encodes a member of the small integrin-
binding ligand N-linked glycoproteins (SIBLINGS) [1]. Its
encoded protein, DSPP (dentin sialophosphoprotein), is
cleaved into dentin sialoprotein (DSP) and dentin phospho-
protein (DPP), which have distinct functions in dentin miner-
alization [1]. The DSPP gene consists of five exons locating
on chromosome 4q22.1 [2]. Human mutation in DSPP is as-
sociated with non-syndromic dentinogenesis imperfecta and
dentin dysplasia [3, 4]. In addition to odontoblasts and dentin,
osteoblasts and bones also highly express DSPP [5, 6].

Mineral deposition defects were observed in alveolar and
cranial bones in Dspp null mice [7]. The null mice showed a
significant loss of alveolar bone and cementum, particularly in
the furcation and interproximal areas of the molars, resulting
in periodontal diseases [8, 9]. In femur, Dspp null mice exhib-
ited lower bone volume fraction, trabecular number, and min-
eral density, as well as the decrease of crystallinity [10].
Calvarial cells isolated from the Dspp null mice showed de-
creasedmineralization in vitro corresponding with the reduced
Runx2, Osx, Col1, and OPN mRNA levels compared to con-
trol cells [7]. DSPP knockdown in human dental pulp stem
cells significantly disturbed the mineral formation [11].

It was reported that the DSP domain promoted an attach-
ment and spreading of murine dental papilla mesenchymal
cells by its binding to integrin β6 receptor [12]. The actin
polymerization occurring upon integrin activation was shown
to participate in osteogenic differentiation [13]. Hence, DSP
regulating actin cytoskeletal could participate in the influence
of DSPP on odonto/osteogenic differentiation.

Previous evidences have demonstrated that DSPP plays a
crucial role in hard tissue metabolism especially mineraliza-
tion.DSPPmutations obviously disturb dentin formation. Yet,
the characteristics of alveolar bone cells in DSPP patients
have not been previously explored. We hypothesized that
DSPP mutation could lead to the dysfunction of osteoblasts
and alter the periodontium features observed in our patient.
Our study identified DGI patients with a hot spot mutation in
the DSPP gene. The DSPP alveolar bone cells were investi-
gated for their behaviors including cell morphology, prolifer-
ation, colony formation, attachment, spreading, mineraliza-
tion, and osteogenic marker expression compared with the
cells from control donors.

Materials and methods

Subject enrollment

AThai family with three members affected with isolated DGI
was recruited. The study was exempted from review by the
Institutional Review Board, Faculty of Medicine,

Chulalongkorn University (IRB No. 469/60) and performed
in accordance with the ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Written informed consent was
obtained from all participants.

DNA isolation and whole exome sequencing (WES)

Blood samples were collected from the proband and her fam-
ily members. The genomic DNA was extracted from periph-
eral blood leukocytes of the proband’s affected son and sent to
Macrogen, Inc. (Seoul, Korea). The DNA sample was pre-
pared according to previous publication [14]. Variant calling
was performed using GATK with HaplotypeCaller. Finally,
SNVs and Indels were annotated by using SnpEff and anno-
tation databases, dbpSNP142, 1000 Genome, ClinVar, and
ESP. All SNVs and Indel were first filtered by known genes
causing DGI. They were subsequently discarded if present in
our in-house database of 700 unrelated Thai exomes. The
variants would be called novel if they were not listed in the
Human Gene Mutation Database (www.hgmd.cf.ac.uk/ac/
index.php) and the Exome Aggregation Consortium
database (exac.broadinstitute.org).

Sanger sequencing

The variants were confirmed by PCR and Sanger sequenc-
ing. The PCR products were treated with ExoSAP-IT
(USP Corporation, Cleveland, OH) and sent for direct se-
quencing at Macrogen. Sequence data were analyzed using
Sequencher (V.5.0; Gene Codes Corporation, Ann Arbor,
MI). Primer sequences were shown in Supplementary
Table.

Cell isolation and culture

After alveolectomy, bone chips were washed with sterile PBS,
minced into small pieces, cleaned of adherent soft tissue,
rinsed, and placed into 35-mm tissue culture dishes.
Explanted cells were maintained in Dulbecco’s Modified
Eagle Medium (DMEM; Gibco BRL, Carlsbad, CA, USA)
containing 10% FBS, 2-mM L-glutamine, 100-U/mL penicil-
lin, 100-mg/mL streptomycin, and 250-ng/mL amphotericin
B in 100% humidity, 37 °C, and 5% carbon dioxide. Medium
was changed once every 48 h. Upon confluence, cells were
subcultured using trypsin/EDTA solution and named as pas-
sage 1. The cells with similar passage isolated from healthy
individuals whom underwent surgical alveolar bone excision
according to normal treatment plan (i.e., bone exostosis) were
used as the controls.
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Cell proliferation and colony forming unit assay

Cell proliferation was assessed byMTTassay [15]. Cells were
seeded at density of 12,500 cells per well in 24-well plate. At
designated time point, cells were incubated with 0.5-mg/ml
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide solution (USB Corporation) for 30 min. Precipitated
formazan crystals were solubilized in dimethylsulfoxide and
glycine buffer. The absorbance was measured at 570 nm. For
colony forming unit assay, cells were seeded at density of 500
cells per well in 60-mm tissue culture plate and maintained in
growth medium for 14 days [15]. Colonies were fixed with
4% buffered formalin for 10 min and stained with Coomassie
blue solution.

Mineralization assay

Cells were seeded at density of 50,000 cells per well in 24-
well plate and maintained in osteogenic induction medium,
which consisted of growth medium supplemented with
50-μg/ml ascorbic acid (Sigma-Aldrich Chemical, St. Louis,
MO, USA), 250-nM dexamethasone (Sigma-Aldrich
Chemical), and 5-mM β-glycerophosphate (Sigma-Aldrich
Chemical). At day 14, cells were fixed with cold methanol
and rinsed with deionized water. Calcium deposition was de-
termined by staining with 1% Alizarin Red S solution for
3 min at room temperature.

Real-time polymerase chain reaction

Total cellular RNAwas isolated using RiboEx total RNA iso-
lation solution (GeneAll, Seoul, South Korea). The amount
and integrity of isolated RNA were evaluated using
Nanodrop. One microgram of RNAwas converted to compli-
mentary DNA using a reverse transcriptase reaction
(ImPromII kit, Promega, Madison, WI, USA). Real-time po-
lymerase chain reaction was performed with SYBR green de-
tection system (FastStart Essential DNAGreenMaster, Roche
Diagnostic, USA) on MiniOpticon real-time PCR system
(Bio-Rad, USA). Melt-curve analysis was performed to deter-
mine product specificity. The expression value was normal-
ized to 18S expression value and further normalized to the
control. Primer sequences were shown in Supplementary
Table.

Cell attachment and spreading assay

Cells were seeded at density of 12,500 cells per well in 24-
well plate and maintained in growth medium. At designated
time points, cells were fixed with 2.5% glutaraldehyde
(Sigma-Aldrich Chemical) in PBS for 30 min, dehydrated,
and gold sputter coated. Cell morphology was evaluated using
scanning electron microscope (SEM, Quanta 250, FEI,

Hillsboro, OR, USA). To determined cell spreading, cells
were categorized into four groups according the criteria pre-
viously reported [16–18]. Round cells with/without few
filopodia were assigned as stage 1. Cells with numerous cy-
toplasmic extension were categorized as stage 2.
Circumferential extension of lamellopodia with dome-like
center morphology was assigned as stage 3 and flatted and
fully spreaded cells were categorized as stage 4. Percentage
of cells in each stage per field (×500 magnification) was cal-
culated. Cytoskeleton arrangement was examined by the
phalloidin immunocytochemistry staining (rhodamine-
phalloidin, Invitrogen, USA), and the nuclei were counter-
stained with DAPI.

Statistical analyses

For each donor, the experiments were performed in quadru-
plicate (n = 4). For two group comparison, Mann-Whitney U
test was employed. Kruskal-Wallis test following by a
pairwise comparison (Dunn-Bonferroni approach) was per-
formed in three- or more-group comparison. All statistical
analysis was examined by IBM SPSS Statistics for Mac,
Version 22 (Armonk, NY, USA). The statistical significance
was considered at p < 0.05.

Results

Manifestation and management of DGI

The proband at 38 years of age presented for dental treatment
at the Faculty of Dentistry, Chulalongkorn University. She had
eating and esthetic problems. Oral examination revealed that
all of her teeth exhibited extreme wear and fracture leaving
multiple retained roots with brown opalescent appearance.
Multiple teeth were clinically absent. Her dental arch had se-
vere atrophy in the edentulous areas and numerous bone ex-
ostoses (Fig. 1a–c). Dental radiographs showed short root,
bulbous crown, pulp obliteration, periapical lesions, thicken-
ing of lamina dura, bone sclerosis between the lamina dura of
adjacent teeth, and alveolar bone loss. All mandibular teeth
developed pulp necrosis with asymptomatic apical periodon-
titis, which were later extracted (Fig. 1d–j). Alveolectomywas
performed to reshape the mandibular arch (Fig. 1k, l). The
maxillary teeth were in fair condition without any symptoms.
The maxillary overdenture and mandibular complete denture
were delivered for the patient (Fig. 1m–o). Her father and son
were also affected with DGI (Fig. 1p). Her son presented for
dental treatment at 7 years of age. His mixed dentition exhib-
ited opalescent teeth with severe attrition. The edentulous
areas exhibited severe bone atrophy (Fig. 2a–c). The primary
maxillary first molars and right canine and mandibular second
molars were missing. His gingiva appeared darkened. Dental
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radiographs revealed the permanent anterior teeth with pulp
cavities, first molar with pulp obliteration, and erupting sec-
ond molars with taurodontism. The widened periodontal liga-
ment (PDL) space especially at the crest of the furcation was
observed in the molars at age 8 years (Fig. 2d–h). All perma-
nent first molars were initially restored with stainless steel
crowns cemented with glass ionomer cement. However, the
crowns were later embedded in the gingiva after 1-year of
placement. The gingivectomy using electrosurgery was then
performed at the distal gingival margin of the permanent first
molars. The first molars were built up with Build it® (Pentron,

CA, USA) using All-bond 3® adhesive (Bisco Dental,
Illinois, USA). The teeth were restored with palladium crowns
bonded with C&B™ cement (Bisco Dental, Illinois, USA).
The patient’s vertical dimension was reestablished to provide
the space for the restorations of anterior teeth. Noticeably,
these teeth at age 10 years showed wider PDL space and
furcation involvement. No calculus was shown in the radio-
graphs (Fig. 2i–k). All permanent incisors were restored with
resin composite bonded with OptiBond™ FL adhesive (Kerr,
CA, USA). Nance holding arch and lingual arch were placed
to maintain arch space (Fig. 2l–n). The crowns crown of the

Fig. 1 Clinical and radiographic manifestations of the proband and
pedigree of the family. a–c Frontal, maxillary, and mandibular clinical
photographs of the proband at 38 years of age showed opalescent teeth
with severe attrition. The dental arches showed numerous bone exostoses
and severe alveolar bone atrophy in the edentulous areas. d–j Panoramic
and periapical radiographs revealed bulbous crowns, pulp obliteration,
several periapical lesions (arrowheads), thickened lamina dura, bone
sclerosis between the lamina dura of adjacent teeth (arrows), and

alveolar bone loss (stars). k, l Frontal and mandibular clinical
photographs of the dental arch after mandibular alveolectomy and
alveoloplasty. m–o Frontal, maxillary, and mandibular photographs of
upper overdenture and lower complete denture. p Diagram
demonstrates the pedigree of the proband’s family. The blackened
symbols represent the clinically affected individual. The arrow indicates
proband
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mandibular right first molar (LR6) were dislodged twice in
6 months. The tooth had periapical lesions and was negative
to electrical pulp test and positive to percussion and palpation
indicating asymptomatic irreversible pulpitis with symptom-
atic apical periodontitis (Supplementary Figure). Periodic re-
call was implemented to monitor and reevaluate patients’ den-
tal and periodontal health.

Identification of DSPP mutation

WES revealed heterozygous missense mutation, c.50C > T,
p.P17L, in the exon 2 of the DSPP gene (NM_014208.3), sug-
gesting that DGI in this family was inherited in an autosomal
dominant manner. The variant was co-segregated in her father

and son, but not present in unaffected family members (Fig. 3a,
b). The mutation resulted in a substitution of a proline to leucine
at the second codon of theDSP domain (Fig. 3c). This position is
highly conserved among several species including human
(NP_055023.2), chimpanzee (XP_016807336.1), mouse
(NP_034210.2), rat (NP_036922.2), cattle (XP_002688455.1),
and frog (XP_012813201.1) (Fig. 3d).

Compromised cell proliferation and osteogenic
marker gene expression

Cells from the alveolar bone of a DSPPmutation patient were
isolated and characterized compared with those isolated from
healthy donors. Cells from both the DSPP mutant and the

Fig. 2 Clinical and radiographic manifestations of the proband’s son. a–c
Frontal, maxillary, and mandibular clinical photographs of the affected
son at the age of 8 years showed opalescent teeth with severe attrition and
multiple missing teeth. The edentulous areas were hypoplastic. d–h
Panoramic and periapical radiographs at the age of 8 years exhibited
short and bulbous crown, cervical constriction, various degrees of pulp

obliteration, widening of PDL space (arrows), thickened lamina dura, and
furcation involvement (arrowheads). i–k At 10 years of age, the first
molars showed wider PDL space, furcation involvement (arrows), and
periapical lesions (arrowheads). l–n The permanent first molars were
restored with palladium crowns and the anterior teeth with resin
composite. Space maintainers were delivered
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control donors were able to proliferate, as the number of cells
was significantly increased at day 7 compared with day 1 (p =
0.029). However, no significant increase of cell number was
observed in DSPP mutant cells at day 3 (p = 0.114), while the
significant increase of cell number was detected in the control
cells (p = 0.029) (Fig. 4a). Colonies formed by DSPP mutant
cells exhibited slightly lower in number compared with the
control cells (Fig. 4b). After maintained in osteogenic induc-
tion medium for 14 days, the marked increase of mineral

deposition was noted in mutant cells similar to those of the
control (Fig. 4c). Interestingly, mutant cells did not upregulate
ALP mRNA expression (p = 0.343), while cells from the con-
trol donors exhibited the significant increase of ALP levels at
day 7 compared to day 3 in osteogenic induction condition
(p = 0.029) (Fig. 4d). Interestingly, the DSPP mutant alveolar
bone cells exhibited significantly decreased OCN mRNA
levels compared with the control at day 7 (p = 0.029)
(Fig. 4e). However, the control cells did not exhibit dramatic
change in OCN mRNA levels after osteogenic induction for
7 days (donor 1 p = 0.343; donor 2 p = 0.343; donor 3 p =
1.000) (Fig. 4e). The upregulation of RUNX2 was observed
(p = 0.029), while COL1 mRNA levels remained unchanged
at day 7 in DSPP mutant alveolar bone cells (p = 0.343)
(Fig. 4f, g).

Delayed cell spreading

Cell morphology was determined by SEM analysis and F-
actin staining. For mutant cells, cell attachment on tissue cul-
ture surface was observed as early as 30 min after seeding
(Fig. 5a). Lamellopodia formation was noted at 2 h, and fully
cell spreading was detected at 6 and 24 h (Fig. 5b–d). In the
control cells, a marked filopodia and lamellopodia cytoplas-
mic extension was evidenced at 30 min after seeding (Fig. 5e,
f). Cell spreading was categorized into four stages. Cells in
stage 1 exhibited round in shape, and a few filopodia exten-
sion might be observed (Fig. 5i). Cells with numerous cyto-
plasmic extension were categorized as stage 2 (Fig. 5j).
Circumferential extension of lamellopodia with dome-like
center morphology, and flatted and fully spread cells were
categorized as stages 3 and 4, respectively (Fig. 5k, l). The
quantitative cell count in each spreading stage demonstrated
that percentage of cells in stage 1 was significantly higher in
mutant cells than cells from other donors at 30 min (p = 0.001)
and 2 h (p = 0.001) (Fig. 5m, n).

F-Actin orientation was examined using phalloidin immu-
nocytochemistry staining. Stress fibers of actin were clearly
noted in the control cells at 2 h, while the actin fibers in mutant
cells were not organized. At 6 h, stress fibers were obviously
observed in both mutant and the control cells. At 24 h, mutant
cells exhibited thin parallel actin fibers, while the control cells
generally had thicker bundle of actin filaments (Fig. 5o–v).

Discussion

The present study described a Thai family with three members
affected with an autosomal dominant DGI. Their oro-dental
phenotypes include defective dentin and periodontium. Cells
isolated from the proband’s alveolar bone demonstrated de-
creased cell proliferation and colony forming unit, delayed
cell spreading, as well as down-regulation of OCN upon oste-
ogenic differentiation.

Fig. 3 Genetic analyses of the proband’s family. a An electropherogram
demonstrated a heterozygous mutation, c.50C > T (p.P17L), in the exon 2
of the DSPP gene (NM_014208.3) in the proband. The mutation was
observed in her father and affected son. b The mutation was located in
the exon 2 of the DSPP gene. c The amino acid was altered in the DSP
domain (NP_055023.2). d Sequence alignment of partial amino acid
sequence of DSPP. Conservation of the proline17 across species is
indicated by red arrowhead
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The affected patients exhibited a mutation, c.50C > T,
p.P17L, in the DSPP gene. The mutation was located in the
exon 2 at the second nucleotide of the last codon and the
second amino acid of the DSP domain. This mutation was
previously identified in a Chinese family with DGI type II
and a Korean family with DGI type III [19, 20]. DGI types
II and III are not associated with osteogenesis imperfecta. The
p.P17T (c.49C >A) mutation was previously associated with
DGI and bilateral progressive high-frequency sensorineural
hearing loss [21]. However, hearing loss is not observed in
our patients. In addition, the p.P17S (c.49C > T) variant was

formerly associated with DGI types II and III [22, 23]. Recent
genetic studies showed that type II and III categories are se-
verity variations of the same disease [24]. The variant identi-
fied in the present study is the six disease-causing mutation
affecting the DSPP P17 residue associated with DGI. This,
together with the evolutional conservation of the P17 residue,
supports that this is a mutational hot spot and important for the
function of DSPP.

Cells isolated from human mandibular bone were shown to
contain stem cell subpopulation. The STRO-1+ mandibular
cells exhibited mesenchymal stem cell markers and

Fig. 4 Cell proliferation and osteogenic marker gene expression
characteristics of DSPP mutant alveolar bone cells. a Box and whisker
plot demonstrated cell viability evaluating by MTT assay and a relative
cell number was calculated from the absorbance of solubilized formazan
crystals. b Colony forming unit ability was assessed after maintaining
cells in growth medium for 14 days. c Cells were maintained in

osteogenic induction medium for 14 days and an in vitro mineral
deposition was determined using Alizarin Red S staining. d–g Box and
whisker plots demonstrated an osteogenic marker gene expression,
determined using real-time polymerase chain reaction. Bars indicated
the statistically significant difference (p < 0.05)
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multipotential differentiation ability [25]. The present study
employed heterogeneous cells isolated from alveolar bone.
These cells were expressed osteoblast related genes and were

able to mineralize after maintained in osteogenic medium.
Similarly, heterogeneous cells isolated from human alveolar
bone demonstrated the ability of proliferation in vitro and
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exhibited osteoblast marker genes, namely ALP, OPN, and
OCN. These cells showed an increased mineral deposition up-
on cultured in osteogenicmedium [23]. Although, we could not
imply that cells employed in the present study were progenitor
cells. These cells exhibited osteoblast-like phenotypes, which
may be used as the representative cells from alveolar bone.

The expression of DSPP was observed in the alveolar bone
cells [5, 6]. Previous animal studies showed defective alveolar
bone and periodontium in theDspp null mice [7, 8]. TheDmp1
knockout mice with significantly decreased DSPP expression
exhibited defective tooth and alveolar bone, which were res-
cued by transgenic expression ofDSPP [26]. Overexpression of
N-terminal of DSPP aggravated alveolar bone loss in Dspp
knockout mice [27]. Several molecular studies also demonstrat-
ed the important roles of DSPP in bone and dental cells. The
DSP residues between amino acid 183 and 457 were shown to
stimulate PDL stem cell proliferation and differentiation [28].
N-Terminal dentin sialoprotein (N-DSP) was shown to promote
bone formation by accelerating osteoblast cell proliferation and
differentiation and inducing the expression of osteogenic
markers, such as ColI, Runx2, Osterix, and ATF [22]. The
odontoblast-lineage cells transfected with N-terminal mutation
in the DSP domain showed a mark decreases in ALP activity,
and the expression of Col1 and Ocn compared with cells
transfected with mutations in the signal peptide region or in
the C-terminal of DSP domain [29]. Our previous report dem-
onstrated that in stem cells isolated from human exfoliated de-
ciduous teeth from the patient with 4-bp deletion in the exon 5
of the DSPP gene, we observed defective periodontium in our
patient. In this study, the p.P17L alveolar bone cells isolated
from a DGI patient exhibited compromised cell spreading, cell
proliferation, colony formation, and altered expressions of ALP,
OCN, and COL1. Based on many lines of these evidences, it is
suggested that DSPP is present and important in the alveolar
bone cells, and alterations of alveolar bone cells’ behaviors
including proliferation and odonto/osteogenic differentiation
could be influenced by specific mutation in the DSPP gene.
Previous pathogenesis analysis revealed that the P17Lmutation
caused endoplasmic reticulum retention and defective protein
secretion. It was expected to exert a dominant negative effect on
DSPP function [20]. These suggest the possible mechanism
involved in the alterations of p.P17Lmutant alveolar bone cells.

Calvarial cells isolated from Dspp-null mice exhibited the
significant reduction of Runx2, Col1, and Opn expression and
mineralization [7]. In the present study, no significant differ-
ence in mineral deposition was observed in DSPP cells com-
pared to the controls. Several explanations are hypothesized.
First, cells isolated from calvarias, particularly from parietal
bone, are derived from mesodermal origin, while cells in al-
veolar process are derived from neural crest cells [30, 31]. The
different origins of cells also affect cell behaviors, including
osteogenic differentiation ability. Second, the different muta-
tions could cause different alteration of DSPP function, lead-
ing to different degree of cell response. The influences of
Dspp null cells which completely lack ofDspp could be more
potent than our mutation. Lastly, it was reported that DSPP
processing was regulated by the internal ribosomal entry site
[32]. This internal ribosomal entry site activity was varied
among human embryonic kidney cell line, murine pre-
osteoblast cell line, and rat odontoblast cell line [32].
Together, these evidences indicate that DSPP regulating cell
behaviors could depend on types of cells and mutations.
Future investigations on the effects of specific DSPP muta-
tions on particular cell types would be beneficial to clarify
molecular roles of DSPP.

It was hypothesized that delayed cell spreading may influ-
ence other phenotypes inDSPPmutant cells. Previous reports
showed that cellular mechanotransduction, actin cytoskeleton,
attachment, and spreading could influence other biological
functions of the cells including osteogenic marker gene ex-
pression and extracellular matrix synthesis [33, 34].
Disruption of actin polymerization and formation of stress
fiber were shown to decrease the expression of ALP in human
bone cells and mineral deposition [35, 36]. Increased tension
of actin cytoskeleton could enhance osteogenic differentiation
[13]. In addition, enhancement of actin polymerization and
traction forces in murine mesenchymal stem cells was shown
to increase osteogenic differentiation [19]. Together, these ev-
idences suggest the important role of cell spreading and actin
formation/arrangement on osteogenic differentiation potency.
In the present study, the delayed formation of stress fiber was
observed in our mutant cells and the ALP mRNA level in the
mutant cells was not upregulated compared to the significant
increase of ALP level in the control upon cultured in osteo-
genic induction medium at day 7 compared to day 3. These
findings imply that DSPP is engaged in/relates to osteogenic
differentiation via mechanisms involving cell spreading and
actin polymerization/arrangement.

In conclusion, our study identified the mutation, c.50C > T,
p.P17L, in the exon 2 of the DSPP gene, localized in the DSP
domain. We demonstrate for the first time that the DSPP al-
veolar bone cells isolated from a DGI patient exhibit compro-
mised cell proliferation, colony formation, cell spreading, for-
mation of stress fiber, and altered expression of ALP, COL1,
and OCN, compared to the control cells isolated from healthy

�Fig. 5 Cell morphology and cell spreading property of DSPP mutant
alveolar bone cells. a–h Cells were seeded on tissue culture plate for
30 min, 2, 6, and 24 h. Representative micrographs of DSPP mutant
alveolar bone cells (a–d) and the control donor (e–h) illustrated the cell
morphology at different time point after seeding. i–lCharacteristics of cell
spreading in stages 1 to 4 were demonstrated.m, n Cells in each stage at
30min and 2 h were counted and presented as percentage of cells per field
(×500). Bars indicated the statistically significant difference (p < 0.05). o–
vCells seeded on tissue culture plate for 30min, 2, 6, and 24 h showed F-
actin orientation during cell attachment and spreading. F-Actin was
stained with rhodamine-phalloidin
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donors. Our results support that the P17 residue of DSPP is a
mutational hot spot and the DSP serves a critical function in
bone homeostasis. Compromised characteristics of alveolar
bone cells and dentin associated with DSPP mutation may
contribute in the progression of endodontic-periodontic lesions
commonly found in our DGI patients. The identification of
pathogenic variants would therefore enable the definite diagno-
sis and proper management for the patients affected with DGI.
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