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Loss of dentin
sialophosphoprotein leads to
periodontal diseases in mice

Gibson MP, Zhu Q, Liu Q, D'Souza RN, Feng JQ, Qin C. Loss of dentin
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Background and Objective: Dentin sialophosphoprotein (DSPP) and its cleaved
products, dentin phosphoprotein (DPP) and dentin sialoprotein (DSP), play
important roles in biomineralization. Recently, we observed that DSPP is highly
expressed in the alveolar bone and cementum, indicating that this molecule may
play an important role in the formation and maintenance of a healthy periodon-
tium, and its deletion may cause increased susceptibility to periodontal diseases.
The objective of this investigation was to study the effects of Dspp ablation on
periodontal tissues by analyzing Dspp null mice.

Material and Methods: Newborn to 6-mo-old Dspp null mice were examined,
and the 3- and 6-mo-old Dspp null mice were characterized in detail using X-
ray radiography, histology and scanning electron microscopy (backscattered as
well as resin-infiltrating). Wild-type mice of the same age groups served as the
normal controls.

Results: The Dspp null mice showed significant loss of alveolar bone and
cementum, particularly in the furcation and interproximal regions of the molars.
The alveolar bone appeared porous while the quantity of cementum was
reduced in the apical region. The canalicular systems and osteocytes in the
alveolar bone were abnormal, with reduced numbers of canaliculi and altered
osteocyte morphology. The loss of alveolar bone and cementum along with the
detachment of the periodontal ligaments (PDL) led to the apical migration of
the epithelial attachment and formation of periodontal pockets.

Conclusion: Inactivation of DSPP leads to the loss of alveolar bone and cemen-
tum and increased susceptibility to bacterial infections in PDL of Dspp null
mice. The fact that the loss of DSPP results in periodontal diseases indicates that
this molecule plays a vital role in maintaining the health of the periodontium.

© 2012 John Wiley & Sons A/S

JOURNAL OF PERIODONTAL RESEARCH
doi:10.1111/j.1600-0765.2012.01523.x

M. P. Gibson', Q. Zhu'?,
Q. Liu', R. N. D’Souza’,
J. Q. Feng', C. Qin'

'Department of Biomedical Sciences, Baylor
College of Dentistry, Texas A&M Health
Science Center, Dallas, TX, USA and
2Department of Operative Dentistry and
Endodontics, the Fourth Military Medical
University, School of Stomatology, Xi'an,
Shaanxi, China

Chunlin Qin, DDS, PhD, Department of
Biomedical Sciences, Baylor College of
Dentistry, 3302 Gaston Avenue, Room 452,
Dallas, TX 75246, USA

Tel: +214 828 8292

Fax: +214 874 4538

e-mail: cqin@bcd.tamhsc.edu

Key words: alveolar bone; cementoblast; dentin;
osteocyte; periodontal attachment; periodontal
disease

Accepted for publication July 12, 2012

Dentin phosphoprotein (DPP) with a
very high level of phosphorylation
was discovered in 1967 (1), while den-
tin sialoprotein (DSP), a glycoprotein
with little or no phosphate, was iden-
tified in 1981(2). Both proteins were
believed to be separate entities until
the discovery of a single gene (Dspp)
that encodes both DSP and DPP (3).

Dentin sialophosphoprotein (DSPP)
belongs to a family of non-collage-
nous proteins known as SIBLING
(Small  Integrin-Binding  Ligand,
N-linked Glycoprotein) (4). The SIB-
LING family members share a num-
ber of similarities in their genomic
organization, post-translational modi-
fications and tissue localization. Other

members of this family include osteo-
pontin, bone sialoprotein, dentin
matrix protein 1 (DMP1), and matrix
extracellular phosphoglycoprotein (5).

The importance of DSPP in bio-
mineralization has been illustrated in
human and mouse genetic studies that
revealed the association of Dspp muta-
tions or ablations with mineralization
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defects in the dentin and bone (6-9).
Originally thought to be dentin-spe-
cific, DSPP was later found in bone,
cementum and a number of non-min-
eralized tissues (10-18). Previous stud-
ies in our group showed that the
expression of DSPP in the alveolar
bone and cementum is remarkably
higher than in the long bone (12,18).
The high expression level of DSPP in
these two periodontal tissues led us to
believe that this molecule may play
important roles in the formation and
maintenance of a healthy periodon-
tium, and its deletion may cause
increased susceptibility to periodontal
diseases. The aim of this investigation
was to study the effects of DSPP on
periodontal tissues by comparing peri-
odontal tissues of Dspp null mice with
those of wild-type (WT) mice at dif-
ferent ages.

Materials and methods

Animals and tissue acquisition

In this study, we thoroughly character-
ized 3- and 6-mo-old Dspp knockout
(Dspp null) mice (strain name: B6; 129-
Dspp™¥/Mmnc; MMRRC, UNC,
Chapel Hill, NC, USA). For control
purposes, we used the same age WT
male C57BL/6J mice (The Jackson
Laboratory, Bar Harbor, ME, USA).
The animal protocol used in this study
was approved by the Animal Welfare
Committee of Texas A&M Health Sci-
ence Center Baylor College of Den-
tistry (Dallas, TX, USA).

Plain X-ray radiography and micro-
computed tomography

The mandibles were dissected from the
WT as well as the Dspp null mice at
3 mo and 6 mo. The dissected samples
were analyzed by plain X-ray radiog-
raphy (MX-40; Faxitron, Lincolnshire,
IL, USA) and micro-computed tomog-
raphy (u-CT) using a p-CT35 imaging
system (Scanco Medical, Bassersdorf,
Switzerland). The p-CT analyses
included (i) a medium-resolution scan
(7.0 pm slice increment) of the whole
mandible from the 3- and 6-mo-old
mice for an overall assessment of the
shape and structure, and (i) a high-

resolution scan (3.5 um slice increment)
of the alveolar bone region. For the
quantitative analysis of alveolar bone
and to determine the bone volume
fraction, we selected a cylindrical
region starting at the furcation area
and between the medial and distal root
of the first mandibular molar with a
fixed radius and length for all samples.
The data acquired from the high-reso-
lution scans for five samples per group
(n = 5) were then used for quantitative
analyses using the Student’s z-test.
p <0.05 was considered statistically
significant, and the data are presented
as mean + SD.

Histology

Under anesthesia, 3- and 6-mo-old
WT and Dspp null mice were perfused
from the ascending aorta with 4%
paraformaldehyde in 0.1 M phosphate
buffer. The mandibles were dissected
and further fixed in the same fixative
for 48 h, followed by demineralization
in 8% EDTA containing 0.18 M
sucrose (pH 7.4) at 4°C for 2 wks.
The tissues were processed for paraf-
fin embedding, and serial 5-um sec-
tions were prepared. Sections were
stained with hematoxylin and eosin.

Backscattered, and resin infiltration
and acid etching scanning electron
microscopy

The mandibles from the 3-mo-old WT
and Dspp null mice were dissected,
fixed in 2% paraformaldehyde and
2.5% glutaraldehyde in 0.1 M cacody-
late buffer solution (pH 7.4) at room
temperature for 4 h and then trans-
ferred to 0.1 m cacodylate buffer
solution. The tissue specimens were
dehydrated in ascending concentra-
tions of ethanol and then embedded
in methyl methacrylate (Buehler, Lake
Bluff, IL, USA). Sandpaper was used
to grind the acrylic block in increas-
ing order of grit fineness. Samples
were then polished with a micro cloth
with Metadi Supreme Polycrystalline
diamond suspensions of decreasing
sizes (0.1 um, 0.25 pm and 0.05 pm).
These samples were then washed in
the ultrasonic wash and placed in the
vacuum system overnight.

For backscattered scanning electron
microscopy (SEM), the surfaces of the
methyl methacrylate-embedded man-
dibles were polished and then coated
with carbon. The specimens were
examined with a FEI/Philips X130
Field emission environmental SEM
(Philips, Hillsboro, OR, USA). Subse-
quently, the surface was acid etched
with 37% phosphoric acid for 2-10 s,
followed by 5.25% sodium hypo-
chlorite treatment for 5 min. The
specimens were then coated with gold
and palladium, and examined with
SEM.

Results

Plain X-ray radiography and micro-
computed tomography

Plain X-ray radiography revealed
alveolar bone loss in the mandibular
molar furcation as well as in the inter-
dental region of the Dspp null mice at
3 mo of age (Fig. 1A and 1B). The
destruction of alveolar bone in these
mice was even more evident in the
6-mo-old mice compared to the WT
mice (Fig.1C and 1D). Widening of
the periodontal space in the apical
region of the molars was also
observed in both age groups of the
Dspp null mice (Fig. 1B and 1D).

The p-CT analyses further demon-
strated the loss of alveolar bone in
the Dspp null mice (Fig. 2). At 3 mo,
the alveolar bone in these mice
appeared more porous interdentally in
the mandibular molar region (Fig. 2A
and 2B). The longitudinal section
view of the same region also revealed
alveolar bone defects and porosities in
the Dspp null mice compared with the
WT mice (Fig. 2C and 2D). The alve-
olar bone defects became more
striking as the mice aged, and the
6-mo-old Dspp null mice showed
more severe alveolar bone defects and
porosities (Fig. 2E to 2H) than did
the 3-mo-old mice. The longitudinal
section revealed more severe alveolar
bone loss in the 6-mo-old Dspp null
mice (Fig. 2G and 2H). Quantitative
analysis  showed a  significant
(p <0.05) decrease in the ratio of
alveolar bone volume to total volume
in the Dspp null mice (Fig. 21).
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Fig. 1. Plain X-ray radiography. Mandibles from 3- and 6-mo-old WT and Dspp null mice
were analyzed by plain X-ray radiography. Comparison between the mandibles of 3-mo-
old WT (A) and Dspp null (B) showed alveolar bone loss in the furcation and interdental
region (red arrows) of the first and second molars in the Dspp null mice (B). These regions
in the Dspp null mice were more radiolucent compared to the same age WT controls. Api-
cally, the mandibular molars of the Dspp null mice (B) also showed widened radiolucent
areas indicating widening of the periodontal space. Comparison between the WT and Dspp
null mandibles (C and D) at 6 mo of age revealed even more profound alveolar bone loss
in the mandibular molar furcation as well as in the interdental region (red arrowhead) of
the Dspp null mice. KO, knockout; WT, wild type.

Histological evaluation

Hematoxylin and eosin staining dem-
onstrated severe alveolar bone loss
along with infiltration of inflammatory
cells and detachment of junctional epi-
thelium in both the 3- and 6-mo-old
Dspp null mice (Fig. 3), indicating the
development of periodontal diseases.
At 3 mo, the Dspp null mice
showed alveolar bone loss in the fur-
cation region of the first mandibular
molar (Fig. 3A and 3B) compared to
the WT mice. There was also an
increase in the number of inflamma-
tory cells in the same region (Fig. 3A
and 3B). The histology analyses
showed a remarkable loss of alveolar
bone and disruption of periodontal
ligaments in the Dspp null mice, along
with the apical migration of the junc-
tional epithelium almost to the level
of the alveolar bone crest in the inter-
dental region between the first and
second mandibular molars (Fig. 3C

and 3D). In 6-mo-old Dspp null mice,
bone loss in the furcation (Fig. 3E
and 3F) and interdental regions
(Fig. 3G and 3H) of the mandibular
first molar was worse than in the
3-mo-old mice; severe inflammatory
cell infiltration was observed in these
regions as well as more significant api-
cal migration of the epithelial attach-
ment and severe interdental alveolar
bone loss. In the Dspp null mice, the
alveolar bone loss appeared in both
vertical and horizontal directions. No
pulp exposure was observed in these
animals and, therefore, the periodontal
defects and presence of inflammatory
cells were not associated with pulpitis.

Backscattered scanning electron
microscopy, and resin infiltration
and acid scanning electron
microscopy

Using  backscattered SEM, we
observed an overall loss of alveolar
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bone and cementum in the mandibu-
lar first molar and incisor region of
the 3-mo-old Dspp null mice (Fig. 4B)
compared with the WT mice of the
same age (Fig. 4A). The periapical
region of the mandibular first molar
in the Dspp null mice showed a signif-
icant loss of cementum (Fig. 4D)
compared with the WT mice, which
have an abundant thickness of cemen-
tum in the region (Fig. 4C). In the
same region, WT mice showed an
even distribution of the mineral sur-
rounding the osteocyte lacunae in the
alveolar bone (Fig. 4E and 4F), while
the mineral was significantly reduced
in a similar region surrounding the
osteocytes in the Dspp null mice
(Fig. 4G and 4H).

To further evaluate the morpholog-
ical changes of the osteocytes and
lacuna—canalicular system of the alve-
olar bone as well as the morphology
of the cementum in Dspp null mice,
the resin-infiltrated sections were
etched by acid to reveal three-dimen-
sional 1images of the osteocytes
(Fig. 5). While the WT sample
revealed evenly distributed cementum
(Fig. 5A), the Dspp null mice dis-
played little or no cementum
(Fig. 5B). The lacunae of the WT
osteocytes were highly organized and
regularly spaced (Fig. 5C) with a
large number of canaliculi running
perpendicular to the long axis of the
osteocytes (Fig. SE). In contrast, lacu-
nae of the Dspp null osteocytes
appeared larger and irregularly dis-
tributed with disorganized canaliculi
that were fewer in number (Fig. 5D
and S5F). These canaliculi had a mark-
edly reduced extension into the sur-
rounding bone (Fig. 5F).

Discussion

Once believed to be a tooth-specific
protein, DSPP is now recognized as a
constituent of bone, cementum, and a

number of non-mineralized tissues
(10,11,13-17,19). Previous work in
our laboratory showed that the

expression level of DSPP in the alveo-
lar bone and cellular cementum is
remarkably higher than in the long
bone (12,18). In these two tissues,
DSPP is found in the osteocytes,
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Fig. 2. Micro-computed tomography (u-CT). The mandibles of 3- and 6-mo-old WT and Dspp null mice were analyzed by p-CT. At 3 mo
(A-D), p-CT images showed the loss of alveolar bone in the Dspp null mice (B,D). The alveolar bone in the Dspp null mice appeared
rough and porous (red arrow) around the mandibular molars (B). A longitudinal section of the mandibular molar region revealed alveolar
bone defects and porosities in the Dspp null mice (D; red arrow) compared with the WT mice (C). At 6 mo (E-H), the alveolar bone
abnormalities became more striking. Note the extensive loss and porosities (pointed by the red arrows) of the alveolar bone (F, H) in the
Dspp null mice (H). Bar: 1 mm. The quantitative analysis of 3- and 6-mo-old Dspp null mice vs. WT mice showed a significant decrease
in the ratio of alveolar bone volume to total bone volume (BV/TV)for both age groups (I). p < 0.05; data represent mean = SD and

n = 5. KO, knockout; WT, wild type.

cementocytes and the matrices of
these cells (12). Studies have indicated
that the loss of DSPP leads to an
enlarged pulp chamber and to thinner
and poorly mineralized dentin (6),
while its effects on the health of peri-
odontium have not been studied. In
this study, we found that the loss of
DSPP activity caused loss of alveolar
bone, which was evident from plain
X-ray and p-CT analyses. Histological
analyses revealed inflammatory
infiltration around the alveolar bone
with the loss of interdental bone as
well as apical migration of junctional
epithelium. SEM data further con-
firmed the loss of alveolar bone,
cementum and reduced propagation
of the osteocyte processes into

surrounding bone. It is worth noting
that no pulpal exposure was observed
in the first molars of these animals
and, therefore, periodontal defects
and presence of inflammatory cells
were not associated with inflammation
of the dental pulp. The abnormal
morphology of osteocytes in the alve-
olar bone of Dspp knockout mice
(Fig. 5) further supports our conclu-
sion that the alveolar bone defects
must be due to intrinsic factors of
bone cells associated with Dspp inacti-
vation and is not caused by inflamma-
tion of the dental pulp. Additionally,
the bacterial infiltration in PDL
worsened at 6 mo of age in these mice
following deterioration of periodontal
tissues. Our findings in this investiga-

tion demonstrate that inactivation of
Dspp leads to severe periodontal
disease in mice, indicating that DSPP
plays a critical role in maintaining the
structural integrity of periodontal
structures.

Previous studies have reported that
mice younger than 12 mo do not nat-
urally develop periodontal diseases
and that the diseases in older mice
have a higher predilection of occur-
rence in the maxilla (20). Under nor-
mal physiological conditions, these
mice ultimately develop periodontal
bone loss in the maxilla because of
aging (21). In contrast, we showed
that the Dspp null mice have severe
alveolar bone and cementum defects
as young as 3 mo, pointing to a very
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Fig. 3. Hematoxylin and eosin staining. These specimens were from the 3- and 6-mo-old WT and Dspp null mandibular molars. At 3 mo,
the Dspp null mice (B) showed alveolar bone loss in the furcation region of the mandibular first molar with an increase of inflammatory
cells (black arrow) compared to the WT mice (A). Interdentally, the epithelial attachment of the WT mice was at the cemento-enamel
junction (CEJ) (C, indicated with a black arrow), whereas the Dspp null mice had poor alveolar bone in the interdental region with an
apically recessed epithelial attachment (D). The black arrows in (C) and (D) indicate the CEJ, and the red arrows mark the actual epithe-
lial attachment recessed significantly from the CEJ (D). At 6 mo, the Dspp null mice had more significant alveolar bone loss in the furca-
tion region of the mandibular first molar (F). The inflammatory cells seem to have completely engulfed the bone in the furcation region
(F, black arrow). Interdentally the apical recession of the epithelium and bone loss appeared to have progressively worsened with aging in
the Dspp null mice (H, red arrow). The black arrows represent the CEJ in (G) and (H). Bar: 100 pm. KO, knockout; WT, wild type.

early breakdown of the periodontal
tissues in the mandibular molars of
these mutant mice.

Our study shows that periodontal
manifestations in Dspp null mice are
due to defects in the alveolar bone
and cementum, which lead to second-
ary effects on the PDL and eventual
bacterial infiltration leading to peri-
odontal diseases with the formation
of periodontal pockets. It is interest-
ing that the osteocytes in the Dspp
null mice display an abnormal shape,
along with a reduced number of cana-
liculi in the surrounding bone. It is
hard to know if these phenotypic
changes in the periodontal tissues of
Dspp null mice are due to the postna-
tal loss of function or due to defects
in these cells during embryonic devel-
opment of the periodontal tissues.
However, Dspp null and WT mice
showed similar amounts of alveolar

bone and cementum at 1 mo of age
(data not shown), suggesting that the
loss of periodontal tissues may be
attributed to the postnatal function
loss of the cells responsible for form-
ing alveolar bone and cementum.
More studies are warranted to further
elucidate this aspect.

Recent studies have shown that the
loss of DMPI1, another SIBLING
member that shares many similarities
with DSPP, causes periodontal dis-
eases in mice (22). The periodontal
defects in Dspp null mice were similar
to those of Dmpl null mice. However,
unlike Dspp null, Dmpl null mice did
not show any clear evidence of
inflammation in the alveolar bone of
mandibular molars. The Dspp null
mice in our study exhibited a severe
inflammatory reaction in the alveolar
bone of the interdental region
between the first and second mandib-

ular molars and the furcation region.
It has already been shown that
DMP1 plays an essential role in the
conversion of osteoblasts into mature
osteocytes (23-29). The abnormal
morphology of the osteocyte lacunae
in the Dspp null mice suggests that
DSPP may also play a vital role in
the formation of the lacuna—canalicu-
lar system, which is critical to
maintaining the health of the alveolar
bone. Therefore, similar to DMPI,
DSPP may also be needed for the for-
mation and/or function of mature
osteocytes in the alveolar bone. The
COOH-terminal fragment of DSPP,
known as dentin phosphoprotein
(DPP) or phosphophoryn has been
shown to regulate the expression of the
marker genes of bone and dentin via
the integrin/MAPK signaling pathway
(30)and the Smad pathway (31). Our
findings that inactivation of Dspp leads



226 Gibson et al.

Fig. 4. Backscattered scanning electron microscopy (SEM). Backscattered SEM showed that the mandibular first molar and incisor of the
3-mo-old WT mice (A) had an even distribution of dentin (D), cementum (C) and normal pulp chamber (P). In contrast, the same age
Dspp null mice (B) had irregular dentin (D), cementum (white arrows, marked as C) and an enlarged pulp chamber (P) as well as loss of
alveolar bone. Pulpal exposure of the Dspp null mice can be seen in this view, which we believe could be due to loss of the sample while
sectioning the methacrylate blocks. The enlarged view of the mandibular first molar periapical region in the WT (C) and Dspp null (D)
mice revealed a severe loss of cementum (white arrowheads) in the latter. In the WT mice, mineral was evenly distributed around the oste-
ocyte lacunae in the periapical region of the molar (E, F), while the same region of the Dspp null mice was poorly mineralized, appearing
as a grayish zone (red arrows) surrounding the Dspp null osteocytes (G and H). Bar: A,.B =1 mm; C,D = 200 um; E,G = 100 um; F,
H = 10 um. KO, knockout; WT, wild type.

Fig. 5. Resin infiltration and acid etching (SEM). At 3 mo, the WTmice showed evenly distributed cementum (A), whereas there was little
or no cementum deposition (B, red arrows) for the Dspp null mice. The SEM images showed that the lacunae of the WT osteocytes were
highly organized and regularly spaced (C), with numerous canaliculi running perpendicular to the long axis of the osteocyte (E). In con-
trast, the Dspp null osteocyte lacunae appeared larger and irregularly distributed, along with fewer disorganized canaliculi (D, red arrow)
in the matrix; these canaliculi appeared to have a markedly reduced propagation into surrounding bone (F). Bar: A,B =100 pm; C,
D =50 um; E,F = 5 um. KO, knockout; WT, wild type.



to intrinsic defects in the alveolar bone
are consistent with the conclusion that
DSPP and/or DPP is involved in the
integrin/MAPK signaling pathway and
the Smad pathway, both of which are
essential to osteogenesis. Further stud-
ies are warranted to uncover the exact
mechanisms by which DSPP and/or
DPP help to maintain the integrity of
the periodontal tissues, including the
alveolar bone.
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