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Abstract
Dentin sialophosphoprotein (DSPP) plays a vital role in dentinogenesis. Previously, we showed
that, in addition to dentin, DSPP is also highly expressed in the alveolar bone and cellular
cementum, and plays a crucial role in maintaining periodontal integrity; Dspp deficient mice
demonstrate severe periodontal defects including alveolar bone loss, decreased cementum
deposition, abnormal osteocyte morphology in the alveolar bone and apical migration of
periodontal ligament. DSPP in dentin and bone is cleaved into NH2-terminal and COOH-terminal
fragments. While our previous study showed that the proteolytic processing of DSPP is critical for
dentinogenesis, it is unclear whether the posttranslational cleavage of DSPP also plays an essential
role in maintaining a healthy periodontium. In this study, we analyzed the periodontal tissues in
transgenic mice expressing the uncleavable full-length DSPP in the Dspp knockout (Dspp-KO)
background (named “Dspp-KO/D452A-Tg mice”), in comparison with those in the wild-type
mice, Dspp-KO mice, and mice expressing the normal DSPP transgene in the Dspp-KO
background (designated “Dspp-KO/normal-Tg mice”). We found that transgenic expression of the
normal DSPP fully rescued the periodontal defects of the Dspp-KO mice, whereas expressing
Dspp-KO/D452A-Tg failed to do so. These results indicate that proteolytic processing of DSPP is
essential to periodontal integrity.
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Dentin sialophosphoprotein (DSPP), first discovered by cDNA cloning in 1997, plays a
crucial role in dentinogenesis (1). It undergoes post-translational modification and is cleaved
into the NH2-terminal fragments (existing in two forms: dentin sialoprotein (DSP) and the
proteoglycan form termed DSP-PG) and COOH-terminal fragment (dentin phosphoprotein
(DPP)) (1-3). Genetic studies have shown the association of DSPP mutations with
dentinogenesis imperfecta (DGI) in humans (4-10). In animal models, Dspp-knock out
(Dspp-KO) mice exhibit severe dentin hypomineralization defects with widened predentin
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zone resembling the dentin defects observed in human DGI (11). These findings strongly
suggest the importance of DSPP in the formation and mineralization of dentin.

Besides its established role in tooth formation, DSPP was also discovered in bone, cellular
cementum and several non-mineralized tissues (12-20). Its expression in alveolar bone and
cellular cementum is remarkably higher than in the long bone (14,19). Recent work from our
laboratory showed that DSPP plays an essential role in these periodontal tissues (21). In
Dspp deficient mice we observed severe alveolar bone loss with reduced cementum
deposition and altered osteocyte morphology (21). The reduction in interdental alveolar
bone caused apical migration of periodontal ligaments (PDL) leading to periodontal pockets
(21). In vivo studies done by our group showed that proteolytic processing of DSPP is vital
for its function in dentinogenesis (22). However, whether the same mechanism applies in
periodontal tissues still remains to be tested. For this purpose, we systematically
characterized the alveolar bone and cementum of the following groups of mice: 1) mice
expressing the uncleavable D452A-DSPP in the Dspp-KO background (named as Dspp-KO/
D452A-Tg mice); 2) Dspp-KO mice; 3) Wild-type (WT) mice and; 4) mice expressing the
normal DSPP transgene in the Dspp–KO background (referred as Dspp-KO/normal-Tg
mice). The results from this study showed that expression of normal DSPP was successful in
rescuing the periodontal defects of Dspp-KO mice. However the transgenic expression of
D452A-DSPP was unable to rescue the Dspp deficient defects. The findings from from this
study provide in vivo evidence that the proteolytic processing of DSPP is necessary for
maintaining the health of periodontal tissues.

Material and methods
Mouse generation

Detailed description for the generation of transgenic mice used in this study has been
described in our recent reports (22,23). Briefly, the D452A-DSPP and the normal DSPP
constructs are downstream to the 3.6-kb rat Col 1a1 promoter. The mouse lines that were
crossbred with Dspp-KO mice (strain name: B6; 129-Dspptm1Kul/Mmnc; MMRRC, UNC,
Chapel Hill, NC, USA) and characterized in our recent study by ZHU et al. (22) were used in
this investigation. The mice expressing the D452A-DSPP transgene in the Dspp-KO
background are referred to as Dspp-KO/D452A-Tg mice while those expressing the normal
DSPP transgene in the Dspp-KO background are called Dspp-KO/normal-Tg mice. Primers
used for genotyping the transgenic and Dspp knockout mice have been described previously
(22). The animal protocols used in this study were approved by the Animal Welfare
Committee of Texas A&M University, Baylor College of Dentistry (Dallas, TX, USA). In
this study we analyzed the alveolar bone and cementum of the following four groups of
mice: Dspp-KO/D452A-Tg mice, WT (C57/BL6J) mice, Dspp-KO mice and Dspp-KO/
normal-Tg mice.

Histology
Under anesthesia, 3- and 6-months-old Dspp-KO/ D452A-Tg, WT, Dspp-KO and Dspp-KO/
normal-Tg mice were perfused from the ascending aorta with 4% paraformaldehyde in 0.1
M phosphate buffer. The dissected mandibles were then fixed in the same fixative for 24 h,
and then decalcified for approximately 2 wk using the protocols as previously described
(22). The tissues were then embedded in paraffin, and serial sections of 5 μm were prepared
and stained with hematoxylin & eosin (H&E).

Micro-computed tomography
Samples from the above mentioned four groups of mice at 3- and 6-months of age were
analyzed by micro-computed tomography (μ-CT) using a μ-CT35 imaging system (Scanco
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Medical, Bassersdorf, Switzerland). A high-resolution scan (3.5 μm slice increment) of the
alveolar bone in the furcation of the first mandibular molar with a fixed dimension for all
samples was performed. The data acquired from five samples per group were used for
quantitative analyses using the Student's t-test. p < 0.05 was considered statistically
significant, and the data are presented as mean ± SD.

Backscattered and resin-cast scanning electron microscopy
The mandibles from the four groups of mice at 3-months of age were dissected and prepared
as previously described (21). For backscattered scanning electron microscopy (SEM), the
specimens were coated with carbon and examined with a FEI/Philips XL30 Field emission
environmental SEM (Philips, Hillsboro, OR, USA). Following this, the surface was acid
etched (21), coated with gold and palladium, and examined with SEM.

Results
Failure to rescue the alveolar bone defects by D452A-DSPP transgene

Results from the histological analyses showed severe alveolar bone loss with marked
increase in inflammatory cells in the furcation region of the first mandibular molar in Dspp-
KO mice at 3- and 6-months of age (Fig. 1D, H), when compared to the WT samples of the
same ages (Fig. 1A, E). The transgenic expression of D452A-DSPP was unable to rescue
these alveolar bone defects (Fig. 1B, F) and resembled those of the Dspp-KO mice (Fig. 1D,
H). However, the alveolar bone of Dspp-KO/ normal-Tg mice at both ages (Fig. 1C, G)
appeared similar to the WT samples (Fig. 1A, E) and hence, the transgenic expression of the
normal DSPP was able to reverse the Dspp deficient alveolar bone defects to normal.

Results from the μ-CT analyses (Fig. 2A, B) also showed that the transgenic expression of
normal DSPP was able to revert the bone volume fraction of Dspp-KO mice to a level
comparable to the WT mice at both 3-months (Fig. 2A) and 6-months (Fig. 2B) of age,
whereas, the expression of D452A-DSPP was unable to achieve the same result.

Reversal of periodontal defects by normal DSPP but not by D452A-DSPP transgene
In the interdental regions between the first and second mandibular molars, the WT (Fig. 3A,
E) and Dspp-KO/ normal-Tg mice (Fig. 3C, G) showed epithelial attachment at the
cemento-enamel junction (CEJ) with healthy interdental alveolar bone deposition at both 3-
and 6-months of age. However, in the Dspp-KO (Fig. 3D, H) and Dspp-KO/ D452ATg mice
(Fig. 3B, F), the H&E staining showed a remarkable loss of alveolar bone and disruption of
periodontal ligaments interdentally, along with the apical migration of the junctional
epithelium. The defects in the Dspp-KO (Fig. 3H) and Dspp-KO/ D452A-Tg mice (Fig. 3F)
appeared worse at 6-months of age with the epithelial attachment recessing even more
apically than at the age of 3 months.

D452A-DSPP transgene had no effects on the reduced cellular cementum of Dspp-KO mice
Using backscattered and resin-cast SEM (Fig. 4), we observed an overall loss of cellular
cementum in the apical region of mandibular first molar in the 3-month-old Dspp-KO(Fig.
4D, H) and Dspp-KO/ D452A-Tg mice (Fig. 4B, F), when compared with the WT mice of
the same ages (Fig. 4A, E). The transgenic expression of normal DSPP in the Dspp-KO/
normal-Tg mice (Fig. 4C, G) was able to rescue the loss of cellular cementum to a great
extent. The cellular cementum deposition in the Dspp-KO/ normal-Tg mice (Fig. 4C, G) still
showed some differences from the WT sample (Fig. 4A, E), but was markedly improved
when compared with the Dspp-KO (Fig. 4D, H) and Dspp-KO/ D452A-Tg mice (Fig. 4B,
F).
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Discussion
Previous in vivo experiments showed that the proteolytically processed NH2-terminal and
COOH-terminal fragments (including DSP, DSP-PG, and DPP) of DSPP are the active
forms essential for dentinogenesis (22). In the present study, we analyzed the periodontium
of the same mouse lines used in our previous study (22) to examine whether transgenic
expression of D452A-DSPP (in which Asp452, a key cleavage-site residue, was replaced by
Ala452) or normal-DSPP could rescue the phenotypes observed in alveolar bone and cellular
cementum of Dspp deficient mice. We found that transgenic expression of normal-DSPP
(with no mutation at the cleavage site) was able to rescue the alveolar and cellular cementum
phenotypes in Dspp-deficient mice to a level comparable to the WT mice, but the D452A-
DSPP transgene failed to do so. These results support that similar to dentinogenesis, the
proteolytic processing of DSPP is an activation step, essential for the development and
maintenance of the periodontium.

Accumulating evidence suggest that the periodontal defects observed in Dspp deficient mice
are due to the intrinsic defects in alveolar bone and cellular cementum caused by loss of
DSPP function, but are not secondary to the chronic periodontitis. First, Dspp is highly
expressed in the alveolar bone and cellular cementum (14, 21); Second, our current study
showed that transgenic expression of normal Dspp rescued the periodontal defects of Dspp
deficient mice; Third, detailed analyses showed that the alveolar bone loss occurred
independently from and even earlier than chronic periodontitis in these Dspp deficient mice
(data not shown). However, inflammation may exacerbate the periodontal defects in Dspp
deficient mice as chronic periodontitis itself also could cause alveolar bone loss and
periodontal ligament destruction. Therefore, it remains to be determined whether treatment
or prevention of the chronic periodontitis would relieve or rescue the periodontal defects
seen in Dspp deficient mice.

The present study suggest that the function of DSPP may be mediated by its processed
fragments. However, the proteolytic processing of DSPP gives rise to three fragments: DSP,
DSP-PG and DPP, each of these may have a specific role in the periodontal tissues.
Therefore, it is essential to find out the roles of each of these fragments in the alveolar bone
and cellular cementum. We recently found that the NH2-terminal fragment of DSPP (DSP
and DSP-PG) have an inhibitory effect on dentinogenesis (24). Presumably, DSP and DSP-
PG may have similar inhibitory roles in the alveolar bone and cellular cementum.
Considering the tooth and periodontal defects of Dspp deficient mice, it would be reasonable
to point out that the DPP fragment may carry the stimulatory effects on dentinogenesis and
periodontal development. In the future, it would be necessary to dissect out that the
inhibitory effects are mediated by DSP or DSP-PG or both of them, and to determine
whether the stimulatory effects are mediated by the DPP.
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Figure 1. Failure to process DSPP into fragments leads to alveolar bone defects
H&E staining of alveolar bone at both 3- and 6-months of age, showed that the Dspp-KO (D
and H) and Dspp-KO/D452A-Tg mice (B and F) had significant alveolar bone loss in the
furcation region of the first mandibular molar with inflammation (black arrows), compared
to the WT mice (A and E). The transgenic expression of normal DSPP (C and G, Dspp-KO/
normal-Tg mice) completely rescued the alveolar bone defects of Dspp-KO mice; the
alveolar bone Dspp-KO/normal-Tg mice (C and G) appeared similar to those of the WT
mice (A and E). Bar: 100 μm
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Figure 2. Quantitative μ-CT analyses
The quantitative μ-CT analyses of inter-radicular alveolar bone in the 3-month-old (A) and
6-month-old (B) mice showed that transgenic expression of normal DSPP transgene was
able to reverse the bone volume fraction of Dspp-KO mice at both ages to a level
comparable to WT mice. There was no statistically significant difference between the bone
volume fraction of the WT (indicated by “a”) and Dspp-KO/normal-Tg mice (indicated by
“a”). The Dspp-KO/D452A-Tg mice (marked as “b”) showed no significant improvement
over Dspp-KO mice (marked as “b”) at either age. P < 0.05 (Student's t-test) was considered
statistically significant. The differences between a and b were statistically significant (p <

Gibson et al. Page 8

Eur J Oral Sci. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



0.05). The differences between a and a, or between b and b, were not statistically significant
(p >0.05). The data represent mean ± SD (n = 5).
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Figure 3. Failure to process DSPP into fragments leads to loss of epithelium attachment in the
interdental region
At 3- and 6-months of age, H & E staining showed that the interdental epithelial attachment
between the first and second mandibular molars of the WT (A and E) and Dspp-KO/normal-
Tg mice (C and G) was at the cemento-enamel junction (CEJ) (indicated with a black
arrow), whereas the Dspp-KO (D and H) and Dspp-KO/D452A-Tg mice (B and F) showed
alveolar bone loss with an apically recessed epithelial attachment (black arrows denote the
CEJ; red arrows indicate the actual epithelial attachment). Bar: 100 μm.
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Figure 4. Failure to process DSPP into fragments leads to decreased cellular cementum
deposition
In these backscattered SEM (A-D) and resin-casted SEM (E-H) images, the dentin is
denoted as “D”; pulp as “P” and cementum as “C”. In the backscattered SEM images, the
black areas represent unmineralized or hypomineralized areas. Therefore, the pulpal space
appears as black (denoted as P); Cementum (C) is less mineralized than Dentin (D) and
appears darker than dentin. The Dspp-KO (D) and Dspp-KO/D452A-Tg mice (B) showed
increased black areas periapically indicating decreased cellular cementum deposition
compared to the WT (A) and Dspp-KO/normal-Tg mice (C). The resin-casted SEM gave a
better visualization of the periapical region of cementum.. The WT (E) and Dspp-KO/
normal-Tg mice (G) showed a thick layer of cementum deposition at the root apex whereas;
Dspp-KO (H) and Dspp-KO/D452A-Tg mice (F) showed little or no cementum in the same
region. Bar: 200 μm.
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