Braz Dent J (2009) 20(5): 365-369 ISSN 0103-6440

Dentin Matrix Protein 1 (DMP1) Expression in
Developing Human Teeth

Elizabeth Ferreira MARTINEZ
Luciana Alves Herdy da SILVA
Cristiane FURUSE
Ney Soares de ARAUJO
Vera Cavalcanti de ARAUJO

Department of Oral Pathology, Sao Leopoldo Mandic Institute and Research Center, Campinas, SP, Brazil

Dentin matrix protein 1 (DMP1) is an acidic phosphoprotein that plays an important role in mineralized tissue formation by initiation
of nucleation and modulation of mineral phase morphology. The purpose of the present study was to examine the immunoexpres-
sion of DMP1 in tooth germs of 7 human fetuses at different gestational ages (14, 16, 19, 20, 21, 23 and 24 weeks) comparing with
completed tooth formation erupted teeth. The results showed the presence of DMP1 in the dental lamina, as well as in the cells of the
external epithelium, stellate reticulum and stratum intermedium of the enamel organ. However, in the internal dental epithelium, cervi-
cal loop region and dental papilla some cells have not labeled for DMP1. In the crown stage, DMP1 was expressed in the ameloblast
and odontoblast layer, as well as in the dentinal tubules of coronal dentin near the odontoblast area. Erupted teeth with complete tooth
formation exhibited immunolabeling for DMP1 only in the dentinal tubules mainly close to the dental pulp. No staining was observed
in the enamel, predentin or dental pulp matrix. DMP1 is present in all developing dental structures (dental lamina, enamel organ, dental

papilla) presenting few immunoexpression variations, with no staining in mineralized enamel and dentin.
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INTRODUCTION

Tooth formation is the result of reciprocal and
sequential epithelial-ectomesenchymal interaction in
association with many growth factors and extracellular
matrix components (1). The extracellular matrix contains
noncollagenous proteins, which mainly consist of os-
teopontin, bone sialoprotein, dentin sialophosphoprotein
(DSPP), matrix extracellular phosphoglycoprotein and
dentin matrix protein 1 (DMP1) (2,3).

DMP1 is a bone- and tooth-specific protein ini-
tially identified from mineralized dentin matrix (4),
but also expressed in nonmineralized tissues (5) that
plays an important role in mineralized tissue formation
by initiation of nucleation and modulation of mineral
phase morphology (4,6). DMP1 has been studied at
early and late stages of rat and mouse tooth develop-
ment (7-9), but none has been reported concerning

human tooth development.

So, due to its important role in the biomineraliza-
tion of the tissues, the aim of this study was to investi-
gate the expression of DMP1 in tooth development of
7 human fetuses at different gestational ages comparing
with completed tooth formation erupted teeth.

MATERIAL AND METHODS

Seven human fetuses with different gestational
phases (14, 16, 19, 20, 21, 23 and 24 weeks), retrieved
from the files of the Department of Oral Pathology of
the Dental School of the University of Sdo Paulo, Brazil,
were studied. For comparison, DMP1 expression was
also evaluated in completed tooth formation erupted
teeth. This study was conducted after approval by the
Research Ethics Committee of Sdo Leopoldo Mandic
Institute and Research Center, Campinas, Brazil (Pro-
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tocol #06/263).

Hematoxylin-eosin-stained sections were exam-
ined and 3-pm-thick serial sections obtained from the
paraffin-embedded tissues were used for immunohis-
tochemistry staining. Only completely formed erupted
teeth were demineralized with 20% phormic acid before
embedding. Sections were deparaffinized in xylene,
rehydrated through a decreasing ethanol series, and
immersed in 10 mM citric acid monohydrate (pH 6.0)
for 20 min at 95°C. After that, sections were immersed
in 0.3% H,0, in methanol and incubated with primary
polyclonal antibody to DMP1 (Takara Bio Inc., Otsu,
Shiga, Japan) at a dilution of 1:75, for 18 h, at 4°C.
Peroxidase-linked secondary antibody and diaminoben-
zidine tetrahydrochloride (DAB) (Peroxidase Envision
Kit; Dako, Carpinteria, CA, USA) were used to detect
specific binding.

The sections were counterstained with Mayer’s
hematoxylin and coverslipped with Permount. Nega-
tive controls for immunostaining were obtained by
substituting the primary antibody with normal mouse
1gGs (Dako). The labeled sections were qualitatively
evaluated by 3 independent examiners. Digital photo-
micrography used a Zeiss Axioskop 2 plus microscope
equipped with Axiocam digital camera and AxioVi-
sion application software (Carl Zeiss, Gottingen,
Germany).

RESULTS

The results demonstrated a varying expression
pattern of DMP1 in developing human teeth comparing
with complete tooth formation and erupted teeth.

In the dental lamina, the most peripheral cells
facing the developing tooth showed a positive immu-
nostaining for DMP1. On the other hand, the opposite
side was negative (Fig. 1A).

During the bell stage, we observed in the enamel
organ a conspicuous labeling of the cytoplasm and
nucleus of the cells of the outer enamel epithelium,
stellate reticulum and stratum intermedium (Fig. 1-B,
C). However, some cells did not label for DMP1 in the
internal dental epithelium (Fig. 1C) and cervical loop
region (future root area) (Fig. 1D).

When dentinogenesis begins and the amelogen-
esis process occurs (crown stage), we have observed a
strong immunolabeling for DMP1 in the ameloblast layer
(Fig. 1E). Intense immunoreaction for DMP1 has also
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been found in the nucleus and cytoplasm of odontoblasts
in both coronal and root regions (Fig. 1E). DMP1 has
also been observed in the dentinal tubules of coronal
dentin (Fig. 1E). No staining was found in the enamel
in the crown stage (Fig. 1E).

In the dental papilla, in the bell and crown stages,
DMP1 was present in the nucleus and/or cytoplasm of
some cells and also in the extracellular matrix (Fig. 1C).

In the erupted teeth with complete tooth forma-
tion, DMP1 was immunoexpressed only in the dentinal
tubules mainly nearer to the dental pulp (Fig. 1F). No
staining was observed in the dentin, predentin, or extra-
cellular matrix of the dental pulp (Fig. 1F). The enamel
was not present due to the demineralization process.

DISCUSSION

The present results demonstrated a varying ex-
pression pattern of DMP1 in developing human teeth
comparing with complete tooth formation erupted teeth.

DMP1 is the major acidic noncollagenous matrix
protein identified from mineralized matrix of dentin
and bone (4,6) due to its highly acidic property and the
capacity to bind Ca*? ions playing a regulatory role in
the nucleation of hydroxyapatite within the collagenous
matrix of bone and dentin (4).

In the present study, DMP1 was present in all
developing dental structures (dental lamina, enamel
organ, dental papilla) implying a direct role for this
protein in tooth formation and matrix mineralization.

In the dental lamina, the most peripheral cells
facing of the developing tooth showed a positive im-
munostaining for DMP1. On the other hand, the opposite
side was negative (Fig. 1A). These results suggest that
these positive cells might be involved in tooth forma-
tion and cell differentiation. It is suggested that DMP1
may be involved in the maintenance of the mineralized
tissue microenvironment (7).

DMP1 is a key regulator of odontoblast differen-
tiation, the formation of the dentin tubular system and
mineralization (10).

During the bell stage, we observed in the enamel
organ a conspicuous labeling of the cytoplasm and
nucleus of the cells of the outer enamel epithelium, stel-
late reticulum and stratum intermedium (Fig. 1-B,C).
However, some cells did not label for DMP1 in the
internal dental epithelium (Fig. 1C) and cervical loop
region (future root area) (Fig. 1D).
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Figure 1. Immunolocalization of DMP1 in tooth germs (A-E) and erupted teeth (F). A = Dental lamina. The DMP1 is expressed
mainly in the nucleus of the cells. B = In the enamel organ, we observe an immunolabeling of the cells of the external epithelium,
stellate reticulum and stratum intermedium. C = Internal dental epithelium and dental papilla. A heterogeneous staining is observed
in the cytoplasm and nucleus of the cells. D = In the cervical loop region, some cells do not expressed DMP1. E = In the crown stage,
DMP1 is expressed in the ameloblast and odontoblast layer, as well as in the dentinal tubules of coronal dentin. F = Erupted teeth
with complete tooth formation. DMP1 was immunoexpressed only in the dentinal tubules mainly nearer to the dental pulp. Bar=20
um. Inset, bar=5 pm.
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In the present study we have observed a strong
immunolabeling for DMP1 in the ameloblast layer
during the crown stage (Fig. 1E). However, no staining
for DMP1 was detected in the enamel in the examined
specimen.

Several studies have demonstrated that DMP1
is not dentin specific, but it is expressed in bone (11),
in several mineralized tissues (12), and even in non-
mineralized tissues (5). DMP1 has not been detected
in ameloblasts in the rat studies (7,8), but our positive
results agree with those of Kim et al. (13), who showed
the immunolocalization of DMP1 in ameloblasts of
porcine developing teeth.

Intense immunoreaction for DMP1 has also been
found in the nucleus and cytoplasm of odontoblasts in
both coronal and root regions (Fig. 1E). Massa et al. (9)
also detected DMP1 in the nucleus of odontoblasts cells.
Narayanan et al. (14) have already demonstrated that
DMP1 resides in the nucleus, cytoplasm and extracellular
matrix of osteoblasts depending on their differentiation
state suggesting a bifunctional role of this protein, as a
transcriptional regulator of specific genes that controls
osteoblast differentiation before its exports into the
extracellular matrix.

In the dental papilla, in the bell and crown stages,
DMP1 was present in the nucleus and/or cytoplasm
of some cells and also in the extracellular matrix. The
present findings may suggest that these positive cells are
committed to differentiate into odontoblast lineage cells
and the negatively stained cells represent mesenchymal
cells or stem cells present in dental papilla (15).

In the present study, positive immunoreactions
for DMP1 in the dentinal tubules of coronal dentin in
both developing and completed tooth formation erupted
teeth were observed, but no staining was found in the
dentin. Toyosawa et al. (8) demonstrated the expression
of DMPI1 along the dentinal tubules is related to their
mineralization. Moreover it is suggested that DMP1 is
degraded after its secretion in dentinal tubules. Futher-
more, some proteases, such as matrix metalloproteinase
8, were reported to be expressed in odontoblasts (16)
suggesting that DMP1 in dentin is degraded by proteases.

In the erupted teeth with complete tooth forma-
tion, no staining was observed in the predentin, or
extracellular matrix of the dental pulp. No enamel is
observed in the specimen which was demineralized.
Nevertheless, it is possible to infer, based on the results
in the developing human teeth that the enamel in the
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erupted teeth with complete tooth formation does not
present DMP1 expression.

Previous studies have shown that DMP1 is crucial
for normal dentinogenesis (17) and mineralization in vivo
(18). The absence of DMP1 expression in the predentin
and dentin indicates that this protein is required for the
mineralization process. It is suggested that DMP1 plays
a role in dentin formation (19) and also in the mainte-
nance of the dentin tubular space (20). Moreover, when
detected in nonmineralized tissues, DMP1 may have an
importantrole in various cell activities (5). In the erupted
teeth with complete tooth formation, the enamel is almost
completely composed by hydroxyapatite crystals (96%)
and is lost during the demineralization process.

In conclusion, the present findings showed that
DMP1 is present in all developing dental structures
(dental lamina, enamel organ, dental papilla) with
few immunoexpression variations, with no staining in
mineralized enamel and dentin in the complete tooth
formation erupted teeth.

RESUMO

A proteina da matriz dentindria 1 (DMP1) ¢ uma fosfoproteina
acida que tem sido relacionada diretamente ao processo de
mineralizagao dos tecidos em formagdo sendo iniciadora do
processo de nucleagdo e modulagdo da fase mineral. O objetivo
desse trabalho foi avaliar a imunoexpressao da DMP1 em germes
dentarios em diferentes fases da odontogénese, obtidos de 7 fetos
humanos em diversos estagios gestacionais (14, 16, 19, 20, 21,
23 e 24 semanas), comparando-se com dentes com rizogénese
completa. Os resultados mostraram que a DMP1 esteve expressa
na lamina dentaria, bem como, nas células do epitélio externo,
reticulo estrelado ¢ estrato intermedidrio do 6rgdo do esmalte.
Diferentemente, no epitélio interno do 6rgdo do esmalte, alga
cervical e papila dentaria algumas células ndo apresentaram a
DMP1. Nas fases de coroa, os ameloblastos e odontoblastos apre-
sentaram marcagao positiva paraa DMP1, bem como os tubulos
dentinarios da dentina coronaria proximos a regiao odontoblastica.
Os dentes com rizogénese completa exibiram marcacao para a
DMP1 apenas nos tabulos dentindrios principalmente proximos
a polpa dentaria. Nenhuma marcagio foi observada na matriz de
esmalte ou pré-dentina, nem na polpa dentaria. Concluimos que a
DMP1 esta presente em todas as fases da odontogénese, tanto na
lamina dentdria, 6rgao do esmalte, bem como na papila dentaria,
com pequenas variagdes de nuances de expressao, estando ausente
na dentina e esmalte mineralizados.
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