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Dr. Yamakoshi is Associate Research Scientist of Department of Biomaterial Science at The University of Michigan. He
is an extremely productive research scientist, and rates among the best biochemists worldwide in the field of dentin and
enamel extracellular matrix molecules. His ongoing research effort is improving our understanding of normal and diseased
dentin and enamel formation. He has established systematic approaches directed toward isolating important proteins from
developing teeth and studying the interactions between different enamel and dentin proteins. His skills and knowledge in
biochemistry and interests in tooth formation and bioengineering will one-day lead to the production of synthetic enamel to
be used as a dental restorative.
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The Proteins and Genes behind Inherited Dentin and Enamel Diseases

University of Michigan, Ann Arbor, MI, USA
YAMAKOSHI Yasuo

Development of a tooth organ progresses through initiation, bud, cap, bell, crown formation and root formation stages.
The early stages of tooth development are coordinated by epithelial-mesenchymal interactions. Defects in genes affecting
early tooth development (PAX9, MSXI, and AXIN2) are associated with a partial failure of the dentition to develop, a
condition known as oligodontia. Later, after the developing crown has already started to take shape, the dentin and enamel
layers begin to mineralize. Enamel defects are caused by mutations in amelogenin (AMELX), enamelin (ENAM), MMP20,
FAMS83H, and Kkallikrein 4 (KLK4). Defects in Dentin sialophosphoprotein (DSPP) cause inherited dentin defects. In this
presentation, I will summarize recent advances in our understanding of the relationships between normal tooth
development and inherited dental malformations, which should help us recognize and diagnose patients suffering from
these disorders.

Specialized epithelial cells called ameloblasts form dental enamel. Enamel is the most highly mineralized tissue in the
body and forming it requires a specialized toolbox of proteins. Many human inherited diseases have phenotypes restricted
to the enamel layer. These diseases are grouped under designation amelogenesis imperfecta. Dental enamel formation is
also dependent upon many genes that play important roles in other parts of the body, so the term amelogenesis imperfecta
is also used to indicate an enamel phenotype in syndromes.

Dental enamel forms in two stages. During the secretory stage, enamel crystals initiate on the surface of dentin and
grow longer and longer, until the entire enamel layer is mapped out. Despite having achieved it final volume, only about
15% of the total mineral is deposited during the secretory stage. The initiation and lengthening of crystal is catalyzed by
the combined actions of amelogenin, enamelin and ameloblastin and involves the processing of these proteins by Mmp-20.
Null mice for each of these genes show significant enamel malformations, sometimes enamel agenesis. Defects in the
AMELX, ENAM and MMP20 genes all cause amelogenesis imperfecta. During the maturation stage pre-existing enamel
crystallites grow in width and thickness, causing the enamel layer to harden. Maturation stage ameloblasts construct a
novel basal lamina containing the amelotin (AMTN) and APIN gene products that serve to maintain the attachment of
ameloblasts to enamel. Maturation stage ameloblasts also secrete KLK4, a protease that which is necessary to complete
remove enamel proteins from the enamel layer.

Dentin is a collagen-based mesenchymal tissue, formed by specialized cells called odontoblasts. Inherited diseases of
dentin are usually divided into 5 types : Dentinogenesis Imperfecta (DGI) types 1, Il and I, and Dentin Dysplasia (DD)
types I and II. DGI-1 comprises dentin malformations associated with osteogenesis imperfecta (OI). Ol is caused primarily
by mutations in the genes encoding type I collagen : COLIAI and COL1A2. Type I collagen is the principle component
of tooth dentin, comprising about 85 to 90% of total protein. Recently it has been learned that DGI-1I, DGI-1II, and DD-
Il are all caused by mutations in DSPP, the gene that encodes dentin sialophosphoprotein, the major noncollagenous
protein of dentin. Twenty-two different disease-causing mutations in DSPP have now been reported.

DSPP is a multifunctional protein that is cleaved by proteases, especially Mmp-2, Mmp-20, and BMP1 into separate
parts. The order of the major components in the parent protein is DSP-DGP-DPP, where DSP is dentin sialoprotein, DGP
is dentin glycoprotein, and DPP is dentin phosphoprotein. DSPP derived proteins are notable for their extensive post-
translational modifications. DSP, DGP, and DPP are all phosphorylated glycoproteins. DSP is also a large proteoglycan. DPP
is so highly phosphorylated it has the lowest isoelectric point (pH 1) of all proteins. DPP also has a polymorphism and its
size heterogeneity is due to allelic variations in the length of the DPP coding regions, and is not due to variations in its
post-translational modifications.
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BMP-1 Cleaves Dentin Sialophosphoprotein (DSPP) to Generate Dentin
Phosphoprotein (DPP)

University of Michigan, Ann Arbor, MI, USA
YAMAKOSHI Yasuo

Dentin sialophosphoprotein (DSPP) is critical for proper dentin biomineralization. In humans, genetic defects in DSPP
cause dentin dysplasia type II, and dentinogenesis imperfect type II and type III. DSPP is processed by proteases into
smaller subunits. In the initial cleavage, DSPP is hydrolyzed to generate dentin phosphoprotein (DPP) and dentin
sialoprotein-dentin glycoprotein (DSP-DGP) complex. In this seminar, I would like to discuss about the possibility that
bone morphogenetic protein 1 (BMP-1) is present in the pre-dentin/dentin extracellular matrix, and is uniquely able to

catalyze DSPP to generate DPP.
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