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NIDCR/NIH: Today's Discovery, Tomorrow's Cure

Martha J. Somerman D.D.S., Ph.D.

Director NIDCR, 
NIH and Chief Laboratory for Oral Connective Tissue Biology, 
NIAMS, NIH. Bethesda, Maryland 

This presentation will focus on research supported by National Institute of Dental and 

Craniofacial Research/ National Institutes of Health, with an emphasis on advances made 

toward improvements in treatment of dental-oral-craniofacial pathologies/conditions.  Research 

topics, from basic to translational to clinical, will include: a) current and planned genomic 

analysis/genomic wide association studies applied to analysis of dental-oral-craniofacial 

pathologies/anomalies/disorders and will include cleft lip/palate, caries and periodontal diseases 

and Sjogren’s Syndrome; b) salivary diagnostics for oral-systemic diseases; c) oral cancer from 

the oral cancer genome project to assays for diagnosis and early detection of head and neck 

cancer; d) public health challenges, e.g.,  acute/chronic pain linked to temporomandibular joint 

disorders and associated co- morbidities and human papilloma virus-related oral cancers; e) 

The microbiome project, where data have been obtained by sampling 6 sites (nasal passages, 

gastrointestinal tract, urogenital tract, skin and oral cavity (9 sites)) and are being analyzed 

for the role of these microbes in human health and disease; and  f) clinical research within the 

clinical research center at NIH and also nationally/internationally. The emphasis will be on 

advances in research supported by NIDCR /NIH that have and will continue to improve the 

quality of health for all communities.
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	 Scientist Award
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Cementoblast Gene Expression by Inorganic Phosphate, In 
Vitro. Calcif Tissue Int. 78:103-112, 2006.
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CW, Snead ML, Somerman MJ. Amelogenins regulate 
expression of genes associated with cementoblasts in vitro. 
Eur J Oral Sci 114 Suppl 1:239-43, 2006.
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Cementoblast Gene Expression.  Journal of Dental 
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Martha J. Somerman
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fibrin-based scaffolds for bone tissue engineering. 
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EE, Somerman MJ, and Nohutcu RM. Bone morphogenetic 

Protein-7 enhances cementoblast function, in vitro. J 
Periodotol, 81(11): 1663-1674, 2010.
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Somerman M. Dental Education in the United States: 
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Nociti F, Somerman MJ, and Moon R.  The Wnt/ β
-catenin pathway regulates Bmp2-mediated differentiation 
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Martha J. Somerman



4

M E M O



5

A global approach to the challenge of orofacial 
clefting

Peter A. Mossey, B.D.S., Ph.D.

Professor of Craniofacial Development and Dentofacial Orthopaedics, 
University of Dundee

Background : Birth defects in general and craniofacial anomalies, the most common of which is non syndromic 
cleft lip and /or palate CL/P, have emerged as a component part of the World Health Organisation's Non 
Communicable Diseases (NCD) agenda; and it was agreed at the 63rd World Health Assembly in May 2010 
that due to the rising tide of birth defects, these should be prioritised in health policy by member states 
around the world. This has led to the inclusion of CL/P in the subsequent Global Burden of Disease (GBD) 
agenda and it has become apparent that in the absence of intervention there is a very high neo-natal 
mortality associated with cleft lip and palate in the developing world. There is also convincing evidence that 
death and disability due to congenital malformations has been grossly under represented in the GBD hitherto 
and this issue requires concerted global attention. 
Global epidemiology : in consensus meetings co-ordinated by the WHO between 2000 and 2004, efforts to co-
ordinate the descriptive epidemiology of CL/P around the world has resulted in a meta analytic approach co-
ordinated by the International Clearing House for birth defects (ICBD) based in Rome, Italy. This has collected 
information from registries around the world in a format that allows data comparison and an estimate of 
global birth prevalence of CL/P; and also establishes an infrastructure that facilitates the planning of health 
services to meet the burden imposed by orofacial cleft care. 
Global oral health inequalities research network (GOHIRN) : The IADR have established a new overarching 
network that identifies the importance of oral diseases as a major public health issue and that major 
inequalities in oral health exist both within and between countries. This group will work with major 
international stakeholders to address issues such as the Millennium Development Goals and work to address 
oral health inequalities using a “common risk factor” approach alongside other major non-communicable 
diseases such as cardiovascular disease, cancers, diabetes, obesity and respiratory disorders. The objectives 
will be to influence clinicians, educators, policy makers, researchers and research funders around the world.  
European cleft research : for the last decade significant advances have been made around the world in (a) 
improving the evidence base for best treatment protocols in the management of infants born with CL/P and 
(b) significant advances in knowledge of genetic and environmental aetiology. A series of European initiatives 
from SCANDCleft, EUROCleft, the European Science Foundation (ESF), EUROCRAN and now EUROCleftNet 
have made a significant contribution and present future opportunities in the co-ordination of global research 
efforts and aim towards establishing standardised research protocols which will ultimately allow inter-centre 
comparisons. 
Genomics approach : This presentation will provide the compelling evidence for a strong genetic component 
in non-syndromic CL/P and will describe the genetic approaches for the identification of causative genes. 
This will include selected candidate gene association studies, linkage studies, genome wide association studies 
(GWAS), array comparative genomic hybridisation (CGH) and informative animal models. Unique insights 
into the molecular pathogenesis of CL/P through candidate gene pathways will include interferon regulatory 
factor 6 (IRF6), ventral anterior homeobox 1 (VAX 1) and the MSX1 and BMP signalling pathways. 
In the context of determining the genetic aetiology of clefts, it is also important to consider the implications 
of heterogeneity, cleft sub-phenotypes, inter-population differences and gene / environment interaction 
and strategies for future studies to enhance understanding of the molecular pathogenesis of CL/P through 
functional genomics, epigenetics, gene expression and considering an array of approaches to identify rarer 
missense mutations in the pathogenesis of common, complex diseases. 
The clinical implications of an improved characterisation of genetic aetiology in terms of prevention will be 
discussed. 
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Dentistry
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Orthodontics
•	 FFD RCSI, Royal College of Surgeons in Ireland, 1988 

Orthodontics
•	 FDS RCPS, Royal College of Physicians and Surgeons of 

Glasgow, 2005 Dentistry
•	 ILTM 2001, Membership of the Higher Education Academy
 
Position

1983 - 1983	 Associate	 General Dental Practice
	 Fermanagh, Northern Ireland	
1984 - 1984	 House Officer	Orthodontics, 
	 Dundee Dental Hospital
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1984 - 1985	 Senior House Officer
	 Oral Surgery, Dundee Dental Hospital. (Resident)	
	 Dundee, Scotland	
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1987 - 1989	 Registrar, Orthodontics
	 Edinburgh Dental Hospital
	 Edinburgh, Scotland	
1989 - 1989	 Senior Registrar (Locum),
	 Orthodontics, Royal Victoria Hospital
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1989 - 1994	 Lecturer/Hon. Senior Registrar	Orthodontics, 
	 Glasgow Dental Hospital and School
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1994 – 1997	 Lecturer in Orthodontics
	 Dundee University Dental School
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1997 – 2000	 Senior Lecturer 
	 Dundee University Dental School
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2000 –  2003	 Reader 
	 Dundee University Dental School
	 Dundee, Scotland	
2003 – present	 Professor of Craniofacial Development and 
	 Dentofacial Orthopaedics
	 Dundee University Dental School
	 Dundee, Scotland
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Accepted for publication in “Innovations in Clinical 
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clefting: aetiology, pathogenesis and exploration of 
preventive strategies”.  University of Dundee, Dental 
Health Services Research Unit.  ISBN 1899809 171.
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Mossey, P. A., Newton, J.P., Mason, A. and Stirrups, D. R. 555
Eds (1999)
Clinical competencies in Dentistry: “Assessing in 
competence”
(Report of proceedings of December 1998 Medical and 
Dental Education Network (MADEN) conference)
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entitled “Cleft Lip and Palate” submitted to the Scottish 
Office in November 1998. Recommendations currently 
being implemented in the Managed Clinical Network for 
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SNAP Reports, Scottish Office, Nov. 1998
Mossey, P.A., Trindade, I.E.K., Shaw, W.C., and de Souza 777
Freitas, J.A. Eds. (1999)
International Task Force on Craniofacial Anomalies 
Conference Report “Developing strategies for cost effective 
treatment and preventive interventions for Cleft Lip and 
palate”. Conference held in Bauru, Sao Paulo, Brazil, 
October 2-5, 1998. ISBN No. 85-87666-01-0
Mossey, P.A. Ed. (1999)	888
European Science Foundation (ESF), 2nd International 
Collaborative Workshop, Strasbourg 20th/21st February, 
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Clinical molecular diagnostics of congenital malformation 
syndrome using in-solution hybridization-based 
enrichment and massively parallel sequencing 

Kenjiro Kosaki, M.D., Ph.D., F.A.C.M.G.

Center for Medical Genetics, 
Keio University School of Medicine

As catalogued in genetic textbooks like“Smith's Recognizable Patterns of Human 
Malformation” and “Inborn Errors of Development” several hundreds of genes have been 
shown to cause human congenital disorders. The identification of these causative genes has 
offered us a wonderful opportunity to delineate the molecular basis of these disorders. Molecular 
diagnosis offers valuable information to the patients and their families in terms of prognosis, 
preventing complications, and providing accurate genetic counseling.  Theoretically, any gene 
can be tested by the direct sequencing of PCR products amplified from the patient’s genomic 
DNA. However, identifying pathogenic mutations has been difficult when the causative gene has 
a large number of exons. In such cases, direct sequencing is expensive, technically demanding, 
and time consuming. Recently, next generation sequencing [NGS] has been introduced.  We 
are currently developing a sensitive and specific mutation analysis system covering most of 
the genes enlisted in the Smith's textbook with targeted enrichment and massively parallel 
sequencing.  In this symposium, we would like to share our strategies with the audience.

Generally speaking, there are two NGS approaches for diagnostic sequencing in genetic 
disorders: PCR-based targeted enrichment followed by long-read sequencing and in-solution 
hybridization-based enrichment followed by short-read sequencing.  In-solution hybridization-
based enrichment was adopted because PCR method does not allow multiplex enrichment 
of thousands of sequences. A proof-of-principle experiment was performed on thirty patients 
with neurofibromatosis type was performed and the ability of NGS protocol to identify likely 
disease-causing mutations was demonstrated in comparison with the current methodology, 
Sanger sequencing.  Our diagnostic protocol illustrates a drastic change in the clinical molecular 
diagnostics of congenital malformation syndromes and provides a paradigm for other genetic 
conditions.
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The Osteocyte as a Regulator of Bone 
Remodeling

Lynda F. Bonewald, Ph.D.

University of Missouri-Kansas City

As the skeleton matures, the ratio of osteocytes to other bone cells such as osteoblasts and 

osteoclasts increases to approximately 90-95% osteocytes in the adult skeleton.  The osteocyte 

is a terminally differentiated cell localized within mineralized matrix thereby unable to divide 

while within this environment.  Osteocytes can remain viable for decades in the bone matrix.  

To remain viable, these cells are exposed to bone fluid which provides nutrients but also allows 

the osteocyte to send molecular messages to other cells.  Osteocytes are connected to each other 

and cells on the bone surface and the marrow space via their dendritic processes representing 

another mode of osteocyte communication.  The morphology and other properties allow this 

cell to be exquisitely sensitive to mechanical loading and unloading which is translated into 

signals such as sclerostin or RANKL to regulate osteoblastic bone formation and osteoclastic 

bone resorption.  Many of the effects of osteotropic factors such as parathyroid hormone are 

mediated through osteocytes.   Therefore, the osteocyte is a major regulator of bone modeling 

and remodeling. Effects of aging on the skeleton may be through changes in the osteocyte.  

Maintaining or optimizing osteocyte function may abrogate bone loss and maintain bone mass.
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New biological insights of tooth movement in 
response to mechanical stress

Keiji Moriyama, D.D.S., Ph.D.

Section of Maxillofacial Orthognathics, 
Tokyo Medical and Dental University Graduate School
Tokyo, Japan 

Orthodontic tooth movement is a dynamic biological phenomenon, which is triggered by the 
loss of equilibrium in the mechanical environment surrounding the tooth upon orthodontic 
force application. To date, it is widely accepted that periodontal tissue, including cementum, 
periodontal ligament (PDL) and alveolar bone, play indispensable roles in tooth movement due 
to its unique biomechanical, cellular, and molecular natures, although the precise underlying 
mechanisms are yet to be fully elucidated.  

To investigate the involvement of periodontal tissue in mechanical stress, we prepared an 
experimental tooth movement model in vivo and demonstrated that the forced mechanical 
stress stimulated the transcription of periostin, which is a 90 kDa secreted extracellular 
matrix (ECM) implicated in cellular adhesion and migration.  In contrast, occlusal hypofunction 
decreases the expression of both periostin and twist, a basic helix-loop-helix transcription factor, 
which binds to periostin promoter to stimulate its transcription.  

On the other hand, osteocytes are thought to be the major bone cell type responsible for 
sensing mechanical strain and coordinating signals of bone resorption and formation. Recently 
it has been reported that targeted deletion of osteocytes by diphtheria-toxin (DT) injection into 
the mice expressing DT receptor specifically in osteocytes results in bone loss, whereas the 
bone mass does not decrease in response to unloading experiment by tail suspension of these 
mice. To further elucidate the roles of osteocytes in bone remodeling triggered by mechanical 
loading/unloading, we conducted tooth movement in the osteocyte-ablated mice and compared 
the distance of tooth movement as well as the histological changes between the groups with 
or without intraperitoneal DT injection. The distance of tooth movement in DT-injected mice 
was significantly smaller than that in DT-uninjected mice on day 12. Interestingly, the number 
of TRAP-positive osteoclasts decreased in DT-injected mice after day 8, compared with that in 
DT-uninjected mice. These results suggest that osteocytes are involved in osteoclast formation 
in response to the change of mechanical environment, and that osteocytes play a crucial role in 
mechanical stress-induced bone remodeling during tooth movement.
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Mechanisms of tooth renewal

Irma Thesleff, D.D.S., Ph.D.

Institute of Biotechnology, University of Helsinki, Finland

The capacity for tooth renewal is quite limited in mammals.  The major mechanism of tooth 
renewal in vertebrates is tooth replacement and in fish and reptiles teeth can be replaced 
continuously. However, in mammals the deciduous dentition, or part of it, can be replaced by 
a second set of functional teeth, and there is maximally one round of tooth replacement. The 
mechanisms of tooth replacement have remained largely unknown mainly because mice do not 
replace their teeth.  We have used the ferret as a model animal and performed morphological 
and molecular analyses of tooth replacement. The replacement teeth are formed successionally 
from their deciduous predecessors. They develop from the so called dental lamina associated 
with the outer enamel epithelium of the preceding tooth. We have recently localized putative 
stem/progenitor cells in the dental lamina epithelium during tooth replacement. These 
observations have also indicated that there may be a capacity for continued tooth replacement 
in mammals.

In addition to replacement, some mammalian teeth can be renewed by continuous growth which 
compensates for tooth wear. We have examined the mechanisms of the continuous growth of 
the mouse incisor. Our results together with work from other laboratories have indicated that 
there is a stem cell niche in the proximal end of the incisor in the so called labial cervical loop. 
The maintenance and differentiation of the epithelial stem and progenitor cells is regulated by 
a complex network of stimulatory and inhibitory molecules affecting Fgf, Tgfbeta, Bmp, Wnt 
and Hh signal pathways. The stem cells responsible for tooth renewal have been identified in 
the cervical loop. We have recently demonstrated that these cells express the stem cell marker 
Sox2 and that the Sox2 positive cells contribute to all epithelial cell lineages of the incisor. 
Taken together, the current data indicate that tooth renewal is based on epithelial stem and 
progenitor cells which seem to have a conserved common genetic signature in different types of 
tooth renewal, and that their maintenance and differentiation is regulated by a network of same 
conserved signal pathways that regulates tooth morphogenesis. 
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Tooth morphogenesis is characterized by reciprocal interactions between the dental epithelium and 
mesenchymal cells derived from the cranial neural crest, which result in the formation of the proper number 
and shapes of teeth. Multiple extracellular signaling molecules, including BMPs, FGFs, WNTs, and Shh, have 
been implicated in these interactions for tooth development. The epithelial cells then subsequently give rise 
to enamel-forming ameloblasts, while the dental pulp stem cells (DPSCs) form dentin-forming odontoblasts and 
dental pulp cells. Epithelial-mesenchymal interactions regulate the growth and morphogenesis of ectodermal 
organs such as teeth. The interactions between DPSCs and the epithelium have not yet been clearly 
elucidated. Dental pulp stem cell line (SP) that was comprised of enriched side population cells and that 
displayed a multipotent capacity to differentiate into odontogenic, osteogenic, adipogenic, and neurogenic cells. 
We then analyzed interactions between SP cells and cells from the rat dental epithelial cell line (SF2). SP cells 
differentiated into odontoblasts that expressed dentin sialophosphoprotein when cultured with SF2 cells. This 
differentiation was regulated by BMP-2 and -4 and was inhibited by the BMP antagonist Noggin. 

Stem cell research has identified and established several types of stem cells, including induced pluripotent 
stem (iPS) cells, which are generated from a variety of somatic cell types via introduction of transcription 
factors that mediate pluripotency and has great potential for tissue-specific regenerative therapies. Further, 
ameloblasts secrete enamel-specific extracellular matrices, including ameloblastin (AMBN), and these are lost 
upon tooth eruption following transformation and apoptosis. This makes it impossible to repair or replace 
damaged enamel in an erupted tooth. Since ameloblasts are lost upon tooth eruption, identifying alternative 
sources of these cells becomes important. Since dental epithelial cells, which differentiate into enamel secreting 
ameloblasts, disappear in adults after tooth development, our strategy to create ameloblasts from mouse iPS 
cells may have direct application in regenerative tooth medicine. We found that mouse iPS cells cultured with 
mitomycin-C treated SF2 cells displayed an epithelial cell-like morphology. These cells expressed the epithelial 
cell markers p63 and cytokeratin-14, and the ameloblast markers AMBN, but did not express the endodermal 
cell marker Gata6 or the mesodermal cell marker brachyury. This is the first demonstration of differentiation 
of iPS cells into ameloblasts through interactions with the dental epithelium.

A number of factors are thought to give iPS cells the capacity for direct or indirect differentiation into 
ameloblasts. Possible direct effectors include gap junctions, intercellular binding molecules, adhesion factors 
and extracellular matrices secreted by dental epithelium. Growth factors might also be involved, because 
conditioned medium from SF2 cells induced AMBN expression in iPS cells. AMBN is also a candidate factor 
for dental cell differentiation of iPS cells, as SF2 cells expressing low levels of AMBN did not induce the 
differentiation of iPS cells. AMBN has diverse functions in various cellular physiologies, such as cell growth, 
differentiation, cell polarization and attachment, although the detailed mechanisms of AMBN signaling require 
additional investigation. AMBN-null mice display severe enamel hypoplasia due to impaired dental epithelial 
cell proliferation, polarization and differentiation into ameloblasts, as well as loss of cell attachment activity 
with immature enamel matrix. These results suggest that AMBN is necessary for both in vivo and in vitro 
ameloblast differentiation. 

Co-culturing with dental epithelial cells appears to induce stem cell differentiation that favors an odontogenic 
cell fate and this might be a useful approach in tooth bioengineering.
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Oral functions such as enunciation, mastication and occlusion, are an important aspect of good health and 
quality of life.  These oral functions are achieved in harmony with the teeth, masticatory muscles and the 
temporomandibular joint under the control of the central nervous system.  Damage, loss and the onset of 
disease in teeth, including dental caries and periodontal disease, thus cause fundamental problems for oral 
functions and associate health issues.  Various therapies for these dental disorders have been established 
using artificial materials such as root canal treatments and prosthesis procedures.  Furthermore, after the loss 
of a tooth, the tooth functions are traditionally restored by replacement with an artificial tooth, the use of a 
bridge, and also osseo-integrated dental implants.  

To restore the partial loss of organ functions and to repair damaged tissues, an attractive concept in 
regenerative therapy is stem cell transplantation into various tissues and organs.  Dental tissue-stem cells 
have been identified and will have utility for the development of stem cell transplantation therapy to restore 
the partial loss of organ function and thereby achieve dental tissue repair such as caries and periodontal 
diseases.  The ultimate goal of regenerative therapy is to develop fully functioning bioengineered organs that 
can replace lost or damaged organs following disease, injury or aging.  For the success of tooth replacement 
regenerative therapy, a bioengineered tooth must be capable of erupting in the lost tooth region in an adult 
oral environment and achieve full functionality, including sufficient masticatory performance, biochemical 
cooperation with the periodontal tissues and proper responsiveness to noxious stimulations via neurons in the 
maxillofacial region.  

To generate whole tooth, the approach is to recreate organogenesis through the epithelial-mesenchymal 
interactions that occur in the developing embryo and thereby develop fully functioning bioengineered 
organs from the resulting bioengineered organ germ generated via three-dimensional cell manipulation 
using immature stem cells in vitro.  We previously developed a bioengineering method for forming a three-
dimensional organ germ in the early developmental stages, termed the ‘bioengineered organ germ method’ 
(Nature Methods 4, 227-230, 2007).  This method was adoptable to generate various organ germs such as 
tooth, hair follicles (Nature Commun. 3, 784, 2012, Sci. Rep. 2, 424, 2012), salivary gland and lacrimal gland.  
Recently, we reported fully functioning bioengineered tooth replacements after the transplantations of a 
bioengineered tooth germ (PNAS 106, 13475-13480, 2009) or mature tooth unit comprising the bioengineered 
tooth and periodontal tissues such as periodontal ligament and alveolar bone (PLoS ONE, 6, e21531, 2011) into 
a lost tooth region.  The bioengineered molar tooth germ could erupt and reach occlusion with an opposing 
tooth after transplantation in the mouse adult oral environment.  The bioengineered tooth unit, which 
was controlled for length and shape, was successfully transplanted into a properly-sized bony hole in the 
alveolar bone through bone integration by recipient bone remodeling. These bioengineered teeth displayed 
physiological tooth functions such as mastication, periodontal ligament function for bone remodeling and 
responsiveness to noxious stimulations.  Tooth regenerative therapy has the potential to provide essential 
functional recovery and ultimately replace the current artificial materials used in dental treatments.  

In this presentation, I would like to talk and discuss about the strategies and recent progress of the research 
and development for the establishment of tooth regenerative therapies.  
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Amelogenins are the most abundant extracellular matrix proteins secreted by ameloblasts during tooth 
development and are important for enamel formation. Recently, amelogenins have been detected not only 
in ameloblasts, which are differentiated from the epithelial cell lineage, but also in other tissues, including 
mesenchymal tissues at low levels, suggesting that amelogenins possess other functions in these tissues.
In the first part of this presentation, the emerging evidences for the additional roles of full-length amelogenin 
(M180) and leucine-rich amelogenin peptide (LRAP) in mesenchymal cells, such as chondrocytes and 
osteoblasts, will be introduced.
Experiments utilizing a chondrogenic cell line, ATDC5, revealed that the supplement of recombinant mouse 
M180- or LRAP-protein into chondrogenesis-stimulating medium increased alkaline phosphatase (ALP) activity 
and glycosaminoglycan secretion at 14 and 21 days of culture, respectively, as compared with the control. 
Quantitative PCR (Q-PCR) analysis indicated that LRAP increased the gene expression levels of Runx2, 
Col2a1, and Aggrecan at 7 days of differentiation. Moreover, both M180 and LRAP significantly increased 
the gene expression levels of ALP, Aggrecan, Col10a1, and Osteopontin at 28 days of culture. BrdU assay 
and Q-PCR analysis for Wnt signalling indicated that both M180 and LRAP reduced the cell proliferation, but 
induced the cell differentiation possibly through altered non-canonical Wnt signalling. 
Interestingly, amelogenin null mice showed increased osteoclastogenesis and root resorption in periodontal 
tissues. Recombinant amelogenin proteins suppress osteoclastogenesis in vivo and in vitro, suggesting 
that amelogenin, especially LRAP, was involved in preventing idiopathic root resorption by regulating 
osteoclastogenesis (odontoclastogenesis). To identify extended functions of LRAP in bone formation and 
resorption, we then engineered transgenic (TgLRAP) mice using a murine 2.3kb α 1(I)-collagen promoter 
to drive expression of LRAP. Although LRAP expression did not affect bone structure in these mice, the 
ovariectomized (OVX) TgLRAP mice resisted bone loss induced by ovariectomy resulting in higher bone 
mineral density compared to OVX wild type (WT) mice. The quantitative analysis of calcein intakes indicated 
that the OVX TgLRAP mice had increased bone formation compared to sham operated WT mice. The 
parameters for bone resorption in tissue sections showed increased number of osteoclasts in OVX WT, 
but not in OVX TgLRAP compared to sham operated WT or TgLRAP mice. in vitro calvarial cell cultures 
isolated from the TgLRAP mice showed increased ALP activity and increased formation of mineralization 
nodules. The TgLRAP calvarial cells also showed inhibitory effects on osteoclastogenesis in vitro. Gene 
expression comparison by Q-PCR in calvarial cells indicated that bone formation makers such as Runx2, 
ALP and Osteocalcin were increased in TgLRAP, compared to WT cells. Meanwhile, Rankl expression was 
decreased in TgLRAP cells in vitro, supporting the bone phenotypes in OVX mice. These results suggest that 
the LRAP have distinct roles to maintain the bone metabolism.
Although amelogenins are implicated in tissue-specific epithelial-mesenchymal or mesenchymal-mesenchymal 
signaling, the precise molecular mechanism has not been characterized. To obtain a clue for the mechanism, 
the results of a yeast two-hybrid assay aimed at identifying protein-binding partners for LRAP will be 
introduced in the last part of this presentation. 
The therapeutic application of an enamel matrix derivative (EMDOGAIN®) rich in amelogenins resulted in 
the regeneration of cementum, alveolar bone, and periodontal ligament in the treatment of experimental 
or human periodontitis, indicating the attractive potential of amelogenin in hard tissue formation. Gaining 
further insights into the cell functions modulated by the multifunctional amelogenin proteins will lead to the 
development of new therapeutic approaches for treating dental diseases and disorders.
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The periodontal - systemic connection: 
Molecular mechanisms and their significance in 
overall health care

Gregory J. Seymour, BDS, MDSc, Ph.D.
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University of Otago, New Zealand

The relationship between poor oral health and systemic diseases  has, over the last two decades,  been 
increasingly recognized. A large number of epidemiological studies have now clearly established the link 
between poor oral health and cardiovascular diseases, poor glycaemic control in diabetics, as well as a number 
of other diseases. The vast majority of studies investigating the relationship between periodontal disease 
and cardiovascular disease show a significant positive association even after adjusting for confounders, such 
that the focus is now on the biological mechanisms which under pin this relationship as well as on the role 
of periodontal treatment in reducing the risk of further cardiovascular events. A number of hypotheses have 
been postulated to explain the association between periodontal disease and atherosclerosis. These include (i) 
common susceptibility which may involve a common susceptibility gene(s) but where there is no direct link 
between the two diseases, (ii) direct infection of the arterial wall by oral organisms, including the recognised 
periodontal pathogens, following bacteraemia, (iii) systemic inflammation and increased levels of circulating 
cytokines with atherogenic potential and finally (iv) molecular mimicry between stress proteins expressed 
on the periodontal bacteria and heat shock protein 60 (HSP60) expressed on stressed endothelial cells. With 
respect to this final mechanism, antibodies to both Porphyromonas gingivalis GroEL antigen and human 
HSP60, which cross-react with one another, have been identified in the serum of patients with cardiovascular 
disease, the levels of which are significantly correlated with the extent of periodontal disease and with the 
numbers of periodontal pathogens. In addition, cross-reactive P. gingivalis GroEL and HSP60 specific T 
cell have been identified in the peripheral blood, as well as in the atherosclerotic plaques of patients with 
atherosclerosis. These data, together with the observation that enhanced atherosclerosis in P. gingivalis 
infected Apo-E deficient mice is associated with increased levels of anti- P. gingivalis GroEL antibodies,  
provide strong support for the role of molecular mimicry contributing to the association between periodontal 
disease and cardiovascular disease. 

Although a number of studies have shown an improvement in endothelial function following periodontal 
therapy, there is a distinct lack of evidence showing that the treatment of periodontal disease impacts on 
clinical cardiovascular outcomes. Such studies, by necessity, need to involve several thousand subjects 
followed over a long period of time – up to ten years and are probably too expensive and too difficult to 
undertake. 

Overall however, the relationship between poor oral health and systemic diseases has become a significant 
issue, and despite the lack of direct clinical evidence, there is sufficient strong basic biological evidence to 
explain the underlying mechanism, such that these associations can no longer be ignored in overall health 
strategies.
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Oral - Systemic Connection: Roles of 
the Host Factors

Nawarat Wara-aswapati, D.D.S., DMSc.

Department of Periodontology, Faculty of Dentistry, 
Khon Kaen University, Khon Kaen, Thailand  

Periodontitis is an inflammatory disease caused by gram-negative periodontopathic bacteria 

which can induce the production of host inflammatory mediators, eventually leading to the 

breakdown of tooth-supporting tissues. Emerging evidence has suggested the association 

of periodontal diseases with several systemic diseases such as diabetes mellitus (DM), 

cardiovascular diseases (CVDs), adverse pregnancy outcomes, respiratory diseases, Alzheimer’

s disease and cancer. Host immune responses play a vital role in the periodontal-systemic 

connection.  

In this lecture, we will discuss the association of host factors, Wnt5a and trefoil factors (TFFs), 

with periodontitis. Wnt5a is secreted by activated antigen-presenting cells and Wnt5a signaling 

is essential for the general inflammatory response of human macrophages during sepsis.  TFFs 

are secreted molecules involved in cytoprotection against tissue damage and immune response.  

Recently, we have investigated the mechanisms by which P. gingivalis modulates Wnt5a 

expression.  In addition, we determined if TFF expression in saliva and gingival tissues was 

associated with periodontal pathology.  Our results suggested that Wnt5a and TFF3 may be 

involved in the pathogenesis of periodontal disease and play a role in the periodontal-systemic 

connection.
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The biologic effect of oligopeptides derived 
from fibronectin and its application to 
biomimetics

Young Ku, D.D.S., Ph.D.

Department of Periodontology, School of Dentistry, 
Seoul National University, Seoul, Korea

Fibronectin(FN) is a major glycoprotein in the extracellular matrix (ECM) and regulates various 

cellular events. It is consisted of disulfide-linked 235 kDa monomers, which are composed of 

three domains; types I, II and III. The Arg-Gly-Asp (RGD) and Pro-His-Ser-Arg-Asn (PHSRN) in 

10th and 9th type III domain, respectively, are important cell adhesion. Oligopeptides based on 

FN are regarded as attractive biomolecules for biomaterials. We synthesized FN type III 7-10, 

8-10 and 9-10 fragments and analyzed their biologic activities. We also synthesized PHSRN and 

RGD containing short oligopeptides with linkers and also via recombinant DNA technology and 

investigated their biological effects. Recently we evaluated the oligopeptides from fibrin binding 

domain based on FN and found that these peptides have enhancing biologic activities in some 

cell lines. We hypothesized that these peptides can be used as biomaterial surface modifiers 

which could enhance biocompatibility and wound healing.
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Periodontal disease and atherothrombotic 
diseases: Lessons from clinical and basic studies

Kazuhisa Yamazaki, D.D.S., Ph.D.

Laboratory of Periodontology and Immunology,
Division of Oral Science for Health Promotion,
Niigata University Graduate School of Medical and Dental Sciences

Over the past two decades, the relationship between poor oral health and systemic diseases 
has been increasingly recognized. There is considerable epidemiological evidence to support 
the concept that poor oral health may put patients at a significant risk for a variety of systemic 
conditions such as coronary heart disease (CHD). CHD is the leading cause of death in Japan and 
other developed countries. The major pathway underlying CHD pathology is atherosclerosis. 
Several risk factors for atherosclerosis have been identified, including smoking, hypertension, 
hyperglycemia, hypercholesterolemia and genetic factors. However, atherosclerosis can develop 
in the absence of these classic risk factors. Recent epidemiological studies have suggested 
a link between atherosclerosis and infection/inflammation. Associations have been reported 
with Chlamydia pneumoniae, Helicobacter pylori, and cytomegalovirus, as well as with dental 
infections, particularly those associated with periodontitis. Several biologically plausible 
mechanisms have been presented to explain the association, such as bacteremia, elevated levels 
of inflammatory markers, generation of cross-reactive immune responses by chronic infections, 
and induction of imbalanced cholesterol metabolism. There is evidence demonstrating the direct 
effect of periodontopathic bacteria on host cells, increased levels of high-sensitivity C-reactive 
protein and elevated levels of cross-reactive antibody between human heat-shock protein 60 and 
its orthologue, GroEL of Porphyromonas gingivalis. We have demonstrated that P. gingivalis 
induces several atherosclerosis-related molecules in human coronary arterial endothelial cells, and 
that high-sensitivity C-reactive protein (hs-CRP) and interleukin (IL)-6 protein levels are higher 
in cases of periodontitis and that successful treatment of periodontitis decreases the levels of 
both mediators. In addition, periodontitis patients have lower anti-atherogenic HDL cholesterols 
than periodontally healthy subjects.   However, since the two disorders share several common 
risk factors, including cigarette smoking, age, and diabetes mellitus, and moreover, current 
research does not yet provide evidence of a causal relationship between the two diseases, media 
claim about an association between periodontitis and heart disease. Nevertheless, several animal 
studies aimed at clarifying the effect of periodontopathic bacterial infection on atherogenesis 
have successfully shown the formation of atheromatous plaque and the elevation of systemic 
inflammatory markers. Recently, we have shown by using mouse model that periodontal infection 
itself does not cause atherosclerosis, but it accelerates it by inducing systemic inflammation 
and deteriorating lipid metabolism, particularly when underlying hyperlidemia or susceptibility 
to hyperlipidemia exists. In this presentation, an update on the current understanding of the 
contribution of poor oral health to atherosclerosis and the possible mechanisms involved will be 
presented and discussed based mainly on our studies. 
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The traditional planning for orthognathic surgery using tracing and dental plaster models has 
remained mostly unchanged over the past 50 years. They present significant limitations and 
are often inadequate for the treatment of patients with complex CMF deformities. My topic is 
3D surgical simulation for orthognathic surgery based on the occlusal relationship to predict 
surgical outcomes.  

Before taking CT scanning, impression of the bite and upper and lower dental arches was 
taken using special impression tray and silicon impression material. 3-D virtual skull model with 
detailed dental occlusal and intercuspidation date was created by triple CT scan procedure. 
First the patient was vertically scanned with wax bite wafer in place in a natural seated 
position using standardized CT scanning protocol. Second, the tray and impression material was 
placed in the patient's mouth in the correct position, and the patient was scanned with a smaller 
field of view centered on the occlusal plane. Finally, the special tray and impression material 
was scanned more precisely using high-resolution standardized CT scanning protocol. These 
three scanning dates were installed to Maxilim software (Ver. 2.2.2, Medicim NV, Mechelen, 
Belgium). Acquiring the 3D integrated augmented skull model with dentition, 3D cephalometric 
analysis, virtual osteotomy and segmentation of each bony segment were undergone. The 
surgical simulation was then performed at the position of final occlusion by use of virtual 
elastics between upper and lower teeth. 

Next step from the simulation, we need some intraoperative guides to acquire the actual results 
same as simulated results. There are two possibilities to make such guide, one is template to 
set on the osteotomy gap to indicate the amount of movement and another is surgical splint 
that made as an intermediate splint same as conventional model surgery. We have used 3D 
virtual surgical splints made from a transparent polycarbonate material (Tecanat Polycarbonate, 
Eisigner Industries, US) processed using computeter-aided design and computer-aided 
manufacturing techniques during the actual surgery.

3D virtual orthognathic surgery planning has powerful potential as a communication tool 
because it offers the possibility to visualize an integrated treatment plan of the patient as a 
single virtual anatomic model including the hard and soft tissue and teeth. Furthermore, the 
surgical guides help surgeons to indicate appropriate 3D location of maxillary segment during 
bimaxillary surgery. However, to make the paradigm shift from conventional planning to 3D 
virtual planning, some problems such as time consuming, costs, irradiation and quality of care 
have to be overcome near future. 
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Recent Paradigm Change in Three-Dimensional Imaging 
and CAD-CAM Technology for Virtual Orthodontic 
Treatment and Orthognathic Surgery

Seung - Hak Baek, D.D.S., M.S.D., Ph.D.

Dept. of Orthodontics, School of Dentistry, Seoul National University

Current rapid change of paradigm in the diagnosis and treatment for patients with malocclusion 

and facial deformity give a new horizon to the orthodontic treatment and orthognathic surgery 

in terms of efficiency and effectiveness.

This presentation will give you the up-to-date information of 3D-Digital processes which 

are currently being used in the diagnosis and treatment planning, and real treatment in the 

orthodontic treatment and orthognathic surgery for both clinical practice and research.

The purposes of this presentation are to discuss about the data acquisition from CT, intra-oral 

scanning, and surface scanning, the data manipulation including virtual segmentation of teeth, 

virtual diagnostic and final set-up of the models, virtual bracket positioning and jig fabrication, 

virtual orthognathic surgery, and virtual fabrication of surgical wafers, and the appliance 

fabrication and delivery for indirect bonding jig with customized base, and surgical wafers using 

CAD-CAM and SLA technology.
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Clinical and biomechanical considerations 
for correction of the dento-facial 
deformities

Young - Chel Park, D.D.S.,  Ph.D.

Dept. of Orthodontics Yonsei University Seoul, Korea

So far, the conventional orthognathic surgery has been widely used to treat the dentofacial 

deformity patient. However, some problems were found such as limited amount of movement 

in the skeletal tissue, high recurrence rate and difficulty to achieve the functional and esthetic 

balance. To minimize the limitation and side effects of the orthognathic surgery, orthopedic 

intervention has been widely used for the treatment of dento-facial deformities.  As a result, 

orthopedic intervention such as distraction osteogenesis and rapid maxillary expansion has 

became an alternative option for treatment of hypoplasia in the patients with dento-facial 

deformity. 

Biologic and biomechanical background of distraction osteogenesis for the treatment of 

maxillary hypoplasia in cleft lip and palate patient and in the hemi facial microsomia patient 

will be discussed with the clinical cases. Rapid maxillary expansion(RME) has been widely 

used to correct the vertical and transverse deficiency of the maxilla in the growing patients. It 

is possible to extend the indication of age and the range of maxillary expansion by using the 

surgically assisted RME and the mini screw assisted RME. The characteristics of surgically 

assisted RME and the mini screw assisted RME will also be discussed with the treated cases 

and related researches.

If the patient with dento-facial deformity was treated under accurate diagnosis and treatment 

planning with a proper biologic and biomechanical principles, accompanied with overcorrection 

and long term retention, it would be possible to improve the functional and esthetic balance
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Now orthognathic surgery is one of the most common surgical methods for the treatment of 
dento-facial deformity patients. Though there are many technique for orthognathic surgery, 
sagittal splitting of the mandibular ramus and Le Fort Ⅰ osteotomy of the maxilla are the 
most popular. Since these popular orthognathic surgeries have been well trained by oral 
surgeons, few major troubles have been reported during surgery recently. However, results 
of the orthognathic surgery should be based on the improvement of occlusal disharmony. The 
postoperative occlusal condition depends on accuracy of the surgical movement on the jaw 
bones. In addition, as a surgical basis, the techniques for accurate bone movement should be 
free from unexpected bleeding or jaw bone fracture. Since orthognathic surgery is becoming 
a common treatment method in the field of oral and maxillofacial surgery, safety must be 
guaranteed during surgery. In this lecture, several original techniques are introduced for 
accurate and safe movement of jaw bone during orthognathic surgery. 

In the sagittal splitting of the mandibular ramus, the bilateral mandibular rami are split into the 
proximal and distal segments. The distal segment is moved posterior or anterior to improve the 
occlusal disharmony. However, the proximal segment must be maintained in its original position 
due to the presence of condyle. Improper positioning of the proximal segment, namely, condyle 
can cause various problems of temporomandibular joint and instability of the postoperative 
occlusion. Therefore, it is considered to be better that the pre-splitting position of the proximal 
segment should be recorded using a device. Even though beginners of the orthognathic surgery 
perform the sagittal splitting of the mandibular ramus, luxation of the temporomandibular joint 
can be prevented using this device during surgery.

In the maxillary osteotomy, accurate upward impaction is difficult because there are important 
blood vessels nourishing the maxilla in its posterior portion. Though some oral surgeons 
perform upward hammering of the maxilla for its upward movement, it’s very danger. The 
presence of inferior concha and, in the similar situation, nasal-intubated endotracheal tube also 
interferes during upward movement of the maxillary segment. To solve these problems of 
upward movement of the maxilla, additional osteotomy to Le Fort Ⅰ or application of resin 
replica is performed during surgery. 

These techniques have not only advantages, but also some disadvantages. I hope the accuracy 
and safety of orthognathic surgery will be discussed through this lecture to increase the quality 
of lives of the patients undergoing orthognathic surgery. 
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