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The Role of Hiroshima University in Asian
Development
T. Asahara

Hiroshima University, President

1

I

Hiroshima University was founded over 58 years
ago and, with the notion of "a single unified univer-
sity, free and pursuing peace," the university has
steadily grown to become one of Japan's leading uni-
versities. Our university will continue to fulfill its uni-
versal mission as an institute of higher education,
which is to "to cultivate outstanding human resources
who can contribute to society and to undertake re-
search that contributes to the development of human-
ity."

Furthermore, Hiroshima University seeks to live
up to the role expected of universities in handling 21st
Century global issues such as the population problem,
environmental issues, world hunger issues, the energy
crisis, the issue of peace, the threat of epidemics, and
so forth. With the completion of the human genome
in the late 20th Century and other rapid advances in
scientific research, and the changes in the structure of
Japanese society due to the falling birthrate and an
aging population, human society is progressing speeds
beyond our imagination.

In order for Hiroshima University to continue to
develop in such a world, we believe that it is ex-
tremely important that we raise our international com-
petitive power and make efforts which will define
both HU's personality and distinctive features in the
intensified global competition to come in all fields of
study.

With "peace", "environment", and "medical care"
being the keywords, I would like to introduce projects
that highlight Hiroshima University's personality and
distinctive features.

Firstly, with "the pursuit of peace" stated in the
first of our Five Guiding Principles, and as a univer-
sity located in the first city to experience the atomic
bomb, Hiroshima, HU was the first university in Ja-
pan to establish the Institute for Peace Science as a
academic research institute for peace science in 1975 to
address the issue of international peace. Furthermore,
in 1994, the Graduate School for International Devel-
opment and Cooperation was established to promote
research in international peace and work toward train-
ing human resources with the ability to contribute to
the field of international peace and cooperation. We
have included peace studies in other curriculums at
the undergraduate level as well, so that we might cul-
tivate human resources with a deep understanding of
peace. In addition, we have begun the "Pilot Progra-
mmefor Human Resource Development in Asia for
Peacebuilding", a project from the Ministry of Foreign
Affairs, which will train 30 civilians from Japan and

Asia to become peacebuilders. It is our belief that
from here forward, Hiroshima University will make a
place for itself as a university with "liberal arts educ
ation" as a distinctive characteristic of its education
and will contribute to Asian and world peace by
working toward human resource development for
peacebuilding.

Secondly, regarding 21st Century global environ-
mental issues, research is progressing at our Graduate
School of Engineering, Graduate School of Biosphere
Science, and Graduate School of Science in environ-
mental pollution, food and resource issues, the energy
crisis, and others. In August of 2007, HU signed a
comprehensive agreement for biomass research, which
includes research and development, as well as human
resources training in the fields of renewable energy
and environmental society building with the use of
biomass as a standard, with the National Institute of
Advanced Industrial Science and Technology and it is
our aim to become a biomass research hub in Asia in
the near future. We have also had results with our
research projects using jellyfish to evaluate the pollu-
tion and environment of the ocean. In order to pre-
vent the environmental destruction, such as global
warming, air, water, and chemical pollution, as well
as atomic disasters, which threatens humanity's future,
we believe that it is necessary from here forward to
actively tackle these issues through scientific research
and human resource development.

Thirdly, in the field of medical treatments, HU ac-
cepts young researchers from China and other Asian
countries to study in a wide range of fields from fun-
damental research to clinical studies. HU is working
towards training Asian medical personnel, and it also
pursuing the development of medical science and
medical treatment through joint research projects. In
particular, at our Research Institute for Radiation Biol-
ogy and Medicine, and on top of our large collection
of documents on epidemiology, the likes of which the
world has never seen, we're strongly engaged in ra-
diation casualty research centered on low dose radia-
tion disasters and genome damage research, which has
accumulated excellent results internationally. For the
effective and practical use of atomic energy, an impor-
tant energy source in the 21st Century, it is crucial to
perfect our preparations for radiation disasters. For
this purpose, the role of Hiroshima University is a
crucial one, and we plan to advance our research in
radiation disasters even more in the future.

Finally, creating international networks is becom-
ing gravely important as global competition grows
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fiercer in every field, and the demand for international
competitiveness increases. Currently at Hiroshima Uni-
versity there are a total of 800 international students
enrolled in both our undergraduate and graduate pro-
grams, and 87% of those students are from Asia. From
here forward, HU will promote international personnel
exchanges and joint research centered around the

countries of Asia, advance scientific research which
can contribute to the future of humanity within the
framework of an Asian network, and plans to work
towards cultivating human resources with the ability
to contribute to "building a society with a future full
of hope."
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ABSTRACT
The ability to monitor health status, disease onset

and progression, and treatment outcome through non-
invasive means is a most desirable goal in the health
care promotion and delivery. There are three prerequi-
sites to materialize this goal: specific biomarkers asso-
ciated with a health or disease state; a non-invasive
approach to detect and monitor the biomarkers; and
the technologies to discriminate the biomarkers. A na-
tional initiative catalyzed by the National Institute of
Dental & Craniofacial Research (NIDCR) has created a
roadmap to achieve these goals through the use of
oral fluids as the diagnostic medium to scrutinize the
health and/or disease status of individuals. This is an
ideal opportunity to bridge state of the art saliva-
based biosensors, optimized to disease discriminatory
salivary biomarkers, for diagnostic applications. Oral
fluid being the "mirror of body" is a perfect medium
to be explored for health and disease surveillance. The
translational applications and opportunities are enor-
mous. This review presents the translational value of
saliva as a diagnostic fluid as well as the scientific ra-
tionale and foundation as a credible clinical diagnos-
tics fluid.

Key words: Oral fluid, Saliva, Oral cancer, Nanotec-
hnology, Proteomics, Genomics

INTRODUCTION
High impact human diseases, including cancer,

cardiovascular, metabolic and neurological diseases,
are challenging to diagnose without supplementing
clinical evaluation with laboratory testing. Even with
laboratory tools, definitive diagnosis often remains elu-
sive. Three roadblocks hold back the realization of

clinical diagnostics' potential - 1) definitive disease-
associated protein and genetic markers; 2) easy and
inexpensive sampling methods that effect minimal
subject discomfort; and 3) an accurate, portable, and
easy-to-use diagnostic platform. Saliva, a biofluid that
is totally non-invasive and readily available, has long
been recognized to address the second road block
(Mandel, 1993). With the visionary investment by the
National Institute of Dental & Craniofacial Research
(NIDCR), saliva biomarker discovery and salivary di-
agnostic technologies are currently in development
that are addressing the first and third roadblocks. It is
safe to predict that the use of saliva for disease diag-
nostics and normal health surveillance is about five
years away. This is an exciting time as we are seeing
the applications of saliva diagnostics for oral diseases,
which will soon to be followed by systemic diseases.
This will truly allow the bridging of oral health re-
search into systemic diseases via the biofluid the fil-
ters and processes itself from the vasculature that
nourishes the salivary glands into the oral cavity (Fig-
ures 1 and 2). Oral fluid being the "mirror of body" is
a perfect medium to be explored for health and dis-
ease surveillance. The translational applications and
opportunities are enormous.

A growing number of proof-of-principle examples
have been established for using saliva to monitor sys-
temic diseases and conditions. The barriers to wide-
spread implementation of saliva diagnostics derive
from technological problems such as sensitivity, minia-
turization, high throughput, automation, portability,
low cost, high functionality, and speed to enable de-
tection and measurements of multiple disease markers
in saliva have largely been overcome. Techniques are
emerging from a combination of miniaturization tech-
nologies and discoveries in many different fields of
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biology, chemistry, physics and engineering are lead-
ing to high throughput, automated, portable, low cost,
more efficient, and rapid biochemical analyses. Minia-
turized diagnostic technologies will be able, with min-
ute amounts of body fluids, to yield critical patient in-
formation reflecting health and disease status. These
"lab-on-a-chip" platforms will be able to perform mul-
tiple operations in parallel in non-laboratory settings
such as the field, factory, hospital clinic or home. It is
envisioned that such technologies will allow the simul-
taneous assessment of multiple conditions of health
and disease and provide clinicians with prevention
and therapeutic strategies to meet patient needs.

VISION AND CHALLENGES
The post-genomic era provides opportunities for

high-throughput approaches to genomics and proteo-
mics. The novel technologies of miniaturization cou-
pled with the highly parallel detection create the pos-
sibility of radically new ways to detect and diagnose
health and disease states in an individual, even in re-
mote or impoverished settings. These discoveries and
technological advances in conjunction with the ability
for disease diagnostics in a non-invasive biofluid
would offer a revolutionary change in medicine.

There is a great need for convenient and accurate
point-of-care disease diagnostic tools in a non-invasive
manner. This is of particular relevance in the develop-
ing world where many health risks and illnesses re-
main poorly defined and receive inappropriate treat-
ment. In addition, little information about the burden
of disease is available to guide population health deci-
sions.

The vision and challenge of saliva diagnostics is
to discover the diagnostic potential and optimize engi-
neering technologies for this biofluid. Figure 3 is a
venn diagram which illustrates that within the spec-
trum of total human health and disease states (top cir-
cle), it is envisioned that some of these states will re-
flect themselves diagnostically in saliva via either
proteomic or genomic information (lower left circle).
Howmuch overlap will the subset be remained to be
determined. The lower right circle illustrates the tech-
nology development platforms necessary to advance
the point of care detection capability of saliva.

The challenge to making saliva diagnostic a clini-
cal reality is to establish the scientific foundation and
clinical validations necessary to position salivary diag-
nostics to be a novel, highly accurate and feasible
technologies to achieve definitive point-of-care assess-
ment of individuals' health and disease status. Inher-
ent in this vision is to establish the science and diag-
nostic targets in saliva and the development of robust,
simple-to-use biosensor technologies for reliable and
valid clinical applications.

SALIVA AS A DIAGNOSTIC FLUID
Saliva is a mirror of the body. The ability to util-

ize saliva to monitor the health and disease state of
an individual is a highly desirable goal for health

promotion and health care research. However, saliva
diagnostics is a later bloomer, as only recently has
there been a growing appreciation of saliva as a mir-
ror of the body which can reflect virtually the entire
spectrum of normal and disease states (Mandel, 1993).
These include tissue levels of natural substances and a
large variety of molecules introduced for therapeutic,
dependency or recreational purposes, emotional status,
hormonal status, immunological status, neurological ef-
fects, and nutritional and metabolic influences. A ma-
jor drawback to use saliva as a diagnostic fluid has
been the notion that informative analytes are generally
present in lower amounts in saliva than in serum
(Miller, 1994). With new and very sensitive techniques,
the lower level of analytes in saliva is no longer a
limitation. Almost anything one can measure in blood,
one can measure in saliva. Saliva has been reliably
used to detect HIV 1 and 2, and viral hepatitis A, B
and C. It can also be used to monitor a variety of
drugs including marijuana, cocaine and alcohol
(Mandel, 1993).

There are compelling reasons to use saliva as a
diagnostic fluid to monitor health and diseases. It
meets the demands for inexpensive, non-invasive and
easy to use diagnostic methods. As a clinical tool, sa-
liva has many advantages over serum. Saliva is easy
to collect, store and ship and can be obtained at low
cost in sufficient quantities for analysis. For patients,
the non-invasive collecting techniques dramatically re-
duce anxiety and discomfort and simplify procurement
of repeated samples for longitudinal monitoring over
time. For professionals, saliva collection is safer than
blood tests, which could expose health care providers
to HIV or hepatitis virus. Saliva is also easier to han-
dle for diagnostic procedures since it does not clot,
lessening the manipulations required. Saliva-based di-
agnostics are therefore more accessible, accurate, less
expensive and present less risk to the patient than
current methodologies.

DEVELOPMENT OF TECHNOLOGIES FOR
SALIVA-BASED DIAGNOSTICS

Five years ago, in 2002, the NIDCR initiated a
concerted research effort in the area of saliva diagnos-
tics and progress is currently being advanced towards
technologically viable systems moving towards com-
mercialization. NIDCR funded seven UO1 awards to
develop microfluidics and microelectricomechanical
systems (MEMS) for saliva diagnostics. MEMS are in-
tegrating systems consisting of mechanical elements,
sensors, actuators, and electronics on a common sili-
con substrate developed through microfabrication tech-
nology. These systems use small sample and reagent
volumes coupled with integrated detection methods to
perform analysis. The seven NIDCR-supported U01
awards focused on the development of microfluidic
and MEMS technologies for measuring DNA, gene
transcripts (mRNA), proteins, electrolytes and small
molecules in saliva as well as overall profile correlates
of a particular disease state, such as cardiovascular
disease (Herr et al, 2007; Yager et al., 2006).
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However, it is clear that none of the new tech-
nologies will become a practical and clinical reality
without strong partnerships with industry early in the
development stage. The reasons include the many
challenges that such technologies face reaching the
stage of fabrication, integration of individual compo-
nents, validation, regulatory approval and finally com-
mercialization. This has sparked a new initiative for
the "Development and Validation of Technologies for
Saliva-Based Diagnostics" in order for the currently
developed academic saliva diagnostic technologies to
team up with industrial partners to further develop
functional prototypes and test their robustness for
clinical applications for saliva based detection of clini-
cal diseases. The outcome of this initiative is the an-
ticipated commercialization of saliva based diagnostic
technologies optimized for the detection of highly sen-
sitive and specific detection of salivary biomarkers for
human diseases. Four of the initial seven groups were
recently renewed for five years for the second round
technology optimization and commercialization goal.

DIAGNOSTIC MOLECULAR TARGETS IN
SALIVA: THE PROTEOME AND THE
TRANSCRI PTOME

In fiscal year 2003, NIDCR funded three UO1
awards aiming to comprehensively identify and cata-
logue human salivary proteins from the three major
salivary glands. It is envisioned that the Human Sali-
vary Proteome (HSP) will be a resource to help eluci-
date disease pathogenesis and evaluate the influence
of medications on the structure, composition and se-
cretion of all salivary secretory constituents.

Multiplexed proteomics platforms are currently
explored by the UCLA Saliva Proteome Consortium in
order to collectively decipher the human salivary
proteome (HSP). In general, a "Divide and Conquer"
strategy is used to comprehensively probe saliva
proteome primarily using bottom-up proteomics. The
proteins from whole or ductal saliva (parotid and
SM/SL) are initially fractionated with a variety of
separation techniques including reversed-phase LC,
strong cation exchange (SCX) LC, gel filtration LC,
Zoom isoelectric focusing (Zoom IEF), and ultrafiltra-
tion,. Secondly, the collected protein fractions are di-
gested with a proteolytic enzyme, e.g., trypsin, and
then analyzed with 1-D or 2-D LC-MS/MS. Finally,
the acquired MS data are processed and submitted for
database searching using Mascot database searching
engine. We are also comprehensively cataloguing sa-
liva glycoproteins using LC-MS/MS and glycoprotein
pull-down method based on hydrazide chemistry
(Ramachandran et al, 2006).

The multiplexed proteomic platforms have clearly
deepened the HSP analysis. In total, we have cata-
logued more than 1000 proteins in whole saliva and
the analysis of parotid and SM/SL saliva is near com-
pletion. We have also developed a saliva proteome
knowledge base (SPKB) to centralize the acquired
proteomic data and annotate the identified saliva pro-
teins. The SPKB is fully accessible to the public

(www.hspp.ucla.edu) for query of the identified prot-
eins, which are linked to public protein databases.
Comparative analysis of HSP and human plasma
proteome (HPP) suggests that extracellular proteins
are predominant in HSP whereas the membrane pro-
teins are predominant in HPP. HSP proteins have sig-
nificant binding and structural molecular activities
whereas the HPP proteins show significant activities of
nucleotide/nucleic acid binding. In terms of "biological
process", a significant percentage of serum proteins are
involved in cell cycle or signal transduction whereas a
significant percentage of saliva proteins are involved
in physiological or response to stimulus processes.

Similar to plasma/serum, many proteins (e.g.,
mucins and amylases) in human saliva are glycosyla-
ted. We have recently profiled saliva glycoproteins us-
ing a glycoprotein pull-down strategy based on hyd-
razide chemistry. In this approach, glycoproteins were
coupled onto a hydrazide resin, the proteins were
then digested and formerly N-glycosylated peptides
were selectively released with the enzyme PNGase F
and analyzed by LC-MS/MS. Employing this method,
coupled with in-solution isoelectric focusing separation
as an additional means for pre-fractionation, we iden-
tified 84 formerly N-glycosylated peptides from 45
unique N-glycoproteins (Ramachandran et al., 2006).

Of interest and in a very serendipitous manner,
our laboratory has recently made the discovery that
discriminatory and diagnostic human mRNAs are pre-
sent in saliva of normal and disease individuals. The
salivary transcriptome presents an additional valuable
resource, the second saliva-based diagnostic alphabet,
for disease diagnostics. Our first report of the salivary
transcriptome, demonstrating that the normal salivary
transcriptome consists of -3000 mRNAs (Li et al.,
2004). Of particular value is that of the 3000 mRNAs,
180 are common between different normal subjects,
constituting the normal salivary transcriptome core
(NSTC). To demonstrate the diagnostic and translation
potential of the salivary transcriptome, saliva from
head & neck cancer patients were profiled and ana-
lyzed. Four genes from the NSTC (IL8, OAZ1, SAT
and IL1B) were able to discriminate and predict if a
saliva sample is from a cancer or normal subject with
a sensitivity and specificity of 91% respectively (ROC
=0.95) (Figure 5). While head & neck cancer was
used as the first proof-of-principle disease for salivary
transcriptome diagnostics, data will soon be available
for systemic diseases. These data, while early and ex-
ploratory, provide sufficient rationale and demonstrate
the urgent need to fully explore "Salivary Transcript-
ome Diagnostics" for major human disease translatio-
nal applications. Adding to this urgency is our recent
finding that the serum transcriptome from the same
patients we examined for their salivary transcriptome
yield 4 RNA biomarkers that have a sensitivity and
specificity of 91% and 71% respectively (ROC= 0.88),
demonstrating clearly that for oral cancer detection,
saliva transcriptome diagnostics has a slight edge over
serum (Li et al., 2006).

There are advantages of utilizing transcriptome
markers for diseases diagnostics. The marker discovery



10 David T. Wong

sM II:

sI

process is high-throughput using genome-wide microa-
rray platforms. While the human salivary proteome
has just been completed, the normal salivary transcr-
iptome has been completed 2.5 years ago (Li et al.,
2004). As a biomarker, RNA is as robust, as informa-
tive as any other analyte. Thus salivary transcriptome
offers the combined advantages of high-throughput
marker discovery in a non-invasive biofluid with very
high patient compliance. Highly diagnostic RNA sig-
natures have been identified for head & neck cancer
and two other major human systemic diseases. The
value of salivary transcriptome research can also be
gauged by the commercial section launching two
products for salivary RNA stabilization and isolation
(RNAprotectR Saliva from QIAGEN and Oragen-RNA
from DNA Genotek).

Of interest is our recent study into the relation-
ship of the salivary proteome and transcriptome. We
have conducted the concurrent proteomic and transc-
riptomic pro filing of whole saliva samples from three
healthy subjects to test if there is co-existence of sali-
vary proteins and their counterpart mRNAs in human
saliva. Of the function-known proteins identified in
WS, more than 60% were also found present as
mRNAtranscripts. For genes not detected at both pro-
tein and mRNA levels, further efforts were made to
determine if the counterpart is present. Of 19 selected
genes detected only at protein level, the mRNA of 13
(68%) genes was found in saliva by RT-PCR. This
study indicates that saliva transcriptome may provide
preliminary insights into the boundary of saliva
proteome (Hu et al., 2006b).

THE UCLA COLLABORATIVE ORAL FLUID
DIAGNOSTIC RESEARCH CENTER

The UCLA School of Dentistry is engaged in both
the technology development and the salivary proteome
initiatives for saliva diagnostics. During the past four
years, we have established the "UCLA Collaborative
Oral Fluid Diagnostic Research Center" to develop the
platform of using nano/micro technology to detect
salivary protein and genomic biomarkers for point of
care applications of high impact human diseases.

For salivary diagnostic technology development,
we have partnered with engineers at the UCLA School
of Engineering who are pioneers in the development
of micro- and nano-electrical-mechanical systems (M-
EMS & NEMS) biosensors that exhibit exquisite sensi-
tivity and specificity for analyte detection, down to
single molecule level (Huang et al., 2002; Soong et al.,
2000). Our research consortium has established a firm
and committed collaboration toward the development
of MEMS/NEMS biosensors for the real time, ultrase-
nsitive and ultraspecific detection of salivary diagnos-
tic analytes. This is a robust forum of interactions be-
tween engineers and biologists/clinicians towards the
development of MEMS/NEMS biosensors for saliva-
based disease diagnostics. Our prediction is that in ~2
years there will be "lab-on-a-chip" prototypes available
for research as well as patient applications (St. John et
al., 2004). The envisioned product is the "Oral Fluidic

NanoSensor Test (OFNASET)". The OFNASET is a
handheld, automated, easy to use integrated system
that will enable simultaneous and rapid detection of
multiple salivary protein and nucleic acid targets (Fig-
ure 4) (http://www.saliva.bme.ucla.edu/). This saliva
biomarker detector can be used in dentist or health
care provider's office for point of care disease screen-
ing and detection.

To fully utilize the diagnostic potential of saliva,
one needs to comprehensively decipher and catalogue
the informative components. Comparison of such a
catalogue with a disease population will reveal diag-
nostic signatures that can discriminate normal and dis-
ease individuals. The salivary proteome presents one
such resource. The UCLA group has already identified
> 2,000 proteins in human saliva (www.hspp.ucla.edu)
(Hu et al., 2005). We have begun to make translat-
ional discoveries into the salivary proteome for oral
cancer (Hu et al., 2006c) and Sjogren's Syndrome pa-
tients (Hu et al., 2006a).

FUTURE PERSPECTIVES
While it is clear that there is a national agenda to

turn saliva diagnostics into a clinical and commercial
reality, much work needs to be done before this vision
can be realized. There remains the need to identify de-
finitive disease-associated salivary biomarkers (proteins
and genetic) that can be use in conjunction with the
technology platforms for saliva diagnostics. The scien-
tific community is poised to develop and validate sa-
liva based tests as a point of care chair side, portable
and multiplexible devices to be used for diagnostic
applications. Collectively, technology platform ad-
vancements and the identification and validation of ro-
bust and discriminatory suites of salivary biomarkers
for disease diagnostics represent the necessary mar-
riage to propel saliva diagnostics into a clinical and
commercial reality (Figure 6).

FIGURE LEGENDS

Sublingual gland
Submandibular gland

Figure 1:
Anatomical locations of the three major salivary glands: pa-
rotid, submandibular and sublingual.
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Figure 2:
Mechanisms of transport of proteins and ions from serum
into salivary gland ducts.
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Figure 4:
UCLA's Oral Fluid NanoSensor Test (OFNASET).

Figure 5:
Receiver operator characteristic (ROC) curve analysis for the
predictive power of combined salivary mRNA biomarkers.
The final logistic model included four salivary mRNA
biomarkers, IL1B, OAZ1, SAT and IL-8. Using a cut-off prob-
ability of 50%, we obtained sensitivity of 91% and specificity
of 91% by ROC. The calculated area under the ROC curve
was 0.95
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Figure 3:
Disease markers manifestation in saliva and their detection
by saliva diagnostic biosensors (Oral Fluid NanoSensor Test,
OFNASET).
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Saliva Diagnostics
Powered by

NanoTechnology, Genomics & Proteomics

Figure 6:
A drop of saliva harbors a world of diagnostic information,
proteomically and genomically. A handful of these analytes
mark human diseases with great sensitivity and specificity.
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Oral Health Care Needs and Dental Education
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1. Oral Health Status in Japan
The trends and the current status of dental dis-

eases in Japan are mainly based on the results of the
National Survey of Dental Diseases. This survey has
been conducted every six years since 1957. The latest
survey in 2005 indicated that tooth retention has im-
proved and dental caries have declined. In contrast,
periodontal diseases have not declined. The improve-
ment of tooth retention might be due to by the in-
crease of dentists. The major factor of caries reduction
might be recent widespread use of fluoride toothpaste
in Japan.

However, the importance of maintaining oral fu-
nction of elderly person has been highlighted with the
unprecedented rapid aging of the population.

Oral function is one of the major functions to sus-
tain the life such as the prevention of aspiration pneu-
monia or the promotion of intake of nutrition. Moreo-
ver, from the view point of quality of life, it has sig-
nificant role to enhance the happiness of enjoying tak-
ing meals.

Therefore, we should recognize the importance of
oral function and the quality of dental care should be
evaluated in this field.

2. Trends in Dental Utilization and Dental
Practice in Japan

In Japan, all people receive health care under a
public health insurance system. It is composed of sev-
eral insurance schemes by different sectors of popula-
tion and each person must subscribe to one of them.
Regardless of insurance scheme, each patient sees any
health care service providers at any time. The public
insurance covers most of restorative, prosthodontic
and surgical treatments except for personally preferred
services, such as gold crowns, metal dentures, ortho-
dontic treatments, and implants. (Orthodontic treat-
ments for patients with craniofacial disorders are cov-
ered by the public health insurance or social welfare
system.)

The "Patient Survey" from 1993 to 2002 revealed
that the total dental visit rates for people aged 0-69
decreased, but increased among the elderly over age
70. Most dental visits were for treatments of dental
caries or prosthodontics in all age groups. However,
visits for dental caries or pulpitis decreased and those
for periodontal diseases increased over these ten years.

3. Oral Health Care Needs in Japan
Since the prevalence of periodontal disease has

not declined, prevention and treatment needs for
periodontal disease is considered to increase in the fu-
ture. Recent studies clarify the relationship between
oral health and general health: for example, associa-
tion between periodontal disease and diabetes, higher
risk of cardio-vascular disease by periodontal disease,
and higher risk of low birth weight infant by perio-
dontal disease. Oral health care needs are thought to
increase as the recognition of the importance of oral
disease prevention and treatment becomes higher. In
addition, since smoking is the major risk factor of
periodontal disease and oral cancer, the importance of
non-smoking support in dental field is expected to in-
crease. Many youngsters start smoking in their teens,
but they rarely visit medical institutions other than
dental offices. Thereby it is difficult to support non-
smoking in the early stage in which smoking habit is
established. In the dental field, on the other hand, it
is possible to support non-smoking in the early stage
because many teenagers visit dental offices several
times for the treatment of dental caries and gingivitis.
Moreover, since there is an advantage that dental pa-
tients can easily recognize the adverse influence of
smoking and effects of non-smoking due to the pig-
mentation of their teeth and gums, dental profession-
als should actively support non-smoking of teenage to
the elderly patients. As already pointed out, mainte-
nance of independence and improvement of QOL in
the elderly people are a very important issue in Japan
because of the rapid aging society. As recent studies
report that maintenance and improvement of oral
functions such as eating, talking and expressing have
positive influence on ADL and QOL in the elderly: for
example, prevention of pneumonia of the nursed eld-
erly by professional oral care, improvement of ADL of
the inpatient elderly in a rehabilitation hospital by
dental treatments, and improvement of low nutrition
in the nursed elderly by professional oral care, oral
health care needs for the elderly who are independent,
with risks of general disease and nursed have in-
creased. It is considered that needs for not only outpa-
tient but visiting dental treatments will increase.

4. Dental Education in Japan
There are 29 dental schools in Japan - ll national,

1 prefectural (i.e. founded by a local government), and
17 private - representing approximately one school for
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every 4.1 million people.
Undergraduate dental education requires six

years, typically consisting of four years of preclinical
education and then two years of clinical education.

High school graduates are eligible to enter dental
school. Graduates are offered admission, but they ac-
count for fewer than 2% of the available positions.

Since 1990, Japanese dental education has under-
gone significant changes, with some dental schools im-
plementing integrated curricula, problem-based learn-
ing tutorials, and clinical clerkships. A model core cur-
riculum was proposed by the government in 2001 that
outlined a core structure for undergraduate dental
education. A nationwide common achievement test
was instituted in 2005; students must pass this test to
qualify for preclinical dental education. It is similar to
the United States Dental Licensing Examination part 1,
although the Japanese test is not a licensing examina-
tion.

The National Examination for Dentists imple-
mented by Ministry of Health, Welfare and Labour is
a 365-item examination that is administered once a
year. In 2007, 3,200 applicants took the examination,
and 2,375 of them (74.2%) passed. The Law of Dentist
which was amended recently requires postgraduate
training for one year after graduation from dental
school. Residents are paid reasonably, and the work
hours are limited to 40 hours a week. In 2006, a
matching system was started; the match rate was

93.6% (87.6% for the university hospitals and 12.4%

for other teaching hospitals and clinics).
Sustained and meaningful change in Japanese

dental education is continuing.

5. Improvement of Dental Education
Dental education needs to respond to the disease

structure change, aging society and oral health care
needs change. According to the final report by the Ex-
pert Committee on Improvement of Medical Education
presented on March 28, 2007, the following issues are
suggested. Similar things can be applied to dental
education.

® Improvement of entrance examination
© Improvement of dental education such as train-

ing of educators and researchers
® Construction of persistent system of model core

curriculum revision
© Clinical clerkships
© Improvement of new clinical medical internship

in university hospitals
© Specialist training
© Promotion of clinical research
® Organizational system playing an appropriate

role in the university hospitals as educational
and research hospitals

® Environmental arrangement for increase of fe-
male doctors
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ABSTRACT
In clinical assessment of mandibular movements, the
biomechanical models are powerful tools for establish-
ing causal relationships and have led to updates of or
new formulations on various insights into the function
or dysfunction of the masticatory system. We have de-
veloped an individual three-dimensional modeling sys-
tem for the temporomandibular joint (TMJ) based on
the magnetic resonance (MR) images and the subse-
quent analysis of TMJ loading during jaw movements.
This model analysis provided us available information
about biomechanical environment within the TMJ in
patients with temporomandibular disorders (TMDs).
However, biomechanical models of the TMJ are obvi-
ously not perfect, while they are based on a number
of assumptions and simplifications. Thus, the present
study was designed to introduce previous biomecha-
nical assessment system for jaw movement and the
subsequent joint loading for each individual. Further-
more, we would like to present a challenging future
planning for developing an integrated system of diag-
nosis and prognosis of treatment for patients with
TMDs.

Key words: temporomandibular joint, mandibular m-
ovement, finite element analysis

INTRODUCTION
The human masticatory system consists of a mandible
which is able to move in relationship to the skull base
and is guided by two temporomandibular joints (TM-
Js) through contractions of the mastication muscles. To
establish the contribution of each individual structure
to jaw movements, one must explore the construction

of the joints and the muscular system as well as the
mechanical consequences of this construction. Insight
into human masticatory system for each individual is
of great importance to unravel the possible nature of
temporomandibular disorders (TMDs) including mast-
icatory muscle disorders.

In the field of clinical dentistry, TMDs are one of
the major diseases as well as dental caries and perio-
dontitis. TMDs have been defined as intraarticular
morphologic abnormalities, such as different forms of
disc displacement and degenerative joint disease. Epi-
demiologic surveys report that 20% to 25% of the
population have symptoms of TMD (Carlsson, 1999),
although only one fifth of those with TMD symptoms
require treatment (Gray et ah, 1995). Internal derange-
ment of TMJ (TMJ-ID) defined as an abnormal posit-
ional relationship of the disc relative to the mandibu-
lar condyle and the glenoid fossa, is accompanied
with TMJ pain, clicking and/or crepitus, muscle ten-
derness, and limitation of mouth opening as the
symptoms (Westesson et ah, 1986): these symptoms
can reduce the QOL of the patients. Furthermore, the
disc displacement preceded the onset of osteoarthritic
changes in the TMJ (TMJ-OA) (Nickerson and Boering,
1989).

From a review of etiological events of TMJ disc
displacement, trauma, functional overloading, joint lax-
ity, degenerative joint disease and increased joint fric-
tion are considered to play a major role in the etiol-
ogy of disc displacement (Nitzan, 2001). Therefore,
evaluation of the biomechanical environment in the
TMJ would lead to a better understanding of the in-
ducing mechanism of TMJ pain and disability, which
result in proper diagnosis and available treatment
planning for TMDs.

However, there are several reasons why the
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biomechanical environment in the TMJ is difficult to
analyze. First, the masticatory system consists of a
large number of muscles of various shapes and sizes,
making it impossible to determine how they might co-
operate to perform a certain task (Hannam and Mc-
Millan, 1994). Second, they have a complex architec-
ture (van Eijden et al, 1997), and their actions cannot
be determined from their overall orientation only (van
der Helm and Veenbaas, 1991). Third, the upper and
lower jaws articulate through two very complexly
shaped incongruent TMJs (Wish-Baratz et al, 1996).
Any simplification of these joints based on concepts
usually used for other joints leads to considerable loss
of functionality (van Loon et al, 1999).

Recently, the application of biomechanical models
has provided an adequate experimental framework to
explore masticatory dynamics without several of draw-
backs that accompany experiments with human sub-
jects. They are powerful tools for establishing causal
relationships in this field and have led to updates of
or new formulations on various insights into the func-
tion or dysfunction of the masticatory system. During
a decade, we have also developed an individual 3-
dimensional modeling system for the TMJ based on
the magnetic resonance (MR) image and the subse-
quent analysis of TMJ loading during jaw movements
(Tanaka et al, 2001). The present study was thus de-
signed to introduce biomechanical assessment system
for jaw movement and the subsequent joint loading
for each individual. Furthermore, we would like to
present a challenging future planning for developing
an integrated system of diagnosis and prognosis of
treatment for patients with TMDs.

IMPLICATION OF CLINICAL ASSESSMENT
OF MANDIBULAR MOVEMENTS
Jaw movements are caused by the forces generated by
the masticatory muscles. Furthermore, the joint reac-
tion forces and occlusal forces are produced as the re-
sult of the jaw movements. The occlusal forces are es-
sential for fatal masticatory function such as chewing,
biting, and grinding. The joint reaction forces, if opti-
mal, are of great importance for the development of
the TMJ structure during adolescence and its mainte-
nance in the adult (Copray et al., 1985). Therefore,
clinical assessments of stomatognathic function includ-
ing TMJ function are necessary for dental practitio-

ners.
In order to assess gnathostomatologic functions in

patients, several analyses are conducted (Figure 1):
measurements of maximum bite force, occlusal contact
area, jaw movement, and muscle activities. Maximum
bite force and occlusal contact area were measured by
a Dental Prescale System (Fuji Film Co,Tokyo, Japan)
consisting of pressure-sensitive sheets (Dental Prescale)
and an analyzing computer (Occluzer; Fuji Film Co).
The Dental Prescale responds to pressure by a color-
developing chemical reaction. The amount of occlusal
pressure and the size of the occlusal contact can be es-
timated by measuring the density and area data with
a color image scanner contained in the Occluzer. The

bite force can be calculated from the occlusal pressure
and the size of the occlusal contact area. A pressure-
sensitive sheet, Dental Prescale (50H, type R), was
placed between the upper and lower dentitions, and
the subjects were instructed to bite the sheet in the
intercauspal position for 3 seconds.

Jaw movement and muscle activities were re-
corded simultaneously in all tasks. Activities of both
masseter and anterior temporal muscles were recorded
bilaterally, using bipolar surface electrodes, which are
6-mmdiameter silver/silver chloride electrodes. For an
optimal location of the electrodes, the maximum bulk
of the muscle bellies was determined by palpation.
The electrodes were placed in the direction of the
muscle fibers with an interelectrode distance of 25
mm.The EMG signals were amplified and recorded
with a sampling frequency of 1.5 kHz. The mean of
rectified EMG data for every 0.03 seconds was stored
in the data-recorder (RD-200T; TEAC, Tokyo, Japan).
EMG was recorded during 3-second maximum volun-
tary clenching (MVC) with the teeth in the maximum
intercuspal position. The subject was instructed to
clench with maximum effort 3 times with an interval
of 10 seconds. The integrated value of muscle activity
was calculated during the median 2 seconds of the 3-
second MVC and the values per 1 second were aver-
aged. Furthermore, EMG was recorded during unilat-
eral voluntary chewing of the 1.5-g gum. Each subject
performed deliberate unilateral gum chewing for 50
seconds. The integrated values of masseter and ante-
rior temporal muscle activity were calculated for every
stroke, and the mean values were averaged. Jaw
movement was analyzed using a 6-degree-offreedom
optoelectric mandibular motion recording system
(Gnathohexagraph, JM-1000; Ono Sokki, Yokohama, Ja-
pan), which consists of a head frame, a face-bow,
light-emitting diodes (LEDs), CCD cameras, and a per-
sonal computer. A head frame with 3 LEDs was
placed on the head parallel to the Frankfort plane of
the subject, and the face-bow was set to the mandible
through the use of a dental clutch. The dental clutch
was attached to the labial surface of the lower anterior
teeth by means of cryano-acrylate adhesive. Each sub-
ject was seated on a chair in an upright but relaxed
position without a head support. Two CCD cameras
were placed in front of the subject. The position of
each LED was determined 3-dimensionally according
to the parallax principle. The center point between the
right and left lower central incisors was recorded by
use of a pointer with 2 LEDs, and calculated based on
the respective 3-dimensional positions of 6 LEDs at-
tached to the head frame and face-bow recorded by
the pointer. Movement of the incisal point was re-
corded during 50-second natural gum chewing. Refer-
ring to the muscle activity simultaneously recorded,
the chewing side was determined for each stroke, and
the numbers of strokes on the right and left sides
were counted. Furthermore, all the chewing strokes on
the working side during unilateral gum chewing were
classified into several specific patterns: normal chew-
ing pattern, crossover type, concave type, and reverse
type. The latter 3 types are regarded as abnormal
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chewing patterns. Condylar movements are also re-
corded. Sagittal condylar movement pattern (SCMP)
can be categorized into six patterns: normal, figure-
eight (early/intermediate/late), limited and other ir-
regularities.

From these data obtained, dentists must determine
a proper diagnosis for the patients and perform the
treatment according to the assessment results. From
these data, however, the biomechanical environment of
the TMJ could not be analyzed sufficiently.

Occlusal force and contact area EMG during chewing

i i-TM J I Incisor
ili i^ S I
1 1-TM J

Mandiobular and condylar movements during opening-closing sycle

Figure 1:
Clinical assessments of mandibular movements

RECONSTRUCTION OF THE MANDIBLE
INCLUDING THE TMJ
To evaluate the biomechanical environment of the
TMJ, we have developed an individual 3-D modeling
program for the TMJ based on MR images. For taking
MR images, a 1.5-T magnet (Signa, General Electric)
and a 3-inch dual-surface TMJ coil were used. The
subject's head was placed in a head positioner with
the Frankfort plane perpendicular to the scanning ta-
ble, and the median sagittal plane of the head was
kept approximately perpendicular to the scanning ta-
ble. First, axial scans parallel to the Frankfort plane
were taken in order to determine the long axis of the
condyle. Based on the axial images, the sagittal plane
of imaging was designed to be perpendicular to the
long axis of the condyle. The coronal plane of imaging
was determined to be perpendicular to the median
sagittal plane and the Frankfort plane. The two sets of
parallel lines in axial slice indicated the positions of
the imaged sagittal and coronal planes. The sagittal
images of the TMJ for each subject are acquired with
the dentition in full intercuspal occlusion and maxi-
mummouth opening. The coronal images were ob-
tained and used for reconstruction of the medial and
lateral portions. The scanning variables with a 3 inch
dual-surface coil were 2200/20 milliseconds (repetition
time TR / echo time TE) with the dentition in occlu-
sion, and a 13 cm field of view. Contiguous 3 mm
thick sagittal slices were obtained.

The reconstruction technique used in this study has al-
ready been described in detail elsewhere (Tanaka et
al., 2001). Briefly, from both the sagittal and coronal
tracings the articular surfaces were approximated
separately by using Coon's patches. Both approxima-
tions were fitted to each other and averaged. The
shapes of the lateral and medial end portions of the
condyle and articular disc could not be traced from
the sagittal slices of the MR images (Figure 2). There-
fore, the shapes of these areas were determined only
by use of the coronal slices. The upper and lower
boundaries of the articular disc were shaped according
to the upper and lower articular surfaces. Interface
elements were placed at the bone-disc crossing so as
to allow the disc to deform and to move along the ar-
ticulating surfaces without penetration. Because of the
detective limit of the MR images, the tissue surround-
ing to the articular disc was modeled as a single con-
nective tissue mass.

Asymptomatic joint

Med. Ant

Figure 2:
Samples of 3-dimensional reconstructed TMJ models

STRESS ANALYSIS IN THE TMJ DURING
JAW MOVEMENTS
The material properties of TMJ components used in
this analysis were assumed to be linear viscoelastic
and were taken from literatures. The model of the
glenoid fossa was restrained for all degrees of free-
dom at its superior region. The mandible was mod-
eled as a rigid body. It was constrained at the rear-
most point of occlusal contact and at the central point
of the anterior teeth on the mandible for mediolateral
displacements, leaving three degrees of freedom in the
sagittal plane. Contact in the TMJ was modeled by us-
ing contact elements between the disc and both
articular surfaces with a frictional coefficient of p. =
0.01 for both TMJ models (Tanaka et al, 2004; Kawai
et ah, 2004). Joint loading was simulated with spar ele-
ments representing forces of 4 unilateral masticatory
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muscles (masseter, temporalis, and medial and lateral
pterygoid muscles). The insertion and origin points of
these muscles, together with the central point of the
anterior teeth and the rearmost point of occlusal con-
tact, were estimated from the frontal and lateral cep-
halograms of each subject (Figure 3). The muscles
were linked to the mandibular rigid body at their in-
sertion points. For each muscle, the two points of its
insertion and origin defined its line of action. The
muscle forces were determined based on their physio-
logical cross-sectional areas (PCS) and maximum mus-
cle forces, and incorporated as spar elements. The
stress analysis was executed on a personal computer
with the finite element software, ANSYS from ANSYS
Inc. (Houston, USA).

Figure 3:
Frontal and lateral cephalograms and the rigid link of th
emandible with muscle spar elements and rearmost point of
occlusal contact

Figure 4 shows a sample result of stress analysis
in the TMJ disc during prolonged clenching (Hirose et
ah, 2006; Tanaka et al, 2007). For a healthy joint, the
disc at the onset of clenching (time = 0 sec) appeared
to be loaded in its lateral and central areas. The larg-
est values of the stress (maximum: 0.91 MPa) were lo-
cated in the central part of the intermediate zone and
its lateral area. After 2 min, the stress in the disc lev-
eled off. After 10 min of clenching, the largest stress
appeared in the central part of the intermediate zone
and the posterior band (maximum: 1.20 MPa). In the
retrodiscal tissue at the onset of clenching, a relatively
small stress (0.021 MPa) was found adjacent to the
posterior band of the disc which decreased with time.
After 1 min, the stress reached an almost steady level
(maximum: 0.01 MPa), which implies that stress re-
laxation occurred in the retrodiscal tissue. Figure
shows the displacements of five different points in the
disc during clenching. All of them displaced anteriorly
during the first 1-3 min of clenching. The anterior,
central, lateral and medial disc points showed a 0.25-
0.4 mmanterior movement after 10 min of clenching.
The posterior point initially moved about 0.25 mm
anteriorly and after 30 sec it moved posteriorly (about
0.07 mm). In the symptomatic joint a stress concentra-
tion was predicted in the medial and posterior part of
the disc at the beginning of clenching. The maximum
stresses (0.14 MPa) were located in the medial part.
After 3 min, the stress in the disc reached almost
steady level which was maintained during the rest of
the clenching period. The retrodiscal tissue of this

model exhibited larger stresses at the beginning of
clenching compared to the asymptomatic one. The
stress level kept about constant throughout the clench-
ing period, which implies that in the retrodiscal tissue
stress relaxation did not occur. The five reference
points of the disc moved gradually in anterior direc-
tion throughout the 10 min of clenching. The amount
of displacement was 0.40-0.44 mmafter the clenching
period, which was larger than in the asymptomatic
joint.

A) Asymptomatic joint

Glenoid j

Retrodiscal tissue

P ost. Ant. m. Post.
n

me=usec lime= iumm

B) Symptomatic joint Retrodiscal tissue

TMJ
disc

Ant.
T ime = 0 sec

T ime= 10min
Post.

Figure 4:
Von Mises stress distributions in the TMJ disc and retrodiscal
tissue of the asymptomatic (A) and symptomatic joints (B)
during prolonged clenching

These results provide an important clinical indica-
tion such as the best way to reduce the damage due
to parafunction (e.g., prolonged clenching and brux-
ism). Furthermore, the information about the biome-
chanical environment of the TMJ obtained this system
enables us to do order-made treatment for each pa-
tient with TMDs.

LOOKING TO THE FUTURE
The finite element method has been proven to be a
suitable tool for approximating the distribution of
loads in the structures of the TMJ. Since 1990, several
three-dimensional FE models of the TMJ including the
disc have been developed (Beek et al., 2000; Donzelli
et al, 2004; Koolstra and van Eijden, 2005; del Palomar
and Doblare, 2006). Finite element analysis has been
successfully used in this field because it enables us to
estimate stresses in the TMJ without an invasive ap-
proach. These model analyses have provided informa-
tion about biomechanical environment within the TMJ
during mandibular movements. However, most of
these models have been a standard model which was
developed based on the human skull or a specific per-
son. These enable to construct a precise geometrical
model, but are not used for individual modeling of

tosho-seibi-repo
画像

tosho-seibi-repo
画像

tosho-seibi-repo
画像



Science Session 21

living subjects. Therefore, we have been developed a
3-dimenisonal reconstruction system by which per-
sonal TMJ model is developed from individual MR
images. However, we had to manually trace the con-
tours of the joint components from MR images, disc-
retize for each image, and pile up to represent the
three-dimensional geometry of each TMJ component,
and it takes a long time (1-2 weeks) for us to recon-
struct one TMJ model by use of this system. This is
because serial images obtained by MRI with a 1.5-T
magnet were unclear so that we could not develop
automatic 3-dimensional reconstruction system for TMJ
modeling. Furthermore, the loading condition for str-
ess analysis was likely to be determined from the
EMG data recorded during jaw movements. However,
there are several limitations to the collection of experi-
mental data on the masticatory muscle activities. For
instance, some of the masticatory muscles run deep
and are partially hidden behind bony structures,
which prevents easy access for EMG measurements
(Murray et al., 1999). Furthermore, many jaw move-
ments are relatively small, posing stiff challenges to
experimental systems designed to record relevant
properties adequately (Naeije et al., 1996). Considering
resolution of these problems, recently we have attem-
pted to make an integrated reconstruction system for
the TMJ. High resolution MRI with a 3.0-T magnet
(General Electric) and newly developed micro coil will
enable us to reconstruct 3-dimenisonal finite element
model of the TMJ automatically. Furthermore, by us-
ing a newly developed mandibular tracking device
mandibular and condylar displacements during move-
ments can be recorded in the same coordinate system
of MR images. The condylar displacements recorded
by the mandibular tracking device can be used as the
loading condition for stress analysis. This enables us
to avoid using incomplete EMG data as the loading
condition.

CONCLUSIONS
Obviously, biomechanical model of the human TMJ
and its application to stress analysis during mandib-
ular movements are not perfect, while they are based
on a number of assumptions and simplifications. In
contrast, it is also true that better understanding of
biomechanical environment within the TMJ is abso-
lutely necessary for the diagnosis and prognosis of
treatment of masticatory dysfunction. Future studies
are required to measure and visualize the biomecha-
nical environment within the TMJ during mandibular
movements in clinical aspect.

REFERENCES
Beek M, Koolstra JH, van Ruijven LJ, and van Eijden

TMGJ (2000). Three-dimensional finite element
analysis of the human temporomandibular joint
disc. / Biomech 33: 307-316.

Carlsson GE (1999). Epidemiology and treatment need
for temporomandibular disorders. / Orofac Pain
13:232-237.

Copray JC, Jansen HW, Duterloo HS (1986). Growth
and growth pressure of mandibular condylar
and some primary cartilages of the rat in vitro.
Am ] Orthod Dentofacial Orthop 90:19-28.

del Palomar P, Doblare A (2006). The effect of colla-
gen reinforcement in the behaviour of the tem-
poromandibular joint disc. / Biomech 39: 1075-
1085.

Donzelli PS, Gallo LM, Spilker RL, Palla S (2004).
Biphasic finite element simulation of the TMJ
disc from in vivo kinematic and geometric meas-
urements. / Biomech 37: 1787-1791.

Gray RJM, Davies SJ, Quayle AA (1995). Tempor-
omandibular Disorders: a clinical approach. Brit
Dent Assoc, London.

Hannam AG, McMillan AS (1994). Internal organiza-
tion in the human jaw muscles. Crit Rev Oral
Biol Med 5: 55-89.

Hirose M, Tanaka E, Tanaka M, et al. (2006). Three-
dimensional finite-element model of the human
temporomandibular joint disc during prolonged
clenching. Eur } Oral Sci 114:441-448.

Kawai N, Tanaka E, Takata T, et al. (2004). Influence
of additive hyaluronic acid on the lubricating
ability in the temporomandibular joint. / Biotned
Mater Res 70A: 149-153.

Koolstra JH, van Eijden TMGJ (2005). Combined finite-
element and rigid-body analysis of human jaw
joint dynamics. / Biomech 38: 2431-2439.

Murray GM, Orfanos T, Chan JY, Wanigaratne K,
Klineberg IJ (1999). Electromyographic activity of
the human lateral pterygoid muscle during
contralateral and protrusive jaw movements.
Arch Oral Biol 44: 269-285.

Naeije M, van der Weijden JJ, Megens CCEJ (1996).
OKAS-3D: optoelectronic jaw movement system
with six degrees of freedom. Med Biol Eng Co-
mput 33: 683-688.

Nickerson JW, Boering G (1989). Natural Course of
osteoarthritis as it relates to internal derange-
ment of the temporomandibular joint. Oral Surg
Clin NA 1:27-45.

Nitzan DW (2001). The process of lubrication impair-
ment and its involvement in temporomandibular
joint disc displacement: a theoretical concept. /
Oral Maxillofac Surg 59:36-45.

Tanaka E, Rodrigo DP, Tanaka M, et al. (2001). Stress
analysis in the TMJ during jaw opening by use
of a three-dimensional finite element model
based on magnetic resonance images. Int } Oral
Maxillofac Surg 30: 21-430.

Tanaka E, Kawai N, Tanaka M, et al. (2004). The fric-
tional coefficient of the temporomandibular joint
and its dependency on the magnitude and dura-
tion of joint loading. / Dent Res 83: 404-407.

Tanaka E, Hirose M, Inubushi T, et al. (2007). Effect of
hyperactivity of the lateral pterygoid muscle on
the temporomandibular joint disc. / Biomech Eng,
in press.

van der Helm FCT, Veenbaas R (1991). Modelling the
mechanical effect of muscles with large attach-
ment sites: application to the shoulder mecha-

I'

IT



e
M

a

2 2 Hiroki Nikawa et al.

nism. / Biomech 24: 1151-1163.
van Eijden TMGJ, Korfage JAM, Bruman P (1997). Ar-

chitecture of the human jaw-closing and jaw-
opening muscles. Anat Rec 248: 454-474.

van Loon J-P, Falkenstrom CH, de Bont LGM, et al.
(1999). The theoretical optimal center of rotation
for a temporomandibular joint prosthesis: a thr-
ee-dimensional kinematic study. / Dent Res 78:
4 3-48.

Westesson P-L, Bronstein SL, Leiberg JL (1986). Tem-
poromandibular joint: correlation between single-
contrast videoarthrography and postmortem mo-
rphology. Radiol 160:767-771.

Wish-Baratz S, Hershkovitz I, Arensburg B, et al.
(1996). Size and location of the human tempor-
omandibular joint. Am ] Phys Anthropol 101: 387-
400.



Science Session 23

Newly Developed Device to Measure the
Stability of Dental Implants
S-Y. Lee1 2, W-J. Chang3, C-C. Wu1 and H-M. Huang4

' School of Dentistry, Taipei Medical University, 250 Wu-Hsing Street, Taipei 1 10, Taiwan
2Dental Department of Wan-Fang Hospital, Taipei Medical University, Taipei 1 16, Taiwan
3School of Oral Hygiene, Taipei Medical University, Taipei 1 10, Taiwan
"Graduate Institute of Biomedical Materials & Engineering, Taipei Medical University, Taipei 1 10, Taiwan

ABSTRACT
Resonance frequency (RF) analysis technology was

used to design a new dental implant stability detector.
To calibrate and test the performance of this novel ap-
paratus, the implant stability status was also detected
clinically using our device at 2, 4, 8, and 12 weeks af-
ter surgery. In our clinical tests, an initial RF value
above 10.0 kHz indicated that the implants were ready
to accept functional loading, while values in the 4.0-
10.0-kHz range reflected the need for further osseoin-
tegration. These results indicate that our new device
may be useful in clinical settings for evaluating the
healing status of recently placed implants.

Keywords: resonance frequency, dental implant, device

INTRODUCTION
Immediate loading refers to a restoration placed

in occlusion with the opposing dentition within 48
hours of implant placement (Cochran et al, 2004). W-
hen the appropriate implant conditions are present,
most implants can be immediately loaded. Much of
the research indicates that the success rate of immedi-
ate loading is good (Andersen et al., 2002), but pri-
mary implant stability is one of the principal factors
governing a dentist's decision concerning the ability of
a given implant to accept immediate loading. How-
ever, few devices and methods are presently available
for accurately detecting implant stability immediately
after placement.

Results from several recent studies have demon-
strated that the resonance frequency (RF) can be used
to monitor the process of osseointegration after dental
implant emplacement (Meredith, 1998). Osstell (Inte-
gration Diagnostics, Goteborgsvangen, Sweden), an RF
device based on utilizing the harmonic response to
monitor a dental implant's status, became commer-
cially available in 2000. Recently, this device has been
used in implant research to compare success rates of
conventional and early-loading implants (Smet et al.,
2005), evaluate the survival rates for transmucosal im-
plants immediately restored with single crowns (Cor-
nelini et al., 2004), monitor differences between imme-
diate and standard delayed-loading implants (Bischof
et al., 2004), profile physiological and geometric factors
affecting immediate-loading implants (Nedir et al.,

2004), and measure the stability achieved with one-
stage surgical procedures (Monov et al., 2005). How-
ever, a clinical investigation indicated that temporary
replacement, removal, and sterilization of the trans-
ducer are time-consuming and less cost effective (Ne-
dir et al., 2004). In addition, the [please spell out]i s q
(ISQ) level is often influenced by its orientation to the
alveolar ridge due to Osstell's L-shaped transducer
(Balshi et al, 2005).

In this study, the capability of a novel experimen-
tal RF-detection device based on an impulse force trig-
gered to monitor dental implant stability was tested.
To reduce the time required for measurements, a mi-
nimum-contact device was designed that requires no
additional installation and/or disassembly.

MATERIALS AND METHODS
Device development

As shown in figure la, our new device incorpo-
rates a minimum-contact transducer and an attached
hand piece. This handle can be rotated to improve as-
sess in the limited space of the oral cavity (Fig. la).
The device consists of two sections of an electromag-
netic coil that provide the driving feedback for a de-
magnetized-iron impact head (Fig. lb). When an im-
pulse current passes through the first coil section, the
generated electromagnetic field attracts the impact
head and drives it to strike against the healing abut-
ment. The second section generates an electromagnetic
field in the opposite direction, retracting the impact
head to its original position. When the impact head
strikes the test implant, the resultant vibration is de-
tected via a piezoelectric microphone, and data are
transferred to a spectrum analyzer (Implomates Sys-
tem, Biotech One, Taipei, Taiwan; resolution 50 Hz).
The specific resonance frequency of the tested implant
is determined by means of the relatively highest point
of the peak value of the vibration amplitude.

Clinical data collection
Data for continuous RF measurements of ll im-

plants were collected from seven patients (six male
and one female patient), all of whom (mean age 31.4
years, range 25-48 years at the time of surgery) were
fully informed with respect to the study protocol be-
fore signing informed agreements. The recruitment cri-
teria were no history of oral disease or dental implant
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surgery. The edentulous areas were located at the
mandibular premolar or first molar (Fig. 2A). The 3i
implants (3i Innovation, city?, FL) were placed in the
mandible according to the manufacturer's guidelines
for the one-stage procedure (Fig. 2B). All implants
were covered with a 4-mmhealing abutment to avoid
oral-fluid contamination. Resonance frequencies were
measured using our newly designed apparatus imme-
diately after the implants were in place (week 0) and
at weeks 2, 4, 8, and 12 after implantation surgery
(Fig. 2C). Detection was performed in the buccal-
lingual direction. After a healing period of 12 weeks,
the patients received their prostheses using the classi-
cal procedure.
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(a)

Dental Implant

(b)

Figure 1.
Diagrams of the resonance frequency (RF) detector used in
this study, (a) Designed as a minimum-contact probe, vibra-
tion of the test implant is triggered by an impact rod. (b)
Sagittal section of the device showing the electromagnetic
drive actuator and non-contact microphone.

RESU LTS
In figure 3, the tested implants are divided into

three groups. In group I, the initial RF values were
above 9 kHz, remaining high and reaching a plateau
of > ll kHz by week 12. In group II, the initial RF
values of the implants were concentrated between 3.58
and 5.3 kHz. These implants remained in excellent
condition throughout the course of the experiment and

completed the osseointegration process. By week 12,
the RFs for all group II implants were > 9.8 kHz. In
group III, one implant with an initial RF value of 3.56
kHz did not demonstrate an increasing trend in RF
values after the first 2 weeks of healing. The osseoi-
ntegration of the implant failed, and by week 12 it
had loosened, with a final RF value of 3.85 kHz. Our
short-term results demonstrated a 91% success rate
during the first 12 weeks.

(a)

(b)

(c)

Figure 2.
Entire surgical and test procedure: (a) location of an edentu-
lous area; (b) general procedure for implant placement; (c)
resonance frequencies of the test implants detected using the
new device.
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To assess the relationship of RF values between imme-
diate- and delayed-loading implants in this study, the
resonance frequency increase ratio (RFIR) was defined
as the ratio between the initial RF and the analogous
value in week 4. The mean RFIR for group II implants
(1.98 ± 0.31) was significantly higher than that of
group I (1.09 ± 0.ll; p < 0.005). The plot in figure 4
reveals the linear relationship between the RFIR of
each test implant and its initial RF (y = -0.126x + 2.50,
R2 = 0.811, p < 0.05).

DISCUSSION
Osstell was the first commercially available RF de-

vice for testing dental implant stability (Barewell et ah,
2003). However, it is somewhat inconvenient and time
consuming to use (Nediret et ah, 2004), and it may af-
fect the implant/bone interface in the early healing
stage. The Osstell transducer must be screwed into the
test implant with a torque of 10 N-cm, almost half the
force used to place an implant. Thus, the mechanical
effect of disassembling the healing abutment on the
interface in the early stages of osseointegration should
be considered. Therefore, our novel transducer was
designed as a minimum-contact device, with no torque
force required during transducer application.

-2 0 10 12 14

Healing time (weeks)
Figure 3.
Resonance frequency (RF) healing curves from test implants
in patients during 12 weeks post implantation. Solid, and
short- and long-dashed lines denote groups I, II, and III
(with initial RF values of > 9, 3.5-6, and < 4 kHz), respec-
tively.

It has been reported that primary stability can
serve as a useful predictor of osseointegration (Bischof
et ah, 2004). Further, it has been demonstrated that
good primary implant stability, as measured by the
RFA, does not significantly increase during the osseo-
integration period (Bischof et ah, 2004). We found that

implants with higher stability indeed had relatively
stable RF values during the entire healing period with
a mean RFIR of 1.09 ± 0.ll (Figs. 3, 4). As constant
or slightly increasing RF values have been reported
during the first 4-6 weeks for immediate-loaded im-
plants (Bischof et al., 2004), it appears reasonable to
suggest that when implants have initial RF values
above 10 kHz (as measured by our device) the im-
plant is ready for immediate loading.

A number of researchers have proposed that
when the initial ISQ is above 60, an implant is suit-
able for immediate loading (Bischof et al., 2004; Nedir
et al., 2004) while values below 40 may serve as a
warning of early failure (Glauser et al., 2004). Interest-
ingly, this proposed functional threshold of an ISQ of
60 is equivalent to an RF of 6.10 kHz (Glauser et al.,
2004), much lower than our experimentally determined
limit of 10 kHz. A negative relationship has been re-
ported between RF values and the effective vibration
length above the bone level (Bischof et al., 2004; Hu-
ang et al, 2003). Since the Osstell transducer is an L-
shaped device that must be attached to the top of the
tested implant, the effective vibration length of the test
implant is greater than that of our device.
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y= -0.1256x+ 2.4985
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Initial resonance frequency (kHz)

Figure 4.
Relationship between initial resonance frequency (RF) values
and RF increase ratios of successful implants at 4 weeks after
surgery. Open and closed circles denote group I and II im-
plants, respectively.

The initial RF values for our tested implants var-
ied (Fig. 3), probably reflecting the marked inter-
individual variations in distributions of cortical and
trabecular bone, as well as differences in various loca-
tions [of what?] within the bone. After analyzing the
RFA data for 120 one-stage implants, Zix et al. (2005)
suggested that a single RFA measurement for an im-
plant at a given time-point cannot fully predict its fu-
ture performance. Repeated measurements of an im-
plant over a period provides a more-credible progno-
sis of its future status. Glauser et al. (2004) suggested
that low RFA levels after 1 and 2 months provide an
indicator of risk for future failure. Although implants
with a lower initial RF revealed significantly higher
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RFIR values (Fig. 4), the RFIR was defined in this
study for early diagnosis but not for judging the time-
point of functional loading. However, it appears rea-
sonable to suggest that the time for functional loading
of these implants is when their RF value plateaus or
exceeds 9 kHz. Nedir et al. (2004) also reported that
implants with lower initial ISQ values demonstrated
larger ISQ increases during the healing period. In con-
trast, higher initial stability is associated with a more-
stable ISQ value. In addition, only implants with the
highest stability reveal stability decreases during the
first 4 weeks before becoming stable. These above re-
sults are substantially in accord with our own find-
ings.

Based on these results, therefore, it appears rea-
sonable to suggest that our novel RF device may be
suitable for evaluating the integrity of bone union
during the osseointegration process while providing
functional superiority without impacting the restora-
tion process. The greatest advantage of this new de-
vice is its ergonomic superiority. Thus, we propose
that the novel RFA apparatus designed for and used
in this study may afford substantial benefits in future
advanced experiments, as well as offering significant
promise for future clinical use.
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ABSTRACT
Rapid prototyping is the automatic fabrication of ph-
ysical objects by joining material (e.g., liquid, powder,
or sheets) together layer by layer. The rapid prototy-
ping can fabricate geometrically-complex objects even
though they can not be fabricated by other conven-
tional fabrication methods. The rapid prototyping is
not suited to mass production of single item, but the
rapid prototyping is convenient to single piece pro-
duction of custom-made products. Since this character-
istic suits individualized (so-called tailor-made) medi-
cal services, the rapid prototyping has been applied to
medicine and dentistry. In this paper, the authors out-
line the following types of the rapid prototyping: ste-
reo-lithography; fused deposition modeling; 3D print-
ing; and selective laser sintering. Then the authors
survey various applications of the rapid prototyping
in dentistry, which include: fabrication of dental and
facial prostheses; oral and maxillofacial surgery; and
tissue engineering. Different types of rapid prototyp-
ing technologies are applied, depending on the pur-
poses of applications.

Key words: Rapid Prototyping, Dental and Maxillo-
facial Prostheses, Oral and Maxillofacial Surgery, Tis-
sue Engineering, 3D Model

INTRODUCTION
Rapid prototyping (RP) is the automatic fabrication of
physical objects by joining material (e.g., liquid, pow-
der, or sheets) together layer by layer. RP can fabri-
cate geometrically-complex objects even though they
can not be fabricated by other conventional fabrication
methods.

The first techniques for RP were emerged in the
1980s, which aimed for fabricating prototypes rapidly.
In addition to prototypes, the techniques are recently
used to fabricate final products or their components
with high quality. Therefore the term, "solid free form
fabrication," is sometimes used instead of "rapid
prototyping. "

RP is not suited to mass production of single
item, but RP is convenient to single piece production
of custom-made products. Since this characteristic suits
individualized (so-called tailor-made) medical services,
RP has been applied to medicine and dentistry. In this
paper, we outline the types of RP and survey the

state-of-the-art applications of RP in dentistry.

TYPES OF RAPID PROTOTYPING
As shown in Fig. 1, RP takes a three dimensional
model (3D model) as input, which is virtual on a
computer and which is usually made by a Computer-
Aided Design (CAD) system or other software han-
dling 3D models. In the medical or dental fields, 3D
models are made from: the image data of Computed
Tomography (CT) or Magnetic Resonance (MR); or the
data scanned by a 3D scanner which measures 3D
form of an object. Next RP divides the 3D model into
horizontal cross sections on the computer, and then
RP fabricates a physical thin layer corresponding to
each cross section, one after the next until the whole
physical object is completed. Though there are various
types of RP, in this section we describe several types
that are well-known and well-used in dentistry.

cross sections
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-y;
'*,"JT

Figure 1:
Fabrication of a physical object from a 3D model by rapid
pro to typing

Stereo- lithogra phy
Stereo-lithography (SLA) fabricates a physical object
by curing photosensitive resin using ultraviolet (UV)
laser irradiation. As shown in Fig. 2, SLA emits laser
beam on the surface of liquid resin so that the resin
cures. After one layer of resin exposed to UV radia-
tion cures, a table moves down by a single layer
thickness in the bath of liquid resin. The surface of
the previous layer is coated with a new layer of liquid
resin which is subsequently cured and is bonded to
the previous layer. This process is repeated until the
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model is completed. The structure for supporting the
cured resin is also created during the process men-
tioned above if the cured resin may droop down. Fig-
ure 3 shows an example of jaw model with the sup-
port structure. Such a support structure must be re-
moved after the model is completed.

photosensitive
liquid resin

I

laser beam

- cured resin

-moving table

Figure 2:
Principle of stereo-lithography

n

Figure 3:
An example of jaw
model with support
structure

down slightly and the previous layer is covered with
new powder to make the next layer. This process is
repeated until the model is completed. 3D printing
does not have to create the support structure since left
powder, which has not been bonded, can support the
model. In general 3D printing using powder excels
other methods in time consumption, cost, and easiness
of operation. Moreover 3D printing has the unique ad-
vantage of being able to make color models.
The other types of 3D printing do not use the pow-
der. One of the types jets wax instead of the adhesive
from an inkjet print-head and deposits the wax on a
table. Another type jets photosensitive liquid resin on
a table from an inkjet print-head. The jetted liquid
resin on the table is cured immediately by UV lamp
mounted in the print head. Figure 6 shows the equip-
ment of this type, EDEN (OBJET), which we use.

water-based adhesive inkjet print-head

1
5.

17

Fused Deposition Modeling
As shown in Fig.4, Fused Deposition Modeling (FDM)
extrudes fused thermoplastic material from a nozzle,
and the extruded material is deposited on a table to
make one layer of a model. Once one layer has been
made, the nozzle moves up slightly and the next layer
is made on the previous layer in the same way. This
process is repeated until the model is completed. FDM
creates the structure for supporting the model, simi-
larly to SLA. However the support structure is made
of a different material which is extruded from another
nozzle and which can be removed easily after the
model is completed. Though Acrylonitrile Butadiene
Styrene (ABS) is usually used as the thermoplastic ma-
terial, various types of materials can be used for fabri-
cating the models.

cured thermoplastic
material ^^N,

nozzle

fused thermoplastic material

powder

Figure 5:
Principle of 3D printing using powder

bonded powder

moving table

Figure 6:
EDEN(OBJET): 3D printing using photosensitive resin

Figure 4:
Principle of fused deposition modeling (Furukawa et al., 2002)

3D printing
3D printing technologies are classified into two types:
3D printing using powder; and 3D printing without
using powder.

3D printing using powder selectively bonds the
powder of material (e.g., resin, plaster, or starchy
powder) by jetting a water-based adhesive on the
powder. An inkjet print-head is used to jet the adhe-
sive, as shown in Fig. 5. This is the reason why this
technology is called 3D printing. Once one layer has
been made by bonding the powder, a table moves

Selective Laser Sintering
Selective Laser Sintering (SLS) selectively fuses the
powder of material (e.g., thermoplastic, metal, or ce-
ramic powder) by emitting a high power laser (e.g.,
CO2 laser) on the powder. Once a layer has been
made, a table moves down slightly and the previous
layer is covered with new powder, similarly to 3D
printing using the powder. SLS does not require the
support structure since the left powder can support
the model. SLS is the only RP technology that can
deal with metals.
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APPLICATION TO PROSTHESIS FABRICATION
Dental Prostheses
Crowns and Bridges
The first application of RP to dental prosthesis fabrica-
tion was achieved by the 3D printing using wax (wax
plotting). WaxPro (Cynovad) fabricates the wax pat-
terns of copings, crowns and bridges by the wax-
plotting method, after the design of them by Pro50
(Cynovad). Since WaxPro can fabricate a lot of wax
patterns at a time, this system can reduce the time for
waxing-up. Neo (Cynovad), which is a dental CAD/-
CAM system, can design and create the wax patterns
of all types of restorations. WaxPro can fabricate up to
150 wax copings per 8 hours and Neo can fabricate
up to 200 units per day. In addition, these systems
can achieve high precision fit and consistent wall
thickness, not depending on individual know-how and
skill. The stereo-lithography can also fabricate the
master models of all types of restorations in the simi-
lar way (Witkowski, 2005). Though the models are not
made from wax but acrylic resin, the models can be
used for casting.

The application of SLS to dental prosthesis fabri-
cation (Ueda, 2003; Witkowski, 2005) is one of the no-
table approaches in dental CAD/CAM area. In this
application, the powder of titanium or other metals is
used for fabricating crowns and bridges.

It is required to make a comparison in time con-
sumption and cost including equipment investment
cost between the RP technologies mentioned above
and removal fabrication method that is usually used
in dental CAD/CAM systems.

Dentures
The 3D printing using wax is used for fabricating trial
complete dentures (Nakanoda et al., 2007). In this ap-
proach, artificial teeth and edentulous model are
scanned by a 3D scanner and the scanned data are
used for the artificial teeth arrangement and gum
forming on a computer. Then trial complete denture is
made by the 3D printing, according to the design on
the computer. SLA has also applied to fabricating
complete dentures (Maeda, et al, 1994).

RP is also applied in removal partial dentures
(Bibb et al., 2006). In this application, a cast of a pa-
tient is scanned, and the scanned data are used for
the dental surveying and pattern building on a com-
puter. A sacrificial pattern is fabricated by RP. Using
the pattern, a framework is produced through casting.
The framework is successfully trial-fitted to the pa-
tient.

Facial Prostheses and Others
There are several applications of RP to facial prosthe-
sis fabrication. Since RP can not deal with silicone,
which is usually used as the material of facial prosthe-
ses, master models are fabricated by RP. In the ap-
proach, data on a facial prosthesis for a defective part
are usually created by performing the mirror copy of
the data on normal part. Figure 7 shows an example
of the mirror copy which we performed to make a

finger prosthesis. We use the 3D scanner, VIVID
(KONICA MINOLTA), for obtaining the data on a
normal finger, and we use 3D software, Rapid form
(INUS), for performing the mirror copy. Ueda et al.
apply 3D printing using starchy powder to make a
master model for a facial prosthesis of auricle of ear
(Ueda et al., 2004). In this work, CT is used for ob-
taining the data on normal auricle of ear. Sykes et al.
compare the accuracy, required time, and potential ad-
vantages of RP technology with traditional methods in
the manufacture of wax patterns for two facial pros-
theses (Sykes et al., 2004).

As other applications of RP, an occlusal splint is
fabricated by SLA, in which bio-compatible acrylic
resin is used (Witkowski, 2005). Other types of splints
may be fabricated in the same way. RP is also used to
fabricate individualized trays for indirect bracket
bonding after they are designed by a CAD system
(Ciuffolo et al., 2006).

i/l i
3D modelofanormalfinger 3D model for fabricating a finger

prosthesis for a defective finger

Figure 7:
Mirror Copy of 3D model

APPLICATION TO SURGERY
AAaxillofacial Surgery
Physical maxillofacial models of human anatomy have
been fabricated by RP from medical image data. This
application is widely found in many countries. SLA
and FDM have been predominantly used for the fabri-
cation. Figure 8 shows an example of the mandible
model which we fabricated using EDEN (OBJET). CT
is usually used for making the image data, although
MR and ultra-sound have also been used.

The physical maxillofacial models can be used
(Winder et al., 2005):
•E to aid production of a surgical implant;
# to improve surgical planning;
•E to act as an orienting aid during surgery;
9 to enhance diagnostic quality;
# to be useful in preoperative simulation;
# to achieve patient's agreement prior to surgery; and
•E to prepare a template for resection.

#
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Figure 8:
An example of mandible model fabricated using
EDEN (OBJET)

deposited filaments

Figure 9:
Uniform porosity created by fused
deposition modeling

1
s

I

Artificial bones as well as the physical maxillofa-
cial models are sometimes fabricated by RP. In the
conventional method of fabricating the artificial bones,
a hydroxyapatite block is cut and modified during
surgery to fit it into the diseased part of a patient.
Since it is difficult to cut and modify the hydroxyap-
atite block, this tasks surgeons. To reduce the task, 3D
printing is used to fabricate the artificial bones using
the powder (Anzai et al, 2004; Kobayashi et al., 2004).
Since the artificial bones made from hydroxyapatite
may be broken after the surgery, SLS is also applied
to fabricating the artificial bones made from titanium
to avoid the breakage (Kobayashi et al., 2004).

Dental Implant Surgery
Physical maxilla and/or mandible models are fabri-
cated by RP from CT data for dental implant surgery
(Ishida et al., 2007). The models are used for simulat-
ing the insertion of implants before the surgery. RP is
also applied to fabricating surgical guides, which are
attached to patients and orient surgeons during the
surgery (Kizu et al., 2007). SLA is often used for this
purpose. NobelGuide provides such surgical guides af-
ter planning the insertion of implants on computers
and sending the data through internet. Some other
works have been carried out for the surgical guide

fabrication by RP.

APPLICATION TO TISSUE ENGINEERING
Scaffold Fabrication
Tissue engineering aims to produce biological substi-
tutes for damaged tissue or organs. This approach in-
volves the fabrication of scaffolds, which provide a
temporary template for the growth of target tissues,
and transplantation of cells onto them. A successful
scaffold should possess the following characteristics
(Leong et al., 2003):

(i) a suitable macrostructure to promote cell prolif-
eration and cell-specific matrix production;

(ii) an open-pore geometry with a highly porous
surface and microstructure that enables cell
ingrowth;

(iii) optimal pore size employed to encourage tissue
regeneration and to avoid pore occlusion;

(iv) suitable surface morphology and physiochemical
properties to encourage intracellular signaling
and recruitment of cells; and

(v) being made from a material with a predictable
rate of degradation, with a nontoxic degraded
material.

In addition to these, suitable mechanical strength is re-
quired in some cases.

Since it is difficult for the conventional removal
fabrication methods to fabricate freeform scaffolds
with inner structure, a lot of studies on the applica-
tion of RP techniques have been carried out to fabri-
cate such scaffolds.

FDM is most often used for fabricating the scaf-
folds. The porous structure can be produced by de-
positing filaments extruded from the nozzle, as shown
in Fig. 9. FDM can control the form and size of pores
by manipulating the movement of nozzle. Moreover
FDM can deal with various materials including non-
toxic degradable ones. These are the reasons why
FDM is often used. Polycaprolactone (PCL) scaffolds
with a honeycomb structure (Zein et al., 2002), poly-
mer-ceramic composite scaffolds made of polypropyl-
ene-tricalcium phosphate (PP-TCP) (Samar et al., 2003),
and PCL-hydroxyapatite (HA) scaffolds (Endres et al.,
2003) were fabricated by FDM. To make FDM more
suitable for the scaffold fabrication, the following stud-
ies have been carried out:
(a) to reduce operating temperature of FDM for incor-

porating biomolecules into scaffolds; and
(b) to input material in pellet form instead of the fila-

ment in order to enhance the range of materials.
3D printing has also been applied to fabricating

the scaffolds with various materials. Polylactic-co-
glycolic acid (PLGA) mix with salt particles and a
suitable organic solvent (Kim et al., 1998), a blend of
starch-based polymer powders (Calvert, 2001), PLLA
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(Zeltinger et al., 2001), etc. have been tried to use for
fabricating the scaffolds. In addition to the macropo-
rosity in the scaffolds, 3D printing can create the
microporosity that arises from the space between the
individual granules of powder in the scaffolds.

Though SLA is a well-known RP technique, it is
difficult for SLA to fabricate the scaffolds because of
the restriction on materials that SLA can handle. How-
ever there are several researches that attempt to use
nontoxic biodegradable materials (Niino, 2007).
There is another type of approaches that produce the
scaffolds indirectly; that is, the approaches producing
molds or master models for fabricating the scaffolds.
Most of RP techniques including SLA can be applied
for this purpose.

Bioprinting
Bioprinting is defined as computer-aided, automatic,
layer-by-layer deposition of biologically relevant mate-
rials (e.g., molecules, cells, tissues, and biodegradable
biomaterials) with a prescribed 3D organization to ac-
complish one or more biological functions (Mironov et
al. 2006). There are several researches including a
bioprinting project in Japan. In the short term 2D
printed cell assays is a realistic goal, however in the
medium and long term bioprinting of 3D tissues and
organs is a challenging but worthwhile pursuit (Mir-
onov et al. 2006).

CONCLUSIONS
The authors outlined the types of RP and surveyed
the various applications of RP in dentistry, which in-
clude: fabrication of dental and facial prostheses; oral
and maxillofacial surgery; and tissue engineering. Dif-
ferent types of RP technologies are applied, depending
on the purposes of applications. However it has not
been enough to study which RP technology and which
material are the most suitable for each purpose, taking
account of various viewpoints including cost, time
consumption and functionality. In addition, the com-
parison between the RP technologies and the conven-
tional fabrication methods have not been studied
enough with regard to their applications to dentistry.
Nevertheless, RP is important in this area since RP en-
ables us to fabricate complex objects that the conven-
tional methods can not fabricate.

Lastly we would like to insist that RP serves as
an interface between dentistry and technology. In
other words, RP becomes a bridge between dentists
and dental technicians (or engineers). We hope that
the dental technicians will not only handle RP but
also carry out the research on RP and play an impor-
tant role in clinical teams.
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ABSTRACT
This paper describes the development of a hyper hu-
manvision system, H3 Vision, for realizing high-speed
realtime image capture and processing, which are con-
siderably beyond that capable by the human eye. This
system has an exceptionally fast frame rate of above
1000 fps and an excellent spatial resolution of up to
1024X 1024 pixels. Applications of this system to ro-
botics, multimedia, and biomedical fields are also in-
troduced, and the effectiveness of high-speed vision as
one of the hyper human vision technologies is dis-
cussed.

I. INTRODUCTION
Most of the conventional image recognition tech-

nologies involving video signals (NTSC 30 fps / PAL
25 fps) are designed based on the characteristics of the
human eye. Similarly, the processing speed is limited
to the same or a lower level as compared to the hu-
maneye. In various fields of application such as fac-
tory automation, multimedia, and biomedical fields
there is a growing demand for imageprocessing tech-
nology, which facilitates the real-time recognition of
high-speed phenomena that cannot be recognized by
the human eye.

Therefore, this paper describes a high-speed vision
system as one of hyper human technologies for real-
time image processing at a frame rate of more than
1000 fps. The core technology of the ultra fast hyper
human technology initiative, which is being primarily
led by the COE program on "Hyper Human Tech-
nologies Toward the 21st Century Industrial Revoluti
on" at Hiroshima University, is introduced together
with the applications of this system in the fields of
mechanical control, multimedia, biomedicine, etc.

n. H3 VISION SYSTEM
To realize a hyper human vision system featuring

an exceptional spatial resolution and a speed consider-
able higher than that of the human eye, we developed
a high-speed vision platform, H3 Vision (Hiroshima
Hyper Human Vision) system that can process 10-bit
color/gray images with a resolution of 1024 X 1024
pixels at 1000 fps and images with a resolution of
256X256 pixels at 10000 fps in real time. As Fig. 1
shows, the H3 Vision system consists of a high-speed
camera head with a color/gray CMOS imager with a
resolution of 1024X 1024 pixels, a dedicated fieldprog-

rammable gate array (FPGA) board, and a personal
computer (PC).

Camera head FPGA board

Fig. 1. High-speed vision platform, H3 Vision
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-V G Av i d e o o u t p u t

. H i g h - s p e e d r e a l - t i m e v i s u a l p r o c e s s i n g b y H 3 V i s i o n

Fig. 2 shows the basic process ing f low of a H3 Vision
system. For image process ing, the high-speed camera
head can capture images at a set f rame rate and spa-
tial resolut ion and obtains the image data . An enor-
mousvolume of image informat ion, exceeding 1 Gb-
ytes /s , is t ransferred to the dedicated FPGA board by
high-speed ser ia l communicat ions . In the hardware ,
dur ing real - t ime image process ing, the FPGA board
processes al l the pixels of the images to compressed
image features such as momentfeatures corre la ted to
the object ' s s ize , posi t ion, or ienta t ion, and other par-
ametr ic values required for image recogni t ion. The
processed informat ion is then transferred to the PC
memorythrough a PCI-X bus. Based on the trans-
ferred image features , the PC completes the f inal proc-
ess ing and displays the processed resul ts .
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TABLE
Specifications of the dedicated FPGA board

S t

t i ¥

.1V ,

B o ard size 3 12 m m x 12 8 m m

C am e ra I/F d ig ital se ri al 12 ch

F P G A X ilin x X C 2 V P lO O x 2

M e m o ry

D D R -S D R A M 6 4 0 M B y te

S D R A M 5 12 M B y tes

S S R A M 9 M B y te s

F P G A in tern al m e m o ry 9 9 9 k B y tes

B u s 1/F P C I-X (6 4 b its, 6 6 M H z )

The dedicated FPGA board has two FPGA devices
(Xilinx XC2VP100: FPGA1 and FPGA2) that the user
can use to implement arbitrary circuits for image proc-
essing. Thus, the H3 Vision system is not a specific
processing system with limited features. Rather, it is a
high-speed vision platform that can realize various
kinds of image processing. Table I shows the specifica-
tions of the dedicated FPGA board. FPGA1 executes
the serial-to-parallel conversion of the captured im-
ages, image correction (fixed-pattern noise removal
and shading correction), and provides the external
output of the VGA. FPGA2 performs user-installed ar-
bitrary image processing on the image information
transferred from FPGA1 through a 160-bit bus and
also communicates with the PC via the PCI-X bus.
The DDR-SDRAM memory, which is directly con-
nected to FPGA2, can temporarily store the image in-
formation that is necessary for processing.

(a) White markers extraction (b) Color markers extraction

Fig. 3. Real-time multipoint marker extraction (1000 fps)

0 10 20 30 40 50 60 70 80 90 100

time[msj
(a) guitar strings (b) strinS ' vibration

Fig. 4. Real-time vibration measurement of guitar strings (330 Hz)

By implementing algorithms for different applica-
tions, the high-speed vision platform can be applied to
various kinds of high-speed image processing. We ac-
tually realized the real-time multipoint marker extrac-
tion of 4000 points or more at 1000 fps and 254 points
at 10000 fps by implementing a color extraction cir-
cuit, labeling circuit, and marker tracking algorithm in
the H3 Vision system. Fig. 3 shows multipoint color
extraction at 1000 fps. The left-hand figure shows
color marker extraction for 1024 points and the right-
hand figure shows the result obtained when only red
markers were extracted from a variety of colors. Thus
the H3 Vision system is also capable of position ex-
traction of more than 1000 points and marker extrac-
tion with high associated accuracy using color infor-
mation. Fig. 4 shows the time-series changes during
the vibration of guitar strings (String 1 release: 330
Hz) measured by marker tracking at 10000 fps. We si-
multaneously measured the vibrations of the six stri-
ngs and confirmed the agreement between the meas-
urement results and the tuned frequencies. Based on
these findings, the H3 Vision system can even be em-
ployed to accurately measure vibratory phenomena
and other ultrafast movements that cannot be ob-
served by an unaided human eye.

As shown in this example, the H3 Vision sys-
tem is a highspeed vision platform equipped with
both high-speed realtime capabilities and a high spa-
tial resolution. Consequently, the system is expected to
become a powerful measurement and analysis system
in a variety of fields, including factory automation,
robotic, multimedia, biomedical, and biological fields.
From here, this paper introduces applications of the
high-speed vision technology.

m. APPLICATION TO THE ROBOT CONTROL
FIELD

This section introduces some of the applications of
the high-speed vision technology to a mechanical sys-

tem.
To realize a robot system for batting faster than a

human, we developed a batting robot by combining
high-speed vision units and a high-speed manipulator.
The batting robot instantaneously predicts the time
and course of a ball at the batting position using the
two high-speed vision units operating at 1000 fps and
swings the bat at a high speed using the high-speed
manipulator according to the predicted information. In
fact, the robot successfully hit the balls with a speed
of 160 km/h that were pitched from a pitching ma-
chine. Fig. 5 shows the high-speed batting experiment.
The high-speed manipulator of the robot is positioned
6.7 m away from the cameras and hits the balls ac-
cording to the calculated and predicted 3D trajectory
information. Thus, the robot realized high-speed ma-
nipulation that was beyond the capability of humans.
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Fig. 5. A 160 km/h ball batting experiment
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t=0.2:

«K-

t=0.6s t=0.7s

Fig. 6. Capturing a bar-shaped object by a robot hand

In another robot control test, we successfully
developed a robot that captured the movement of a
bar-shaped object with high-speed rotation and trans-
lated the movement in real time with high resolution
by using the high-speed vision technology. Fig. 6 sh-
ows the images obtained while capturing the bar-
shaped object. Based on visual feedback information,
the robot grasps the object using its hand

It is also predicted that the introduction of this
high-speed vision technology will realize high-speed
handling by means of a mechanical control technique,
although this technology is not yet considered feasible.
The applicable manipulation technology using high-
speed visual feedback is expected to develop rapidly,
particularly in the factory automation field that has
witnessed considerable development in recent years.

7 shows the results of frequency conversion of finger-
tip motions in the vertical direction when a subject's
index finger is quickly and repeatedly moved up and
down. The solid line and dotted line represent the
data collected during contacts and in the absence of
contact, respectively. We can observe the high fre-
quency components that are greater than 40 Hz only
when there are contacts; this implies that a high-speed
vision system can also detect and utilize the points of
contact. Fig. 8 shows a virtual musical instrument
that employs this interface system. When the instru-
ment is touched, this system generates a scale, vol-
ume, and timing according to the position and esti-
mated force of contact in order to give the player the
impression of playing a piano.

We have also developed a 3D measurement sys-
tem for capturing the movement of an object using
numerous markers by adding a space conversion opti-
cal system to the H3 Vision system. This system meas-
ures the 3D translation and rotation of an object in
real time using hundreds of markers. Fig. 9 shows the
movement of the ball captured with the high-speed
camera, and Fig. 10 shows the results of the real-time
motion measurement at 1000 fps. A table-tennis ball
with a diameter of 40 mm, rolled at 2.5 m/s and at
8 rps is used in this study. These measurements prove
the effectiveness of high-speed vision for multipoint
3D motioncapturing at a high speed in real time.

We have also developed other applied systems
such as a gesture robot for the game of "paper, stone,
scissors" that can always beat humans, as shown in
Fig. ll, and proved that the high-speed vision technol-
ogy capable of measuring and recognizing movements
beyond the capturing capacity of the human eye is ef-
fective in the multimedia field.

-withcontact
without contact

80
Frequen cy[H z]

Fig. 8. Virtual musical
instrument by fingertip-F ig. 7. Motion frequency m fingertapping . .5 h j t ff o tappinginterface

If

å I
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N. APPLICATION TO THE MULTIMEDIA
FIELD

For applications involving motion capture, human
actions, and interactions with the real environment,
high-speed vision can be employed to measure and
recognize movements faster than the unaided human

eye.
We created a fingertip-tapping interface that ex-

tracts highfrequency oscillating components generated
by fingertip tapping using the high-speed vision. Fig.

speed: 008.88 [km/hour]

angular speed: 007.S [toils]

Fig. 9. Translation and
rotation of a ball (captured 1Q ReaRime motion measurement of
by a high-speed camera) bal]
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(a) monitor image (b) 3D trajectory

Fig. 13. 3D Tracking of swimming paramecia
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Fig. ll. A gesture robot for the game of "paper, stone, scissors"

V. APPLICATION TO THE BIOMEDICAL
FIELD

In addition to the measurement and analysis of
human motion, high-speed vision may also be applied
to the biomedical field as an advanced measuring sys-
tem on various scales.

A laboratory mouse scratches its head repeatedly
using its hind leg at a frequency of approximately 20
times/s, which is too fast for humans to observe.
However, using high-speed vision, users can detect
changes in the image features from the variations in
the distance between the hind leg and the head. Thus,
accurate measurements of the scratching frequency
and period of scratching for the mouse can be ob-
tained for use as a behavioral evaluation index for
atopic dermatitis. Fig. 12 shows an example of the
scratching movement of the mouse. The in vivo
evaluation system for quantifying disease-related be-
haviors of laboratory animals is being put to practical
use as an effective and efficient evaluation system for
new medicines for atopic dermatitis.

«

«

<
(a) High-speed video images in scratching

3.0 3.2 3.4 3.6

Time [s]
(b) Head-toe distance in scratching

The microscopic measurements of moving objects
are often very fast and erratic. In such instances, high-
speed vision is extremely effective for the real-time
measurement and analysis of the movement of the ob-
jects. We have realized a real-time 3D tracking system
for a microscopic object based on the information ob-
tained from high-speed microscopic observations of
paramecia, which measured approximately 200 im, as
shown in Fig. 13. The real-time, high-speed measure-
ment of movements on a variety of scales is highly ef-
fective for the analysis of biological behaviors, which
are important phenomena.

The real-time measurement technology that em-
ploys highspeed vision can be applied to rigidity
measurements of the response of the eyeball and skin
to an imposed force and to the establishment of a
new diagnostic technique based on the real-time bio-
logical measurement information acquired by the high-
speed vision system. The technology is likely to bene-

fit the medical field considerably.

VI. CONCLUSION
This paper describes the next-generation hyper

human vision system, H3 Vision system, for real-time
processing at a rate of 1000 fps or more. Several ap-
plications are also introduced to demonstrate the con-
siderable potential of highspeed vision in various
fields that lie beyond the human capability.

Fig. 12. Scratching movement of a laboratory mouse

tosho-seibi-repo
画像

tosho-seibi-repo
画像

tosho-seibi-repo
画像



Science Session 37

Automutanolysin (Ami), a Novel Bactericide
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ABSTRACT
Automutanolysin (Ami) is a recently identified

autolysin produced by Streptococcus mutans. Ami has
a modular design where the N-terminus contains five
13-amino-acid repeats which presumably act as cell
wall targeting domain and a C-terminal enzyme active
domain. Ami selectively lyses S. mutans and S. sobr-
inus but no other oral streptococci. This suggests Ami
possesses strong substrate specificity towards carioge-
nic bacteria present in the human oral cavity. Analy-
sis of S. mutans peptidoglycan fragments released by
Ami shows the enzyme acts as an N-acetylmuramini-
dase. Ami is active against not only planktonic cells
but also those forming biofilm. These characteristics
suggest that Ami can be a possible candidate as a bac-
tericide selectively targeting the cariogenic streptococci.

INTRODUCTION
Peptidoglycan hydrolases have been proposed that

they are involved in cell wall metabolism including
cell growth, cell division, separation, cell-wall turnover
and also pathogenicity. According to the chemical
bond of the peptidoglycan substrate that these en-
zymes digest, they are classified as endo- j3 -N-acetyl-
glucosaminidase, endo-/3-N-acetylmuraminidase, N-ac-
etylmuraml-L-alanine-amidase, endopeptidase and tra-
nsglycosylase. Some enzymes have an ability to digest
their own peptidoglycan, when bacteria are exposed to
antibiotics and other harmful conditions; and such en-
zymes are called autolysins (1,7,9,12).

Streptococci are Gram-positive bacteria where in-
dividual cells are connected with each other forming a
chain morphology. Among the streptococci, mutans
streptococci has clear association with dental caries.
Although dental caries is not a life endangering dis-
ease, they are linked to general health, well-being and
quality of life. The World Health Organization (W-
HO) confirms that dental caries is a major public-
health problem, owing to its high prevalence in all re-
gions of the world (8). One of virulence factors of S.
mutans is the formation of biofilm (dental plaque) that
have been implicated in increased resistance to antibi-
otics, antimicrobials and host response, as the dense

extracellular matrix and the outer layer of cells protect
the interior of the community (2,3,6,10).

We have demonstrated that Streptococcus mutatis
produces two bacteriolytic enzymes of 80 kDa and 100
kDa (13). We identified the proteins corresponding to
these enzymes and found that they are from a single
gene product (14). We called this enzyme Ami for
automutanolysin. Ami selectively lyse S. mutans and

S. sobrinus but not other oral streptococci. This sug-
gests Ami possesses strong substrate specificity to-
wards human cariogenic bacteria that may be ex-
ploited as an alternative means for caries prevention.

In this literature, we will briefly review characteri-
zation of Ami and discuss its potential as a bactericide
targeting cariogenic streptococci.

RESULTS AND DISCUSSION
Identification of 80 and 100 kDa bacteriolytic en-
zymes. We previously showed that S. mutans pro-
duces two major bacteriolytic bands at 80 and 100
kDa using zymographic analysis (13). N-terminal se-
quence of two proteins was VQARSSLTQD for the 80
kDa band and DEQNQSLSAS for the 100 kDa band.
The sequence was compared to the TIGR Microbial
Genome Database for S. mutans UAB159 using the B-
LAST program. This identified an ORF consisting of
2,937 bps coding for a hypothetical protein of 979
amino acid residues with an apparent molecular we-
ight of 107 kDa. We named this ORF protein Ami.
The deduced N-terminal sequence of the 100 kDa pro-
tein shows Ami possesses a signal peptide characteris-
tic of a secreted protein. The first 23 amino acid resi-
dues of Ami appears to correspond to a signal peptide
that has a cleavage site between Ss and D24 according
to the criteria as described previously (ll). The proc-
essed protein starting at Vi67 has a calculated molecu-
lar weight of 89.7 kDa. This suggests the 80 and 100
kDa proteins are coded on the same ORF and the 80
kDa protein is an N-terminally processed form (Fig.
1A).
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the lytic band could not be seen in a zymogram. The
amino acid substitution of Dm, an essential amino acid
in the active site of lysozyme Ml, to A completely
abolished the bacteriolytic activity of both full length
and N-terminally truncated Ami. This further con-
firmed that the C-terminus possesses the catalytically
active site.

(B)

RP1 211 AWSARNDQODLQW 225
RP2 302 PVWSOQNGQOOIKWY 316
RP3 407 AVKEDKGQDDLKm; 421
RP4 505 AVMSDQNGqODl.Kl!Y 519
RP5 596 PWTDkNmjDOIQKI 610

Fig. 1. Schematic representation of the primary sequence of Ami. (A) Ami is

composed of the two regions, the putative cell wall banding domain and catalytic
domain. RP and SP represent the repeat region and signal sequence, respectively. (B)
Alignment of the 5-repeat regions. Repeat regions (RP 1 -5) at the putative cell wall
binding region are aligned and similar amino acids were indicated using a gray

backgrounds.
h Ami (A) and mutanofysin (B), and the digests were subjected to HPLC analysis.

Analysis of Ami structure. Self-alignment of the de-
duced sequence of Ami shows the presence of five re-
peats (RP1-RP5) of 15 amino acid sequences at the N-
terminal end (Fig. IB). Similarity search for Ami with
the predicted coding sequence present in the public
databases using the PSI-BLAST, BLAST and FASTA al-
gorithms was performed and suggests Ami is com-
posed of two modular structures, the N-terminal (25-
776) and C-terminal (776-979) modules. The C-termi-
nal portion of Ami shows high similarity to the en-
zyme active domains of several Lysozyme Mis (1,4-b-
N-acetylmuraminidase), endolysin of L, helveticus pha-
ge f-0303 and prophage Lp2 protein 56 lysin of Lacto-
bacillus plantarum WCFS1 (CAD64709) whereas the N-
terminal portion shows similarity to various proteins
with different functions including LPXTG cell wall
surface anchoring protein of S. aureus (YP187464) and
mucin 4. Most of bacteriolytic enzymes possess a
two-domain structural organization. One portion has
enzymatic activity while the other is responsible for
substrate-binding. A variable number of repeated se-
quences in the substrate binding domain have been
demonstrated to play a direct role in cell wall binding.
We therefore expect that the 5 repeats of the 15 amino
acid span in the N-terminus of Ami may play a role
in peptidoglycan binding. However, this region sho-
ws no similarity to any characterized cell wall binding
motifs. Thus, the function of the N-terminus remains
to be determined.

To determine the region necessary for lytic activ-
ity, several truncated and point mutant recombinant
Hisx6-tagged Ami were constructed and evaluated for
their ability using zymography. Hisx6-tagged full
length Ami and N-terminally truncated Ami show
bacteriolytic activity, but the activity of the putative
catalytic domain alone was significantly lower where

mutanoiysln lysozyme

I 0 1 2 3 4 0 1 2 1 4 0 1 2 3 4

Time(h)

Fig. 2. Lytic activity of Ami against oral streptococci. Viable cells from 5 5. mutans,

5 S.sobrinus and 3 S. salivalius strains were exposed to 10 ng/ml Ami, mutanolysin or

lysozyme. Bacterial cell lysis was measured at OD660nm •ESymbols: æf , S. mutans

403R; å ,S. mutans 175; •E,S. mutansC67-1; A,S. mutans LM-7; X;S. mutans

703R; *,S. sobrinus 6715; n,S. sobrinus B13; o,X sobrinusOMZ176a; A,5".

joArmus 615R; å  , S. sobrinus SL-1; 0, S. salivarius H665; D, 5. salivarius 9222;

and O, 5". salivarius H216.

Identification of the 100 kDa bacteriolytic enzyme
as muraminidase. Purified peptidoglycan from S.
mutatis OMZ175 was incubated with the purified
Hisx6-tagged full length Ami. The appearance of free
amino groups and reducing sugars during enzymatic
hydrolysis was monitored. An increase in the concen-
tration of reducing sugars together with the decrease
in turbidity was observed and suggests Ami is a
hexosaminidase. We further analyzed the reducing
sugars that increased after Ami-digestion to determine
the enzyme specificity. The peptidoglycan sample with
or without Ami-digestion was treated with alkali-
NaBH4 to convert the reducing end of N-acetylhexo-
samine to N-acetylhexosaminitol, followed by complete
acid hydrolysis. HPLC analysis of the phenylthiocar-
bamyl derivatives of hydrolyzed sample shows an in-
crease in N-acetylhexosaminitol together with a decr-
ease in N-acetylmuramic acid in Ami-digested pepti-
doglycan; while the amounts of N-acetylglucosamine
and N-acetylglucosaminitol were not altered. These
results show Ami is acting as an N-acetylmuraminid-
ase. We compared the HPLC pattern of the S. mutatis

peptidoglycan-digest by Ami to that of a digestion by
mutanolysin, a commercially available muraminidase.
The fact that patterns of Ami digest and mutanolysin
digest are indistinguishable further support Ami is an
N-acetylmuraminid ase.

tosho-seibi-repo
画像



Science Session 39

Substrate specificity. The lytic activity of Ami was
assessed using viable cells of S. mutans, S. sobrinus,
and S. salivarius. As shown in Fig. 2, His-Aml prefer-
entially lysed the cells of S. mutans and S. sobrinus but
not S. salivarius. The lytic activity of His-Aml was
compared to that of other commercially available lytic
enzymes: egg-yolk lysozyme and mutanolysin. As
shown in Fig. 2, mutanolysin showed relatively weak
lytic activity against most oral streptococci tested and
strong activity for S. salivarius H665 and H216; whe-
reas, lysozyme showed almost no activity. This sug-
gests His-Aml has substrate specificity and preferen-
tially lyses two major cariogenic pathogens.

To further characterize the substrate selectivity,
we examined viable cells, heat-inactivated cells and
purified peptidoglycan from various oral streptococci.
As shown in Fig. 3, His-Aml showed substrate selec-
tivity towards S. mutans and S. sobrinus when pepti-
doglycan was used as the substrate indicating that
Ami can differentiate the peptidoglycan structures of
the oral streptococci.

It is not surprising that Ami digests the peptido-
glycan of S. mutans since it is the producer of the
Ami. However, it was unexpected that N-acetylmur-
aminidase showed substrate selectivity although the
substrate glycan chain is ubiquitously present in all
bacterial peptidoglycans. Ami may recognize not only
the glycan chain but the complex structure of S. mu-
tans and S. sobrinus specific peptidoglycans. The de-
tailed mechanism how Ami differentiates the peptid-
oglycan of S. mutans and S. sobrinus from other oral
streptococci remains to be determined.

(a) (b) (c)

f
o

Tlme (h)

Fig. 3. Lytic activity ofAmi against five viable cell strains (a), heat-inactivated cells

(b) and purifed peptidoglycan (c). The turbidity of the cell suspension was measured

at OD<,60nm after the addition ofAmi (10 ug/ml). Symbol; m , S. mutans C61-\; •E , S.

sobrinus OMZI76a; A, S. sanguinis ATCC10556; æf, S. mitis ATCC98I I; O, S.

salivarius.

Lytic activity on oral clinical streptococci. We ex-
amined its lytic ability against live clinically isolated
cariogenic streptococci. We first examined enzyme ac-
tivity on planktonic cells. We have previously demon-
strated that non-ionic detergent stimulates lytic activity

of autolysin (5). Preliminary experiment demonstrated
that 0.1% of Triton X-100 provided maximumstimulat-
ing effect. We therefore used Ami preparation con-
taining 0.1% Triton X-100 for further assays. Ami
showed lytic activity towards the clinical strains al-
though the enzyme susceptibility varied among the
strains, and further confirmed that Ami is active
against cariogenic bacteria. Surprisingly, one strain, S.
sobrinus 5, showed complete resistance to this enzyme.
The detailed mechanism how S. sobrinus 5 is resistance
to Ami remains unknown, but a possibility of modifi-
cation within the peptidoglycan structure must be in-
vestigated in the future study.

In an oral environment, most bacteria are present
in biofilm. They encase themselves in a hydrated
extracellular polymeric substances matrix that protects
them from a harmful environment (2,3,6,10). It is pos-
sible to assume that cells in biofilm are less suscepti-
ble than those in planktonic form to lysis by exoge-
nously added bacteriolytic enzyme due to hindrance
by matrix architecture. We asked if Ami can pene-
trate biofilm and lyse bacterial cells in situ. Biofilm
cells of clinical oral streptococci were treated with
lysis buffer containing His-Aml in the absence or pres-
ence of Triton X-100, and the supernatant of the lysis
buffer was probed for the bacterial DNA by PCR.
The amount of DNA was determined by measuring
the fluorescence intensities of the stained bands with
an ATTO image analyzer and NIH image software.
His-Aml treatment in the absence or presence of Tri-
ton X-100 induced the appearance of PCR amplicon of
dexA gene. This indicated the ability of Ami to lyse
bacterial cells in biofilms. We next examined whether
repeated rounds of Ami treatment on biofilm cells can
degrade biofilm matrix architecture. Repeated rounds
of His-Aml treatment in the presence of Triton X-100
is clearly effective against biofilm of tested strains.

These results together suggested that Ami is a po-
tential candidate for bactericide selectively targeting
cariogenic bacteria. The challenge for the future wo-
uld be improvement of lytic activity and animal ex-
periment to prove its potential to eradicate cariogenic
streptococci in vivo.
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ABSTRACT
Early colonization of Viridans streptococci significantly
reduced the colonization of methicillin-resistant Staphy-
lococcus aureus (MRSA) in newborns' oral and nasal
cavities. Hydrogen peroxide (H2O2) produced by >500
viridans streptococci cells killed 1 cfu MRSA cell in vi-
tro. Secretory IgA (SIgA) in saliva and colostral SIgA
bound Streptococcus sanguinis, a viridans streptococcus,
and MRSA into coaggregates. H2O2 produced by S.
sanguinis in the coaggregates was decomposed by sali-
vary peroxidase and bacterial catalase, and a short
lived by-product, singlet molecular oxygen ('O2) was
synthesized. The SIgA converted ]O2 into ozone, wh-
ich has a potent bactericidal and fungicidal activity.
We calculated that <10 cfu of S. sanguinis were neces-
sary to kill 1 cfu of MRSA in the coaggregate. SIgA,
A. niger catalase, and H2O2 in saliva killed Candida
albicans which is highly resistant to reagent H2O2. We
propose that together with viridans streptococci and
innate immunity, SIgA potentially constitute a novel
system that may sustain oral homeostasis.

Key words: Viridans streptococci, H2O2, Singlet oxy-
gen, SIgA, Salivary peroxidase.

INTRODUCTION
Despite extensive prevention efforts, methicillin-

resistant Staphlococcus aureus (MRSA) colonization and
infection has been a serious problem in many hospi-
tals world wide. Furthermore, effective measures for
treating MRSA infection would be lost in the near fu-
ture, because of the MRSAs' acquisition of much po-
tent resistant ability against antibiotics. This situation
led us to study natural prevention measures.

Corynebacteria, normal bacterial flora, interfere
with MRSA and eradicate it in the nasal cavities (2).
Early colonization by viridans streptococci prevents
oral cavity of a newborn infant from being colonized
by MRSA (2). Bacterial interference between patho-
gens and normal flora may be responsible for this
colonization inhibition, although the mechanism was
not clearly identified yet.

Hydrogen peroxide (H2O2) produced by viridans

streptococci kills MRSA in vitro (3). However, a sin-
gle viridans streptococci cell produces insufficient H2
Oz to kill MRSA that has strong catalase activity on its
surface; concentration or augmentation of the bacteri-
cidal activity of H2O2 is necessary for killing of MRSA
in oral cavity. Coaggregation between MRSA and v-
iridans streptococci may compensate for the inade-
quate amounts of H2O2. Secretory IgA (SIgA) binds to
viridans streptococci non-specifically and binds to pa-
thogens specifically via their N- and O-glycan and 4
Fab binding sites respectively (4,5).

If salivary SIgA contributes to form coaggregation
in saliva, ozone molecule (O3) may be produced by
immunoglobulin-catalyzed water-oxidation reaction fr-
omsinglet oxygen fC^), products of H2O2 degradation
reaction by salivary peroxidase (6-8). Since the ozone
molecule has a very strong microbicidal activity, many
pathogens, even the ones resistant to H2O2, are possi-
bly killed by this substance.

In the present review, we firstly examine bacterial
interference between viridans streptococci and MRSA
in newborn babies and the mechanisms of them. Next,
we study the mechanisms of coaggregation formation,
effect of the coaggregation on MRSA killing by H2O2,
singlet oxygen production from H2O2 and interference
of this singlet oxygen production by MRSA catalase.
Finally we examine whether SIgA in the presence of
saliva could promote the Ig-catalyzed water-oxidation
reaction.

MATERIAL AND METHODS
Epidemiological study of the incidence of MRSA
isolation in NICU.

Prospective surveillance cultures for all newborns
were first performed at the time of admission (when
the newborn is <24 h of age), every subsequent Mon-
day during each patient's entire hospitalization, and at
1 day before discharge. According to clinical require-
ments, cultures were occasionally performed between
the prospective cultures (2).
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Assay of the bacteriocin-like activity of viridans
streptococci.

Microorganisms (lX106cfu) in 100/z l of PBS was
mixed with 10 /^ 1 of melting brain-heart infusion broth
with 1.5% low-melting-point agar and poured into a
plastic dish. After solidification, the mixture was over-
laid with 10p. 1 of the same medium without microor-
ganisms. Suspensions of viridans streptococci (1 X 107
cfu) in 10u1 of PBS were spotted on the agar plate
and incubated overnight at 37°C. After incubation, di-
ameters of inhibition were measured (3,9).

Aggregation and coaggregation.
Viridans streptococci (Streptococcus sanguinis AT-

CC10556T, S. gordonii ACC10558T, S. omlis NCTC1142
T, S. mitis NCTC122611), MRSA (clinical isolates and
catalase-negative Staphylococcus aureus TW4632, un-
stained or stained with ethidium bromide), or both
were mixed, on a glass slide for several minutes, with
either intact saliva, IgA- or IgG-depleted saliva, or c-
olostral SIgA, and the aggregates were observed
macro- and microscopically (9).

2-Dimmensional gel electrophoresis, and analysis
by matrix-assisted laser-desorption time-of-flight
mass spectrometry (MALDI TOF MS) analysis.

Proteins were analyzed according to the method
described by Yao et al. (10). S. sanguinis cell-sediments
were incubated with saliva. Salivary components bou-
nd to the cell surface were extracted with 4 M NaCl.
S. sanguinis proteins were extracted with 8 M urea-2
M thiourea-4% 3-[(cholamidopropyl) dimethylammoni-
o]-l-propane sulfonate (CHAPS) (ll,12). The solvents
of these extracted proteins were substituted with PBS
or 8 M urea by centrifugal filter device (Millipore,
Bed ford, MA, USA). S. sanguinis proteins bound to
SIgA were prepared from S. sanguinis proteins using a
colostral SIgA-coupled affinity column. These proteins
were analyzed by 2D gel electrophoresis and matrix-
assisted laser desorption ionization time-of-flight mass
spectrometer (MALDI-TOF MS) (Applied Biosystems,
Foster City, CA, USA). Mass fingerprints were used to
screen tryptic fragment libraries with Mascot (Matrix
Sciences Ltd; www.matrixscience.com) and Protein Pr-
ospector (University of California, San Francisco; pro-
spector.ucsf.edu) (9).

Singlet molecular oxygen analysis.
The method described by Wentworth et al. (13) was
used. In wells of microtiter plate, 3u.1 of indigo car-
mine (lmM), which reacts with O3, 'C^, and H2O3, was
mixed with PBS (pH 7.4), 5n1 of MRSA in PBS at
various concentrations (2.5X105, 1.0X106, 2.0X106,
and 4.0X106), 1n1 of 1% H2O2, and 91/z1 of PBS or
saliva, and incubated at 37°C. The decrease in absor-
bance was measured at 600 nm at various time points
using a microtiter plate reader. In some experiments,
various amounts of Aspergillus niger catalase (0.03 to
300mU) (Sigma-Aldrich, St. Louis, MO, USA) or Sta-
phylococcus aureus TW4632 (catalase-negative strain)
were used instead of MRSA (9).

Ozone determination by 4-vinyl benzoic acid
oxidation reaction.
The method described by Wentworth et al. was used
to measure 4-vinyl benzoic acid oxidation (13). Saliva
was mixed with 1 mM 4-vinyl benzoic acid, which re-
acts with O3, in 150mI PBS (pH 7.4), 30^1 1% H2O2,
and 1.1 mg human colostral SIgA in 20u1 PBS, and
incubated at room temperature for 3 h. Twenty-micr-
oliter aliquots were removed and diluted 1:3 in acet-
onitrile:water (1:1). The product composition was de-
termined by HPLC with a Shim-Pack CLC-ODS col-
umn.Products were detected with UV at 254 nm (RT
4-vinyl benzoic acid=11.47 min, RT 4-carboxybenzalde-
hyde=3.83 min, RT 4-oxiranyl-benzoic acid=4.31 min).
In the control assay, 4-vinyl benzoic acid was oxidized
by irradiation on a transilluminator (312 nm, 0.8 mWc
m"2) at room temperature in the presence of SIgA, and
the product composition was determined using a simi-
lar method (9).

Killimg of AARSA by S. sanguinis in a 50% saliva-
agarose plates.
Microorganisms (3ml, I X10" CFU) in PBS was mixed
with 9ml of BHI broth (pre-incubated at 50°C for
lOmin) containing 50mg of low-melting-point agarose
and 6 ml saliva, and poured into a plastic plate. After
solidification, 3.3mg of colostral SIgA (20 n 1) was spot-
ted at three independent points on the plate and al-
lowed to soak into the gel, after which 1X10s, 1X
107, or 1X106 CFU S. sanguinis (ATCC105561) (10»l)
were spotted onto one of the SIgA-soaked points. The
same amount of S. sanguinis solution was similarly
spotted onto the plate at three points without SIgA.
The plates were cultured overnight at 35°C in 5%
CO2. After incubation, diameters of inhibition were
measured (9).

Killing of C. albicans by H2O2 in 50% saliva-
agarose plates
C. albicans (1 X108 CFU) was embedded in saliva-BHI
agar plates using the method described above, and
colostral SIgA was soaked into the gel. A. niger
catalase at 0.3 or 5.0 units was spotted onto SIgA-
soaked points or onto two independent points with no
SIgA. H2O2 (1%, 10//I) was spotted onto the points
soaked with SIgA, catalase, or both, or onto another
point without SIgA or catalase. The plate was cultured
overnight at 35°C in 5% CO2 (9).

Statistical analysis
Group data are expressed as mean ± SD, and differ-
ences between groups were analyzed by the paired
Student's t test or the %2 test.
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RESU LTS
Interference in MRSA colonization mediated by
viridans streptococci.
During the study period, cultures of specimens from
415 newborns in the NICU were performed. Total of
9699 specimens were obtained from nasal cavity, oral
cavity, sputum specimens from bronchial aspiration,
feces, breast milk, umbilical exudates, or other part of
the body.

e Patients with MRSA colonization
Patients with no MRSA colonization

statistical No No No No No No No No No No
significance Group 1 (n=103)

No No
Group 2 (n=63)

(B)

50
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if
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Figure 1.
Comparison of clinical characteristics of newborns without
colonization with viridans streptococci (group 1 [103 inpa-
tients]) and newborn inpatients with colonization with
viridans streptococci (group 2 [63 inpatients]) on or afterday
llof hospitalization (A). No significant difference in charac-
teristics was observed between the sub-groups. Comparison
of later colonization with MRSA between the sub-groups (B).
Forty-six of 103 group 1 newborns acquired MRSA coloniza-
tion before discharge, while only 6 (9.5%) of 63 group 2 new-
borns acquired MRSA colonization. The rate of colonization
was significantly different between the 2 groups (P<0.001).

Long-term hospitalization was one of the risk factors
of MRSA colonization in the NICU. The rate of coloni-
zation with MRSA among newborns who were hospi-
talized for <11 days was comparatively low (17.3%),
but among newborns who were hospitalized for >43
days, the MRSA colonization rate increased rapidly,
and the number of newborns who were discharged
without MRSA colonization decreased significantly. To
reduce influences on the risk due to long-term hospi-
talization, 201 inpatients whose duration of hospitali-
zation was ll-40 days were chosen for further study.
Among them, 103 inpatients were not colonized with
both MRSA and viridans streptococci (Group 1) and
63 were not colonized with MRSA, but with viridans

streptococci (Group 2) on or after day ll. Group 1 of
these groups was subdivided into 2 groups: 46 who
acquired MRSA colonization and 57 who did not ac-
quire MRSA colonization during hospitalization peri-

od. In a similar fashion, Group 2 was subdivided into
2 groups: 6 who acquired MRSA colonization and 57
who did not acquire MRSA colonization. The clinical
characteristics (birth weight, abdominal delivery, intu-
bation, patent ductus arteriosus, respiratory distress
syndrome, blood culture-proven sepsis, asphyxia neo-
natoram, antibiotic therapy and breast feeding) of
these subgroups were compared, however, no signifi-
cant difference in characteristics was observed between
the sub-groups (Fig 1A). Therefore, MRSA colonization
of the nares and oral cavities did not seem to depend
on any special characteristics of the newborns. The
rate of MRSA colonization was much lower among
the 63 Group 2 inpatients (6 [9.5%] of 63) than among
the 103 Group 1 inpatients (46 [44.7%] of 103; p<0.001)
(Fig IB). Thus, colonization with viridans streptococci
may counteract MRSA colonization.

Horseradish peroxidase in the agar plate {ft g/plate)
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Figure 2.
Bacteriocin-like activity produced by viridans streptococci.
BHI broth medium with low-melting-point agar containing
horseradish peroxidase was poured on solidified MRSA, and
an overlay was made; viridans streptococci were then spotted
on it, and culture was performed. Viridans streptococci killed
MRSA and created zones of inhibition (0m g of horseradish
peroxidase/plate). However, horseradish peroxidase neutral-
ized the activity and reduced the diameter of the zone of in-
hibition in a dose-dependent manner (A). This bacteriocin-
like activity was small enough to pass through a dialyzing-
cellulose membrane separating two small chambers. MRSA
(IX10" cfu) in one of the chambers was killed (B-a, acridine
orange staining) by S. sanguinis in the neighboring chamber
(B-b, survived). MRSA in a single-chamber device (B-c) sur-
vived; and MRSA cells killed by reagent H2O2 (B-d). Inhibi-
tory activities of salivary peroxidase and microbial catalase to
killing activity of H2O2, suspected effector molecule, were
tested (Q. In contrast to our expectation, salivary peroxidase
decomposed H2O2 to produce more indigo carmine-reactive
oxidant than was produced in the spontaneous degradation
in PBS (C-mO). MRSA-catalase at smaller doses 2.5X105 cfu
(line ml) and 1.0X106 cfu (line m2) increased the oxidant-
producing activity of salivary peroxidase. MRSA catalase at
larger doses 2X106 cfu (line m3) and 4X106 cfu (line m4),
this activity was inhibited. A. niger catalase interfered with
horseradish peroxidase in a similar manner (D). Small
amounts of A. niger catalase (peak augmentation, 0,31 units;
equivalent to the catalase activity of 5 X 105 cfu of typical
MRSA) augmented the peroxidase activity.
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Bacteriocin-like activity of viridans streptocooci.
All viridans streptococci (18 strains tested) secret-

ing H2O2 (1.24±0.60mmol/i x i08cfu/9h-culture in BH)
inhibited MRSA growth on brain-heart-infusion agar
and created zones of inhibition (Fig 2A). However, S.
salivarius, E. faecalis and S. epidermidis, which lack the
ability to secrete H2O2, did not have such activity.
The amount of viridans streptococci necessary to com-
pletely kill 1 cfu of MRSA was >500 cfu. This
bacteriocin-like activity produced by 1 X 107cfu of
viridans streptococci was completely inhibited either
by 400 n g/plate horseradish peroxidase (see Fig 2A)
or 20U/plate catalase. Moreover, this activity could
pass through dialysis membrane (Fig 2B). These re-
sults suggested that bacteriocin-like activity produced
by viridans streptococci was H2O2.However, extremely
large amounts of peroxidase and catalase were neces-
sary for the complete inhibition than physiological
amounts in saliva or expression on the cell surfaces of
bacteria. Moreover, in contrary to our expectation,
catalase activities on cell surface did not always in-
hibit bacteriocin-like activity of viridans streptococci.
P. aeruginosa, MRSA, Burkholderia cepacia, Enterobacter
aerogenes and S. salivarius had comparatively stronger
catalase activities (359.2±458mU/l X 108cfu bacteria);
however they were more susceptible to H2O2 than mi-
croorganisms with less strong catalase activities (aver-
age catalase activity of S. oralis, S. mitis, S. sanguinis,
E. coli, C. albicans and E. cloacae: 46.0±74.0mU).

Decomposition of H2O2 by bacterial cells in PBS and
in saliva.

In PBS, MRSA catalase decomposed H2O2, whereas
reagent H2O2 remained stable. Very small but detect-
able amounts of oxidants were produced during the
spontaneous degradation of H2O2 in the presence of
indigo carmine (which reacts with O3, 'C^, and H2O3);
MRSA catalase inhibited this oxidant formation, in a
dose-dependent manner. Aspergillus niger catalase also
inhibited this oxidant formation. These data show
that, in PBS, both A. niger catalase and MRSA catalase
reduce the bactericidal potency of H2O2. However, in
contrast to the oxidation-reaction outcome in PBS, H2
O2 in saliva was decomposed by salivary peroxidase
and more indigo carmine-reactive oxidant was pro-
duced than spontaneous decomposition in PBS (Fig
2C, line mO). Moreover, MRSA in saliva did not al-
ways inhibit the oxidant formation by salivary perox-
idase (Fig 2C): at smaller doses of MRSA (line ml and
m2), MRSA catalase increased the oxidant-producing
activity of salivary peroxidase (augmented bactericidal
potency of H2O2); at larger doses of MRSA, this activ-
ity was inhibited (Fig 2C, line m3 and m4). For A.
niger in saliva, similar results were obtained. S. aureus
(catalase-negative strain TW4632) in saliva had no ef-
fect on the oxidant-producing activity of salivary
peroxidase. To confirm the results, we studied a
model reaction between A. niger catalase and horse-
radish peroxidase (HRP). We found that A. niger ca-
talase interfered with the HRP activity (0.38ng/reac-
tion mixture) in a similar manner (Fig 2D). Smalla-
mounts of A. niger catalase augmented peroxidase

activity as assessed by tetramethylbenzidine free base
(TMB) oxidization reaction, whereas larger amounts of
A. niger catalase inhibited TMB oxidation reaction, and
thus inhibited peroxidase activity.

Aggregation and coaggregation.
Although H2O2 produced by viridans streptococci

killed various microorganisms in vitro, it may not be
strong enough to kill pathogens in vivo. Concentration
or augmentation of the microbicidal activity of H2O2 in
oral viridans streptococci is necessary for killing of
p athogens.

(A) 1 x 108cfu 1 x 107cfu 1 x 106cfu S.sanguinls

With SlgA

Without SlgA

Target: MRSA, Effector: S. sanguinis
( B) 0.3 5.0 U A. n/ger catalase

exogenously added.

•E •E With SlgA

Without SlgA

d e f
* Target: C. albicans, Effector: reagent H2O2

Figure 3.
Killing of MRSA by S. stmguinis, and killing of C. albicans by
H2O2 in 50% saliva-agarose plate with or without exogenous
colostral SIgA. Without exogenous SIgA, S. sanguinis (1 X108
cfu and lXlO'cfu) killed MRSA fixed in an agar plate in a
dose-dependent manner (A-d, e), however, MRSA was not
killed by lX106cfu of S. sanguinis (A-f). The addition of 3.3
mg of colostral IgA, augmented the killing of MRSA, and
larger areas remained clear around S. sanguinis at I X10s cfu
(A-a), lxi07cfu (A-b) and lX106cfu (A-c). Very few C.
albicans cells, even those just below the spot of reagent H2
O2 (1011I, 1%) (B-d, e, f), were killed in the absence of SIgA,
even the presence of A. niger catalase. Addition of SIgA sig-
nificantly augmented the killing (B-a, b, c). Large doses (5U)
of A. niger catalase inhibited, however, small doses of cata-
lase (0.3U) augmented the killing of C. albicans.

We could always observed bacterial aggregates in
the oral cavity of healthy person (data not shown).
Simple agitation of Streptococcus sanguinis for several
minutes in colostral SIgA or saliva resulted in the for-
mation of similar aggregations. Interestingly, IgA de-
pletion almost completely inhibited the formation of
aggregations, but not by IgG depletion (datanot sho-
wn). The results suggested the non-specific binding of
salivary SIgA contributed to the aggregations of viri-
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dans streptococci. In fact, colostral SIgA-coupled af-
finity column bound cell surface protein of S. sangui-
nis, fructose-bisphosphate aldolase. Simple agitation of
viridans streptococci and S. aureus in saliva resulted in
the formation of coaggregation. Flow cytometry indi-
cated that there was SIgA antibody against S. aureus
in both adult saliva and colostral SIgA (data not sh-
own). Non-specific binding of SIgA to viridans strep-
tococci and simultaneously specific binding to S.aureus
may contribute to form coaggregation between the

two bacteria.

SlgA
Viridans streptococci

H3O2 secretion by vlrldans
Streptococci, and H2O2accuimilation
In the aggregates

Fructose-bisphosphate aldolasa ' N- and O-glycans of SlgA

MRSA-catalase

SlgA-catalyzed
water-oxidation

H2O+ O2
H2O2 + 03 (Ozone)

Figure 4.
The conclusion in diagram. Secretory IgA in saliva binds
both viridans streptoscocci and MRSA (C. albicans) and
formed microbial coaggregation. Small amounts of H2O2 pro-
duced by viridans streptococci was accumulated and concen-
trated in the coaggregates. H2O2 was converted by SlgA-
catalyzed water-oxidation to ozone with potent microbicidal
activity, and microbial catalase augments the ozone forma-
tion.

Assay of 4-vinyl benzoic acid oxidation.
Indigo carmine reacts with O3, 'O2/ and H2O3. If

'O2 is produced in the H2O2 degradation reaction,
immunoglobulin-catalyzed water oxidation reaction to
produce O3 will be initiated in the presence of SIgA.
Ozonolysis of 4-vinyl benzoic acid was measured by
reversed-phase high-performance liquid chromatogra-
phy. In the presence of SIgA and saliva, H2O2 oxidized
4-vinyl benzoic acid (RT, ll.47min) and produced 4-
carboxybenzaldehyde (RT, 3.83min) and 4-oxiranyl-
benzoic acid (RT, 4.31min), whereas neither H2O2 in
PBS nor SIgA and saliva without H2O2 oxidized it; and
4-vinyl benzoic acid was similarly oxidized by ozone
produced by UV irradiation. These data show that
H2O2 is decomposed by saliva and is converted to
ozone by the catalytic activity of SIgA.

Killing of MRSA by Streptococcus sanguinis and
killing of C. albicans by H2O2/ in a 50% saliva
agarose- plate.

We examined whether SIgA augmented MRSA
killing by S. sanguinis, or C. albicans killing by reagent
H2O2 in the presence of saliva and exogenously added

bacterial catalase. MRSA cultured on a 50% saliva-
agarose plate produced confluent opaque colonies.
Around the S. sanguinis colonies without exogenous
SIgA, MRSA was killed by lX108cfu of S. sanguinis
(Fig 3A-d) and by lX107cfu of S. sanguinis (3A-e),
and the plate remained clear; however, MRSA was not
killed by lX106cfu of S. sanguinis (3A-f). The addi-
tion of 3.3 mg of colostral SIgA augmented the killing
of MRSA, and larger areas remained clear around S.
sanguinis at 1 X108cfu (3A-a, 1X10'cfu (3A-b)
(P<0.001), and lX106cfu (3A-c) (P<0.004). Figure 3B
indicates C. albicans killing by reagent H2O2 in the
presence or absence of SIgA, or A. niger catalase. Very
few C. albicans cells, even those just below the spot of
reagent H2O2 (10/z l, 1%), were killed in the absence of
SIgA (3B-d, e, f), even though contained saliva and A.
niger catalase-and that the addition of SIgA signifi-
cantly augmented the killing (3B-a, b, c). Large doses
of A. niger catalase inhibited the killing of C. albicans
(3B-c), even in the presence of SIgA, compared with
the killing in cultures without this catalase (3B-a);
however, large doses of this catalse did not completely
eliminate production of aO2, because the augmentation
in the killing of C. albicans in the presence of SIgA,
compared with the killing in the absence of SIgA, in-
dicate that lO2 is present; and small doses (0.3 U) of
the catalase augmented the killing of C. albicans in the
presence of SIgA (3B-b), compared with the level of
killing in the absence of the catalase (3B-a) (P<0.002).

DISCUSSION
Uncontrollable spreading of MRSA in newborns in

NICUs has been largely attributed to environmental
risk factors (14-16). However, factors that involve the
newborns themselves also seem to play an important
role with regard to MRSA colonization. Colonization
of normal flora may be one of these factors, for nor-
mal flora has the ability to inhibit colonization with
pathogenic bacteria (17-19). The data in the present
study demonstrate a previously unrecognized process
that may help to maintain homeostasis in the oral cav-
ity and thereby defend the oral environment against
pathogens. Firstly, colonization of viridans streptococci
in oral cavity, and secondly, coaggregation between
viridans streptococci and pathogens, in conjunction
with the catabolism of H2O2 in the aggregates to pro-
duce ozone by SIgA, seems to be the key event in this
process. SIgA is responsible for mucosal defence, not
only by immune exclusion (20), but also by direct kill-
ing of pathogens.

Interruption of the continuous flow of the coloni-
zation process at any point is likely to inhibit coloni-
zation with MRSA. Current methods of prevention of
colonization, therefore, focus either on preventing pa-
tient-pathogen contact (16,21,22) or on preventing gr-
owth of colonizing microorganisms (23,24). However,
none of the individual conventional control measures
concerning these processes succeeded in controlling
the spread of MRSA in an NICU (15). Moreover,
mupirocin-resistant S. aureus (25-26) and vancomycin-
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resistant S. aureus (27) have been reported. We indi-
cate in the present study that none of the clinical
characteristics of newborns interfere with the rate of
MRSA colonization (2). Colonization with MRSA of a
newborn's mucosa with no former bacterial occupants
depends only on accidental contact with the bacteria
and that, once contact is achieved, no newborn (irre-
spective of disease status) can avoid colonization.
This phenomenon supports the conclusions of the
study by Wickman (28), which showed that the bacte-
rium that reaches the niche first will generate and pre-
vail.

Beneficial and harmful effects of H2O2 produced
by several bacteria because of alteration of human
physiology have been the subject of special investiga-
tion. The a-hemolysin of viridans streptococci, a po-
tential virulence factor, was identified as H2O2 (29),
and streprolysin S and H2O2 synergistically injure vas-
cular endothelial cells (30); however, H2O2 produced
by lactobacilli may protect pregnant women from
vaginosis (32). Ryan and Kleinberg (32) denied that
H2O2 has an antagonistic effect on pathogenic bacteria,
because H2O2 produced by viridans streptococci was
rapidly degraded by bacteria in the oral cavity. How-
ever, we indicated in the present study that bacteria
with high levels of catalase activity were not always
highly resistant to H2O2. Catalase activity, with a few
exceptions, tends to be inversely proportional to resis-
tance. Exogenously added catalase protected MRSA
from the antagonistic effects of H2O2, but the amounts
required were extremely large compared with the
amounts of catalase normally associated with MRSA
cells (3).

SIgA contains various bacteria-binding sites in its
glycans, in addition to its 4 Fab binding sites (8,33)
and it binds to bacterial surface proteins, such as fruc-
tose bisphosphate aldolase of Streptococcus pneumoniae
(34). In fact, the present study found that SIgA binds
to viridans streptococci and forms aggregates. Possibly
two mechanisms interfere with coaggregation forma-
tion between viridans streptococci and MRSA; 1) sig-
nificant C potential (35) expressed on the MRSA's cell
surface, 2) specific, but not non-specific binding of
SIgA with MRSA. These two characteristics may have
a role to construct the coaggregation composition in
viridans streptococci excess, and may compensate for
insufficient ability of H2O2 produced by one viridns
streptococci cell.

Salivary peroxidase decomposes H2O2 into an in-
digo carmine-reactive oxidant, presumably either 'O2,
O3, or H2O3 (36,37), However, this oxidant is not
strong enough to kill some resistant microorganisms,
such as C. albicans (3). In the present study, the addi-
tion of SIgA and small doses of A. niger catalase sig-
nificantly augmented bactericidal and fungicidal ef-
fects, and more C. albicans cells were killed by the
newly synthesized oxidant. Ozone may be produced
by the SIgA-catalyzed water-oxidation reaction (37). If
so, then the oxidant produced before the addition of
SIgA is '02, one of the starting materials of the reac-
tion (36), and the products of 4-vinyl benzoic acid oxi-
dation strongly suggest that ozone is present (37). In

this situation, MRSA catalase may potentiate not the
survival but, instead, the suicide of MRSA.

In conclusion, the results of the present study
show that, in cooperation with H2O2-producing viri-
dans streptococci and salivary components, SIgA can
kill MRSA and C. albicans-and that this killing poten-
tial is augmented by bacterial catalase (Fig 7).
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Current Situation and Prevention of HIV/AIDS
T. Fujii

Division of Blood Transfusion Services, Hiroshima University Hospital, 1-2-3, Kasumi, Minami-ku, Hiroshima 734-
8551,Japan

ABSTRACT
The number of persons with HIV/AIDS is now about
40,000,000 in the world and is increasing especially in
East/Southeast Asian countries. Although we often
treat patients with HIV/AIDS, some medical/dental
care providers in Japan still hesitate to treat them be-
cause of their lack of knowledge of HIV/AIDS. The
basic outline of HIV/AIDS such as epidemiology,
clinical course, transmission routes, and prevention f-
rom the infection is explained in this review. Further-
more, oral complications often seen in HIV infected
patients are also presented and explained.

Key words: human immunodeficiency virus, viral lo-
ad, saliva, oral complications

Epidemiology of HIV/AIDS
Since the establishment of the concept of acquired im-
mune deficiency syndrome (AIDS) and discovery of
human immunodeficiency virus (HIV) in the early
1980's, many aspects of this disease have been eluci-
dated by the effort of many investigators around the
world. However, a large number of persons have b-
een infected with HIV and have suffered from the dis-
ease. The number of persons worldwide with HIV/-
AIDS in December 2006 was estimated to be about
40,000,000 from the data of the World Health Organi-
zation (WHO) and the United Nations Programme on
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Fig.1
Number of people with HIV in 2006. This data is referred
from "global summary or the AIDS epidemic December 2006"
published by UNAIDS.

Fig.2
Number of people newly infected with HIV in Japan. People
diagnosed as AIDS are indicated as "AIDS" in this panel. On
the other hand, those who have not suffered from AIDS de-
finitive diseases are indicated as "HIV".

AIDS (UNAIDS). The increase in the number of pa-
tients in East/Southeast Asia is particularly conspicu-
ous and is still rising, unlike the numbers in Europe/-
North America which have plateaued. Although there
are not so many patients in Japan compared with
other East/Southeast Asian countries, patient numbers
are increasing. Consequently, it has been suggested
that the prevention program for HIV/AIDS in Japan
has not been effective.
(*please insert Figl&2)

Natural history of HIV
HIV virions infect CD4 positive lymphocytes(CD4
cells). CD4 is a surface antigen presented on helper
T cells or a part of macrophages and plays a role as
the receptor of surface protein gpl20 on HIV.
After the virions infect to CD4 cells and viral trans-
mission occures, fever, oropharyngeal pain, general fa-
tigue, lympho-adenopathy, rash, and sometimes diar-
rhea or nausea occurs 2-3 weeks later. These symp-
toms are called as "acute retroviral syndrome". Fol-
lowing this, an asymptomatic chronic HIV infection
stage continues for several years. Immunodeficiency
progresses with the decline in CD4 cell count. As a
result, patients with HIV suffer from some opportunis-
tic infections, so called "AIDS definitive diseases".
This is a natural history of HIV infection in an aver-
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age patient without antiretroviral therapy. However,
the period from the time of HIV transmission to the
stage of AIDS can be prolonged once patients receive
antiretroviral therapy. We have already known the
patients infected with HIV in the early 1980's, who
have never suffered from opportunistic infections be-
cause of appropriate antiretroviral therapies.
(*please insert fig.3)

HIV Transmission
Serological a ntibody

ral or 10 years 1 -3years

Acute phase Asymptomatic stage

Fig.3
Natural history of HIV infection in an average patient with-
out antiretroviral therapies.

Laboratory tests for HIV
Serologic HIV antibody tests are effective and often
utilized for diagnosis. The standard serologic test
consists of screening tests (enzymelinked immunoas-
say: EIA or immunochromatography: IC) followed by
a confirmatory Western blot (WB). However, false
negative results are often due to testing in the win-
dow period. The time delay from infection to a posi-
tive screening test averages 10 to 14 days and that to
a positive WB averages a few months. If the testee
has acute retroviral syndrome, plasma HIV RNA PCR
assay should be recommended because the window
period is about half that of serologic antibody tests.
The specimens appropriate for detecting HIV infection
are not only blood but body fluid such as saliva or
urine. The saliva test is a device for collecting saliva
and concentrating IgG for application of EIA tests for
HIV antibody. It is a rapid test and it takes 20-30
minutes for measurement. The sensitivity and speci-
ficity of the test is 99.6% and 99.7% respectively. Po-
tential advantages over standard serologic testing are
the ease of collecting specimens, reduced cost, and
better patient acceptance. However, it is somehow not
prevalent and utilized at hospitals in Japan.
CD4 cell count in peripheral blood (CD4 count) is
clinically an important test. It is a standard test to as-
sess prognosis for progression to AIDS, to make thera-
peutic decisions regarding antiviral treatment and
prophylaxis for opportunistic pathogens. In general,
the risk of opportunistic infections becomes high and

antiretroviral therapies should be started when base-
line CD4 count is below 200/ul.

Routes for viral transmission
There are 3 main routes for viral transmission; blood,
sexual contact and mother-to-child. This fact indicates
that HIV transmission occurs via blood, semen, vagi-
nal fluid and breast milk. Although HIV virions exist
in the saliva of the patients, there have not been any
reliable reports of viral transmission occurring via sa-
liva. The number of virions in saliva is estimated to
be less than found in other body fluids as mentioned
above. In short, it appears that a particular concentra-
tion of virions is required for viral transmission and
that the transmission rate can be minimized if the
number of virions in the fluid is low. Skin is a strong
physical barrier to HIV and the viral transmission
does not occur if normal skin contacts body fluid con-
taining virions.

Transmission by peripheral blood
Royce et al. reported the viral transmission rates ac-
cording to the various routes. The transmission rate
is more than 90% when blood of persons with HIV is
transfused. However, as blood tests for various infec-
tious diseases and rigorous blood-donor check systems
are in force, the transmission rate by allogenic blood
transfusion in Japan is below one in 6 million.
An occasion in which medical/dental care providers
are exposed to HIV infected blood is a needle-stick ac-
cident. The transmission rate of that is estimated 0.1-
1%. The transmission rate of needle-stick accident by
injection needle is a little higher than that by surgical
needle. Furthermore, quantity of exposed blood and
viral load it contains also influence the transmission
rate. In cases where the inside diameter of injection
needle is large or viral load exposed is great, the risk
of transmission becomes high.

Transmission by body fluid except for
blood
The transmission rate by a sexual contact is 0.1-1%,
the same as that by a needle-stick accident. Plasma
viral load in HIV infected persons without antiretro-
viral therapies ranges from 10,000-1,000,000 copies
/ml, and is same as or about 1 log higher than that
in semen or vagina fluid. On the other hand, compar-
ing the volumes exposed, that by semen or vagina
fluid per sexual contact is, in general, about 1-2 log
more than that by blood per needle-stick accident.
Although there may be differences in the local immu-
nity in the exposed area, the major determinant of the
same transmission rate between sexual contact and
needle-stick accident is total viral load exposed.

The risk of viral exposure in dentistry
Viral load in saliva is generally 2-4 log lower than
that in blood or semen. It is suggested that the viral
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transmission by saliva does not occur unless the ex-
posed volume to mucosa is several hundred milliliters
or liters at once. So, we can assume that there is no
possibility of viral transmission by saliva or usual
dental treatment. However, wearing gloves or goggles
during dental treatment, use of disposable dental care
devices or thorough sterilization may be needed as a
standard precaution.
Some dental care providers in Japan are afraid of viral
transmission from persons with HIV. They are con-
cerned that persons with HIV may bite their fingers
accidentally during the dental treatment. In this case,
peripheral blood of person injured (which is without
virions) may come into contact with the saliva of per-
sons with HIV. However, it cannot be assumed that
HIIV will be transmitted because viral load in saliva
is very low. However, the situation changes some-
what if gum bleeding occurs or a dental operation is
needed. In this case, there is high possibility of pro-
tection from viral transmission by adopting the stan-
dard precautions mentioned previously. This is be-
cause viral load in blood will be decreased by the use
of gloves if needle-stick accidents occur or they are
bitten accidentally.
There are several reports of viral transmission by nee-
dle-stick accidents. However, reports of viral transmis-
sion by dental treatments are rare.

Oral complications in HIV infected
patients
(1) Candidiasis
Most commonis pseudomenbraneous candidiasis, w-
hich is white painless plaques on the buccal or pha-
ryngeal mucosa or tongue surface, typically in patients
with HIV whose CD4 count is below 200/ul. Symp-
toms include diffuse retrosternal pain, dysphagia and
odynophagia, which appear when esophageal candid-
iasis is complicated. Culture is the best method for
speciation and sensitivity testing. Antifungal agents
such as fluconazole or itraconazole are very effective
and the treatment can be ceased in 7-14days.

(2) Aphthous ulcer
The cause is unknown in some cases with aphthous
ulcer, although herpes simplex virus (HSV) or cyto-
megalovirus (CMV) often cause it. Use of antiviral
agents is recommended if the cause is clearly demon-
strated. Some of the unknown ulcers in patients w-
hose CD4 counts are below 100 /ul repeatedly occur
and become severe. In this case, it heals if immunity
is recovered by antiretroviral therapies. Prednisone or
thalidomide may be needed in refractory cases.

(3) Oral hairy leukoplakia
The cause is intense replication of Epstein Bar virus
(EBV). It presents unilateral or bilateral adherent w-
hite/gray patches on lingual lateral margins of tong-
ues and is not painful at all. It is almost is exclu-
sively found in patients with HIV, whose CD4 counts
are very low. It is improved by antiretroviral thera-
pies.

(4) Gingivitis
HIV infected patients often have gingivitis; linear gin-

gival erythema, necrotizing gingivitis, and necrotizing
periodontitis. Patients with low CD4 counts tend to
have severe cases. The pathogens are anaerobic bac-
terias and are the same as those causing gingivitis in
patients without HIV. With antiretroviral therapies,
the severe phase of gingivitis becomes rare. The stan-
dard treatment is routine dental care, occasionally cu-
rettage, debridement, or prescription of antibiotics for
a short period.
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ABSTRACT
Howdo we choose the daily diet to be ingested? For
example, some kind of Japanese foods may not be ac-
ceptable for foreigners, and also, some kind of foreign
cuisine may not be acceptable for the Japanese. This
situation (to be cautious towards the new) is called

"neophobia" in psychological term. It, consequently,
defends the organism from danger elicited by the in-
take of unfamiliar food. When the poison is taken by
mistake, the mechanism called conditioned taste aver-
sion will be working. This mechanism is important
with respect to refraining from taking the food with
the same taste again. Recently, we found that the p-
hysical properties as well as the taste of food can
work as conditioned stimulus for acquiring a condi-
tioned food aversion. This paper is reviewing the be-
havioral mechanisms of food choice and food intake
including the results of our recent study.

Key words: feeding behavior, food intake, neophobia,
conditioned food aversion

INTRODUCTION
All animals, including human beings, are ren-

dered to eat and drink everyday to assure the neces-
sary nutrient intake. This behavior is called "feeding
behavior". However, this behavior is not necessarily
safe. For example, if the diet contains poison, the ani-
mal may become sick or die. To avoid such a situa-
tion, our feeding behavior has some important princi-
ples. This paper describes the principles for "How do
we choose the daily diet to be ingested?".

Taste and Neophobia
Taste is the sensory system devoted primarily to

a quality check of food to be ingested. It is known
that there are five modalities of taste called "basic ta
ste", such as sweet, salty, sour, bitter and umami.
Sweet is always preferable for the majority of animals,
because it is a signal of carbohydrates and energy.
Sour and bitter are often unpreferable, because they

are signals of putrification and usually poisonous alka-
loids, respectively. Salty and umami are signals of
minerals and L-amino acids. Suitable amount of these
substances is necessary for our body, but overly
amount of them may work as a poison. Therefore, we
feel low concentration of them preferable, but high
concentration of them unpreferable (Moskowits et ah,
1976; Yamaguchi, 1998). This situation derives from
the following principle: "We may eat anything which
we feel preferable."

However, this principle is often not perfect. To
avoid unexpected food poisoning, we have a second
principle called "neophobia". Neophobia is a psycho-
logical term for that we feel danger for the unfamiliar
food and consequently avoid its intake. For example,
weknow many foreigners hesitating to eat some kinds
of Japanese foods. If we take only familiar foods, the
possibility of becoming poisoned by food may de-

crease.

Conditioned Taste Aversion
Usually the swallowed food improves body condi-

tions and it elicits an (often highly) preferable feeling.
However, food may occasionally cause toxic effects.
Animals can remember of the chemical/chemosensory
feature (i.e. taste) corresponding to a particular food
that once elicited internal malaise after being ingested,
and they will develop an aversion for it. This behavior
is called conditioned food (taste) aversion (CTA), and
it is the 3rd principle of our feeding behavior.

Figure 1 shows the typical result of a CTA experi-
ment demonstrated by Dr. Yamamoto and his collabo-
rators (Yamamoto et ah, 1995). When the rats are in-
jected by i.p LiCl, which elicits internal malaise as an
unconditioned stimulus (US), after drinking of saccha-
rin (conditioned stimulus; CS), they keep decreasing
the intake volume of the originally preferred saccha-
rin. On the other hand, the rats injected by physiologi-
cal saline instead of LiCl increase the intake volume of
saccharine day by day, because saccharin has sweet
and preferable taste for rats.
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Figl.
A typical conditioned taste aversion. Rats of conditioned
group reduced their intake of saccharin (left), whereas those
of the unconditioned group did not show aversion to saccha-
rin, even if they had neophobia (right).

The behavioral mechanism and its phenomenol-
ogical aspects have been reported by many research-
ers. Today, it is known that some regions of brain,
such as the parabrachial nucleus (PBN), amygdala and
the insular cortex, play critical roles to acquire the
CTA (Yasoshima et ah, 2006; Yamamoto et ah, 1994,
Bures et al, 1998 etc.).

Conditioned Food Aversion Elicited by the
Hardness of Food

The daily foods which we eat are not simple taste
solutions. They have physical properties, such as tex-
ture and temperature, as well as chemical properties
which elicit taste sensation to the animals. Although
some researchers have reported the temperature of
drinking water working as CS for conditioned food
aversion in behavioral experiments (Nachman, 1970;
Heth, 1985), very little is known about whether the
physical properties of food can work as CS for leading
to conditioned food aversion. Therefore, we designed
some behavioral experiments to answer this question.

2 3 4 5 6 7
Cl Tl Cl T2 Cl T3

Days
ICrushed |

cs

Fig2.
Percent of CS pellet intake for Soft pellet conditioned group
(Sc; upper) and Hard pellet conditioned group (He; lower).
Columns show percentage of crushed CS pellet intake for
each group. C1-C3, conditioning days; T1-T2, test days.

At first, we examined whether the hardness of
food could work as CS (Sako et al, 2002). Wistar rats
were divided into two groups: a hard pellet condi-
tioned (He) and a soft pellet conditioned group (Sc).
Each rat of the He and Sc group was given access to
hard pellet (H; 79.3±13.0 gf/mm2) and soft pellet (S;
37.0±4.2 gf/mm2), respectively, and they were given
an ip injection of LiCl (resulting in the malaise) as the
US. The pellets contained the same ingredients. After
this conditioning, a two-dish preference test, one dish
filled with H and another dish filled with S, was car-
ried out for 24 h on the 3rd, 5th and 7th post-injection
days. Re-conditioning was performed every 2nd days.
On the 8th day, crushed H and S in powder form
were presented instead of S and H pellets. Figure 2
shows the preference percent (= 100 x consumed vol-
umeof CS / sum of consumed total volume). As a re-
sult, the rats of each group have avoided CS pellets.
Because they did not avoid the crashed CS, it is clear
that this aversion learning was elicited by the hard-
ness of pellets as the CS. Our study suggests that the
hardness of food as well as the taste can work as a
CS for the conditioned food aversion.

Conditioned Food Aversion Elicited by the
Temperature of Drinking Water

We also designed behavioral studies to examine
whether the temperature of drinking water can work
as a CS (Sako et al, 2004). In the first experiment, the
rats were divided into a cold distilled water (dw)
group (Cd) and a warm dw group. The trained rats of
the Cd group were subjected to aversive conditioning
to 5°C dw, and the rats of the Wd group were sub-
jected to aversive conditioning to 40°C dw by ip injec-
tion of LiCl. Their mean licking suppression rate
(MLS) (%) =jl-(licks for 10 s in experimental group)/
(licks 10 s in control group)} x 100 was measured.
Rats in the control group were injected by physiologi-
cal saline instead of LiCl. Figure 3 shows the result.
The rats of both groups could acquire the conditioned
temperature aversion for CS temperature. But they did
not generalize to any taste stimuli with CS tempera-
ture. Figure 4 shows the result when the rats were
subjected to aversive conditioned to 5°C sucrose (Cs
group) or 40°C sucrose. In this situation, the rats of
both groups generalized to all sucrose solution, even
if they had different temperature from the CS solu-
tion. These results suggest the following two facts. (1)
The rats have an ability to acquire conditioned food
aversion elicited by the temperature of drinking water
as the CS. (2) The taste gives priority over the tem-
perature to form conditioned food aversion.
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Fig3.
Mean licking suppression rate for cold distilled water condi-
tioned group (Cd; left) and warm distilled water conditioned
group (Wd; right), dw: distilled water, Na: NaCl, Sue: su-
crose, H: HC1, Q: quinine-HCl.
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Fig4.
Mean licking suppression rate for cold sucrose conditioned
group (Cs; left) and warm sucrose conditioned group (Ws;
right). Abbreviations are the same as in Fig. 3.

This paper briefly reviewed some organizing prin-
ciples for the feeding behavior. We should remember
of that our safe life is greatly approved by these prin-
ciples.
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Tool-Using Monkey Brains Possess Latent
Evolutionary Precursor of Language
A. Iriki

RIKEN Brain Science Institute, Tokyo Medical and Dental University, University College London.

Bimodal neurons in the monkey intraparietal cortex,
integrating visual and somatosensory informations, er-
ode the image of the self-body, which is subject to in-
tentional modification. When trained to use a tool, it
becomes an extension of the hand both physically and
perceptually, resulting in alteration of the body image
in accordance with the characteristics of the tool at
hand. In above bimodal neurons, use-dependent ex-
pansion of the receptive field occurred only when the
monkeys held a tool and intended to use it as an ex-
tension of their hand. This would constitute the neu-
ral correlate for modification of the body schema as a
basis of assimilation of the tool into our own body.
PET imaging studies confirmed that this cortical area
is active when monkeys using the rake. Also, we
found that these neurons can code the body-image
projected onto the video monitor, perhaps correspond-
ing to its iconic representation.

During the course of above training, behavioral analy-
ses suggested that a novel mode of somatosensory-
visual integration seemed to develop in order to or-
ganize adequate bodily movement to manipulate the

tool, possibly subserved by reformation of the neural
circuitry in which molecular genetic processes in the
cortical area described above are involved. Indeed,
augmented expression of messenger RNA of neurotr-
ophic factors associated with learning was induced in
the corresponding cortical region only during the tra-
ining to use the tool, but not after monkeys acquired
the skill. Corresponding to this period, emergence of
novel cortico-cortical projections between temporo-
parietal junction and the intra-parietal cortex were de-
tected in monkeys that were trained to use tools, th-
erefore, enabling to integrate the tool in their own
body image by presence of a self-objectification mec-
hani sm.

When above described representations were further
advanced, it would become totally free from physical
constraints of the actual world to become a symbolic
one to represent evolutionary precursors of higher c-
ognitive functions, and might eventually lead to evolu-
tion of human language or to the metaphysical thou-
ghts.
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Role of Childhood Trauma in the Neurobiology
of Depression and Stress Vulnerability
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H. Jitsuiki and G. Okada
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INTRODUCTION
The rapid globalization of economy and culture, and
the progress of information technology have increased
the prevalence of psychiatric disorders such as depres-
sion and anxiety in all generation from child to eld-
erly population. It has been a serious public health
problem of adults in Japan that the number of suicide
victims has been over 30,000, approximately 5 times of
traffic accident victims in the last decade. On the o-
ther hand, in children, the number of child abuse in-
cluding physical and sexual abuse has been increasing.
Epidemiologic studies indicate that childhood trauma-
tic experiences such as child abuse or maternal separa-
tion are at increased risk for the development of de-
pression. Persistent sensitization of central nervous
system (CNS) circuits as a consequence of early life
traumatic stress, which are integrally involved in the
regulation of stress and emotion, may represent the
underlying biological substrate of an increased vulner-
ability to stress.
In this conference, the authors demonstrate current re-
search including our study on the role of childhood
trauma in the neurobiology of depression and vulner-
ability to stress.

DEPRESSION AND HIPPOCAMPUS
Advances in neuroimaging technology such as mag-
netic resonance imaging (MRI) allow the examination
of subtle changes in both regional structure and func-
tion that are associated with the pathophysiology of
depression. The neuroanatomical volumetric MRI stud-
ies indicate the decreases in hippocampal volume a-
mong depressive patients compared with control. Hi-
ppocampus plays important role in emotional regula-
tion as well as memory. This hippocampal atrophy is
suggested to be underlying the pathophysiology of de-
pression and/or vulnerability to stress.

NEONATAL ISOLATION AND STRESS
VULNERABILITY
The authors investigated the influence of neonatal iso-
lation (NI) on the stress vulnerability and depression-
like behavior (learned helplessness: LH). As shown in
Fig. 1, in NI group, pups were isolated from the
mother and siblings, and placed in individual cages

for lh per day on post-neonatal (PN) day 2-9. In non-
NI group, the mothers and pups were left together
until weaning (PN day 21). On PN day 42 (adoles-
cence), the prevalence of depression-like behaviors
(LH) in NI group was significantly higher than that in
non-NI group, which confirmed that NI was at in-
creased risk for the development of depression in rats
as well as in human (Fig.2). On PN day 90 (adult-
hood), the corticosterone level during restrain stress in
NI group was significantly higher than that in non-NI
group, which suggested that NI induced an endocri-
nological stress vulnerability. When NI group rats
were handling and feeding under enrich environment,
the prevalence of LH behavior has decreased (Fig.3).

Fig. l Neonatal Isolation enhances Stress Vulnerability in adulthood
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NEONATAL ISOLATION AND
HIPPOCAMPAL GENE EXPRESSION
Hippocampus was isolated and used for DNA micro-
array, real-time PCR, immunohistochemistry and West-
ern blot analysis. In LH experiment on PN day 42,
we found that significant lower expression of LIM do-
main kinase 1 (LIMK-1) mRNA in NI rat hippocam-
pus, which is reported to play an important role in
actin-related spine and synapse formation. In restrain
stress experiment on PN day 90, we also found that
significant lower expression of insulin-growth factor-1
receptor (IGF-1R) and IGF binding protein-2 (IGFBP-2)
mRNA, which are known to be neuronal growth fac-
tors.

Fig. 3 Enriched Environment reversed Nl-induced LH behavior

Control Environment Birth " Neonatal Isolation -

il .i ii l L
- L H N < " rr > i l " r

L H
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_ _
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ABSTRACT
The origins of adult disease are considered to relate
with fetal undernutrition, and this concept is termed

"developmental origins of adult health and disease"
(DOHaD). We describe here epidemiological data of
Japanese children and adolescents and discuss whether
DOHaD can be confirmed or not in current Japan. It
was found that systolic blood pressure of 3-year-old
healthy children was inversely correlated to birth
weight, and positively correlated to weight at 3 years.
Hyperinsulinemia, blood pressure, transaminase and
prevalence of metabolic syndrome in obese children
and adolescents were inversely correlated to birth
weight, and positively correlated to current weight
and waist circumference. DOHaD is thus considered
to be a concept that applies to Japanese children and
adolescents. The essential mechanisms of "DOHaD"
are considered to be two mismatches. One is a mis-
match of growth and development with environmental
influences, especially nutrition; the other is a mismatch
of the pre- versus the postnatal environment. As epi-
genetic adaptation concerning the mismatches will in-
crease the risk factors for adult disease, we consider
that adult disease will be increased by the aforemen-
tioned mismatches in current Japan. Pediatrician and
school teachers should therefore understand the con-
cept of DOHaD and educate children and their fami-
lies regarding appropriate food intake for the preven-
tion from adult disease promptly.

Key words: Japanese children and adolescents, obesity,
mismatch concept, epigenetic mechanisms, health edu-
cation

INTRODUCTION
The prevalence of obesity in Japanese children

and adolescents has increased from 5% to more than
10% over the last two decades. This amounts to a se-
rious public health problem, since childhood obesity,
which is the leading cause of hyperinsulimenia and

insulin resistance, is associated with adult disease,
such as hypertension (HT), dyslipidemia, type 2 diabe-
tes mellitus (DM) and metabolic syndrome (MS) in
adulthood. These diseases are caused by both genetic
factors and environmental factors after birth. Environ-
mental factors after birth, the so-called "lifestyle fact-
ors", are more closely related with the development of
these diseases than genetic factors, as indicated by
concordance with the recent rapid increase in fat con-
sumption in Japan. An adequately healthy lifestyle
avoiding obesity from childhood will prevent certain
adult diseases, and thus pediatricians of today must
be concerned with health education of children and
adolescents in order to prevent obesity.

In 2004, Barker and colleagues proposed the con-
cept of "developmental origins of adult health and d
isease" (DOHaD), which considers intrauterine growth
restriction (IUGR) to be associated with increased risks
for MS and its related disease in later life (1). The
supply of nutrients to the fetus is the major influence
that determines its growth, and this supply depends
on the mother's body composition and size, her nutri-
ent store, what she eats during pregnancy, and the
transport of nutrients to the placenta and transfer
across it. DOHaD suggests that health education for
children and adolescents is important for preventing
them from bearing offspring that will be at risk for
MS and its related diseases, because maintenance of a
healthy lifestyle for mothers is necessary for prevent-
ing IUGR. We briefly review the epidemiological data
of Japanese children and adolescents, and discuss
DOHaD can be confirmed or not in current Japan. If
this hypothesis is confirmed, the need for health edu-
cation for children and adolescents will be empha-
sized.

DOHaD in healthy Japanese children
We previously reported relationships between bi-

rth weight, current body weight and blood pressure
(BP) in 195 3-year-old healthy Japanese children (2).
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Systolic blood pressure (SBP) was inversely correlated
to weight at birth, and positively correlated to weight
at 3 years. Children whose birth weight was greater
than 3520 g had a mean SBP at 3 years of 3.0 mmHg
below that of those whose birth weight was 2999 g or
less. Mean SBP at 3 years for children whose weight
at 3 years exceeded 16.8 kg was 9.4 mmHg higher
than that of age-matched children whose weight was
14.2 kg or less (Table 1). We found an increase of
0.12 mmHg in the children's SBP with each increment
of 1 mmHg in the SBP of their mothers. The SBP at
3 years in children of mothers who had had pretibial
edema during pregnancy (101.0±8.8 mmHg) was sig-
nificantly higher compared with children whose moth-
ers did not have edema (96.6±9.6mmHg).

DOHaD in obese Japanese children
and adolescents

We also reported the relationships between birth
weight, current visceral fat accumulation to hyperins-
ulinemia and insulin resistance in 967 obese Japanese
children and adolescents (650 boys and 317 girls; age
range 6-15 years) (3). We divided the subjects into
four groups according to their birth weight or SD
score, and compared anthropometric measurements,
maximumpreperitoneal fat thickness of the abdominal
wall (Pmax), BP, serum insulin levels, homeostasis
model assessment-insulin resistance (HOMA-R) and
quantitative insulin sensitivity check index (QUICKI)
among the quartiles. The fasting serum insulin levels

I
;|

<&å > II,

if-

Table 1. Mean systolic blood pressure (mmHg) according to weight at birth and at 3 years after being divided into four groups ofb

W e ig h t  a t  b ir t h  ( g )

W e g h t  a t  3  y e a r s  ( k g )

1 4 .2 1 4 .3 - 1 5 .3 1 5 .4 - 1 6 .7 1 6 . 8 - M e a n ｱ S D  ( n )

- 2 9 9 9 9 5 . 7  ( 1 7 ) 9 7 .2  ( 1 5 ) 1 0 0 .4  ( 7 ) 1 0 5 .4  ( 8 ) 9 8 .5 ｱ 8 .0  (4 7 )

3 0 0 0 - 3  1 7 9 9 5 .9  ( 1 4 ) 9 1 .7 ( l l ) 1 0 1 .9  ( 1 9 ) 1 0 2 .6  ( 5 ) 9 8 .0 ｱ 1 0 . 7  ( 4 9 )

3 1 8 0 - 3 5 1 9 9 1 .2 ( 1 3 ) 9 5 .8  ( 1 0 ) 9 3 .7  ( 1 3 ) 1 0 6 .0  ( 1 5 ) 9 7 .0 ｱ 1 0 . 9  ( 5 1 )

3 5 2 0 - 8 8 .0  ( 6 ) 9 5 .2  ( 1 4 ) 9 4 .2  ( l l ) 9 9 .4  ( 1 7 ) 9 5 .5 ｱ 9 .2  ( 4 8 )

M e a n ｱ S D  ( n ) 9 3 .6 ｱ 8 .8  ( 5 0 ) 9 5 . 1 ｱ 9 .1  ( 5 0 ) 9 7 .9 ｱ 9 .2  ( 5 0 ) 1 0 3 .0 ｱ 9 .5  ( 4 5 )

Reference date from [2]

Table 2. Characteristics of650 obese boys after being divided into four groups according to birth weight.

group A (n=162) group B (n=163) group C (n=162) group D (n=163) ANOVA p
R an g e o f b irt h w e ig h t (g ) 1 7 4 0 - 3 0 0 5 3 0 0 6 - 3 2 5 0 3 2 5 4 - 3 5 0 5 3 5 0 8 - 4 8 7 5

B irth w e ig h t S D sc o re -0 .5 5 ｱ 0 .7 6 f t * + 0 .14 ｱ 0 .3 3 t * + 0 .6 4 ｱ 0 .3 3 * + 1 .6 3 ｱ 0 .6 4 < 0 .0 0 0 1

G e statio n al w e ek 3 8 .3 ｱ 1 .5 f t * 3 9 .2 ｱ L it * 3 9 .5 ｱ 1.0 * 3 9 .8 ｱ 1 .2 < 0 .0 0 0 1

A g e (y e a r) 1 0 .2 ｱ 2 .4 10 .4 ｱ 2 .2 10 .6 ｱ 1 .9 10 .4 ｱ 1 .9 N S

H e ig h t (c m ) 14 1 .3 ｱ 14 .2 * 1 4 2 .3 ｱ 12 .4 * 14 3 .9 ｱ 12 .9 14 5 .4 ｱ 12 .8 < 0 .0 5

W e ig h t (k g ) 5 3 .9 ｱ 15 .9 * 5 4 .9 ｱ 14 .7 * 5 8 .1 ｱ 17 .3 5 8 .6 ｱ 1 6 .0 < 0 .0 5

H e ig h t S D sc o re + 0 .7 3 ｱ 1.0 7 * + 0 .7 9 ｱ 1.1 5 * + 0 .8 7 ｱ 1 .0 9 * + 1.3 1 ｱ 0 .9 6 ・c O .O O O l

P e rc e n t re la tiv e w e ig h t (% ) + 5 0 .8 ｱ 12 .2 t + 5 1 .5 ｱ l l .3 f + 5 4 .2 ｱ 1 5 .7 + 5 1.9 ｱ 1 3 .2 N S

W a ist c irc u m fe re n c e s (c m ) 8 4 .0 ｱ 10 .4 t * 84 .3 ｱ 9 .4 t 8 6 .3 ｱ l l.1 8 6 .5 ｱ 9 .6 < 0 .0 5

H ip c irc u m fe re n ce s (c m ) 8 7 .7 ｱ 9 .2 t * 8 .1 ｱ 8 .4 t * 9 0 .4 ｱ 1 0 .1 9 0 .3 ｱ 8 .9 < 0 .0 1

P m a x (m m ) l l .1 ｱ 3 .2 H l l .8 ｱ 3 .4 l l.3 ｱ 3 .4 l l .2 ｱ 3 .5 N S

S B P (m m H g ) 1 1 6 ｱ 14 1 16 ｱ 12 1 1 5 ｱ 1 3 1 1 5 ｱ 1 2 N S

D B P (m m H g ) 5 8 ｱ 9 5 8 ｱ 8 5 7 ｱ 9 5 6 ｱ 7 N S

S eru m in su lin (n g /m l) 2 0 .2 ｱ 1 9 .5 t * 1 7 .4 ｱ 1 0 .4 16 .5 ｱ l l.4 15 .8 ｱ 9 .1 < 0 .0 5

H O M A -R 4 .3 ｱ 3 .9 t * 3 .8 ｱ 2 .3 3 .7 ｱ 2 .6 3 .4 ｱ 2 .0 < 0 .0 5

Q U IC K I 0 .3 2 ｱ 0 .0 3 0 .3 2 ｱ 0 .0 3 0 .3 3 ｱ 0 .0 3 0 .3 3 ｱ 0 .0 3 N S

H: d<0.05 vs the value of group B, f: p<0.05 vs the value of group C, *: p<0.05 vs the value of group D using

Bonferroni/Dunn'sparf hoc test; NS, not statistically significant.
Reference date from [3]
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Table 3. Stepwise multiple regression analysis of MS defining factors and metabolic markers validating the involvement of current height and weight,

Waist circumference

He ight
Weight
Birth Weight
Gender

•E0.427
1.177

NO
NO

33.0

250.1 B '=0.755

p<0.0001

SBP

Height
Weight
Birth Weight
Gender

NO

0.447

å 0.237
NO

29.7

8.3

.ff*=0. 198

pO.OOOl

DBP

He ight
Weight
Birth Weight
Gender

NO

0.195

•E0.388
NO

5.3

20.9

R =0.143

p<0.0001

HDL

He ight
Weight
Birth Weight
Gender

NO
NO
NO
NO

TG

Height
Weight
Birth Weight
Ge nder

NO
NO
NO
NO

r    F

F B G

H e igh t N O

W ei gh t N O

B irth W eig h t N O
G en d e r N O

H e igh t ・0 .3 9 6  7 .9

G P T W e igh t 0 .5 9 5  18 .0 i?" = 0 .14 9

B irth W e ig h t -0 .2 1 9  6 .4 p O .O O O l
G en d er 蝣0 .2 0 2  5 .7

H b A lc

H eigh t N O

ir = 0 .0 6 2

ｻ < 0 .0 0 5

W eigh t

B irth W e igh t

0 .2 64 9 .3

N O

G e n d er N O

S e ru m in su lin

H e ig h t N O

i? -= 0 .3 13

n < 0 .0 00 1

W e i g h t

B irth W eigh t

0 .50 2 43 .7

-0 .39 6 2 7.2
G e n de r N O

SBP, systolic blood pressure; DBP, diastolic blood pressure; GOT, glutamate-oxaloacetate transaminase
cholesterol level; HDL, high-density lipoprotein cholesterol level; LDL, low-density lipoprotein cholesterol
HbA1c, hemoglobin A1c. NO, not obtained
Waist circumference, HDL, TG, GPT and serum insulin levels were log-transformed before analysis.
Reference date from [4]

level; GPT, glutamic-pyruvic transaminase level; T-Chol, total
level; TG, triglyceride level; FBG, fasting blood glucose level;

Table 4. Prevalence of metabolic syndrome in 261 Japanese obese boys according to birth weight and waist circumference after being divided into 3 groups

Birthweight(g)

w a i s t  c i r c u m f e r e n c e  ( c m ) 1 7 4 0 - 3  1 2 0 3  1 3 0 - 3 4 2 5 3 4 3 0 - 4 8 7 5 T o t a l

4  ( 1 0 . 8 % ) 0  ( 0 .0 % ) 1 ( 3 .8 % ) 5  ( 5 . 6 % )

6 4 . 0 - 8 2 . 0

3 7 2 7 2 6 9 0

7 ( 2 9 . 2 % ) 3  ( 1 0 .3 % ) 6  ( 2 1 8 . 2 % ) 1 6  ( 1 8 . 6 % )

8 2 . 5 - 8 8 . 5

2 4 2 9 3 3 8 6

8 9 . 0 - 1  1 6 .0

9  ( 3 3 . 3 % ) 8 ( 2 6 .7 % ) 5  ( 1 7 . 9 % ) 2 2  ( 2 5 .9 % )

2 7 3 0 2 8 8 5

T o t a l 2 0  ( 2 2 .7 % ) 1  1 ( 1 2 . 8 % ) 1 2  ( 1 3 . 8 % ) 4 3  ( 1 6 .5 % )

8 8 8 6 8 7 2 6 1

Numbers in italics represent tola! number of each group

and HOMA-R were highest in the quartile with the
lowest birth weight or SD score (Table 2). The birth
weight and SD score were inversely related to the se-
rum insulin levels and HOMA-R, positively related to
QUICKI, after adjustment for Pmax. These findings
suggest that both the intrauterine environment and
current visceral fat accumulation are related to hype-
rinsulinemia and insulin resistance, and the subse-
quent development of MS in obese Japanese children.

Moreover, we have reported on the relationships
between current weight-to-birth weight ratio [WBWR]
and blood pressure, transaminase and hyperinsuline-
mia in 126 obese Japanese children and adolescents
(97 boys and 29 girls; age range 9-12 years) (4). The
subjects were divided into the MS group or Non-MS
group using criteria proposed for Japanese children.

There were no significant differences in age or anth-
ropometric measurements between the two groups.
However, birth weight in the MS group was lower
than that in the Non-MS group, while WBWR of the
MS group was higher than that in the Non-MS group.
Blood pressure, serum insulin and glutamic pyruvic
transaminase levels correlated positively with WBWR
(Table 3). We divided 261 obese boys into nine gro-
ups according to lower, middle, heavier birth weight
and thin, middle, wider waist circumference. The h-
ighest prevalence of MS was among those with lower
birth weight and wider waist circumference (Table 4).
Given these findings, DOHaD is thus considered to be
a concept that applies to Japanese children and adoles-
cents.
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Mechanisms of DOHaD
Fetal growth is constrained by the nutrients and

oxygen provided by the mother. A poor intrauterine
environment, such as that in a mother with malnutri-
tion, a smoking habit and/or inappropriate dieting,
will result in fetal growth retardation. When the ma-
ternal-placental nutrient supply fails to match the fetal
nutrient demand, the fetus adapts to poor nutrition by
changing its metabolism, altering its secretion of hor-
mones and the sensitivity of tissues to them, redistrib-
uting its blood flow to protect key organs, especially
the brain, and slowing its growth rate. This adapta-
tion, called "programming", is beneficial to fetal sur-
vival. However, this programming will permanently
alter the structure and function of the tissues and
body of the newborn.

The downstream effects of poor fetal nutrition in-
clude insulin resistance in muscle, liver and adipose
tissue, poor development of pancreatic s-cell mass and
function, decreased replication of kidney cells, and re-
duced activity of placental ll j3 -hydroxysteroid dehy-
drogenase (ll j3 -HSD) type 2. This programming is
considered to be the individual's adaptation for the
mismatch of nutrition with growth and development
during the fetal stage. Moreover, the second misma-
tch of the pre- versus the postnatal environment will
contribute to increasing the risk factors for adult dis-
ease. The underlying mechanisms of this program-
ming involve epigenetic modifications in nonimprinted
genes induced by aspects of the developmental envi-
ronment, which modify gene expression without alter-
ing the DNA sequence.

A pediatric perspective for DOHaD in
current Japan
In Japan, the average birth weight has been decreasing

to under 3000 g and the incidence of low birth weight
infants has been increasing up to 9.5% in 2005. Ma-
ternal nutrition intake is insufficient since the average
energy intake is around 1700-1880 kcal per day with-
out increasing during pregnancy. Such a poor nutri-
tional condition, which is also associated with a more
western lifestyle, is expected to result in a trend of in-
creased risk for adult diseases in current Japanese chil-
dren. Pediatrician and school teachers should there-
fore understand the concept of DOHaD and educate
children and their families regarding appropriate food
intake for the prevention from adult disease promptly.
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ABSTRACT
It has been indicated that severe periodontal disease is
not merely a local infectious disease but low-grade in-
flammatory condition for the host. The prevalence of
over-nutrition appears to increase rapidly in both W-
estern and Asian countries. Both obesity and type 2
diabetes, whose pathophysiology is strongly associated
with over-nutrition, act as risk factors for periodontal
disease. Periodontal disease, in turn, appears to sup-
press insulin action known as insulin resistance and to
cause persistent low-grade inflammatory reaction, th-
ereby exhibiting additive inflammatory effect to the
adipose-derived inflammatory condition in subjects
with metabolic syndrome, which ultimately accelerate
various metabolic disorders such as diabetes and at-
herosclerosis. Therefore, it is essential to understand
the molecular basis of these associations for the devel-
opment of effective preventive strategies against these
unwanted side effects. The purpose of this study is to
1) summarize the mechanisms by which over-nutrition
acts as a risk factor for periodontal disease, and to 2)
provide most recent understandings as to how local
periodontal infection evokes systemic inflammatory re-
sponses.

Key words; over-nutrition, diabetes, obesity, adipocyt-
okine, inflammation

INTRODUCTION
The prevalence of over-nutrition appears to in-

crease rapidly in both Western and Asian countries. It
is estimated that there are now as many obese people
in the world as there are people suffering from hun-
ger (Campbell, 2000). Obesity is associated with many
metabolic disorders such as impaired glucose toler-
ance, hypertension, and dyslipidemia, clusters of wh-
ich is known as metabolic syndrome characterized by
far increased risk of developing coronary heart dis-

eases.
Periodontal disease, the most prevalent dental dis-

ease in the adults, has been considered as a local in-
fectious disease caused by the infection of gram-

negative anaerobic periodontal bacteria and recognized
as the leading cause of tooth loss in the adults. Both
obesity and type 2 diabetes, develop as a result of
over-nutritious status, act as risk factors for periodon-
tal disease (Saito et al, 1998; Nelson et al, 1990). In
addition to that, several observations in different labo-
ratories have suggested that periodontal disease in-
versely influences the patho-physiology of metabolic
syndrome via several distinct pathways (Nishimura et
al, 2007). Periodontal disease has been suggested to
suppress insulin action in diabetic subjects, thereby ac-
celerates the fatigue of insulin secreting pancreatic b-
cells (Iwamoto et al., 2001). Periodontal disease has
also been suggested to promote the development of
atherosclerosis (Beck et al., 2001). As the number of
the subjects with metabolic syndrome is still estimated
to increase dramatically (Campbell, 2000), it is essen-
tial to understand the molecular basis of these associa-
tions for the establishment of effective disease marker
for better diagnosis and treatment and for the devel-
opment of effective preventive strategies against these
unwanted associations.

Therefore, in this review, we first summarize the
mechanisms by which over-nutrition acts as a risk fac-
tor for periodontal disease. We then provide most re-
cent understandings as to how local periodontal infec-
tion evokes systemic inflammatory responses for the
host.

Mechanisms by which diabetes and obesity act as
a risk factor for periodontal disease

It is well-known that diabetic subjects are suscep-
tible to severe periodontitis. This association was fir-
mly established by the observation of Pima Indians
who develops type 2 diabetes with highest incidence
in the world (Nelson et al, 1990). As for type 1 diabe-
tes, since the prevalence of this disease is relatively
higher in Northern Europe, periodontal condition of
juvenile subjects with type 1 diabetes was compared
with that of systemically healthy controls (Lb'e, 1994).
The results indicated that juvenile subjects with type 1
diabetes exhibited far increased attachment loss as
compared with control subjects, and the authors who
conducted this study proposed to consider periodontal
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disease as the sixth complication of diabetes mellitus
(L?e, 1994). However, regardless the diabetic condition,
obesity has also been recognized as another important
risk factor for periodontal disease (Saito et ah, 1998).

Then, the question arises as to how both obesity
and diabetes influences periodontal pathology. Obese
subjects are characterized by abdominal accumulation
of mature adipose tissues. Adipose tissue is known to
produce many kinds of biologically active molecules
known as adipocytokines (Matsuzawa, 2006). Many of
adipocytokines are essentially the same as so-called
pro-inflammatory cytokines such as tumor necrosis
factor-a (TNF- a ), interleukin-6 (IL-6) (Matsuzawa,
2006). In fact, circulating TNF-a, IL-6 value as well as
c-reactive protein (CRP), which is produced by hepa-
tocytes in response to IL-6, are all increased in obese
subjects and decline with weight loss (Nishimura et
ah, 2007). Thus, we can easily speculate that these in-
flammatory adipocytokines further up-regulate perio-
dontal inflammation, results in the increased periodon-
tal tissue destruction. However, as documented, the
subjects with type 1 diabetes, who are usually lean
diabetic subjects, also develop periodontal disease eas-
ily, suggesting that hyperglycemia itself has some
roles in periodontal pathology. To investigate this is-
sue, we compared cytokine productivity and the acti-
vation of associated signal transduction molecules in
bacterial endotoxin-stimulated macrophages pre-expo-
sed to either high glucose or normal glucose condi-
tions. The results indicated that LPS-stimulated macro-
phages pre-exposed to high glucose produced higher
amounts of TNF-a and MCP-1 as compared with the
cells cultured in normal glucose (Iwata et ah, 2007). In-
terestingly, the cells produced higher amounts of TN
F-a and MCP-1 cultured in hyperglycemic condition
are characterized by increased phosphorylation of c-
Jun N-terminal kinase (JNK), and both high JNK activ-
ity and high cytokine production appeared to be
strongly associated, as specific inhibitor for JNK dra-
matically suppressed these cytokine production (Iwata

et al, 2007). Therefore, it can be concluded that, in
diabetic conditions, high inflammatory cytokine pro-
ductivity from macrophages possibly induced by high
JNK activity may also accelerate periodontal tissue de-
struction when exposed to bacterial antigens such as
endotoxin. Our current hypothesis indicating the high
susceptibility to periodontal tissue destruction in both
obese and diabetic cases is summarized in Figure 1.

Overnutrition

/ \
Obesity Type 2 diabetes

IIiccum illation Hyperj

i p JNK activati,

jcytokinemia Hyp<
r6, MCP- 1) (TNI

\ /

Fat accumulation

Hyperadipocytokinemia
(TNF-a, IL-6, MCP-1)

Hyperglycem ia

Hypercytokin emia
(TNF-a, IL-6, MCP-1)

Enhanced inflammatory reaction

Figure 1.
Hypothetical scheme of the mechanisms by which overnutr-
ition accelerates inflammatory tissue destruction.
Overnutrition is a risk factor for both obesity and diabetes.
Obesity is also a strong indicator of type 2 diabetes. In obese
subjects, fat accumulation results in the enhanced production
of adipocytokines, which exacerbates inflammatory reactions,
thereby promoting inflammatory tissue destruction. In con-
trast, in diabetic subjects, hyperglycemia is induced. High
glucose induces high cytokine production in macrophages via
enhanced JNK activation. These cytokines also exacerbate in-
flammatory reactions as in obese subjects.

end otoxin adipocvtokinc
(TNF-a, IL-6, MCP-1)

RAW264.7 IX Membrane
_J (poresize:0.4Jim)

Differentiated 3T3-L1 -fr-ITXTXXX L L \

Figure 2.
Co-culture system of adipocytes and macrophages.
3T3-L1 pre-adipocytes were differentiated into mature adip-
ocytes in a lower chamber of trans well cell culture system.
RAW264.7 cells, murine macrophage cell line, were cultured
in an upper chamber of trans well culture system. Both up-
per and lower chambers were separated by a membrane with
0.4 mmpore size, which only allows soluble factors to pene-
trate the membrane.
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Mechanisms by which local periodontal infection
cause persistent low-grade inflammatory reaction
in the body

There is increasing evidences supporting the con-
cept that severe periodontal disease is not merely a lo-
cal infectious disease but low-grade inflammatory con-
dition for the host (Nishimura F et al, 2007). For ex-
ample, CRP value is elevated in some severe period-
ontitis subjects when measured by highly sensitive as-
say and declines with successful therapy (Iwamoto et
al, 2003). CRP is generally believed to be synthesized
in the liver in response to inflammatory stimuli such
as IL-6 stimulation (Gabay and Kushner, 1999). There-
fore, in severe periodontitis subjects, at least inflamma-
tory stimuli enough to produce such level of CRP
should be evoked in the liver. Additionally, as severe
periodontal inflammation is associated with increased
insulin resistance (Iwamoto et al., 2001), at least such
insulin resistance-causing inflammation must be main-
tained either in liver or in adipose tissues, as both
hepatocytes and adipocytes are insulin sensitive cell
types incorporating blood glucose in response to insu-
lin stimuli.

Recently, two studies investigating the gene pro fil-
ing of adipose tissue indicated that mature adipose
tissues contained substantial amounts of the genes
normally expressed in activated macrophages (Weisb-
erg et al, 2003; Xu et al, 2003). These authors, in fact,
demonstrated macrophages infiltration by histochemi-
cal techniques. Additionally, they suggested that infil-
trated macrophages, unlike tissue resident Kupfer cells
in the liver, were originally migrated through circula-
tion. Furthermore, both macrophages and adipocytes
express toll-like receptor-4, a receptor for bacterial
endotoxin (Shi et al, 2006). TLR-4 was recently found
to act as a receptor for saturated fatty acid such as
free fatty acid as well, and thus, further exacerbated
inflammatory reaction is s evoked in mature adipose
tissues (Shi et al, 2006). Based on these studies, we
hypothesized that activated macrophages by periodon-
tal antigens could migrated into adipose tissue, inter-
acting with adipocytes, thereby producing higher
amounts of adipocytokines. To test this hypothesis, we
established co-culture system between adipocytes and
macrophages and stimulated these cells with bacterial
endotoxin (Figure 2). The results indicated that co-
culturing of these cells resulted in the marked increase
in IL-6 and MCP-1 production when stimulated with
endotoxin as compared with the productivity by each
cell culture (Yamashita et al, 2007). Therefore, we
speculate that activated macrophages initially stimu-
lated by periodontal antigens are easily recruited into
the adipose tissues, interacting with resident mature
adipocytes, and these cells produce much higher
amounts of IL-6 and MCP-1. MCP-1 could further re-
cruit circulating macrophages (Kanda et al, 2006),
while IL-6 could be transferred into the liver via por-
tal vein, stimulate hepatocytes to produce CRP (Gabay
and Kushner, 1999) (Figure 3). Thus, adipose tissue
may act as an inflammation-amplifying organ for the
body.

Morbid o besity
TNF-a
Other molecules

Portal vein

Low-grade infection

Figure 3.
Hypothetical scheme of the mechanisms by which adipose
tissue accelerates inflammatory reactions.
In markedly obese subjects, saturated fatty acid such as free
fatty acid (FFA) is induced by lipolysis. In contrast, in low-
grade inflammatory situation such as periodontal disease,
bacterial endotoxin (lipopolysaccharide: LPS) is released into
the circulation. Both FFA and LPS act as ligands for TLR-4,
exacerbating macrophage-adipocyte interaction, which over
produces inflammatory cytokines such as MCP-1 and IL-6.
MCP-1 further promotes macrophage infiltration into adipose
tissues, while IL-6 stimulates hepatocytes to produce inflam-
matory marker such as CRP via portal vein.

CONCLUSION
Up-dated knowledge of the molecular basis for

close association between periodontal disease and m-
etabolic syndrome is provided. Further detailed inves-
tigation such as gene pro filing of this adipocyte-
macrophage interaction will be an attractive subject to
explain further detailed molecular basis of this impor-
tant association.
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ABSTRACT
Lactoferrin (LF) having immuno-suppressive ef-

fects may be a candidate of a preventive or therapeu-
tic modality of periodontitis. The aim of this study is
to examine inhibitory effects of bovine LF (bLF) on al-
veolar bone destruction caused by lipopolysaccharide
(LPS). The bLF inhibited up-regulation of TNF-a and
RANKL mRNA expression and eliminated down-reg-
ulation of OPG mRNA expression in ST2 cells with
LPS-stimulation. The bLF treatment of co-cultures of
osteoblasts and bone marrow cells dose-dependently
suppressed osteoclasts formation induced by LPS. For
animal study, liposomal bLF (L-bLF) was used to pro-
mote the absorbability of bLF from the intestinal
mucosa. Wistar strain rats divided into three groups
with 7-day-preadministration of L-bLF, non-liposomal
bLF (NL-bLF) and vehicle (Control) in drinking water,
respectively. Orally administrated L-bLF inhibited in-
crease of osteoclast and reduced up-regulation of TN
F-a immunoexpression caused by LPS. It is suggested
that oral administration of L-bLF may be a useful pre-
ventive or therapeutic modality of periodontitis.

Key words: liposomal lactoferrin, oral administration,
LPS, osteoclast, TNF- a

INTRODUCTION
Superficial periodontal tissues are constantly exposed
to plaque-associated bacteria and bacterial lipopolysa-
ccharide (LPS), which can induce an inflammatory re-
action and the consequent tissue destruction. Cytoki-
nes, which are rapidly synthesized and secreted from
host cells by LPS stimulation, appear to play an im-
portant role in periodontal tissue destruction. It has
been reported that increased levels of cytokines such
as tumor necrosis factor (TNF) -a , interleukin (IL)-l

j3 , and IL-6, were detected in inflamed gingival tissue
and gingival crevicular fluid at inflamed site. (Okada
et al. 1988)
Previously, we have used an experimental model in

which initial periodontal tissue destruction is pro-
voked by topical LPS-application, including infiltration
of polymorphonuclear leukocytes (PMNLs) and exud-
ative macrophage, vascular dilatation and edema in
the sub-junctional epithelium, destruction of collagen
fibril and induction of osteoclast. Up-regulation of T
NF-a, IL-l-b (Miyauchi et al., 2001) and CXC-chemo-
kine (Miyauchi et al., 2005) is evident in the periodon-
tal tissue and is responsible for tissue destruction. T-
herefore, we speculated that appropriate regulation of
cytokine production by using natural immunomodul-
ator might be useful in reduction of periodontal tissue
destruction.

Lactoferrin (LF) is an 80-kD iron-binding glycop-
rotein of the transferrin family with a wide spectrum
of biological activities, can modulate the inflammatory
response by binding potentially toxic-free iron. In ad-
dition, LF may affect immunological functions by m-
odulating cytokine production of TNF-a, IL-l-b, and
IL-6 (Legrand, 2005). Although the mechanism by
which LF modulates cytokine production is not well
understood, previous work has shown that oral (Ha-
yashiba et al., 2004) or local (Guillen et al., 2000) ad-
ministration of bovine LF (bLF) actually inhibited in-
flammation in rat arthritis. It is, therefore, possible
that oral administration of bLF may be preventive or
therapeutic treatment for periodontitis. The bLF has
been focused on as the food origin material with high
safety. However orally administrated bLF is fragmen-
ted by gastric pepsin or trypsin in the stomach, so we
improved bLF's robustness to gastric digestion by
liposomalization. (Ishikado et al., 2005). Liposomes p-
repared from naturally occurring biogradable and non-
toxic lipids have been proposed as an efficient carrier
for local delivery of therapeutic agents. Some studies
have already demonstrated that liposomal bLF (L-bLF)
can enhance anti-inflammatory effects of bLF (Tif et
al., 2001, Ishikado et al., 2004).

The aim of this study was to examine the inhibi-
tory effect of oral administration of L-bLF on perio-
dontal tissue responses caused by LPS stimulation in
vitro and in vivo experimental studies.
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MATERIALS AND METHODS
Reagents
bLF was purchased from Morinaga Milk Industry Co.,
Ltd. (Japan). L-bLF was prepared according to the pre-
viously described method (Ishikado et al., 2005). Act-
inobacillus Actinomycetemcomitans (Aa-LPS) were ki-
ndly provided by Professor Tatsuji Nishihara (Kyushu
Dental College).

RNA Extraction and RT-PCR Analysis
ST2 (a bone-marrow-derived osteogenic cell line) cells
(1 x 106cells/dish) were seeded and cultured in a-
MEM containing 10% FBS for 2 days. At 0, 2, 4, 6, 12
and 24 hrs after incubation with Aa-LPS (100 ng/mL),
total RNA was extracted and cDNAs were synthesized
from 1 mg of total RNA with Rever Tra Ase (TOY-
OBO CO., LTD., Osaka, Japan). Aliquots of total CD-
NA were amplified with specific primer pairs and
KOD-Plus-DNA Polymerase (TOYOBO CO.) using a
MyCyclerTM thermal cycler (BIO-RAD, Tokyo, Japan).

Osteoclast Formation Assay
Primary osteoblasts were obtained from calvariae of
newborn ddY mice and Bone marrow cells (BMC)
were collected from femora and tibiae of 6-week-old
male mice. Primary osteoblasts (1 x 104 cells) and
BMC (2 x 105 cells) were co-cultured for 5 days in
a-MEMcontaining 10% FBS in 96-well tissue culture

plates. Co-cultures were incubated in the presence of
Aa-LPS (1p. g/ml) for the final 3 days. Some co-
cultures were pretreated with or without bLF (1 or
10 ,u g/ml). Then co-cultures were stained for tartrate-
resistant acid phosphatase (TRAP).

Experimental protocol
The experimental protocol was approved by the ani-
mal care committee of Hiroshima University.
A total of 126, 7-week-old (about 215 g), Wistar strain
male rats were randomly divided into three groups of
42 each and treated with 10.0 g/L liposomal bLF in-
cluding 2.125 g/L bLF (L-bLF group), 2.125 g/L non-
liposomal bLF (NL-bLF group) and vehicle (Control
group) in drinking water, respectively. On day 7 of
bLF treatment, LPS application was done. A cotton
roll (2 mm in diameter and 1 cm in length) saturated
with 5 mg/ml LPS from E. coli (Sigma Chemical, St.
Louis, Mo., USA) was placed on the palatal marginal
periodontal tissues in the right and left molar regions
for 1 hr. The cotton roll was changed every 20 min.
Six rats in each were sacrificed at 0, 1, or 3 hrs, or 1,
2, 3, or 7 days after the LPS treatment.

Measurement of serum cytokines level
At sacrifice, blood plasma was collected for cytokine
assay. Assessment of the concentrations of nine cyto-
kines was performed using a BioRad Bio-Plex cytokine
assay (BioRad Laboratories Inc., Hercules, CA, USA).

Tissue preparation
The right and left upper molar regions were resected
en bloc, fixed in a periodic-lysine paraformaldehyde

solution for 24 hrs at 4°C and cut into two slices,
which included the first or second molars, respec-
tively, at the buccopalatal plane parallel to each dist-
opalatal root. They were then decalcified in a 10% e-
thylenediaminetetraacetate solution for 10 days at 4°C.
The serial paraffin sections were cut in the direction
parallel to the long axis of the tooth, including root
apex and stained with hematoxylin and eosin (HE) for
histological examination.

Immunohistochemistry
To investigate the expression of TNF-a, in the perio-
dontal tissues, immunohistochemical staining was per-
formed using the high polymer (HISTOFINE simple
stain, NICHIREI, INC., Tokyo) method. The goat po-
lyclonal anti-TNF- a antibody (Santa Cruz Biotechnol-
ogy, Inc., CA) was diluted 1:100 in PBS. The color was
developed with 3-3'-diamino bentizine tetrahydrochlo-
ride.

Histometric analysis
More than 12 representative TRAP stained specimens
from each experimental group were selected. The nu-
mber of TRAP positive cells appeared along the alveo-
lar bone margin was counted with 1 mm height from
the alveolar crest. TRAP-positive cells with two or
more nuclei were defined as osteoclasts while mono-
nuclear cells were defined as preosteoclasts. The mean

± SD values were determined. We used a Scheffe's
test to check for differences between each experimen-
tal group in each time. Probabilities of less than 0.05
were considered to be significant.

RESU LTS
bLF inhibits osteoblast-mediated osteoclastogenesis
induced by LPS
LPS stimulated TNF- a and RANKL mRNA expression
in ST2 cells while OPG mRNA expression was down-
regulated. Treatment with bLF suppressed the LPS-
induced up-regulation of TNF-a and RANKL mRNA
and eliminated down-regulation of OPG mRNA by
LPS (Fig.lA). Aa-LPS (100 ng/mL) stimulated TRAP-
positive cells formation in co-culture system of ST2
cells and BMC. The bLF dose-dependently suppressed
the number of TRAP-positive cells induced by LPS
(Fig.lB).
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Figre. 1.
(A) Effect of bLF on the expression of TNF-a, RANKL and
OPG mRNA in ST2 cells with LPS stimulation. ST2 cells are
treated with Aa-LPS (lOOng/mL) for 0-24 hrs. The bLF inhib-
its up-regulation of TNF- a and RANKL mRNA expression
and eliminates down-regulation of OPG mRNA expression by
LPS-stimulation. (B) Effect of bLF on LPS induced osteoblasts
mediated osteoclastogenesis in a co-culture system of primary
osteoblasts and bone marrow cells. The bLF treatment of co-
cultures of osteoblasts and bone marrow cells dose-depend-
ently suppresses osteoclasts formation

Orally administrated L-bLF reduces the number of
osteoclast appeared along alveolar bone margin
after topical application of LPS.
In LPS-untreated animals with 7 day-administration of
each drinking water, only a few osteoclasts were seen
along the alveolar bone surface (Control; Fig.2Aa, L-
bLF; Fig.2Ad). In the control group, LPS application
caused marked increase of osteoclasts at 3 hrs and at
3 days and the alveolar bone surface of the periodon-
tal ligament (PDL) side showed an irregular shape
due to bone resorption (Fig.2Ab). And then, the num-
ber of osteoclasts decreased and returned to the nor-
mal range by day 7. On the contrast, in L-bLF groups,
increase of osteoclasts was not evident through the ex-
perimental period. (Fig.2Ae). In NL-bLF, number of
osteoclasts was also decreased but some specimen
from NL-bLF group showed induction of osteoclasts.
To identify osteoclasts and pre-osteoclasts we perfor-
med TRAP staining on the serial sections. At 3 hrs
and 3 days after LPS treatment, large numbers of
TRAP-positive osteoclasts and pre-osteoclasts were
found in the control group (Fig.2Ac). Meanwhile, in
the two bLF groups, the numbers of TRAP-positive
cells were almost constant during experimental period.
(Fig.2Af).
Fig.2B shows number of TRAP-positive osteoclasts (a)
and preosteoclasts (b). In the untreated control, the
numbers of TRAP-positive osteoclasts and pre-osteoc-
lasts in the counting area were 5.5 ± 1.0 and 8.3 ±
0.8, respectively. LPS application caused biphasic in-
crease of osteoclast (Fig.2Ba) and pre-osteoclasts (Fig.
2Bb) peaking 3 hrs (p<0.05) and 3 days (p<0.01) com-
paring to the untreated animals. Meanwhile, in the
two bLF groups, the numbers of TRAP-positive oste-
oclasts and pre-osteoclasts were almost constant thro-
ughout the experiment period. Especially at 3 days,
the numbers of TRAP-positive osteoclasts and pre-
osteoclasts in the L-bLF group were significantly
(p<0.01) smaller than those in control group.
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Fig. 2.
(A) Effects of liposomal bovine LF (L-bLF) on alveolar bone
destruction caused by LPS application in the periodontal tis-
sue. In the control, numerous osteoclasts are seen along al-
veolar bone margin at 3 days after LPS-application (b, c). On
the contrast, in both bLF groups, bLF treatment suppresses
the osteoclast induction caused by LPS application. Particu-
larly the inhibition in L-bLF group is prominent (e, f). Ost-
eoclasts and preosteoclasts are positively stained for TRAP,
(c, f) a, b, d, e) HE staining, c, f) TRAP staining scale bars:
100/;m
(B) Effects of bLF on number of TRAP positive cells ap-
peared along alveolar bone surface, a); TRAP-positive osteo-
clasts, b); TRAP-positive pre-osteoclasts. Data are mean ±
SD. *p<0.05, * *p<0.01

Orally administrated L-bLF reduced immunoexpression
of TNF- a in periodontal tissue after topical application
of LPS
Fig.3 showed the immunohistochemical staining of T
NF- a at 3hrs after LPS application. Many epithelial
cells were strongly positive for TNF- a. Especially in
JE, the superficial layer was consistently positive for
TNF-a. (Fig.3a). Numerous TNF-a -positive cells were
also observed in PDL (Fig.3b). At 3 days after TNF-
a -positive cells were decreased but still presented.

The L-bLF group showed small number of TNF-alp
ha-positive cells in JE (Fig.3c), no positive reaction for
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TNF-a (Fig.3d) was seen in PDL. At 3 days, no TN-
F- a -positive cells were detected in periodontal tissue
in L-bLF group.
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Figure. 3.
Effects of liposomal bovine LF (L-bLF) on immunoexpression
of TNF- a in the gingival tissue and periodontal ligament
(PDL). In the control, TNF-a-positive cells are observed in
junctional epithelium (a) and PDL cells (b) at 3 hrs after LPS-
application. On the contrast, in the L-bLF, TNF-a positive
cells can not observe in periodontal tissue (c, d). scale bars:
100nm

Concentration of pro-inflammatory cytokine in
serum
Serum levels of TNF-a, IL-1 j3 and IL-6 showed a
tendency to increase 1 hr after LPS stimulation. How-
ever there is no significant difference in all experimen-
tal groups compared to untreated control (data not
shown).

DISCUSSION
In the present study, we demonstrated that bLF

eliminated LPS effects on osteoblast; up-regulation of
TNF- a and RANKL expression and down-regulation
of OPG expression. In fact, bLF reduced TRAP posi-
tive osteoclast formation in an osteoblast/bone mar-
row cell co-culture system induced with LPS stimula-
tion. It is suggested that bLF may inhibit osteoblast-
mediated osteoclastogenesis by regulating the expres-
sion of TNF-a, RANKL and OPG in osteoblast. Lor-
get et al. (2002) also reported that bLF inhibited ost-
eoclastogenesis and reduced bone resorption using a
rabbit mixed bone cell culture. It is known that the
down-regulation of TNF-a by bLF can be partially re-
lated to the LPS binding properties of bLF and the in-
hibition of LPS binding to CD14 by bLF via competi-
tion with LPS binding protein (Legrand, 2005). Re-
cently, other mechanism for inhibition of cytokine pro-
duction was reported by bLF. The bLF may down-
regulate the LPS-induced TNF- a production via the
inhibition of binding of NF-kB to the TNF-a pro-
moter following internalization of bLF in monocytic

cells (Harversen, 2002). However, the mechanism by
which bLF modulates cytokine production is not well
understood. It is also needed to study direct effect of
bLF on osteoclasts.

Oral administration of both form of bLF inhibited
increase of osteoclasts after application of LI'S. This is
the first study to show therapeutic effect of bLF on
LPS-induced periodontitis. Moreover, administration of
bLF suppressed immunoexpression of TNF- a in per-
iodontal tissue but not influenced its serum level.
These findings suggest that bLF might reduce osteoc-
lastogenesis through suppressing local level of TNF-
a in periodontal tissue after topical application of

LPS.
TNF-a, which can cause production of other pro-

inflammatory cytokines and stimulation of bone reso-
rption is one of key cytokines involved in pathogene-
sis of periodontitis. In this animal model, TNF-a d-
own-regulation induced by bLF is a critical causative
event for inhibition of osteoclastogenesis.

In the present study, we had decided to use L-
bLF to protect bLF from enzymatic digestion in stom-
ach. Ishikado et al (2004) recently reported that lipo-
somalization of bLF improved bLF's robustness to the
gastric digestion and proposed that oral administration
of L-bLF could be a novel active constituent useful for
preventive and therapeutic treatment of inflammatory
disease. Expectedly, oral administration of L-bLF ex-
hibited more stable and effective suppression than did
NL-bLF in increase of osteoclasts and pre-osteoclasts
in this animal model.

The transport routs through which L-bLF orally
administrated was delivered to periodontal tissue re-
mained unclear. It is reported that bLF entered into
the blood circulation via the lymphatic pathway after
oral administration of bLF (Takeuchi, 2003). L-bLF
transported through blood circulation system may lo-
cally affect cells existing in periodontal tissue. In addi-
tion, L-bLF in drinking water also can directly pene-
trate into periodontal tissue through JE and act on it's
receptors on tissue resident cells. Moreover it is re-
ported participation of the intestinal tract immunity
system of the mesentery lymph node and the Payer's
patch (Harada, 2002). The further studies are needed
to clarify this issue.

Recently, Singh et al (2004) reported that iron se-
questration by bLF inhibited to bacterial biofilm for-
mation. L-bLF can be used for prevention of period-
ontitis thorough inhibition of plaque formation. Mor-
eover, accumulating evidence indicates not only that
systemic diseases affected periodontal condition but
also that periodontitis is a potential risk factor for in-
creased morbidity or mortality for several systemic
diseases including cardiovascular diseases, pregnancy
complications and diabetes mellitus (Moutsopoulos,
2006). In particular, it is well documented that severity
of chronic periodontitis is positively associated with
plasma TNF- a levels in type 2 diabetic patients
(Engebrestson, 2007). Genco et al. (2005) also demon-
strated that TNF- a produced from adipocytes is a
pathogenic factor linking obesity to diabetes and
periodontal disease. These findings are indicating that
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systemic approach for periodontal therapy and preven-
tion are needed in addition to the local control of in-
fection and inflammation. Therefore, we suggest that
orally administrated L-bLF may be more effective in
the prevention of periodontitis especially in patients
with diabetes.

CONCLUSION
Oral administration of L-bLF significantly reduced

alveolar bone resorption through suppression of TNF-
a locally produced from host cells with LPS stimula-

tion. Moreover bLF may directly osteoblast mediated
osteoclastogenesis. The results indicate the possibility
of the therapeutic usage of bLF for LFS-induced per-
iodontitis. However there is a possibility that L-bLF in
the diet may stimulate transient systemic and intesti-
nal antibody responses. We should carefully consider
the oral administration for therapeutic and/or preven-
tive usage of food protein such as bLF.
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ABSTRACT
It is clear that the challenges facing dental education
are very similar worldwide. These challenges will not
be adequately addressed with anything less than a
concerted response from the government, community,
alumni, and industry. Only then can the Faculties or
Schools of Dentistry flourish and provide a stimulat-
ing and quality environment for graduates to develop
their capabilities and to hone their competitive advan-
tage for a challenging career in a fast-changing world.
In this article, taking Hong Kong as an example, the
author addresses the multifarious challenges in educa-
tion, research, and resource support that constantly
challenges the delivery of dental pedagogy worldwide.

INTRODUCTION
Dental education is the fountain from which all den-
tistry flows. It is the framework on which scientific
findings and advancements in oral care are discovered
and implemented. A strong dental education system
produces a strong dental profession, resulting in the
highest level of oral health care for the public.

In Hong Kong, there is only a single institution that
provides undergraduate dental education: the Prince
Philip Dental Hospital, where the Faculty of Dentistry
of The University of Hong Kong is based. Over a pe-
riod of 25 years, this health care facility has helped
mould generations of dentists, giving them the knowl-
edge, skills in science and critical thinking, and ethical
principles necessary to meet most of Hong Kong's oral
health needs. The Faculty of Dentistry also provides a
world-renowned postgraduate programme, which has
grown from strength to strength, with a current enr-
olment of more than 140 postgraduates from 14 coun-
tries worldwide. This student diversity is not surpris-
ing, as our Faculty is considered the top facility for
the delivery of postgraduate dental education in Chi-
na, and possibly in the whole of Asia.

Furthermore, the Faculty of Dentistry has contributed
to research that has led to innovative treatments, new
technologies, and better ways of delivering oral health

care. News of such advancements is regularly shared
with others - internationally in peer-reviewed science
journals, and locally through the Faculty's continuing
education programmes, which enable local practising
dentists and specialists to stay up-to-date with the lat-
est scientific discoveries in materials, instruments, and
techniques.

Since their establishment, the Dental Faculty and Hos-
pital have functioned as an important safety net for
dental treatment for some of the underserved people
in Hong Kong. The Faculty is particularly fortunate to
have a nucleus of specialists who accept referrals and
serve as a key resource for the practising dental com-
munity.

In fact, the Faculty of Dentistry is celebrating its Silver
Jubilee this year, marking 25 years of serving the peo-
ple of Hong Kong and the region through excellence
in learning, discovery, patient care, and community
engagement. Yet, dental education in Hong Kong faces
many challenges. Challenges that are common to all
dental faculties worldwide and in this presentation I
shall deal with these in turn, in terms of education,
research, and infrastructure support.

Dental Education
The Cost of Dental Education
The strong association between dental education and
improved public oral health is well known. But in or-
der for dental education to continue to play its vital
role, it is important to ensure a strong supply of qu-
alified, diverse dental students and faculty who have
access to state-of-the-art teaching and research facili-
ties.
Owing to the one-on-one teaching and very close su-
pervision necessary, dental education is among the
most costly professional training programmes world-
wide (1). This is especially so in Hong Kong, where
dental treatment at the Faculty is virtually free for
teaching patients, so the costs of both education and
treatment cannot be offset by dental charges. While
costs continue to grow, government support has gra-
dually declined over the years. Although dentistry is
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one of the top three sought-after programmes by un-
dergraduates both from Hong Kong and abroad our
student enrolment cannot be increased as a result of
many factors, including political considerations. Yet,
private dental schools are mushrooming all over the
world and represent sound financial enterprises. One
way of ameliorating the public financial burden of
educating dentists would be to open a full-fee-charg-
ing dental school for foreign students in Hong Kong,
and use some of the revenue generated for local edu-
cation and research in dentistry. This initiative could
also help talented students from lower-income families
or those with financial hardships to pursue a dental

career.

The Learning Environment
In line with modern educational philosophy, the Fac-
ulty of Dentistry launched a new approach to under-
graduate dental education some 8 years ago. The pe-
dagogy of open-discovery problem-based learning (P-
BL) was introduced in July 1999 to develop the per-
sonal, intellectual, and leadership qualities of our stu-
dents. Ours is only one of three dental schools in the
world, the others being the University of Southern
California School of Dentistry and the Univerity of
Malmo, Sweden where this open-discovery or the pure
mode of PBL education is fully practiced (2). Here,
students study a large series of integrated problems
from year 1, devoid of didactic lectures. The learning
is competency driven, self-directed, problem-based, a-
nd group-based. During PBL, students are encouraged
to express themselves effectively and reflect on critical
issues as well as on their role in society. This progr-
ammecharacterises the transformation from a teaching
to a learning environment, where active student-stud-
ent interaction is seen as one of the cornerstones of

the learning process.
The proponents of the pure PBL tend to disagree with
other variants of PBL that have proliferated over the
years. These so called "hybrid* or guided-discovery
PBL programmes are thought to be less resource in-
tensive than the pure PBL programmes. In reality th-
ough analysis of both modes of teaching have shown
that neither programme is more or, less resource in-
tensive than the other.

Dental Research
Working together, dental educators and scientists at
the Faculty and industry partners both from Hong
Kong and abroad have made the Faculty quickly ev-
olve into perhaps the finest centre for dental research
in Asia. Creating an environment where research can
flourish and grow has been no mean achievement for
an institution that began life purely as a teaching ce-
ntre for undergraduates two and a half decades ago.

In the 21st century, dental schools must have the ca-
pacity to conduct collaborative research across many
disciplines, and they must be full and equal partici-
pants in medical research programmes. Dental acade-
mics, in alliance with industry and research grant co-

uncils (eg the National Institutes of Health in the
United States), have developed new and innovative
products and equipment, such as fluorides and im-
plants. Research has also led to advances in orthodon-
tics and orofacial reconstruction that improve a pa-
tient's self-esteem and daily functioning. Dental scho-
ols provide the greatest potential to turn clinical find-
ings into practical applications through their connec-
tions with students, practising dentists, industry, com-
munity clinics, and public-policy advocates. In addi-
tion, dental schools not only serve as a source of new
approaches and technologies, but they also share their
newknowledge with others by way of updated curric-
ula and continuing education courses.

If inadequate resources are provided for dental re-
search, then it is highly likely that advances looming
on the horizon might never come to fruition. Imagine
the impact on the public's oral and general health if
dental researchers developed a vaccine to prevent pe-
riodontal (gum) diseases or discovered gene therapies
to prevent oral cancers. Furthermore if dental schools
were to survive within a university environment it is
imperative that they pursue quality research that com-
pete with various other research programmes in other
allied faculties. The research that is so pursued should
be aligned to Nuffield principles of scholarship of
discovery, scholarship of integration, scholarship of
application, scholarship of translation and scholarship
of teaching. The latter translational research and the
interface between laboratory research and public un-
derstanding of research are key areas that need to be
addressed if we need to sustain the momentumin
dental research.

Infrastructure Support
Faculty Shortages
There is a worldwide shortage of dental educators.
For instance, in the 2004-2005 academic year, there
were approximately 275 dental faculty vacancies in the
United States an average of 4.9 per dental school.
In Hong Kong, too, we face similar challenges. A sc-
holarly and adequately sized full-time dental faculty is
essential to appropriately train future generations of
students. This is also necessary in order to sustain the
current level of research, so that the Faculty maintain
its scientific standing and credibility in the university
community both at local and international levels.

There are several reasons for the widespread shortage
of dental educators. University salaries and benefits
are not keeping pace with those in industry and pri-
vate practice, and the gap is ever-widening. Hence,
young graduates are attracted to the lucrative arena of
general practice rather than face the challenges of aca-
demia. These challenges include competing for re-
search grants, an ever-increasing administrative bur-
den, and having to complete more and more training
pathways prior to gaining specialist status. All of
these activities restrict the time that can be devoted to
scholarship. In the West, the shortfall in faculty
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personnel is further exacerbated by graduates leaving
dental school with a heavy burden of student debt
that they want to unload as soon as is feasible by
joining a financially rewarding private practice. Fur-
thermore, attracting potentially high-earning dental
specialists to a career in dental education continues to
be an issue. Well-trained, scholarly dental specialists
will be increasingly crucial to help dental schools
maintain first-class teaching facilities.

Dental Facilities
Keeping pace with today's escalating technological ad-
vancements is a big challenge for most dental schools
worldwide. The new technologies produce new ma-
chines such as lasers and modern imaging machines
(e.g. cone-beam radiology) that provide precise images
of hard and soft tissues. Yet, these are beyond access
to resource starved dental schools. However, it be-
hooves us to ensure that our dental students graduate
with knowledge of and skills in using technology and
equipment that are not already obsolete in the field.

Access to Care
Despite being an affluent society, Hong Kong unfortu-
nately does not have free access to dental care for the
whole community. The Dental Hospital and the Fac-
ulty of Dentistry play a major role in filling this gap
in access to dental care, especially for those who can-
not afford the sometimes high dental fees. Although
there is some degree of Faculty involvement in com-
munity-based clinics and elderly homes, improving ac-
cess of low-income groups to oral health care is in-
deed a challenge that Hong Kong has to face. For ex-
ample, Hong Kong has ever-increasing numbers of
edentulous (completely toothless) elderly in the com-
munity who are unable to afford expensive dental im-
plantation treatment, as well as elderly with teeth who

cannot afford routine care that is required to maintain
healthy dentition.

CONCLUSION
The university of Hong Kong Faculty of Dentistry is
celebrating its Silver Jubilee this year after 25 years of
service to the community which has supplied one half
of some 1900 dentists in Hong Kong. Hong Kong's
dental education has reached maturity while maintain-
ing its youthful vigour, and unfailingly provided den-
tal education, research, and services to the community.
However, the issue of dental education in Hong Kong
is a complex one that has many shades of opinion re-
garding possible solutions to current and future prob-
lems.

It is clear that the challenges facing dental education
in Hong Kong are very similar to those worldwide.
These challenges will not be adequately addressed
with anything less than a concerted response from the
government, community, alumni, and industry. Only
then can the Faculties or Schools of Dentistry continue
to provide a stimulating and quality environment for
graduates to develop their capabilities and to hone
their competitive advantage for a challenging career in
a fast-changing world.
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ABSTRACT
Dental education in the United States has reached

a high level of excellence and standardization, owing
in part to the accreditation process of the Commission
on Dental Accreditation (CODA), other credentialing
mechanisms, strong faculty, and the high caliber of
student applicants. At the same time dental education
faces substantial challenges related to disparities in
oral health for underserved populations, the economic
and policy environment for dental schools, and dental
education's relative isolation from the rest of health
professional education. There is also an explosion of
new scientific information, and the need to graduate
dentists who can be lifelong learners, including those
who will contribute to the academic enterprise throu-
gh research and teaching. The dense and prescribed
curriculum in most dental schools, and the focus on
technical competencies, makes it difficult to introduce
educational reforms. Fortunately there are many inno-
vations and opportunities that are helping to define
pathways through these challenges. This paper re-
views the basic requirements for dental graduates in
the United States, societal trends and the response of
dental education to these challenges. Examples of cur-
ricular innovations that we believe will help ensure
that dentistry remains strong and vital in the changing
health care arena are discussed.

Key words: dental education, curriculum, oral health

STRUCTURE AND ORGANIZATION OF
DENTAL EDUCATION IN THE UNITED
STAT ES

There are some 56 dental schools within the
United States (2007). While each has its unique charac-
ter there are specific accreditation standards that each
school must be aligned with in order to be granted a
dental degree. These standards are developed by the
Commission on Dental Accreditation (CODA), which
operates under the auspices of the American Dental
As sociation.

Each school undergoes accreditation review every
7 years. The "Commission's accreditation review proc-
ess is based on nationally-accepted standards estab-
lished to guide program administrators, faculty and
staff in developing and maintaining acceptable quality
in educational programs. These standards address ar-
eas that directly affect the quality of dental and den-
tal-related educational programs. These areas include
outcome assessment, administration, educational pro-
grams and curriculum, faculty, financial support and
physical facilities. The accreditation standards, which
reflect input from a broad community of interest, are
validated and revised periodically and constitute the
current nationally accepted standards for dental and
dental-related education. Accreditation actions taken
by the Commission are based upon these standards."
(American Dental Association: Commission on Dental
Accreditation, 2007)
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In addition there are National Board Dental Ex-
aminations (Parts 1 and 2) taken during dental school
(American Dental Association, 2007a; American Dental
Association, 2007b) and state/regional licensing exams
that are required for individuals to receive a dental li-

cense.

Table 1: Dental Education in the United States

1A: Basic Requirements for Licensure

Licensure Requirements

•E Pre-dental education (4 years)
•E Dental School (4 years)

o National Board Exams (Part I & II)
o Clinical Board Exam (4lhyearofDental School)

Dental Curriculum

•E YearsI&2
o Classroom and laboratory courses (including simulation models to build manual

dexterity skills).
o Curriculum topics: anatomy, behavioral sciences, biochemistry, histology,

microbiology, patho logy, physiology, pharmacology, ethics and professional ism.
Some of these topics may be taught as integrated sciences and/or using a problem
based approach.

o Clinical outreach or research experiences (most schools)

•E Years3&4
o Focus on patient care, hospital and community rotations
o Elective courses - didactic and clinical (specialty areas- see table II)
o Continued didactic courses - may include problem-solving/case-based learning

Table 2: CODA standards for dental education

IB: What happens after dental school graduation? Various options

Private / Community Practice

Post graduate training
•E General Practice Residency (GPR)
•E Advanced Education in General Dentistry (AEGD)

(GPR focus is more oriented toward hospital - medically compromised patients
vs.AEGD)

Dental specialty training
Combined dental specialty/PhD programs -Academic programs
Dental Public Health
Endodontics
Oral and Maxillofacial Pathology
Oral and Maxillofacial Radiology
Oral and Maxillofacial Surgery (to include DDS/MD)
Oral Medicine
Orthodontics and Dentofacial Orthopedics
Ped iatric Dentistry
Periodonti cs
Prosthodontics

Table 1 (1A) outlines the educational and
licensure process in the United States and general top-
ics required for graduation. Upon completion of this 4
year program (with one exception - University of Pa-
cific is a 3 year program) the desired skills include
patient-centered care, management of patients who are
medically compromised or have disabilities; advanced
diagnostic techniques and advanced restorative and
prosthetic procedures. Table 2 summarizes the CODA
standards, including curriculum.

C O D A A cc re d ita tion S ta n d a rd s " C O D A E d u c a tio n P ro g r am (S ta n d a rd 2)

1 . In stitu tio n al E ffe ctiv e n ess in c lu d e s

o u tc o m e a sses sm e n t, a dm in istra tiv e C u rricu lu m M an a ge m e n t P lan

p ro ce ss

2 . E du c ation a l P rog ra m * 1 B io m e d ic al S c ien c es

3 . F a cu lty an d S taff B e h av iora l S c ien c es

4 . E du c ation a l su pp o rt se rvice s P ra c tice M a n ag em en t

5 . P a tie nt c are se rv ic es E th ic s a nd P ro fe ssio na lism

6 . R es ea rch p ro g ra m In fo rm a tio n M an a ge m e n t & C ritic al T h ink in g

C lin ic al S c ie nc es

American Dental Association: Commission on Dental Accreditation, 2007

About 30% of graduates from dental schools in
the United States receive further education in pro-
grams ranging from one year in length (Advanced
Education in General Dentistry (AEGD) and General
Practice Residency (GPR)) to five years or more for
specialty training, or for other advanced degrees (e.g.,
MD, PhD, JD). Table 1 (IB) outlines the post gradu-
ate/specialty programs offered within the United
States. Most of the remaining graduates go into pri-
vate practice or work in community or public health
clinics.

While this process provides important guidelines
to assure quality of our dental programs across the
country, as with any organization, as the environment
changes there is a need to review the process and to
readjust the process - some times significantly - to en-
sure that new developments are incorporated into the
process. Dental educators in the U.S. recognize that
substantial changes are needed in order for us to re-
spond to three major issues: 1) the growing dispari-
ties in oral health and access to care among unders-
erved groups in the U.S.; 2) the exponential growth in
new scientific knowledge - including evidence for the
importance of oral health to systemic health; and 3)
the isolation of dental education from the other health
professions at a time when interprofessional collabora-
tion should be increasing.

Current and Emerging Societal Trends
These issues remind us that we live in a rapidly

changing environment. We must continually assess
and respond to new scientific information as well as
societal trends if we are to be effective and recognized
leaders in the health community. These trends - many
of which are global trends - will shape our programs,
curricula and policies in the years to come.

Disparities
In 2000 the U.S. Surgeon General - the chief medi-

cal officer of the United States - released a landmark
report on oral health that underscored the importance
of oral health to an individual's total well being, both
emotionally and physically (U.S. Department of Health
and Human Services, 2000). The report documented
the substantial burden from oral diseases, a burden
that is born unequally by minority and socioeconom-
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ically disadvantaged groups. In spite of the strides
that have been made in the United States to address
access issues, there remains a large discrepancy be-
tween those individuals receiving adequate oral health
care vs. those with limited or no access to oral health
care. Dental Schools must take a leadership role in
addressing the health care needs of communities via
modifications in the dental curriculum to include em-
phasis on social responsibility and community service,
and through education of other health professionals.
Significantly, the Surgeon General also called for a re-
vamping of all health profession's curricula to include
oral health (U.S. Department of Health and Human
Services, 2003).

Demogra phics
The evidence for disparities in oral health is cou-

pled with the fact that as our population is growing,
it is becoming increasingly diverse. Dental profession-
als of the future must be prepared to serve a cultur-
ally diverse patient population with a variety of val-
ues, life experiences and health practices. Individuals
from minority groups are at increased risk for dispari-
ties for many reasons, including, among others, stereo-
typing and attitudes of health professionals (Smedley
et al., 2003). It is critical that our dental graduates ex-
hibit a high level of cultural competency and an abil-
ity to communicate across different cultures.

The aging of our population presents another
critical issue. Many elderly persons have significant
medical conditions, and/or are receiving medications
or other treatments which pose threats to oral health.
Still others will have decreased capacity to care for
themselves or will be in nursing homes or other facili-
ties where their oral health needs may not be closely
monitored. Dentists, physicians and other health pro-
fessionals of the future will need an in-depth under-
standing of oral-systemic linkages and an ability to
work collaboratively as members of the same health
team. Geriatric training programs in dentistry are few
and far between, yet the elderly are the most rapidly
expanding segment of the population. Many of the
same concerns apply to individuals with intellectual
and physical disabilities, who also have oral health
needs which may not be easy to assess or meet. These
patients in particular may benefit from interdiscipli-
nary team care, yet few dentists are prepared for this
kind of practice.

Emerging Science and Technologies
New scientific knowledge and technologies are

emerging daily. Areas of great progress include basic,
clinical and translational research discoveries. Taking
an example from my own field, the latest research
linking bisphosphonates (used for treatment of indi-
viduals with osteoporosis, Paget's disease, metastatic
prostate and breast cancer, and other diseases of bone
homeostasis), to osteonecrosis of the jaw reveals just
how critical is the need to continue research in oral-
systemic areas (Wang et al, 2007; Woo et al, 2006;
American Association of Oral and Maxillofacial Sur-
geons, 2007). Other examples of expansions in scient-

ific knowledge and technologies include advances in
biomaterials; in implants, computer and imaging tech-
nologies; and in approaches to diagnostics, risk assess-
ment and prevention (Iacopino, 2007).

Yet much remains to be done, particularly in in-
terdisciplinary research that may consider, for exam-
ple, the biological, social, cultural and environmental
factors which underlie differential disease rates. De-
spite enormous progress against caries in much of the
population, existing data point to increasing caries
rates among our nation's youngest children (15.2% in-
crease in children age 2-5) (Beltran-Aguilar et ah,
2005). The National Institutes of Health (NIH) have
given interdisciplinary and collaborative science a high
profile with the funding of the new Clinical and
Translational Science Awards (CTSA) (National Insti-
tutes of Health, 2007). The new practice based re-
search networks of the National Institute of Dental
and Craniofacial Research, NIH (Northwest Practice-
Based Research Collaborative in Evidence-Based Den-
tistry ("Northwest PRECEDENT") for example) are
helping ensure that research questions are relevant to
community dentistry, and that the resulting data feed
back the latest evidence to enhance clinical care (Na-
tional Institute of Dental and Craniofacial Research,
2005).

To continue all this important work will require
that we graduate more dental researchers to continue
and expand the scope of dental research. It also re-
quires that we graduate clinicians who will exercise
life-long learning and use critical thinking skills, con-
tinually assessing and translating new discoveries into
evidence-based practices. The pace of scientific change
demands this, and we are assessing our educational
programs with these goals in mind. Practitioners are
the intermediate consumers of science, and we must
ensure that they are prepared for this task.

Accountability and Quality Improvement
Across the health sector - as across our society in

general - there is an increasing consumer demand for
accountability and transparency, spurred at least in
part by reports of medical error (Institute of Medicine,
2001; Gallagher et al., 2007). Part of accountability
practice includes continually assessing and improving
our patient care, educational systems, and community
programs. These needs are impacting how we do
business in our clinics, in our classrooms and in the
community.

Professionalism/Ethics
Examining ones biases in order to respond appro-

priately to patients of different cultures, holding our
profession accountable for high standards of patient-
centered care and taking action on social injustices in
the health care delivery system are all examples of
professionalism. So also is the accountability for our
health research enterprise that includes maintaining
ethical standards of scientific conduct as well as en-
suring our scientific discoveries are translated into
practices that improve the health of patients and the
public at large. Across medicine and dentistry and

IIL
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the other health professions there is increased atten-
tion to the attitudes, knowledge and skills associated
with professionalism, with recent efforts being ad-
vanced by the ADA (American Dental Association,
2007), American Dental Education Association (ADEA)
and others. Yet it may be difficult at times to translate
clinical ethical dilemmas across cultures and societies
where health beliefs and health practices vary widely,
and where health systems are organized so differently.
There is a need for more discussion of ethical issues
in global forums such as this, the 2nd Hiroshima Con-
ference on Education and Science in Dentistry.

Workforce: Numbers, Distribution and Capacity
And what can be said about the ability of our

dental workforce to meet these challenges? Many
dentists are reaching retirement age in the US, but
perhaps more important are the questions of distribu-
tion and capacity. In rural and remote areas - of
which there are many in the Pacific Northwest- there
are a large number of dental professional shortage ar-
eas. This applies to inner city urban areas as well. Ca-
pacity includes dentists' ability to meet the current
and emerging needs of our society, which we must
address through curriculum reform and continuing
education. Another key aspect of workforce capacity is
diversity: we must recruit and train dentists who are
more representative of the changing society. Many ef-
forts are being dedicated to increasing the "pipeline"
of dental professionals from underserved groups.

OBSTACLES TO MOVING FORWARD
If our profession is to continue be a leader in

health care, we must transform our system of dental
education to respond to the three major issues identi-
fied above: disparities, new scientific knowledge, and
the isolation of dental education. Change is difficult in
any system, but there are particular factors that work
against change in dental education.
To respond to oral health disparities, for example, we
will need dentists who are socially responsible, with a
high sense of professionalism, proactively involved in
improving the oral and overall health of all groups of
patients. In addition to possessing a strong moral
compass, which we are most proud of as a profession,
dentists must be well-trained in the behavioral sci-
ences, with good communication skills, and culturally-
sensitive to the changing patient population around
them. Yet it is difficult to include all the educational
reforms needed for this emphasis, including clinical
experiences in underserved communities, within the
existing densely-packed curriculum that stresses me-
morization and technical skills.

This approach to education also impedes us from
moving forward with reforms needed to address the
second major issue, the exponential growth in new
scientific knowledge. Students need to develop critical
thinking skills and the ability to analyze and apply
new scientific information. The strong procedural fo-
cus makes this difficult to accomplish. This focus may

be necessary to some extent, to achieve the high level
of technical proficiency we expect from students in
four years, but we must find ways of integrating the
newer skills into the more traditional educational com-
petencies of dental students. Increased attention to
new scientific information and evidence-based prac-
tices in the dental curriculum may also help us in re-
cruiting students to our research programs.

This brings us to another difficulty we are facing
-the shortage of faculty and the low numbers of den-
tal students choosing academic careers. Students' ex-
pectations of the life style and rewards (or lack ther-
eof) of the academic world may contribute to the
shortage of faculty. In fact, dentists are doing very
well in the U.S., and can continue to do so by provid-
ing a lucrative kind of dentistry in private practice.
This tendency reflects the larger trend of commercial-
ism in the health "industry" in the U.S., and the de-
mand in particular for cosmetic dentistry and other
costly procedures. It should be acknowledged that
many dentists who are provide these "high-end" serv
ices also volunteer their time caring for the underse-
rved. The problem is that these volunteer efforts may
help individual patients, but do not constitute a sys-
tem of care; they are more a "band-aid approach
(Mouradian, 2006). To the extent that dental schools
themselves must limit their care for underserved pa-
tients due to fiscal shortages, dental students receives
mixed messages about care for poorer patients.

Fiscal shortages are due in part to lack of public
funding for dental education and dental care, and re-
flect another major obstacle - health policies that do
not value oral health. While there has been move-
ment in this direction since the Surgeon General's Re-
port, it has not been sufficient. We are a long way
from boasting an equitable system of healthcare in the
U.S., but the discrepancy is even greater for the
underserved when it comes to access to dental care.
Since dentistry and medicine have for the most part
had separate systems of healthcare, funding and edu-
cation, it is no surprise that many policymakers are
unaware of the importance of oral health. Frequently
the oral health community is not at the policy table
when key allocation decisions are made. Yet even this
is changing.

Perhaps one of the most important challenges for
dental education is to address its relative isolation
from the rest of the health care system. In addition
to increasing the awareness of the importance of oral
health among other health professionals, policy makers
and the public, greater integration with the other
health professions will help address the increasingly
complex health needs of patients with chronic illnesses
and medical conditions. The new data on oral-syste-
mic interactions make it clear that when we ignore
these linkages we put patients at risk of poorer health
outcomes. Dentists of the future must be able to par-
ticipate as members of the health care team, and this
will not happen unless we dramatically alter our isola-
tionist approach to educating dentists.

To enact these many changes we must utilize ef-
fective change management strategies that engage our
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faculty, build upon strengths of the current dental
education system, enhance curricula in new and crea-
tive ways, while preserving those portions that work
well. This will not be easy, but there is a will to do
this, and much is happening at the national level to
support dental schools in these efforts.

DENTAL EDUCATION'S RESPONSE
Emerging Standards and Competencies

Professionalism in dental education includes up-
dating our educational practices and standards to
match society's complex needs. A critical step for en-
suring that our graduates are equipped with the
knowledge, skills and attitudes required to serve the
oral health needs of the public is to define the dental
educational environment essential for achieving the
desired outcome at graduation from dental school.
The American Dental Education Association, Commis-
sion on Change and Innovation in Dental Education
(ADEA/CCI) has taken a leadership role in this effort
by defining eight basic principles essential for creating
such a dental educational environment. These princi-
ples, outlined below (see also Table 3) directly re-
spond to the emerging societal trends considered
above. For an in-depth discussion on these principles
please see Haden et al., 2006.

1. Critical Thinking
2. Lifelong and Self directed learning
3. Humanistic Environment
4. Scientific Discovery and the Integration of

Knowled ge
5. Evidence Based Oral Health Care
6. Assessment
7. Faculty Development
8. The Health Care Team

These eight basic principles are a good beginning
-they establish a framework for the needed changes
that must happen in order for us to make sure that
our graduates play a vital role in improving not only
the oral health but the total health of the nation. Al-
though each school will develop programs unique to
its school environment, there are some common
themes set forth under these eight principles that are
applicable to all schools world-wide, and that we need
to work on together in order to educate life long
learners to provide patient centered, evidence based
care for all members of our society.

Linked with the basic framework for change are
the competencies that our students must have at
graduation to meet the challenges facing the new
graduate. In their current format these includexritical
thinking, professionalism, communication and interper-
sonal skills, health promotion, practice management
and informatics, and patient care (Table 3 and Ameri-
can Dental Education Association, Commission on
Change and Innovation in Dental Education, 2007). Al-
though some of these competencies are currently in-
cluded within CODA standards, the CCI is examining
whether further articulation and discussion of these

standards can assist dental schools in enhancing these
educational attainments. Significantly these competen-
cies are in keeping with other current formulations of
health professional competencies such as the IOM's
Health Professions Education: A Bridge to Quality (Grei-
ner et al., 2003): Provide patient-centered care; Work in
interdisciplinary teams; Employ evidence-based prac-
tice; Apply quality improvement approaches, and Util-
ize informatics. These domains also overlap with the
Accreditation Council on Graduate Medical Education
(ACGME) educational competencies for the training of
physicians: Patient care, Medical knowledge, Practice-
based learning and improvement, Interpersonal and
communication skills, Professionalism and systems-
based practice. There is a need for interprofessional
and international discussions to flesh out the compe-
tencies that will guide our educational systems into
the future. One way we could do this would be to de-
velop a web-site for sharing international competencies
and the educational innovations and assessment ap-
proaches underway in different settings, similar to the
ACGME Outcomes Project for medical schools in the
U.S. (Accreditation Council for Graduate Medical Edu-
cation, 2007).

Table 3: Dental Educational for the Future (ADEA - CCI)

A D EA P r nciples for D ental Education

nt*

A D E A C om m ission o n C hange and
E nv room Innovation: C om peten cies*1

C ri alT liking C ritical thinking

L ifelong and Self directed learning Professional ism

H um anistic Env iro nm ent Com m unication and interpersonal skills

Scientific D iscovery and the Integration of
H ealth Prom otionK now ledge

A ssessm ent Practice m anagem ent and inform atics

Faculty D evelopm ent Patient C are

The H ealth Care Team

* Haden NK, Andrieu SC, ChadwickDG, ChmarJE, Cole JR, George MC etal. (2006) The
Dental Education Environment. J Dent Educ. 70: 1265- 1270

** American Dental Education Association, Commission on Change and Innovation in Dental
Education (2007). http://www.adea.org/cci/CaJ lforCofnmenls09292 006.pdf

Educational Strategies
With the new rapid pace environment we are fac-

ing we must provide learning environments that do
more than transfer knowledge -we must "educate" as
well as teach. Education is the process of learning
through interactions, engagements, discourse, critical
analysis - that will develop curious minds, creative
thinkers and openness to new approaches to clinical
performance. If we do this successfully the result will
be the development of the "master clinician," those
individuals that are always seeking, always anxious as
appropriate to embrace new knowledge and new tech-
nologies. Some examples of educational strategies that
address competencies for the future health profession-
als are listed in Table 4.

Ill
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Table 4: Educational Strategies to Achieve New Competencies
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Educational Issue Some Possible Strategies

Critical thinking, evidence-based care Problem-based methods, evidence-based review of
scientific literature, classroom and small group
discussi ons, research opportun ities

Professionalism / ethics
(including social responsibility)

Increased emphasis on professionalism in all
curricular elements, especially clinical experiences;
"White-coat" and other ceremonies and
"profession" of ethical codes analogous to
Hippocratic code; "ethics rounds; case-based and
small group discussions; faculty and practitioner
case examples; interdisciplinary groups with other
health professional students; journaling and self-
reflective activities; rotations in underserved and
culturally diverse communities

Communication and interpersonal skills
(including cultural competency)

Experiential learning, role-playing/simulations,
journaling, peer and faculty observations, objective
standardized clinical examinations (OSCE's);
emphasis on behavioral components in oral and
overall health outcomes; rotations in underserved
and culturally diverse communities

Practice management Course offerings, problem-based and case
methods, real-life experiences provided at the
School, and with community practitioners and
public health clinics (e.g. senior year)

The health team - interprofessional
colla boration

Interdisciplinary discussions with other health
professional students, guest faculty from other
professions in courses and '"Grand Rounds",
opportunities to participate as member of health
team on hospital ward or outpatient clinic,
mentoring other health professional students (eg,
medical students learning oral health exam and
patient counsel ing), interdi sc i plinary research
opportunities

Beyond designing learning environments more
conducive to inquisition, exploration, creative thinking
we must provide environments that are a model for
the highest level of ethical and professional behavior
for our faculty, staff and students. Schools must take
a leadership role in this effort through a commitment
to: patient-centered clinical experiences; addressing is-
sues around the disparity in access to care for specific
populations; presenting and openly discussing ethical
dilemmas with our students and expecting the highest
ethical and professional behavior for the school as a
community. An excellent discussion of professional-
ism in dentistry was presented by Masella et al. where
they refer to professionalism as "a caring and humani-
tarian activity that respects patients and colleagues
and strives to give something back to community and
profession" (Masella et al, 2005; Masella et al, 2007).

Important aspects for promoting professionalism
include a culture at the School that sets professional-
ism as a daily expectation; that has strong professional
role models; that has a strong commitment to commu-
nity service; and that provides a humanistic environ-
ment, one that "inculcates respect, tolerance, under-
standing and concern for others" (Haden et al., 2006).
See Table 4 for educational strategies for promoting
professionalism/ ethics.

Interprofessional Collaboration
The last principle listed above for the ideal dental

educational environment, the Health Care Team, is
one in which the dental community needs to play a
more active role. Simply put, it takes a "village" - an
entire health team - to address the needs of patients
-especially those from underserved communities or
who have complex health conditions; just as it takes a

team for complex research projects, or for holistic and
engaging educational practices. All the components -
dental, medical, social, environmental issues contribute
to health outcomes. Our professional education sys-
tems have been slow to respond to this mandate, slow
to model the attitudes and behaviors of interprofess-
ional collaboration, and slow to utilize the potential of
dentists in overall health maintenance. As members of
the team, our graduates can be the primary health
care resource for oral health care, as well as for the
screening of a wide variety of disease that may be de-
tectable within the oral cavity or with use of oral tis-
sue/fluid (saliva) markers for systemic diseases. Den-
tal schools will need to provide much stronger pro-
grams in a variety of areas - including basic sciences,
behavioral sciences, and in diagnostic technologies, if
we are to accomplish this objective.

University of Washington, School of Dentistry
(UWSoD) Educational Innovations

The UW, along with many other dental schools,
pairs medical and dental schools together for basic sci-
ences education. However we are expanding efforts
beyond this to deliberately increase the interaction of
dental students with other health professional stu-
dents, while simultaneously increasing the exposure of
these other students to oral health issues (Mouradian
et al, 2005, 2006). Other innovations include commu-
nity-based rotations in rural and underserved areas
with expansion to develop regional models for dental
education (http://dental.washington.edu/ride); curric-
ula modifications to include interdisciplinary and fo-
cused opportunities for students and faculty to review
the scientific literature or engage in research across a
variety of basic, clinical and public health topics; prac-
tice based networks for research (PRECEDENT-
http s : / / clinicaltrialsworkbench. axiorese arch.com/ nwpr
ecedent/) and international grants providing for fac-
ulty development in research internationally.

PARTNERSHIPS
We can learn much from each other. In the U.S.

the persistence of health disparities in the face of
enormous progress in science and new technologies
will find parallels in other countries. The new envi-
ronment we are presented with mandates that we col-
lectively define new, innovative models for educating
the next generation of dental professionals. It is hoped
that this review of critical issues in dental education
in the U.S. will spark discussion and debate and lead
to better understanding, and to a commitment to work
together on developing programs to enhance the edu-
cational needs of our students and the oral health
needs of society.
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ABSTRACT
This paper provides information on the training of

dentists in Malaysia. It defines the practice of den-
tistry under the Dental Act and presents the current
status on the number of practitioners in Malaysia. The
various institutions offering dental degree programmes
are listed. It focuses on the dental degree programme
at the Faculty of Dentistry, University of Malaya
which is the oldest dental institution providing under-
graduate dental programme in Malaysia. The admis-
sion requirement as well as the course structure and
teaching methodology undertaken are presented. The
weaknesses of the present curriculum are identified
and a new curriculum is being planned. The philoso-
phy and aim of the new integrated curriculum is spelt
out and the structure of the integration in the new
curriculum is provided. The postgraduate courses of-
fered by the Faculty of Dentistry, University of Ma-
laya are listed. The proposed mandatory continuing
dental education programme for dentists which is cur-
rently under trial is also presented.

Keywords: Dental education, dental curriculum, dental
practice, Malaysia

Background of Malaysia
Malaysia is situated in South East Asia. It consists

of Peninsular Malaysia and the states of Sabah and
Sarawak (costal area of Borneo Island). The peninsula
has its frontiers with Thailand in the North and Singa-
pore in the South whereas Sabah and Sarawak are lo-
cated above the border territory of Indonesia Kalima-
ntan province. These two regions are separated by the
South China Sea.

Malaysia is blessed with diverse multiracial cul-
tures and rich heritages. It comprises of different ra-
cial communities with the Malays, Chinese and Indi-
ans forming the main races and the indigenous people
of Sabah and Sarawak. Based on Census 2000 (Depart-
ment of Statistics, Malaysia, 2000), Malaysia has a
population of 23.3 million people and still growing at
an average rate of 2.3% per annum. The distribution
of total population in Malaysia comprised of 65.1%
'Bumiputera' (Malays and native indigenous groups),
26.0% Chinese and 7.7% Indians and other ethnic mi-
norities.

The Practice of Dentistry in Malaysia
A person shall be deemed to practice dentistry

within the meaning of the Dental Act of Malaysia

(Government of Malaysia, 1971), for the sake of gain
or otherwise if he treats or attempts to treat or profess
to treat, cure, relieve or prevent any oral disease by
undertaking any measures towards achieving this end.
A person is also deemed to practice dentistry if he
holds himself out directly or indirectly as practicing
dentistry.

Any person who wishes to practise dentistry in
Malaysia must have his name registered in the Malay-
sian Dental Register maintained by the Registrar of
Dental Practitioners. The Register is kept in two Divi-
sions as follows:

i) Division 1 which shall be in respect of persons
registered as dental surgeons. (To conform to
international terminology, they will subseque-
ntly be referred to as dentists). This applies
to those holding any of the qualifications sp
ecified in the Dental Act granted by recog-
nized institutions.

ii) Division II which shall be in respect of persons
registered as dentists. (They will subsequently
be referred to as Division II dentists). This
applies to those who immediately before the
coming into force of the Dental Act was regis-
tered as a dentist in the division two of the
register maintained under the Registration of
Dentists Ordinance 1948 of West Malaysia; or
as a dentist by virtue of the Dentists Registra-
tion Ordinance of Sarawak; or was actually
engaged, as his sole means of livelihood, in
the practice of dentistry in the State of Sabah
for a continuous period of three years immedi-
ately prior to the coming into force of the
Dental Act. In contrast to the Dental Surgeons,
the Division II dentists do not have a formal
dental education.

The Dental Act was amended in year 2003 for na-
tional purpose with the provision that every person
who obtains registration shall be required to serve as
a dental officer in the public service to the satisfaction
of the Director General of Health for a continuous pe-
riod of not less than three years. However the Minis-
ter of Health has the power to grant reduction, ex-
emption or postponement from this period of service.

Training of dentists in Malaysia
Up to the early 1970s, most of the dentists in the

country were graduates from Singapore but their nu-
mbers are limited by a quota system. With the estab-
lishment of the Faculty of Dentistry in Malaysia in
1972, the number of Malaysian graduates from Singa-

sis
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pore gradually declined, to the extent that today prac-
tically none comes from that country.

At the end of 2005, there were 3837 practitioners
registered with the Malaysian Dental Council. Of
these, 2743 were active and were issued with Annual
Practicing Certificates (APCs); 2675 to Division I prac-
titioners and 68 to Division II practitioners. Overall
there are more dental practitioners in the private sec-
tor (56.6%) and the majority (55.4%) comprised of fe-
male practitioners. In terms of service sectors, almost
three-quarters of dental practitioners in the public sec-
tor are females as compared to about 40% in the pri-
vate sector. The number of Division II dentists in the
register is steadily decreasing and they only work in
the private sector. In 2004 there were 68 APCs issued
to Division II of which only six were females (Malay-
sian Dental Council, 2006).

Institutions offering Dental Degree
programmes

At present there are 9 institutions of higher edu-
cation offering dental degree courses. Of these, six are
public universities i.e. Universiti Malaya (UM), Univ-
ersiti Kebangsaan Malaysia (UKM), Universiti Sains
Malaysia (USM), Universiti Teknologi Mara (UiTM),
International Islamic University (IIU) and Universiti
Sains Islam Malaysia (USIM). There are 3 private insti-
tutions - the Asian Institute of Medicine, Science and
Technology (AIMST), the Penang International Dental
College (PIDC) and the Malaysian Allied Health Sci-
ence Academy (MAHSA). The location of these institu-
tions, their year of establishment, graduating year and
present intake is shown in Table 1. The degrees from
the last six dental institutions have not been recog-
nized yet, as the Malaysian Dental Council will only
consider a degree for recognition in the fifth year.
However the Council monitors closely the progress in
the development of these dental institutions in their
earlier years.

I n s titu t io n L o c a tio n Y e a r o f

F irst In ta k e

Y e ar o f F irs t

B a tc h o f

G ra d u ate s

P r es e n t

In ta k e

U M K u a la L u m p u r 1 9 7 2 19 7 8 8 0

U K M K u a la L u m p u r 1 9 9 7 2 0 0 2 6 5

U S M K e la n ta n 1 9 9 9 2 0 0 4 6 0

A IM S T K e d a h 2 0 0 5 2 0 10 5 0

U iT M S e la n e o r 2 0 0 6 2 0 1 1 3 2

P ID C P e n an g 2 0 0 6 2 0 1 1 5 0

h u m P ah an g 2 0 0 7 2 0 12 5 0

U S IM K u a la L u m p u r 2 0 0 7 2 0 12 3 0

M A H S A K u a la L u m p u r 2 0 0 7 2 0 12 5 0

Table 1.
Institutions providing dental degree programme in Malaysia

Dental Education at the Faculty of
Dentistry, University of Malaya

The Faculty of Dentistry, University of Malaya
was established in 1971. Initially led by an Adminis-
trative Dean, 32 pioneer students enrolled for the
1972/73 academic session for the 4-year course in den-
tistry leading to the degree of Bachelor of Dental Sur-
gery (BDS). Being the first local dental school, the
University of Malaya Dental Faculty undertook the
role of training undergraduate students, a function
that was then fulfilled by overseas universities. This
was subsequently extended to specialty training in
various disciplines.

The Faculty of Dentistry's mission is to be a
centre of excellence in oral health sciences, education
and research and to promote learning and research in
dentistry. Its vision is to be a premier faculty provid-
ing a high standard of training and research to pro-
duce caring dental professionals with holistic approach

The faculty received recognition for its high stan-
dard of teaching, research and professionalism when
the General Dental Council of the United Kingdom
gave its recognition to the University's Bachelor of
Dental Surgery degree in 1997. The Dental Faculty is
also recognized by the Royal College of England as a
training hospital fulfilling the clinical requirements
needed to sit for the Membership of the Faculty of
Dentistry (MFDS) Examinations. The Royal College of
Surgeons of England also conducts the MFDS exami-
nations at the Faculty, one of the few places where
the examinations are conducted outside the United
Kingd om.

Admission Requirements for the BDS
programme

To be considered for admission to the Faculty of
Dentistry, a candidate must fulfill the general acade-
mic requirements of the University as well as the spe-
cial academic requirements of the Faculty (Faculty of
Dentistry, 2007).

A candidate must possess the Sijil Pelajaran Ma-
laysia (SPM) or the Malaysian Certificate of Education
(MCE) or any other equivalent qualifications approved
by the University Senate. The candidate must have
passed in at least four subjects with credit. In addi-
tion the candidate must have obtained the Sijil Tinggi
Persekolahan Malaysia (STPM) or the Higher School
Certificate (HSC) not earlier than two years after ob-
taining the earlier qualifications. As an alternative to
the STPM/HSC, candidates who have joined the ma-
triculation course in the University of Malaya or that
offered by the Ministry of Higher Education can be
considered for admission in Year I of the course.
Such candidates must also fulfill the special require-
ment of the Faculty by having a pass with a mini-
mumof B grade in Biology and pass with a minimum
of B grade in 2 of the subjects as listed below:

•EPhysics
•EChemistry
•EMathematics
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Student intake
When the Bachelor of Dental Surgery was first of-

fered by the Faculty of Dentistry, University of Ma-
laya in 1972, the initial intake was 32 students. The
intake was progressively increased to 48 in 1979, to 64
in 1982 and subsequently to 80 in 1991. Prior to the
academic year 2003/2004, the selection process was by
based on quota system as determined by the ethnic
composition of the country. From the academic year
2004/2005 onwards, the selection of students was en-
tirely based on merit. About 75% of the current batch
comprised of females.

Programme duration
The duration of study for the Bachelor of Dental

Surgery degree in University of Malaya was 4 years
during the year 1972 to April 1995. Beginning in July
1995, the programme was extended to 5 years; com-
prising of two preclinical and 3 clinical years. Students
are required to complete the preclinical years within
three years and the Clinical years in five years. Hence
the maximum duration to complete the course is eight
years.

Course Structure
During the preclinical years i.e. Year 1 and Year

2, students are taught basic medical and preclinical
sciences in collaboration with the Medical Faculty of
University of Malaya. In Year 2, clinical skills in Den-
tistry are first taught through laboratory work in
which students practice their skills on phantom heads.

During the clinical years i.e. Year 3, 4 and 5, the
students are exposed to treating patients under closed
supervision by the lecturers. The students practice 4-
handed dentistry, with a clinical partner who is a
course mate in the same academic year. In Year 3,
students are required to pass Human Disease as one
of the core subjects. This is to emphasize the relation-
ship between oral health and the total health and
wellbeing, besides understanding the role of doctors
and dentists in working as a team. In Year 4 and 5,
the course totally focuses on the study of Dentistry.
The subjects taught and examined in the existing cur-
riculum in the different years of study are shown in
Table 2.

Besides developing clinical skills amongst the stu-
dents, the curriculum also focuses on the development
of inter-personal skills, the ability to evaluate and
criticize clinical scenarios and the importance of re-
search findings. Students are trained to be competent
individuals in coming up with precise diagnosis and
management, providing the best appropriate treatment
and care, as well as in prevention of oral diseases and
providing health education and information to the
public. Various programmes and activities such as the
Final Year Elective Project, Behavioural Science Project.
School Dental Health Day Project, Problem Based
Learning, seminars and tutorials are implemented to
produce quality graduates.

Y e a r  ! Y e a r  2

A n a to m y  # M e d ic a l  M ic ro b io lo g y *
P h y s  io lo g y * P a th  o  lo g y*
B  i  o c h  e m  is try * P h a rm a c o lo g y *
O ra l  B io lo g y# D e n ta l  M a te ria ls  a n d  T e c h n o lo g y*

C o m m u n ity  D e n tis try

Y e a r  3 Y e a r  4

H u m a n  D is e a se *
O ra l  P a th o lo g y# C o m m u n ity  D e n tis try *
C o n s e rv a tiv e  D e n tis try O ra l  M a x illo fa c ia l  S u rg e ry  &
P ro s th e tic  D e n tistry R a d io lo g y *
C o m m u n ity  D e n tis try O ra l  M e d ic in e  &  P e rio d o n to lo g y *
O ra l  M a x illo fa c ia l  S u rg e ry  & C o n s e rv a tiv e  D e nt ist ry

R a d io lo g y P ro s th e tic  D e n tis try
O ra l  M e d ic in e  &  P e rio d o n to lo g y C h ild re n 's '  D e ntistr y  &  O rth o d o n tic s

C h ild re n 's '  D e n tis try  a n d  O  rth  o d o n tic s E le c tiv e  P ro je ct

Y e a r  5

C o n s e rv a tiv e  D e n tis try#
P ro s th e tic  D e n tis try  *
C h ild re n 's '  D e n tis try  a n d  O rth o d o n tic s *
E le c tiv e  P ro je c t
G e n e ra l  D e n ta l  P ra c tic e
O ra l  M a x illo fa c ia l  S u rg e ry  &  R a d io lo g y
O ra l  M e d ic in e  &  P e rio d o n to lo g y
C o m m u n ity  D e n tis try

# Subjects examined at the end of the respective academic years

Table 2.
Subjects taught and examined in the existing curriculum

Teaching
Teaching is undertaken through lectures, tutorials,

seminars, practical sessions and laboratory work. Stu-
dents will start learning and practicing skills on Con-
servative Dentistry and Prosthetic Dentistry through
laboratory work done on phantom heads.

Problem-based learning (PBL) is an educational
approach that organizes curriculum and instruction
around carefully crafted ill-structured problems. Stu-
dents gather and apply knowledge from multiple dis-
ciplines in their quest for solutions. Guided by lectur-
ers acting as cognitive coaches, they develop critical
thinking, problem solving, and collaborative skills as
they identify problems, formulate hypotheses, conduct
data searches, formulate solutions and determine the
best "fit" of solutions to the conditions of the problem.
Problem-based learning enables students to embrace
complexity, find relevance and joy in their learning,
and enhance their capacity for creative and responsible
real-world problem-solving.

PBL session in the faculty is conducted in a group
of 10 to 14 students, guided by a lecturer or facilita-
tor. For each of the PBL module, the group will meet
two or three times, depending on the topic. During
the first session, the group will be given 2 hours to
brainstorm and identify the problems. Case module is
constructed as triggers that have to be discussed in or-
der to identify the learning objectives. Students will
then work independently to undertake research and
gather information that will be discussed during the
second and third session which is held a few weeks
after. Students will be evaluated based on the amount
of participation in the group. The group will then
emerge into 2 groups to come up with a written re-
port which will contribute towards the Continuous
Assessment of the subjects.

&
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Weaknesses identified in the current
curriculum
1. The concept of total patient care should be one of

the guiding principles of all clinical courses. Yet
the present curriculum at University Malaya heav-
ily subscribes to the traditional model where areas
of practice are compartmentalized and the tooth
has been taken as the unit upon which the profes-
sion should focus - a model which poses a num-
ber of problems. The compartmentalized organi-
zation of the teaching programme often resulted
in student's failure to integrate different items of
knowledge from other areas of study that may
have an important bearing upon a particular clini-
cal problem. The compartmentalized organization
of the teaching programme and the student's per-
formance criteria for each clinical area also tends
to negate the 'whole patient' care. Although a
General Dental Practice module has been intro-
duced, it is insufficient to bring about full integra-
tion in the clinical years.

2. In meeting educational objectives, the curriculum
adopts various teaching-learning approaches whi-
ch includes didactic teaching, seminars, practical/-
clinical, problem-solving and case studies, PBL, re-
search project and report writing, community oral
health posting and community oral health project.
However, despite the adoption of various teaching
methods, students still lacks the ability to criti-
cally appraise a scientific paper which is impor-
tant to face future challenges of evidence-based
practice of their future career.

3. The teaching of basic sciences is done mainly in
Year 1 and 2, while the clinical education begins
in Year 3 and spreads through to Year 5. With
this approach, there is inadequate integration be-
tween the basic sciences and clinical education. In-
tegration between various disciplines is being at-
tempted via PBL modules but there is still a lack
of integration between disciplines in Dentistry.
With these weaknesses identified, the current cur-

riculum is being revised in order to address the weak-
nesses while maintaining its strength as well as to
maintain its international benchmarking. A new cur-
riculum is being planned.

Philosophy of the new curriculum
1. The Professional philosophy

The curriculum is committed to the training of
general dental practitioners who are technically com-
petent and socially sensitive; and in conjunction are
able to utilize the basic principles of human biology
and human behaviour in promoting, preventing, diag-
nosing and treating oral disease in individuals and the
community. The graduate adheres to the highest stan-
dards of professional conduct and ethics and who can
function effectively as a member of the nation's health
care delivery system. A graduate of this curriculum is
caring, knowledgeable, competent and skilful in pro-
viding holistic care; and accepts professional respons-

ibilities for the effective and safe care of patients.

2. The Educational Philosophy
The educational philosophy emphasizes a compe-

tency-based curriculum with emphasis on clinical rele-
vance in the early years. Learning is facilitated within
an integrated framework and important concepts are
revisited in a "spiral effect" through all phases of the
course. Problem-based, system-based, case-based and
evidence-based approaches are introduced to encour-
age reflective learning, self-directed learning and sha-
rpen problem-solving skills. It fosters critical thinking
and lifelong learning for continuing professional devel-
opment. Formative and summative integrated assess-
ments in all phases reflect the philosophy of the cur-
riculum. Overall, there will be alignment in the learn-
ing outcomes, teaching and learning activities and as-
sessment methods to meet the aims of the curriculum.

3. Aims of the revised curriculum
The desired graduates attributes should be a car-

ing, knowledgeable, competent and ethical dentist
who:

1. is able to independently practice safely, effectively
and efficiently;

2. is able to work together with other dental and
healthcare professionals;

3. is able to utilize appropriately advances in rele-
vant knowledge and techniques in patient care;

4. understands the role of patients and the commu-
nity in making decisions about their health; and

5. engages in life-long learning and continuing pro-
fessional development

Domains, learning outcomes and
competencies
In order to meet these aims, the graduate must attain
specific learning outcomes (LOs). The learning out-
comes define the competencies (knowledge, skills and
values) required to begin the independent practice of
general dentistry. These LO's are grouped into 15 do-
mains which are broad categories of professional activ-
ity. Closely related domains are further grouped into
Themes to ease implementation. The various themes
and the grouping of the domains in the new curricu-
lum are shown in Table 3. The structure of the inte-
gration in the new curriculum is shown in Figure 1.
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T h e m es D o m a in s T o p ic s

A . M a n I n H e a lt h A n d D is e a s

0 2 . B i rth , g ro w th , a n

0 3 . F ro m m o le c u le s to ife

0 4 , S ig n a lin g a n d c o

15 . S c ie n t ific b as i s o f d ise

d ise a s e d s ta t e s

0 6 . S c ie n :

c h e m i

c b a s i

a n d b

 n d th e ra p e u i ic s - b o d y 's

c a l ag e n ts

0 7 . G a si te st i n a d is e a s e s

0 8 .C V S a n d re s p ira

0 9 . E n d o c ri n e a n d r e p ro d u c tiv e h e a lth a n d d is e a s e s

10 . B lo o d a n d re n al h e a lth a n d d is <

I I . N e u ro o g ic a l an d s k e le ta l h e a lth an d d is <

1 2 . In fo

1 3 . N u a k h a n d d is e a s e s

1 4 . B e ll fa c to r s c o n tr ib u t in u

T h e M o u t h In H e a lth A n d

D i s e a s e

O l . N o rm a s tru c tu re a

0 2 . F o n c il a ih l [v ri ｫ ii a l iM h i

0 3 . A l te r:

0 4 . B io c h e m ic a l a n d m I b a s is o f th e o ra l e i

0 5 . T h e r o n th i n h e a lt h a n d d is i

0 6 . I m p a c t o f p h a n a g e n ts o n t h e f u n c tio n in g o f ih e m o u t h

0 7 . D i e t in d e n ia l h e a

0 8 . B e h a v io u r a l a n . fa c to r s c o n tr ib u t in g t o

a n d o ra lI d is e a s e

C . S c ie n t ifi c u n d er s ta n d i n g a n d th o u e h t ) ] . S c ie n ti fic p r in c i p le s

12 . R e s e a rc h m e th o d

13 . E v id e n c e -b a s e d

D . C o m m u n ic a t io n s k i lls

E . 1C T 0 1 . I n fo rm a t io n a n d C o m m u n ic a t io n T e c h n o lo g y

3 F . T e a m -W o rk i n g A n d L e a d e r sh ip 0 1 . T e a m w o rk i n g

0 2 . L e a d e rs h ip

G . H e a iih P r o m o t io n A n d D i s e as e P r ev e n tio n 0 1 . H e a lt h P r o m o tio n A n d D ise as e P re v e n t io n

H . M a n a g e m e n t A n d

A d m in is tr at io n o f P u b l ic

H e a lth P ro g ra m s

0 1 . P la n n i n g a n d E v a )f P u b l ic H e a lth P r o g r a m s

0 2 . M s Tis g c m c n t s n d A d m in is tra t io n o f P u b l ic H t s lth P ro g rn tn s

4 J . C l in ic a l C o m p e t e n c e -

D ia g n o st ic S k ills { in c lu d in g

Im a g in g )

0 1 . D ia g n o s tic S k ill s

0 2 . D e n ta l Im a g in g

K . C l in ic a l C o m p e t e n c e - M a n u a l s k il ls an d d e x l e ri tv O l . M a n a e i n g D e n t

0 2 . I nj e c tio n T ec h n

0 3 . R e st o r at io n o f T e e th

0 4 . P e r io d o n ta l T h e r a p

0 5 - E x tr ae tn w i u B ri r em o v a l o f t e e th a n d ro o ts

0 6 . S u rg ic . le n t ist ry

0 7 . O c c l a l M a n a e n t

0 8 E nd o . n tic T h e r a p y

0 9 . Im a a in s T e c h n iq u e s

L . C l in ic a l C o m p e t e : P ro b le m S o lv in a 0 1 . C lin ic a l c o m p e te n c e p r o b le ri

M . P a tie n t M a r 0 1 . P a t ie n t M a n a s e m e

N . P ra c ti c e M an a g e m e n t O i . P la n n in g a n d s e

0 2 . M a n a e

5 P . P ro fe s s io n a lis m 0 1 . P r o al B

0 2 . E t h ic s J u ri s p ru d e n c e

Q . R e f lec tiv e P ra ct io 0 1 . R e fl iv e P r a ct ic e s

Table 3. The proposed new curriculum

the current and new curriculum that requires a tre-
mendous change in mindset among the staff. The inte-
grated curriculum must withstand pressure from the
territorial nature of the existing departmental struc-
ture. How can faculty best reconcile these two oppos-
ing concepts? Moving into the new curriculum will
also mean intensive use of human capital (intensive
coordination among theme and year leaders to ensure
vertical and horizontal integration) and monetary re-
sources (such as for training staff). As in any change,
it is expected that there will be resistance among some
staff. There is a need to be mindful of these chal-
lenges ahead of us, to prepare us, soften the negative
impacts and at the same time take advantage of op-
portunities that come along.

Postgraduate courses offered
The Faculty of Dentistry, University of Malaya

also offers post graduate training in both academic
and specialty training programmes (Faculty of Den-
tistry, 2006). These include

•EMaster of Public Health (Oral Health) - 4 years
•EMaster of Science (Dental Public Health) - 2 years
•EMaster of Clinical Dentistry - 4 years
•EMaster of Orthodontics - 4 years
•EMaster of Dental science - 1 year
•EDoctor of Philosophy - 3 years
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Figure 1.
Structure of the integration in the new curriculum

The challenges implementing the new
curriculum

With this curriculum, the Faculty intends to train
the 21s' Century Dentists for Malaysia who are adapt-
able to change (who are critical thinkers, independent
learners and evidence-based practitioners). However,
there are challenges ahead in implementing the cur-
riculum. Foremost would be bridging the concepts of

Mandatory Continuing Professional
Education

According to the Dental Act of Malaysia, a dentist
on qualification is presumed by law to be competent
to carry out dental practice but is under no obligation
to seek any form of updating of knowledge, skills or
techniques. He or she could even reach retirement af-
ter a lifetime of practice without ever having attended
a refresher course or kept up with the literature.

However, through their professional life, the den-
tists will need the judgement and capacity to adapt to
changes in the patterns of health and disease, medica-
tions, new technologies, improved equipment and ma-
terials, more effective team co-operation and more de-
manding public expectation. This can only be attained
through on-going learning throughout their profes-
sional lifes and not only until they are qualified to
practice their chosen profession. Such opportunities
must be made available to the dentists to maintain
and improve their knowledge and skills and to learn
of new advances

The Malaysian Dental Council which is the gov-
erning body of the dental profession in Malaysia has
shifted its view towards lifelong education of dental
practitioners. A periodic relisencing system is being
considered. Course provider makes application and
credit point is assigned. Only practitioners who have
attained a minimum credit point will be granted with
an Annual Practicing certificate by the Malaysian Den-
tal Council. The system is currently under trial basis.

tosho-seibi-repo
画像
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1. Hiroshima University Faculty of
De ntistry

Hiroshima University Faculty of Dentistry consists
of two schools, which provide 4 original and distinct
courses for students.

One is the School of Dentistry to train dentist for
six years, comprised of Scientific Research Course and
Clinical Training Course, and the other one is the
School of Oral Health Science to provide Oral Health
Science Course and Oral Health Engineering Course,
which cultivate the student to be dental hygienists
and dental technicians for four years, respectively.
And our faculty is the only one to have schools of all
the professions that work in dentistry in Japan.

2. The System and Constitution of
School of Oral Health Science

The School of Oral Health Science, Hiroshima
University Faculty of Dentistry was established in
2005, developed from the Dental Hygienist School
(since 1976) and Dental Technician School (since 1972)
in the faculty. The school has two divisions, the Divi-
sion of Oral Health Science and the Division of Oral
Health Engineering, and the regular number of the
students in each division is 20.

The School consists of 13 full-time staffs and each
division has three departments as follows.

Division of Oral Health Science
Department of Oral Health Research
Department of Team Care for Oral Health
Department of Oral Health Management

Division of Oral Health Engineering
Department of Oral Basic Science
Department of Biomaterial Engineering
Department of Medical Design and Engineering

3. School of Oral Health Science
The outlook of curriculum at both Oral Health Sci-

ence Course and Oral Health Engineering Course are
shown in Figs. 1 & 2. In the 1st and 2nd semesters, the
students learn the general education, i.e. wide-ranging

studies (literature, foreign languages, communication,
basic science, etc.) during the period in the main cam-
pus of Hiroshima University in Higashihiroshima City
(for 1 year). Subsequently, they have the specific pro-
grams in Kasumi Campus for three years as below.
From the semester 6 to 8, they have the clinical prac-
tice and training in the Hiroshima University Hospital.
Concurrently, they start the studies for graduation the-
sis at this period.

Basic Subjects
Basic Oral Science : Anatomy, Physiology, Pa-
thology, Pharmacology, Microbiology Immu-
nology, Basic Practice of Oral Science etc.
Social Dentistry : Oral Health Science, Hy-
giene Administration, Social Welfare etc.
Related Medical Science : General Medicine,

Exercise of Nutritional In-Medical Ethics,
struction etc.

Specialized Subjects
Team Care for Oral Health Dentistry for De-
velopmental Stage, Prosthodontics, Periodont-
ology and Endodontology, Team Care for
Oral Health, Dentistry for Handicapped/Aged
Persons, Dental Practice Administration etc.
Oral Health Education : Oral Health Educa-
tion, Practice of Oral Health Behavior, Social
Health Science, Communication Techniques,
Medical Information Technology, Dental Edu-
cation etc.
Oral Health Management (Oral Health Science
Course) : Introduction of Oral Health Science,
Practice of Oral Health Management, Practice
of Oral Health Counseling, Dysphagia, Prac-
tice of Rehabilitation of Oral Function, Sports
Dentistry / TMD etc
Oral Biomaterial Engineering (Oral Health En-
gineering Course) : Applied Biomaterial Engi-
neering, Practice of Biomaterial Engineering,
Introduction to Oral Health Engineering, Pre-
cision Casting, CAD System A and B, Medical
Engineering A and B etc.
Medical Design and Engineering (Oral Health
Engineering Course) :

Clinical Practice / Clinical Laboratory Work and
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Fig. 1 The outlook of curriculum at Oral Health Science Course

Outlook of Curriculum at Oral Health Engineering Course
S e m e s te r s      S e m e s t e r s      S e m e s t e r s      S e m e s t e r s

1 - 2        3 - 4         5 - 6         7 - 8
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years education.
The aim of the School of Oral Health Science is to

promote oral health leading to healthy life of the peo-
ple on all life-stages. The Division of Oral Health Sci-
ence is to comprehensively study on oral health, to es-
tablish evidence-based medicine and raise people who
can conduct world-wide research. This division will be
dedicated to raise dental hygienists who will practice
evidence-based medicine and promote oral health
leading to healthy life of the people. To train "y°g°
teacher" (school nurse) for nursing in school who will
push forward with management of school health, in
particular, health education based on the concept of
health promotion is also expected in order to raise
people with mental and physical health. Furthermore,
this division will be dedicated to train people doubly-
qualified as dental hygienist and "y°g° teacher" will
exercise leadership in the field of oral health at school.
In Fig. 3, the some examples of practice or lecture in
our school are exhibited.

Fig. 3 Examples of the scene of practices in Division of Oral
Health Science

Fig. 2 The outlook of curriculum at Oral Health Engineering
Course

3-1. Division of Oral Health Science
We have more than 140 dental hygienist schools

in Japan, and 5 of them have 4-years Education sys-
tem. Since the Minister of Health and Labor recently
stipulated that the period of compulsory education for
dental hygienist should be more than 3 years no later
than 2010, most of them have been transferred into 3-

3-2. Division of Oral Health Engineering
The division of Oral health engineering is the

only one institute in Japan which possesses the
four-year education for dental technicians. In deed,
we have 64 dental technicians school in our coun-
try. One has the 3-years education for dental tech-
nician diploma course, and two of these are two-
years college, and the remainder, 60 are the train-
ing schools (Fig. 4).
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Schools for dental technicians in Japan

four-years education (Bachelor) 1 |

three -years education (diploma) 1

X two -years colleges (diploma) 2

two -years training schools (diploma) 60

Fig. 4 In Japan, we have 64 dental technicians school and
our division is only one institute to provide the 4-
years education for the students.

In the dentistry, the biology-based or molecu-
lar-biology based research or clinical studies have
been intensively developed, and most of these stud-
ies have been done by the dentists who have at
least 6-years education, and most of them had ad-
ditional 4-years education in their PhD course. In
near future we will have the molecular-based or bi-
ology based therapies, such as regeneration of teeth,
in the clinical dentistry. However, in the dental
technicians school, they have been educated only
the skill about traditional dentistry, i.e. how to
make crowns or bridges, or dentures, which have
not been altered in the century !! (Fig. 5).
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Fig. 5 There is a great gap between developed dental re-
search and education of dental technicians school.

Hence, we should bridge the gap that exists
between co-dental staffs and dentists or researcher
in dental fields and cultivate human resources capa-
ble of doing the research or clinical works in the
view point of biology or molecular biology and/or
engineering.

The aims of the division are 1) to carry out
the biological, and molecular biological studies
based upon engineering, and 2) to promote the
translational researches in the oral health engineer-
ing, in addition to the conventional dental technol-
ogy. The curriculum encourages the person to open
out the new fields and rustle in the whole world.
Specifically, the division will turn out the unique
dental technicians who develop the biomaterials
and/or medical equipments, and exploit the com-
puterized systems to design the medical devices
based upon the biological and technological intelli-

gence.
Figure 6 shows our curriculum, which is divided
into 4 major categories, green shows the engineer-
ing related classes, orange shows biology-related
one, yellow indicates advanced skill, and white is
the conventional and traditional skill practice.

Fig. 6 An example of curriculum for our new education.

On current day, I will show you the classes or
practices collaborated with industries and university.
Please look forward to seeing the Characteristic
Curriculum !

4. Extracurricular activities
Extracurricular activities produce significant edu-

cational benefits to encourage students to learn on
their own and consider the human relationship. There
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are two scientific "dub", called Hyper Technology

Club (HiTec) and Bio Technology Club (BiTec) in the
school. They took some awards that is "Front Runner
Program Award" and "Dream Challenge Award" in
Hiroshima University, respectively, and the students
belong to the club enjoys the scientific investigations
and/or activities.

4.1 Hyper Technology Club (HiTec)
HiTec (supervised by Prof. Murayama) was estab-

lished in 2005, aims to learn high technology voluntar-
ily and to try to apply the technology to dentistry.
Most of the members are the undergraduate students
belonging to Division of Oral Health Engineering.
They have carried out the following activities.

1) Fabrication of physical maxillofacial models: As
shown in Fig.7, they make 3D models from CT image
data, and using the 3D models they fabricate physical
models by rapid prototyping technology.

Fig. 7 Fabrication of physical maxillofacial models from CT
image data

2) 3D scanning: As shown in Fig.8, they make 3D
models, using 3D Scanner which uses laser to scan 3D
form of a body.

Fig. 8 3D scanning

3) Development of robots: They have made several ro-
bots using model robot kits to learn the mechanism of
robots. Now they are trying to develop a micro robot,
aiming to take part in Micro Robot Contest.

4.2 Bio-Technology Club (Bl-Tec)
Bi-Tec (supervised by Prof. Kurihara and Prof.

Nikawa) was established in 2005, aims to enjoy the bi-
ology, microbiology and molecular-biology. The Club
is comprised of nineteen undergraduate students be-
long to both the school of Dentistry and Oral Health
Science. They have carried out the following activities.

1) Application of Probiotics in Oral Cavity
They isolates the probiotic bacteria, which shows an-
timicrobial activity against mutans streptococci or Ca-
ndida albicans (Fig.9). Then identify them genomically
(Fig.9), and try to make fermented milk to reduce the
risk of dental caries.
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Fig. 9 An example of isolated probiotic bacteria and the re-
sults of genome analysis on the isolate.

2) Surface treatment to suppress the differentiation of
pre-osteoclastic cell.
They examine the effects of immobilization of several
kinds of peptide (Fig. 10) or growth factors on the ti-
tanium surface either on the growth of osteoblastic
cells, or the differentiation of pre-osteoclastic cell (Fig.
10), to intend to develop a new implant system with
short healing periods and good prognosis.

Fig. 10 An example of peptide and Osteoclastic cell
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5. Conclusion
The oral health is the important factor to enhance the
health and quality of life of all people. In Japan, the
number of dental caries was decreased recently and
the DMF of the 12 years old children showed 1.68 in
2006. But the our country's rapidly aging population
and a declining birthrate need the prevention and
treatment of periodontal diseases and the oral health

care for old people. Therefore, the Cabinet Office has
released "The New Frontier Strategy for Health" and
recommend "The Power of the Healthy Tooth" to en-
hance the health of the nation in 2007,

The oral health science must summarize dentistry
and provide better welfare and dental care that people
need to live healthy. Now we are preparing to estab-
lish the postgraduate course which provides both ad-
vanced skills and most-advanced scientific researches.
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Minocycline, a Tetracycline Derivartive,
Is Cytoprotective Against Excitotoxicity
Actinobacillus Actinomycetemcomitans
Serotype B by Inhibiting PARP-1, NF/cB,
Intracellular Calcium and Apoptosis of
Gingival Epithelium
E. Maduratna and M. Rubianto

Faculty of Dentistry, Airlangga University Indonesia

BACKGROUND : Actinobacillus actinomycetemcomi-
tans serotype b has long been associated with local-
ized aggressive periodontitis,. Currently suggested that
AA serotype b secreted protein toxin that inhibits the
proliferation of wide variety of cell types. Eucariotic
cells that are sensitive to the toxin are usually arrested
at the G0/G1 or G2/M phase of the growth cycle
through the action of a DNA-se I- like nuclease that
causes double strand breaks in the host cell DNA.
Gingival epithelial cell exquisitely sensitive to the
toxin so that may lead to disruption of the protective
barrier formed, facilitating invasion and perturbation
of the underlying connective tissue. Minocycline, a
semysinthetic tetracycline derivative un related to it's
antimicrobial effect, protects against brain ischaemia,
ischemic stroke, multiple sclerosis and parkinson's dis-
ease. In this study, we examined the ability of
minocycline to inhibit apoptosis of gingival epithelium
induced excitotoxin bacteria AA serotype b in mice.

OBJECTIVE : to investigated the cytoprotective effect of
minocycline 100 nM against apoptosis in gingival epi-
thelium induced toxin AA serotype b.

METHOD : Twenty eight adult mice strain Swiss
Webster (balb C) were divided randomly into three

groups : control group (group A), toxin group (group
B) and application toxin and minocycline group
(group C). The mice were sacrificed at 24 hours after
application, and then the tissue sections of gingival
epithelium were stained with Tunnel assay and imu-
nohistochemistry method.

RESULT : Treatment with these toxin induced apoptosis
of gingival epithelium was associated with DNA frag-
mentation, increased PARP-1 ,NF kB expression and
followed by increased intracellular calcium. Minocy-
cline lOOnM significantly reduced apoptosis, PARP-1,
NFkB expression and intracellular calcium (p < 0,005).

CONCLUSION : Minocycline 100 nM inhibit apoptosis
by inhibiting PARP-1, NFkB and intracellular calcium
of gingival epithelium. The improved function is asso-
ciated enhanced cellular survival of gingival eipthe-
lium after treatment with minocycline. Minocycline
100 nanomolar provides cytoprotection against excito-
toxicity activated toxin bacteria AA serotype b, and
potential as new theurapetic agent to prevented lo-
calized aggressive periodontitis.

Key words : Minocycline, PARP-1, NFkB, intracellular
calcium, toxin AA serotype b
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The Use of Piper Betle Linn Extract Tooth Paste and
the Level of Mutans Streptococci in Children
S. Pradopo1, M. N. Ashrin2, U. Tedjosasongko1 and P. Nuraini1

1 Department of Pediatric Dentistry, Faculty of Dentistry
Airlangga University, Surabaya Indonesia

2Department of Dental Material, Faculty of Dentistry
Hang Tuah University, Surabaya Indonesia

The aim of the study was to examine the level of
Mutans Streptococci in saliva after the use of Piper
Betle Linn Extract Tooth Paste in children. The sam-
ples were the students of Kendangsari Elementary
School Surabaya Indonesia in range of age 10 to 12
years old, with good oral hygiene, DMFt 3-5, and no
calculus. The samples were divided into experiment
group (tooth paste + fluoride + piper betle linn) and
control group (tooth paste + fluoride), with 10 subjects
each. Prior to experiment both groups were trained
with roll brushing method and 2 ml of saliva samples
were collected. After tooth brushing using roll tech-

nique, the saliva of the experiment group and control
group were re-collected. 0.22 ml of saliva samples of
each group was cultured in 2 ml of BHI broth, and
then 0.6 ml of the solution was taken and cultured in
Mitis Salivarius Bacitracin, incubated anaerobically in
37°C for 48 hours. The colony counting was done and
statistically tests using Wilcoxon Signed Rank Test and
Mann-Whitney Test. The result showed that level of
Mutans Streptococci decreased significantly after tooth
brushing using Piper Betle Linn Extract Tooth Paste
compared with control group.
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The Role of Gene Expression Patterns in
Aggressive Periodontitis in Surabaya-Indonesia
C. Prahasanti and M. Rubianto

Deparment of Periodontic, Airlangga University

BACKGROUND : Aggressive periodontitis is a specific
type of periodontitis with clearly identifiable clinical
findings, rapid attachment loss and alveolar bone de-
struction. Genetic variations may also act as protective
or risk factors for certain conditions, including
periodontitis. This high familial aggregation of cases
indicates that genetic factors are important in suscepti-
bility Aggressive periodontitis, most genetic research
in periodontitis has focused on gene polymorphisms
that play roles in immunoregulation or metabolism,
such as cytokines, cell-surface receptors, chemokines,
enzymes and others that are related to antigen recog-
nition. Familial aggregation reports have shown clus-
tering within families.

OBJECTIVE : Localized Aggressive periodontitis is pr-
evalent many adolescent and young adult in Surabaya.
The prevalence increased from 9% in 1991 to 13% in
2003. These reports the role of gene expression pattern
in aggressive periodontitis in Surabaya - Indonesia.

LITERATURE STUDY : Interleukin-1 (Interleukin-la and
interleukin-lb) plays an important role in periodonti-
tis, two functionally similar molecules, have been rec-
ognized as central pro-inflammatory cytokines. How-
ever, these findings were not supported by other stud-
ies on interleukin-1 polymorphism in aggressive peri-

odontitis in Caucasian African-American, North Euro-
pean, and Brazilian.b Polymorphisms within the inte-
rleukin-10 gene promoter appear to influence regula-
tion of its expression. Association of the interleukin-10
gene with aggressive periodontitis, but no positive
outcome was reported. The association between Fc
gamma receptor gene polymorphisms and the risk for
aggressive periodontitis have been investigated. Al-
though the results varied among studies, it seems that
the Fc gamma receptor- encoding gene is related to
susceptibility to aggressive periodontitis. Results sug-
gested that the genetic polymorphism at the Fc alpha
receptor I ligand-binding site may be associated with
susceptibility to aggressive periodontitis in Japanese
individu als.

CONCLUSION : Identifying genes can therefore result
in novel diagnostics for risk assessment, early detec-
tion and individualized treatment approaches, that
contribute to the pathogenesis of periodontitis agresive
therapeutic and scientific repercussions. Age limita-
tions in diagnosing clinical phenotypes present unique
difficulties in genetic analysis because periodontal in-
formation may be unavailable on the very young few
family linkage studies of aggressive periodontitis have
been carried out and the results are conflicting.
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Epithelial and Fibroblast Proliferation, Type I
Collagen Expression and Wound Healing
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Wound healing comprised of 3 phases : inflammatory,
proliferative and remodeling phases. Epithelial cells
and fibroblasts play the important role in proliferative
phase by proliferation and secrete several extracellular
matrix proteins such as collagen.

OBJECTIVES : To investigate effects of j3 -(l,4)-acetylat
ed polymannose, the polysaccharide extracted from
Aloe vera gel, on proliferation of oral epithelium and
fibroblasts, expression of type I collagen and its effect
on oral wound healing in rats.

METHODS : Oral epithelial cells and fibroblasts were
treated with different concentrations of j3 -(l,4)-acetyla
ted polymannose (2.5, 5, 10, 20, 40, 80 and 160 nM)
for 24 hours. Cell proliferation was determined by
[3H]-thymidine incorporation assay. The level of type

I collagen expression were detected by ELISA. Punch
biopsy wounds at hard palate of Sprague Dawley rats
were used to evaluate effect of /3 -(l,4)-acetylated po-
lymannose on oral wound healing. Animals were di-
vided into 6 groups. In group 1, animals were topi-
cally treated with normal saline as negative control
and group 2 were treated with Kenalog® as reference
treatment. In group 3, animals were treated with plain

CarbopolR, mucoadhesive polymer. In group 4, 5 and
6, animals received Carbopol® containing j3 -(l,4)-acet
ylated polymannose 50, 100 and 200 nM, respectively.
All vehicles were applied daily and wound areas were
observed at day 7.

RESULTS : j3 -(l,4)-acetylated polymannose (20 and 40 -
160 nM) significantly stimulated epithelial and fibrob-
last proliferation, respectively (p<0.05). In addition,

/3 -(l,4)-acetylated polymannose at concentration 40-160
nM significantly enhanced type I collagen expression
(p<0.05). The wound healing of animals received j3 -
(l,4)-acetylated polymannose 50 nM were significantly
better than the animals received Kenalog® and plain
Carbopol® (p<0.05).

CONCLUSION : These findings suggest that j3 -(l,4)-ac
etylated polymannose plays a role in wound healing
process, at least via the induction of epithelial and
fibroblast proliferation and stimulation of type I colla-
gen expression.

This study was supported by Thai Government Re-
search Fund 2004-2006 and the 90* anniversary of
Chulalongkorn University Fund (Ratchadphiseksom-
phot Endowment Fund) 2007.
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Expression of Cytolethal Distending Toxin of
Aggregatibacter Actinomycetemcomitans
Causes DNA Damage and Induces Apoptotic
Cell Death in Budding Yeast
O. Matangkasombut1 2, R. Wattanawaraporn2 3, M. Ohara4 5, M. Sugai
and S. Mongkolsuk 2,6

1 Department of Microbiology, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
2Laboratory of Biotechnology, Chulabhorn Research Institute, Bangkok, Thailand
3Graduate Program in Applied Biological Sciences, Chulabhorn Graduate Institute, Bangkok, Thailand
4Department of Bacteriology, Graduate School of Biomedical Sciences, Hiroshima University, Japan
5Hiroshima University Hospital, Hiroshima University, Japan
6 Department of Biotechnology, Faculty of Sciences, Mahidol University, Bangkok, Thailand

ABSTRACT
Aggregatibacter actinomycetemcomitans (Aa) is a bacterial
species important in the pathogenesis of periodontal
diseases. It possesses many virulence factors includ-
ing the production of several toxins, one of which is
Cytolethal Distending Toxin (CDT). AaCDT has been
shown to cause G2 cell cycle arrest and apoptosis in
many cell types, and thus may play a role in its
pathogenicity. To characterize the mechanisms of CDT-
induced cell death, we used the genetically tractable
budding yeast, Saccharomyces cerevisiae, as a model sys-
tem. We introduced the catalytic subunit CdtB, which
has homology to DNase I, into yeast cells under the
control of a galactose-inducible promoter. CdtB expres-
sion is toxic to wild-type yeast cells as shown by
lower growth on galactose-containing medium. The
toxicity is abolished by the mutation of the conserved
DNase catalytic Histidine residue (H274A). This indi-

cates that DNase activity is critical for CdtB toxicity
and implies that CdtB induces cell death by causing
DNA damage. To test this hypothesis, we expressed
CdtB in yeast strains defective in DNA repair, such as
rad51A and rad53A strains. As expected, these strains
are hypersensitive to CdtB induction. In contrast, yeast
strains with deletions of genes important in apoptotic
cell death pathways show resistance to CdtB expres-
sion. This suggests that CdtB-induced yeast cell death
is apoptotic and requires active participation of
apoptotic genes, such as YCA1, the yeast metacaspase
gene. In conclusion, our results suggest that CdtB ex-
pression causes DNA damage and induces apoptotic
cell death in yeast. Highly conserved features of
apoptosis and DNA repair pathways in yeast and
mammalian cells ensure that this model system will
be useful in further dissecting the mechanisms of CDT
toxicity that is applicable to human cells.
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p53 Gene Mutation and p53, MDM2, Ki67,
MMP9 Expression in Oral Squamous Cell
Carcinomas in Vietnamese Patients
N. T. Hong1, N. S. Trung1, N. C. Hung1, K. Sakamoto2, M. Takagi2 and N. Tsuchida2

1 University of Medicine and Pharmacy at Ho Chi Minh city, Vietnam
2Tokyo Medical and Dental University, Japan

OBJECTIVES : To investigate p53 gene mutation and
the pattern of p53, MDM2, Ki67, MMP9 expression in
oral squamous cell carcinomas (SCC) in Vietnamese
patients and to evaluate their prediction values.

METHODS : Immunohistochemical staining was per-
formed in 110 oral SCC sections. PCR-SSCP and DNA
sequencing were proceeded for analysis of exons 5-8
of p53 gene in 18 cases.

RESULTS : A relatively high rate of mutations (44.4%)
in exon 5, 7, 8 of p53 gene was detected, notably in
exon 8 and most of them were missense mutations.
Protein overexpression was found in 75.5% cases for
p53, 67.3% for Ki67, 56.4% for MMP9 and 36.4% for

MDM2. p53 positive staining showed a significant as-
sociation with high histologic grade, nodal metastasis.
MDM2 positive staining was mostly found in low-
grade tumors, whereas increased Ki67 expression was
commonly observed in high-grade tumors. MMP9 ov-
erexpression was significantly correlated to radioresis-
tance, poor survival, high histologic grade and nodal
metastasis.

CONCLUSION : p53 gene mutation and increased p53,
MDM2, Ki67, MMP9 expression were often found in
oral SCC in Vietnamese patients. Overexpression of
p53, Ki67 and MMP9 was associated with poor prog-
nostic factors in oral SCC.
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Betel Chewing and Oral Mucosal Lesions in a
Vietnamese Population Sample
T. T. K. Cue, N. T. B. Ngoc and N.T. Hong

Department of Oral Pathology, Faculty of Odonto-Stomatology, University of Medicine and Pharmacy at
Ho Chi Minh city, Vietnam

Betel quid chewing is a habit that was introduced in
Vietnam milleniums ago and nowadays, it is still prac-
ticed in rural areas, mostly among elderly women
(6.7% of female population). Clinical studies on oral
cancer patients showed a relatively high prevalence
and gender specific site distribution of oral cancer in
females that could be attributed to this habit (63.3%
female oral cancer patients were betel chewers). This
study was conducted in a population sample living in
the outskirts of Ho Chi Minh city where betel plants
and areca palm trees are grown. The objectives of the
study were to investigate the modalities of betel quid
chewing and to determine the prevalence of oral
mucosal lesions. Two groups, one of 152 chewers and
the other of 137 non chewers, comparable in age and
living conditions were included in the survey. Direct
examination was conducted by 2 calibrated examiners
and was followed by an interview on the betel chew-
ing habit. Oral mucosal lesions were classified and re-

corded according to the WHO guide lines for oral
mucosal lesions survey, 1995. The results of the sur-
vey showed that 98% of chewers were above 60 years
old and 84.3% had had this habit for more than 20
years. The betel quid usually consist of a betel leaf, a
piece of areca nut and slaked lime. Tobacco is a main
ingredient of the betel quid (81.7%). The prevalence of
oral mucosal lesions was significantly higher in che-
wers (80.4%) as compared to non chewers (37.2%) in
eluding : betel chewer's mucosa (66%), oral submucous
fibrosis (13%), lichen planus (5.2%) and leukoplakia
(3.9%). In non chewers, all other lesions were not de-
tected apart from lichen planus which was observed
in 1.5% cases. It is concluded that oral mucosal lesions
were significantly more prevalent in the betel quid
chewing population. Therefore issues related to the
prevention and management of such lesions should be
addressed in health care programs of this particular
region.
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Current Developments in Candida Biofilm
Proteomics, Cellular Imaging and Drug
Resistance
C. J. Seneviratne, Y. Wang*, L. J. Jin and L. P. Samaranayake

Oral BioSciences, Faculty of Dentistry; *Genome Centre, The University of Hong Kong, Hong Kong.
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BACKGROUND : Candida infections primarily begin
with surface adherence of cells leading to the forma-
tion of surface attached communities known as biofi-
lms. The major clinical relevance of Candida biofilms is
their high resistance to antifungals.

OBJECTIVES : The mechanisms underlying Candida
biofilm formation and their resistance to antifungals
are poorly understood. In this study, we used a
proteomic based approach to characterize the protein
markers that are differentially expressed in Candida
biofilms in comparison to planktonic counterparts.

EXPERIMENTAL METHOD : Both reference and wild t-
ype strains of C. albicans were used. Candida biofilms
and age matched planktonic (free floating) forms were
obtained in parallel. Antifungal tests were done for
commonly used antifungals, nystatin, amphotericin-B,
ketaconazole, 5-FC and caspofungin. Afterwards Can-
dida biofilm and planktonic protein were extracted ac-
cording to the standard protocol and subjected to two-
dimensional gel electrophoresis. Comparative gel ana-
lysis was done for elucidation of up and down regu-
lated proteins in Candida planktonic and biofilm pr-
oteome. Protein identities were deduced using Tandem
Mass Spectrometry and bioinformatics algorithms. Fur-

thermore, transcriptomic regulation of selected ge-
nes was analyzed by RT-PCR. These proteomic experi-
ments were coupled with Scanning Electron microcopy
(SEM) and Confocal Scanning Laser Microscopy (CS-
LM) imaging of Candida biofilms.

RESULTS : Candida biofilms had higher antifungal resis-
tance for all five tested antifungals compared with
planktonic mode. SEM and CSLM showed biofilm ar-
chitecture of a structured community with varying
morphotypes, embedded in a voluminous matrix of
extra cellular polysaccharides. Proteins that were pre-
sent in preponderance were antioxidants such as alkyl
hydroperoxide reductase, thioredoxin peroxidase and
thioredoxin. In addition, a drug target for echinocan-
din was significantly up regulated in Candida biofilms.
Transcriptomic analysis revealed that some of these
genes were up regulated even at transcriptomic level.

CONCLUSION : Taken together, these data imply that
the increased antioxidants may contribute to the
higher antifungal resistance seen in Candida biofilms.

ACKNOWLEDGEMENT : Hong Kong Research Grants
Council, RGC No. HKU 7624/06M
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Comparison of Dento-Skeletal Conditions of
Orthodontics Patients With and Without
Unilateral Complete Clefts of Primary and
Secondary Palates
P. Pisek*, M. Manosudprasit and K. Godfrey

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

BACKGROUND AND RATIONALE : Dento-skeletal gr-
owth and development of patients with cleft lips and
palate are affected by genetic factor, initial surgical
operations, and orthodontic treatment. Therefore, the
present study involves cephalometric analysis of pa-
tients with unilateral complete cleft lip and palate in
order to clarify their dento-skeletal morphology and to
evaluate their treatment outcomes following primary
surgical repair.

PURPOSE : To quantify and compare occlusal and sk-
eletal jaw relationships among children with and with-
out congenital unilateral complete clefts of primary
and secondary palate

METHODS : The study concerned dento-skeletal condi-
tions of 72 children (mean age ll.3 years) born with
unilateral complete clefts of primary and secondary
palates (UCLP) in Thailand who received primary re-
pair surgery from Khon Kaen University and seventy-
two children (mean age ll.8 years) orthodontically
treated Non-cleft patients from the same population,
matched for age and gender. The control group com-
prised one hundred and seventy-three children (mean

age 13.09 years) with Angle's Class I and acceptable
facial profile. Cephalometric analysis was used to de-
termine dento-skeletal conditions. All measurements in
each group were compared by use of One-way AN-
OVA and multiple comparisons test (Dunnett T3)

RESULTS : In comparing UCLP with Non-cleft and
normal group, anterior cranial base length was sig-
nificantly smaller, more retrusive position in UCLP
than in Non-cleft and normal group, maxillo-mandib-
ular position(ANB) were significant more Skeletal
Class III compared with Non-cleft group,(p < 0.05)

CONCLUSION : The subjects with UCLP had dento-
skeletal conditions that differed significantly from non-
cleft patients with malocclusion and a normal group.
It is further speculated that the Thai patients in this
study and those from other Asian studies have more
Class III malocclusion and skeletal Class III pattern
among the cleft subjects than among equivalent Cau-
casian groups. This could be attributed at least in part
to combined effects of the primary surgery and racial
differences.
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Knowledge and Attitude of Dental Students
towards Student-Centered Learning at the
Faculty of Dentistry, Khon Kaen University
W. Pitiphat1, K. Rugseelkunt2, V. Sanyayon2, S. Pitichareonpun2
and W. Sutanchaiyanonta1

1 Department of Community Dentistry, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
2Dental student. Faculty of Dentistry, Khon Kaen University, Khon Kaen Thailand

OBJECTIVES : To evaluate the knowledge and attitude
towards student-centered learning (SCL) among first-
to sixth-year dental students enrolled in the Faculty of
Dentistry, Khon Kaen University during the first tri-
mester of 2005.

METHODS : Data were collected by a self-administered
questionnaire (Cronbach's alpha=0.97) and presented
with descriptive statistics.

RESULTS : Two hundred and eighty-eight students
(96.6%) responded to the questionnaire. Students had
a mean SCL knowledge score of ll.9 (SD=2.1) (out of
16). Females had higher knowledge scores than mal-
es. Students with better cumulative grade point aver-
age (GPAX) scored higher than did those with lower
GPAX. Majority (81.3%) of the students agreed that
SCL was a useful teaching-learning approach. How-
ever, only 42.7 percent indicated they liked SCL, in
comparison to 57.0 percent who disliked it. Moreover,
most of the students (72.6%) responded that SCL was
not an appropriate method to use in the dental school.

When asked to choose appropriate approach for each
subject that they had previously taken, students
ranked lecture method as best-suited for 19 subjects
and direct instruction method for 10 subjects. Direct
instruction method was also ranked as second-best for
24 subjects, and case study method as third-best for 28
subjects. The largest proportion of the students
(36.8%) liked the direct instruction method most and
29.2 percent considered it as the most applicable
method, while 36.8 percent thought that the lecture
method helped them best in understanding the les-

sons.

CONCLUSION : Dental students had good knowledge
about SCL, while the attitudes were somewhat mixed.
Although students appreciated its usefulness, the ma-
jority disliked the SCL approach and indicated that it
was not suitable for the dental school curricula. Te-
achers and learners should work together to develop
educational methods that effectively help them achieve
academic goals and satisfying learning experience.
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Expression of Ki-67, p53, MDM-2 and Bcl-2 at
the Tumour Invasive Front in Oral Squamous
Cell Carcinoma
Y. F. Choon1, R. B. Zain1 and S. C. Cheong2

1 Faculty of Dentistry, University of Malaya (UM) la Lumpur, Malaysia
2Cancer Research Initiative Foundation (CARIF), Kuala Lumpur, Malaysia

BACKGROUND AND RATIONALE : Oral squamous cell
carcinoma (OSCC) is the 6th most common cancer
worldwide. While treatment modalities have improved
over the years, the survival rate of OSCC patients re-
mained low. Recent studies had shown that assessing
the activities of several markers at the tumour inva-
sive front might prove to be useful in providing es-
sential information regarding the tumour's aggressive-

ness.

STUDY OBJECTIVES : Current study aimed at describ-
ing the immunoexpression of several markers such as
Ki-67, p53, MDM-2 and Bcl-2 at the tumour invasive
front in OSCC and investigating the relationship of
the immunoexpression of these markers with demo-
graphic and clinicopathological characteristics in par-
ticular the pattern of invasion.

DESIGN AND EXPERIMENTAL METHODS USED : Forty
five formalin fixed, paraffin embedded OSCC samples
from Diagnostic Laboratory, UM, were included in the
study. Demographic and clinicopathological character-

istics were recorded. Immunohistoche- mistry with an-
tigen retrieval method was used to assess the expres-
sion of Ki-67, p53, MDM-2 and Bcl-2. Pearson's chi-
square and Fisher's exact test were employed for sta-
tistical analysis.

RESULTS : The study comprised of 25 male (55.6%) and
20 (44.4%) female subjects with a mean age of 59.0
year (±11.90). Most subjects were in Stage III (25.7%)
and IV (42.86%). A high number of samples showed
non cohesive pattern of invasion (68.9%) than cohesive
(31.1%). Twenty eight (62.2%) samples showed positive
Ki-67 immunostaining, 34 (75.6%) were positive for
p53, 44 (97.8%) were positive for MDM-2 and only
two (4.4%) were positive for BC1-2 immunostaining.
All positive staining were observed at the tumour in-
vasive front. None of the overexpression was signifi-
cantly related to any parameters investigated.

CONCLUSION : This study revealed a high number of
cases expressing Ki-67, p53 and MDM-2 protein except
for Bcl-2 at the tumour invasive front in OSCC.
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Application of MR Virtual Endoscopy as a
Presurgical Procedure before Sialendoscopy
G.-Q. Liao, Y.-X. Su and Z. Kang

Department of oral and maxillofacial surgery, Hospital of Stomatology, Sun Yat-Sen University, Guangzhou,
China

OBJECTIVE : To investigate the feasibility of clinical
application of MR virtual endoscopy as a presurgical
procedure before sialendoscopy, and to evaluate its
value in the diagnosis of obstructive salivary gland
diseases and preoperative visualization of endoluminal

views.

STUDY DESIGN : This study presents our initial experi-
ence to use MR virtual endoscopy for the presurgical
visualization of salivary duct lumen and ductal pa-
thologies in comparison to the sialendoscopic findings
in a feasibility study.

METHODS : Six consecutive patients with suspected
obstructive salivary gland diseases underwent MR
sialography with a three-dimensional fast imaging em-
ploying steady-state acquisition. The 3D MR data were
transferred to an independent workstation and were
post-processed with navigator software to generate
three-dimensional reconstruction and virtual endo-
scopic images. The fly-through mode was used to imi-

tate the sialendoscopic exploratory procedure. Then
the patients underwent sialendoscopy and the endos-
copic findings were compared with the preoperative
virtual endoscopic images.

RESULTS : The MR data acquisition and post-processing
protocol were feasible. The virtual endoscopy created
clear endoluminal views of salivary duct and the
ductal pathologies. The diagnoses were all confirmed
by surgical sialendoscopy. The virtual endoscopic im-
ages showed close resemblance to the sialendoscopic
findings.

CONCLUSIONS : MR virtual endoscopy is an effective
and noninvasive diagnostic method for evaluating the
endoluminal anatomy and pathologies of salivary
duct. The clinical application of MR virtual endoscopy
as a presurgical procedure before sialendoscopy is a
valuable and promising approach which can provide
surgeons useful morphological and pathological infor-
mation.
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Efficacy of ProTaper Universal Nickel-Titanium
Rotary System for Gutta-Percha Removal in
Endodontic Retreatment
L.-S. Gu

Guanghua School of Stomatology, Sun Yat-sen University

Contents of Abstracts
INTRODUCTION : The main goal of nonsurgical endo-
dontic retreatment is the complete removal of the pre-
existing root canal filling materials.

OBJECTIVE : To evaluate ProTaper Universal nickel-
titanium rotary system for gutta-percha removal dur-
ing root canal retreatment.

MATERIALS AND METHODS : Sixty extracted human
anterior teeth were randomly assigned to three groups
of 20 specimens each. The canals were enlarged and
obturated with lateral condensation technique. Retrea-
tment for group A was begun with ProTaper Univer-
sal rotary retreatment system, in which retreatment
files were used to reach the original working length.
Canal refining was accomplished with ProTaper nick-
el-titanium rotary shapig and finishing files. In group
B, filling materials was removed using Gates Glidden
drills, and Hedstrom files with chloroform. ProTaper
rotary shaping and finishing files were also used to
finish re-preparation of root canals. For group C, the

same method as group B was used for gutta-percha
removal. Canal reshaping was accomplished with
stainless steel K-flex files. The following parameters
were evaluated : time for reaching the original work-
ing length, time for gutta-percha removal, total time,
debris extruded apically. After clearing the teeth, the
area of remaining obturation material was measured
and compared statistically from 2 directions.

RESULTS : ProTaper Universal rotary technique in
group A worked significantly faster than the tech-
niques used in groups B and C (p<0.05). Retreatment
in groups B and C resulted in a higher amount of de-
bris extrusion compared with group A, with a signifi-
cant difference between groups A and C (p<0.05). As
for the canal cleanliness, group A had a smaller per-
centage of areas covered by gutta-percha and sealer
than groups B and C, with the difference between
groups A and C being significant (p< 0.05 ).

CONCLUSION : The ProTaper Universal rotary system
was proved to be an efficient and time-saving device
for gutta-percha removal in endodontic retreatment.

®



118

08-1

Correction of a Class II Division I
Malocclusion Using a Modern Bionator
Appliance
Y. C. Lin1, H. H. Tsai2, H. C. Lin1 and S. Y. Lee1

1 Department of Orthodontics, Taipei Medical University
2Department of Oral Hygiene, Taipei Medical University

BACKGROUND AND RATIONALE : The bionator appli-
ance was developed for class II corrections with man-
dible retrusion, but there are some limitations due to
lower incisor flaring or crowding. In addition, much
research has shown there to be no change in the for-
ward growth of the maxilla. To overcome these short-
comings, some modifications were developed in this
new modern bionator.

HYPOTHESIS OR STUDY OBJECTIVE : The aim of this
study was to present a modern bionator appliance
with [high pull?] head gear for treatment of cases of
class II malocclusion with mild dental crowding. The
bionator not only can correct mildly crowded teeth,
but can also control maxillary growth and advance the
mandible to achieve a class I [correction/status?] and
facial harmony.

DESIGN AND EXPERIMENTAL METHODS USED : Two
patients with class II division I malocclusions during
Hellmann's dental age IIIB stage were selected for
bionator treatment. They were instructed to wear the
bionator and the high pull headgear for at least 10 h

a day. The design of the modern bionator includes la-
bial wires and resin caps at the upper and lower ante-
rior segments. By adjusting the labial bow loops, the
anterior teeth can be retracted and uprighted. In the
buccal segment, there are occlusal resin wedges to
force the posterior teeth to tip distally. With the addi-
tion of a mandibular lingual expansion screw, the
dentoalveolar arch can be expanded, making the teeth
less crowded. Active treatment time is about 1.5 years.

ESSENTIAL RESULTS : Cephalometric analysis showed
that the SNA and ANB angles decreased and the SNB
angle increased in these cases after treatment. Both the
upper and lower incisors were uprighted and the mo-
lars were tipped back; crowding was also relieved.
The treatment results for these two patients were very
acceptable.

CONCLUSIONS : From these two case reports, we
show that a modern bionator is effective in class II di-
vision I treatment for both skeletal and dentoalveolar
correction without using fixed appliances.
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Clinical and Histological Evaluation of
RBM-Surfaced Implants Placed Immediately in
Fresh Extraction Sockets of Beagle Dogs
W.-H. Yun

Department of Periodontology, College of Dentistry, Wonkwang University

BACKGROUND : Numerous studies have been con-
ducted to enhance surface geometry of implant.
Resorbable blast media(RBM)-surfaced implant was
specifically developed to provide uniform roughness
and enhanced surface for osseointegration of titanium.

Nowadays, a variety of domestic implants are be-
ing developed. However, the data related to surface
characteristics of these materials are quite insufficient.

PYRPOSE : The aim of this study was to compare the
reaction of peri-implant tissues to three kinds of RBM-
surfaced implants placed immediately in extraction
sockets of beagle dogs.

Materials and method : Three kinds of RBM-surfaced
implants were randomly inserted into seven beagle
dogs ; Lifecore (4.1 mm * 8 mmSTAGE-1®, Lifecore,
U.S.A.), Avana (4.0 mm * 8.5 mmSS-III®, OSSTEM
, Korea.) and Dio (4.0 mm * 8 mm, IFI® DIO, Ko-
rea). Total of 21 implants were used. Clinical and

histological examinations were performed at 6 weeks
and 12 weeks after placement.

RESULTS : All the inserted site showed normal healing
patterns without failure and inflammation. Periotest
values (PTV) for clinical evaluation were not signifi-
cantly different among the implants at both 6 and 12
weeks (p<0.05).

Histologically, bone to implant contact ratios (BIC)
were 42.4+17.3% for Lifecore, 32.0±ll.l% for Avana,
and 34.9±20.3% for Dio at 6 weeks. At 12 weeks, BIC
were 58.5±5.1%, 61.9±6.1%, and 57.5±6.0% in the
same order. There were no significant differences
among the implants at both 6 and 12 weeks. (p<0.05).

CONCLUSION : From the results of clinical and
histological evaluation, 2 kinds of domestic implants
were comparable to Lifecore implant in terms of sta-
bility of implant and degree of osseointegration.
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Effect of Different Time Periods of Vital
Bleaching on Flexural Strength of Bovine
Enamel and Dentin Complex
S. Abedini and M. Ghavamnasiri

Marjaneh Ghavamnasiri; Department of Operative Dentistry, Mashhad Dental School. Mashhad, Iran
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BACKGROUND AND RATIONALE : Vital bleaching
needs some materials which should be beneficial and
lead to the least tooth structural damage. These days
patients show more tendency for bleaching their col-
ored teeth but despite a lot of researches which have
been done about vital bleaching, the principal issue
that hadn't been investigated was the effect of vital
bleaching agents on the flexural strength of the tooth.

OBJECTIVE : The aim of this in vitro study was to
evaluate the effect of vital bleaching agents on the
flexural strength of enamel and dentin complex in dif-
ferent time periods.

Methods and Materials : 100 sound bovine teeth
were selected. Blocks (2X3X8 mm) from the middle
portion of the facial surfaces of each crown were sec-
tioned from the teeth. The dentinal part of the teeth
was covered by wax.
Specimens were randomly divided into five groups
(n=20) based on the time period of vital bleaching.
Group 1 comprised the control group kept in artificial
saliva. The experimental groups subjected to immer-
sion in 20% carbamide peroxide, Opalescence, for two,
four, six and eight weeks, respectively (eight hours

daily). Mechanical testing was performed 24 hours af-
ter the last treatment using an Instron Universal Test-
ing Machine with a crosshead speed of 0.5 mm/min.
Data was gathered and ANOVA and Tukey test
showed the statistically significant differences( a =0.05).

RESULTS : Statistically significant difference in flexural
strength was noted among the groups. A statistically
significant difference was observed between Group 2
(two week bleach) and the control (P<0.05).There was
no significant difference among other groups.. In this
context two hypotheses might be considered; first it
could be that remineralization might have happened
due to salivary action which could have compensated
the initial decrease in the flexural strength of the
specimens. Another explanation of the observed re-
sults might be the softening of the tooth structure due
to the reduction of fracture toughness which has
caused an increasing resistance of the specimens to
fracture at 4, 6 or 8 weeks periods.

CONCLUSION : Application of 20% Carbamide Perox-
ide for two weeks provided significant decreases in FS
of bovine enamel and dentin complex. Similar de-
creases were not observed among the other groups.
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Effect of Radiation on Oral Cancer Cell
Osteoblast Interactions
S. Banik1, M. Sawajiri2, J. Mizoe3 and K. Tanimoto1

1 Graduate School of Biomedical Sciences, Hiroshima University
2Department of Oral and Maxillofacial Radiology, Hiroshima University Hospital
3Research Center for Charged Particle Therapy, National Institute of Radiological Sciences

BACKGROUND : This work was to evaluate the effect
produced by conditioned medium from oral squamous
carcinoma cell (HSC3) culture on osteoblast (MC3T3-
El) osteoclastogenesis related cytokines.

OBJECTIVES : The aim of this study was elucidate the
effect of carbon-ion irradiation on oral cancer cell bone
invasion and cancer-induced osteoclastogenesis and re-
lated cytokines.

METHODS : HSC3 was cultured to confluence, and
then exposed to 0, 2, 4, or 6 Gy of carbon-ion irradia-
tion. MC3T3-E1 was cultured for 6 days after adding
conditioned media derived from HSC3 cell cultures.
The expression of parathyroid hormone related protein
(PTHrP) mRNA in HSC3 and osteoclastogenesis re-

lated cytokines mRNA in MC3T3-E1 was measured
using real-time PCR.

RESULTS : Carbon-ion irradiation suppressed the ex-
pression of PTHrP in HSC3 in a dose-dependent man-
ner. Osteoblasts treated with conditioned media from
carbon-irradiated cancer cells were significantly sup-
pressed expression of osteoclastogenesis related cytok-
ines mRNA between 70.94% and 20.94% depending on
irradiated dose.

CONCLUSIONS : Carbon-ion irradiation prevented
osteoclasts development, and PTHrP was a factor pre-
dicting bone invasion by oral cancer. The results sug-
gest that carbon-ion irradiation may prevent bone in-
vasion in oral squamous cell carcinoma.
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Regeneration of Bone by Synthetic Peptide of
Ameloblastin
S. lizuka1, M. Yoshida1, M. Kitagawa2, K. Sakamoto1, M. Mlyauchi1 and T. Takata1

1 Department of Oral and Maxillofacial Pathobiology, Hiroshima University Graduate School of Biomedical
Sciences

2Center of Oral Clinical Examination, Hiroshima University Hospital

Wepreviously found that ameloblastin, one of enamel
matrix proteins, plays important roles in differentiation
of periodontal ligament cells. It was recently reported
that ameloblastin is related to craniofacial bone devel-
opment in rats. As N-terminal of ameloblastin (AMB-
N) is well conserved in different species, we examined
regeneration effects of synthetic AMB-N peptide on
bone both in vitro and in vivo models. First, we ex-
amined effects of AMB-N peptide on differentiation of
osteoblasts. The peptide increased expression of alka-
line phosphatase (ALP) and bone sialoprotein (BSP)
mRNA, ALPase activity and minerarization in MC3T3-
El cells. Moreover, enhanced ALPase activity by
AMB-N peptide was abolished by addition of an a-
meloblastin antibody. Next, we examined effects of
AMB-Npeptide on bone regeneration in vivo by us-
ing a rat cranial bone defect model. After 4 weeks of
surgery, AMB-N peptide treated calvarial bone defects
were nearly completely filled with newly formed bone

tissues, while newly formed bone tissues did not fill
in control bone defects. Moreover, to examine the
mechanism of mineralization by AMB-N peptide, we
cloned 48 bp of N-terminal ameloblastin sequence into
PFLAG-CMV3 with extracellular secretion sequence
and PFLAG-CMV4 without extracellular secretion se-
quence. Then we obtained AMB-N expressiong and
secreting cells (PFLAG -CMV3-AMB-N) and AMB-N
expressing and non-secreting cells (PFLAG-CMV4-
AMB-N). PFLAG-CMV3-AMB-N showed increased
ALP and BSP mRNA expression, ALPase activity and
minerarization, while PFLAG-CMV4-AMB-N did not.
These findings suggest that AMB-N peptide may en-
hance mineralization mediated by the binding with
unknown receptor on the cell surface. In summary,
AMB-Npeptide enhanced mineralization of osteoblasts
both in vitro and in vivo. We suggest that AMB-N
peptide can be used for bone regeneration.
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Effect of Brain-Derived Neurotrophic Factor in
Cementoblast Like Cells
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Brain-derived neurotrophic factor (BDNF) is known to
play a role in proliferation and differentiation in vari-
ous types of cells. We have reported that BDNF pro-
motes the periodontal tissue regeneration in dog stud-
ies. BDNF was especially effective for cementum re-
generation. Since the functional periodontium is struc-
tured with cementum, alveolar bone, and connective
tissue fibers inserted into these hard tissues, the recon-
struction of cementum on denuded dentin surface is a
key to regenerate periodontal tissue with the func-
tional periodontium. In the present study, in order to
elucidate the regulatory mechanism of BDNF on
cementoblasts functions, we examined the mRNA ex-
pression of the bone/cementum-related proteins (alka-
line phosphatase [ALPase], osteopontin [OPN] and
bone morphogenetic protein [BMP-2] and their signal-
ing pathway after BDNF stimulation in cultures of hu-
mancementoblast-like (HCEM) cells. HCEM cells were

immortalized by transfection of hTERT gene (Kitagawa
et al. , 2006). The mRNA expressions were deter-
mined by real-time PCR. BDNF (20 ng/ml) caused a
2.9-fold increase in ALPase mRNA expression, a 2.2-
fold increase in OPN mRNA expression and a 3.2-fold
in BMP-2 mRNA expression in HCEM cells (p < 0.01,
ANOVA). siRNA of trkB, a high affinity receptor of
BDNF, siRNA of Elk-1, a downstream target of
ERK1/2, and PD98059, an ERK inhibitor, abolished the
increase in the mRNA levels (p < 0.01, Mest). BDNF
increased the levels of phosphorylated ERK1/2 and
Elk-1. siRNA of trkB and PD98059 suppressed the
phosphorylation of ERK1/2 and Elk-1. Furthermore,
BDNF increased the levels of phosphorylated c-Raf
which activates the ERKs signaling pathway. These
findings suggest that BDNF induces mRNA expression
of ALPase, OPN and BMP-2 through a trkB-c-Raf-
ERKl/2-Elk-l signaling pathway in HCEM cells.

j
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A Trial Appliance of Tailor Made
Tissue Engineered Bone for
Alveolar Ridge Augmentation
K. Kamada1, M. Nishimura1, F. Suehiro1, K. Sekiya1, Y. Sakai2 3, M. Sakai3,
D. Nakamura3, M. Tsuboi1, K. Tsuji3, Y. Kato2 3 and T. Hamada1

1 Departments of Prosthetic Dentistry
2 Dental and Medical Biochemistry, Graduate School of Biomedical Science, Hiroshima University
3Two Cells Co. Ltd.

BACKGROUND : Thin alveolar ridge needs augmenta-
tion by bone graft matrices for dental implant place-
ment or denture stabilization. Autologous bone trans-
plantation is used for the gold standard for ridge aug-
mentation; however several disadvantages are in-
cluded for its usage. Various artificial scaffolds has
been examined for ridge augmentation, however a cer-
tain methods has not been established. Mesenchymal
stem cells (MSC) can easily be obtained by bone mar-
row aspiration. Usage of MSC combined with artificial
scaffolds might be useful and reliable tool for ridge
augmentation.

OBJECTIVE : The objective of this study was to grope
a method for alveolar ridge augmentation by mini-
mally invasive surgery.

EXPERIMENTAL METHODS : A female beagle dog (13
month after birth) was used. Iliac bone marrow cells
were aspirated and isolated MSC were maintained in
ordinal medium. Bilateral lower premolars were ex-
tracted 8 months before transplantation. Beta-
Tricalcium Phosphate (b-TCP; OSferion) blocks (50x30

xlO mm) were trimmed by sterilized drill to fit the
edentulous alveolar ridge, and the block was im-
mersed in 2xlO7 MSC cells/5 ml medium. The MSC/b-
TCP complex was cultured in bone inductive medium
for 2 weeks. The calcified MSC/b-TCP complex was
fixed to the right side of the edentulous ridge using
titanium micro screw. b-TCP without MSC was fixed
to the left side as a control. One month after trans-
plantation, transplanted site of the jaws were taken
out, decalcified, cut in thin specimen, H&E stained,
then observed by microscope. The study was submit-
ted according to the Ethical Committee for animal re-
search, Hiroshima University.

RESULTS : Control side of the explant was exposed out
of the mucosa after 2 weeks, so the explant was re-
moved. Right side of the explant was stabilized well,
and osteoid structure was observed in b-TCP.

CONCLUSION : Tailor made artificial bone made by b-
TCP and MSC might be useful for alveolar ridge aug-
mentation.

H
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Influence of Elevation of GGT by Cholestatlc
Liver Disease on Bone and LPS Induced
Alveolar Bone Destruction
Y. Kawazoe1, M. Miyauchi1, M. Kitagawa4, K. Sakamoto1, S. lizuka1, A. Taguchi2,
S. NHda5, S. Tazuma3 and T. Takata1

1 Department of Oral and Maxillofacial Pathobiology
2Department of Oral and Maxillofacial radiology
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5Department of Geriatric Sciences, National Institute for Longevity Sciences

BACKGROUND AND STUDY OBJECT : It is well kno-
wnthat elevation of serum y-gulutamyl transpeptid-
ase (GGT) level is observed in patients with cholestatic
liver diseases. Recently, we identified GGT as a novel
bone resorbing factor. Furthermore, we demonstrated
that topically applied GGT to rat gingival sulcus in-
duced alveolar bone resorption. Theses findings indi-
cate a possibility that the elevated serum GGT in pa-
tient may be responsible for reduced bone mass
through activation of osteoclastogenesis. However, lit-
tle is known about relationship between elevated se-
rum GGT level and reduced bone mass. The aim of
this study was to analyze effects of elevated serum
GGT on bone quality and LPS-induced alveolar bone
destruction using rat bile duct ligation (BDL) model.

MATERIAL AND METHODS : Seven-week-old Wistar
strain male rats were divided into two groups sub-
jected with BDL or Sham operation (Control). After 1
and 2 weeks, we measured serum GGT level and
bone density of lower body (Dual Energy X-Ray Ab-

soptimetry). Number of osteoclast and % bone mass
in the femur and alveolar bone were histomorphome-
trically analyzed. Furthermore, 5 mg/mL E. coli LPS
was topically applied to gingival sulcus of BDL and
Control animals at ll days after each operation to in-
duce alveolar destruction. Number of osteoclasts ap-
peared along the alveolar bone margin was counted at
3 days after LPS application.

RESULTS : In BDL group, marked elevation of serum
GGT level was evident. Decrease in bone mineral den-
sity, loss of bone mass and increase of osteoclasts
were induced associated with elevation of serum GGT
level. In BDL animals with elevation of serum GGT
level, osteoclast formation caused by LPS application
was markedly promoted than Control animals.

CONCLUSION : These findings suggested that the ele-
vated of serum GGT level in patients with cholestatic
liver disease may be a potent risk factor of osteoporo-
sis and periodontal disease.
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Skp2 Expression Is Associated with Down-
Regulation of p27 Protein and Cell Proliferation
in Salivary Adenoid Cystic Carcinoma
M. R. Keikhaee1, Y. Kudo1 , S. Siriwardena1, L. Wu3, I. Ogawa2 and T. Takata1

1 Department of Oral and Maxillofacial Pathobiology, Division of Frontier Medical Science, Graduate
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2Center of Oral Clinical Examination, Hiroshima University Hospital, Hiroshima, Japan
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Adenoid cystic carcinoma (ACC) is a malignant sali-
vary gland tumor, which shows frequent recurrence
and metastasis, ultimately with a poor outcome. We
previously demonstrated that p27 down-regulation is
frequently found and is due to an enhancement of its
degradation in ACC. In this study, we transfected
nondegradable p27 mutant (T187A) and wild-type
gene into ACC cell line. Transfection of T187A mutant
gene was more effective on inhibition of cell growth
of ACC cells, suggesting that aberration of p27 degra-
dation may be present in ACC. As F-box protein S-
phase kinase-associated protein 2 (Skp2), which is nec-
essary for ubiquitin-mediated degradation of p27, is
involved in p27 down-regulation in various cancers,

we examined the Skp2 expression and its association
with p27 expression in 50 ACC cases. We found Skp2
expression in 36% of ACC cases and inverse associa-
tion between the expression of Skp2 and p27. Moreo-
ver, Skp2 small interfering ribonucleic acid (siRNA)
transfection decreased Skp2 protein and accumulation
of p27 protein and inhibited the cell growth of ACC
cells in vitro. These findings, overall, suggest that
Skp2 may play an important role in ACC develop-
ment through the down-regulation of p27 and that
Skp2 siRNA can be a novel modality of cancer gene
therapy for suppression of p27 down-regulation in
ACC.
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Effects of Sex Hormone and TGF-/?1 on Bone
Growth in Newborn Mice
M. R. Arturo1, J. Ohtani1, T. Fujita2, T. Kawata1, M. Kaku1, Y. Tohma1, M. Motokawa1,
H. Kamada1, M. Tal1, N. Tsuka1, H. Sunagawa1, H. Koseki1 and K. Tanne1

1 Department of Craniofacial Developmental Biology, Hiroshima University, Hiroshima, Japan and
2Division of Orthodontics, University of Geneva, Switzerland

It is well known that sex hormone exerts substantial
influences on bone metabolism. Meanwhile, Trans-
forming growth factor-betal (TGF- j3 1) is widely dis-
tributed in adult bony tissues, is an important regula-
tor of bone metabolism. The purpose of this study
was to investigate the effects of sex hormone and T
GF- j3 1 on bone growth and metabolism in newborn
mice. Orchiectomy (ORX) and Ovariectomy (OVX)
were performed for five-day-old C57BL/6J mice and
then 17-b estradiol (E2) and 5 a -dihydrotestosterone
(DHT) were given daily immediately after surgery. At
1, 4, 8 weeks after surgery, these animals were
sacrified for morphometric and immunohistochemical
analysis and blood was taken for the quantification of
TGF- B 1 in serum. Furthermore, the mandible was
resected immediately after birth and subjected to or-
gan culture with anti-hTGF- & 1 for twelve days.

Femure and mandibular growth were reduced in the
ORX and OVX groups, however, growth deficiency
was not found in the ORX and OVX groups with E2
injection until 4 weeks after surgery. The expression of
TGF- j3 1 in cartilage layers were substantially lower in
the ORX and OVX groups. The concentration of TGF-
$ 1 in serum were significantly smaller in the ORX
and OVX groups than in the control groups. These
phenomena were corrected by E2 injection, but not by
DHT injection in both sexes. In organ culture,
mandibular growth was reduced significantly by anti-
hTGF- /3 1 antibody. These results highly emphasize
that estrogen deficiency causes the reduction of TGF-

j3 1 in serum, which is speculated to induce bone
growth disturbances. It is shown that sex hormone has
an indirect pathway via TGF- j3 1 to osteoclast and
chondrocyte as well as the direct effects.
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Prostaglandin E2 Inhibits Mineralization and
Enhances Cementoblast-Mediated
Degradation and Cementoclastogenesis
Mainly via EP4 Pathway
H. Oka1 2, M. Miyauchi2, K. Sakamoto2, K. Morita1, T. Dohi1 and T. Takata2

1 Department of Dental Pharmacology, Graduate School of Biomedical Sciences, Hiroshima University
2Department of Oral and Maxillofacial Pathobiology, Graduate School of Biomedical Sciences, Hiroshima
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BACKGROUND AND RATIONALE : ProstaglandinE2
(PGE2) plays an important role in pathogenesis of
periodontal disease and modulating bone metabolism
via osteoblasts through PGE receptor subtypes (EPs).
Cementoblasts share many characteristics with osteob-
lasts. There is a possibility that PGE2-EPs pathway
also regulates cementum metabolism. However, little
is known about the effects of PGE2 and EPs on func-
tions of cementoblasts.

STUDY OBJECTIVE : The aims of this study were to
examine the roles of PGE2 and EPs on functions of
cementoblasts, including mineralization and cemento-
blast-mediated Degradation and cementoclastogenesis.

DESIGN AND EXPERIMENTAL METHODS : OCCM-30 (a
mouse cementoblast cell line; kindly provided from
Prof. Somerman) cells were used in this study. Effects
of PGE2 and EP agonists on mineralized nodule for-
mation (alizarin red S staining) and alkaline phosph-
atase (ALP) activity (Bessey-Lowry enzymologic met-
hod) were examined. Effects of PGE2-EPs pathway on
expression levels of bone sialoprotein (BSP), osteoca-
lcin (OCN), matrix metalloproteinase (MMP)-13, recep-
tor activator of NFkB ligand (RANKL), osteoprotegerin

(OPG) and IL-6 were examined by real-time RT-PCR
or ELISA. A co-culture system of cementoblasts and
bone marrow cells was used to determine the ability
of PGE2 to promote the formation of TRAP-positive
cells. Based on the in vitro results, effects of orally
administrated EP4 antagonist on periodontal tissue de-
struction was evaluated with in vivo models.

ESSENTIAL RESULTS : PGE2 and EP4 agonist caused
down-regulation of mineralized nodule formation and
ALP activity in OCCM-30. BSP and OCN mRNA ex-
pressions were suppressed and MMP-13 mRNA ex-
pression was stimulated via PGE2-EP4 pathway in
OCCM-30. PGE2-EP4 pathway up-regulated RANKL
and IL-6 levels, and down-regulated OPG level. EP4
antagonist reduced LPS/pressure induced of osteocla-
sts/cementoclasts formation in vivo periodontal tissue.

CONCLUSIONS : PGE2-EP4 pathway may regulate
cementum destruction through down-regulation of m-
ineralization ability of cementoblasts and up-regulation
of cementoblast mediated degradation and cementocl-
astogenesis. EP4 antagonist may be expected as a
newperiodontal therapeutic drug.
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Saliva Secretion Is Stimulated by Tongue Exercise
G. Okada*, K. Tsuga, T. Kawamura, R. Hayashi, M. Yoshikawa and Y. Akagawa

Department, of Advanced Prosthodontics, Hiroshima University Graduate School of Biomedical Sciences,
Japan

BACKGROUND AND OBJECTIVE : Chewing is well
known to stimulate saliva secretion. However, once
saliva secretion is impaired, concomitant chewing diffi-
culty exaggerates the situation, especially for elderly
people with removable prostheses. If tongue exercise
can stimulate saliva secretion, elderly people could
avoid disuse atrophy of saliva function in spite of
chewing difficulty. For the present study we stan-
dardized tongue exercise and see its stimulating effect
on saliva secretion.

METHODS : Fourteen male subjects (23 to 31 years of
age) participated. All of them were keeping antago-
nistic occlusal contacts enable to be estimated as Al
by The Eichner's Index. For standardizing tongue ex-
ercise, our prototyped portable device for tongue pres-
sure measurement was utilized. Subjects compress the
intra-oral balloon section of the device onto their pal-
ate at the pressure of 30 kPa cyclically for 1 s with 1

s intervals for 5 minutes. Saliva secreted by this exer-
cise was collected and measured it by weight and
compared with stimulatory secretion by chewing 1.5 g
of tasteless gum base and rest state secretion.

RESULTS : Mean ± S.D. of weight of collected saliva
with tongue exercise were 0.79 ± 0.51 g/min, while
2.09 ± 0.70 g/min for gum base chewing and 0.52
± 0.36 g for rest state secretion. More amount of sa-
liva was secreted in response to tongue exercise than
rest state secretion (P<0.05, paired t-test), but gum
base chewing was more effective than the others
(P<0.01).

CONCLUSION : Saliva secretion was stimulated by
tongue exercise, though the amount of increase was
less than that stimulated by gum-base chewing. Effect
of continuous tongue exercise on saliva secretion could
be the next concern.
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Expression of Survivin and Aurora-B in Oral
Cancer: Predictive Factor for Oral Squamous
Cell Carcinoma
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F. Shimamoto3, M. Tatsuka4 and T. Takata1

1 Department of Oral and Maxillofacial Pathobiology, Division of Frontier Medical Science, Graduate
School of Biomedical Sciences, Hiroshima University

2Center of Oral Clinical Examination, Hiroshima University Hospital, Hiroshima
3 Department of Health Sciences, Faculty of Human Culture and Science Prefectural University of Hiroshima
4Department of Life Science, Faculty of Life Enviromental Science Prefectural University of Hiroshima

- 1I

Survivin, one of the inhibitors of apoptosis gene fam-
ily, is strongly expressed in cancer cells and its
overexpression in cytoplasm is well known to be asso-
ciated with poor outcome in various cancers including
oral squamous cell carcinoma (OSCC). Survivin has
also defined as one of the chromosomal passenger
proteins (CPPs) and concerts other CPPs such as
INCENP, TD-60 and Aurora-B to regulate cell divi-
sion. Similar to survivin, high expression of Aurora-B
and INCENP are observed in cancer. In OSCC,
clinicopathological significance of nuclear survivin ex-
pression is controversial and there is no report on the
correlation between the expression of survivin and
Aurora-B. In the present study, therefore, we exam-
ined the immunohistochemical expression of survivin
and Aurora-B in cytoplasm or nucleus of OSCC and
explored the relationship between their expression and
clinicopathological factors for evaluating their predic-
tive value. Our results confirmed that survivin expres-
sion was observed in both nuclei and cytoplasm of

normal oral squamous epithelia and OSCC cases, but
the number of positive cells was significantly higher
in OSCC than in normal epithelium. OSCC also sho-
wed high expression of Aurora-B only in their nuclei
and positive relationship between survivin and Auro-
ra-B expression. The cases with high nuclear or cyto-
plasmic survivin expression and high Aurora-B expres-
sion showed poorly differentiated histology and high
frequency of lymph node metastasis. Moreover, we
found that Aurora-B expression was well correlated
with cell proliferation and number of multinuclear
cancer cells. In conclusion, our findings show that
both cytoplasmic and nuclear survivin was related to
lymph node metastasis in OSCC and nuclear survivin
expression was associated with Aurora-B expression.
We suggest that survivin and Aurora-B expression can
be predictive markers for OSCC, and that association
between survivin and Aurora-B may be involved in
the progression of OSCC.
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Dynamic Shear Properties of Porcine
Mandibular Condylar Cartilage
E. B. Rego, E. Tanaka, Y. Iwabuchi, T. Inubushi, N. Kawai, E. Yamano, R. Sano,
A. Kawazoe, S. Nakamura and K. Tanne
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School of Biomedical Sciences

INTRODUCTION : Shear stress can result in fatigue,
damage and deformation in the mandibular condylar
cartilage. Therefore, the data on the shear behavior
might to a better understanding of secondary tissue
damage in the articular cartilage. In order to charac-
terize these properties, we tested the shear response of
the mandibular condylar cartilage from pigs over a
wide range of loading frequencies.

METHODS : Ten porcine mandibular condyles were
used for dynamic shear tests; two cartilage-on-bone
plugs were dissected from each condyle. The speci-
mens were clamped between the plates of a loading
apparatus under a compressive strain of 10%. Dy-
namic shear was applied to the specimen by a sinusoi-
dal strain of respectively 1.0%, 2.0%, and 3.0% in teh
antero-posterior direction. Frequencies reanged be-
tween 0.01 and 10 Hz.

RESULTS : The magnitudes of the dynamic shear
moduli |G*|, G' and G" were found to be dependent
on the frequency and the amplitude of shear loading.
The dynamic shear moduli significantly increased with
shear strain. Meanwhile, tand ranged from 0.2 to 0.4,
which means that the cartilage is primarily elastic in
nature and has a small but not negligible viscosity.

DISCUSSION AND CONCLSIONS : The present results
show that the dynamic shear moduli became larger
with an increase of the frequency and amplitude of
the applied strain, which is in agreement with the
hyperelastic nature of cartilage. In future, to evaluate
the anisotropic characteristic of the mandibular cond-
ylar cartilage, the dynamic shear properties of the car-
tilage in the mediolateral direction should be investi-
gated. This may give more insight into the possible
mechanisms of cartilage degradation due to shear rec-
ognized in the TMJ osteoarthritis

I
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Distinct Roles of Synovial Membrane-Derived
and Bone Marrow-Derived Mesenchymal Stem
Cells in the Synthesis/Degradation of
Hyaluronan-Containing Matrix
Y. Sakai, M. Nishimura, K. Sekiya, A. Igarashi, H. Kubo and Y. Kato

Departments of Dental and Medical Biochemistry and Prosthetic Dentistry, Graduate School of Biomedical
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Synovial fibroblasts (SF) proliferate in response to
chronic inflammation, release matrix-degrading en-
zymes, such as matrix metaloproteases (MMPs), and
form pannus in arthritic joints. We found that SF iso-
lated from normal, OA (osteoarthritis) and RA (rheu-
matoid arthritis) synovium, like bone marrow
meschenchymal stem cells (BM-MSC), can differentiate
into osteoblasts, chondrocytes and adipocytes under
appropriate culture conditions. Thinking of the multi-
differentiation potential, these SF are MSC-like cells.

On the other hand, bone marrow aspirates and
culture media conditioned by BM-MSC are viscous,
perhaps because of the synthesis and accumulation of
large hyaluronan (HA). Joint fluids also contain large
HA at high concentrations (3-5 mg/ml), possibly due
to enhanced synthesis of large HA and suppressed
HA degradation. However, the HA size decreases in
osteoarthritic (OA) and rheumatoid arthritic (RA)
joints, and this decrease is thought to have a deleteri-
ous effect on joint elasticity and movement. Since the

mechanism responsible for the accumulation of large
HA in these fluids is unknown, we compared SF and
BM-MSCto characterize their roles in turnover of HA
and other matrix macromolecules.

We determined mRNA levels of HA-related genes
in BM-MSC, normal SF, OA-SF, RA-SF and skin-
fibroblasts. BM-MSC showed higher expression levels
of HAS1 and HAS2, which are involved in the synthe-
sis of large HA, than did other cells. In contrast, nor-
mal SF, OA-SF, and RA-SF showed higher expression
levels of HYAL-1, CD44, HABP4, and TSG-6, which
are involved in HA degradation, than did other cells.
In addition, normal-, OA-, and RA-SF exhibited much
higher expression levels of MMP1 and MMP3 in the
presence or absence of IL-1. These findings proved
that SF are unique MSC-like cells involved in the
turnover of HA and other matrix macromolecules, al-
though BM-MSC play a role in the accumulation of
HA.
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Expression and Roles of Toll-Like Receptors in
Periodontal Tissue Cells
K. Sakamoto1, M. Miyauchi1, H. Oka2, M. Kitagawa3, S. lizuka1 and T. Takata1
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keyword : toll-like receptor, innate immunity, LPS,
CpG-ODN

BACKGROUND AND STUDY OBJECT : Innate immu-
nity induced by periodontal pathogen is responsible
for not only exclusion of bacteria but also establish-
ment of consequent acquired immunity and plays im-
portant roles in host defense mechanisms and inflam-
matory reactions in periodontal tissue. Toll-like recep-
tors (TLRs) are pattern recognition receptors, which
provoke innate immunity. Especially, TLR2 (lipoteich-
oic acid), TLR4 (lipopolysaccharide; LPS), TLR5
(fragellin) and TLR9 (CpG-DNA) are important in
immunoreactions of periodontal disease. The aim of
this study was to examine the effects of TLR4 and
TLR9 signaling pathway stimulation on periodontal
tissue constitutive cells.

MATERIAL AND METHODS : TLRs mRNA expression
in primary osteoblast (OB), OCCM-30 (a mouse
cementoblast cell line; kindly provided from Prof.
Somerman), MC3T3-E1, ST2 and Raw cells (mouse
macrophage) was examined by RT-PCR. Cytokines (IL-
6, RANKL and OPG), TLR4 and TLR9 mRNA expres-
sion levels in ST2 and OCCM-30 stimulated with
Actinobacillus actinomycetemcomitans-LPS (lOOng/mL,
kindly provided from Prof. Nishihara) or CpG-ODN
(ODN1826) stimulation were also assessed with real-
time PCR.

RESULTS AND DISCUSSION :
1) All cells examined expressed TLR2, 4, 5 and 9

mRNAat various levels.
2) LPS caused up-regulation of IL-6 mRNA in ST2

and OCCM-30 (2hrs), while CPG-ODN did not
induce any changes. In ST2, LPS-induced up-
regulation of RANKL (24hrs) and down-
regulation of OPG (2 and 24hrs) were evident,
whereas RANKL and OPG were up-regulated in
LPS-stimulated OCCM-30 (2hrs). CpG-ODN in-
duced only down-regulation of OPG mRNA
level in OCCM-30 (2 and 24 hrs). It is consid-
ered that activation of TLR4 or TLR9 pathways
may be involved in periodontal tissue destruc-
tion through modulating cytokine production
and RANKL/OPG balance.

3) LPS-stimulation significantly suppressed TLR4 and
TLR9 mRNA levels in ST2 and OCCM-30. It is
suggested that TLR4 pathway may negatively
control excessive immunoreactions to periodon-
tal pathogen via TLRs expression levels.

CONCLUSIONS : TLR signaling pathways may com-
plexly regulate immunoreactions against attack of
periodontal pathogen.
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Effects of Lipid Compounds on Protein Kinase
Activities and Ex Vivo Expansion of
Mesenchymal Stem Cells in Serum-Free
Medium
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Human bone marrow mesenchymal cells (MSC)
are useful for treatment of bone and cartilage defects,
periodontal diseases, and myocardiac infarction. Fur-
thermore, MSC suppressed immunological rejection to
allogeneic cells, and allogeneic transplantation of MSC
supported hematopoiesis after transplantation of
hematopoietic cells. The clinical application of MSC on
regeneration medicine may extend to other diseases in
future. However, MSC are a minor population of bone
marrow cells and must be expanded ex vivo. Usually,
MSC are expanded with 10-15% fetal bovine serum
(FBS), but FBS could be contaminated by bovine
spongiform encephalopathy prion and other unknown
pathogens, and the composition of FBS is highly vari-
able. Auto-human serum may be safe, but a large vol-
ume of blood has to be collected with pain, and the
growth-stimulation activity of human serum varies
with age and among individuals. Therefore, in order
to reproduce MSC reliably and safely, a chemically de-

fined serum-free medium is desirable. In this study,
we developed a serum-free medium (STK2) that al-
lowed better expansion of MSC than those grown in
the presence of 10% FBS throughout successive pas-
sages, and these cells also maintained their multi-
differentiation potential (osteogenic, chondrogenic and
adipogenic) at high levels. Besides of the growth fac-
tors, several lipids were added in STK2 medium, and
weinvestigated the effects of various lipid compounds
in STK2 medium on continuous subculture and expan-
sion of MSC. The results demonstrated that several
lipid compounds were necessary for cell survival and
proliferation. Furthermore, Western blotting indicated
that phosphorylation of ERK1/2 and Akt was acti-
vated strongly by lipid compounds. The serum-free
cultures should be useful for basic studies on MSC
and allow us to expand transplantable MSC safely at
a consistent growth rate.
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Automutanolysin (Ami) Exhibits Lytic Activity
Towards Planktonic and Biofilm Cells of
Clinical Oral Streptococci
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Automutanolysin (Ami) of Streptococcus mutatis
was previously demonstrated to selectively lyse hu-
mancariogenic bacteria. Because of the explicit sub-
strate specificity, Ami may represent an alternative
way for the caries prevention. In this study, we inves-
tigated lytic activity of Ami against clinically isolated
oral streptococci in planktonic and in biofilm condi-
tions. We isolated oral streptococci from 53 patients
(39 S. mutatis and 9 S. sobrinus strains) of Hiroshima
University Hospital. For lytic assay, the cells were sus-
pended in lysis buffer (0.1M sodium phosphate buffer
(pH 6.8) containing 100 mM NaCl and 0.1 mM CaCL
to an OD660 of 0.5). The suspension was mixed with
Ami (final cone. 10 fi g/ml); incubated at 37°C and
the change of turbidity was monitored. In some ex-

periment, lytic buffer containing non-ionic detergent
(Triton X-100, final 0.1%) was used. For biofilm assay,
bacteria were grown in Brain Heart Infusion broth
containing 0.1% (wt/vol) sucrose in a 96-well plate.
After biofilm formation, the wells were treated with
the same buffers used in the lytic assay. To investigate
lytic activity, we detected DNA by PCR that was re-
leased by Ami-induced lysis into buffer. In some ex-
periments, reaction mixture was changed every 30 min
and the change of biofilm density was monitored. Our
results indicated that Ami has strong lytic activity,
which was significantly potentiated in the presence of
Triton X-100, towards the tested clinical strains in the
planktonic condition. Moreover, Ami showed an abil-
ity to lyse bacterial cells in biofilm.
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Chemotherapy and Radiation
Against Neuroblastoma Inhibit Forming of
Permanent Teeth
A. Tsuboi1, J. Suzuki1, G. Yoshimura2 and K. Kozai1

1 Department of Pediatric Dentistry, Hiroshima University Biomedical Sciences
2 Department of Pediatric Dentistry, Hiroshima University Hospital
1-2-3, Kasumi, Minami-ku, Hiroshima-shi, Hiroshima 734-8553,Japan

PURPOSE : The aim of the present study was to assess
the prevalence of dental abnormalities in children re-
ceived chemotherapy and total body irradiation (TBI)
against neuroblastoma.

METHODS : Five girls were participated in this study
after receiving sufficient informed consent. They had
been diagnosed as neuroblastoma in StageIV, and
were treated with chemotherapy and TBI in Depart-
ment of Pediatrics, Hiroshima University Hospital. The
mean age of their first treatment was 3.5 years old
(range from 2.1 to 5.4). The abnormalities of teeth,
such as anodontia, microdontia and tapered root, were
surveyed morphologically by orthopantomographs.

RESULTS : Nineteen anodontia were recognized in 3
patients. Thirteen microdontia were found in 4 pa-

tients. Seventy-four teeth had tapered root among 78
permanent teeth seen on orthopantomographs from 5
patients. One patient presented only tapered root.
Another one patient presented tapered root and mic-
rodontia. Three patients presented all abnormalities.
Those abnormalities had appeared on orthopantomog-
raphs after 2 years received chemotherapy and TBI.

CONCLUSION : Tapered root was the most frequent
abnormality found in children who underwent neuro-
blastoma treatment, and its prevalence was signifi-
cantly high compare to healthy Japanese population.
The progress of anti-neoplastic therapy causes new
problem in our field. The abnormalities of permanent
teeth must induce deterioration of quality of life in
young patients. We should care them periodically for
a long time.
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Transcription Factor, Runx3 Can Be a Useful
Marker for Predicting Malignant Behavior of
Oral Cancer
T. Tsunematsu1, Y. Kudo2, I. Ogawa3 and T. Takata2

1 Hiroshima University Faculty of Dentistry
2Department of Oral Maxillofacial Pathobiology, Graduate School of Biomedical Sciences, Hiroshima Uni-

versity
3Center of Oral Clinical Examination, Hiroshima University Hospital

Oral cancer is globally increasing and over a half mil-
lion patients with oral cancer occur in a year. Early
detection and treatment are important for QOL of oral
cancer patients. Here we focused on transcription fac-
tor, Runx3, which has a Runt domain. Runx3 is
known as a tumor suppressor gene in gastric cancer.
In these tumors, reduced expression of Runx3 is fre-
quently caused by methylation of its promoter lesion.
However, it recently has reported Runx3 overexpres-
ion was observed in basal cell carcinoma of skin. We
think that this discrepancy may be due to two differ-
ent tissue types, glandular and squamous epithelium.
Here we examined the expression and roles of Runx3
in oral cancer. First, we examined the expression of
Runx3 in oral cancer by RT-PCR, Western blot and
immunohistochemistry. We found that Runx3 was fre-
quently overexpressed in oral cancer cells and tissues
and was well correlated with differentiation and me-

tastasis. Then, to know the roles of Runx3 in oral can-
cer, we generated Runx3-overexpressing cells. Runx3
overexpression enhanced cell proliferation. We con-
firmed this phenotype by using Runx3-siRNA. To
know the mechanism of Runx3 for cell proliferation,
we examined the gene expression profiles between
control and Runx3 overexpressing cells by microarray
analysis. In particular, we focused on Cyclin E among
up-regulated genes, because Cyclin E is known as a
positive regulator of cell cycle progression and fre-
quently overexpressed in cancer cells.Interestingly,
Runx3 overexpressing cells enhanced cyclin E expres-
sion, and Runx3-knockdown cells reduced cyclin E ex-
pression in comparison with control cells. Overall,
Runx3 overexpression is involved in oral cancer devel-
opment through enhancement of cell proliferation. We
suggest that Runx3 can be a useful marker for predict-
ing malignant behavior of oral cancer.
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