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Tokyo, Japan). The signal intensity of each cDNA was quantified
with the use of NIH Image (Ver. 1.62), and normalized against that
of glyceraldehyde-3-phosphate dehydrogenase (GAPDH).

Tissue distribution of mRNA for the target gene was analyzed
by Northern hybridization with adult rat multiple-tissue RNA blots
in triplicate (Cat. 7764-1; Clontech, Palo Alto, CA, USA). The [a-
32P] ACTP-labeled probe was prepared from a cDNA fragment
displaying the greatest difference in mRNA expression between
the wounded and healthy pulps. The blots were finally washed
with 1 x SSC containing 0.1% SDS at 50°C for 30 min. The
hybridization signals were visualized in the Biolmaging Analyzer.

Library Screening, Rapid Amplification of cDNA Ends,
and Structural Analysis

The probe for Northern analysis was used for the following
hybridizations. Five x 10° plaques from a rat liver A\ ZAP ¢cDNA
library (Cat. No. 937507, Stratagene, La Jolla, CA, USA) were
screened. Positives were fully sequenced from both 5" and 3’ ends.

To obtain a full-length cDNA, we performed rapid amplification
of ¢cDNA ends (RACE) using a rat liver Marathon-Ready cDNA kit
(Cat. 7471-1; Clontech) according to the manufacturer's instructions.
Gene-specific primers (GSPs) were designed as described previously
(Chenchik et al., 1996). The GSPs and arbitrary primers (APs) are
shown in the Appendix. PCR products were cloned into pT7 Blue T-
Vector (Novagen, Madison, WI, USA), and sequenced.

The deduced amino acid sequence for the full-length cDNA
was analyzed by the SMART program (http://smart.embl-
heidelberg.de/), MOTIF (http://motif.genome.jp/), and PROSITE
SCAN (http:/npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=%20/
NPSA/mpsa%20_proscan.html).

Semi-quantitative Analysis of mRNA

The mRNA accumulation in the wounded and healthy pulps was
examined by reverse transcription (RT)-PCR. The PCR mixture (50
fL) contained specific primers designed for the genes isolated as
described above or for rat B-actin. An independent amplification

Table. Clones Isolated by Subtractive Hybridization,
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was performed in duplicate at 36, 38, and 40 cycles. The cDNA (1
ng) prepared from the wounded or healthy pulp was added to all
PCR mixtures. After the PCR product (5 L) underwent electro-
phoresis on a 2% gel, the intensity of the signal was quantified with
NIH Image and normalized against that of S-actin.

Tissue Preparation and in situ Hybridization

The procedures of tissue preparation and in situ hybridization are
described in detail in the Appendix. Face and oral cavity tissues
were taken from neonatal Wistar rats under deep anesthesia, fixed
with 4% paraformaldehyde, and serial sections were made.

In situ hybridization was performed according to a method
described previously (Myokai et al., 2004). In brief, the neonatal
rat tissue sections and rat embryo sections (Cat. 69159-4;
Novagen) were pre-treated and hybridized with either anti-sense or
sense riboprobe. The hybridization signal was detected by
autoradiography. The plasmids containing the coding region of the
target gene were linearized, and they were used as templates to
synthesize either anti-sense or sense riboprobes. The riboprobes
were prepared with the use of T7 or SP6 polymerases with [o-33S]
UTP, and the unincorporated labeled nucleotides were removed.

RESULTS

Histology of Pulp Tissues and Clones Isolated

Neither reparative dentin formation nor apparent disruption of
the odontoblast layer was seen 1 wk after the cavity was
prepared (Fig. 1A). An inflammatory cell infiltrate, such as
neutrophils or lymphocytes, was not observed in relation to the
cavity position.

Both WIN and WSP ¢cDNAs were amplified by PCR, and
displayed on a gel (Fig. 1C). Forty WIN clones and 30 WSP
clones were isolated, and then 23 clones containing cDNA
fragments longer than 250 bp were sequenced. They were
identified as 13 individual sequence types containing 2
unknown and 6 known
genes, and 5 expressed

sequence tags (ESTs)

Nomenclature® Lengthd Identity* Accessiond  Similarity® (Table).
WIN-1,3,4,9,12, 357 Cytochrome ¢ X12553 99% (356/357) Messenger RNA
w2 a0 EST 9088437 BI285481  100% (260/260) Accumulafion of
WIN-5 384 Mitochondrial genorme X14848 98% (381/384) Genes 'de“"f'e‘f
WIN-6 317 EST 2620273 AI712920  99%(315/317) Reverse ~ Northern
WIN-7,8, 10 278 EST 217162 A71208 9% (277/278) hybridization was used
WIN-11 350 EST 2708823 AI763748  99% (349/350) to detect 9 kinds of
WIN-13 212 Cathepsin B X82396 97% (207/212) mRNA among 13 kinds
of genes in wounded
WSP-1 310 EST 6873738 BF412896  100%(310/310) and healthy pulp tissues
WSP-2 441 Unknown 1 NS (Fig. 1D), while little or
WSP-3, 5 362,353 Ribosomal profein X53378 99% (361/362), 98% (346/353) 1O Signal was detected
WSP-4 327 Rat cDNNA clone similar to AA925420 9% (326/327) in the other genes (data
mouse Laminin y2 chain not shown). .WIN' 1_1
WSP-6 359 Pro-alpha 2 collagen | AF121217  99% (357/359) and WSP-6 differed in
WSP-7 378 Unknown 2 NSf mRNA  expression

~ 6 a n oo

Name of clones examined.

Insert length (base pairs) defermined by sequencing.
Gene or DNA sequence similar to eacg/

GenBank accession number of the gene identified.
Percentage of similarity and number of matched sequences with the known gene.
No significant homology (NS, less than 30%) was found in the databases.

clone with the highest scores.
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Figure 2. Identification and structure of 2 FIP-2s and their expression. [A) Clones obicined by cDNA library screening and RACE studies. WIN-11 {0.35
kb), pX105-2 {1.8 kb), and clone #1 {2.2 kb) significantly overlapped; therefore, they have been submitted to DDJB and assigned accession no.
AB050777. Clones #2 {0.9 kb) and #3 (3.0 kb) were completely overlapped; therefore, they have been submitted 1o DDJB and assigned accession no.
ABO69907. *WIN-11 displaying the greatest difference in mRNA expression between the wounded and healthy pulp tissues by reverse Northern
analysis; EEEEE, common region in rFIP-2A and rFIP-2B; T, region of rfiP-2B different from that of rFIP-2A." >, cDNA containing the specific
region for rFIP-2A or rFIP-2B was cloned and used as a template for riboprobes of in situ hybridization. The procedure is described in detail in the
Appendix. {B) Structure of rFIP-2s. Deduced amino acid sequences of rFIP-2s and hFIP-2 are shown. The signal pepfide domain is boxed in green, the
putative leucine-zipper domains are boxed in black, and the zinc-finger domain is boxed in blue. The putative bZIP motif is boxed in red. *Same amino
acid as the sequence above; -, missing amino acid. {C} Expression of rFIP-2 mRNA. Complementary DNA was amplified by PCR with the primers as
described below. The PCR products for rFIP-2A, B, and B-actin underwent elecirophoresis on a gel. The specific primers were designed: rFIP-2A sense,
5'-TGCCCAGCCAGCCTCCTACC-3'; rFIP-2B sense, 5'-ATCTCTGTGGCCGGACCTGTTACC-3'; and rFIP-2A and rFIP-2B antisense, 5'-
CCACTTCGATTCCCACACTC-3'. For an internal control, specific primers for rat B-actin were designed: sense, 5'-
TIGTAACCAACTGGGACGATATGG-3'; and antisense, 5'-GATCTTGATCTTCATGGTGCTAGG-3'. Two independent PCRs were performed, and
typical results are shown. Lane M, 100-bp DNA ladder. Relative signal intensity (each mRNA from/B-actin mRNA is shown in the lower panel. ",
healthy pulp; E2228, wounded pulp.

rFIP-2B and hFIP-2 were not.
Messenger RNA Expression of rFIP-2s

almost all of the tissues tested, and was expressed strongly in
the heart, brain, and liver (Fig. 1E).

Genes Isolated by ¢DNA Library Screening and RACE

We isolated the pX105-2 by screening the cDNA library using
the WIN-11 probe (Fig. 2A). Clone #1 was obtained by RACE
with AP 1, AP 2, GSP 1, and GSP 2. Nucleotide sequences of
WIN-11, pX105-2, and the clone overlapped significantly.
Additional RACE with AP 1, AP 2, and either GSP 3 or GSP 4
gave 2 clones (#2 and #3), and clones overlapped. The results
indicated that 2 genes were isolated, however, they shared the
same nucleotide sequence in the 3’ region. Moreover, both rat
genes had significant homology with human 14.7K-interacting
protein (hFIP)-2, and contained a common zinc-finger domain
(Fig. 2B). However, hFIP-2 has 2 putative leucine-zipper
domains, while the 2 rat genes had 1, and rat (r)FIP-2A was
missing a putative basic-leucine zipper motif, whereas both

The RT-PCR analysis with different numbers of cycles allowed
for the quantification of the target mRNA in the pulp (Fig. 2C).
Up-regulation of mRNA expression by wounding was detected
only for rFIP-2B, although mRNA for both FIP-2A and B was
detected in the wounded and healthy pulp tissues.

Expression of rFIP-2s in the Rat Embryo

The rFIP-2A and B mRNAs were detected in condensing
mesenchymal cells of the palatal process and surrounding
Meckel's cartilage during rat embryogenesis, whereas they
were absent in the intramembranous chondrogenic cells (Fig.
3B). However, no or very weak mRNA expression for rFIP-2A
and B was found in the tooth germ at cap and early crown
stages (Fig. 4, in the Appendix).
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Figure 3. Expression of the 2 rFIP-2s during rat embryogenesis. {A)
Histology of Iﬁe rat embryo at 17 days, Hematoxylin and eosin stainin
was performed on the sagittal section from the rat embryo. Bar equaa
200 pm. mx, maxilla; md, mandible; tg, tongue. (B} In situ hybridization
in rat embryo at 17 days. Using rFIP-2A or B anti-sense riboprobe, we
observed strong signals for the rFIP-2A and B mRNA in condensing
mesenchymal cells of the palatal process (a,b,c,d) and surrounding
Meckel's cartilage {e,f,g,h), while they are absent in the neighborin
chondrogenic ceﬁs (a to h). The results are shown as bright- (a,c,e,g) an
dark-field (b,d fh) views. The hybridization signals of rFIP-2A (g, ,e,g
and rFIP-2B {c,d,g,h) were detected by autoradiography at 1 wk, an
similar results were obtained after three-week exposure (data not shown).
No significant signal was detected on any sections in the case of sense
riboprobe for rFIP-2A or B {data not shown). Bar equals 50 pum.

N

Oyama ef dl,
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DISCUSSION

Sixteen WIN and 7 WSP ¢cDNAs were isolated from wounded
pulp tissues, and were identified as 13 individual sequence types
containing 6 known and 2 unknown cDNAs, and 5 ESTs
(Table). Of the 16 WIN cDNAs, 8 were identified as cytochrome
¢, which is the terminal enzyme of the mitochondrial respiratory
chain and regulates both electron transfer and energy
transduction. The frequent isolation of cytochrome ¢ may reflect
a marked response to the wound in pulpal cells. Cathepsin B
(catB), a lysosomal cysteine protease, has recently been
implicated in apoptosis. The role of catB in the TNF-a-triggered
apoptotic cascade has been examined in hepatocytes from catB™
and catB** mice, and apoptosis has been shown to be diminished
in the catB™ cells, suggesting that TNF-a-induced apoptosis was
dependent, in part, upon catB activity (Guicciardi ef al., 2000).
Therefore, catB isolated here may be involved in TNF-a-induced
apoptosis in pulpal cells after cavity preparation. Of the 7 WSP
c¢DNAs, 4 were identified as known cDNAs: laminin y2, type I
collagen, and 2 ribosomal proteins. At the cap stage of tooth
development in mice, strong staining for the laminin y2 chain
has been shown in the basement membrane in contact with
enamel knot cells (Kieffer-Combeau et al., 2001). However, no
significant signal for the laminin y2 chain was detected in either
wounded or healthy pulp tissues by reverse Northern
hybridization (data not shown). Therefore, the expression of
laminin y2 may be low-level or limited locally in adult rat pulp
tissues. Type I collagen distributes in skin, bone, gingiva,
periodontal ligament, cementum, and most connective tissues,
and is abundant in pulpal cells and odontoblasts in erupted teeth
(Garcia et al., 2003). Interestingly, WSP-6 (pro-a 2 collagen I)
showed increased expression in the wounded pulp tissues (Fig.
1D). Since type [ collagen is composed of 2 ol chains and 1 a2
chain, increased expression of pro-a-2 collagen I may have an
influence on type I collagen synthesis in the wounded pulp.
There is no report of the involvement of ribosomal protein in the
apoptosis of cells or in dentinogenesis. In spite of the elimination
of genomic DNA with our procedure, WIN-5 had high
homology with the mitochondrial genome. The extensive
amplification of the subtracted cDNA by PCR may account for
the detection of trace amounts of small genomic DNA fragments.

The relationships between genes from different genomes
are naturally represented as a system of homologous families
that include both orthologs and paralogs. Orthologs are proteins
from different species that evolved by vertical descent, and
typically retain the same function as the original. In contrast,
paralogs are proteins from within a given species that are
derived from gene duplication, and new functions may evolve
that are related to the original (http://www.ncbi.nim.nih.gov/
Education/BLASTinfo/Orthology.html). Here, 2 rFIP-2s were
identified: rFIP-2B was structurally homologous to AFIP-2;
however, rFIP-2A in the 5' region had no significant similarity
with known genes, while rFIP-2A in the C terminus was
homologous to AFIP-2 (Fig. 2B). The findings imply that rFIP-
2B is orthologous to hFIP-2, while rFIP-2A is paralogous to
rFIP-2B.

FIP-2 was originally identified as a novel human tumor
necrosis factor a-inducible cellular protein interacting with an
adenovirus 14.7-kDa protein, and it is involved in the complex
regulation of apoptosis; however, by itself it did not cause cell
death (Li et al., 1998). Hattula and Perdnen (2000) have
reported that the amino-terminal region of FIP-2 interacts with
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the activated form of Rab8, while the carboxy-terminal region
of FIP-2 binds to Huntingtin. Moreover, co-expressed FIP-2
and Huntingtin enhance the recruitment of Huntingtin to Rab8-
positive vesicular structures, and, similarly, FIP-2 promotes
cell polarization to Rab8, suggesting that FIP-2, together with
Huntingtin and Rab8, is part of a protein network that regulates
membrane trafficking and cellular morphogenesis (Hattula and
Perdnen, 2000). Sahlender et al. (2005) reported the role of
FIP-2 in Golgi ribbon formation and exocytosis after our latest
revision. In this study, in situ hybridization analysis revealed
that rFIP-2A and B were expressed strongly in condensing
mesenchymal cells of the palatal process and surrounding
Meckel's cartilage, but not in the intramembranous
chondrogenic cells (Fig. 3B). Moreover, the expression of
rFIP-2B was up-regulated, although both rFIP-2A and B were
expressed in the wounded pulp tissues (Fig. 2C). These
findings suggest that up-regulated rFIP-2B expression plays a
role in regulating the membrane trafficking or cellular
morphogenesis of these embryonic mesenchymal cells and the
wounded pulpal cells.

The dentin-pulp complex shows a broad spectrum of
responses to caries, which represents a summation of injury,
defense, and repair events. The complex interplay among these
events will be important in determining the fate of the dentin-
pulp complex (Smith, 2002). In this study, the cavities were left
exposed to the oral environment; however, no apparent
reparative dentin formation was observed in relation to the
cavity position (Fig. 1A). In general, reparative dentinogenesis
occurs following pulp damage, similar to our experimental pulp
wound (Sveen and Hawes, 1968; Taylor and Byers, 1990;
Kitamura et al., 2001). It is currently unknown why no
apparent reparative dentin formation occurred in our model.
However, the high level of rFIP-2B expression may be
involved in differentiation or proliferation of the wounded
pulpal cells, because it expressed strongly in the condensing
mesenchymal cells during palatal and mandibular development
(Fig. 3B).

In conclusion, rFIP-2A and B were identified, following
reciprocal subtraction, both being structurally homologous to
hFIP-2, regulating membrane trafficking and cellular
morphogenesis. The rFIP-2B mRNA was up-regulated in the
wounded pulp and expressed strongly in condensing
mesenchymal cells of the palatal process and surrounding
Meckel's cartilage during rat embryogenesis. These results
suggest that up-regulated rFIP-2B expression plays a role in
regulating the membrane trafficking or cellular morphogenesis
of these embryonic mesenchymal cells and wounded pulpal
cells.
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A Proposed Model Linking

Inflammation to Obesity, Diabetes,

and Periodontal Infection

Robert J. Genco,*T Sara G. Grossi,! Alex Ho,! Fusanori Nishimura, and Yoji Murayama$

Background: Obesity is an important risk factor for diabetes, cardiovascular disease, and periodontal dis-
ease. Adipocytes appear to secrete proinflammatory cytokines which may be the molecules linking the path-
ogenesis of these diseases. We evaluated the relationship between obesity, periodontal disease, and diabetes
mellitus insulin resistance as well as the plasma levels of tumor necrosis factor alpha (TNFa) and its soluble
receptors (sTNFa) to assess the relationship of inflammation to obesity, diabetes, and periodontal infections.

Methods: The relationship between periodontal disease, obesity, and insulin resistance was examined in the
Third National Health and Nutrition Examination Survey (NHANES IlI). In a population of 12,367 non-diabetic
subjects, the variable body mass index (BMI) was used as an assessment of obesity and periodontal disease
was assessed by mean clinical attachment loss. The plasma levels of TNFa and sTNFa were assessed in sub-
sets of 1,221 adults from Erie County, New York, who represented the highest and lowest quartile of BMI. These
subjects had extensive periodontal and medical evaluations.

Results: In the NHANES 11l portion of the study, BMI was positively related to severity of periodontal attach-
ment loss (P<0.001). Weighted multiple logistic regressions showed that this relationship is likely mediated by
insulin resistance, since overweight individuals (with BMI >27 kg/m?2) with high levels of insulin resistance (IR)
exhibited an odds ratio of 1.48 (95% confidence interval 1.13 - 1.93) for severe periodontal disease as com-
pared to overweight subjects with low IR. In the Erie County adult population, the highest levels of TNFa and
sTNFa receptors were found in those individuals in the highest quartile of BMI. A positive correlation of
TNF« levels with periodontal disease was found only in those in the lowest quartile of BMI.

Conclusions: Obesity is a significant predictor of periodontal disease and insulin resistance appears to me-
diate this relationship. Furthermore, obesity is associated with high plasma levels of TNFa and its soluble
receptors, which in turn may lead to a hyperinflammatory state increasing the risk for periodontal disease
and also accounting in part for insulin resistance. Further studies of the molecular basis of insulin resistance
and its relationship to diabetes, periodontal disease, and obesity are necessary to fully test the hypothesis
that adipocyte production of proinflammatory cytokines is a pathogenic factor linking obesity to diabetes
and periodontal infections. J Periodontol 2005;76:2075-2084.
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Diabetes; insulin resistance; obesity; periodontal disease; soluble tumor necrosis factor receptor;
TNF-alpha.
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Inflammation Li

besity, one of the most significant health
risks of modern society, is now recognized as
# a chronic disease with a multifactorial etiol-
ogy. The incidence of obesity and elevated body
mass index (BMI) has dramatically increased in the
Western world.! Although the fundamental mecha-
nisms underlying this increase in obesity are not well
understood, it has become clear that genetic and
environmental factors and socioeconomic and be-
havioral influences leading to excess caloric intake,
decreased physical activity, and metabolic and
endocrine abnormalities are likely important factors.
Obesity is associated with increased morbidity and
mortality>3 and is either an independent or ag-
gravating factor for a number of diseases such as
hypertension, coronary heart disease (CHD), osteo-
arthritis, and type 2 diabetes mellitus.* In addition,
there is a strong association between obesity and
mortality. In the United States (U.S.), deaths attrib-
utable to obesity constitute a significant cause of
mortality, second only to smoking.? The prevalence
of obesity is increasing at alarming rates, both in the
U.S. and worldwide, reaching epidemic proportions,
particularly among children and adolescents.® This
global epidemic places more of the population at risk
for concomitant diseases.

Obesity is a major contributor to the development of
type 2 diabetes mellitus,* and the prevalence of diabe-
tesmellitusin the .S. is also increasing at an alarming
rate. The number of diagnosed cases of diabetes has
increased 30% in less than 10 years, earning the unfor-
tunate distinction of likely becoming the next lifestyle-
disease epidemic affecting this population.

Periodontal disease is a complication of diabetes
mellitus.” The presence of periodontal disease in a di-
abetic individual is a serious health hazard, for once
the disease is established, the chronic nature of this
infection contributes to worsening diabetic status lead-
ing to more severe diabetes-related complications.®°
Conversely, treatment of periodontal infection results
inimprovement of diabetes metabolic control and a de-
crease in diabetes treatment requirements. 1©

An association has been reported between obesity
and periodontal disease in a cohort of 241 otherwise
healthy Japanese subjects.!l A national survey of
older people in Great Britain showed that those with
more than 20 teeth are more likely to have a normal
BMI, and those with less than 20 natural teeth were,
on average, three times more likely to be obese.!?
An analysis of the Third National Health and Nutrition
Examination Survey (NHANES III) showed that waist
to hip ratio, BMI, fat-free mass, and log sum of subcu-
taneous fat had significant correlations with periodon-
tal disease, suggesting that abnormal fat metabolism
may be an important factor in the pathogenesis of
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periodontal disease.'3 BMI and periodontal disease
were associated in adults, and high waist circumfer-
ence was associated with periodontal disease in 18-
to 34-year-olds.!* None of the above studies address
the nature of the association of obesity and periodon-
titis, or the relationship of obesity to insulin resistance,
a key feature of type 2 diabetes mellitus.

The relationship between obesity and proinflam-
matory cytokines has been extensively studied. For
example, Vendrell et al.1% found elevations of soluble
tumor necrosis factor receptor 1 and 2 (sTNF-aRI and
sTNF-aRIl) in obese patients. It has been proposed
that adipocytes produce several proinflarnmatory
cytokines including TNF, leptin, and interleukin-1,
leading to a proinflammatory state associated with
obesity. 16 Evaluation of proinflammatory cytokines also
oceurs in chronic infections. For example, Nishimura
and coworkers showed that serum TNF-o concen-
trations were elevated in periodontitis patients as
compared to periodontally healthy subjects. Those
periodontal patients with elevated TNF-a concentra-
tions had reduced levels after periodontal therapy.17-18

The purpose of the present study was to examine
the relationship between obesity and periodontal dis-
ease, and to evaluate to what extent insulin resistance
and associated systemic TNF-a levels and sTNF-a
receptors may account for this relationship.

MATERIALS AND METHODS

Data and Study Sample
Data from the Third National Health and Nutrition Ex-
amination Survey (NHANES Iil) were used for a por-
tion of this study.!® NHANES Ill was conducted from
1988 to 1994 using a multistage stratified sampling
design. Detailed information on sample design, oper-
ation of NHANES III, blood specimen collection, and
laboratory procedures utilized to analyze blood sam-
ples has been described.2° Blood specimens were col-
lected and immediately stored under appropriate
conditions until they were shipped to analytical labo-
ratories for testing. Fasting insulin was measured
by radioimmunoassay, and fasting glucose was as-
sessed using a chemistry system.! Serum cholesterol
was also measured.! Serum triglycerides were mea-
sured enzymatically after hydrolization to glycerol us-
ing the same analyzer. Glycated hemoglobin was
measured by ion-exchange high-performance liquid
chromatography.* C-reactive protein (CRP) was mea-
sured using latex-enhanced nephelometry.

Height was measured with a stadiometer to the
nearest 0.1 ¢cm. Weight was measured with a Toledo

Il Cobas Mira Chemistry System, Roche Diagnostic Systems, Montclair, NJ.

9 Hitachi 704 Analyzer, Boehringer Mannheim Diagnostics, Indianapolis,
IN.

# DIAMAT Glycated Hemoglobin Analyzer System, BioRad Laboratories,
Hercules, CA.

— 223 —



iodontol * November 2005 (Suppl

Genco, Grossi, Ho, Nishimura, Murayama

self-zeroing weight scale and recorded to the nearest
0.01 kg. From these two measurements, the body
mass index (weight in kilograms divided by height in
meters squared) was calculated.

Periodontal assessments included measurements
of gingival bleeding, calculus, probing depth, and at-
tachment level carried out at two sites (buccal and
mesio-buccal) of two randomly selected quadrants,
one upper and one lower. Individual subject mean at-
tachment levels (AL) were calculated in millimeters.
We utilized mean AL >1.5 mm to define a case of peri-
odontal disease. This case definition has been utilized
previously to analyze data from NHANES Il to deter-
mine the risk for periodontal disease associated with
serum levels of specific nutrients and inflammatory
mediators.?!22

Demographic variables included gender, race, and
ethnicity (non-Hispanic white, non-Hispanic black,
Mexican, and other), number of years of education
completed, and age at examination. Smoking status
was categorized as never, former, or current cigarette
smoker. For former and current smokers, overall ex-
posure to tobacco was calculated as packyears; i.e.,
number of cigarettes smoked per day x number of
years smoked.

The analyses were carried out on participants of
both genders aged 20 to 90 years, with no clinical di-
agnosis of diabetes mellitus. Specifically, participants
responding that they had previously been told by
a physician that they had diabetes, or who had fasting
blood glucose levels of >126 mg/dl were considered to
have previously diagnosed diabetes and were ex-
cluded from this analysis. In order to improve the
reliability of periodontal assessment, individuals
included in this analysis were required to have at least
six natural teeth.

Statistical Analysis of the NHANES Il Data
Descriptive statistics including means, standard devi-
ations, and percentages were used to summarize the
demographic variables and health-related behaviors
of the study sample. An index of insulin resistance
(IR) was constructed from the product of fasting insu-
lin x fasting glucose. The sample was stratified by BMI
into overweight and non-overweight (BMI 227 and
<27 kg/m?) and in quartiles of insulin resistance. Mean
values of total cholesterol, triglycerides, C-reactive
protein, glucose, insulin, and glycated hemoglobin
(HbA; ) were calculated for all quartiles of insulin re-
sistance. Comparisons were made for all dependent
variables and quartiles of IR, with the lowest quartile
of IR as the reference group.

Multiple logistic regression analyses were used to
examine the association between obesity and peri-
odontal disease. Age, gender, education, race and
ethnicity, and smoking were utilized as covariates

and as such were adjusted for in the final model. To
obtain estimates representative of the entire U.5. sam-
pling frame, weighting of the sample data was done.23
Analyses were performed using a statistical software
program incorporating the sampling weights.**

Plasma Levels of TNF-«, sTNF-«RI, and sTNF-aRIl

A subset of the University at Buffalo myocardial in-
farction in periodontal disease case control study?*
was used. In this study, 1,221 adult controls with no
history of myocardial infarction were assessed by ex-
tensive periodontal and medical examinations as well
as laboratory studies. A subset of individuals (305
subjects) in the highest quartile of BMI, (230.8 kg/
m?) was selected. Of these, 41 had periodontal dis-
ease as evidenced by having two or more teeth with
attachment loss 26 mm and one or more feeth with
probing depth 25 mm. Two hundred sixty-four
(264) were identified in the highest BMI quartile as
having little or no periodontal disease. In the lowest
quartile for BMI (<24.6 kg/m?), 305 subjects were as-
sessed. Of these, 35 (11.5%) had periodontal disease
based on the same criteria, while 270 subjects had lit-
tle or no periodontal disease.

Test subjects selected from the highest quartile of
BMI included the 41 with periodontal disease, and 50
randomly selected from the 264 with little or no peri-
odontal disease. From the lowest quartile of BM], the
35 with periodontal disease and 50 randomly selected
from the 270 with little or no periodontal disease were
selected. This resulted in four groups for analysis of
systemic cytokines: A: high BMI with periodontal dis-
ease (41); B: high BMI with little or no periodontal dis-
ease (50); C: low BMI with periodontal disease (35);
and low BMI with little or no periodontal disease (50).

Samples Analyzed

Ethylenediamine tetracetic acid (EDTA) plasma was
frozen at -86°F. Samples were coded and kept frozen
until assay. About 5% of the samples were analyzed in
duplicate as a quality control. Assessment of TNF-«
and soluble TNF receptor levels was carried out as
described by Nishimura and coworkers.!”

Statistical analyses of TNF-a and sTNF-a receptors
were carried out using analysis of variance (ANOVA),
with P values expressed as the result of a { test. The
correlation coefficients were calculated to measure
the linear relationship of clinical attachment loss to
plasma levels of TNF-a and sTNF-a receptors.

RESULTS

A total of 12,367 non-diabetic individuals 20 to 90
years old participated in the dental section of the
NHANES 1l study. Of these 53.1% were men and
46.9% women; 38.7% were whites, 27.7% were

** Westvar PC, Version 2.1, WESTAT, Inc., Rockville, MD.
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blacks, 29.4% were Mexican Americans, and 4.2%
were of other racial and ethnic groups; and 43.1%
were overweight (BMI 227 kg/m?) (Table 1). Over-
weight individuals were slightly older, less educated,
and had a lower income compared to non-overweight
individuals. A greater proportion of females, non-
Hispanic blacks, and Mexican Americans were over-
weight compared to those non-overweight. A greater
level of attachment loss (P<0.01) and more periodon-
tal disease (P <0.05) were seen in the overweight
group (Table 1).

The distribution of the sample by quartiles of IR is
shown in Table 2. Increasing age was significantly as-

Table |.

Demographics, Periodontal Status, Serum Glucose,
and Lipid Parameters of Obese (BMI > 27 kg/m?)
and Non-Obese (BMI < 27 kg/m?2) Individuals

sociated with IR (P <0.05). Significantly greater
(P <0.05) proportions of non-Hispanic blacks, Mexi-
can Americans, and other racial groups were in the
upper quartiles of IR compared to white Americans
(Table 2). Likewise, significantly more individuals
with less than 12 years of education, lower income
levels, and smokers were in the highest quartile of
IR compared to those in the lowest IR quartile (Table
2). There was no significant difference in gender dis-
tribution among those in different quartiles based on
insulin resistance.

Table 2 also shows that the severity of periodontal
attachment loss increased proportionally with in-
creasing IR (P <0.05). Individuals in
the highest IR quartile exhibited greater
mean attachment loss compared to
those in the lowest quartile. Following
a similar trend, the number of teeth lost
increased significantly (P <0.05) with

Overall

N 12,367

7,041

Prevalence (%) NA 569
Age in years (mean + SE) 435+ 02 422 +£02
Periodontal disease (96)* 254 243
Attachment loss in mm (mean + SE)T [.I £0.1 I £0.1
Gender (%)

Female 469 51.7

Male 53.1 483
Race and ethnicity (%)*

Non-Hispanic white 38.7 426

Non-Hispanic black 27.7 258

Mexican American 294 269

Other 42 47
Education (%)*

<7 years 14.8 129

8 to || years 20.6 20.1

|2 years 324 315

>12 years 322 355
Annual household income (%)*

<US$30,000 61.7 60.8

2UUS$30,000 383 392
Serum parameters (mean £ SE)

Fasting glucose (mg/dly* 933 %0l 91.6 £ 01

Serum insulin (pmol/ly* 673 £ 05 500 + 04

Hemoglobin Ay, (%)* 53 %01 52+0.1

White blood cell count® 72+ 0.1 70+ 01

Cholesterol (mg/diy* 202.1 £04 1968%05

Triglyceride (mg/dl)* 1350 £09 1157£10

C-reactive protein (mg/di)* 04 £ 0.1 04 +0.]

increasing levels of IR. On average,
individuals in the highest IR quartile
had lost 1.1 more teeth compared to

5326 individuals in the lowest IR quartile

ey (Table 2).

459 + 02 A significant (P <0.05) proportional
.26~9 ) increase in BMI was seen with increas-
19 + ol ing levels of IR (data not shown). Most
o individuals in the IR highest quartile
can be considered obese, as they ex-
55.0 hibited a mean BMlof 31.8 kg/m? (data
450 not shown). Individuals in the highest
quartile of IR had significantly elevated
(P<0.05) levels of total cholesterol and
336 triglycerides, mean 208.2 mg/dl and
303 187.2 mg/dl, respectively, compared
327 to 193.2 mg/dl and 96.6 mg/dl in
34 quartile 1 (Table 3). Fasting glucose
levels in the highest IR group were sig-
(73 nificantly elevated (P<0.05) compared
2 to the lowest quartile of IR (Table 3).
3346 Fasting levels of insulin were more than
28.0 4 times greater in the highest quartile
compared to the lowest quartile (Table
3). Levels of glycated hemoglobin
630 (HbA,.) were also significantly ele-
370 vated in the highest IR quartile group
compared to the lowest, 5.5% versus
954 + 0,] 5.1% (Table 3). Table 3 also shows that
902 + 1.0 C-reactive protein levels were higher in
5440 the two highest quartiles of IR as com-

7440, pared to the lowest quartiles.
2090 + 0.6 Multivariate analyses revealed that
1606 + 1.6 BMI is positively and significantly re-
05 + 0.1 lated to severity of attachment loss

* Statistically significant when comparing those overweight to those of normal weight (P <0.05).
1 Statistically significant when comparing those overweight with those of normal weight (P<0.01).
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(P<0.001; Fig. 1). A weighted multiple
logistic regression showed that this
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Table 2.

Demographics, Periodontal Status, and Smoking History by

Quartiles of Insulin Resistance

t0 3.47 +0.16 pg/ml in those

under age 50 (P <0.05).
There were no differences
between males and females

Ql (Lowest) ‘<
Age in years (mean & SE) 40.7 £ 0.3 433+ 031
Prevalence of periodontal disease (%) 58 6.6

Attachment loss in mm (mean =+ SE) 1.0+ 0. [ £0.1
Remaining teeth (mean * SE) 240+0]  237%0.7
Gender (%) _

Female 539 52.9

Male 46.1 471
Race and ethnicity (%)*

Non-Hispanic white 453 432

Non-Hispanic black 252 264

Mexican American 26.1 26.4

Other 34 43
Education (9%6)*

<7 years 1.7 124

8to Il years {88 19.7

12 years 313 328

>12 years 382 35.1
Annual household income (%)*

<US$30,000 586 590

2US$30,000 414 41.0
Smoking (packyear, mean % SE) 70+£03 72%03

insulin Resistance

or between current smokers
and never or former smokers
in levels of TNF-a or sTNF-«

o

i wiis  receptors. There was, how-
453103t 45.1£03"  ever, ahighly statistically sig-
72 58 nificant elevation of TNF-a
12£011 122017 and sSTNF-a RI and RI in
28%047 229:01T  those individuals with BMI
>30.8 kg/m? compared to
575 535 those with BMI <24.6 kg/m?.
475 465 With respect to periodon-
tal status, although those
with severe periodontal dis-
35.6 280 ease had a tendency to
280 319 higher levels of especially
322 35.4 TNF-o and sTNF-aR2, these
42 50 failed to reach statistical sig-
nificance (Table 4). Table
5 shows a further analysis

16.5 20.5 s
of the correlation between
212 233 TNF-a and soluble TNF-a
34 318 receptor levels and clinical

289 244
attachment level as a mea-
sure of severity of periodon-
63.1 675 tal disease. As can be seen
369 325 in Table 4, among those in
the quartile with the lowest
82+03" 82+ 047

BMI, there was a modest,

* Significant association with insulin resistance (P <0.05, chi square).
T Significantly different from Q1 (P <0.05).

relationship is likely mediated by insulin resistance. In
fact, overweight individuals with IR in the highest
quartile exhibited an odds ratio (OR) of 1.48 (95%
Cl 1.13 -1.93) for severe attachment loss, whereas
this association was not significant for subjects with
high BMI and low IR. The significant association be-
tween BMI and periodontal disease remained un-
changed after adjusting for age, gender, income,
education, race and ethnicity, and smoking (Fig. 1).
BMI was a significant predictor of periodontal disease
independent of the effects of all of the above con-
founders, in addition to cholesterol, triglycerides,
and C-reactive protein, OR 1.45 (95% CI 1.09 - 1.93)

(Fig. 1).

Plasma, TNF-«, and sTNF-a Receptor Levels

Table 4 shows TNF-a, sTNF-aRI, and sTNF-aRIl lev-
els in plasma analyzed by age, gender, smoking sta-
tus, BMI, and periodontal status. Age was related to
TNF-« levels, with higher levels seen in individuals
over 50 years of age (4.29 + 0.16 pg/ml), compared

but statistically significant

positive correlation of sTNF-

aRl and sTNF-aRIl levels
and increasing attachment level.

DISCUSSION

Results from analysis of the national representative
sample indicate that obesity is a significant predictor
for periodontal disease independent of the effects of
age, gender, race and ethnicity, and smoking. Fur-
thermore, analysis of this national sample suggests
that insulin resistance mediates the relationship be-
tween obesity and periodontal disease.

Obesity is likely an independent risk factor for hy-
pertension, coronary heart disease, osteoarthritis,
and, in particular, type 2 diabetes.? As BMI increases,
so does the risk and prevalence of these co-morbid-
ities.?> BMI was the most important independent pre-
dictor of the risk of diabetes mellitus in the Nurses
Health Study.2® The risk of diabetes in women in-
creased 5-fold for those with BMI of 25 kg/m?, 28-fold
for those of BMI of 30 kg/m?, and 93-fold for those
of BMI >35 kg/m? compared to women with BMI

2079

— 226 —



Table 3.

Measures of Glucose Metabolism, Serum Lipids, and C-Reactive
Protein by Quartiles of Insulin Resistance (mean + SE)

but not in older adults.}4 Why
an increase in periodontal
disease was not seen in older
individuals is unclear.

- Insufin Resistance

Obesity in general has
been known to lower insulin
sensitivity. In addition, distri-

Q3 ‘
ottt ettt 5 bution of body fat influences
Serum insulin (pmolf) 300401  464+00%  687+02¢ 1420+ g+ independent and additive
mechanisms. Abdominal ob-
Hermoglobin Ay (%) 540 52 Q1% 53£01* 35£01*%  esity is especially associated
Cholesterol (mg/di) 1932407  2023+07% 2061 +07¢ 2082+09+  With an increase in the glu-
cose and insulin response to
Triglyceride (mg/dl) 9.6+ 10 1216+ 15% 1475+ 18%  1872+26* an oral glucose challenge.’
C-reactive protein (mg/dl) 04+ 0. 04 + 0.1 05+ 0,1 06+01+ Upper body obesity is asso-
ciated with a decrease in
* Significantly different from Q1 (P <0.05). the uptake of insulin by the
liver, increased hepatic gluco-
neogenesis, systemic dyslipidemia, and insulin
resistance. Abdominal adipocytes contribute to in-
, N creased release of free fatty acids (FFA), resulting
Adjusted for other I { . . . . 28
covariates™ AN in elevation of triglycerides.=® Increased plasma FFAs
lead to further increase in hepatic gluconeogenesis
and increased peripheral insulin resistance with
2?;[‘;?:: for cholesteral, ! O | downregulation of insulin receptors. Links between
other covariates* dyslipidemia and periodontal disease have been pro-
posed by investigators who propose that there is a link
} i —4—  between elevated triglycerides and inflammatory hep-
“Age, gender, income 10 14 L8 22 arin responsiveness which results in enhanced peri-
educa_hon, race and ethnicity, . 20.31
smoking Odds Ratios odontal disease.
Sustained compensatory hyperinsulinemia and in-
Figure |. sulin resistance further compounds the dyslipidemia

Association of periodontal disease and BM. Individuals with

BMI 227 kgim? and upper quartile of IR have increased risk for
severe attachment loss, adjusted OR 1.48 (95% Cl: 1.13 - 1.93),
compared to those with BMI <27 kg/m?. This increased risk did
not vary after adjusting for additional covariates of cholesterol,
triglycerides, and CRP: OR 1.45 (95% Cl: 1.09 - 1.93).

of <21.%6 The distribution of fat tissue is also an
independent predictor of diabetes mellitus. Abdomi-
nal obesity (waist circumference of >40 inches) in-
creases the risk of diabetes 3.5-fold after controlling
for BML.27 The risk of periodontitis increased 3-fold
in Japanese individuals with BMI 25 to 29.9 kg/m?
and 8.6 for those with BMI > 30 kg/m? compared to
those with BMI < 20 kg/m? after adjustment for age,
gender, oral hygiene status, and smoking history.!!
In a manner similar to the risk for diabetes mellitus,
the increased risk for periodontal disease was espe-
cially significant in individuals with upper body obe-
sity; i.e. high waist-hip ratios.!!

A similar finding from a large survey was recently
reported in which high waist circumnference was asso-
ciated with periodontal disease in 18- to 34-year-olds,

2080

associated with obesity, resulting in the classical ab-
normal lipid profile; i.e., elevated plasma fasting tri-
glyceride, cholesterol, and low-density lipoprotein
cholesterol.32 Elevated FFA have also been shown
to induce apoptosis of B-cells of the pancreas via de
novo ceramide formation and increased nitric oxide
production.33

Data from the Framingham study revealed that for
every 10% increase in relative weight, there was an in-
creaseinplasma cholesterol of 12 mg/dl, anincreasein
systolic blood pressure of 6.5 mm/Hg, and an increase
in fasting blood sugar of 2 mg/dl (reviewed in 34).34
Ourresults support these results. Overweight individu-
als in our study (BMI > 27 kg/m?) exhibited an increase
in plasma cholesterol of 12.2 mg/d|, in triglycerides of
44.9 mg/dl, in fasting blood sugar of 3.8 mg/d], in
fasting serum insulin of 40.2 pmol/l, and in HbA1lc¢ of
0.4% compared to those non-overweight (Table 1).
Our study also demonstrated an increase in choles-
terol, triglycerides, measures of glucose metabolism,
and C-reactive protein proportional to increasing quar-
tiles of IR (Table 3). These findings provide additional
evidence that both obesity and insulin resistance are
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Table 4.

TNF-a, sTNF-aRl, and sTNF-aRIl Plasma Levels

Age
<50 years 49
>50 years 119
Gender
Male 70
Female 98

Smoking status

Never/former 148
Current 20
BMI
Low BMI («24.6 kg/m?) 84
High BMI (230.8 kg/m?) 84
Periodontal status
Low periodontal disease (<2 teeth with 100
26 mm AL and <l tooth with 25 mm PD)
High periodontal disease (22 teeth with 68

26 mm AL, and 21 tooth with 25 mm PD)

347 £ 0.16% 13469 + 793 27607 + 126.3
429 £ 0.16 15277 £ 577 30677 £ 1212
422 £0.19 15684 % 855 31419 £ 1799
393+ 0.16 14049 £ 527 2859.8 + 95.6

402 £0.13 14612 £ 499 29652 + 104.2
424 £ 028 1549.1 + 147.1 30636 £ 1640
376 £ 0.17*% 1276.8 + 43,01 27719 + 97.5%
434017 16614 £776 31823 £ 1573
398 £ 0.17 14664 £ 56.8 29002 £ 1015
415+ 018 4814 £ 815 30879 = 1758

* P value <0.05.
1 P value <0.001.

Table 5.

Correlation of TNF-«, sTNF-aRI, and
sTNF-aRIl Levels and Attachment Levels

C

orrelation Coefﬁ;iéﬁi Paue)

TNFar | STNFaRI
Overall 0096 (022) 0061 (045)  0.103 (0.19)
Low BMI 0073 (051)  0225* (0.05)  0.250% (0.02)
<246 kg/m?
High BMI 0.121 (027) -0.025 (0.83)  0.009 (0.93)
230.8 kg/m?
* P <0.05.

associated with parameters of abnormal lipid and glu-
cose metabolism.

It is important to note that as BMI and quartiles of IR
increased, so did the severity of periodontal attach-
ment loss. Our study supports the concept that insulin
resistance appears to mediate the relationship be-
tween obesity and periodontal disease. Several exper-
imental approaches support this epidemiological
observation. For example, severe insulin resistance
was experimentally induced in rat models following

infusion with bacterial LPS.3536 TNF-a mediated
insulin resistance may occur in infection-related in-
crease in plasma TNF-a by suppressing insulin-
induced tyrosine phosphorylation of insulin receptor
substrate-1 (IRS-1), thus blocking translocation of
glucose transporting proteins (GLUT-4) and impairing
insulin action.37-3® Chronic upregulation of TNF-« in
response to lipopolysaccharides from periodontal or-
ganisms in subgingival plaque3® has been proposed
as a contributing factor aggravating the state of insulin
resistance.®

Inthe present study, a highly statistically significant
elevation of plasma TNF-« levels as well as plasma
levels of sTNF-aRI and Rl were observed in those with
the highest quartile of BMI compared to those in the
lowest quartile. This is consistent with the elevated
levels of TNF-a reported in individuals with abdominal
obesity compared to those with peripheral obesity.°
In addition, adipocytes from obese diabetic individu-
als with severe insulin resistance secreted high levels
of TNF-a.4! Elevated levels of serum TNF-a have
been reported in obese non-diabetic individuals,
which declined following weight loss.*2

Although in our study the absolute levels of TNF-«
and its soluble receptors were not statistically sig-
nificantly elevated in those with severe periodontal
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Inflammation Links Obesity to Diabetes and Periodontal Disease: A Model

disease as compared to those
with little periodontal disease
in the whole population, there
was a modest, but statistically
significant, correlation of sTNF-
aoR levels with increasing se-
verity of periodontal disease
only in the low BMI group.
These results suggest that the
effect of periodontal infection
in increasing sTNF-a receptors
is possibly masked by the effect
of the elevation of TNF« and its
receptors associated with obe-
sity. Only when the effect of
BMI on sTNF-a receptors is
minimal (at low BMI), does
one see increased sTNF-a re-
ceptor levels in plasma associ-
ated with periodontal disease.
It is reasonable then to propose
that chronic stimulation and
secretion of proinflammatory
cytokines associated with peri-
odontal infection occurs and
could contribute to insulin re-
sistance,*? leading to more
severe insulin resistance and
greater levels of glycated he-
moglobin and more dyslipide-
mia and other metabolic and
pathologic consequences of di-
abetes mellitus. This is consis-
tent with our recent findings
that diabetics with periodontal
disease have greater mortality
from diabetic complications such as cardiovascular
disease and diabetic nephropathy than diabetics with
little or no periodontal disease.**

A proposed model linking inflammation to obesity,
diabetes, and periodontal infection is presented in
Figure 2. Dietary free fatty acids contribute to obesity,
as well as to insulin resistance by enhancing apoptosis
of B-cells of the pancreas. Adipocytes produce proin-
flammatory cytokines such as TNF-q, which in turn
appear to contribute to insulin resistance by inhibiting
insulin signaling.*® Insulin resistance is a pathologic
process which is a critical feature of type 2 diabetes
mellitus. Diabetes also contributes to a hyperinflam-
matory state through production of advanced glyca-
tion end products (AGE) of proteins which trigger
monocyte/macrophage and cytokine production
through interaction with receptors for AGE. This
higher inflammatory state then sets the stage for in-
creased levels of periodontal disease triggered by oral
pathogens. The precise nature of the molecular inter-

Figure 2.
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1. Adipocytes secrete

proinflammatory cytokines
into the plasma
v
TNFa
2. TNF-q inhibits insulin
signaling leads to IR.*
Also, free fatty acids cause
apoptosis of B cells via
ceramide and nitrous oxide,
leading to IR
v
Insulin Resistance (IR)
v
Diabetes Mellitus
3. Diabetes associated with a
hyperinflammatory state
v
Periodontal Infections
4. Periodontal tissues primed
by hyperinflammatory state
and exhibit exaggerated
response o infecting
organisms

A proposed model linking inflammation to obesity, diabetes, and periodontal infections.

actions of inflammatory cytokines with obesity, dia-
betes, and infections such as periodontal disease is
not clear. However, it is hoped that this and other
models suggest experimental approaches to clarify
these mechanisms.

Results from our study suggesting periodontal dis-
ease as another co-morbidity associated with obesity
is of potential public healthrelevance. Evidence israp-
idly mounting supporting periodontal disease as an in-
dependent risk for CHD and as an aggravating factor
for diabetes mellitus and cardiovascular and nephrop-
athy complications of diabetics.842:44:46-49 The pres-
ence of periodontal infection in obese individuals may
be an important factor precipitating the clinical out-
come of type 2 diabetes and its complications, as well
as CHD in non-diabetics. Further studies of the role of
insulin resistance, plasma lipids, leptin, resistin, adi-
ponectin, and proinflammatory cytokines are urgently
needed to fully unravel the molecular basis of these re-
lationships. Intervention and preventive approaches
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may ultimately lead to amelioration of the significant
health burden associated with these diseases.
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A Survey of Student’'s Consciousness of Oral Microbiology in a School of Dentistry.

Norito SATOH!, Susumu KOKEGUCHI', Kazuhiro FUKUT
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Dentistry and Pharmaceutical Sciences, Okayama University

Summary
We conducted a survey of consciousness of oral microbiology in 111 dental school stu-

dents (freshmen and sophomores) who had not yet major in the oral microbiology.

The results were as follows:

1. 89 students (80.2 %) were interested in oral microbiology.

2. 43 students (37.7 %) wanted to learn about "oral microbiology particularly its rela-

tionship to whole body diseases" as deeply as possible.

3. 89 students (80.2 %) were interested in Infection Control Doctor (ICD) which is one of

the specialized qualification of a dentist.

The results of the present study showed that the student's interest in oral microbiology
was high and that many students wanted to learn technical knowledge about infection pre-
vention and treatment modalities.

It is necessary to conduct comprehensive ICD professional training as well as an intro-
ductory teaching program on oral microbiology and its related fields. Further efforts are
needed to establish an education system that can provide good dentists who better meet the

needs of both dental students and society.

Key words: oral microbiology, Infection Control Doctor (ICD), consciousness survey,
dental student, dental education.
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