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New factors associated with sleep bruxism

— swallowing and gastroesophageal reflux —
Shouichi Miyawaki

Department of Orthodontics, Field of Developmental Medicine, Health Research Course,
Kagoshima University Graduate School of Medical and Dental Sciences,
8-35-1 Sakuragaoka, Kagoshima, 890-8544, Japan

Abstract

Sleep bruxism is defined as a stereotyped movement disorder characterized by tooth grinding during
sleep and causes abnormal tooth wear, fracture, hypersensitivity, masticatory muscle discomfort, pain and/
or temporomandibular disorders. 8 % of the general population is considered bruxism patients according to
the clinical diagnostic criteria. It has been considered to be a parafunction in dentistry and it has also been
placed in the parasomnia section according to the International Classification of Sleep Disorders. Recently,
we revealed that swallowing and gastroesophageal reflux (GER) were associated with sleep bruxism. In
this review article, I describe the definition of bruxism along with its diagnostic criteria, pathophysiology,
signs and symptoms, hypothesis for cause, etiology, day to day variability, associated factors including our
new findings such as swallowing and GER, and treatment method.

Key words: bruxism, gastroesophageal reflux (GER), sleep, swallowing
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Evaluation and Treatment of Speech Function
of Patients with Cleft Palate

Norifumi Nakamura

Department of Oral and Maxillofacial Surgery, Field of Maxillofacial Rehabilitation,
Advanced Therapeutic Course,
Kagoshima University Graduate School of Medical and Dental Sciences
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

Abstract

Speech impairment is a serious problem faced by cleft palate patients in their early lives. Despite
recent developments in surgical techniques, postoperative speech problems, including hypernasality and
articulation disorders, are still reported. To improve speech quality in cleft patients, establishment of diag-
nostic and treatment guidelines based on an understanding of the pathology of cleft palate speech is neces-
sary.

In this article, our previous works on the establishment of the objective criteria for diagnosis of post-
operative velopharyngeal incompetence (VPI) in cleft palate, the establishment of a new guideline for
speech therapy of the postoperative VPI, craniopharyngeal characterization of the morphology of patients
with persistent VPI, and three-dimensional analyses of palatal deformity as a possible cause of articulation
disorders, are introduced. To establish objective criteria for diagnosis of velopharyngeal closure function
(VPF), nasalance scores in cleft palate patients were calculated using Nasometer test. In the test, good VPF
was diagnosed when the score averaged less than 20%, and poor VPF was suggested when the score aver-
aged more than 40% and exceeded 80% on phonating the high-pressured sentence.

Although an improvement in the acquired ratio of postoperative VPF from 60% to 90% has been rec-
ognized in the recent year, persistent VPI remains in approximately 10% in patients with cleft palate. The
craniopharyngeal morphology of patients with persistent VPI was characterized by a short palate, a wide-
based counterclockwise rotation of the pharyngeal triangle. These items might be contributory factors for
the prediction of VPF before surgical treatment of cleft palate. Further investigations are necessary to fur-
ther improve understanding of the mechanisms involved in the occurrence of VPI and articulation disor-
ders. This may lead to a more biological approach to the treatment of cleft palate speech.

Key words: cleft palate, speech, velopharyngeal function, articulation
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2. DIRRERMMAENSEME ORRIEOSHIE

Cleft Palate Normal

VPI (n=7) VPC (n=14) (n=20)
Velar length 39.0 (18.7)** 43.4 (3.3)* 47.9 (1.0)
Pharyngeal depth 42.7 (13.3)* 37.7 (2.1) 39.2 (2.4)
Length/Depth (%) 90.6 (6.0)** 114.9 (1.1) 125.8 (4.4)
Pharyngeal height 13.9 (5.9) 11.1 (1.4) 11.1 (1.8)

*P<05 **:P<0l
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Anatomy of the muscles which construct the soft palate

Yuichi Tamatsu, Kazuharu Mine and Kazuyuki Shimada

Department of Neurology Gross Anatomy Section,
Kagoshima University Graduate School of Medical and Dental Sciences,
8-35-1 Sakuragaoka, Kagoshima, 890-8544, Japan

Abstract

The serial movement of mastication and swallowing is produced by delicate cooperation of mouth,
pharynx, esophagus and the circumference structures. The aim of this report is to explain about the form
of soft palate muscles which is hard to understand but important for dentistry. The posterior margin of soft
palate forms an upper wall of isthmus of fauces with the uvula hanging from central part. It relaxes and
strains with flexibility and seems to be a sail of a ship, so it is called veli palatini. Soft palate has no lining
of bone, but maxillary tuberosity, horizontal plate of palatine bone, pterygoid process of sphenoid bone,
temporal bone cone lower part, cartilage of auditory tube are important peripheral structures. Soft palate
consists of five muscles. Musculus uvulae elevate the uvula. Palatoglossus and palatopharyngeus originate
from lower part than soft palate, and make the wall of fauces. Levator veli palatini and tensor veli palatini
originate upper portion than the soft palate, and elevate and strain the soft palate. When they are observed
in a mouth, the forms of the schema of these muscles seem to be a spider.

Key words: musclus uvulae, palatoglossus, palatopharyngeus, levator veli palatini, tensor veli palatini
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Molecular mechanisms of taste reception and
taste cell differentiation

Hirohito Miura

Department of Oral physiology, Field of Functional Biology and Pharmacology,
Advanced Therapeutic Course,
Kagoshima University Graduate School of Medical and Dental Sciences
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

Abstract

Recently, there has been significant advance in understanding of the molecular mechanisms of taste
reception. Taste receptors for sweet, umami and bitter have been cloned, and studies on the ligand speci-
ficity and functional domain of the receptor have been performed by Ca’* imaging in HEK293 cells in the
past few years. However, the cellular basis for taste perception still remains elusive. Taste receptors are
specifically expressed in the taste buds that are distributed on the tongue and soft palate. In mammals, taste
buds are maintained under the continuous cell renewal and the life span of taste bud cell is estimated about
10 days. Taste buds are trophically supported by taste nerve, and denervation causes the disappearance of
taste buds in about 10 days. We have investigated on the molecular basis for the taste bud maintenance
and the taste cell differentiation.

In the first part of this review, recent progress in understanding the taste receptor functions is de-
scribed. In the second part, the molecular mechanisms of taste bud maintenance are discussed mainly
based on our recent studies.

Key words: taste receptor, taste bud, cell differentiation
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Abstract

Oral administration of 4-nitroquinoline 1-oxide (4NQO) can induce a high incidence of tongue cancers
(TCs) in rats; inbred Dark-Agouti (DA) strain rats are highly susceptible, whereas Wistar/Furth (WF) rats
are resistant. Our carlicr studies confirmed that susceptibility depended on the respective genetic back-
ground, and 5 quantitative trait loci (QTLs), Tongue squamous cell carcinoma 1-5 (Tscci-5), were identi-
fied as influencing susceptibility/resistance to 4NQO-induced TCs; however, the gene products encoded by
the Tscc loci, and the molecular mechanisms responsible for their allele-specific cancer-modifier activities,
remain unknown. To test whether Tscc genes display either oncogene or allele-specific tumour suppressor-
like activity in TCs, we examined 4NQO-induced TCs in (DA x WF) F1 rats for loss of heterozygosity
(LOH) at the loci known to be involved in cancer to characterize genetic alterations in TCs and their pos-
sible relationship with the Tscc loci. We examined 40 tongue tumours = 5 mm in diameter from (DA x
WF) F1 rats for LOH at the Tsce loci, revealing a high frequency of LOH in chromosomal regions where
the Tscc 2, 3 and 4 loci map. In most LOH, the allele of the resistant WF strain was lost, suggesting that
these loci encode tumour suppressor genes. LOH was frequently found on rat chromosomes 5 (RNOS) and
6 (RNO6). In some advanced TCs, 5° CpG island methylation and mutation of p/5"™** and p/6™* genes
were also detected. The accumulation of LOH, mutation and methylation in tumour suppressor genes in
larger tumours suggests that they may play a role in TC progression. This latest work represents an impor-
tant step toward the identification of clinically significant biomarkers for tongue carcinogenesis.

Key words: 4NQO, Tongue Cancer, QTL, LOH, Methylation
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Introduction

Carcinogenesis is a multistep phenomenon modified
by a number of host genetic and cpigenetic factors, though
such modifier effects of the host are still poorly understood.
Etiological factors of TCs and other oral cancers are as-
sumed to be mostly environmental, such as smoking, alco-
hol intake or viral infection, but several epidemiological
studies and reports on familial clustering suggest that ge-
netic and epigenetic factors also contribute to susceptibility

»

to these cancers."*” Such genetic susceptibility, if

recognized, would be important in identifying risk groups
and elucidating critical steps in carcinogenesis.**

To clucidate host genctic and cpigenctic cffects, analy-
ses of appropriate animal models are very important; in-
deed, the rat model of TC induced by 4NQO is one of the
best. The induction of TC in rats by 4NQO, a potent car-
cinogen, is under genctic and cpigenctic control. We have
reported that the DA strain of rats is highly susceptible to
4NQO-induced TC, but that the WF strain is highly resis-

tant.*” Our studics in F2 rats using intcrval mapping
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methods have shown that susceptibility to 4NQO-induced
rat tongue carcinogenesis is determined by five QTLs of a
significant level, Tsccl-5 and, in addition, four QTLs of
suggestive level located on rat chromosomes 5, 6, 10 and
17.%*' To test whether an individual locus has an allele-
specific tumour suppressor-like activity on TC, 4NQO-
induced TCs in (DA x WF) F1 hybrid rats were examined
for LOH, methylation and mutation at each chromosomal
region containing these QTLs. " '*'” This report is based on
our studies in respect to chemical carcinogenesis in the rat
tongue.

Animals and Carcinogen

DA rats were purchased from the Shizuoka Laboratory
Animal Centre (Hamamatsu, Japan). WF rats were origi-
nally obtained from Hiroshima University (Hiroshima,
Japan), and have been maintained by brother-sister mating
for over 90 generations in our laboratory. Reciprocal mat-
ing between DA and WF rats derived a total of 100 F1 rats
(50 females and 50 males). In addition, a total of 130 F2
rats (68 females and 62 males) were obtained by mating
(DA x WF) F1 hybrids. A stock solution of 4NQO (Nacalai

Tesque, Kyoto, Japan) was prepared at 260 mg/litre in a 5%
ethanol solution and stored at 4C until use. From 6 weeks
of age, all rats were allowed access to drinking water
containing 0.001% 4NQO ad libitum from 5 pm to 9 am.
Rats were sacrificed when they became moribund or on
the 180th day of the experiment. A full autopsy with
histopathological examination of various organs, including
the tongue, maxilla and mandible was carried out on each
animal, and number and size of carcinomas of the tongue
and those of the oral cavity other than the tongue were
recorded.

QTLs in the F2 progeny (Table 1 & Figure 1)

QTL analysis in F2 rats was carried out as described
previously.'™'” We used DNA of 130 F2 rats. Primers for
microsatellite analyses were purchased from the Invitrogen
Corporation (Carlsbad, CA, USA). The relative map posi-
tions of the microsatellite loci were based on Jacob,'”
Watanabe, ' and the RAT MAP (http://ratmap.gen.gu.se/).
For mapping, Mapmaker/EXP version 3.0b was used to
create genetic maps for the datasets, and calculations of the

logarithm of the odds (Lod) scores was carried out with

Table 1. QTL affecting susceptibility to 4NQO-induced tongue carcinoma

Linkage indexes and %variance explained at each locus

Locus RNO? Number of TC Size of the largest TC
p Lod Score A P Lod Score (A
Tscel 19 482x10™ 10.04 209 1.48x 10”° 8.25 17.9
Tscc2 1 5.07x10*° 6.85 138 4.76x 10°* 6.79 12.9
Tsce3 1 2.48x 10”7 4.93 10.7 526x10* 3.66 9.21
Tsced 4 334x10* 6.88 14.4 8.72x 10" 3.13 7.01
Tsces 14 7.48 x 107 7.29 15.3 1.92x10° 3.10 6.81
DSMgh4® 5 1.36x 10" 347 7.92 325x10° 2.83 5.92
D6Rarss © 6 2.23x 10" 3.29 7.32 5.44 x 10° 2.75 5.78
DI10Mits © 10 1.45x 10° 312 6.91 9.47x 10° 213 549
D17Wox22° 17 1.98 x 10° .n 5.41 147 x 10? 2.03 4.49

% Rat Chromosome
t’)"/aVariam:e of phenotype explained

c)Thc marker locus closest to the suggested QTL peak.
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Mapmaker/QTL software. '™ "

Whole-genome scanning of 130 extreme-phenotype
F2 rats with 267 markers showed five significant linkages
to susceptibility to 4NQO-induced tongue carcinomas. We
found a significant linkage of a RNO19 region with both

Chromosome 19
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_ \
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TC#3 (TC with = 3 mm diameter) and DTCmax (maxi-
mum diameter of the largest TC in mm) at the point 4cM
distal from D19Mit9 (Fig.1) (A). This confirmed linkages,
between TC#3 and D/9Mit9 and also between DTCmax
and DI9Mit9, supported by y* values of 46.18 and 37.95
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Fig. 1. A composite interval mapping of Tsce/ on RNO 19 based on 130 F2 rats (62 male and 68 female) treated with 4ANQO
(A). Lod score plots for TC#3 and DTCmax are shown. The bar indicates 10 cM distance. TC#3 (Thin solid line) and
DTCmax (Thick solid line). Tscc2 and Tscc3 on RNO! (B). Tscc4 on RNO4 (C). TsceS5 on RNO14 (D). Reproduced
from Tanuma, J., ct al. with copyright permission of the publisher (JICR 92, 610-616, 2001).
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and p values of 4.82 x 107" and 1.48 x 107° (Lod scores for
10.04 and 8.25), respectively. The major locus was Tsccl,
explaining the 20.9% variance in phenotype DTCmax and
17.9% in TC#3.

Another significant linkage with the distal region of
RNO1 was observed 4cM distal from D7Rat320, with both
the number of TC#3 and the size of DTCmax, and was sup-
ported by y° values of 31.5 and 31.23, p values of 5.02 x
107* and 4.76 x 10* (Lod score of 6.85 and 6.79), respec-
tively (Fig.1) (B).

The association of the same chromosome with TC#3
showed a significant linkage for the marker locus DI/ Mit5,
besides Tscc2. To confirm that the two linkages are inde-
pendent rather than a random fluctuation of phenotypes,
composite interval mapping was carried out with the
Cartographer software. We named this locus Tscc3, and the
mapping was supported by an y * value of 22.68, a p value
of 2.48 x 1077 (lod scorc of 4.93) for TC#3, 2cM distal
from DIMit5. This QTL, Tscc3, showed considerably
weaker effects than Tscc2, because the linkage was smaller
than that of Tscc2 when found with DTCmax (lod score of
3.66) (Fig.1) (B).

On RNO4, we mapped another locus linked to TC#3.
The mapping was supported by an y* value of 31.65 and
a p valuc of 3.34 x 107" (Lod score of 6.88) for TC#3, 4cM
distal from D4Mghi0 (Fig.1) (C). We named this locus
Tsce4 and the gene showed a stronger effect for TC#3 than
for DTCmax; because the significant linkage was much
smaller than found with DTCmax (Lod score of 3.13).

On RNOI4, we mapped another locus linked to the
number of TC#3. The DA allele is associated with in-
creased phenotype expression, and the mapping was sup-
ported by an y’ value of 33.53 and a p value of 7.48 x
107° for TC#3 (Lod score of 7.29) in this locus 2cM distal
from D14Wox4 (Fig.1) (D). We named this locus Tscc3;
and it specifically affected TC#3, because the significant
linkage was not much higher than found with DTCmax
(Lod score of 3.10).

In addition, weak linkages for values of cither TC#3 or
DTCmax were observed at three loci, i. e., DSMgh4 on
RNOS5, D6Rat45 on RNO6, DIOMit8 on RNOIO, and
D17Wox22 on RNO17. However, these linkages were not
statistically significant (all of the Lod scores were of less
than 4.3), but were suggestive. Tentatively, we have called
them suggestive QTLs.

LOH analysis for F1 rats at QTLs

In 40 of 100 experimental F1 rats, at least one TC with
a diameter of = 5 mm was found at necropsy (Fig. 2).
LOH analysis in F1 rats was carried out as described previ-
ously."'*' Data was collected automatically and analysed
using the GeneScan software (Applied Biosystems). A
Genotyper (Applied Biosystems) was used for allele scor-
ing and assessment of LOH. In the case of constitutional
heterozygotes, two alleles were detected in normal tissue,
and if one was absent in the tumour, the result was classed
as LOH. When a tumour showed an allelic imbalance rather
than complete loss of one allele, the ratio of the tumour sig-
nal to that of the normal signal (T1/T2 over N1/N2) was
calculated. Ratios of < 0.67 or > 1.35 were considered in-
dicative of LOH for that locus.

In all the Tscc loci including the suggestive QTLs, DA
alleles lead to susceptibility to TC development, while WF
alleles lead to resistance. To determine whether the resis-
tant WF alleles of these loci are lost by hemizygous dele-
tion, as are tumour suppressor genes, we first examined
LOH in the TCs of the 40 (DA x WF) F1 rats with tumours
= 5 mm in diameter. LOH was frequently found on RNO1,
4, 5, and 6 and less frequently on RNOI10, 14, 17 and 19.
Among Tscc loci, Tscc2 and 3 (on RNOI1) and Tscc4 (on
RNO4) were within the segment frequently involved in
LOH. Tsce! (RNOI19) and Tscc5 (RNO14) were not in-
volved in LOH. In Tscc2, Tsce3 and Tsce4 in regions, the
WF allele was preferentially lost. LOH frequency at Tscc 2,
3, and 4 increased in parallel with the size of the TC, rais-
ing the possibility that the functions of Tscc 2, 3 and 4 are
to suppress tumour progression. Other hot-spots showing
= 30% frequency were on RNO5 and 6 bearing p/5™,
pl6™*** and Msh2, respectively.

DNA sequencing

Samples were loaded into an ABI 310 Genetic
_Analyzer, electrophoresed in the analyser’s capillaries
through Performance Optimised Polymer 6 (ABI) at 15 kV

for 25 min, and data analysed using the ABI 310 Sequence
Analysis software." "

Tumours and normal tissue in 40 Fl rats were
screened for Ha-ras gene exon 1 and 2 mutations. DNA se-
quence analysis revealed a G—A transition at codon 12 in
the Ha-ras exon 1 coding sequence, resulting in a change
from Gly to Glu (shown by the symbol a in Fig.2b).
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Another C—G mutation was found at codon 61 in the exon
2 coding sequence, resulting in a Gly rather than a Gln resi-
due (b in Fig.2b). The incidence of Ha-ras mutations was
70% (28/40 tumours) for codon 12 and 25% (10/40
tumours) for coedon 61. The presence of Ha-ras mutations
in almost all tumours points to a role for this gene in TC
pathogenesis.'’
Analysis of p/

5™ revealed two mutations, one at

codon 9, GGC (Gly) to GAC (Asp) in exon 1 (¢ in Fig.2b),
and one at codon 87, ACG (Thr) to ACA (Thr) in exon 2
(d in Fig.2b). In p/6™* | one of the mutations was found
at codon 9, GCC (Ala) to GC (one base deletion with
frameshift) in exon 1 (e in Fig.2b), and the other at codon
16, CGT (Arg) to CAT (His) in exon 1 (fin Fig.2b). The
two missense mutations werc accompanied by LOH, possi-
bility lcading to the loss of oncosuppression.'”

Individual wmour [ 1] 2[3]4]sTe[ 7[soPro[u]a2]a3[rfas[1 17 ag]is20]21]22] 23] 2] 25 26]27] 28] 20f 30] 3 1] 32f33] 1] 5 36| 37 38[ 30} 301

DTCmax (mm) _|25|25[28]20]20[20] w8 1ofas]1s]sda3[13az}i2fifiofuofsc[ o[ o o] 8 8[8] 7[ 7] 7| e[ 6| o[ o] 5] | 5[ 5] 5[ 5[ 5] 5] Lestallsle
Chromosome Marker loci of heterozygosit LOH(%) WF DA
RNOT DINIT ///,- -7//- @ 7+

Cp2b2 U 0s% 7 3
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Pecz  DIRat0 | 23(S8%) IS 8
DIRas382 2183%) 11 1o
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Diwox22 [ 16640%) 12 4
Ha-ras 20050%) 15 5
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Fig. 2. Genetic altcrations in individual TCs arranged in descending order of tumour size. DTCmax, maximum diameter of

the largest TC in mm.

a. LOH. W, loss of the WF allele; D, loss of the DA allele; empty box, no LOH; NI, not informative.

b. Mutations. Ha-ras; mutation at (a) codon 12 or (b) codon 61. p/5: mutation at (c) codon 9 in cxon 1 and (d) codon
87 in exon 2. p/6: mutation at (¢) codon 9 in exon 1 and (f) codon 16 in exon 1. 7p53: mutation at (g) codon 174
in exon $, (h) codon 211 in exon 6, (i) codon 247 in exon 6, and (j) codon 256 in cxon 6.
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A low frequency of LOH was observed at D/0MitS
(25%) on RNOI10, close to the Tp53 location. Analysis of
individual tumours for mutation of 7p33 revealed only four
large tumours = 20 mm in diameter with a mobility shift,
the Ist in exon 5, due to a transitional mutation at codon
174, TGC (Cys) to TAC (Tyr) (g in Fig.2b), the 2nd in
exon 6 at codon 211, CGG (Arg) to CTG (Leu) (4 in Fig.
2b), the 3rd at codon 247, CGG (Arg) to CGT (Arg) (i in
Fig. 2b), and the 4th at codon 256, GAA (Glu) to CAA
(Gln) (j in Fig.2b). These results indicate that mutations in
Tp33 are rare in TCs occurring only in the largest tumours.
Furthermore, no mutations in Msh2 and Fgfi4 were found
in any of the 40 TCs (data not shown).

Methylation analysis

DNA methylation of the p/5™ and p/6™*" gencs
was examined by amethylation-specific polymerase chain
reaction (MS-PCR), as previously reported by Herman et
al."” Briefly, 372 genomic DNA was treated with 3 M so-
dium bisulfite and 10 mM hydroquinone, purified using the
Wizard DNA purification system (Promega, Madison, WI)
and desulfonated with 0.3 M NaOH. PCR amplification

was performed with approximately 200 ng of treated DNA

g INK4B 6 INK4A

as the template. Primers for p/ and p! genes were
synthesized as previously reported by Swafford™ and Abe
et al.™ Two sets of primers were designed, one specific for
DNA methylated at CpG sites and another specific for fully

unmethylated DNA.

CaseNo. 1+ 2 3 4 5 8

We observed that p/6™** inactivation was mostly as-
sociated with aberrant methylation in the 5°CpG island of

qn"-.\l.‘i

its promoter region, whereas p/ was rarely affected.

Methylation was observed in 2/40 (5%) for the pi5™**

gene and 8/40 (20%) for the pl6™*** gene, shown in Fig.3.

mRNA expression of the p/5™ and pl6™*"' genes

Expressions of the p/5™" and p/6™*" genes were
analyzed in normal and the 40 TC samples by quantitative
real-time RT-PCR." p/5™*" and pl6™"" gene expressions
were associated with DTCmax and TC#5, as shown in
Table 1. p/5"™* and pl16"™""" genes mRNA expression lev-
cls are shown as the ratio of p/5™ and pl6™* / 2 -actin
in Fig 4.

Candidate genes for QTLs

Tscel: We considered that the strongest linkage of Tscel
was to the locus of the quinone oxidoreductase gene,
NQOI (Dia4), which is the gene of DT-diaphorase or
NADH-cytochrome b5 reductase) on RNO19.** Quinone
oxidoreductase is one of the major enzymes that convert
4NQO to the more active metabolite, 4-hydroxyaminoquinoline
1-oxide (4HAQO). Recently, we clarified that the locus of
NQOI is located between D19Mit9 and D1 9%wox8, as is the
locus of Tscel in rat.”* JunB a proto-oncogene, is another
potential candidate gene for Tscel, ™ and may act to ei-
ther promote or inhibit carcinogenesis, playing a role in

critical cell functions such as proliferation, differentiation

Fig. 3. Methylation-specific PCR of the 5°CpG islands of p/5™*" and p76™" in 4NQO-induced TC. Methylation-specific
PCR was carried out according to the method of Herman' with minor modifications. Primers for the p/6™™ and
p15™" genes were synthesized as reported by Swafford et al®” and Abe et al.”, respectively. Me, methylated: U,
unmethylated. Case numbers correspond with those in Table 1. Reproduced from Ogawa, K., ct al. with copyright per-

mission of the publisher (Oral Oncology 2006, in press).
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and apoptosis.

Tscc2: One of the candidate genes for Tscc2 may be at the
cyp2a locus located at 19q13.2; this is a structural gene for
the cytochrome P450 enzyme, phenobarbital inducible,
constituting a superfamily of membrane-bound cnzymes
that function as terminal mono-oxygenizes in thc metabo-
lism of a broad variety of endogenous and exogenous
compounds including chemical carcinogens.™™ When
searching for LOH at Tscc loci in 4NQO-induced TCs in
(DA x WF) F1 rats, we found that the chromosomal region
of the Tscc2 was a frequent target of LOH; the frequency
increasing as the size of the TCs increased. The resistant
WF allele was selectively lost, which suggests that Tsce2
might encode a tumour suppressor gene.

Tsce3: From its map position, we can assume scveral can-
didate genes for Tscc3 from its map position, including Ha-

raSIS.W‘!I)

and Gstp.”*” Ha-ras genes have previously been
implicated in cancer predisposition in humans, mice, and

rats. Loss of the wild-type Ha-ras allele may causc an un-

opposed mutant activated by p21 protein that could poten-
tially lead to gene amplification. Ha-ras point mutations at
codon 12 or 61 were detected in 28 of the 40 TCs, among
which, LOH of wild-type Ha-ras was observed in 20 of the
TCs >7 mm in diameter. The high incidence of Ha-ras mu-
tations raises the possibility that they represent an early
event in TC development. In our parallel study with 4NQO-
induced TCs in F1 rats, frequent loss of the WF allele and
point mutations in the remaining DA allclc at the Ha-ras
gene were observed.

A carlier study of ours showed Gsip to be a promising
marker for 4NQO-induced tongue carcinogenesis in rat. All
TCs invariably expressed Gsfp, whereas tongue tissues
from normal control animals were negative. This may con-
tribute in some way to the difference in susceptibility to
4NQO between the DA and WF strains.

Tsced: One of the candidate genes for Tscc4 is Tgfa, lo-
cated on RNO4 and encoding the transforming growth fac
tor- a (TGF a ).** Other candidatc genes for Tscc4d
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Fig. 4. Expression levels of mRNA of the p/5™* and pl6™** genes. The level is shown as the ratio of p/5™*** and
pl16™* genes / b-actin. p/5"™** and pl6™** gene cexpressions in 40 TCs. Reproduced from Ogawa, K., et al. with
copyright permission of the publisher (Oral Oncology 2006, in press).
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mapped on RNO4 may be Ki-ras***” and Pthih.***® Pthih
encodes the parathyroid hormone-related protein (PTHIP),
which is regarded as a predominant cause of hypercalcemia
of malignancies observed in several types of human can-
cers. Manenti et al.*” reported that an amino acid polymor-
phism of Pthlh showed cancer modifier effects in a human
squamous cell carcinoma cell line. We also are now en-
gaged in an exhaustive molecular survery on Pthlh, in re-
spect to 4NQO-induced rat tongue carcinogenesis, and
some important and interesting results will hopefully be
presented in the future (Tanuma, unpublished data).
Tsce5: For Tsce5, Egfir and Tp5312 can be mentioned as
possible candidate genes. Some important and novel as-
pects of the biological behaviours of oral cancers should be
brought by further surveys regarding these genes.
Suggestive-QTL regions: Finally, the candidate genes for
RNOS, RNO6, RNO10 and RNO17 may be mutations in
tumours - the suppressor genes pl5, pl6, p53 and Fgfi4
were only observed in a few large TCs in our model.

Their contribution to the tumour progression in TCs
was unclear but they appeared to be somehow involved at
an enlarged stage, possibly by genetic instability. The lower
frequency of genetic alterations in p53 in this medel con-
trasts with other reports of high levels of p53 expression
and its frequent mutation in human TCs, and of LOH in
oral cancers.

Conclusive remarks

We have identified five susceptibility/resistance genes
for 4ANQO-induced rat tongue carcinogenesis, Tscel, Tsce2,
Tscc3, Tscc4 and Tsce5 on RNO19, 1, 4, and 14. The map-
ping of the genetic loci conferring susceptibility/resistance
to TC opens up important avenues for future studies. A
high incidence of LOH was observed at the chromosomal
sites where genes involved in susceptibility/resistance to
tongue carcinogenesis are located, and indicates that puta-
tive oncosuppressor genes also play important roles in rat
tongue carcinogenesis. This article presents our extensive
genetic and epigenetic, including assayed on cDNA
Microarrays and PowerBlot analysis of rat 4NQO-induced
TCs, and a discussion of possible candidate genes with spe-
cial reference to TCs.

In conclusion, genetic and epigenectic studies of
susceptibility/resistance to chemical carcinogenesis have
revealed polygenic control to include several QTLs,

each locus providing only a small phenotypic effect.
Identification of involved genes and their functions should
lead to a better fundamental understanding of the funda-
mentals of carcinogenesis and cancer prediction in humans,
and will aid in devising novel therapeutic strategies.

Acknowledgments

The author thanks Dr. Hiai, H., (Shiga Medical Centre
for Adults), Dr. Shisa, H., (Saitama Cancer Centre) and
Emeritus Professor Kitano, M., for critical reading of the
manuscript, and also express thanks to Professor Semba, I.,
at Department of Oral Pathology, Kagoshima University
Graduate School of Medical and Dental Sciences and staff
members for their various contributions. This research was
supported by a Grant-in-Aid for Cancer Research from the
Ministry of Health, Labour and Welfare of Japan (No.
13-2), and Grants-in-Aid from the Japanese Ministry of
Education, Science, Sports and Culture of Japan (No.
11470399, 12470399).

References

1) Foulkes, W. D, Brunet, J. S., Kowalski, L. P., Narod,
S. A. & Franco, E. L.: Family history of cancer is a
risk factor for squamous cell carcinoma of the head
and neck on Brazil: a case control study. Int J Cancer
62, 847-851, 1990.

2) Franceschi, S., Barra, S., Vecchia, C., Bidoli, E.,
Negri, E. & Talamini, R.: Risk factors for cancer of
the tongue and mouth. A case-control study from
Northern Italy. Cancer 70, 2227-2233, 1992.

3) Houck, J. R., Romano, P. J., Batholomew, M., Smith,
P.: Do histocompatibility antigens influence the risk of
head and neck carcinoma ? Cancer 69, 2327-2332,
1992.

4) Goldstein, A. M,, Blot, W. J., Greenberg, R. S,,
Schoenberg, J. B,, Austin, D. F., Preston-Martin, S.,
Winn, D. M., Benstein, L., Maclaughin, J. K. &
Fraumeni, J. F. Jr: Familial risk in oral and pharynegal
cancer. Eur. J. Cancer B Oral Oncol 30B, 319-322,
1994,

5) Yu, G. P, Zhang, Z. F,, Hsu, T. C,, Spitz, M. R. &
Schantz, S. P.: Family history of cancer, mutagen sen-
sitivity, and increased risk of head and neck cancer.
Cancer Lett 146, 93-101, 1999.

6) Kitano, M., Hatano, H. & Shisa,. H.: Strain difference



7

8

9)

10)

1)

12)

13)

14)

15)

QTLs influencing tongue carcinogenesis in a rat model 47

of susceptibility to 4-nitroquinoline 1-oxide-induced
tongue carcinoma in rats. Jpn J Cancer Res 83, 843-
850, 1992.

Kitano, M., Hirayama, Y., Tanuma, J., Matsuuchi, H.,
Li, T. J,, Semba, 1., Kokubu, T., Hatano, H., Tada, M.,
Kobayashi, Y. & Shisa, H.: Genetic controls of sus-
ceptibility and resistance to 4-nitroquinoline 1-oxide-
induced tongue carcinomas in rats. Jpn J Cancer Res
87, 1097-1101, 1996.

Tanuma, J., Shisa, H., Hiai, H., Higashi, S., Yamada,
H.,, Kamoto, T., Hirayama, Y., & Kitano, M.:
Quantitative trait loci affecting 4-nitroquinoline 1-
oxide-induced tonguc carcinogenesis in the rat. Cancer
Res 58, 1660-1664, 1998,

Tanuma, J., Kitano, M., Shisa, H. & Hiai, H.: Polygenetic
susceptibility and resistance to 4-nitroquinoline 1-
oxide-induced tonguc carcinomas in the rat. J Exp
Anim Sci 41, 68-77, 2000.

Tanuma, J., Fujii, K., Hirano, H., Matsuuchi, H.,
Shisa, H., Hiai, H. & Kitano, M.: Five quantitative
trait loci affecting 4-nitroquinoline 1-oxide-induced
tongue cancer in rat. Jpn J Cancer Res 92, 610-616,
2001.

Tanuma, J., Hiai, H., Shisa, H., Hirano, M., Semba, 1.,
Nagaoka, S. & Kitano, M.: Carcinogenesis modifier
loci in rat tongue are subject to frequent loss of
heterozygosity. Int J Cancer 102, 638-642, 2002.
Tanuma, J., Hirano, M., Hirayama, Y., Semba, I,
Ogawa, K., Shisa, H., Hiai, H. & Kitano, M.: Genetic
Predisposition to 4NQO-induced tongue Carcinogenesis
in the rat. Med Princ Pract 14, 297-306, 2005.
Ogawa, K., Tanuma, J., Hirano, M., Hirayama, Y.,
Semba, I., Shisa, H. & Kitano, M.: Selective loss of
resistant alleles at pl5 and pl6 genes in chemically-
induced rat tongue cancers. Oral Oncology 2006 (in
press).

Yamada, Y., Matsushiro, H., Ogawa, M. S., Okamoto,
K., Nakakuki, Y., Toyokuni, S., Fukumoto, M. &
Hiai, H.: Genetic predisposition to pre-B lymphomas
in SL/Kh strain mice. Cancer Res 54, 403-407, 1994,
Jacob, H., Brown, D. M., Bunker, R. K., Daly, M. J,,
Dazu, V. J.,, Goodman, A., Koike, G., Kurtz, T.,
Lemmark, A., Levan, G., Mao, Y., Petterson, A,
Pravenec, M., Simon, J. S., Szpirer, C., Spizrer, J.,
Trolliet, M. R., Winer, E. S. & Lander, E.S.: A genetic

16)

17)

18)

19)

20)

21)

22)

23)

24)

linkage map of the laboratory rat Rattus norvegicus.
Nature Genet 9, 63-69, 1995.

Watanabe, T. K., Bihoreau, M. T., MaCarthy, L. C.,
Kiguwa, S. L., Hishigaki, H., Tsuji, A., Browne, J.,
Yamasaki, Y., Mizoguchi-Miyakita, A., Oga, K., Ono,
T., Okuno, S., Kanecmoto, N., Takahashi, E., Tomita,
K., Hayashi, H., Adachi, M., Webber, C., Davis, M.,
Kiel, S., Knights, C., Smith, A., Critcher, R., Miller,
J., Thangarajah, T., Day, P. Jr., Hudson, J., Takagi, T.,
Nakamura, Y., Goodfellow, P. N., Lathrop, G. M.,
Tanigami, A. & James, M. R.: A radiation hybrid map
of the rat genome containing 5255 markers. Nature
Genet 22, 27-36, 1999.

Lander, E. S. & Kruglyak, L.: Genetic dissection of
complex traits: guidelines for interpreting and report-
ing linkage results. Nature Genet 11, 241-247, 1995,

Basten, C. J., Weir, B. S. & Zeng, Z. B.: “QTL
Cartographer Version: A Reference Manual and
Tutorial for QTL Mapping. Program in Statistical
Genetics”, 1-132, Dpt Statistics, North Carolina Univ,
Raleigh, 1999.

Herman, J. G., Graff, J. R., Myohanen, S. & Baylin, S.
B.: Methylation-specific PCR. A novel PCR assay for
methylation status of CpG islands. Proc Nat! Acad Sci
USA 93, 9821-9826, 1998.

Swafford, D. S., Meddleton, S. K., Palmisano, W. A_,
Nikula, K. J., Tesfaigzi, J., Baylin, S. B., Herman, J.
G. & Belinsky, S. A.: Frequent aberrant methylation
of pl6INK4A in primary rat lung tumors. Mol Cell
Biol 17, 1366-1374, 1997.

Abe, M., Okochi, E., Kuramoto, T., Kaneda, A.,
Takato, T., Sugimura, T. & Ushijima, T.: Cloning of
the 5° upstrcam region of the Rat p16 gene and its role
in the Silencing. Jpn J Cancer Res 93, 1100-1106,
2002.

Cohen, B. S. & Estabrook, R. W.: Microsomal elec-
Interaction of reduced
triphosphopyridine nucleotide during the oxidative
demethlation of aminopyrine and cytocrome b5 reduc-
tion. Arch Bio Biophys 143, 37-45, 1971.

Lind, C., Rase, B., Emster, L., Townsend, M. &
Martin, D.: Strain difference in DT-diaphorase activi-
tics. FEBS Lett 37, 147-148, 1973.

Hirano, M., Tanuma, J., Hirayama, Y., Semba, I.,

tron transport rcaction. 1.

Shisa, H., Hiai, H. & Kitano, M.: A speed congenic rat



48

25)

26)

27)

28)

29)

30)

31

32)

Jun-ichi Tanuma

strain bearing the tongue cancer susceptibility locus
Tscel from Dark-Agouti rats. Cancer lett 231, 185-
191, 2006.

Hirano, M.: Polymorphism of NQO1 (C609T) in rela-
tion to susceptibility to oral squamous cell carcinoma.
Oral Med Pathol 8, 37-41, 2003.

Ohyama, M., Hirayama, Y., Tanuma, J., Hirano, M.,
Semba, 1., Shisa, H., Hiai, H., Sugihara, K. & Kitano,
M.: Expression of junB and c-fos are enhanced 4-
nitroquinoline 1-oxide-induced rat tongue cancers.
Pathol Inter 54, 35-40, 2004.

Neyns, B., Katesuwanasing, Vermeij, J., Bourgain, C.,
Vandamme, B., Amfo, K., Lissens, W., DeSutter, P.,
Hooghe, P.E. & DeGreve, J.: Expression of jun family
of genes in human ovarian cancer and normal ovarian
surface epithelium. Oncogene 12, 1247-1257, 1996.
Serikawa, T., Cui, Z., Yokoi, N., Kuramoto, T.,
Kondo, Y., Kitada, K. & Guenet, J. L.: A comparative
genetic map of rat, mouse and human genomes. Exp
Anim 47, 1-9, 1998.

Rampersaud, A. & Walz, F.G.Jr.: Mapping of genes
for cytochromes P-450b, P450e, P-450g, and P-450h
in the rat. J Biol Chem 262, 5649-5663, 1997.

Suzui, M., Yoshimi, N., Tanka, T. & Mori, H.:
Infrequent Ha-ras mutation and absence of Ki-ras, N-
ras, and p53 mutations in 4-nitroquinoline 1-oxide-
induced rat oral lesions. Mol Carcinog 14, 294-298,
1995.

Gollahon, L. S., Chen, A. & Aldaz, C. M.: Loss of
heterozygosity at chromosome 1q loci in rat mammary
tumors. Mol Carcinog 12, 7-13, 1995.

Li, T. J., Hirayama, Y. & Kitano, M.: Gultathione S-
transferase pi class as a tumor marker in lingual
preneoplastic and neoplastic lesions of rats. Virchows
Arch, 431, 37-43, 1997.

33)

34)

35)

36)

37)

38)

39)

40)

Matsuda, R., Yoshida, M. C., Sakaki, M., Okuda, A.,
Sakai, M. & Muramatsu, M.: Location of the gene for
glutathione S-transferase pi on rat chromosome 1 at
band q43. Jpn J Cancer Res 77, 1055-1058, 1986.
Donnelly, M. J., Patel, V., Yeudall, W. A., Game, S.
M., Scully, C. & Prime, S. S.: Autocrine production of
TGF- « and TGF- 3 during tumour progression of rat
oral keratinocytes. Carcinogenesis 14, 981-985, 1993.
Wong, D. T.: TGF-alpha and oral carcinogenesis. Eur
J Cancer B Oral Oncol 29, 3-7, 1993.

Hegi, M. E., Devereux, T. R., Dietrich, W. F,,
Cochran, C. J., Lander, E. S., Foley, J. F., Maronpot,
R. R, Anderson, M. W. & Wiseman, R. W.: Allelotype
analysis of mouse lung carcinomas reveals frequent al-
lelic losses on chromosome 4 and an association be-
tween allelic imbalances on chromosome 6 and K-ras
activation. Cancer Res 54, 6257-6264, 1994.

Zhang, Z., Wag, Y., Vikis, H. G., Johnson, L., Liu, G.,
Li, J., Anderson, M. W,, Silis, R. C., Hong, H. L.,
Devereux, T. R., Jacks, T., Guan, K. L. & You, M.:
Wildtype Kras2 inhibit lung carcinogenesis in mice.
Nature Genet 29, 25-33, 2001.

Heath, D. A., Senior, P. V., Varley, J. M. & Beck, F.:
Parathyroid-hormon-related protein in tumours associ-
ated with hypercalcaemia. Lancet 335, 66-69, 1990.
Iwamura, M., di Sant’Agnese, P. A., Wu, G., Benning,
C. M., Cockett, A. T., Deftos, L. J. & Abrahamsson,
P. A.: Immunohistochemical localization of parathy-
roid hormone-related protein in human prostate can-
cer. Cancer Res 53, 1724-1726, 1993.

Manenti, G., Peissel, B., Gariboldi, M., Falvella, F. S.,
Zaffaroni, D., Allaria, B., Pazzaglia, S., Rebessi, S.,
Covelli, V., Saran, A. & Dragani, T. A.: A cancer
modifier role for parathyroid hormone-related protein.
Oncogene 19, 5324-5328, 2000.



MRS NSRRI R Y MR O5ERE MR E 26 : 49~58, 2006 49

R B RFEFER - AR Wl
OREMMRICE T 2 ORBEROEE

TR

MR RFRFE EHERETREH
IR A BT E  HESIER 50

Treatment of Halitosis in Oral Malodor Clinic
in Kagoshima University Medical and Dental Hospital

Takashi Setoguchi

Department of Periodontology, Field of Oral and Maxillofacial Rehabilitation
Advanced Therapeutic Course,
Kagoshima University Graduate School of Medical and Dental Sciences
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

Abstract

Recently, the persons concerning about halitosis are increasing. For special diagnosis and treatment
for halitosis, Kagoshima University Medical and Dental Hospital established Oral Malodor Clinic in 1997.
Over 800 patients visited the clinic in 8 years. In this review, the diagnosis and treatment system of hali-
tosis in our clinic is discribed. The oral malodor was estimated by the analysis of the volatile sulfur com-
pounds (VSC) level by gas chromatograph and the organoleptic analysis. The interview using the
questionnaire and oral examination was also used for diagnosis. The 801 patients (278 male and 523 fe-
male) were classified into physiologic halitosis (n=147: 18.4%) and oral pathologic halitosis (n=332:
41.5%), extraoral pathologic halitosis (n=41: 5.1%), pseudo-halitosis (n=254: 31.7%), and halitophobia
(n=22: 2.8 %). The treatment was done according to the treatment needs for breath malodor. In the treat-
ment of halitosis, oral hygiene including tongue cleaning is the most important. For the patients with perio-
dontal disease, periodontal therapy is also needed. In patients with no or less halitosis, some patients
disagree with the results. For such patients, repeated examinations are needed. Extraoral pathologic halito-
sis or halitophobic pateients need to be referred to a specialist. For the treatment of halitosis, accurate di-
agnosis is important.

Key words: Halitosis, Diagnosis, Treatment
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oW TH ORBENICRIT LA, DR HSTEKL
LML, QREENTRKELEZE D57, L
M S A5, DRBENHR L5108
EOMBEII LA L7 —F, NOEEISOR*EH
TAHHER, ORIFE, H25WVIEELEEVER
BRoN,

ORBEFOR*ERTHMAOEREL LTIE, &
BERICHESEERE D, BEMEXY, $o
ET5%ENRHB, £z, FLIMBICVEAFELHT
2D EVITALESOORD:OTHLEMELT
WHEHELHo T,

VI XIREEOOLESE : QZROHEER Wf
O RIEDEBESEAN99FIRBS L TWEY, &
D5, BFLEY (Treatment Needs: TN) (23k0
wtuﬁér@ﬁﬁv&)é (15, K16), EREICOR
ROONBLEE, FHORAE (Genvine Halitosis) &
R/WT%O HEOREIE, £HMOL (Physiologic
Halitosis) & 758908 (Pathologic Halitosis) 24348 &
b, EMPYORIL, HRETEEEERSLRL, O
P ﬁ’”?‘ﬁ&kfﬂf(%@"éﬂif?&@ WECIR,
R, EROICEEPLELYRBESEET 2 ORE
Thb, —F, BEIOREHRZ I, HEWEZIR
BEBZA2O08BGEDLNT, REHRL LOHRHE

®13 OREHEESI N 2HE

ORBE HSTELL A»o0iEE  AORERE DREE &<k B W4 3¢ it
ARzl 68(41.2%) 87(52.7%)  51(30.9%) O8%&L 57(34.5%) 36(21.8%) 60(36.4%) 12( 7.3%) 165(100.0%)
OREEE  107(36.0%)  185(623%)  94(31.7%) DRERE 81(27.3%) 59(19.9%) 116(39.1%) 41(13.8%) 297(100.0%)
ORPEFE  68(24.7%)  197(71.6%)  75(27.3%) CISLhETE 42(15.3%) 54(19.6%) 132(48.0%) 47(17.1%) 275(100.0%)
ORERE 17(26.6%) 53(82.8%) 7(10.9%) FIATE 40 6.3%) 7(10.9%) 27(42.2%) 26(40.6%) 64(100.0%)
aHE 260(325%) 522(65.2%) 227(28.3%) SBE  184(23.0%) 156(19.5%) 335(41.8%) 126(15.7%) 801 (100.0%)
{(HEIE %)

F®12 ONRE2BHTEHL28E
ORBE 2{kL K4 R4 Hi &8

O8%L  29(17.6%) 77(46.7%) 33(20.0%) 26(15.8%) 165(100.0%)
CIREERE  71(23.9%) 133(44.8%) 56(18.9%) 37(12.5%) 297(100.0%)
OB 87(31.6%) 126(45.8%) 37(13.5%) 25( 9.1%) 275(100.0%)
CIRERE 13(203%) 35(54.7%) 5( 7.8%) 11(17.2%) 64(100.0%)
SBE  200(25.0%) 371(46.3%) 131(16.4%) 99(12.4%) 801(100.0%)

FTI14 AORETORNFH2EEBL 8E
ORBE £<{&Ll B 4 13 &t
CORLL  45(27.3%) 56(33.9%) 64(38.8%) 165(100.0%)
CORBE  79(26.6%) 125(42.1%) 93(31.3%) 297(100.0%)
ISR 85(30.9%) 104(37.8%) 86(31.3%) 275(100.0%)
(
(

OREE  23(359%) 31(48.4%) 10(15.6%) 64(100.0%)
£mFE  232(29.0%) 316(39.5%) 253(31.6%) 801(100.0%)
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(Ao y) REIZEY, HRAOKEIGPHET
&2 OFREMIORIE (Pseudo-Halitosis) & BHIT 5,
Fhiza L, N8R (Halitophobia) (&, FAECIR,
RMEOBAE T 5 ERETE, EROUEXHFT
AhVwbDLEFRENS,
ORFEOERSBICL D REBEEZ B LEREE
FITISFT, BEL 1 BOA LDOERTE 2 WIEF %,
HEICk ) ER S PICIIFE LA, BHEOR (B8
BCIR)E, 147%(18.4%), MREHEOHRAYOLIL332
% (41.5%), ZHHROFBAORITINE(5.1%), Kk
52544 (31.7%), ORZEWI122%(2.8%) & V5 &
BTHoT,

VI, ORAFR—ZHICE DS (BEANOHS
WHETIE, L L7oRi2 OORBEOREE% T,
OSENERSEICHEL, ORBHETL, HEH
HOMEFT-oTV A, ORIEOBEFVThOBE
Th, WEAFRDHRICHL, DERGEOEET
HHIEEHBL, T0HBEFT-> TS, WEARH
ROFWHIORE BHF S A1, LRMERBIL
BLL5h, OBFEVCHETHEHBMHIRO R
WEIIE, HEAROBIROEEE L CHEGBROLE
HEHPLERET-o T 5,

A, EEMOKBE
EBRIIOREAET A4, SHHEMLHELREL R
WHOHPEHHOREERE NS, FICEFREOE

F£15 ORXFEOERESHE
1. F4EOIRE (Genuine Halitosis)

HANEIREL 2 AW HPLORAIH LR L0

1) %BIO5 (Physiologic Halitosis)
BRANEL ERKEILVL0
2y 270 E—BHO L DR )

2) %O (Pathologic Halitosis)

a. OEMEOHEIOL (Oral Pathologic Halitosis) «++evnsreesee N 2

MRENOsES, STHTE REKTLLILA040
(&8, 77-04Y%50)

b. £HHEOHNMIL (Systemic Pathologic Halitosis) --+=--= TN 3
FRMG  HRERREL Y
2. BitECISHE (Psudo-Halilosis) +vevsvrerserennsrenassrnnunianaanass TN 4

BEUO/LEZH, HLNFIRELBZA0/IBOLNT,
BESRLEORE) (A9 2202 7) L) RrodENRiET

3540

3. Dg%ﬁ (Halitoplwbia) ....................................... TN 5
FEORE, RENMEHT HTRER OUSIWHTEL
Wi

BEPLEESNIORNEREEZ LN TV, G#
ELTREERZEOOBGRIEEFERLE 22,
FHB ORI, FNOBRBORMAEAERT 2 (2E
THNREEDGHL L 2ED, BEIIGTHERES
ZT5, Bk, WEEIEEE &0 LMK L - OREH
BYEEELTH 2,

B. OR#kOFHORBE

OEEROFHORBZEDS CIIEERICRBLT
Bh, HABEERLE LAEREETo> TV, OR
DERVEEHRTH 25613, HEGHROETLLLE
LICORUBEHET 5, T7o, NEZBEONSIFED
NaE1R, ZORCOLEELS,

C. £FHXNORHOR

FRIAES - I35 - LR RER, Toiey
RBLEIZL2O8THY, LEIZD CER~NOHA
2ffoTwd, 20K, NOREFOEETH LN,
AR OROEE AL w2 &, FRABME
BHrVIIHEBROEBIERETH WML ERE
WRLEVEZII- &) LAMRMER LB BT %o
TV b,

16 B EM (Treatment Needs)

TN 1 3B L OBEHREE (V775 7X%)
(BFOTN2~5ZiEWFhd INIDFEEND)

TN 2 : BMfifE (PMTC), EREHF (EREGHRL L)

TN 3 : B ~OBA

TIN4: Ay vy GERORRLHE)
(B B - 8F

TN 5 Hi#, LFEANEL E~OBH

®17 RENABSH

7 H Bt .83 aat
1. FHEOSE
1) £8MO8 50(18.3%) 97(18.5%) 147(18.5%)

2) WKHOL
a. ORdEOFNOE 133(48.7%) 199(38.0%) 332(41.7%)

b. £HMENFNOR  16( 59%) 25( 48%) 41( 52%)
2. EORE 68(24.9%) 186(35.6%) 254(31.9%)
3. OREMNE 6( 2.2%) 16( 3.1%) 22( 2.8%)

& &t 273(100%) 523(100%) 796(100%)
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D. {RMOKEE
FERORALVIZH DD OFILIRL T L MHT
HEH, BELEEOIREEN (A v 2 2
I, RAOUBKHWETELLDTHA, L L
Tit, £BEYOROERCME, kY7, W
MR - SE 2T 5, G H7z-» TIE, BH
L OEFEMFRO D EAZEEENRBUZIED W - 3 % 17
ITEHBRETHD,

E. ORBAREE

VOB, (RYECI SR I H T 2 iEM ISR 2 D
EVHIFTELVLOEFORENRFEL S5, BRMN
BiIzHThEG#E, EBIZ L - Tid PMTC R HFiE
WOBEHIZMZ, CHENERREME L E~OBAIL
Behb, WMERSAMZRFILIENT LD, T
FDIA I TOMETHY, BELOFHENEL T
FECTBLLENDH B,

VI OSAROMR

EBRICORDSET A4, HRIEBNAES TH
5, EHMOROYS, TitHs % & o 7 LIEHRGE
%, WRAMICLAOMOEAE, # L AwM gL
79T, ORIBEHRENIYEHE V. FRICHE
WV, ZLOWE, BEOMWAD RS B VITHINT 5,
LaL, O ancicdr»hbsd, gailil
WADHZ G VWBESIFEL, EMN L IRRE % &
G BELHET D, T, Tifth, wEHERZ T
v, OFROKELNS#ELTOLI20L2b5TF, 1
RAPLrLrBOLVWEELWDL, COHEE, BH
FHEBR L EOLELSL ORI OWTHIEEIET 5 2
LHLETH b,

ORFEE L 2 WIHEOMS, D2 EFBINCHE
LTbHw, FOLNAEMLI LT, HEMHTEH
B TEL L) 124, MNRAFEVC & 2HH
LELDLTRETABEL VS, LAL, OSEN
StE, —AOBRETRHBETELVEE L SUAE
Th, SNODBFHITH LTI, MEIRAEZERD B
L, BllORyREchhlY, G4 ICfBrEons
CEbhBH, BRELEVETLST TR, QRS
WV L O omiTE Ar—Y » 7,
PMTC # FFLTII L LMY TH B, T/, BF
DEHEBT, A7 ) oV EGHIELLET
Hb, LAL, FUZlivio ) Ic@ML oY, W
FIE~NOR AL ELBE ST 505, FHITIET
LVWBELWD,

—, WEMLERONTDH, LIESE2E, /20
BPRUILHLMRETIEEL D, ZDLH) L RE
121, EMAORBEIVELZOND Litky,

K. &8

—[HIOREV->TH FOHEREHTH S, 3L
AL, TRMEL SN VBENG D~} TIEHIZH
WIERZHOMENE), WL FTIIORIHKHOE
HhOHELOSIERG L2 BEFT TV, MEROR
DFH TV, OROKKE L2 EBOHFELHET
BELbi, BEOFRZ #FHTIMELLAEMRORN
DG ZMHEIIRZA I ENRYTHD, FOHE,
BoNZBIIZEDEERET) I LD ORERL K
HEes ECIEFICHETH), BELOHMENER
BItR % L S LAV ERTRTH D, £EHEOOR
HBEOLRLGEEPCOARBNEFIZO VTR, R
A L D ERE DL ENUETH S,
OROFRFEOENOHN ICHRT 25645 <,
CIR %GRS 5 ETHEREZHRICEO Z EHRART
HbHo ThiL, HEABHOEELL -FTHLIAT
HY, DRIEHREIT) LT, BECORLMEROM
FABFELTE S5V, MABRICHE COBNOREL
Bl L BAFICHERET A 2 LS, R RYITHALE
ZTW5,

OROERO = — X135 <, BE, Hir OORBIE
FEEOBRCORGEHROBFRD L EoEOB L L 03
FOBRELEATYE, ThEDHBOBMDIE <
HTLBI L, HIROLDDOBIREALEN S E TR
HELWIETUEH LA, FOEFEEDLVIIHEE
BWMYNZSFEL, BRICEATAZLIRYTHLLE
bhz,
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