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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

26 39~48, 2006 39

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).






