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Figure 3 Immunohistochemical reactivity for MEKI1. (A) Tooth
germ showing strong reactivity in inner enamel epithelium and weak
to moderate reactivity in outer enamel epithelium, stratum interme-
dium and stellate reticulum (x100). (B) Plexiform ameloblastoma
showing strong reactivity in peripheral columnar or cuboidal cells and
weak to moderate reactivity in central polyhedral cells (x125). (C)
Ameloblastic carcinoma showing strong reactivity in most neoplastic
cells (x100).

MEK!1 expression was detected in most epithelial cells
in tooth germs, and reactivity in inner enamel epithelium
was stronger than that in other epithelial components
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(Fig. 3A). Ameloblastomas showed MEK1 expression
in most neoplastic cells, and reactivity in peripheral
columnar or cuboidal calls was stronger than that in
central polyhedral cells (Fig. 3B). Keratinizing cells
in acanthomatous ameloblastomas and granular cells
in granular cell ameloblastomas demonstrated low
reactivity for MEK1. Basal cell ameloblastomas and
desmoplastic ameloblastomas showed diffuse MEKI1
expression in neoplastic cells. Metastasizing ameloblas-
tomas showed a MEK1 expression pattern similar to
that of follicular ameloblastomas, while ameloblastic
carcinomas were moderately to strongly positive for
MEXK1 in most neoplastic cells (Fig. 3C).

Immunohistochemical reactivity for ERK1/2 was
detected usually in the cytoplasm and often in the nuclei
of normal and neoplastic odontogenic epithelial cells
(Fig. 4). In tooth germs, ERK1/2 expression was found
in most epithelial cells, and reactivity in inner and outer
enamel epithelinm was stronger than that in other
epithelial components (Fig. 4A). Ameloblastomas
showed ERK1/2 expression in most neoplastic cells,
and reactivity in peripheral columnar or cuboidal
cells was stronger than that in central polyhedral cells.
Keratinizing cells in acanthomatous ameloblastomas
and granular cells in granular cell ameloblastomas
demonstrated markedly decreased reactivity for
ERK1/2 (Fig. 4B). Basal cell ameloblastomas and
desmoplastic ameloblastomas showed diffuse ERK1/2
expression in neoplastic cells. Metastasizing ameloblas-
tomas showed a ERK1/2 expression pattern similar to
that of follicular ameloblastomas, while ameloblastic
carcinomas were moderately to strongly positive for
ERK1/2 in most neoplastic cells (Fig. 4C).

Mutation analysis of K-Ras gene

Direct DNA sequencing for K-Ras gene mutations was
carried out in 22 ameloblastomas (13 follicular and 9
plexiform cases, including 7 acanthomatous, 3 granular
cell, 1 basal cell and 1 desmoplastic subtypes) and 1
malignant ameloblastoma (1 metastasizing ameloblasto-
ma). A GGT to GCT (glycine to alanine) point
mutation was detected at codon 12 in exon 1 of K-Ras
gene in one follicular ameloblastoma without cellular
subtype (Fig. 5). Mutational alteration was not detected
at codon 13 in exon 1 or codon 61 in exon 2 of K-Ras
gene in any of the 23 cases.

Discussion

RAS/MAPK signaling pathway is a primordial signa-
ling system that controls such fundamental cellular
processes as cell proliferation and differentiation (16,
18). Mouse embryos homozygous for K-Ras mutation
die in utero, suggesting that K-Ras is essential for
embryogenesis (33). Expression of Rafl is recognized
in various mouse fetal tissues (34). MEK 1 and ERK are
known to be necessary for PCI12 cell neuronal differen-
tiation (35, 36). These features suggest that Ras/MAPK
signaling pathway plays a role in cellular regulation
during developmental processes (34-36). Raf-1 expres-
sion has been detected at different stages of mouse tooth



Figure 4 Immunohistochemical reactivity for ERK1/2. (A) Tooth
germ showing strong reactivity in inner and outer enamel epithelium
and weak to moderate reactivity in stratum intermedium and stellate
reticulum (x125). (B) Granular cell ameloblastoma showing marked
reactivity in peripheral cuboidal cells and ceatral polyhedral cells and
decreased reactivity in granular cells (x95). (C) Ameloblastic carci-
noma showing strong reactivity in most neoplastic cells (x115).

germ development (31), and ERK reactivity has been
studied in odontogenic epithelial rests neighboring
human odontogenic cysts (32). In the present study,
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Figore 5 Direct DNA sequencing of K-Ras gene in ameloblastoma.
(A) No mutation at codons 12 and 13 in exon 1. (B) A GGT to GCT
point mutation at codon 12 in exon 1. (C) No mutation at codon 61 in
exon 2.

Ras/MAPK signaling molecules were detected in epi-
thelial components of tooth germs at the initial stage of
crown mineralization. These features suggest that Ras
signaling plays a role in cell proliferation and differen-
tiation during tooth development.

Ras signaling functions as a relay switch in down-
stream of cell surface receptor tyrosine kinases, inclu-
ding receptors for many growth factors, such as
epidermal (EGF), hepatocyte (HGF), platelet-derived
(PDGF), insulin-like (IGF), fibroblast (FGF), vascular
endothelial (VEGF), and nerve (NGF) growth factors
(17, 18). Receptors for EGF, FGF, and HGF have been
investigated in odontogenic tumors, suggesting that
these receptor tyrosine kinases affect cell proliferation
in oncogenesis or malignant transformation of odonto-
genic epithelium (29, 37-39). Aberrant expression and/
or activation of signal transducing proteins are linked
with neoplastic change (16, 20, 22). Alterations in Ras/
MAPK signaling pathway, such as overexpression or
constitutive activation of signaling molecules, have been
detected in various malignancies, including lung, renal,
prostate, breast, ovarian, and oral carcinomas (19, 21,
23, 40-42). Overexpression of p21%*® in ameloblastomas
and activation of ERK in odontogenic cysts are related
to the biological behavior of the odontogenic lesions
(30, 32). In the present study, ameloblastomas expressed
Ras/MAPK signaling molecules evidently in peripheral
neoplastic cells, and basal cell ameloblastomas tended to
show stronger reactivity for the signaling molecules than
did the other subtypes. These features suggest that Ras/
MAPK signaling pathway plays a role in promoting the
proliferation of ameloblastoma cells. However, expres-
sion of Ras/MAPK signaling molecules in ameloblasto-
mas did not clearly differ from that in tooth germs or
malignant ameloblastomas. K-Ras immunoreactivity in
malignant ameloblastomas was lower than that in dental
lamina of tooth germs, whereas no apparent difference
was found in reactivity for Rafl, MEKI, or ERKI1/2
between tooth germs and malignant ameloblastomas.
These results did not clearly show that these molecules
have a specific role in oncogenesis or malignant trans-
formation of odontogenic epithelium. In this study,
expression of Ras/MAPK signaling molecules in plexi-
form ameloblastomas was slightly stronger than that in
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follicular ameloblastomas. Keratinizing cells and gran-
ular cells showed decreased reactivity for the signaling
molecules in acanthomatous and granular cell amelobl-
astomas. These features suggest that Ras/MAPK sign-
aling might play a role in tissue structuring and/or
cytodifferentiation of ameloblastomas.

A series of genetic alterations appear to promote the
development of tumors via multiple steps (13, 43). Point
mutations at codons 12, 13, and 61 of K-Ras gene are
found in approximately 30% of solid tumors, and the
incidences of these mutations are high in pancreatic,
colorectal, lung, ovarian, and endometrial carcinomas
(13, 14, 44-46). Mutated Ras product constitutively
transduces signals and promotes cellular proliferation
(10, 16). In the present study using direct DNA
sequencing, a point mutation of K-Ras was detected at
codon 12 in only 1 of 22 ameloblastomas and 1
metastasizing ameloblastoma, suggesting that K-Ras
mutation might play a minor role in neoplastic change
of odontogenic epithelium. Our immunohistochemical
examination revealed relatively low reactivity for K-Ras
product in ameloblastic carcinomas; however, mutation
analysis of K-Ras gene in ameloblastic carcinomas could
not be investigated because of the rarity of this
malignancy. Further studies should be carried out to
determine the association between K-Ras and the
malignant potential of odontogenic epithelium.
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Abstract

This study was carried out to develop a method for map-
ping the distribution of cariogenic oral streptococci,
Streptococcus mutans and Streptococcus sobrinus, from
the outermost to the innermost plaque. Ten consenting
subjects were asked to form plaque by abstaining from
tooth brushing over 3 days within in situ plaque-generat-
ing devices, which were placed on the upper molars. The
plague formed in the devices was separated into 8-10
layered fractions (100 um thick). Genomic DNA was
exiracted from each plaque fraction by a commercial
DNA purification kit and used for the amplification of the
16S ribosomal RNA gene sequences by polymerase
chain reaction {(PCR) with universal primers. The prod-
ucts were then amplified by PCR with S. mutans- or
8. sobrinus-specific nested primers. The final products
were separated on agarose gels, stained and photo-
graphed to confirm the existence of S. mutans and S. so-
brinus. The results showed that S. mutans was detected
in the plague obtained from all of the 10 subjects and S.
sobrinusin the plaque of 7 subjects. However, the distri-
bution patterns of fractions positive for S. mutansand S.
sobrinus varied among the subjects, with a tendency for

frequent detection of both species in the outer to middle
layers of dental plague. There were no plaque fractions
in which only S. sobrinus was found. This method could
be useful to map the distribution of cariogenic microor-
ganisms and to estimate the bacterial ecology for oral

biofilm.
Copyright®2004 S. Karger AG, Basel

Dental plaque is the tooth-associated biofilm consist-
ing of a microbial community and a matrix of polymer of
bacterial and host origin, and is also found on the various
restorative materials infroduced by dental treatment,
Dental plaque plays a primary role in the etiology of den-
tal caries, so their biological and cariogenic properties are
basic to caries prevention. Mutans streptococci including
Streptococcus mutans and Streptococcus sobrinus have
been well known as the group of oral microorganisms
which have virulence factors related to cariogenicity.
They drop the plaque pH to low levels by producing acids
from carbohydrates and survive in this acidic environ-
ment. They also produce extracellular polysaccharides
which may promote the dissolution of the tooth surfaces
by increasing the porosity of plaque matrix and permit-
ting deeper penetration of sugar [Dibdin and Shellis,
1988; Cury et al., 2000]. Epidemiological studies have
provided strong evidence of the relationship between the
levels of mutans streptococci and the development of car-
ies [Lang et al., 1987; Roeters et al., 1995]. In addition,
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their early acquisition by children is positively correlated
with white spot lesions or lesions with cavitation [Kohler
et al., 1988; Caufield et al., 1993; Milgrom et al., 2000].
Therefore, the levels of mutans streptococci in plaque
[Milgrom et al., 2000; Pienih#kkinen and Jokela, 2002]
and saliva [Jensen and Bratthall, 1989] are considered to
be important indicators for assessment of caries risk or
management of caries prevention.

Dental plaque is a watery and frail heterogeneous com-
plex material accumulating on the teeth. As dental plaque
accumulates and matures, the depth-specific microbial
differences in dental plaque may increase, depending on
several physiological factors such as the oxygen concen-
tration, pH, and nutrient availability. However, little
attention has been paid to the detection or the identifica-
tion of plaque bacteria relating to the structure of plaque
on the tooth surface. :

Several attempis have been made to clarify the loca-
tion of specific bacteria in plaque. Ritz [1969] applied
immunofluorescent staining of plaque sections to demon-
strate the spatial relationship between aerobic and anaer-
obic bacteria in the plaque. This technique has often been
used to detect periodontal pathogens in the apical plaque
border [Christersson et al.,, 1987). Noiri et al. [2001]
found periodontal disease-associated bacteria in the peri-
odontal tissue surrounding the roots of teeth that were
extracted from periodontitis patients. Recently, a confo-
cal laser scanning microscope (CLSM) has also been
applied to study the relationship between the spatial
structure of smooth surface plaque and the microbial ecol-
ogy [Wood et al., 2000; Auschill et al., 2001].

We have reported on the fluoride and mineral profiles
of the plaque formed in an in situ plaque-generating
device after the exposure to fluoride solutions, using
layer-specific analysis [Kato et al., 1997, 2002]. This tech-
nique enables us to analyze the distribution of specific
materials such as cariogenic bacteria in the dental plaque
structure. The aim of this study was to develop a method
which could clarify the distribution pattern of cariogenic
oral streptococci, S. mutans and S. sobrinus, throughout
the plaque grown on an in situ device placed on the spe-
cific tooth site.

Materiale and Methods

Plague Sampling

In situ plaque-generating devices containing plaque receptacles
(2 mm in diameter and 0.8-1 mm deep) were made by attaching
nylon rings to autoclaved natural enamel slabs [Robinson et al.,
1997]. Ten consenting healthy volunteers, 5 males and § females,

Distribution of Cariogenic Streptococci
within Dental Plaque

21-45 years of age, wore these sampling devices to collect plaque
from either the upper left or upper right dental arch, using a custom-
made dental alloy clasp, as previously reported [Kato et al., 1997].
The subjects were advised to use nonfluoridated toothpaste from at
least 1 week before the plaque collection, avoiding rinsing with thera-
peutic mouthwash. They were asked to form plaque within the
devices by abstaining from tooth brushing or by removing the
appliances for oral hygiene without toothpaste, after which they were
replaced at the same site. After a plaque formation period lasting for
3 days, the devices on the clasps were collected for analysis at least 1 h
after any food or drink intake. The DMFS scores were also recorded
by oral examination. The experimental design was approved by the
Ethics Committee of Aichi-Gakuin University.

Plaque Sample Preparation

The devices, removed from the mouth, were snap-frozen in liquid
nitrogen and freeze-dried overnight. They were then impregnated
with a mixture of 10% methyl and 90% »-butyl methacrylate (Sigma
Chemical, St. Louis, Mo., USA). Series of plaque sections parallel to
the tooth surface (containing 4 sections of 4 um thickness and 2 sec-
tions of 2 pm thickness; total 20 pm thickness) were repeatedly cut
from the outer plaque surface towards the enamel surface, using an
ultramicrotome (Ultrotome, LKB, Sweden). Sectioning continued
until no sample remained. Each plaque sample was separated into
several (8-10) sequential 100-pm-thick specimens consisting of five
sets of serial sections (i.e. 20 um X 5) using this procedure.

Out of the series of plaque sections, 2-um-thick sections were
spread on a glass slide, stained with a 0.05% neutral toluidine blue
solution and used to check the presence of plaque. Five series of
thicker sections were combined in sequential order and placed in a
0.5-ml sterilized polypropylene tube. Then, chloroform (200 ul) was
poured into each tube to dissolve the polymer infiltrated into the
specimen. After evaporation, the plaque specimen remained at the
bottom of the tube. The preparation of the plaque samples is shown
in figure 1.

PCR Analysis
200 pl of the InstaGene Matrix Kit (Bio-Rad Laboratories, Rich-
mond, Calif., USA) was added to each tube. Genomic DNA was
extracted from the plaque fraction according to the manufacturer’s
instructions. The 16S rRNA gene sequences were amplified by PCR
with universal primers: 8UA and 1492R [Sato et al., 1997] and Tag
DNA polymerase (HotStarTaq Master Mix, Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instructions. The primer
sequences were: 8UA, 5-AGA GTT TGA TCC TGG CTC AG-3
and 1492R, 5-TAC GGG TAC CTT GTT ACG ACT T-3". PCR
amplification was performed in a PCR Thermal Cycler MP (TaKaRa
Biomedicals, Ohtsu, Shiga, Japan) programmed for 15 min at 95°C
for initial heat activation and 35 cycles of 1 min at 94°C for denatur-
ation, 1 min at 55°C for annealing, and 1.5 min at 72°C for exten-
sion, followed by 10 min at 72°C for a final extension. The predicted
PCR product with the universal primers was 1,505 bp in length.
Then the PCR products were amplified by the species-specific
PCR based on the 168 rRNA gene sequences [Rupfet al., 2001] with
S. mutans-specific primers sm1 and sm2, and with S. sobrinus-spe-
cific primers SobF and SobR. The nested primer sequences were as
follows: S. mutans-forward primer (sm1), 5-GGT CAG GAA AGT
CTG GAG TAA AAG GCT A-3%; S. mutans-reverse primer (sm2),
-GCG TTA GCT CCG GCA CTA AGC C-3; S. sobrinus-forward
primer (SobF), 5-CGG ACT TGC TCC AGT GTT ACT AA-3"; and
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Fig. 1. a Plaque in the plaque-generating device. bs Arrangement of 100-um-thick layers in the plaque sample. & Sec-
tioning process for obtaining one layer. d Collection of thicker sections for nested PCR analysis. @ Optical observation
of stained thinner sections.
Fig. 2. Detection of 165 rRNA gene amplified by PCR with universal primers () and the PCR products amplified by
S. mutans-specific (b) and S. sobrinus-specific (¢) nested primers. Positive bands are indicated with arrows. A sample
taken from subject F was divided into 8 layers. M indicates 100-bp DNA markers. Lanes 1 and 8 are the outermost
(Ist) and the innermost (8th) layers, respectively. Lane 9 is a blank control without plaque fragments.

S. sobrinus-reverse primer (SobR), 5-GCC TTT AAC TTC AGA
CTT AC-3". PCR amplification was carried out as previously de-
scribed. The sizes of the expected PCR products of S. mutans and
S. sobrinus were 282 and 546 bp, respectively.

PCR products were separated on 2% agarose gels using electro-
phoresis in TBE buffer (100 mA Trds, 90 mM boric acid, 1 mM
EDTA, pH 8.4), stained with ethidium bromide and photographed
under UV light. A 100-bp DNA ladder (Invitrogen Corp., Carlsbad,
Calif., USA) was used as the molecular size marker.

Blank control without any plaque fragments was prepared in
order to check the extraction of genomic DNA from the specimen
and the presence of contamination. An example of the procedure
used on cariogenic bacteria from the gel is shown in figure 2.

450 Caries Res 2004;38:448-453

Results

S. mutans were detected in the plaque taken from all of
the 10 subjects, and S. sobrinus in the plaque of 7 of the
subjects (table 1). However, both strains were not always
detected in every layer of the plaque, although both were
found throughout the plaque taken from 1 participant
(subject D). These positive layers were also recognized
continuously, although the layers containing S. mutans
were dispersed in the plaque taken from subjects B, G and
L. The proportions of layers in which S. mutans and S. so-
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Table 1. Detection pattems of mutans streptococci in layers of 3-day-old plaque taken from 10 subjects

S. mutans S. sobrinus

Subject A B C D E F G H I A B C D E F G H I J
DMFS 1 2 4 6 8 10 19 20 22 55 1 2 4 6 8 10 19 20 22 55
Layers

1 + + + + + + - - + - - - + + - - - - -

2 + - + + + + + + + + - - + + + + + + -

3 + + + + + + - + + + - - + + + + + -

4 + + + + + + - + + - + - - + + - - + + -

5 + + + + + + - + + - + - - + + - - + % -

6 + - - + - + - + * + - - - + + - - + - -

7 + - - + - - + - + - - - + - - - - - -

8 - - - + - - + - - - - + - - - - - -

9 - - ns. + - ns. - - + n.s. - - ns.  + - ns. - - - n.s.
10 ns. + ns. + ns. ns. - - - n.s. ns. - ns. & ns. ns. - - - n.s.

The number of plaque layers varied from 8 to 10 with the thickness of individual plaque, layer 1 being the outermost layer, layer 10 the
innermost layer. n.s. = No sample available; + = detected; — = not detected; + = detection difficult to judge.

brinus were detected were 56.5% (52/92) and 31.5% (29/
92), respectively.

Forthe 7 subjects who had both species in their plaque,
the distribution pattern of S. mutans in the plaque layers
was compared to that of S. sobrinus. In every layer
detected as mutans streptococci-positive, either only
S. mutans or both species were detected. There were no
layers in which S. sobrinus was clearly detected alone.
Also there was a tendency for mutans streptococci to be
frequently detected in the outer to middle layers of
plaque, and these bacteria were seldom seen in the inner
layers. The distribution pattern of mutans streptococci
varied among the subjects, even though the results were
obtained only from a small number of samples.

There was no obvious relationship between the pattern
and distribution of mutans streptococci and the subjects’
DMFS scores.

Discussion

The PCR using universal primers showed a positive
band in every layer of dental plaque, indicating the exis-
tence of some bacteria throughout the plaque. Oral strep-
tococci are aciduric facultative anaerobes and were there-
fore expected to be detected equally in both the outer
aerobic and the inner anaerobic environments, irrespec-
tive of plaque structure. Nevertheless, the distributions of
mutans streptococci-positive layers were limited, being

Distribution of Cariogenic Streptococci
within Dental Plaque

seldom found in the inner plaque with the exception of
subject D who had fully positive layers. The innermost
layer corresponded to the bottom of the thick microbial
deposit generated in the artificial stagnation site. It
seemed to be difficult for mutans streptococci to survive
in such an environment with a limited supply of nutrients
such as sugar and with less pH drop. Thus, the levels of
bacteria in the deeper layers in our devices might be below
the detection limit of our microbiological method, even
though it is claimed that this nested PCR could detect 100
and 10 fg DNA of 8. mutans and S. sobrinus, respectively
[Sato et al., 2003]. On the other hand, Dibdin and Shellis
[1988] suggested that plaque formed in the presence of
sucrose promoted porosity of the extracellular matrix. A
fully positive pattern for mutans streptococci as seen in
subject D’s plaque or a dispersed pattern of S. mutans as
seen in some samples might be the reflection of the sub-
jects’ sugar intake under the plaque formation,

The high prevalence rate of mutans streptococci found
in various populations [Beighton et al., 1989; Fure and
Zickert, 1990; Kohler et al., 1995; Milgrom et al., 2000;
QOkada et al., 2002] has been well documented, indicating
that S. mutans was more widespread than S. sobrinus. In
our depth-specific analysis, every mutans streptococci-
positive layer was one in which either only S. mutans or
both species were detected, suggesting that S. murans has
a wider habitat in plaque than \S. sobrinus has. The results
also revealed that mutans streptococci tended to be de-
tected in the outer or middle plaque layers, demonstrating

Caries Res 2004;38:448-453 451



the different distribution patterns of cariogenic bacteria
between the subjects. Milgrom et al. [2000] revealed that
S. mutans were found more frequently than S. sobrinus in
the plaque on initial caries lesions as well as on sound
enamel. Okada et al. [2002] reported that subjects that
harbored both S. mutans and S. sobrinus had higher caries
prevalence. In the present results, however, no obvious
relationship was recognized between the distribution pat-
terns of mutans streptococci throughout plaque and the
subjects’ DMFS scores. This might be due to the micro-
bial difference between natural plaque and plaque formed
in the device or due to the F component that accounted
for almost all of the DMFS scores.

In the present study, layer-specific samples were pre-
pared from newly formed 3-day-old plaque, with which
more than half of the device’s receptacles was filled. The
plaque sample was formed with an uneven outer surface,
tending to be thicker on or near the nylon edge of the
device by incomplete filling of the ring. With the progress
of sectioning from the plaque-saliva interface, the first
layer that contained sections with toluidine blue-stained
fragments was regarded as the outermost one, Therefore,
the outermost layer might not exactly correspond to the
outer plaque surface. However, the surface in a functional
sense must correspond to the outer few layers, because the
plaque layers that we dealt with were fairly thick. Our
results, shown in table 1, demonstrated the effectiveness
of this method, suggesting ecological features of mutans
streptococci such as a frequent detection in the outer
region, a wider habitat of S. mutans compared with S. so-
brinus and so on. Therefore, any influence of this weak-
ness, which stemmed from the unevenness of the outer
plaque surface, would be limited to the evaluation of car-
iogenic bacteria within the plaque from their distribution
patterns, so that in general this problem is not serious.

Although several analytical methods [Babaahmady et
al., 1998; Milgrom et al., 2000; Rupf et al., 2001] have
been used to identify the specific bacteria in plaque, there
are only sparse data available concerning the three-
dimensional plaque structure. In an attempt to clarify the
etiology of periodontal disease, immunofluorescence
studies have been carried out to locate the specific patho-
gens in the periodontal pockets, using sections obtained
from biopsy samples of the tissue [Christersson et al.,
1987; Noiri et al. 2001]. However, it would be difficult,
using this technique, to ensure the location of the bacteria
due to disturbances in the process of plaque sampling and
preparation followed by staining. Moreover, fluorescence
detection under the ordinary light microscope probably
has inadequate resolution because of the short duration of
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the fluorescence. Fluorescence imaging by CLSM has also
been applied to examine the heterogeneous structure of
the plaque biofilms [Wood et al., 2000] and to clarify bac-
terial vitality relating to plaque structure [Auschill et al.,
2001]. CLSM enabled us to examine the bulk specimens
to identify several species by using different fluoro-
chromes. There is, however, a great disparity of thickness
between our sample and the thinner plaque for a CLSM
observation. In addition, the autofluorescence of enamel
may cause less accuracy of location of bacteria near the
plaque-enamel interface.

On the other hand, our devices were snap-frozen in lig-
uid nitrogen, lyophilized, then impregnated with metha-
crylate. Care must be taken to prevent distortion due to
uneven drying. Serial sectioning of such an embedded
undisturbed plaque sample ensures the validity of our
depth-specific analysis of plaque from the outer surface
towards the interior. Another advantage of our method is
that it would be suitable for quantitative analysis. Al-
though plaque mass or density is different from each layer
or individual plaque, this difference is correctable. Plague
volume could be determined by measuring plaque area
using image analysis, since section thickness is known.
Quantitative differences of cariogenic bacteria have been
detected in approximal plaque by an immunofluores-
cence study [Babaahmady et al., 1998]. It would be inter-
esting to evaluate variations in plaque bacteria at differ-
ent tooth sites, as well as at comparable sites from differ-
ent teeth or different individuals. However, it would be
difficult to apply the present method at sites on which the
devices could not be attached, such as approximal and
subgingival spaces.

Our depth-specific assay demonstrated variances in
the pattern and distribution of mutans streptococci
among our subjects, suggesting that it was important to
evaluate their ecology within dental plaque. Further stud-
ies are needed to evaluate the bacterial pattern in plaque
under various experimental conditions.
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Abstract. The Patched (PTC) gene is responsible for basal cell nevus syndrome
(BCNS) accompanied by multiple odontogenic keratocysts (OKCs), and its
product plays a role in the Sonic hedgehog (SHH) signaling pathway involving
smoothened (SMO) and GLI-1. To clarify the role of SHH signaling in OKCs, the
expression of SHH, PTC, SMO, and GLI-1 and mutations of PTC were examined
in 18 sporadic, 4 BCNS-associated OKCs and 7 control gingivae. SHH, PTC,
SMO, and GLI-1 were detected in all OKC and gingiva samples by reverse
transcriptase-polymerase chain reaction (RT-PCR). Immunoreactivity for SHH and
GLI-1 was markedly higher in epithelial components than in subepithelial cells,
while immunoreactivity for PTC and SMO was similar in epithelial components
and subepithelial cells in OKCs. The positive rate of PTC and SMO expression in
subepithelial cells of OKCs was significantly higher than that in gingivae. The

positive rate of GLI-1 expression in subepithelial cells of BCNS-associated OKCs
was significantly higher than that in primary OKCs. These results suggest that the
SHH signaling might be involved in the pathophysiologic nature of OKCs. While
mutations of the PTC gene could not be detected in 4 BCNS-associated OKCs by

direct DNA sequencing, 3 of 5 primary and 4 of 4 recurrent OKCs had several
mutations of this gene. These results suggest that PTC mutations are probably
related not only to BCNS-associated OKCs but also to sporadic OKCs.
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Odontogenic keratocyst (OKC) is the
most aggressive odontogenic cyst in the
oral cavity’®. The majority of patients
are in their second or third decade of
life. Most OKCs arise in the mandible,
having a 3-fold higher frequency of
OKCs than the maxilla>*, while the
majority in the mandible was located in
the third molar area often with extension
into the ascending ramus®’. Histologi-
cally, OKC is characterized by a lining

0901-5027/060584 +09 $30.00/0

of parakeratotic stratified squamous
epithelium and a thin fibrous capsule,
which occasionally contain islands of
epithelium or separate daughter cysts®?,
OKC has a high recurrence rate, esti-
mated to range between 30 and 60%>2°,
OKC sometimes occurs in association
with the basal cell nevus syndrome
(BCNS)™'*. BCNS, also known as ‘Gor-
lin syndrome’ and ‘nevoid basal cell
carcinoma syndrome,” is a rare autoso-

mal dominant disorder characterized by
multiple basal cell carcinomas (BCCs),
multiple OKCs, palmar or plantar pits
(or both), ectopic calcification, such as
calcified flax cerebri, and congenital ske-
letal anomalies, such as bifid, fused,
splayed, or missing ribs'*. Various low-
frequency neoplasms, such as medullo-
blastomas, meningiomas, fibrosarcomas,
ovarian fibromas, and cardiac fibromas,
are also associated with BCNS™,

© 2004 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.



The gene responsible for BCNS has
been localized to chromosome 9q22.3-
@31 by linkage analysis’, and the
human Patched (PTC) gene has been
isolated from the candidate region'*2C,
The PTC gene, bearing strong homology
to the Drosophila segment polarity gene
patched (ptc), contains 23 exons span-
ning approximately 34 kbp and encodes
a 1447 amino acid protein containing
12 transmembrane-spanning domains
and 2 large extracellular loops'®2%303%,
Approximately 40% of BCNS cases have
germ line mutations of the PTC gene.
Several PTC mutations that are appar-
ently not hereditary have been identified
in lesions of BCCs, medulloblastomas,
and OKCs”?*#43% n addition, dele- -
tions of 9¢22.3-q31 were observed on
loss of heterozygosity in many neoplasms
related to BCNS and in sporadic BCCs
and OKCs'?1323* PTC product serves
as a receptor for the secreted Sonic
hedgehog (SHH) protein, and inhibits the
signaling pathway by repressing the
activity of Smoothened (SMO), another
transmembrane membrane protein’~ %38,
SMO also has a role in recegtion and
transduction of the SHH signal®®. SMO is
responsible for triggering intercellular
signaling and the subsequent activation of
target gemes such as GLI-1. In the
absence of SHH, PTC interacts at the
membrane with smoothened, rendering it
inactive. However, when SHH binds to
PTC, the inhibition of SMO signaling is
released and downstream genes are tran-
scriptionaly upregulated®. GLI-1 is a
transcription factor that is thought to
form a cytoplasmic complex and mediate
SHH signaling from cytoplasm to
nucleus®. Inherited or sporadic altera-
tions in SHH signaling pathway genes
have been implicated in a number of
human birth defects, and aberrant activa-
tion of the SHH signaling pathway during

Table 1. RT-PCR primers and antibodies

SHH signaling in odontogenic keratocysts

adult life results in cellular proliferations
manifested as cancer™. Thus, studying
the SHH signaling pathway is essential to
understanding the mechanisms of birth
defects and cancer and ultimately may
help to identify therapeutic targets in dis-
eases involving the SHH signaling path-
way'®.

Our previous study examined the pro-
liferative  activities, cell-cycle-related
factors, and apoptosis-related factors in
lining epithelium of solitary and BCNS-
associated multiple OKCs. The results
suggested that BCNS-associated OKCs
might show different characteristics
from solitary OKCs?. Genetic and
immunohistochemical analysis of jaw
cysts in ptc knockout mice revealed that
down-regulation of ptc is associated
with formation of the cysts”. In the pre-
sent study, we examined the expression
of SHH, PTC, SMO, and GLI-1 at
mRNA and protein levels and investi-
gated PTC gene mutations in primary,
recurrent, and BCNS-associated OKCs.
These results of mRNA expression and
protein levels were compared with the
findings in gingival tissue. On the basis
of our findings, we discuss the role of
the SHH signaling pathway in OKCs.

Materials and methods

The protocol for the present experiment
was reviewed and approved by the
Tohoku University Graduate School of
Dentistry Research Ethics Committee.

Tissue samples

Specimens were surgically removed
from 22 patients with OKC at the
Department of Oral and Maxillofacial
Surgery, Tohoku University Dental Hos-
pital, and affiliated hospitals. The lesions
were divided into several parts. The
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first part was fixed in 10% buffered
formalin for several days and routinely
processed for histological diagnosis
according to the World Health Organiza-
tion histological typing of odontogenic
tumors®. The lesions comprised 13 pri-
mary, 5 recurrent, and 4 BCNS-asso-
ciated OKCs. BCNS was diagnosed
according to Gorlin’s criteria, including
at least two of the following findings:
multiple basal cell carcinoma, any odon-
togenic keratocyst, palmar or plantar
pits, ectopic calcification, or a family
history of BCNS™'*. The second part of
each lesion was immediately frozen and
stored at —80 °C until RT-PCR analysis
and direct DNA sequencing. The third
part of each cyst was embedded in Tis-
sue-Tek O.C.T. compound (Sakura Fine-
technical, Tokyo, Japan), quick frozen,
and stored at —80 °C for immunohisto-
chemical examination. As control, seven
normal gingiva samples were obtained
at autopsy, performed at Tohoku Univer-
sity Medical Hospital.

RT-PCR

Total RNA from frozen samples (20 mg)
of 11 primary OKCs, 3 recurrent OKCs,
4 BCNS-associated OKCs, and 5 normal
gingivae was extracted with the use of a
RNeasy Mini Kit (Qiagen, Hilden, Ger-
many) according to the recommenda-
tions of the manufacturer’s protocol.
Total RNA (2pug) was reverse-tran-
scribed with an Omniscript RT Kit (Qia-
gen) according to the manufacturer’s
instructions in a 20-pul volume. The
complementary DNA (cDNA) (0.05 pg)
was used as a template for amplification
in a Mastercycler gradient (Eppendorf,
Hamburg, Germany) with each primer
set®™133%% a5 listed in Table 1. PCR
was performed on 50 pl of a reaction
mixture containing approximately 50 ng

Primer Antibody
Annealing Product
Sequence (5'-3") temperature (°C)  size (bp) Clonality Source Dilution
SHH F: GAAAG CAGAG AACTC GGTGG 57 170 Polyclonal (goat) Santa Cruz Biotechnology, 1:50
R: GGAAA GTGAG GAAGT CGCTG Santa Cruz, CA, USA
PTC F: GTGGC TGAGA GCGAA GTTTC 60 163 Polyclonal (rabbit) Santa Cruz Biotechnology 1:50
R: TTCCA CCCAC AGCTC CTC
SMO F: CTGGT ACGAG GACGT GGAGG 65 132 Polyclonal (goat) Santa Cruz Biotechnology 1:50
R: AGGGT GAAGA GCGTG CAGAG
GLI-1 F: CAGAG AATGG AGCAT CCTCC 60 413 Polyclonal (goat) Santa Cruz Biotechnology 1:100
R: TTCTG GCTCT TCCTG TAGCC
GAPDH  F: GGAGT CAACG GATTT GGT 62 206

R: GTGAT GGGAT TTCCA TTGAT




586 Ohki et al.

of template cDNA, 0.5 mol/l of each pri-
mer, and 25 pl of HotStarTaq Master
Mix (Qiagen), according to the manufac-
turer’s instructions. The conditions for
amplification were optimized for primer
pairs as follows: heat starting at 95°C
for 15 min; 45 cycles of denaturation at
94 °C for 30s, annealing at 63 °C (for
PTC and SHH), 65 °C (for SMO), 60 °C
(for GLI-1), and 62 °C (for glyceralde-
hyde-3-phosphate dehydrogenase
(GAPDH)) for 30s, and elongation at
72 °C for 1 min; and final extension at
72 °C for 10 min. The RT-PCR ampli-
fied products were applied to 2% agar-
ose gel, electrophoresed in 1 x TBE at
100 V for 30 min, stained with ethidium
bromide, and visualized under ultraviolet

(UV) light.

Iimmunohistochemical examination of
SHH, PTC, SMO, and GLI-1 proieins

Serial frozen sections were cut at a
thickness of 5 pm in a cryostat CM3000
(Leica, Bensheim, Germany), placed on
glass slides, air-dried for 30s at room
temperature (22 °C), and fixed in acet-
one for 10 min at 4 °C. The slides were
then rinsed for 15 min in 0.01 M phos-
phate buffer solution (PBS). After treat-
ment with normal rabbit serum for
15min to block non-specific binding,
the sections were incubated with pri-
mary antibodies at 4 °C overnight. The
applied antibodies are listed in Table 1.
The standard streptavidin-biotin-peroxi-
dase complex method was performed to
bind the primary antibodies with use of
a Histofine SAB-PO kit (Nichirei,
Tokyo, Japan). Reaction products were
visnalized by immersing the sections for
1-5 min in 0.03% 3,3'-diaminobenzidine
(DAB) solution containing 2 mM hydro-
gen peroxide. Nuclei were lightly coun-
terstained with 1% methyl green. For
control studies of the antibodies, the
serial sections were treated with PBS
and normal goat and rabbit IgG instead
of the primary antibodies and were con-
firmed to be unstained.

Evaluation of immunostaining and
statisiical analysis

Immunohistochemical  reactivity  for
SHH, PTC, SMO, and GLI-1 was evalu-
ated and classified into three groups: (—)
negative, (+) positive (less than 50% of
epithelial cells or subepithelial fibro-
blasts stained), and (+4) strongly posi-
tive (more than 50% of epithelial cells
or subepithelial fibroblasts stained). The
statistical significance of differences in

the percentages of cases with different
reactivity levels for SHH, PTC, SMO,
and GLI-1 was analyzed by Pearson’s
chi-square test. P values less than 0.05
were considered to indicate statistical
significance.

DNA exiraction and direct DNA
sequencing

Genomic DNA from frozen samples
(25 mg) of 5 primary OKCs, 4 recurrent
OKCs, and 4 BCNS-associated OKCs
was extracted with a QIAamp DNA
Mini Kit (Qiagen) according to the
recommendations of the manufacturer’s
protocol. Each of the 20 exons (exon

2-19, 21, 22) comprising the PTC gene
were separately amplified in a Mastercy-
cler gradient (Eppendorf) with use of
the oligonucleotide primers as described
previously’**® (Table 2). PCR was per-
formed on 50 pl of a reaction mixture
containing approximately 50 ng of tem-
plate DNA, 0.5 pmol/l of each primer,
and 25l of HotStarTaq Master Mix
(Qiagen) according to the manufac-
turer’s instructions. The conditions for
amplification were optimized for primer
pairs as follows: heat starting at 95 °C
for 15 min; 45 cycles of denaturation at
94 °C for 30s, annealing at 57-60°C
for 10s, and elongation at 72°C for
1 min; and final extension at 72 °C for

Table 2. Primers for DNA sequencing

Sequence Annealing Exon size

Exon (5'-3%) temperature (°C) (bp)

2 F: GTGGC TGAGA GCGAA GTTTC 57 193
R: TTCCA CCCAC AGCTC CTC

3 F: CTATT GTGTA TCCAA TGGCA GG 60 200
R: ATTAG TAGGT GGACG CGGC

4 F: GAGAA ATTTT TGTCT CTGCT TTTCA 57 60
R: CCTGA TCCAT GTAAC CTGTT TC

5 F: GCAAA AATTT CTCAG GAACA CC 57 92
R: TGGAA CAAAC AATGA TAAGC AA

6 F: CCTAC AAGGT GGATG CAGTG 57 199
R: TTTGC TCTCC ACCCT TCTGA

7 F: GTGAC CTGCC TACTA ATTCC C 60 122
R: GGCTA GCGAG GATAA CGGTT TA

8 F: GAGGC AGTGG AAACT GCTTC 57 148
R: TTGCA TAACC AGCGA GTCTG

9,10  F: GTGCT GTCGA GGCTT GTG 60 Exon 9: 132,
R: ACGGA CAGCA GATAA ATGGC exon 10: 157

11 F: GTGTT AGGTG CTGGT GGCA 60 98
R: CTTAG GAACA GAGGA AGCTG

12 F: GACCA TGTCC AGTGC AGCTC 60 245
R: CGTTC AGGAT CACCA CAGCC
F: AGTCC CTGAT TGGGC GGAG 60
R: CCATT CTGCA CCCAA TCAAA AG

13 F: GGCCT ACACC GACAC ACAC 60 403
R: TTTTT TTGAA GACAG GAAGA GCC
F: GTCAG CAGAC TGATT CAGGT 57
R: AAGAT GAGAG TGTCC ACTTC G

14 F: GACAG CTTCT CTTTG TCCAG 60 310
R: ACGCA AAAGA CCGAA AGGAC GA

15 F: AGGGT CCTTC TGGCT GCGAG 60 143
R: TCAGT GCCCA GCAGC TGGAG TA

16 F: AACCC CATTC TCAAA GGCCT CTGTT C 60 184
R: CACCT CTGTA AGTTC CCAGA CCTCC

17 F: AACTG TGATG CTCTT CTACC CTGG 60 281
R: AAACT TCCCG GCTGC AGAAA GA

18 F: TTTGA TCTGA ACCGA GGACA CC 60 138
R: CAAAC AGAGC CAGAG GAAAT GG

19 F: TAGGA CAGAG CTGAG CATTT ACC 57 143
R: TACCT GACAA TGAAG TCG

21 F: AACAG AGGCC CCTGA AAAAT 60 255
R: GATCA CTTGG TGGGC AGG

22 F: TCTAA CCCAC CCTCA CCCTT 57 538
R: ATTGT TAGGG CCAGA ATGCC
F: AGAAA AGGCT TGTGG CCAC 60
R: TCACC CTCAG TTGGA GCTG




10 min. Direct sequencing of the PTC
gene exons was carried out by means of
the above mentioned PCR primers, the
PCR products purified on the GFX PCR
DNA and a Gel Band Purification Kit
(Amersham Biosciences, Little Chalfont,
UK), and a Thermo Sequenase Cy5 Dye
Terminator Sequencing Kit (Amersham
Biosciences) according to the manufac-
turers’ instructions. The sequencing
reactions were for 45 cycles of 96 °C
for 30, 60°C for 10s, and 72 °C for
60 s in a Mastercycler gradient (Eppen-
dorf). Sequencing products were sepa-
rated on denaturing 7% polyacrylamide
gel (ReproGel Long Read; Amersham
Biosciences), using an automated laser
fluorescence sequencer (ALF express II
DNA  Sequencer; Amersham Bios-
ciences). Sequencing data were analyzed
with the use of an ALFwin Sequence
Analyser Ver. 2.1 (Amersham Bios-
ciences).

Gsnbank accesslon data

Nucleotide and amino-acid residue num-
bering is based on Genbank sequence
U59464.
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132 bp
113 bp

208 bp

Fig. 1. SHH, PTC, SMO, and GLI-1 mRNA expression in odontogenic keratocysts (OKCs) and
normal gingiva. (G: gingiva, S: BCNS-associated OKC, P: primary OKC, R: recurrent OKC).
Reverse transcriptase-polymerase chain reaction (RT-PCR) products for SHH (170 bp), PTC
(163 bp), SMO (132 bp), and GLI-1 (413 bp) were detected in all gingiva and OKC samples.

Results

" Expressicn of SHH, PTC, SMO,

and GLE-1 mRNA

To investigate the distribution patterns
of SHH, PTC, SMO, and GLI-1 mRNA
in OKCs, we examined 18 OKCs of dif-
ferent clinical characterization (11 pri-
mary OKCs, 3 recurrent OKCs, and 4
BCNS-associated OKCs) as well as 5
normal gingivae by RT-PCR analysis.
RT-PCR products for SHH (170 bp),
PTC (163 bp), SMO (132 bp), and GLI-

1 (413 bp) were detected in all OKC
and gingiva samples. Fig. 1 shows
examples of SHH, PTC, SMO, and GLI-
1 mRNA expression in OKCs and nor-
mal gingiva.

Immunoreactivity for SHH, PTC, SMO,
and GL-1

The results for immunohistochemical
expression of SHH, PTC, SMO, and
GLI-1 proteins are shown in Table 3.
Fig. 2A-D shows typical staining of

Fig. 2. Immunohistochemical expression of SHH (A), PTC (B), SMO (C), and GLI-1 (D) in odontogenic keratocyst. SHH, PTC, SMO, and GLI-1
were detected in the cytoplasm of basal to superficial epithelial cells. The positive rate of PTC expression in the cytoplasm of subepithelial
fibroblasts was higher then that of SHH, SMO, and GLI-1.
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Table 4. PTC gene mutations in odontogenic keratocysts (OKCs)

SHH signaling in odontogenic keratocysts

Mutations
Amino acid
Patient Diagnosis Exon Nucleotide change change
1 Primary OKC 12 C1686T (silent mutation) Ala562Ala
2 Primary OKC 22 G3840T (silent mutation) Ser12808er
22 G3852T (missense mutation) GIn1284His
22 C3859T (missense mutation) His1287Asn
22 C3905A (missense mutation) Ser1302His
3 Primary OKC 22 G3852T (missense mutation) GlIn1284His
22 C3875T (missense mutation) Ser1292Phe
22 C3905A (missense mutation}) Pro1302His
4 Primary OKC  No mutation
5 Primary OKC  No mutation
6 Recurrent OKC 4 635insG (frameshift mutation)
4 638insG (frameshift mutation)
7 Recurrent OKC 10 1371delG (frameshift mutation)
22 T3944C (missense mutation) Leul315Pro
8 Recurrent OKC 10 1371delG (frameshift mutation)
9 Recurrent OKC 10 1371delG (frameshift mutation)
21 3641delC (frameshift mutation)
21 3661insC (frameshift mutation)
21 C3728G (missense mutation) Alal243Gly
10 BCNS No mutation
11 BCNS No mutation
12 BCNS No mutation
13 BCNS No mutation

SHH, PTC, SMO, and GLI-1 proteins in
one OKC. SHH, PTC, SMO, and GLI-1
were detected in the cytoplasm of basal
to superficial epithelial cells and some
subepithelial fibroblasts in both normal
gingivae and OKCs. The positive rate of
PTC expression in the cytoplasm of sub-
epithelial fibroblasts was higher then
that of SHH, SMOQ, and GLI-1 in OKCs.
There was no distinct difference in SHH
reactivity between gingivae and OKCs,
or among primary, recurrent, and
BCNS-associated OKCs. The positive
rate of PTC expression in subepithelial
tissues of gingivae was significant lower
then that of total (P < 0.001), primary
(P < 0.01), recurrent (P < 0.05), and
BCNS-associated OKCs (P < 0.05). The
positive rate of SMO expression in sub-
epithelial fibrous connective tissues of
OKCs was significantly higher than that
in normal gingivae (P < 0.05). The
positive rate of GLI-1 expression in the
subepithelial fibrous connective tissues
of BCNS-associated OKCs was signifi-
cantly higher than that in normal gingi-
vae (P < 0.05), and subepithelial GLI-1
expression differed significantly between
primary and BCNS-associated OKCs
@ < 0.01).

Mutations of the PTC gene

PTC gene mutations were examined in 5
primary, 4 recurrent, and 4 BCNS-asso-

ciated OKCs by direct DNA sequencing.
Mutations in the coding region of the
PTC gene were found in 3 primary and
4 recurrent OKCs, whereas no mutation
was found in 2 primary and 4 BCNS-
associated OKCs (Table 4). Each muta-
tion was confirmed by reverse sequen-
cing. These putative disease-associated
mutations were distributed throughout
the gene. Eight of the 13 sequence
alterations were single nucleotide
changes (Fig. 3A), resulting in 6 mis-
sense mutations and 2 silent mutations.
Six missense mutations were detected in
exons 21 and 22, containing 2 C— T
and 1 T — C transition,and 1 G — T, 1
C— A, and 1 C — G transversion. We
also detected a C— T ftramsition at
nucleotide 1686 in exon 12 and a
G — T transversion at nucleotide 3840
in exon 22, resulting in silent mutation.
Five frameshift mutations were detected
(Fig. 3B and C). These single nucleotide
deletions or insertions, consisting of G
insertion in exon 4, C insertion in exon
21, G deletion in exon 10, and C dele-
tion in exon 21, resulted in the induction
of premature stop cedons at several bp
downstream of the mutation sites. Loca-
tions of these mutations on PTC protein
are summarized in Fig. 4. In addition to
these disease-associated mutations, sev-
eral variants were designated ‘‘poly-
morphism” on the basis of their
presence in unaffected individuals or the
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finding that the underlying sequence
changes did not alter the encoded amino
acids.

Discussion

The SHH signaling pathway plays an
important role in mammalian embryonic
development of structures such as the
neural tube, axial skeleton, limbs, lungs,
skin, and hair follicles>”!"% Expres-
sion of genes involved in the SHH sig-
naling pathway has been confirmed
temporally and spatially during early
tooth development, suggesting a role in
early tooth germ initiation and subse-
quent epithelial-mesenchymal interac-
tions. SHH expression was localized to
the epithelial thickenings at ecpithelial
thickening stage of tooth development.
SHH transcripts were found to be
restricted to cells that will form the
enamel knot. At the early bud stage, the
localized expression of SHH was intensi-
fied. By the cap stage, the enamel knot
has fully formed and SHH expression
clearly marks this structure. PTC and
GLI-1 expressions were restricted to the
mesenchyme underlying the tooth thick-
ening. At the early bud stage, PTC and
GLI-1 were expressed uniformly in the
odontogenic epithelium such as dental
papilla and dental epithelium, and
mesenchyme. At the cap stage of tooth
development, PTC and GLI-1 were
expressed in a region of the tooth germ
that appeared to surround the area of the
enamel! knot that was marked by SHH
expression. SMO was found to be ubi-
quitously expressed throughout tooth
development. With the passage of stage,
the expression of SMO was slightly more
specific, being more strongly expressed
in the epithelial component, but absent
from the enamel knot. These features
suggest that SHH signaling is involved
in both lateral (epithelial-mesenchymal)
and planar (epithelial-epithelial) path-
ways during tooth development'’. PTC,
SMO, and GLI-1 mRNA is up-regulated
in BCCs, although tumor-adjacent epi-
dermis shows low expression of these
molecules®®*®. In our previous study,
normal gingival tissues were positive for
ptc, shh, and smo proteins in pfc knock-
out mice™. In the present study, SHH,
PTC, SMO, and GLI-1 were detected in
all normal gingivae at both mRNA and
protein levels, suggesting that gingival
tissue might be affected by these mole-
cules.

SHH signaling is emerging as one of
the most important regulators of onco-
genic transformation’®. The PTC gene
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Fig. 3. PTC gene mutations in odontogenic keratocysts (OKCs). (A) Direct DNA sequencing of exon 22 (upper: control, lower: OKC) T to C
transitional change at nucleotide 3944, that resulted in leucine to proline substitution at codon 1315. (B) Direct DNA sequencing of exon 10 (upper:
control, lower: OKC). A single nucleotide of G was deleted at position 1371, which was expected to result in a stop codon after a run of 33 novel
amino acids downstream. (C) Direct DNA sequencing of exon 4 (upper: control, lower: OKC). A single nucleotide of G was inserted at position
635 and 638, which was expected to result in a stop codon after a run of seven novel amino acids downstream.

functions as a tumor suppressor, and
SHH, SMO, and GLI-1 mutants have
been shown to function as onco-
genes™ %84 Mutational inactivation of
PTC leads to overexpression of the
mutant transcript owing to failure of a
negative  feedback  mechanism'**!,
Expression studies with in situ hybridi-
zation and RT-PCR have shown PTC
overexpression in BCCs as compared

. o 2 B .
with normal skin®**'. Previous studies

AR GRS
Mg N

S wmmsaw

have demonstrated that SMO is also
overexpressed in BCC, whereas SHH is
expressed in only some BCCs*'*. In
the present study, SHH, PTC, SMO, and
GLI-1 were detected at mRNA and pro-
tein levels in all OKCs. The expression
of SHH and GLI-1 was more marked in
lining epithelium than in subepithelial
cells, while PTC and SMO were simi-
larly expressed in both epithelial and
subepithelial cells. These featwres sug-

. c,

Fig. 4. Location of mutations on PTC protein. (A: frameshift mutation, B: missense mutation,

@: silent mutation).

gest that SHH signaling is fransmitted
via epithelial-subepithelial interactions
in the cyst walls of OKCs. Qur previous
study revealed that ptc expression was
decreased in lining epithelium of man-
dibular cysts in pfc knockout mice?. In
the present study, expression of PTC,
SMO, and GLI-1 in subepithelial cells
was greater in OKCs than in normal gin-
giva. These findings suggest that OKCs
show different characteristics from nor-
mal gingival tissues with respect to SHH
signaling, and such differences might be
involved in the formation of OKCs. Our
previous study clarified differences in
proliferative activity and apoptotic fac-
tors between sporadic and BCNS-asso-
ciated OKCs™. In the present study,
GLI-1 expression in subepithelial fibro-
blasts was slightly higher in BCNS-asso-
ciated OKCs than in sporadic OKCs.
These results suggest that the character-
istics of SHH signaling differ between
BCNS-associated OKCs and sporadic
OKCs.

PTC gene mutations are found not
only in BCNS but also in sporadic
tumors, such as BCC, trichoepithelioma,
and medulloblastoma®**>**. Between 20
and 30% of sporadic BCCs show
somatic PTC mutations, and 68% show



loss of heterozygosity (LOH) on chro-
mosome 9q, the PTC locus'’. PTC
mutations and LOH at the PTC locus
have been identified in OKCs arising in
BCNS and in sporadic OKCs*™***. In
the present study, we identified 13 muta-
tions of the PTC gene in three primary
OKCs and four recurrent OKCs. These
findings suggest that abnormality of the
PTC gene is essential for the develop-
ment of OKCs. Generally, exogenous
mutagens can cause specific hot spots of
somatic mutations in human cancers: for
example, the oncogene of K-RAS and
the tumor suppressor gene of TP53*%,
Previous studies have shown that PTC
mutations are dispersed throughout the

entire coding sequence of the gene with- .

out any apparent hot spots in BCNS-
associated lesions!>*%*** In the pre-
sent study, mutations of the P7C gene
were also distributed in a variety of
exons. PTC protein possesses several
major domains, including the large
extracellular loops that interact with
SHH ligand and the large C-terminal
intracellular domain that may interact
with the intracellular protein of SMO
protein®'?* In the present study, most
PTC mutations of OKCs were detected
in the first large extracellular loop or the
large C-terminal intracellular domain,
suggesting that these mutations inhibit
SHH signaling in OKCs. Homozygous
ptc knockout mice (ptc"/ ~ mice) die in
utero during early organogenesis, while
pte™’™ mice show a number of develop-
mental abnormalities and a high inci-
dence of tumors, similar to human
BCNS™. We detected no alteration of
the PTC gene in BCNS-associated
OKCs. These results suggest that the
BCNS with germline mutations might
cause chromosomal deletion and express
another stable allele in OKC tissues.
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Detection frequency of
periodontitis-associated bacteria
by polymerase chain reaction in
subgingival and supragingival
plaque of periodontitis and
healthy subjects

Mayanagi G, Sato T, Shimauchi H, Takahashi N. Detection frequency of periodontitis-
assaciated bacteria by polymerase chain reaction in subgingival and supragingival
plaque of periodontitis and healthy subjects.
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The aim of this study was to compare the detection frequencies of 25 bacterial species in
subgingival and supragingival plaque of 18 untreated periodontitis subjects and 12
periodontally healthy subjects. Genomic DNA was extracted from subgingival and
supragingival plaque samples, and bacterial detection was performed by polymerase
chain reaction of the 16S rRNA genes. Fourteen bacteria showed no relationship with
periodontitis, and 11 of these 14 species were frequently detected (250%) in subgingival
plaque in both periodontitis and healthy subjects. Nine bacteria such as Eubacterium
saphenum, Prevotella intermedia, and Treponema denticola seemed to be related to
periodontitis; their detection frequencies in subgingival plaque samples were higher in
periodontitis than in healthy subjects, but these differences were not statistically significant
by multiple comparisons (0.002<P<0.05). Two species (Mogibacterium timidum and
Porphyromonas gingivalis) were detected significantly more frequently in subgingival
plaque of periodontitis subjects than of healthy subjects (P<0.602), with P. gingivalis
being detected only in periodontitis subjects, suggesting that these two species are closely
related to periodontitis. There were no significant differences in the detection frequencies
of the 25 bacteria between subgingival and supragingival plaque, suggesting that the
bacterial flora of supragingival plaque reflects that of subgingival plaque.
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The composition of dental plaque microb-
iota in the human oral cavity is diverse and
complex. It has been previously estimated
by culturing and molecular biological meth-
ods that more than 600 species of bacteria
inhabit the human oral cavity (13, 25, 27,
37, 49). The initiation and progression of

periodontitis is thought to be caused by
several species of these bacteria accumula-
ting in subgingival periodontal pockets.
Porphyromonas gingivalis, Tannerella for-
sythia (Tannerella forsythensis, formerly
Bacteroides forsythus), and Treponema
denticola are widely regarded as major

periodontal pathogens (38), and numerous
etiologic investigations of periodontal
disease have therefore targeted these spe-
cies. Campylobacter rectus, Eikenella
corrodens, Fusobacterium  nucleatum,
Micromonas micros (formerly Peptostrep-
tococcus micros), Treponema amylovorum,





