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Expression and activation of B-catenin in developing
and denervated taste buds

Yuko SUZUKI," Hiroaki TSUNEKAWA,” Nobuko OBARA,” Kazuharu IRIE,” and Shunichi SHIBATA"

1) Division of Biostatistics, Department of Clinical Psychology, School of Psychological Science,
Health Sciences University of Hokkaido
2) Tsunekawa Dental Clinic
3) Division of Histology, Department of Oral Growth and Development, School of Dentistry, Health Sciences University of Hokkaido
4) Maxillofacial Anatomy, Department of Maxillofacial Biology, Graduate School, Tokyo Medical and Dental University

Abstract

Wnt/B-catenin signaling is critical for the develop-
ment of a broad range of epithelial tissues, including
taste papillae. The taste buds are also responsive to
Wnt/B-catenin signaling ; however, its involvement in
developing and denervated taste buds has not been ex-
plored. In the present study, the expression patterns of
activated [B-catenin, Wnt, and its receptor, Frizzled
(Fzd), in the mouse taste buds were determined by in
situ hybridization and immunohistochemistry. Activated
B-catenin, detected as a cytoplasmic accumulation, and
its translocation to the nucleus were observed in sonic
hedgehog (Shh)-immunoreactive (IR) basal cells and in
a few intragemmal cells. Among Fzd molecules, im-
munoreactive Fzd-1 and -3 were observed in the entire
membranes of the taste bud cells. Also, Wnt/0b mRNA
was expressed in throughout the cytoplasm of the taste
bud cells. After bilateral glossopharyngeal nerve tran-
section, nuclear B-catenin and Fzd-1 and -3 were ex-

pressed in the entire of regenerating taste buds at 21

Key words : B-catenin, Wnt10b, Frizzled, taste buds, in situ

Introduction

B-catenin is the cytoplasmic protein in adhesions
junctions and interacts with the cadherin proteins (Weis
and Nelson, 2006) and it is also the key protein in the
canonical Wnt signaling pathway. Wnt comprises a
large family of secreted ligands that activate several
receptor-mediated pathways (Cadigan and Liu, 2006). In
the Wnt/B-catenin pathway, the binding of Wnt ligands

days. At 28 days, B-catenin positive nuclei were found
in basal half of the taste buds, involving in the basal
cells and Sox2-IR cells. At postnatal day (P) 2, nuclear
B-catenin was expressed in the immature, developing
taste buds. Immunoreactive Fzd-1 and -3 were observed
in some of the B-catenin-IR cells. At P4-P10, cells with
B-catenin-positive nuclei became restricted to the basal
region of the taste buds ; whereas Fzd-1 and -3 became
expressed in the entire taste buds. Fzd-7- and -8-
immunopositive cells were observed in the taste buds at
P3-P10, but these cells in the adult were negative for
these receptors or weakly immunopositive for them.
These data suggest that increased [-catenin transcrip-
tional activity during early development and regenera-
tion processes promoted the differentiation of basal
cells and immature cells to become elongated taste bud
cells. Moreover, the expression of several Fzd receptors
was either up- or down-regulated during taste bud de-

velopment.

hybridization, immunohistochemistry

to Frizzled (Fzd) receptors and low-density lipoprotein
receptor-related protein (LRP) family coreceptors causes
the accumulation of cytoplasmic P-catenin and its
translocation to the nucleus, resulting in transcriptional
activation effected by complexes of -catenin and Lef or
Tecf transcription factors. Wnt/-catenin signaling is a
key pathway in development, adult tissue homeostasis
and disease (Clevers, 2006), e.g., controlling stem cell

proliferation and differentiation in the nervous system
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(Galceran et al., 2000 ; Hirabayashi et al., 2004), in hair
follicles (Van Mater et al., 2003), in tooth germs (Obara
et al., 2006 ; Liu and Millar, 2010), and in tongue epi-
thelium (Schneider et al., 2010).

Lingual taste buds develop within 3 different types of
tongue papillae : fungiform, foliate and circumvallate. In
the mouse, fungiform papillae form in a stereotypical ar-
ray on the dorsal lingual surface. Wnt/B-catenin signal-
ing is known to regulate papilla induction and number
during embryonic development (Liu et al., 2007), and it
is also required for embryonic taste bud development
(Iwatsuki et al., 2007 ; Liu et al., 2007). Among the
Wnt family, which includes 19 members in mammals,
Wnt10b is known to activate Wnt/B-catenin signaling
during formation of embryonic gustatory papillae (Iwat-
suki et al., 2007). However, its expression in the taste
buds in the adult has not been examined. Wnt5a is a
member known to act in the non-canonical Wnt path-
way ; and in mice with its mutated form, their tongue is
severely shortened, thus affecting the number of papillae
(Liu et al., 2012). As regards the receptors for Wnt pro-
teins, the Fzd family, includes 10 members in mam-
mals ; and yet, little is known about their expression in
gustatory papillae formation and in the taste buds. Ma-
ture taste buds are composed of different cell types, i.e.,
types-1I, -1I, -III, and basal cells. The basal cells are the
progenitors of type-I, -II, and -III cell and express sonic
hedgehog (Shh, Miura et al., 2006). Using the BAT-gal
mouse line (Maretto et al., 2003), which expresses [-
galactosidase (P-gal) in the presence of activated [-
catenin, Gaillard and Barlow (2011) found B-catenin ac-
tivity in the basal cells and in a subset of each of the
type-1, -II, -III cell populations. They suggested that the
presence of activated B-catenin in these cell types was
for the renewal of taste bud cells.

Taste buds develop postnatally in the trench wall of
circumvallate papillae of mice (Suzuki et al., 2010a ;
Suzuki et al., 2011). After glossopharyngeal nerve tran-
section, taste buds die and disappear from the trench
wall and subsequently regenerate after regenerated nerve
fibers appear in the trench wall (Yee et al. 2005 ;
Suzuki, 2008 ; Suzuki et al., 2010b). As little is yet
known about the expression of activated B-catenin in the
taste buds during postnatal development or after nerve

transection, in the present study we examined the ex-
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pression patterns of B-catenin, Wnt10b, Wnt5a and Fzd

family members in the mouse taste buds.
Materials and methods

Animals and tissues

Adult and pregnant ICR mice were obtained from
Sankyo Laboratories (Tokyo, Japan). They were main-
tained in a heat- and humidity-controlled vivarium with
food and water provided ad libitum. Experimental pro-
tocols concerning animal handling were reviewed and
approved by the Animal Ethics and Research Committee
of the Health Sciences University of Hokkaido.

For immunohistochemistry and in situ hybridization,
mice of postnatal day (P)2-P10 and those of 1.5-3
months of age were deeply anesthetized and then per-
fused through the left ventricle with 4% paraformalde-
hyde (PFA) in phosphate-buffered saline (PBS).
Tongues were then removed and fixed further in the
same fixative for several hours or overnight at 4°C.
Each specimen was washed in PBS, cryoprotected with
25% sucrose, embedded in OCT compound (Tissue Tek,
Miles Elkhart, IN), and frozen in a spray freezer (Oken,
Tokyo). The tissues were sectioned sagittally or fron-
tally at a thickness of 8-10 um in a cryostat. The sec-
tions were then collected and placed on silane-coated

slides.

Glossopharyngeal nerve transection

To assess the effects of nerve loss on the expression
of B-catenin in taster bud cells, the glossopharyngeal
nerves were bilaterally transected after the mice had
been anesthetized by an intraperitoneal injection of
Somnopentyl (Kyoritsu, Tokyo ; 50 mg/kg body weight).
An incision was made in the ventral aspect of the neck.
The submandibular and sublingual glands were retracted
with the skin to expose the digastrics muscles. The sty-
lohyoid muscle, which lies beneath the digastrics mus-
cles, was pulled aside to expose the glossopharyngeal
nerve. The bilateral glossopharyngeal nerves were then
cut. Groups of animals were sacrificed at 11, 21, and 28

days after surgery.

Riboprobes and in situ hybridization
Sections were washed in PBS and treated for 10 min-

utes with 0.2N HCI and then for 5 minutes with protein-
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ase K (1 pg/ml). They were then washed in PBS and re-
fixed for 20 minutes in 4% PFA. Next, the sections
were prehybridized for 1 hour at room temperature in a
hybridization buffer containing 50% formamide, 1.3x
standard saline citrate (SSC), 5mM EDTA, 0.5%
CHAPS, 0.1% Tween-20, 1% blocking reagent, 100 ug/
ml tRNA, and 50 pg/ml heparin. Hybridization was per-
formed overnight at 65°C in a hybridization buffer con-
taining antisense riboprobe. For the control, other sec-
tions were hybridized with sense riboprobe. The hybrid-
ized sections were washed at 65°C in 2xSSC for 1 hour
and thereafter in 0.1xSSC for 1 hour. After a wash in
PBS, they were next incubated with a 1% concentration
of blocking reagent (Roche Diagnostics, Manheim, Ger-
many) for 1 hour at room temperature and subsequently
incubated overnight at 4° C with alkaline-phosphatase-
conjugated anti-digoxigenin ( DIG) Fab fragments
(Roche) diluted 1 :500 in PBS. After 3 washes in PBS,
chromogenic reactions were carried out by using nitro-
blue tetrazolium / 5-bromo-4-chrolo-3-indolyl-phosphate
(Roche). We used the cDNA of the following genes as
in situ hybridization probes : 5’-CCTTTCAGATGCAG
CGACTAA-3’ and 5’ -GTCCTCGGATACAATCCGG-
3’ (617bp NM_007614) for B-catenin, 5’-AGGGGCTG
CACATCGCCGTT-3" and 5’-GCAGCGCTCCACTCG
CGTCT-3" (872bp NM_011718) for Wnt10b, and 5’-
CAGTCAGACCGAACGCTGT-3’ and 5’-CACCGGCT
CCCCAATATCA-3’ (901bp NM_009524) for Wnt5a.
The PCR products were cloned into HindIll/EcoRI
(Wnt10b, Wnt5a) Hind1I/BamHI (B-catenin) sites of
pT7/T3 DHS5o (TOYOBO, Osaka, Japan) and se-
quenced. DIG-labeled antisense and sense probes were

produced by use of an RNA transcription kit (Roche).

Immunohistochemistry

Prior to immunostaining, the sections were reacted
with a protein-blocking reagent (Dako, Glostrup, Den-
mark) for 20 minutes at room temperature. For double-
staining, sections were co-incubated overnight at 4°C
with the following commercially obtained primary anti-
bodies at a dilution of 1: 100 : (1) mouse anti-B-catenin
antibody (BD Transduction Laboratories, San Jose, CA)
+goat anti-shh antibody (R&D Systems, Minneapolis,
MN), (2) mouse anti-B-catenin antibody + goat anti-Fzd-
1 antibody (R&D Systems), (3) mouse anti-B-catenin
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antibody + goat anti-Fzd-3 antibody (R&D Systems),
(4) mouse anti-B-catenin antibody + goat anti-Fzd-4 an-
tibody (R&D Systems), (5) mouse anti-B-catenin anti-
body + goat anti-Fzd-6 antibody (R&D Systems), (6)
mouse anti-B-catenin antibody + goat anti-Fzd-7 anti-
body (R&D Systems), (7) mouse anti-B-catenin antibody
+ goat anti-Fzd-8 antibody (R&D Systems), (8) mouse
anti-B-catenin antibody + anti-PGP 9.5 polyclonal sheep
antibody (Ultraclone, Wellow, UK), (9) mouse anti-B-
catenin antibody + anti-Sox2 polyclonal rabbit antibody
(Chemicon, Temecula, Calif.). Propidium iodide (PI,
Molecular Probes, Eugene, OR) was used to stain cell
nuclei. Some sections were processed for antigen re-
trieval with target retrieval solution (Dako) for 5 min-
utes at 105°C before treatment with primary antibody.
After having been rinsed in PBS, the sections were in-
cubated for 2 hours at room temperature with the fol-
lowing secondary antibodies :
labeled with Alexa Fluor 568 + donkey anti-goat IgG
labeled with Alexa Fluor 488 (Molecular Probes), don-
key anti-mouse IgG labeled with Alexa Fluor 488 +
donkey anti-goat IgG labeled with Alexa Fluor 568,
donkey anti-mouse IgG labeled with Alexa Fluor 488 +
donkey anti-rabbit IgG labeled with Alexa Fluor 568 at

a dilution of 1 : 200. For fluorescence microscopic ob-

donkey anti-mouse IgG

servation, the sections were washed in PBS, mounted on
slides with PermaFluor (Thermo, Pittsburgh, PA), and
viewed with a Leica TCS-NT confocal laser scanning
microscope with a Leica Plan Apox40 objective (NA=
1.25-0.75). As a control, PBS was used instead of pri-

mary antibodies.
Results

In situ hybridization

In adult mice, B-catenin expression was observed in
the epithelium and in the taste buds of circumvallate pa-
pillae (Fig.1A). At higher magnification of the trench
wall, 8-catenin was seen to be strongly expressed in the
basal region of the taste buds (Fig.1B). Wnt10b was ex-
pressed throughout the taste buds (Fig.1C). At PO,
strong expression of 8-catenin was observed in elongat-
ing trenches and taste bud primordia at the papillary
surface (Fig.1D). Wnt5a was not expressed in the taste
buds of the circumvallate papillae. Sections incubated

with sense riboprobes for B-catenin and Wnr10b dis-
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PO

Fig.1 In siru hybridization with B-catenin and Wnrl0b antisense probes of sections of circumvallate papillae of adult (A-C) and
PO mice (D). A. Expression of S-catenin in the taste buds (TB) and the epithelium of a circumvallate papilla. B. Higher magni-
fication of trench wall epithelium in “A”, showing strong expression in the basal region of the taste buds (arrows). C. Wnt10b
is expressed throughout the taste buds (TB). D. Expression of B-catenin at PO is evident in the trench wall epithelium and in
the taste bud primordia (arrow). Eb, von Ebner’s gland. Scale bar, 100 um

played no reactivity (not shown).

Activated B-catenin in the taste buds

Anti-B-catenin antibody reacted with membranes of
the taste bud cells and weakly with the trench wall epi-
thelium. A strong reaction was observed in a cell popu-
lation in the basal region of the taste buds (Fig.2A).
Double labeling with anti-B-catenin antibody and PI, a
nuclear marker (Fig.2B), revealed the presence of [-
catenin in the nucleus of cells in the basal region of the
taste buds, roughly 3 immunopositive cells per bud sec-
tion (Fig.2C). Anti-Shh antibody was used to detect the
basal cells (Fig.2E). The basal cells, and also Shh-
negative, intragemmal cells were positive for nuclear -
catenin-, namely activated B-catenin (Fig.2D, F). Fzd-1
imunoreactivity was observed in the cell membranes of
all taste bud cells (Fig.2H). Cells positive for nuclear B-
catenin (Fig.2G) were also Fzd-1-IR ones (Fig.2I). Also,
Fzd-3-immunoreactivity was observed in the cell mem-
branes of all taste bud cells (Fig.2K). The Fzd-3-IR
cells contained B-catenin positive nuclei (Fig.2J, L). Fzd
-7 immunoreactivity was observed in the basal cells of
the surrounding epithelium (Fig.2N), but not in the -

catenin-positive nuclei (Fig.2M, O). Antibodies against

(66)

other Fzd molecules, such as Fzd-4 and -6, were not im-
munoreactive with the taste buds. Anti-Fzd-8 antibody

stained taste buds very weakly (not shown).

Activated B-catenin in the regenerating taste buds
After bilateral transection of the glossopharyngeal
nerve, cells of taste buds die and disappear progres-
sively from the trench wall epithelium. By 11 days after
transection, most of the taste buds had disappeared from
the trench wall. A few regenerated taste buds appeared
at 21 days, and nerve fibers had entered into the taste
buds (Fig.3B). The regenerated taste buds were located
from the basal to middle region of the epithelium and
showed nuclear B-catenin (Fig.3A, C). Also at this
stage, Fzd-1 immunoreactivity was observed in the pap-
illary epithelium and in the regenerated taste bud cells
(Fig.3E). These Fzd-1-IR cells possessed P-catenin-
positive nuclei (Fig.3 D, F). Also, Fzd-3 immunoreactiv-
ity was observed to be similar to that for Fzd-1 (not
shown). At this stage, other Fzd-1-IR-cells were found
apically in the trench wall (Fig.3E), probably remaining,
surviving taste cells (Suzuki et al. 2010b). By 28 days
after transection, the regenerated taste buds had in-

creased in number, and B-catenin-positive nuclei were
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B4cat+PlI

Fig.2 Confocal laser scanning microscopic images of sections of taste buds of circumvallate papillae from the adult mice. A-C.
Double labeling with anti-B-catenin antibody (A) and PI, a nuclear marker (B). B-catenin immunoreactivity is seen in the
membrane of the taste bud cells (A), strongly in a few basally located cells (A, arrow). Merged image (C) shows the presence
of nuclear B-catenin in the basal region (C, arrowhead). D-F. Double labeling with anti- B-catenin (D) and anti-Shh (E) antibod-
ies, showing activated B-catenin (D, arrows) and Shh-positive basal cells (E, arrows). Merged image (F) shows the basal cells
possess B-catenin positive nuclei (F, arrowheads). G-L. Double labeling with anti-B-catenin (G) and anti-Fzd-1 (H) antibodies,
showing activated B-catenin (G, arrow) and Fzd-1-IR cells in the membrane of all of the taste bud cells (H). Merged image (I)
shows Fzd-1-IR cells with nuclear B-catenin in the basal region (arrowhead). J-L. Double labeling with anti-B-catenin (J) and
anti-Fzd-3 (K) antibodies. Nuclear B-catenin is seen (J, arrow). Merged image (L) shows Fzd-3-IR cells with nuclear B-catenin
in the basal region (L, arrowhead). M-O. Double labeling with anti-B-catenin (M) and anti-Fzd-7 (N) antibodies. Merged image
(0) shows Fzd-7-IR cells are devoid of nuclear B-catenin (M, arrow). Scale bar, 100 um

(67)
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B-cat+PGP

B-cat+Shh

Nx28 f§ B-cat+Sox2

Fig.3 Confocal laser scanning microscopic images of sections of taste buds of circumvallate papillae after glossopharyngeal
nerve transection (Nx). A-F. 21 days after transection. A-C. Double labeling with anti-B-catenin (A) and anti-PGP 9.5 (B) anti-
bodies. Merged image (C) shows nerve fibers (B, N) that had entered into the regenerated taste bud cells having B-catenin-
positive nuclei (A, arrow). D-F. Double labeling with anti-B-catenin (D) and anti-Fzd-1 (E) antibodies. Merged image (F) shows
Fzd-1-immunoreactivity is seen throughout the regenerating taste buds, the cells of which possess B-catenin-positive nuclei.
G-L. 28 days after transection. G-I. Double labeling with anti-B-catenin (G) and anti-Shh (H) antibodies. An Shh-positive basal
cell is seen (H, arrow). Merged image (I)shows the presence of B-catenin-positive nuclei (G, arrows) and Shh-positive basal
cells (I, arrow) in the basal half of the taste buds. J-L. Double labeling with anti-B-catenin (J) and anti-Sox2 (K) antibodies.
The basal half of the taste buds contains cells positive for nuclear B-catenin (J, arrow). Sox2-IR cells are seen both in the
perigemmal (K, arrowheads) and intragemmal regions. Merged image (L) shows intragemmal Sox2-IR cells that contain nu-
clear B-catenin (arrows). Sox-2-IR perigemmal cells are negative (arrowheads). Scale bar, 100 um

observed in the middle to basal region of the taste buds clei of the perigemmal epithelial cells and in some of
(Fig.3G), which included the basal cells (Fig.3H, I). the taste bud cells (Fig.3K). The nuclei of intragemmal

Strong Sox2 immunoreactivity was observed in the nu- Sox 2-IR cells were B-catenin positive (Fig.3J, L),

(68)
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Fzd-1+B;cat

Fzd-7+B-cat

F .@%*lf'

Fzd-3+B-cat

Fig.4 Confocal laser scanning microscopic images of sections of taste buds of circumvallate papillae of developing mice. A-C.
P2. Double labeling with anti-Fzd-1 (A) and anti-B-catenin (B) antibodies. Merged image (C) shows Fzd-1-IR cells with B-
catenin-positive nuclei (arrow in B and C). D-F. P3. Double labeling with anti-Fzd-7 (D) and anti-B-catenin (E) antibodies.
Merged image (F) shows Fzd-7-IR cells contain B-catenin positive nuclei (E, arrows). G-I. P4. Double labeling with anti-Fzd-3
(G) and anti-B-catenin (H) antibodies. Merged image (I) shows nuclear B-catenin in cells in the basal region (H, arrow), which
cells are partly devoid of Fzd-3-IR. J-L. P10. Double labeling with anti-Fzd-3 (J) and anti-B-catenin (K) antibodies. Merged
image (L) shows B-catenin positive nuclei (K, arrow) within Fzd-3-IR cells. M-O. P10. Double labeling with anti-Fzd-8 (M) and

anti-B-catenin (N) antibodies. Merged image (O) shows B-catenin-positive nuclei (N, arrows) within Fzd-8-IR cells. Scale bar,
50 um

(69)



whereas those of perigemmal Sox2-IR cells were nega-

tive for nuclear B-catenin (Fig.3L).

Activated B-catenin and Frizzled in the developing
taste buds

At PO, weak immunoreactivity indicating Fzd-1 ap-
peared in the epithelia of papillae and the trench wall as
well as that for PB-catenin. At this stage, B-catenin
mRNA was strongly expressed in the trench wall epithe-
lium (Fig.1D), but nuclear B-catenin was not observed
in it (not shown). The taste bud primordia were present
at the papillary surface, but soon disappeared from that
region. At P2, a few taste buds appeared in the trench
wall. Strong immunoreactivity for Fzd-1 was observed
in the trench wall (Fig.4A). Also, staining for nuclear -
catenin was positive probably in the entire region of de-
veloping taste buds (Fig.4B). Double labeling revealed
that Fzd-1 immunoreactivity was present in some of the
cells with B-catenin-positive nuclei (Fig.4C). At P3, Fzd
-7 immunoreactivity was observed in the epithelium in-
cluding taste buds (Fig.4D). B-catenin-positive nuclei
were found in Fzd-7-IR cells (Fig.4E, F). Fzd-7 im-
munoreactivity disappeared from the taste buds progres-
sively into the adult stage. At P4, expression of nuclear
[B-catenin was observed mainly in the basal region of
the taste buds (Fig.4H). Fzd-3 immunoreactivity was
also observed at that time (Fig.4G), but some were de-
void of nuclear B-catenin (Fig.41). At P10, B-catenin-
positive nuclei were reduced in number and restricted to
the basal region of the taste buds (Fig.4K). Fzd-3 im-
munoreactivity was observed in all of the taste buds
(Fig.4J), and these cells were positive for nuclear -
catenin (Fig.4L). Also, Fzd-1 immunoreactivity was ob-
served in similar manner to Fzd-3 at P4-P10. Fzd-8 im-
munoreactivity was evident at P4 (not shown) and at P
10 (Fig.4M), and progressively disappeared up to the
adult stage. At P10, Fzd-8-IR cells contained nuclear -
catenin (Fig.4N, O).

Discussion

Using in situ hybridization and immunohistochemis-
try, we showed in the present study the expression of
activated B-catenin, WnrI0b and Fzd family members in
the taste buds of mouse circumvallate papillae. In the

adult, non-operated mice, the localization of nuclear -
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catenin in the basal region of the taste buds was consis-
tent with that found in the previous study using BAT-
gal reporter mice (Gaillard and Barlow, 2011). How-
ever, cells with nuclear B-catenin were fewer in number
than [B-gal-positive cells (roughly 3 versus 7 per bud
section). Also, by in situ hybridization, strong expres-
sion of B-catenin mRNA was restricted to a few basally
located cells. Wider expression of signals of reporter
proteins was observed in nestin/GFP-positive cells in the
central nervous system (Yamaguchi et al., 2000), and in
Six1/GFP- and Six4/B-gal-positive cells in the taste buds
(Suzuki et al., 2010b). The half-life of B-gal is reported
to be approximately 13 hours (Jacobson and Willumsen,
1995), but the life-span of taste bud cells including ba-
sal cells is from a day to over 3 weeks (Hamamichi et
al., 2006 ; Miura et al., 2006). The undetectable level of
[B-catenin expression might have been amplified to a de-
tectable one in the BAT-gal mice. In the present study,
the cell population including Shh-positive basal cells
was also positive for nuclear B-catenin. Also, double-
labeling for PB-catenin and Sox2, the latter being ex-
pressed in basal cells and in immature type-I cells
(Suzuki, 2008), revealed that B-catenin-positive nuclei
might have been those of immature type-I cells. The
present study clarified that [-catenin was activated
throughout the taste buds in the early stages of regen-
eration and postnatal development, which activation
likely triggered the transcription of target genes in im-
mature taste cells to induce their differentiation. In cul-
tured oligodendroglial cells, insulin-like growth factor
(IGF)-I increases the expression of B-catenin protein (Ye
et al., 2010). It is likely that B-catenin mediates IGF-I
action, which is essential to the growth and development
of the taste buds, since IGF-I receptor mRNA is ex-
pressed in the taste buds at P6 (Suzuki et al., 2005).
Moreover, in later stages of development and during the
regeneration process, B-catenin showed reduced expres-
sion. When its expression ceased, the protein would
have been degraded as the cells completed their differ-
entiation.

The present study clarified that Wnt/0b mRNA was
expressed in all of the taste bud cells. Wnt5a, which is a
non-canonical family member (Grumolato et al., 2010),
was not detected. We did not examine other Wnts ;

however, Iwatsuki et al (2007) examined the expression
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of 15 Wnts (Wntl, 2b, 3, 3a, 4, 5a, 5b, 6, 7a, 7b, 9a,
10a, 10b, 11, and 16) during formation of embryonic
taste papillae. Only Wnt10b showed expression in em-
bryonic fungiform papillae (Iwatsuki et al., 2007). Wnt
proteins bind to Fzd proteins, which are seven trans-
membrane G-protein-coupled receptors ; and the canoni-
cal Wnt/B-catenin pathway activates [-catenin. Various
combinations of Wnt and Fzd families are reported to
act in canonical and non-canonical Wnt pathways : Fzd-
1, -3, -7, and -8 are coupled to the B-catenin canonical
signaling pathway (e.g., Zaghetto et al., 2007). The ex-
pression of Fzd-1 and -3 and that of Wnt10b in all of
the taste bud cells revealed that these proteins comprised
Wnht/B-catenin pathway in the adult taste buds. In early
postnatal days, a few cells were immmunoreactive for
Fzd-1 and -3 and came to be expressed in all of the
taste bud membranes as development proceeded. In con-
trast, Fzd-8 immunoreactivity was found in the taste
buds up to P10, and then became weak in the adult.
Also, Fzd-7 immunoreactivity was found in the taste
buds at P3, and disappeared from the taste buds until
adult stage. Fzd-7 and -8 may activate B-catenin in the
taste buds together with Fzd-1 and -3 during postnatal
development. A change in Fzd expression during devel-
opment was also reported to occur in the olfactory neu-
rons and olfactory bulb in relation to synapse formation
between them (Rodriguez-Gil and Greer, 2008). More-
over, Fzd-7 immunoreactivity was found in both the
taste buds and the epithelium in early postnatal days,
and only that in the latter remained in the adult. Fzd-7
may be associated with the proliferative/stem cell com-
partment, as revealed to be the case in the mouse gut
epithelium (Gregorief et al., 2005).

In summary, WntI0b and its receptors, Fzd-1 and -3,
comprised the Wnt/B-catenin pathway in mouse taste
bud cells, which pathway would activate B-catenin to up
-regulate the expression of genes involved in early

stages of postnatal development and regeneration.
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The wire method for generating experimental biofilms formed
by oral Streptococcus and Veillonella species

Izumi MASHIMA & Futoshi NAKAZAWA

Department of Oral Microbiology, School of Dentistry, Health Sciences University of Hokkaido

Abstract

Complex interactions between microorganisms result
in the formation of microbial biofilms as dental plaque
and tongue surface debris, leading to caries, periodontal
disease, and oral malodor. It is important to know the
microbial composition of oral biofilms for the diagnosis
and rational treatment of these diseases. In human oral
cavities, Streptococcus species, especially S. gordonii,
S. mutans, and S. salivarius, are suggested to be the in-
itial colonizers of dental biofilms. Oral Veillonella spp.,
including V. atypica, V. dispar, V. denticarosi, V. par-
vula, V. rogosae, and V. tobetsuensis, are also sug-
gested to be early colonizers of dental biofilms. The
formation of biofilms in in vitro experiments has been
previously studied using 96—well microtiter plate—based
biofilm assays or a flow cell system. However, limita-
tions of the technical sensitivities or the high cost of
these methods is prohibitive to their routine use. To cir-
cumvent these limitations, “the wire method” was used

in this study. A cobalt—chrome alloyed wire was used

as the scaffold for biofilm formation and quantitative
real-time PCR was applied to quantify the number of
bacterial cells in the biofilms. Moreover, the above—
mentioned Streptococcus and Veillonella spp. were
used as initial and early colonizers for developing
biofilms on wires. The amounts of biofilm formed by
S. gordonii increased in the presence of Veillonella
spp. The amount of biofilm formed by S. mutans was
less in the presence of Veillonella spp. than in the con-
trol, which contained S. mutans alone. The biofilm for-
mation increased in co—cultures of S. salivarius and V.
dispar, and S. salivarius and V. denticariosi. In the
present study, we demonstrated that the wire method is
appropriate for generating experimental biofilms, espe-
cially at early stages, such as the biofilms formed by
Streptococcus and Veillonella spp. Furthermore, our
data showed that the amount of biofilm formed by
Streptococcus spp. depends on the Veillonella spp. that

is used as the partner species.

Key words : Biofilm, Streptococcus, Veillonella, The wire method, Quantitative real time PCR

Introduction

The human oral cavity contains more than 19,000 mi-
crobial species (Keijser et al., 2008). These microorgan-
isms interact with each other and with their host tissues
(Kroes et al., 1999 ; Paster BJ et al., 2001). These com-
plex interactions result in the formation of microbial
biofilms as dental plaque and tongue surface debris,
leading to caries, periodontal disease, and oral malodor.
Biofilms are surface—adherent populations of microor-

ganisms consisting of cells, water, and extra—cellular

matrix material (Costerton et al., 1995 ; Sutherland,
2001). It is now known that organisms living in
biofilms behave very differently from those living in a
free—floating or planktonic state (Bhardwaj et al., 2009).
The ability of bacterial cells to adhere to a privileged
site to build protective structures and to communicate
through chemical signals enables them to counteract the
host’s natural defenses (Bhardwaj et al., 2009). Recent
studies have suggested that several oral bacteria are op-
portunistic pathogens that cause systemic diseases and

adverse health outcomes, such as bacterial endocarditis
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(Douglas et al., 1993 ; Berbari et al., 1997 ; Tao & Her-
zberg, 1999), aspiration pneumonia (Scannapieco, 1999),
pre—term low birth weight of infants born to mothers
with periodontal disease (Offenbacher et al., 1998), and
cardiovascular diseases (Genco et al., 2002). Conse-
quently, it is important to know the microbial composi-
tion of oral biofilms for the diagnosis and rational treat-
ment of these diseases.

Streptococcus mutans, the principal pathogen in den-
tal caries, co—exists with over 500 other species of bac-
teria (Kroes et al., 1999 ; Moore & Moore, 2000 ; Paster
et al., 2001) in an interactive community known as the
dental biofilm, making it an organism of particular inter-
est in the study of microbial interactions in biofilms.
Furthermore, it has been suggested that many Strepto-
coccus spp., especially S. gordonii, S. mutans, and S.
salivarius, are initial colonizers of dental biofilms (Aas
et al., 2005 ; Diaz et al., 2006 ; Saravanan & Kolen-
brander, 2009 ; Saravanan & Kolenbrander, 2010).

The genus Veillonella consists of small, strictly an-
aerobic, gram—negative cocci that lack flagella, spores,
and capsules. Members of this genus have been isolated
from the oral cavity and intestinal tract of humans and
from other animals that obtain energy by the utilization
of short—chain organic acids (Delwiche et al., 1985 ;
Sutter, 1984). The genus Veillonella is currently subdi-
vided into 12 species : V. atypica, V. caviae, V. criceti,
V. denticariosi, V. dispar, V. magna, V. montpellieren-
sis, V. parvula, V. ratti, V. rodentium, V. rogosae, and
V. tobetsuensis (Arif et al., 2008 ; Byun et al., 2007 ; Ju-
mas et al., 2004 ; Kolenbrander & Moore, 1992 ;
Mareike & David, 2008 ; Mashima et al., 2012 ; Mays et
al., 1982 ; Rogosa, 1984). Of these species, V. atypica,
V. denticariosi, V. dispar, V. parvula, V. rogosae, and
V. tobetsuensis have been isolated from the human oral
cavity (Arif et al., 2008 ; Byun et al., Kolenbrander &
Moore, 1992 ; Mareike & David, 2008 ; Mashima et al.,
2012 ; Mays et al., 1982 ; Rogosa, 1984). Moreover, it
has been suggested that oral Veillonella spp. are early
colonizers of dental biofilms (Saravanan & Kolen-
brander, 2009 ; Saravanan & Kolenbrander, 2010).

In the past, 96—well microtiter plate—based biofilm as-
says (Christensen et al., 1985) have been most widely
used in many in vitro biofilm experiments. However, al-

most all 96—well microtiter plates are made of polysty-
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rene. The dissimilarities between polystyrene and the
materials found in dental plaque make it difficult to ex-
trapolate the results of such biofilm assays to the natural
behavior of bacterial biofilms in the oral cavity. More-
over, the force of gravity is involved with a large part
of forming biofilms in this biofilm assays. It is unnatu-
ral circumstance for bacterial biofilms. In addition, to
quantify the biofilm adhering to the wells in the mi-
crotiter plates, planktonic cells are removed using a gen-
eralized washing procedure. This procedure is likely to
introduce a large margin of experimental error because
it is possible to accidentally remove the biofilm formed
on the well with such washing procedures. Furthermore,
it is difficult to accurately estimate the total number of
individual bacterial cells in biofilms in this plate—based
assay method.

A flow cell system (Foster & Kolenbrander, 2004 )
has also been frequently used for in vitro biofilm ex-
periments. The force of dynamic flow is involved with a
large part of forming biofilm in this method. It is also
unnatural circumstance for bacterial biofilms. Then, the
flow cells are typically made of a high—density polyeth-
ylene block with a glass coverslip. The flow cell system
is expensive to establish and difficult to maintain. More-
over, the bacterial composition in the biofilm is deter-
mined using fluorescence in situ hybridization (FISH),
with which the mixed—species communities in the flow
cells can be examined without disruption of the growing
biofilm. The analyses of biofilms by using the flow cell
system and FISH assays are expensive and tedious,
making this method unsuitable for routine use in labora-
tory settings. There is a need for a low—cost assay for
studying biofilm formation that can circumvent some of
the limitations of the assays in current use.

In this study, a wire that is commonly used in ortho-
dontic treatment was applied as the scaffold for biofilm
formation. Bacteria use only their force to form biofilms
in this wire method. We used a protocol for generating
experimental biofilms on the wire by using Streprococ-
cus and Veillonella spp. Moreover, we also quantified a
number of individual bacterial cells in the experimental
biofilms by using quantitative real-time PCR (q—PCR).

The aim of this study was to verify the practical ap-
plication of the wire method for biofilm formation and

to quantitatively analyze the biofilm formed by Strepto-
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coccus and Veillonella spp., which were used as initial

and early colonizers of oral biofilms.
Materials and methods

Bacterial strains and culture conditions

S. gordonii ATCC 10558", S. mutans Ingbritt, and S.
salivarius ATCC 9222 were cultured on TY agar (TY ;
Bacto™ Tryptic Soy Broth and Bacto™ Yeast Extract) in
anaerobic conditions (N, : CO, : H,, 80 : 10 : 10) at 37°C
for 3 days. V. atypica ATCC 17744", V. dispar ATCC
17748", V. denticariosi JCM 156417, V. rogosae JCM
156427, V. parvula ATCC 107907, and V. tobetsuensis
ATCC BAA-2400" were cultured on BHI blood agar
(BHI ; Bacto™ Brain Heart Infusion) supplemented with
5% defibrinated sheep blood and 2% sodium lactate in

anaerobic conditions at 37°C for 5 days.

Wire preparation

Cobalt—Chrome alloyed wires of 0.9 mm diameter
and 15 cm length were used in this study. The wire was
made fine chase by filing. After fixing a rubber plug
and flexible plastic tubing (TYGON" Saint—Gobain) to
the wire ends, the wire apparatus was sterilized in an

autoclave.

Biofilm formation on the wire

Two milliliters of a suspension of each Streptococcus
spp., whose turbidity had been determined by measuring
the absorption at ODes, Was inoculated into 18 mL BHI
broth containing 10% sucrose and 2% sodium lactate in
a test tube. A wire treated with artificial saliva
(Saliveht® TEIJIN) was inserted in the test tube as a
base for biofilm formation. After incubation in anaero-
bic conditions at 37°C for 3 days, the wire with the
Streptococcus biofilm was transferred into suspensions
of individual Veillonella cultures, whose turbidity had
also been determined by measuring the absorption at
ODg, in test tubes containing the same media. The co—
cultures were incubated in anaerobic conditions at 37°C
for 4 days to generate mixed biofilms with Streptococ-
cus and Veillonella spp. The media in the test tubes
were replaced with fresh media every day. Biofilms
containing S. gordonii, S. mutans, and S. salivarius
alone were generated on the wires under the same con-

ditions for 7 days, as controls.
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DNA Extraction

All of the biofilm on the wire was removed into a
sterilized tube, and DNA was extracted from the
biofilms by using a modified alkaline lysis protocol
(Chalmers et al., 2008 ; Hoshino et al., 2005 ; Periasamy
et al., 2009). Briefly, the biofilm was immersed in 1400
pL of sterilized water, 5600 puL of 0.05 M sodium hy-
droxide was added, and the mixtures were incubated at
60°C for 60 min, after which 64.4 uL of 1 M Tris—HCI
(pH 7.0) was added to neutralize the pH. This extract
was used as the template DNA for quantitative real—
time PCR (q—PCR) analyses (Chalmers et al., 2008 ;
Hoshino et al., 2005 ; Periasamy et al., 2009). Bacterial
genomic DNA for standard curves was extracted from 3
—day-old pure cultures of the 3 Streptococcus spp. and
5—day—old pure cultures of the 6 Veillonella spp. with
the InstaGene Matrix Kit (Bio—Rad) according to the
manufacturer’s instructions. Genomic DNA was stored

at —20°C until further analysis.

Preparation of q—PCR standards and quantification
of species in biofilms

For construction of standard curves, 10—fold serial di-
lutions (from 300 to 1.0 x 10°) of target species
genomic DNA preparations were analyzed by q—PCR by
using previously described primers (Yoshida et al.,
2003 ; Hoshino et al., 2004 ; Rinttild et al., 2004). Prim-
ers specific for S. gordonii were designed using the
gtfG gene as the species—specific reference gene. The
sequence of the forward g#fG primer was 5'-CTATGCG
GATGATGCTAATCAAGTG-3', and the sequence of
the reverse g#fG primer was 5'— GGAGTCGCTA-
TAATCTTGTCAGAAA -3' (Hoshino et al., 2004).
Primers specific for S. salivarius were designed using
the g#fK gene. The sequence of the forward g#fK primer
was 5'-CTGTTGCCACATCTTCACTCGCTTCGG-3',
and the sequence of reverse gffK primer was 5'-CGTT
GATGTGCTTGAAAGGGCACCATT -3" (Hoshino et
al., 2004). Primers specific for S. mutans were designed
using the g#fB gene. The sequence of the forward g#fB
primer, Smut3368—F, was 5'-GCCTACAGCTCAGA-
GATGCTATTCT-3', and the sequence of the reverse
gifB primer, Smut3481-R, was 5'—-GCCATACAC-
CACTCATGAATTGA-3' (Yoshida et al., 2003). Prim-
ers specific for the Veillonella spp.—-V. atypica, V. dis-
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Fig.1, The biofilm formation with Streprococcus species and Veillonella species on the wire.

S. m (S. mutans), S. s (S. salivarius), S. g (S. gordonii), V. p (V. parvula), V. dis (V. dispar), V. a (V. atypica), V. den (V. denticariosi), V.
r (V. rogosae), V. t (V. tobetsuensis).

par, V. denticariosi, V. rogosae, V. parvula, and V. to-
betsuensis —were designed using the 16S rDNA gene,
which is conserved among these Veillonella spp. The
sequence of the 16S rDNA forward primer was 5'-A(C/
T)CAACCTGCCCTTCAGA-3', and the sequence of 16
S rDNA reverse primer was 5'-CGTCCCGATTAACAG
AGCTT-3" (Rinttild et al., 2004). Quantification of S.
gordonii, S. salivarius, S. mutans, V. atypica, V. dispar,
V. denticariosi, V. parvula, V. rogosae, and V. tobet-
suensis cells in biofilms was performed with q—PCR,
using the SYBR green dye to detect the gifB, gtfK,
gtfG, and 16S rDNA gene amplicons. Each reaction (fi-
nal reaction volume, 50 uL) contained 4 UL of template,
16 uL of sterilized water, 25 pL of KAPA SYBR"
FAST gqPCR MasterMix Universal (KAPA BIOSYS-
TEMS), 2 uL each of the forward and reverse primers
at 400 nM, and 1.0 uL. of ROX Low. q—PCR was per-
formed in a 7500 Real Time PCR System (Applied Bio-
systems) by using the following thermocycles recom-
mended for the Fast SYBR green Master mix (KAPA
BIOSYSTEMS) : 95°C for 30 s, 40 cycles of 5 s at
95°C, and 34 s at 60°C. Dissociation curves were gener-

ated by incubating the reaction products at 95°C for 15
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s and 60°C for 1 min, and incrementally increasing the
temperature to 95°C. Fluorescence data were collected at
the end of the 60°C primer—annealing step for 40 ampli-
fication cycles and throughout the dissociation curve
analysis. The analysis of the melting curves with all the
primer sets showed a single sharp peak. The standard
curves were determined in triplicate to ascertain the ac-

curacy and consistency of the g—PCR assay.
Data Analysis

Kruskal Wallis H—test post hoc Mann—Whitney U-
test with Bonferroni correction was used to determine
statistical significance. A p—value of < 0.05, < 0.01, and

< 0.001 were considered statistically significant.
Results

The formation of biofilms formed on the wires after 7
days of incubation of the single or mixed cultures is
shown in Fig. 1.

Ten—fold serial dilutions of genomic DNA extracted
from S. mutans (Fig. 2) and V. parvula (Fig. 3) demon-
strated a linear relationship when the copy number per

milliliter was compared with Ct values generated from
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Fig.2, The standard curve of Streptococcus mutans.
Quantitative PCR (qPCR) of standardized S. mutans DNA.
Ct values are plotted against DNA copy number (copy
number ml™). 10—fold dilutions of DNA extracted from S.
mutans cells (10° cells ml™) were used as the copy number
standard. The Ct values were determined from the diluted
copy number (n=3) for each dilution. Bar means standard
error. CN, S. mutans copy number.

Ct
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Fig.3, The standard curve of Veillonella parvula.
Quantitative PCR (qPCR) of standardized V. parvula DNA.
Ct values are plotted against DNA copy number (copy
number ml™). 10—fold dilutions of DNA extracted from V.
parvula cells (10° cells ml™) were used as the copy number
standard. The Ct values were determined from the diluted
copy number (n=3) for each dilution. Bar means standard
error. CN, V. parvula copy number.

107 108

the q—PCR analyses. Similarly, standard curves for S.
gordonii, S. salivarius, V. atypica, V. dispar, V. denti-
cariosi, V. rogosae, and V. tobetsuensis were also ob-
tained (data not shown).

The amounts of biofilm formed by S. mutans and the
6 Veillonella spp., including a control, as determined
from the results of the q—PCR analyses, are shown in

Fig. 4. The amount of biofilm formed by S. mutans in
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Fig.4, The amount of biofilm formation with S. mutans and 6
oral Veillonella species.

*P <0.05 P <001 P <0.001

The red number in figure shows the average number of
Veillonella species.

Bar means standard error.
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Control

Fig.5, The amount of biofilm formation with S. salivarius and
6 oral Veillonella species.
*P <005 * P <001, P < 0.001
The red number in figure shows the average number of
Veillonella species.
Bar means standard error.
the presence of the 6 Veillonella spp. were less than
that formed in the control, which contained S. mutans
alone. On the other hand, in the case of S. salivarius,
the presence of V. dispar and V. denticariosi increased
the amount of biofilm formed on the wire (Fig. 5). Fur-
thermore, the amount of biofilm formed by S. gordonii
in the presence of the 6 Veillonella spp. was greater
than that in the control, especially in the presence of V.
rogosae (Fig. 6).

When the ratio of Veillonella to Streptococcus in the
biofilm was analyzed, S. mutans constituted a large por-
tion of the biofilms, accounting for more than 99% of

the bacteria (data not shown). On the other hand, in
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Fig.6, The amount of biofilm formation with S. gordonii and
6 oral Veillonella species.

*P <0.05 P <001 P < 0.001

The red number in figure shows the average number of
Veillonella species.

Bar means standard error.
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Fig.7, The ratio of 6 oral Veillonella species to S. salivarius.
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Fig.8, The ratio of 6 oral Veillonella species to S. gordonii.

case of the pairs of S. salivarius and V. rogosae, S.
salivarius and V. parvula, S. gordonii and V. denticari-
osi, and S. gordonii and V. atypica, Veillonella spp.
constituted 30%, 20%, 60%, and 50% of the respective
biofilms (Figs. 7 and 8).
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Discussion

From experiments in this time, it is suggested that
this wire method has physical limits of the amount of
biofilm formation to form biofilms at all stage. For this
reason, in the present study, we demonstrated that the
wire method is appropriate for generating experimental
biofilms, especially biofilms at the early stages, such as
those formed by Streptococcus and Veillonella spp. Our
results indicate that this method may be useful for gen-
erating biofilms and quantifying the number of bacterial
cells in the biofilm by using q—PCR. The wire method
described here does not share the technical sensitivities
or the high cost of other biofilm assays, such as the 96—
well microtiter plate—based biofilm assays (Christensen
et al., 1985) or the flow cell system (Foster & Kolen-
brander, 2004), making it more suitable for routine use.
Also, in the case of wire method, biofilms on the wire
are formed by only bacterial properties.

The amount of biofilm formation with Streptococcus
and the bacterial ratio in the biofilm depends on the par-
ticular Veillonella spp. used as the partner species. Our
results suggest that Veillonella spp. plays important
roles in the formation of the oral biofilm at the early
stages. The data also suggest that Veillonella spp. assist
the growth of S. gordonii and inhibit the growth of S.
mutans on the wires in the biofilms formed after 7 days.
Furthermore, the data suggest that oral Veillonella spp.
have the ability to inhibit the caries activities caused by
S. mutans because they inhibit their growth in biofilms.
This fact may provide support for the findings of Mikx
et al. (1972).

In this study, “the wire method” was used as a useful
technique to generate biofilms for in vitro experiments.
This method could be useful for investigating the rela-
tionship between biofilm formation and oral infections
such as caries, periodontal diseases, and also systemic
infectious diseases caused by oral biofilms. Moreover,
this is the first report on the use of the wire method for
generating early—stage biofilms from oral bacteria, using

Streptococcus and Veillonella spp.
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Effects of underexpression of fibrillin-1 on mRNA and
protein expression and protein localization of versican in
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Abstract

The periodontal ligament (PDL) contains a number
of extracellular matrix (ECM) components, such as col-
lagen, proteoglycans (PG)s, elastic system fibers and
non-collagenous glycoproteins. These ECM components
are essential for tissue integrity and for the physiologi-
cal functions of the PDL. To analyze the functional re-
lationships among ECM components in the PDL, the
expression and localization of a large modular PG, ver-
sican, in human PDL fibroblasts with under-expression
of fibrillin-1, a main component of elastic system fi-
bers, by knockdown with short interfering RNA was in-
vestigated. In the suppressed fibrillin-1condition here,
the mRNA and protein expression of fibrillin-1 de-
creased to approximately 35% and 60%, compared with
a control without fibrillin-1 suppression, while the

mRNA expression of versican remained almost un-

changed. A quantitative analysis of the immunostaining
indicated that the staining intensity of fibrillin-1 de-
creased to approximately 60% under the fibrillin-1 sup-
pressed condition of fibrillin-1 mRNA, compared with
a control, while the staining intensity of the GAG-o
and GAG-3 domains were almost unchanged. Also, the
immunostaining with antibodies of GAG-a. and GAG-f
domains showed that a thick fibrous staining pattern
rather than thin textiform increased under the fibrillin-1
suppressed condition. These results suggest that fibrillin
-1 functions as a scaffold for the assembly of versican
molecules and act as a regulator in its distribution.
Also, the binding of both molecules in appropriate
amounts appears important for the reticular distribution
in the PDL.

Key words : BRI, #UHESFHIAE, fibrillin-1, versican, siRNA
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A%, MR ISR, A3, s AiE, &
v MG, Malassez® 1Bz 5% 7% & D kR 4 7z cell popu-
lation2SFTES 5. F 72, PRI OIS E 413 2
7=y, WIRMHMER T T ) A I B SR
SNTVA5.

SRV RBME I B AL, KRBIIR, Wb, BE R Eokkx
AR A L (Rosenbloom et al., 1993), ALk 12 544
ERBMERATG L, MR PSR () & G O #:
DEL) ZWHEE LTWa. i SHMRIEHICE 5 &
N % BB B\ Tt R HED T HE CTH 5. &
LFIICA D &, BHIRBHER LI AF L3I 70 74
TNV 570D (Greenlee et al., 1966 ; Carmichael &
Fullmer, 1966 ; Ross & Bornstein, 1969 ; Cleary & Gibson,
1983 ; Mecham & Davis, 1994), i DA% 19 LI X
S THF T T UMME, T 77 = 2l & ERED 3
Z 4TI EN D (Bock & Stockinger, 1984 ; Mecham
& Davis, 1994). * ¥ 5 F ViHEd AR CHID TR
W& (Fullmer & Lillie, 1958), BRI EHK D —
DL LTHDBENTWS (Sims, 1973 ; Simmons et al.,
1980 ; Edmunds et al., 1979 ; Beertsen et al., 1974 ; Fullmer
etal, 1974). B CTOF F 5 7 VilEiE, FEHHE
Thra7—7r VHEICEZLT A LI ICRIILTED
(Sims, 1973), 7V v YOXAWE LTOMM A E A A
ZANVANVAOAMIZED, TBEDORAMIC X
N, RSBV 52 &2 MESINTwS (Edwards,
1968 ; Fullmer et al., 1974). F7z, 4 ¥+ ¥ 7 Y #iEE
350kDaDE ¥ > 787 TdH Afibrillin- 1 # EIZHFL Iz 0
TATYNEEEDE TS (Sakai et al., 1986 ;1991 ;
Tsuruga et al., 2002 ; Bock & Stockinger, 1984). b b B
JigE 1 SR AGHE 2 D 85 48 5% T U fibrillin- 1 A3FEBL L, Ml
o - RHBTH XL 5 7 VMRS 5 2 L3 &
NTw5 (Tsuruga et al., 2002 ; 2007 ; 2009).

=7, WHIRICHEET 2 ER A Tu T+ 7 s i
versicanCdh % (Larjava et al., 1992). T O 775+ 7Y
T, kA RBEREER A L7 FA A Vs Lo KR
modular PGIZJH 3 % (lozzo & Murdoch, 1996). Versican
DATF XTI 3 OOFWUITT b, NARG IS
Thahre7bna ¥ RHEEHIE (G 1 domain, HABR),
GAGH BT % 2 DO LK (GAG-o domain &
GAG-B domain) B X O'CH¥GFIK (G3 domain) 7 5

WENA. F72, versican I HLAR O T REMER:, M w1
i, MfE#ERE (Yamagata et al., 1989 ; 1993 ; 1994 ; Ang

et al., 1999 ; Yang et al., 1999), Hifgitz#E (LeBaron et
al., 1992 ; Yamagata et al., 1993 ; Landolt et al., 1995 ;
Zhang et al., 1998a ; 1998b ; Ang et al., 1999) 7 & DFERHE
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(Tsogai et al., 2002). FBNI#{nT D% FITMIENIEE D
S D O KA MR & ME85 129 A MarfandiE i O B E R &
7256 L9A5Z P MEEIN TS (Putnam et al.,
1996). TD7=0, #HEHMKICBITLI 707 47Y
JU, fibrillin & versican & @ B A 2FITHEH S hTw b
(Ohno-Jinno et al., 2008). L7>L, BHEEIZ 351 5 fibril-
lin- 1 & versican D BEREMY BT I B3 B 78134 7% <,
AL EBL . ZTTARIFETIE, WRECBITS
fibrillin- 1 & versican & O F B Z W 5 212 5
723002, b b B AR F R ARHE 23 I O fibrillin - 1
mRNAZEH % #IHl L, versican D BREZALIZ D W THIE
HRALFN, 5 FAEw ARG L7z
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1. & e BB HRHE ML (HPLF) OX538%

PARBSALAR T A B RE - WAL 2 Y = v 7 SBIE R Tk
BB E S, IRNEICFREZ S B8E 0l
L7=/RNEIB A H 372, M) U 72 iR E 79 25 v
7y —VEICEEL, 10%H AT (Tnvito-
gen) % ¥ L 72minimum essential medium (MEM, Invi-
trogen : X=3/1) »100units/ml, A ML 7 b= A 100
pg/ml, L-Z W% I Y &H) HT37C, 5%COIRBET
TR AL, 3ARRRAR L T b s ke e 35 i i
(HPLF) & L-CHiEEL 7z, ML 72HPLFIE, Mok
B2 RFEET 720124 ~6 ko bOFTEHHL
7o, RIS, BAOWEROKAMEEN O e N EA
HUCRARAE S M (HGF) % Mgt L, MRACKS 2842 ICHPLF
DFREZ D THITRFERRIAE L 72,

B BT, PLAP -1 & periostin h¥ BB (2 e 2L 19 W2 F8 3
THLIEDRHOLNTWASZ ED 5 (Yamada et al.,
2001 ; 2006 ; 2007 ; Horiuchi et al., 1999), M@ L 7=
HPLF® PLAP - 1 3 X Qperiostin ® 3§31 % RT-PCR % & 1
WTHGRT L7z, fEH L 7zprimer®Bdl 2 3R 1 12/R 7.

%, ARBFEAC BRI - KRB
JEFHMm B R 2 ORI EZ A THEB S e,

2. Small interference RNA (siRNA) &5l & —# MRS
TR

t Iibrillin- 1 1% 3 %siRNAIE, Sigma Aldrich Japan
o Tl -Gl L7cbo2 L7z, Gl
siRNA 14 fibrillin - 1 ¢ C A % 1 > I §H R4 38 (9392 -
9414) 1ZxHie &7z, Fibrillin- 112%H3 % siRNARLI &
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human-PLAP-1

PLAP -1 & periostin @ primer® BLY1

forward : 5’-GCATCATGCGTCGAGG-3’
reverse - 5’-GGACGCTAAAAGCACGGTAA-3’

forward : 5>~ ACGTGCAAGAAAGGAACAGTTG-3’
reverse - 5’-TCCAAAGGTCTTGGCATTTTCTA-3’

human-periostin

human-GAPDH  forward : 5’-GCGGATCCCTCTGCTCCTCCTGTTCGAC-3’

reverse : 5’-GGAATTCTGACAAAGTGGTCGTTGAGG-3’

¥ 2 Fibrillin- 1 siRNADE LRSI

sense :5’-CAGUACUAGGUUGUCCAUUU-3’
anti-sense : 5’-AUGGACAACCUAGUACUUGUA-3’

siRNA

sense :5-UGUCUACCUUGUAACCAGUCA-3’
anti-sense : 5’-~ACUAAUUACAAGGUAGACAUC-3’

scrambled order

< 3 Fibrillin-1& versican®primer & U*TagMan probe DALY

forward : 5’-GCATCATGCGTCGAGG-3’
reverse : 5’-GGACGCTAAAAGCACGGTAA-3’
TagMan probe : 5’-CGTCTGCTGGAGATCGCCCT-3’

human-fibrillin-1

forward : 5’-ACGTGCAAGAAAGGAACAGTTG-3’
reverse : 5’-TCCAAAGGTCTTGGCATTTTCTA-3
TagMan probe : 5’-TTGCGGCCAGCCCCCTGTT-3’

human-versican

human-GAPDH forward : 5’-GCGGATCCCTCTGCTCCTCCTGTTCGAC-3’
reverse : 5’-GGAATTCTGACAAAGTGGTCGTTGAGG-3’
TagMan probe : 5’-CTCCTCCTGTTCGACAGTCAGCCGC-3’
AHT 4732 hu—)b (scrambled order siRNA) DL

l&F21R8F. 7I9AF v 27 v —L (435mm) |

1 x 10°%ells/mLOMMBEE TR L, 80% 73 7L
T MIREE% 0 HH & L7z, siRNAIXHiPerFect Transfec-
tion Reagent (QIAGEN) % fif] L THPLFHIZE A L
7. %73, Opti MEM medium (99.25ul, Invitrogen) T
150ng siRNA%Z A7 FR L, 12. Oul HiPerFect Transfection Re-
agent@ WML 7z, 2%, VNG AT7=2rY a2
YTV 7 ADBED D, 15~25C DEIT 5 ~10%5"
A rvFax—FL7 2Ok, BERESSaME %D
& 9 IZ fibrillin- 1 siRNA & fibrillin- 1 scrambled order
SIRNAZ £ NENE WIS TRM L 72, siRNAZ IR §712
NI YRT 2y v a VAEDRZRML, BEEEA L
boEBEEEE L2, VU RATsTay - arTL
v 7 A @& Nakashima & @ F3  (Nakashima et al.,
2009) (2fEv, ¥ 1 HHE 4 HHIZATY, £hEh
12HFRT A > F 2 X— b L7ofk, B2 @i s
L7z, T2KEHIHFE T 2 MsiRNAZE A L, HPLF% 7

L 72,

3. Fibrillin- 1 & versican®mRNAZEH]

SiRNAJLEL % fifi L 72HPLF % [0l L, RNeasy Mini Kit
(Qiagen) % f\»Ttotal RNAZ JliH L 7.
DNADABNDEA LIS %728, total RNAD Hli
@38 FE TRNase-free DNase (Qiagen) WLER% jiti L 7=, il
H L 7z total RNA IZ %} L Omniscript reverse transcriptase

%3, genomic
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protocol (Qiagen) % F\» TRTIG % 1T\, cDNA% &
L7z

HHPLFY > 7 V2D Cibrillin- 1 3 & Uversican ®
mRNAZEIH % #iat L 72. mRNA O H 1E GeanAmp5700
Sequence Detection System (Applied Biosystems) % V>
‘TTaqMan probelZ & % Real-Time PCR{ZEIZ T I L 72.
FEAUTIBCHE IS X D M I E R LG L7z, Ci
X, ENENFHNLRED0. IOBOS A4 7 Ve LTH
ML, @Aact=%—7v MEEFCo— Wl EE T
Ct, @AACt=FH Y TN ACt-Fx ) TL—5H% 7
NV ACt, @RHMF YT NVEF XY TL—=FH T LD
2RI E Y, MR ER L7s. REHAIA B Su-
dent’s t-test% FIVy THE L 72,

73, fibrillin-1, versicanB & WA L L To
GAPDH |2 %} 3 % primer & TagMan probe ( exonuclease
probe) 1%, Primer Express software (version 2.0, Applied
Biosystems) % Fl\Ci%EFL 7-.
DOHIEEY 2 K 3 1TRT.

Primer & TagMan probe

4. Fibrillin- 1 & versican® %% # G G4 ffy
7 H 538 L72HPLF% 2 % /87 Kk VAT VT FT
0% [ [ % L 7z. Phosphate-buffered saline (PBS) Tk
L, fibrillin- 1 & versicanlZ DWW TENF Gt 2 47
27z, —Puk [goat anti-human fibrillin- 1 polyclonal
antibody (1 : 100, Santa Cruz),
(GAG-o. domain) polyclonal antibody (ab1032, 1
Millipore)

rabbit anti-mouse versican
: 100,
rabbit anti-mouse versican (GAG-P domain)
pob«ﬂonalanﬁbody (ab1033, 1 : 100, Millipore) ] T# L
RIS T RS S &7z, PBSTHEH L 721k
7}(?}L4$& L CAlexa Fluor® 488 donkey anti-goat IgG (H+
L) (1 :100, 568 goat anti-
rabbit IgG (H+L) (1 : 100, Invitrogen) % ZNZNERIC
TA0G IR &€ 72, 2 d, PEOAFUCIE 1 %bovine
serum albumin/PBS % Jj\ 72, PBS TO A 7 i 1%,
SRR L — W — B A L CTBig L7z

KRIZSiRNAMLEE % Jifi L 72HPLF % EREOHifk 2 v T
CEHGen L7,

Fibrillin- 1 38 X W'versican (GAG-o0. domain, GAG-B do-
main) O EITWRHEN Y 7 & (Image J, NIH, Be-
thesda, ML, USA) % M\ "C, HOLIMREEIZBIEZ 7€ L
AL 72

Invitrogen), Alexa Fluor®

] £

1. HPLFO BRI & L CHOR%E
HigE U 7-HPLEA SR AR I i Sk S fla ch p 2 & %
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HPLF (30 cycles)

R ——— 20100 [ oss b
_———— e — 505bp | R p

I1w 2w 4wI I1w 2w 4WI

PLAP-1

1w 2w 4w

GAPDH

Periostin

HGF (30 cycles)

<291bp |y
& 205 bp

1w 2w 4w

1w 2w 4w |1w 2w 4w
J J

PLAP-1 Periostin GAPDH

Bt e bR SR ARAE S A (HPLF) & & T 8k P El SR it 28 il
(HGF) Z81F A PLAP -1 & periostin ®mRNAFEBL

AR LA CHF RIS HEBLT % PLAP -1 (291bp) & periostin (205
bp) IFHPLEICB W COAEBLTEY, TORBUIR MM Z @ L T
MEBEL TV b, GAPDHIZIZIZFAZE DI AR LTV A.
TEFRT 5 7212, BRI ICHF R IC ISR 3 % PLAP - 1
& periostin |22\ CRT-PCRIEICTHRES L7z (K1), b
BExHig & L CHGF% Jl\» /2. PCROFEE, HPLFcii%%
1, 2, 4:H%BIZBWTPLAP-1 (291bp) B & Upe-
riostin (205bp) OmRNADSHEFEMICHEB L THB Y, B
BRI R E AR bz, —J, HGFTIZ
BENMEZ2E L CMEBEORBEELEOON o
72, PIEREHE & U CH W 72GAPDHIZ B W TIE, ZEH D
ERBMERA SN G P2, TOKELY, HEEL
HPLF (& s Hh SR S O T A R L T 5 &
Zz, INPBEOEBIZH V.

2. SiRNAIZ X Afibrillin- 1 OISBLENH] IR
1) Fibrillin- 1 & versican® mRNAZSEN R} 9 % #3192
1t

Versican® % ¥ 7% 7 B 38BN BT 5 fibrillin- 1 o B

P2 WA 5 728, siRNAIZ & U fibrillin- 1 FSHLENH] 92
B %47\, versican O mRNAFBUZ O WTHE L7z (K
2). SIRNA®IE A [Zfibrillin- 1 ®mRNAZEH] % K H#E B
fibrillin-1 *
—
1.2 i
14
0.8 -
0.6
0.4 - T
0.2 A
0.
a control scrg\rrggil‘ed ﬁgrg::!:%l
|

2 Fibrillin- 1 siRNAIZ X A fibrillin- 1 & versican®mRNAZSBL DA% 19224k
SIRNADE A DFESR,  fibrillin- 1 mRNAZSH L I #E B X Oscrambled order#f 12 B 17 2 mRNAFEH OF134% T TR T 5 (a).

mRNAFEBUZIFIT & A LEENA SN (). *p<0.01 (h=5)

& W'scrambled order B I % L T#H34% (n=5, p<
0.005) ICFTHWAEER (K2a). —H,
mRNAFEBLUZ BT, fibrillin- 1 siRNA A 135 HE#E
& scrambled orderfff E ICIZ &L A LB E S X ol
(M 2b).

2) SIEMIRIL A BI%: & BOUIREE O AT

F 90 HE O HPLF I fibrillin- 1 & versican GAG-o. do-
main, GAG-B domainlZxf 3 2Hifkz HwTZhZhH
Jufti %47\, fibrillin- 1 & versican GAG-0, domain, GAG
-B domainDMHERDJFTEZ MR L7z (B 3ac). SHIC
fibrillin- 1 12653 2 — ki, kK, versicanlZ A
7o ZRPUEDNETRIS & & 7= 4t fRTl&, fibrillin- 1 ©
?’fi@f&j‘ﬁ?ﬁ‘ﬁ%ﬁ«]ﬁ WZHEBLL 7225,
OFOFNNTITITELE L kD> 72, Merge Tl iRt
0)%@1%%%% L7z (X 3df). GAG-o domainiZD\»
THFERDRERIE SN FERITRL TV Zewn).

KIZ, siRNAIZ X B fibrillin- 1 mRNAFEBL | fibrillin -
1 mRNAFEHHPHIIE (2 BT 5 fibrillin- 1 & versican® ¥ &
NI HEORAERBIEE L7z (M 4). Fibrillin- 1 £ GAG-o.
domein® J{1E % 7R 9 HOGIZ 6 BRE & scrambled orderh &
DR TIZAFRIEZED SN, Wi i 2 MR IR o 4
Ry —ER L7 (F=FR3RLTwhWw), F7-22
DRI S 2RO LN o7 (W5). —T5, fibril-
lin- 1 ®OmRNAFEBHIHIIC & 1 fibrillin- 1 O 1E % 73§k
AL O 2 MR D Getta 5 — A L, —#T
RKWBHEROGett Ny — &R L7z (K4da, d). #OG

versican @

versican GAG-B domain

BRI AT RIED60% 129 L T 7z (H5) GAG-B
domain® JG1E % 78§ AR 806 I fibrillin- 1 12—3 L, Al

HRD I T — 254 L, kwﬁ%%%T?ﬂ&—/k
ZOMICOT AN BBIE I (Kic, ).

fibrillin- 1 D mRNAD 5L % ¥l L 72 & & DGAG-0 do-
main® JFFE D GAG-B domain& FHEETH -7z (F— 51

versican

1.2

1 4

0.8 4

0.6 4

0.4 4

0.2 4

0 -
control
b

5nM
fibrillin-1
siRNA

scrambled
order

Z U L Cversican
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fibrillin-1 versican(a-domain) versican(B-domain)

fibrillin-1 merge versican(B-domain)

3 HPLFIZBI) Sfibrillin- 1 & versican GAG—o. domain, B domain® SRk b4 s 7
HYets Cldfibrillin- 1, versican GAG-o domaind & U'B domainZ N ZNDRIEEMNMERTE S (a, b, ). F72, versicanlZxF 3 % ZKPUA I fibrillin-
1S3 2 PRI SIS LT (d-f). Scale bars : 100pm.

fibrillin-1 versican(B-domain)

scrambled
order

5nM
fibrillin-1
siRNA

4 SiRNAIZ X fibrillin- 1 mRNAFEIHEIHIIZ 3515  fibrillin- 1 & versican GAG-B domain® Sy ML 51 S 1E
Fibrillin- 1 siRNADEAIZ X D, MCHIHEIRDO Gt 5 — G R L, —HTROBHEIROG /Y — 2R L Twb (a, d). Versican GAG-B do-
maind FFEOBAIAZ/RL, S 5ICZOMICYEAMORMLINRDSNS (¢, f). Scale bars : 100um.

*

*
14 =2 1.4
*

1.2 1.2

: I : !
08 0.8 M control
0.6 I 0.6 I M scrambled order

5 nM fibrillin-1 siRNA

0.4 0.4
0.2 0.2

0 versican 0 versican

. fibrillin-1 GAG-a domain b fibrillin-1 GAG-B domain

5 siRNAIZ X A fibrillin- 1 mRNAZEEPIHIC 351F B fibrillin- 1 & versican GAG-0., GAG-P domain® $L£5 1 L — ¥ — SAMEE (% O AT
Fibrillin- 1 siRNAIZ X D, fibrillin- 1 © % > 7327 PHEBLRIIHI60% £ THMA L T 5755, GAG-o. GAG-P domainll I K E ZZELIZAO b v, £
7z, KFHERE & scrambled orderfif & DRI AT IIA SN2, %p<0.01 (n=5)

RLTWZRY). Fibrillin- 1 ®mRNAZIIH L7z L & D RIS IIN R E Db S o7 (K5a, b).
TIEYA I BT 5 GAG-B domain & GAG-o. domain? 355

(85)
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1. BHMYBEREARMINIEIC BT B PLAP - 1 & periostinD#Ax
TIBUZOWT

b b e AR T SR ARAE 2 (HPLF) Of#Ez B 5 7
2 5728, SRR AR B 2 8 {21 T d % PLAP
-1 (Periodontal-ligament-associated protein-1 ; Yamada et
al., 2001 ; 2006 ; 2007) & periostin  (Horiuchi et al., 1999 ;
Wilde et al., 2003) DOFIUTBIL T, ML 724 ALk
SO A HRGMEF ML (HGF) LI L7z, Z Ofk
. HPLF® A1 J; OmRNAFEBLATFED 7z,

Small leucine-rich proteoglycan (SLRP) (ZJ%3 % PLAP
1R T IS AB AR AR RSB L, R, PR A
B, BEZEICEERBL T v (Yamada et al.,
2001). PLAP - 1 B 13 o B AL (2 7E 5 % B ML
TERHE 2 JIHI L, WMLk & L ComEEYEE MR % H e
EEATWSLEEZEZBNTWS (Yamada et al., 2001 ;
2006 ;2007). F 72, periostini{n 135 MRS 224
HiT®HAHMC3T3 -E1 DHEIET T4 770 &1 HEE -
g SN7BIZFTH Y, BIRFKN & EBRBRIERIC R
L (Horiuchi et al., 1999), SHIEFH B OBENIIE D Bt
BOVET) Y TICHGLTwREEZLNT VD

(Wilde et al., 2003). L7255 C, AWFZETHEEL 7
HPLF (3 phi MR H S ittt 2 (2 Rp 58 0 2 T & PR L
TWwhrLEZHN5.

2. BMRIEEEFEHINE Ofibrillin- 1 & versican D F§H & J/{IAE
IZ2OWT

HPLFIZfibrillin- 1 & versican (2%} 3 2 $ifkx H\ T £
NENHGAn & (T, S 5 I Xfibrillin- 11263 % — K I
R, WYUK, versicanlZ F 72 ZIRPUA D NE T HE G
E T o7, TOMEND, SEHCHEI S — 57
I TH Afibrillin- 1 & versicanENENIIIET 52 & %
MR L 7z

AL AT A 5, HPLEDSEAES 2 £ % 71 7 4
2771 71 ~|dversican, decorin, heparan sulphate proteogly-
can (HSPG) & £ %1®91kDa® chondroitin sulphate pro-
teogrycan T& 1), versicaniddecorin {2 ¥\ T & & I AE
FTHIENPPEHLPIZENTWS (Larjava et al., 1992).

LB ORfFE T, siRNAIZ & 5 Cfibrillin- 1 mRNA % !
9" % & fibrillin- 1 O 2 MHIRO R AE A L, K
WIHERO R R R L7z, $72, #OGEENS ¥ 2 X7
HI360% 1A LT WD 2 EAEE S 7.
can ® GAG-a.3 & ’'GAG-B domain @ J&j 7£ 13 fibrillin - 1
mRNADEHIIZ & D fibrillin- 1 12— L 72 KW #HER D

— F versi-

(86)

RfEe R L e b1, MHMERICOTLAMDRIEZRL
7o, HOGIREED S & 28y EITEALD T ESHEE S
., versican® I B A¥fibrillin- 1 DFHITEE I L
PCROMER L —3 3 5. 2@ &idfibrillin- 1 mRNAD
IS & D fibrillin- 1 254 L7222 £12 XY, fibrillin-
1K AT & e\ versican S ZE B H I HUE L TV 5 1] B
HaERET 5. F-—EEll EDversican & DFEEIZ &
Y, fibrillin- 1 238l 7 MR O 534 8 5 — > 2 i 7
WITREE D Z R 6B,

Versican i3 R E DO f§ i domainll X 2 2 %R x A L
T\w5 (Zimmermann & Ruoslahti, 1989 ; Wight, 2002).
G 1 domain (hyaluronate binding region ; HBR) (ZGAG®
—fiThreT o YREDOHEREEZ A L (LeBaron et
al., 1992 ; Ang et al., 1999), gAMoL 7V T v
o (hyaluronate coat) =M 3 % (LeBaron et al.,
1992). HRATOWZEICL 2 &, HEOMELZFE§ 5 E
FRARIZ B\ Cibrillin- 1, versican 3 & Uhyaluronate D # &
RS & EAREE D26 L, RO MR LIED
RLHFOWIN % 4T ) A FHRIZ BV TEZ OBERD 57
FEMDIIET 5 EDPHMESNTVDE. 2o Erb,
fibrillin- 1 & versican® Z 41 & OMLFR T O A B FEE S
G- L TWwWb ZEHRIEBEINTWS (Ohno-Jinno et al.,
2008).

PLE® Z &% SHPLFidversican® b O & 7V 1 [ AE
A1 %4 LT (Zimmermann & Ruoslahti, 1989 ; Le-
Baron et al., 1992), KEWEAFEEZD O TV O ¥
VyF3 by Z7A23787 4 7Y (fibrillin- 1)
A S, HRBEAAR S E Y 52 5 (Isogai et al.,
2002) LHEM SN,

&

b BRI SR A 2 AT D fibrillin- 1 F8 81 % ¥4
% &, fibrillin- 1 B X QversicanD J{ENEALT 5 Z LA
5, BMEE R Ofibrillin- 1 Aversicanib 7 D EH; & L THE
L, ZOSmMOHECEbLL 2 EAVRRI N 72
J# 1F & Ofibrillin- 1 & versican D #f & 2SR BEIZ B 1T 5
fibrillin- 1 & versicanDMIHGRRAEICEE TH 5 2 L AUR
Ih.

.
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Reproducibility and appropriateness of the facial midsagittal plane
extracted by a surface—based method
—Evaluation using the CT DICOM data—
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Abstract

The accurate definition of the midsagittal plane is
important to establish an objective criterion of the
asymmetry in patients with facial asymmetry. The defi-
nition of the plane requires high reproducibility and
precision.

To identify a reliable and objective definition of the
midsagittal plane, three—dimensional surface models
were generated from the CT-DICOM data of patients
with facial asymmetry, and a midsagittal plane was ex-
tracted using the surface based method on the hard tis-
sue and soft tissue models of these patients. Based on
this, the reproducibility and appropriateness of the
method to extract the midsagittal plane was evaluated.

The results may be summarized as follows :

1) For intra— and inter—examiner errors (n=10) in the
extraction of the midsagittal plane on the hard and soft
facial model using CT-DICOM data of one patient

with facial asymmetry, the examiner reproducibility of

the midsagittal plane extraction was significantly high.

2) The inter—object variability in the midsagittal
plane extraction on the facial model using CT-DICOM
data for twelve patients with facial asymmetry showed
intra— and inter—examiner (n=10) reproducibility of the
midsagittal plane extraction that was significantly high.

3) There were few differences in the midsagittal
plane extraction between the method using the hard tis-
sue models and that using the soft tissue models, and
thus, high rates of concordance for the extraction was
shown for both the soft and hard tissue models with the
surface based method.

The results of the study suggests that the midsagittal
plane extraction using the surface based method has
significantly high and sufficiently reproducible and that
it is appropriate to establish an objective criterion for

the evaluation of facial asymmetry.

Key words : Midsagittal plane, Facial asymmetry, Three—dimensional, Computer—assisted diagnosis
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BRI B 2 0F ) SHATE B (LUT, I i)
TIE, ZRICHICHMEZSHHRERIEREE 25 2 L8
L\, ZO7OIRNFEETIE, ERH S TWwzE
MXHBIEEE (LT, ¥770772) ITREIND
TRICHHR T DR R TR A 2 E W T S
) (Trpkova et al., 2003 ; Maeda et al., 2006), = KJICH)
WAl S Nz T d e 5w GEFIR, I, 2000 &R
5, 2001). FHEHMIEREO =UOCitll 2179 729, FExf
FREE TR & AR O 7 — & Z FREICIATE 5
X#CTHf% (LLUF, CT) 77— 2HwT, RELL%
SwEHETV (BT, ZRCETN) 2EET 5T
EVEMENS X 91275 TE7 (Xia et al.,2000 ; Kat-
sumata et al., 2005 ; Park et al., 2006 ; Uechi et al., 2006 ;
Mizoguchi et al., 2008).

ZRICETNVICBT B B O FRYEDOHEICB LT
(X, TOREHEL L IEMRIRPFHORENEELTH S
(Meyer—Marcotty et al., 2011 ; Damstra et al., 2012). L 2»
b, ZOREIIEEHCEIEI KD 5N D (0°Grady &
Antonyshyn, 1990). L2 L, IhFTIEE L TIiTbNT
EER RV HOBRER R, MENY =27 VEIET
A FRME R ZFET 52 HETH Y, Zh o OHBM
AN Z LRI E T2 (De Momi et al., 2006).
S512, MHEOHEEEL LTHW S PEIIE, R
IS 2 B RS E 25 (5, 2009).

Z 2T, A TIRIFREE OWRBIGHNIC BT %
W D720 CTHR I L 72K 12 FLék S M 72DICOM T — ¥
EMREL, SR =T 2 AETNVEAR L. Eh
5% —7 2 ZEFTIIIB W TRIETEIREEED: 2 W TIE
MR RI ORI 21T\, Z OB ORE NS, BEERH
B, BLUMENEEOSRMEE 25N, HRIG
O FEPEIZ oW THRE L 72,

p]

il

&

1. AWFFEOHEL

AWFFETIE, KIETIRIERED: 2 Vv CIE R E
- LR E 7OV ISEH T & B IEH IR Rl &
ERL, COMBMEERE L fiv Chl—#kig 77— %
M OAR L7 - BRIHAE T VICBWT, miaR L7z h
BECHI L7z 2 h 2R o IE RIS o 22 5 2 FHIll L
ZTOZAEEME L2 (K1),

2. WFZER%

1) WREH

AWFEIR, LB AR NEL 2 ) = v 7 DR

(90)

S5 FRMLIRIEHEIE T &0 S U 72 B R T SR 1 o #1BLE & 2 4 1E-CT DICOM T — & & J v 722 Hiead -

[ DICOMT —4 ]
h 4 A 4
AR BRA S
ETIL ETIL
4 v
T R BRAA S
ERRRTRE ERRRTRE
(MSPh)D 1 H (MSPs) D H
A 4 h 4
MSPh® MSPs®D
BHIRMO®EE BHIRMO®EE
h 4 h 4
[ MSPh EMSPsO Er 8 ]

1 WFgE)5 & omK

TEIEAN R CHATAE & OB & 2372 BFH5EDH H, HA
THIED b L0 L LTSN Z LIS
FEFEON12% (K94, B3 %, FHER24
W2H,H) T, MIEZE O 20 Hl% S M7z CT-DI-
COM7T—% (LL'F, CT7—%) No. 1 ~No. 12% ffZext
G L7z (1), BCTF— 57 3N EE MR
CAEMDAN O T — Z R LRI L, ARIFZET
IE TR XA G E D S F N A IE i T RASIE R
FHEHNZTHF L, 3. OmmEL E10mmPAA Ol iR AL % 5850
B BEFE D IERI TR % RO S 2 I 72

2) MRCTF— & ORI i

CTF— 7 OWHIZIEZTVF AT 4 ACTHE

=1 WAL
FOES i 5 i

No. 1 157% 6 7> H /8 ERIFRZ B S T AT SSE
No. 2 23 2 7 A /8 JERIFR 2 B S TR SSE
No. 3 255% % JERIFR 2 B 5 T AT SSE
No. 4 285 % FERFFR % B FrIIE

No. 5 38i% 6 2 A '8 xR & B ) FliE

No. 6 17i% 2 7 H '8 FERI PR B T SRR 22
No. 7 197 7 7 H % FERS PR & BE S T EHATSSE
No. 8 485% 2 A % FERIFR 2 b S T EHATSSE
No. 9 21 2 2» A % IERI AR S T AT SSE
No. 10 153 2 »H /8 ERIFR 2 B S T AT SSE
No. 11 185% 6 7* H /8 ERIFR % B 5 T AT SSE
No. 12 20i% 1 2°H LS FERPFR % bk S AT
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2 Z=RICEEETNVOERK

(a) FEMIEEET IV, (b) WAHKRET IV, (o) M—EEEERIZFIR LM - KWHELE 7V

(ProSpeed FII ; GE Medical Systems) % H\», $#ff5l
% A7 A4 ARl Omm, ME)HES. Omm/sec, FHESE [ FE
0.5mm, Field of view 256 X 256mm #5 & *matrix 512 X
512& g L7z, CTHAMRIF O BHARMIIMEZE L, |k
FACE T & R ASEE & 7 % X 9 (BN & i %
M U7z, BGHEPHIZIRGE Ligr o4 P A4 TETEL
2. B, TOLEWBEINIT 512, CTHREI
L BEAD=ZRICERLRDVPHE CTHESN TV 5.

3. FMTIREEHEE: 2 H 72 1 R P T il

1) ZRILET VDR

1) = (1) BHIRSHHHEEHE = RICE 7V DAL

FEE ORI RE 5T L2 v 2 E 35 SRS AT 4% = kot
EFV (LT, BHEEET V) 3, ik 23 L7z
FE (EHS, 2010) & EARIC, CT2 5 #f 72 B S
HEEEHRE T —7 2 AZAF v+ (VIVIDILO0, T =7 3
V) B ETEREE R G S A Z LI K DI
Fahiz, ZoLsOMMEEET — %1, DICOMHi
#£97 3227 (V-works4. 0, CyberMed) IZF®E®D
LTV L EEMOMME (CTE : 320-3072HU) %= H
F—T7 ALY Il FIR S (K
2 —a).

1) = (2) BHHRMER=KITE TV DA

S DORMIRIZRE AT 2 H W 2 BRI = kT & 7
Vo (BUF, BT T OV) BRI, Y7 by TIIH
SN TV EE RO (CTH : — 400 — 3072
HU) ZHWw TR m 7T — & 2 L7z (X2 -
b).

TEHLERE 7V 3 L OHAMIEE 7V DA GBI B W T
&, CTF =% 2=k —7 2 A7 = HH7 74V
JE T3 A VRML (Virtual Reality Modeling Language)
7 7 ANVIERS B LEBH Y, D7z, MR

W,

T— LM EE T — 7 2RI L., Z ok &
CT7F— % OWEFREZOT IR LZ. ThiZk

D 2007 7 A4 NERORHT Y 7 MIEARATEE X1

(91)

FERE D HH OTERLIR & HALRE O AR 197 1B B4R & A4 L
BASS, WETIEF—HEERICFARFFRT 5 2 LH3
BTHhs (K2 -c).

2) IR OBINC & B R IRE ML 2 F v 72 0E
R RSP I o il T

T - AR TV OVRMLY 7 4 V& ZRocR ) I
sk - ATV 7 & (RapidForm 2006, Inus Technol-
ogy) ZFEAIARE —JEEERICEIR L7z, W€ 7V ITH
F 5 IR OB EICIE, SOOI & 5%
HZIRIERE D 2 8 L 72, RBEIEZRITET VOLELLS
T B EL LD~ HDOVARBIREATRITERIRT 52 L
T, MG OS2 OEA R 2 L, At SR
& L ICHR & OALE A DO S IEh AR % B
BICHILT 2 HETh L. EHETIHOFME LT IR
£

2) = (1) BEALFEF R (MSPh) DFE
2)=(1)—a ZEHEFIHOERN

AR D RBALME E 77V O FLAEFEITUZL, A0 [R5 11 J&
DOIED10mmFEE O BRI & L, B IBIRE R TIR
BTALEM, F223RBRIME o R 2Tk )
1T S DTIRARD R 7 BEAIE B A 7. SRS
T4 AT LA LICFRENWHGEE TV oF KTz,
KITIT2TORL YN TIFTVY—= Ve T &
5" ZEIEoGEREN (3 ~a).
2)-(1)-b FHEEGDOIER

IR U 72 IR & SRR & U TR L 72,
NEERL, BHRELERLL (X3 -b).
2)-(1)-c KA GEDOIER

UG %, ROV % ISR L, 720 Rl
GEMEHR L7 (M3 —c).

2)-(1)-d KEBEOWMEE T V~OAEE D
(Rough registration)

PO % = = 2 7 VIRAE T MRS s~ & B E) &
B, ZRILETNVEDREPRVESDEEIT-72 (K

IhiZZ
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RO I DI X 2 RKMIEARIERED: & 7 WAEERE 7V~ L T T il T i

(a) HAEFIROBR, (b) HEGOIER, (o) FLBEOER, (d) KIEEOMHMEE 7 V~O#EADE  (Rough registration), (e) SH{E DML
H#RE T INA~ONLEA DY (Fine registration), (f) IEFPFRFEHiOME (MSPh)

3-d).
2)-(1)-e
(Fine registration)
DEWEAY T MY 2 TIZFEEZINTWAICP (Tterative
Closest Point) 7 )V T 1 X 2 (Rusinkiewicz & Levoy,
2001) ZfEH LT, WHEE 7V & O HELE S
bEZE L. Zh2X D, [6 UHEiRECRARA S
MTH % 2 DORH A NRE I HIRIC E T ALED T
bh7=Z&ilh2z (M3 —e).
2)—(1)—f IERRRPIEOHH
FHEAR & RO B LR ERSWD 25 &, Tomi
(Midpoint of hard tissue model : 2L'F, (Mh)) %l b i
93 % X 7 bV (Normal vector of hard tissue model :
LIF, (Nh) &9 a0zl d 5. ERA7 b
V (Nh) = (a,b,c), HrE (Mh) = (xo yo, 20) &F
5 L&, PEpEN S ERIE
a(x—x0)+b (y—yo)+c(z—2z,)=0
TREND, AFETIE, OV HHKEE T VA5
Jh U7z IE /P IR THET (Mid—Sagittal Plane of hard tissue
model : BUF, MSPh) ERBUEL7z (M3 —f).
2) - (2) BWHMIEPRIRTIH (MSPs) DRE
HRHLREE 7V OGS, BHLERE 7V 0 JEHERIT)
B9 B A MIRERFEPH T, B8 A3 kML o I A 78 LU Y 3
W EHM L 22 DAE S e (B4 —a). BB
DATy TIIWHBEE T VO FEICHE L T (K4 -

FEAR O E T IVADOAE A D

(92)

b, d, e, M (Ms), X7 PV (Ns) 25,
R & 72 30 & FALAR I H GRS (Mid-Sagittal Plane of
soft tissue model : PL'F, MSPs) &HE L7z (K4 —1).
4. PHEOMES

1) BENEE

[ —iEA A RICLT, CT7—% (No. 1) flALEK
TV b RINBIREERE D 2 FIWTMSPh %, CT7— %
(No. 1) HBkAMLKEE 7V 2 5MSPs % % 4 10l 1} L 7=,
B, FHEA e T HU LoMBEZRTFAZ & &
L7z

AWFZETIEE S, HWEONR & 74 2 8V &2 e L
7z RGEJTEEHM L7210 OMSPho AL (Mh) D)
Bz P L, R R (Reference— (Mh) @ LA
F. R—(Mh)) &% M, MSPhOEMARZ ML (Nh) %
F L, AR 2 PV (Reference — (Nh)
DIF, R—(Nh)) %M L7z R—(Nh) 2L, R
= (Mh) Z@ 2 PHZAERL, 0% 6 A 1
(Reference— MSPh : LL'F, R-MSPh) & L7z. R-MSPh
& #MSPh10M & OB i/ (LT, ¢h), wxl
(Mh) 2 5 FEHEET F C ORI MREEE (DT, Lh)
ZEHIL (K5), ZNZNPIME & EEREZ KD
7.

FARIZ (Ms), (Ns) 2 & BRALHE I 5 (Reference
= (Mh) :BL'F, R— (Mh)) &BRHLIRTFIER~NZ b
(Reference— (Nh) : LLF, R—(Nh)) #&HH L7 Zh

c,



b RO A B SR

31(2)

SFR244E

31

X 4

RO IR BEIUC & B FRTGRIEHED: & S 72 BAMLEEE 70~ 0 TEH SR 1T 0 3 T

(a) JEMEFUROEIR, (b) HEROMER, (o) LAHIREROIER, (1) FIEGEOBMMEE 7V ~OMERDE  (Rough registration), (¢) R DAL

HRE T INAONLEA DY (Fine registration), (f) IEFPFRIRFEHioME (MSPs)

R-(Nh) (Nh)

®5 kT T VICBT L EBEoRE

MSPh © ML IE 12K 18, R-MSPh @ WHLKZ #E S,  (Mh) AL
et R— (Mh) BEALERT 3 b p, (Nh) @ AR ISR 2 bV, R-
(Nh) : BB PIGPREN 7 MV, ¢h @ WAL A, Lh @ BEHLEREE
ikt

7> 5 WkORL BR A HE SR (Reference— MSPs @ BA T, R-—
MSPs) %% L, WAHR T Mes, BAHLREIRETHELs
ZEHIL (K6), T2 P & BHERFEZ KD
7z.

DX, KO- & AR S HLRR & SRR
DT — I MOEEFE AWK Lz, ety 7 b
JMP, Ver.11.0% H\»C, Shapiro-Wilk ® W %E 12 T IE
PR ME L, EBRMZ RO NIEStudent DR E %,
B 721 U WilcoxonE 217y, p<0.05% fHEAED 1
EHE L

(93)

Ls

\
\
\
\

6 BHEE 7L BT 5 BIME oK

MSPs © BRHLEEIE A 22 R E 1, R-MSPs ¢ BRAHLEREHE G, (Ms) @ BkHL
(Ns) : BRALRR A2 ML, R-
(Ns) : BRHLBCSEI BN 7 M, s @ BRI, Ls ¢ aLisk B
i

2) MERHRRE

102 0ME UBIEHREHE S 44, TEAVRE 5 44) 78
CT7—% (No. 1) WHlfkETVE, CTTF— %
(No. 1) #H#kEF VA5 1 a9 -OMSPh & MSPs % i
HL 7.

HE SN HEHESE I R-MSPh & il S 72101 &
Hiffigh, WA (Mh) 2 SEEMEER F COEBB LY
L (F5), #NZFhB%EHXE 2RO, FEk
IZMSPs7» HAEHESETIR-MSPs % iR € L, i fads,
PREELsZFHI L (M 6), FNENBSUIEHEX M %KD
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(Ns)

(Nh)

8  ZATEOME

MSPh : BEHMLIEIE 2RI, MSPs @ ALk IE Hr 2K P,
(Ms) = Wik, (Nh) © BERRRRIERR N 2 B,
MU Moy, ¢ 0 A, Lo i

(Mh) : 4%
(Ns) : #k

7. O EITHIALKE & AR D 7 — & MO 2= EMEN
A L AR MUE L 7z

3) WRHAH)

[fl—#EHCTT—% (No. 1 ~No. 12) WHHKEE TNV
22V, FNZNMSPh 103 DL L 72,
ZATHLKE € 7V 121018 OMSPh 7> & #2 # - [iIR—MSPh
g L, fil S h7z10M & o i fAsh, Tl (Mh)
ORI TOEMBEMLhZEHIL (M5), £h
ZFNOFIMHE LR A2 RD 7z TNICE ) BREPIR
FE DXL B % FPM L 7z

5. R4

[fl— B HCTT—% (No. 1 ~No. 12) T - BRI HLHE
EFNDHZNZENMSPhEMSPsOHiH % 1 [0 D1 -
7z

- BRWGHLER E 70 &4l U 72 5P % T — BRI
ForL (MW7), ZMWEifié, Mh7>HMSPsF TP EE
Lzl L (X8), “FIgfi & R A% R 7.

(94)

ez A/ RITGARIEREDN X0 Jlr U 72800 1 i 2P o 3 & 2 475 -CT DICOM T — % & v 7o s -

F2 WMHEOWME WENZE

AL kLA

it ¢h (°)  Lh (mm) Gl #s (°)  Ls (mm)
1 0. 08 0. 00 1 0.12 0.07
2 0.19 0.12 2 0.32 0.14
3 0.18 0.04 3 0.21 0.17
4 0.09 0.01 4 0.25 0.17
5 0.04 0.03 5 0.04 0.03
6 0.16 0.14 6 0.17 0.13
7 0.02 0.19 7 0.54 0.11
8 0.34 0.12 8 0.17 0.10
9 0.15 0. 30 9 0.38 0.03
10 0.16 0.08 10 0.32 0.24
=] 0.142 0.104 =] 0. 253 0.119
B f 7 0.091 0.093 B AR 72 0. 145 0. 065

¢h © FEALR 0 1 bs ¢ MRMLER TE

Lh © AR AR LA R Ls © A AR LA A
i xR

1. HIHMEOME

1) HesENERE

Rl — e 3l L 72101 20 5 £33 © N7z SF 4l & A i
0%, WHERE 7OV CE A ohA%0. 142 0. 091°, AR
FEELhA%0. 104 = 0. 093mm T V), #kAlKEE 7V <1
fs1%0.253 0. 145°, ERHHELs X, 0.119 = 0.065
mmTHho7z (F2).

T, PAREEEL & B CRE - Sk E TV T —
FICHEERRD R D)o,

2) MeEHEAE

95% 12 HEIX 1%, FEMLHETE 7V T i 4hA%0. 138<
$h<0.315°, PFHHHELNA0. 018<Lh<0.084mm, #kHl
BT TV T M gsH0. 123< ¢s<0. 341°, HAEEELs
730. 055<Ls<0. 143mmTdH o7z (£ 3).

T, PAREEEL & B CRE - iRk E TV —
FICHBEERRD R o7,

3) WRMAED)
BTV (No. 1 ~No.12) @95, [HifiehD
SEIGMED R D K E Ao 72D 1ENo. 1000. 257 = 0. 145° T
Y, ZOPREHELhO VI E1Z0. 079 £ 0. 078mm T
o7z, PHREELh O I HEA R D K & 2o 72D 1ENo. 4
?0.155+0.073mmTdH V), <D MHifigh D FIFHIX
0.198+0.066° TH -7z (F4).

2. Z4MEoOKGET

THfE, RKTO0.79° (No. 4), #/MNTO0.13°
(No. 6) TH b, VIl L EiEfF21Z, 0.505+0. 219°
Tholz. EMHERELIE, &K TO0.42mm (No. 3), %
/NT0.03mm (No. 5, No.12) TH Y, Il & (R



The Dental Journal of Health Sciences University of Hokkaido 31(2) 2012

33

F3 WHEOME WEME

AL AR
s ¢h () Lh (mm) [ ¢s (°) Ls (mm)
1 0.11 0.04 1 0.10 0.24
2 0.47 0.12 2 0.51 0.15
3 0.30 0.12 3 0. 30 0.08
4 0.25 0. 05 4 0.05 0.14
5 0.15 0. 05 5 0. 06 0.05
6 0.06 0.01 6 0. 36 0.05
7 0.31 0.10 7 0.37 0.05
8 0.13 0.01 8 0. 20 0.11
9 0.17 0.01 9 0.16 0.08
10 0.30 0.01 10 0.22 0.05
E;golgf‘aﬁ 0.138<4<0.315 0.018<L<0. 084 E;;'oﬁﬁfﬁ 0.123<4<0.341 0.055<L<0.143

#h R A

Lh : AR

x4 THMEOMGET R

¢s - HALIE A
Ls : LI LA

£5  RHEOWH

AL ETN ¢h () L (mm)
¢h (° ) Lh (mm) No. 1 0.67 0.11
EFNW Ty TR 7 Ty T {7 No. 2 0.70 0.26
No. 1 0.142 0. 091 0.104 0.093 No. 3 0.52 0.42
No. 2 0.186 0. 092 0.079 0. 048 No. 4 0.79 0.22
No. 3 0.148 0.078 0.074 0. 061 No.5 0.61 0.03
No. 4 0.198 0. 066 0.155 0.073 No. 6 0.13 0.08
No.5 0.124 0.075 0.051 0. 055 No. 7 0.29 0.06
No. 6 0.102 0. 059 0.053 0.028 No. 8 0.72 0.37
No.7 0. 084 0. 063 0.022 0.017 No. 9 0.27 0.05
No. 8 0.116 0. 064 0.076 0. 045 No. 10 0.63 0.08
No.9 0.208 0. 086 0. 089 0. 058 No. 11 0.26 0.08
No. 10 0.257 0.145 0.079 0.078 No. 12 0.49 0.03
No. 11 0.257 0.145 0. 079 0.078 Ty 0. 505 0. 150
No. 12 0.257 0.145 0. 079 0.078 PR 0.219 0.134
oh @ WALER T A ¢ o IS

Lh © R AR i B e
1%, 0.150£0. 134mmTH -7z (£5).

Z =

L. Jed7ige & RFE o LA 1)

X FRRE L, = RICI VR 7 BRI 4%
T5ILENLV. ERZOGHTIEET7 7 a7 T AIRE
ENDRICHRTIrb LT & 7 (Proffit et al., 2002).
L2 LMl € 7 7 1 75 4 Tl E BT E O 2K
KRBT HHIRN, EEREEOLED, ERit T 7
077 AT FICFHHEADERR ORI EEHZ 1S BT 5 KF
RS ORI b, 4208 TE 7 (Maeda

A==

FH

2R

et al., 2006). & HICVARREEY TH L FAAMEZEICHB
B EIOGHT T, IR SWERORFEER O, vy,

il LB AEE LI, x, y, ZillZ b § 5

(95)

L@ Pt

Pitching, Rolling, YawingiE®) % & T L8 DR % LR
TELENDHL. L LWt 7 727 F A TidRolling
PERL Yawing B H, [EHi+ 7 7 0 275 A TlidPitching 2
FOWENEHL <, IO AED S 5 723k
MEE TR ITHR TZ O OITIRIIATEETDH 5

CEE, JIIAF, 2000 ; Trpkova et al., 2003 ; Maeda et al.,
2006).

ZRICET N & H W EHT BB ZEICB T 5%
DI %, W dGike DA R R & AERE L 2203 5 JR e
SSRICBIT BE & BBOUFZIRL TTH 2 &A%
REEEZOND. EMLIEIXMCT=KITHRE 7 71
7T A% LR TR L, A EOHIRE L O
WoOBHAMEICEAL TV ZLHELTWDE (FHRS,
2001). Adams 53t PEBREHZES ZHWTET7 707
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T HEZRILET VORI EZ K L7225, =R
TEFNIEE T 7075 LD 4~ 5 EDOEMEND - 72
EHELTW5S (Adams et al., 2004).

FBIHTERE O =WIe 7 — & RINE IS E R &
BRWESH Y, WiHETE ) FAL 2 EERN, #
fill, JEHEMRIY — 7 2 XA A F v FICX BEHIZ: E0%d
L. INOREICHHAMEEOIIBICHV SN, #
Bt ORISR <, MR % EOARERIIC X 5 7L
AELBHIERNS, BRTESEDH LTV AR,
FABEICIHETAEMENS, CT7— %, MRIW#
T EENRE LT, ZRICEHINCH W 2 05%
% (FH, I, 2001 875, 2002 £, 2010).
72 2T b FAATUAE B (SRR & WMk 7 — & % [H)
RRICHUF CTEBCTT— Y 2 A TENLZ I T
% (1L &, 2005 ; Jung et al., 2009 ; Cevidanes et al.,
2010 ; Ryckman et al., 2010). CT7 — % % HI\» CHUEHH
EREDNARM{G 255 720121, Ly &) v 7 Lifidh
LG E AT O MENDH L. Ly v 7R
L, FHIHEERTT, IXRTOTF—% ZFHT
LR 2a—AVLyy) vl T ICBEE RS TC
THHALT A =T 2 ALY F Y Y TERDH L. EH LD
ZRILETFNETE LD, T — R RITHIE &
LTHDENSE., ZORRY) 22—V 25 ) » 7T
&, BUSEE, K, fNOEIL, HRIEOLEYRD S
DITHR, =T 2 ALY F) Y 7 TRENL OFEE
REIHRVHEYH S (I 2010).

=Tz AL UF) K )BT ML E AT O
B, REALER, WAEROCTEZ FIv: 5 & & TR O Al
MMV, BTV E LTHERTAIENTE
5. L LEHEEE T VIZBWTCT2 555 5 %
TiE, F &L THpEs o+ A VY, & Dpartial vol-
ume effect!C & D BERAIAEEH & 20, ZRILET VA
WD RRENKELS 2D (BA S, 1997 ; Nishii et al.,
1998 : Choi et al., 2002 ; Gateno et al., 2003). +Z Th
b, ST O W COEHE FIRFRC X 0 1Rk
L7y % 9 — 7 = Z A% ¥+ (VIVIDI10, I =
HIJNE) WZLYERIIL, CTTF — % » SR 72 Ei&THE
WL DINFESY T 4 ZWICEREE % F VTR
MET IV ERER L7z, RiEEZ AW ZZRITET VD E
KEAA LTS 2 Ld LS o ICFE Ly (Uechi
et al.,, 2006 ; #i s, 2010). MAROREAE T IVIZOW
TRZ0ME { O#ENDH Y (Nishi et al., 1998 ; A4
JII S, 2000 : Sohmura et al., 2005 : Gateno et al., 2007 ;
Nkenke et al., 2004, 2007), 4445 BE 0 w5\~ 5 BH AT B 71
ETNVOEBICIBNWTEHEINDL EEZONS.

(96)

ZRICE TN CTHBEO RV IE R LR % %2 T 5
Z &d, BHIEEFHEHIE ORI I B v TR R
TdH 5 (0’Grady & Antonyshyn, 1990). TN FTHEE L
TH LN TELEEHICIED CIER IR O 7% 5E 12
(&, EEEEERZGEOR D { 7z iR KREREILH LT
TRALIEIARR R 9 2 I T s EEHIIOIEFICH B L Eh
% HR, AR TikOR T RGN E Lo ik
LREEATHNZRTHOMERE, £7 7075 A TH
WHNTEFHIA (BT, 1999) 2FIHEhT& 7.
IS OFHIIE ZRITH G ETERINTND 720,
SRR ETE—RICEE S AV EXH Y, A%
WZEERIR A, E70, TOMEBIMEE, BEOBKIEEIIC
B E NS (De Momi et al., 2006 ; De Oliveira et al.,
2009). ZWRICEOMLEMOFETIE, 6 HHEDRE
2] L CERITE TV DAL & L& I L 7z 1T
ThH720, BIENS DO THME LRI REPHDH. 72
HRALRR 35 220 S LR 7 S M7 - R B A
=< (FF, 2009), L2 dEEESKV. Zhbon
EMERTERZ VD 2 2%, il S 7z B R T
DEFEEEZRECHERLZEE RS (OS5, 199 !
Hartmann et al., 2007).

ZRICETNVICBT 2 EBRAEDREZHE S 572
DI, ERIHZ VR IREEEPERE I N (B
15, 1996 : Benz et al., 2000 ; De Momi et al., 2006).
FITERIERE PN IE P R O AR =KITE TV
DFEMIGIRD AR 2 F#E & 5% 73 (Benz, 2005)
&, KETEROT 2N, ML 35758 (H
15, 1996 ; De Momi et al., 2006) 75% %. Hi#& =K
TCETNVORFIREZ EINT 5720, FETTXTOHREE
HE)TIT) 2L TES. L LBRGERERDZET
21300 Tlae, BRMWERELZ STHERHL
WIEREE 7 & T, PR S IR AR # il
HTE RVl . RER, REOTHIREICL
0D, SEBIOFFBCIRTE A b & Tl BB 1 W 5 FHIE
REIRTLIENTELD, WEFEIIIMGOREE
ZAF e WEL R A L TWwWh. De Momi & (3 HHALIEE 7
JVOEIRS BRI DI K D, IRES SR, B
i, 3 & OF LGB C IR T IR T OO RS BE D AHE & AR
AELTHY, LEEAEERIC TR Bl & g i o
MATEVWHBHEER S SN S E L (De Momi et al.,
2006). L2°L, ThE CTOMZIZAETH - Bkt 7
VERZRIZOWT R ENTDDTHY, H—HFED
- ALK © 272 2 DO IR IR O — B & #ET
L7z idZe .

NOB RGN E R LI EAL RN L



AL E R AL 31(2)  PR244E 35
DHISNTW B (Profit et al., 2002). 7% b b 5e4 %%t BB, SE il IREBIC B AR THED o 72 (B
MPEMAHET A Lz, 200, Hoh-iEd 5, 2003). AWZETIZI NS DLATHIZED ST %
IR S FRE D BWINZ Z B DD B DN T & e IR JE B O BRI 2 RHHK I AL AR 00 SR IRFEI & L 72,

gt Lzt id A v (RS, 2009).

Z ZTARMZETI, F—#RECTT— % 205, FEALHE
EHAROTBIRT — & 2R L, 26 7= D=
TEFNEER L. 20T, HoHEz RN 5%
IR I % DA - SRR o 1E IR % 4% 4 12
522 212k ), FHMES X OO Z G L7z
2. WI{HBELDIIOWT

AETHRE LI2ZRITET NG, CTT—7 25
BRI % AL RR320HU, BHLER —400HUTREIZL, H—7
T AL YF) I E AR L. BOCTHIZI00~
1000Hounsfield units (HU) Td % DT, Z DM D#)
REMETTF =5 2L, =72 ZAEFNVERKT S
FEF—EIZHW SN TW A, CTAIZXHEIRGY DA%
HTH2720, H—WETHHEII—EMEZRTHIFTI
%<, BEROKES, XBEOEFEEL, AT714ADE
A, BIOWEORESHIZLVEESRE (BY, &
T, 1990 ; HE, 1988). F7:, HRMOCTHEA—E TIX
B, EELZBMEICIVER LY —T7 2 AT
Ve EBROFRE L ICRENAE L TLE ) MRS
5. INET, HBHEEY -T2 AL Y)Y T L
FCBME ARG L72HE 09 b, WA S ZBME A 410HU
WiRlCT A2 e CHELL THEERBRIEONS &
L (BRARS, 1997), ZEHE S (X530HU A58 B £ 5 o Fisfh
FICHELTWwHE L (FE#ES, 2010). & 5ICParkb
Ebivbi &6 UV-worksd. 0% W C L F 5T O B AY
FEZOHKFOHUZME L, L THE D ICKEFIE
800HUBL ECTH % 2%, if#iH 12100~400HU TH % & #t
HBLTWHWD (Park et al., 2008). F 72, AREFETIE
SRIEETNVOREIRGIKETHZ L DRV HIZH
HEREL., T BOKABRS—E LD LHI1TL
7z.

RHFGEIC BT 2 REFIROBIRGMEE, W R
A THS L, FHEETMERITEEEMAIE S0
Z &, MRS —E TERbDS R L, Bl - K
Mfke s Vv eI cx s L L L. FEIETC
XD ZBED L WERL & LT, LeFortIBIE 4] b #iH 5
T RICHEN TV L LA H D, AR TIE, ATERS
SARER (JLHLRR, 1998 5 w1l S, 2001 ; SFlE S, 2005 ;
Baik & Kim, 2010) TEEMN DLWV E WS, DWW T
MERRL, —RIEAORBRBIIELA SN EENS
A3, BEIEHHE R, L TIRIEE A RS

e
e

wesh (ER 1990), JEEEE RN L 22 HE T,

I

2z

(97)

IR A B 7R ARIE LT, ET VoL
HIHAET 5 & 5~ OVABIRE L EISRINT 5
ol BIRLZEERORiRG 2 HEEE 3 2 8ISk
INMEADLET LI LICBOWTTHEREILETD
b, DWT, JURMG L ITHR & OFEM R ALE G HbEIZD
WX, HEIIZAT S & TIEHR AR A5 S
5. COHBTHMESDEEZIT) HEE TXXTO=K
TR T — % Z FRICMEGDELZEIE), 2o
R i/IRICT 5 HIETHBHICPT VT ) XA (Besl
& Mckay, 1992) % M7z, ZOICPT VI 1) A A2
BFSFLYRMAHESNTBY, AL TIIREG
DZWICHGE T — & O pifE L TR O =TT T — & O
FATHIE R % K 5 F7#: (Chen & Medioni, 1992) T,
RYITUHEY 7+ (RapidForm2006%, Inus Tech.) (25
BENTVARBMICPT VT XA %2 L7 (Rus-
inkiewicz & Levoy, 2001).

3. HHRIZDOWT

AP L0 i S N7 B RIREE OR X, ICPT
VI AL T EGRIBIRIEIEZEO TV T) X L ITER
T 5 (LUF, 703 XL8%), REMNERE M
BHEE, BIXOWEBERHICI DRI TS, K
e CTIE T VT A LRAEIWISHEAET HDT, Fhlh
OB NERZE, MERREB X O A B % 5Hl
L. AREOIEP R O FFBIEZ MRS L 7.

BRRISHIC BT 2 HHMES X 04 oBGEHIB W T
&, AWFZECTH W72 ZWRoc iR 12 BT % 22 [ 55 fif ik
(0.5%0.5x0.5mm) %H&i#EL L7z, $4bb, =i
EFNVO LT HMERT AT A AL FREERRE & F T
0.5mmT, ZRILETFNVORIHBLELATNZRTE S £
VA X%, Field of view 256 X 256mm¥ & UFmatrix 512
XB512THAHZ &N H0.5%0.5mmeE %2 5.

1) PO

et WRR 2= O FHI O ALK E 7 WV IZB VT, BEEEFH
R-MSPs & B D 1E H AR TRIMSPs D —THI f st =3
MO EZRL, I PHOEROZTHAEFEL S
EWD, ZEMRMNZ FVER-(Ns), (Ns) &350,
NPT RS
|[R—(Ns)||(Ng)|cos ¢ = R—(Ns)-(Ns)

THEFIN, ¢s= 0 DFEFR-MSPs & MSPsIE AT F 7213 [H
— P E %D,

F 72 FHIMSPs B X (Ms) % (xo, Yo, z20), R—-MSPs

DM % ax+by+cz+d = 0 & U720, R IREELs 13

-

FLA

E/\



36 i

ez

B =R (M)

9 EHEOZHE f (M)
b EASAEOKBOE S GEREEL), b A=A
W, 0 S

_ lax,+ by, +cz)+d|

a’+b%+c?
TREND. Thbb, ¢psbLsDfEA & B2 012ED
CIEFER-MSPsEMSPsiZBL L, & HIZ0 THhi—
FHIEARTIENTESL. KFIosELsD EH 5 H
DIEAKE L UL, ZORA IS ER DAL T
5L EERT .

D fAgsk, BHEELs T EA=MEOE S h
L L7:W, ZoRbE OB I,

__h

sin 0
TSNS (M9). FEOHEEIFL (M) 5%
MECTOEMOBMED & 705, ZRILZMICBIT 10 L
ok, b9 —HOVHEF TOFMBEEEL, S
NBHZOHMIZIAAS. 2F ) ZHAINISLTH,
AR S BENLIZTE L T TR SR E ko TL
9.

BB NEAIZB VT, R-MSPs& MSPsD - [fi fij psDF-
¥130. 253 0. 145°, EHEEBELs D 15130, 119 £ 0. 065
mmTH-7z. i (Ms) 25K E TOEMO HiEE
BT A E,26.95mmil A b, DEIZ, I fAesD
0.253° % CT7 — % O Z2 [ 53f#RE0. 50mm o 1R HH#E 12 72
LYGEOHE (Ms) 205K E To Mo I
113.23mm& 2 %. DF VHEFOKEZ S EEET D &,
SRRME = IRICE T WVINICAEAE S B W REEE DS < 5SS
S OWEEDZE R S RRE R B 2 5 F TIRERR EREIC R S

Ls

(98)

8 FRIMGIRFEHEDNT &0 i U 72 B IE b SR 1 O BB & 2 24 1E-CT DICOM T — ¥ & H v 72 Mad -

LTweEEzobhiz.

B M BWT, AR TIEMZEH B L O
WZOWT 4B L 723 10 N CTHRBIME OGS 2 17\,
I L7220 S0 & D95 % B HEX M 2 Red 7z, i
fiips D FIRBEFAEO. 341° & LR AR ISR 3 5 & o
T D22 5 84. 0lmm DAL iE TO. 50mm O 2R L & 7
5. F-THHAGsHY0. 341° THARHBELs AN ZE D IR
iSO, 143mmd & &, ML, MSPsD T A 524. 03
mm{ZfE L TWn 5.

X G 25 B2 12D TR € 7V TR N a2 5Hl 3
52 L TR L7z, D% D AENBEDORN R B AB) % i
L7z, No. 10128\ CaEHEl S 7z 2T A gh D3 K fil
T, Z00.257° X FRERECIRE T 5 L, O
25111 47mm D AL TO. 50mm D F i & 2 5. =
D& EEREBLA O T30, 079mmTH V), ZFiEi D
ZREOALE X, MSPhOH LA 517, 61mmIZf7iE L T
5.

TN 3IDODMEDORE E0S, KRIFFEOIEHFIRF
TR X 2 B RIRPFRO BB E W2 EAVR S
nrz.

2) Z4MEoKE

ARCTHIIZIZBWTIEH > MY —IZHE S N5 st
JERERZ A L, W—IGEMET ThHIIHE - BT T
WA —BEREZH LTS, ZRHWET IV ED
RPN RIS eI~ T 5. 22T, £
T ARARHE B % HI TR - BRRLIR 0 1 rp 2 DA 1o 2 il
L72%402, WEOMHEI/NIWITE, REBIRIERE DL
2 H W72 IER P i O R A E W S 0 L H5ET
&5 LERMGERAT o 72,

AWFFEIZ BT, MSPh& MSPs® — T £ ¢ 130. 505 =
0.219° Th o 7z. AWML L RO FHETEZKILET VD
IEHR AP 2 4 L 72 (Benz, 2005) T, —
DOV NOM#EHT0.29+0. 14° £0.31+0.21° T
HY, KFFEOFREHKL ThE o7z, L, £
DIFFEIE 1 2 DBAMRE 7 VA0 L TIEH R %11
MEEL, ZOHDPLEAELIEAIZ L DOV E ZD
D i & DFFAEE KD, REOHBMEZHEL2DD
Thb. TH LAIZE T, F—BE O - il
ETN, Thbb2O0ORRDETVIIERE L
BWOXERPLZO—FELXRELZZIDOTHS. Lol
BHNL, TOWEOMEDEIENITH 72, T2
MSPh & MSPs®D 75 Cd % i f ¢ 0. 505° % KR B 12
WHT 2L, RO 556, 73mm D i i T0. 50
mmDFERHEEEE D, F 72 A S H30. 505° T H
BELA%0. 150mm® & %, ZZHEH E 22 517, 02mm O i g



The Dental Journal of Health Sciences University of Hokkaido 31(2) 2012

WZAZE L CWARHEIC 2 5. MSPh& MSPs® 1 i ¢ 13
FKIEERILE LTI SN2 ER IR PRI O HEE L Y
bRED- 728, ERIEHLIZIZRABEOME R L 72,
CHUIRMOME DS O K& BN WE & & EIR
L, SOZHMADOKE SIZZRKITEFVHIZB W TR
IRHIZ T3 29 e Ez2 b,

AL TR IR O IEFr 4 1F: 9 BT iE B #E %
MR Lz 4tk SRR E LWIERZ
) FAAE B EA L, il S A B SR O
BIMEE BN EREAE L2 W L 2 MERT 5 2 LW
TEBbhb. T/, KREIZETIE, HKETBIRIEEDRICE
VY % SRR A AR R PSR L, BOs SR & Aol
BB T 5 2 L CIEPRIRPIZHEE L7z, 2hid
AL ] B O T RS B T & SR A TG R TH 5 2 &
REPRICATON TR Y, MR A SRR L LT,
iR A% % A B NI 3 PR LS L AV 2 /59T b ARAFE & [l
FROMGRE LD L ERMERT LI LNV ELEDNS.

] E]

1, BRRUEHETAE SR 1 % OWEHRATSW O 720 123k
% L 7-CT-DICOM 7T — ¥ & fI\», Tl - ki #l#k € 7 v
AR L7z, TE TV O IEH R 1 % 2R R
WX DHR L, ToREN, BEH (n=10) #HAEZR
L, RSBV ERTAEL 7.

2, ERVEFE A BB 125 OWHHTZ I O 720 124
% L 7-:CT-DICOM T — ¥ & fi\», Z1 & OHMEE 7
NVERER L. 2510w T Lz IER 2R o
SRMEBEMRGT L7225, BOHBEZRLZ.

3, IR, 4 OWET— 5 H S8 5N 720 - 5kl
HARE T IVIZOWT, KETBIRIERED: 2 Tl L 7:
IERRIRFHEE O ZRIE DT 0T B0 BEHFEE S
niz-.

Ll &b, AREFZEIC BT 2 5B 1 #i % CT-DICOM
T I L DA SNI2ZRITETVIIBWT, KB
RFLAEF: 2 TR L 72 B R, R H 3
LU EAL, BRICHITETH S Z LA H
Loz,

X (73

Adams GL, Gansky SA, Miller AJ, Harrell WE Jr &
Hatcher DC. Comparison between traditional 2—dimen-
sional cephalometry and a 3—dimensional approach on hu-
man dry skulls. Am J Orthod Dentofacial Orthop 126 :
397-409, 2004.

Baik HS & Kim SY. Facial soft—tissue changes in skeletal

(99)

37

Class III orthognathic surgery patients analyzed with 3—
dimensional laser scanning. Am J Orthod Dentofacial Or-
thop 138 : 167-78, 2010.

Benz M. Ergebnismodellierung und Qualititskontrolle
Krani —ofazialer Operationen auf Basis optischer Mes-
stechnik. Frie —drich — Alexander — University Erlangen —
Nuremberg, 2005.

Besl PJ & McKay ND. A method for registration of 3—D
shapes. IEEE Trans Pattern Anal Mach Vision 14 : 239—
256, 1992.

Cevidanes LH, Motta A, Proffit WR, Ackerman JL &
Styner M. Cranial base superimposition for 3—dimensional
evaluation of soft—tissue changes. Am J Orthod Dentfacial
Orthop 137 : 120-129, 2010.

Chen Y & Medioni G. Object modelling by registration of
multiple range images. Image and Vision Computing 10 :
1145-155, 1992.

Choi JY, Ckoi JH, Kim NK, Kim Y, Lee JK, Kim MK,
Lee JH & Kim MIJ. Analysis of errors in medical rapid
prototyping models. Int J Oral Maxillofac Surg 31 : 23—
32, 2002.

Damstra J, Fourie Z, De Wit M & Ren Y. A three—dimen-
sional comparison of a morphometric and conventional
cephalometric mid—sagittal planes for craniofacial asym-
metry. Clin Oral Invest 16 : 285-94, 2012.

De Momi E, Chapuis J, Pappas I, Ferrigno G, Hallerman
W, Schramm A & Caversaccio M. Automatic extraction
of the mid—facial plane for craniomaxillofacial surgery
planning. Int J Oral Maxillofac Surg 35 : 636—642, 2006.

De Oliveira AE, Cevidanes LH, Phillips C, Motta A, Burke
B & Tyndall D. Observer reliability of three—dimensional
cephalometric landmark identification on cone—beam com-
puterized tomography. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 107 : 256-265, 2009.

TR ERSEFICBTLERY) 2 -T2 T T4
Y—va 2o, HBSESEE 19 1 -10,
2010.

MEINAL AEExR BHECZ, BHE—, 4 AR
. BBETFHoavEa—ry3Ial—varok
DOZRITIEHME ¥ AT A, HEZEE 10 @ 281
—289, 2000.

Gateno J, Xia J, Teichgraeber JF & Rosen A. A new tech-
nique for the creation of a computerized composite skull
model. J Oral Maxillofac Surg 61 : 222-227, 2003.

Gateno J, Xia JJ, Teichgraeber JF, Christensen AM,



38 Yoshiyuki TSUJI et al./Reproducibility and appropriateness of the facial midsagittal plane extracted by a surface-based method-Evaluation using the CT DICOM data-—

Lemoine JJ, Liebschner MA, Gliddon MJ & Briggs ME.
Clinical feasibility of computer—aided surgical simulation
(CASS) in the treatment of complex craniomaxillofacial
deformities. J Oral Maxillofac Surg 65 : 728-738, 2007.

W AR, ADINEN, I, A ARE—. B
D e AR BRI (2 W 2 1R A R HE SIS B S 5 AR
. BRI 32 136137, 2009.

Hartmann J, Meyer—Marcotty P, Benz M, Héusler G &
Stellzig—Eisenhauer A. Reliability of a method for com-
puting facial symmetry plane and degree of asymmetry
based on 3D-data. J Orofac Orthop 68 : 477-490, 2007.

W s, TR e R E O FEBR T BB R ICH
B BREREO =KICoHT. HEZAEE 8 :157-
169, 1998.

Jung YJ, Kim MJ & Baek SH. Hard and soft tissue
changes after correction of mandibular prognathism and
facial asymmetry by mandibular setback surgery : three—
dimensional analysis using computerized tomography.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 107 :
763-771. 2009.

wH R, RSN 5 TWZN, BEEE Bk
MO RH, wAGHE RE, R, SUREZH  F
ERIEGRHET b7 A, H 1M, EEEHR, *
3%, 2001, p93 —98.

e, &l B O XEBER O v =Rk
Tk 7 7y Z A0 L HKRISH. INNERVISION
17 + 53, 2002.

Katsumata A, Fujishita M, Maeda M, Ariji Y, Ariji E &
Langlais RP. 3D—CT evaluation of facial asymmetry. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 99 : 212—
220, 2005.

Maeda M, Katsumata A, Ariji Y, Muramatsu A, Yoshida
K, Goto S, Kurita K & Ariji E. 3D-CT evaluation of fa-
cial asymmetry in patients with maxillofacial deformities,
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 102 :
382-390, 2006.

FLEREE. ZWOCIR PRSI 0 JEHE & & 3 e SR TE 2
Z 75 Z T XRCT B HGE T2 D W T ORFJE. H At
Be 47 1 380—393, 1988.

B 5, &EA MERERHN. - mEER AN
HATHE. M v ¥ a— s WiEdE 30, 30T
F5HtE 5 1990, 41-47.

Meyer—Marcotty P, Kochela J, Boehmb H, Linzb C, Klam-
mertb U & Stellzig—Eisenhauer A. Face perception in pa-

tients with unilateral cleft lip and palate and patients with

(100)

severe Class III malocclusion compared to controls. J Cra-
niomaxillofac Surg 39 : 158-163, 2011.

HIHER., BHEOBURE R, N A A D=L
& 14 :207-215, 1990.
BEHE. B XA TR O JERE.
WA Ty AR 1999.
Mizoguchi I, Uechi J, Shibata T, Tsuji Y, Okayama M,
Muguruma T & Hayashi K. Three—dimensional (3-D)

CR T

simulation of orthognathic surgery using a multimodal im-
age—fusion technique : In silico Dentistry —the evolution
of computational oral health science—. Osaka : Medigit,
2008, p125-128.

HOKT, FIRHEE, EHRS, PERE, FAE
i, FEAJHE. = RICCTH & 2 F v 723U H AR K
NI OB AT & B = RTELE 7V D
# %, Anthoropological Science, AF&EE 111 : 35—
49, 2003.

FRath. B~ — % > 7 % H o 72 BRRLER = Yo i
GEHAE DM, BRHaEE 36 1 —11, 2009.

AR, SFHE A, FEREKR, Carmen EG, FHRHIE
—, AEHSEIR.  FEREMRE IR = KT TR 2 &
OFFFFEICB T B A, B &as 31 0 147 -
152, 2001.

WA, RABAE, A 8, SR, OKREPRE
s6, E fE—, B OfER, MR, AR, CT
DZRITTHESARIC X B 51T ORI B 2 W78
AR EE MRS, HIOAbEE 43 1 177 - 181, 1997.

Nishii Y, Nojima K, Takane Y & Isshiki Y. Integration of
the maxillofacial three—dimensional CT image and the
three—dimensional dental surface image. Orthod Waves
57 : 189-194, 1998.

Nkenke E, Zachow S, Benz M, Maier T, Veit K, Kramer
M, Benz S, Hausler G, Neukam FW & Lell M. Fusion of
computed tomography data and optical 3D images of the
dentition for streak artefact correction in the simulation of
orthognathic surgery. Dentomaxillofacial Radiology 33 :
226-232, 2004.

Nkenke E, Vairaktaris E, Neukam FW, Schlegel A &
Stamminger M. State of the art of fusion of computed to-
mography data and optical 3D images, Int J] Comput Dent
10 : 11-24, 2007.

BIE R, kB, FA K EiEIESHRo 3 ke
AT (55 1 ) — SR E IR 0> F B R E B 0 B % -
HIEA4EE 42 1 599-601, 1996.

O’Grady K & Antonyshyn O. Facial asymmetry : three—di-



b RO A B SR

mensional analysis using laser surface scanning. Plast Re-
constr Surg 104 : 928-937, 1990.

Park SH, Yu HS, Kim KD, Lee KJ & Baik HS. A proposal
for a new analysis of craniofacial morphology by 3-di-
mensional computed tomography. Am J Orthod Dentofa-
cial Orthop 129 : 600. e23-34, 2006.

Park JW, Kim N & Chang YI. Comparison of landmark
position between conventional cephalometric radiography
and CT scans projected to midsagittal plane. Korean J Or-
thod 38 : 427-436, 2008.

Profit WR, White RP Jr & Sarver DM. Dentofacial asym-
metry. In : Contemporary treatment of dentofacial deform-
ity. Ist ed. St. Louis : C. V. Mosby ; 2002, p574—644.

Rusinkiewicz S & Levoy M. Efficent variant of the ICP al-
gorithm. Proceedings of the 3DIM 2001, 145-152, 2001.

Ryckman MS, Harrison S, Oliver D, Sander C, Boryor AA,
Hohmann AA, Kilic F & Kim KB. Soft—tissue changes
after maxillomandibular advancement surgery assessed
with cone—beam computed tomography. Am J Orthod
Dentofacial Orthop 137 : 86-93, 2010.

EEEL M —3k, ki B I E ST
XMECTHIFR D =R ITTHFHESEZ BT 2 CTAEBR fiti ik € 12
DWW, JBEFERHREE 29 1 191195, 2010.

Sohmura T, Hojoh H, Kusumoto N, Nishida M, Wakabay-
ashi K & Takahashi J. A novel method of removing arti-
facts because of metallic dental restorations in 3—-D CT
images of jaw bone. Clin Oral Implants Res 16 : 728-735,
2005.

HEAEZ, A 2. SEHERREO B, =R
5. BUCHIVEH G IE G O BlG & 20, 3 1L R
5L R R AR 5 2000, 11-28.

AR S, — B, B~ BEEIEFROXMCT
3 RITHIRRZ I BT % BRI O HATE.  sikha~
101 : 1195—-1206, 2001.

SRR R TRV E SRV ERTEE s L Sa e Ca es

(101)

31(2) P44 39

SPUSHEZ, KBIMZET-, WA, T, RS
A AR ML R, hRERE. SERRERE
2B B HBHIERE D ZKITHA Y AT A DORZE.
Orthod Waves Jpn Edit 64 : 114-124, 2005.

Trpkova B, Prasad NG, Lam EW, Raboud D, Glover KE
& Major PW. Assessment of facial asymmetries from pos-
teroanterior cephalograms - validity of reference lines. Am
J Orthod Dentofacial Orthop 123 : 512-20, 2003.

Uechi J, Okayama M, Shibata T, Muguruma T, Hayashi K,
Endo K & Mizoguchi I. A novel method for the 3—di-
mensional simulation of orthognathic surgery by using a
multimodal image—fusion technique. Am J Orthod Dento-
facial Orthop 130 : 786-798, 2006.

b, b fRZ, K BRI, AR —K SeHE
fo, L3, WO R avYa—yEEBK - T
i (CAD/CAS) D7z ORIEEF T 7 v O LK — I
BALE A DEOME —. JLEBREE 29 0 73-81,
2010.

Xia J, Ip HH, Samman N, Wang D, Kot CS, Yeung RW &
Tideman H. Computer—assisted three—dimensional surgi-
cal planning and simulation : 3D virtual osteotomy. Int J
Oral Maxillofac Surg 29 : 11-17, 2000.

sz —, SFEEN, PNE—, PR, NEoZ
A, BREURH, mHEE—, Ak ), EAHY, K
F3C, pk Th. BURIENERZE A D SRR ST A
BB 2 FUBIE T R OWHLRRZ LI 05 2 kil

MAALD =Wt Hr. HEEER 15187 -9,
2005.

FUS = %
S
A i PR B AR A AR B RE - R T SRR T R e AR 0 é
Wl 2
PH124E 3 H G R R A R A S S
PII24E 4 A dbiigE R A AR AV R 255 1 Gk IE RIRAIME IR 5
PII3E A A bl R B B OISV R 58 1 G E kel T é
SPIISAEI0H bl R B 3B LIPSV 58 1 alie BT S
SPIRL9AE 4 H AL E RS o IR R R - R SRR R SRR B
# S
BACES. %






The Dental Journal of Health Sciences University of Hokkaido 31(2) (41-45) 2012 41

(Review)

A Description of Dental Health in Indonesia
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Abstract

The condition of Indonesia as an archipelago country
that has numerous islands and a huge population gives
it a diversity of cultures and customs with different
characteristic. Diversity is also associated with many
aspects of health behavior. Although the Institution of
Dentistry was founded long ago in Indonesia (1928),
Indonesia still encounters problems in the field of den-
tistry, including a high prevalence of dental caries
(72.1% ), a high prevalence of periodontal disease
(62.7%) and low public awareness of dental health. The
fact that Indonesia consists of numerous islands also

makes it difficult to achieve distribution of dental care.

Rural communities in Indonesia have less access to
dental care than urban communities do. To overcome
these problems, the government of Indonesia has under-
taken efforts to increase the promotion, preventive and
basic dental care in community health centers, hospital,
school (UKGS), in the community (UKGMD ) and den-
tal health partnerships. In addition, to produce an ade-
quate quality and quantity of health personnel who are
skilled and professional, the Indonesian Medical Coun-
cil has prepared a set of Competency Standards for
dentists since 2006. Therefore, Indonesian people are

expected to obtain prime dental care.

Key words : Dental Health Problems, Indonesian Goverment Policy.

1. Regional Overview of Indonesia.

Indonesia is located between 6° north and 11° south
latitude and 97°—141° east longitude ; it is located be-
tween two continents of Asia and Australia. Indonesia is
the largest archipelago country in the world, consisting
of 17,500 islands. There are five major islands : Suma-
tra, Java, Kalimantan, Sulawesi, Papua (bordering Papua
New Guinea).More than 80% of Indonesia is covered
with water ; the country’s land area is about 1,860,360
km’.

With a population of 237.56 million people (2010),
Indonesia is the world’s fourth—largest country in terms
of population. Around 60% of the Indonesian population
lives on Java, though Java comprises only 7% of the
country’s total area. Indonesia is administratively di-
vided into provinces and districts. Between 2001 and
2006, the number of provinces expanded from 27 to 33.

Each province is subdivided into districts : decentralized

administrative units and municipalities (Ministry of
Health, 2011).

To realize the national goals, national development
need to proceed in a planned, organized, comprehensive,
integrated, targeted and sustainable manner. It takes
strong, independent, and qualified human resources for
national development to be organized well ; also, for
health development, it is necessary to raise awareness,
willingness and the ability to live in a healthy manner
among everyone (Article 3 of the Health Act., 2009).

2. History of Dentistry in Indonesia.

Before 1928, there were no institutions of dental edu-
cation in Indonesia ; therefore, dental health profession-
als (dentists) needed to come directly from Europe (usu-
ally the Netherlands). However, the number of dentists
who were willing and able to work in Dutch East Indies
(Indonesia) at that time was very limited, and even then,

they mostly served Europeans who lived in Indonesia. If

ZAF P24 T 5 H 2B PI244F10H11H
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native Indonesian people suffered from dental disease,
they were mostly taken to shamans or healers, who used
traditional medicine or left the problems to heal by
themselves. The common people assumed that dental
hygiene was not important. To anticipate that condition,
in April 1928, Dr. Lonkhuizen, Head of the Department
of Public Health (Dienst den Volkgenzonheid) proposed
to the Director of NIAS (Nederlandsch Indische Artsen
School) that the school provide education in the field of
dentistry. Therefore, the Institute of Dental Education
was founded and named STOVIT (School Tot Opleiding
Van Indische Tandartsen) in Surabaya. The first Direc-
tor was Dr. Schoppe. In July 1928, the school officially
opened with 21 students. The curriculum was designed
such that students could complete their dental education
in 5 years. When the Japanese army invaded Indonesia,
STOVIT suspended operations for 1 year.

In 1943, the Japanese government reopened some of
the education Institutions in Indonesia. In May 1943,
Ika Daigaku Senmenbu Sika (Institute of Dentistry)was
established in Surabaya. The first head was Dr. Takeda
and in November 1943, he was succeeded by Prof. Dr.

Imagawa.

DJAKARTA IKA DAl GAKU

Fig.2. Symbol of NIAS 1942-1945

When Indonesia independence, lka Daigaku and Ika
Daigaku Sika Senmenbu were liquidated. In 1946, the
government of Indonesia establised The Higher Educa-
tion of Gadjah Mada in Yogyakarta. In 1949, The
Higher Education of Gadjah Mada became Gadjah
Mada University and The College of Dentistry changed
its name to the Faculty of Dentistry (Rintoko, 2011).

Today, the disciplines of dentistry specialization in
dentistry are conservative dentistry, orthodontics, oral
surgery, periodontics, pediatric dentistry, oral medicine,
prosthodontics and dental radiology. In addition, aes-

thetic dentistry has begun to be developed in Indonesia.
3. Dental Health Problems in Indonesia.

Despite the longstanding availability of the field of
dentistry to the population of Indonesia, the prevalence
of dental caries and periodontal disease are still high.
According to Riskesdas, in 2007 (Basic Health Re-
search), the prevalence of dental caries was 72.1% and
as many as 46.5% were active caries that had not been
treated. In addition, dental caries tend to be more preva-
lent and tooth decay tends to exist to a higher degree
among older individuals. Dental caries is a chronic dis-
ease that generates frequent complaints. The disease is
disruptive children and adults, having a profound impact
on overall welfare, daily performance, and maintenance
costs (Subagyo, 2010).

The prevalence of periodontal disease is also high, at
around 62.7% (Maduratna, et al., 2010). Periodontal dis-
ease is chronic disease and usually painless ; therefore,
people do not realize that they have it. If not treated,
periodontal disease leads to premature tooth loss. This
has an impairing impact on quality of life.

The other data from Riskesdas, 2007 indicated that

Fig.3. Faculty of Dentistry, Gadjah Mada University, Jogjakarta at present.
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although 91.1% of Indonesian people over the age of 10
years brush their teeth daily, only 7.3% do so properly ;
the results of this study indicate that the Indonesian peo-
ple’s awareness of dental health is still low (Wibowo,
2010).

The Chairman of the Indonesian Dental Association
(PDGI ) revealed that Indonesians have an average of 5
damaged teeth (DMF-T=5) per person, only 1% are
successfully treated. Approximately 25% of these teeth
are still in a state of decay, and 75% of them may con-
tract gangrene or need to be extracted because their con-
dition is too severe. These data reflect the lack of dental
care accessible to the people of Indonesia. Therefore, a
larger number of direct efforts to prevent caries and
maintain healthy teeth must be made (Wibowo, 2010).

Another problem with dental health services in Indo-
nesia is that an average of only 720 new dentists per
year are generated, and the current ratio of dentist to the
population of Indonesia is 1 : 30,000. Further, these den-
tists are not evenly distributed and tend to gather in ur-
ban areas, whereas 70% of the population of Indonesia

is located in rural areas (Moeis, 2004).

4. Solving the Problems of Dental and Oral
Health in Indonesia.

To solve the problems of dental and oral health in In-
donesia, the government have taken some steps -

a. Promotion, prevention and basic dental health serv-
ices in community health centers.

b. Promotion, prevention and individual dental health
services in hospitals.

c. Promotion, prevention and dental health services in
schools through The School Dental Health Effort from
the kindergarten to senior high school.

d. Community— Based Health Efforts (UKBM).

e. National and international oral health partnerships
(Sec. Gen. of Ministry of Health, RI, 2011).

To realize these steps certainly requires adequate lev-
els of skilled, professional personnel in terms of both
quantity and quality. To produce qualified healt work-
ers, a quality educational process is needed as well.
There are currently 16 institutes of dental education in
Indonesia. To improve the quality of dentists in Indone-
sia, Competency Standard were implemented in 2006.

The objective of Indonesian Dentist Competency

Standards is to stipulate minimal capabilities that need
to be possessed by dentists who perform dental services
in Indonesia. Because of these standards, the community
of Indonesia is expected to obtain oral health care of al-
most uniform quality. The Competency Standards repre-
sent a statement of required competencies that attempts
to describe the levels of knowledge, skills and attitudes
that need to be held by new dentists.
The Standards of Competency are as follows -
Domain I : Professionalism.
Skilled, responsible, and ethical practice in the field
of dentistry in accordance with relevant laws.
Main Competencies :
1. Ethics and jurisprudence
2. Critical, scientific and effective analysis of
health information
3. Communication with  patients, community,
peers and other health professionals.

4. Sociocultural aspects of dental and oral health.

Domain II : Mastery of Medicine and Dental Science.
Main Competencies -

5. Basic medical sciences (to support for diagno-
sis and treatment).

6. Clinical medical sciences (for consideration
during dental treatment of medically compro-
mised patients).

7. Basic dental science (oral biology, biomateri-
als, etc.)

8. Clinical dental science.

Domain IIT : Physical Examination of General and Sto-
matognathic Systems
Examination, diagnosis and treatment intended to
achieve optimal oral health through promotive, pre-
ventive, curative and rehabilitative activity.
Main Competencies -
9. Examination of the patient.

9.1. General examination of physical and sto-
matognathic systems by using clinical,
laboratory, radiologic, psycological, and
social data in order to evaluate the pa-
tient’s medical condition.

9.2. Recognition and management of the be-

havior of patients in a professional man-
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ner.

The agreed—upon Standards of Competency are useful
for institutions providing education in dentistry, espe-
cially in the preparation of their curricula. Each educa-
tional institution may add to and develop the competen-
cies, which are considered to be important to the gradu-
ates (as they are needed in local public services)(Indone-
sian Medical Council, 2006).

In recent years, oral health care in Indonesia has been
considered in terms of aspects of environmental health.
Hence, green dentistry has begun to be developed in In-
donesia. Green dentistry is the provision of oral health
care by using technology, procedures, and materials that
maintain environmental health and care for the earth ; it
uses technological innovations that improve efficiency
and effectiveness of the treatment in addition to reduc-
ing the amounts of waste and pollution in the environ-
ment. The steps toward green dentistry can be summa-
rized as follows : 1. Management of medical waste : us-
ing dental materials that are non—toxic in order to re-
duce waste. Some ways to reduce toxicity are to reduce
or eliminate the use of hazardous materials through
methods such as setting up equipment for environmen-
tally safe disposal and the use of other materials that are
safer ; 2. Reduction of energy consumption, for example
by using energy— saving lamps and avoiding the use of
air conditioning in dental practice ; 3. Reduction of
water consumption, for example, by using mouthwash
glasses that can be recycled ; 4. Use of recycled and en-
vironmentally friendly products ; 5. Understanding and
application of the concept of green building : eco—
friendly concept is to maximize the utility of ventilation
and windows in order to reduce the use of air condition-
ing and artificial lighting ; 6. Use of digital X—rays : be-
cause they do not require processing with chemicals,
they reduce the patient’s and the operator’s exposure to

radiation (Sedyaningsih, 2011).
5. Conclusions

Dental and oral disease is an integral part of general
health. By increasing life expectancy of Indonesia popu-
lation, oral health plays an important role in quality of
life. To overcome dental health problems in Indonesia,
the cooperation among government, university and com-

munity must be increased. Government developes efforts

to increase the promotion, preventive and basic dental
care. Universities produce an adequate quality and quan-
tity of health personnel that is based on the Standards of
Competency. Community is expected to maintain and
improve their awarness of dental health. Oral health care

must consider in terms of aspect of enviromental health.
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7 — ¥ et (TRAPZH:ff), Single—standard DNAB X OF
cleaved caspase 3 FLIRIC & 5 2 ERFERA 2 17V OLFBH
Wb L O R L — - B W G DO BIE &
172

] £
1. H-EZefll X 2 sl & AR o8 IRg 1922 1L o 18

23

WOBE) 217> TR W IREEOH-ERGR T,
M &bz > TRIF—EDEERL Tz, —
T, FEEBRETIIREIC L2 BENOMIIZ L - T, il
AT S22 L CW 5 OD R SNz, MR 6
¢ ] H T8 — F B AR AR R L — SR 8 (R 3 S 7z
A, MREOEVE IR SN h o7z, fif EAHT 1280 H
U, MRREELC &0 BRI ASPE IS R Y R4 L
FER A L, BRI S =4 ¥ IChFge L, S THk%
£ LTS, 1 HHICIZAE T ARZEVEALRR o # P A3 95K
L, 6o ROON. TO%O2HH, 4H
HTIE, RO HEH O RBD 5, A
Y MENDOE A Y MIROBEOW ISR LNz F72,
A1 RS PEALARE R 35 W TRl B O IRIATRR O B
7z, 251027 HE A FARZ AR X S b S <
o THBY, SRHE RISV TR X 28I
A5, W TAREMERSE B BV TR RIIC X A 2 b
HOWIND RO SNz 14HH TR OBEIRT L,
MHRASEE LA FARZEE IR S, 2 ToT v Ol
MRS 23 A L s AR oo g 1 e HELARE & [ BE & Il
BLTWBDNASNT:.

2. TUNELEEIZ X AT R b= 20BI%

SEIE T S B IR & i LT, kA v
FPERHRBEIZBVWC6RBErOETDOT v M T
TUNELF MR AR sz, 20k, £ToF v b

CTUNELFG I I R g I m 2R L, 2 H#
¥ TR B I s 7. F 72, 2 HE TR

PEMITIEE X 2 FEERICE S ALR, X Y MEOEK
J& CTUNELFZPEMINE 2% < RRD Hiv7z. 4 H H DR
FEIRE I I TUNEL B PRI I 13 gk A 277 L, 14HH T
BRI & Ok 2 & MR IC 3\ TTUNELE; PR
JIZRED SN o 72,

3. single—stranded DNA & activated caspase 3 & D 5% —.
HYREIZL DT A= 2B

OB E) % 4T > TV % Wt IREE T 13 single—stranded
DNA & activated caspase 3 DB IEA LN A o7z, L

ML, FEBRIETIE, AEA 120 H 2> & 2P oM
Tox 2y NEDOFERE L R TR EEOEOssDNA & fk
47 D activated caspase 3 D B ASH T 27D H 1L
72, F72, ssDNADAIZFIE L TV AHES RSN S.

1 HHTIE, ZMUHMoBETOR 2y NMEOEKE -
WETEL D7 E =Y 2O GREEE L kst
DORIE) BROLN, ZTOHEMABILKL T/, 2HH
Wi 2 v MERERIECO 7 R b= A0 KIS
LCw7. F72, activated caspase 3 72T IS LT 5
MmNz, 20k, 4AHHUBEE7Z7RF—=3 20
A sng, x oy Mg, WiET, EEshTn
TR T OO MIEDTRD S 7z,

INSORBENPSTRN—=YZ2OKINE 1 HHD
E—27TH), ZOBRIIRFFHHIT 5T &R S
n7.

4. TRAPHALIZ X 2 M ki & w1852

ff EALA 6 BERE - 12 H Tld, & x v MERHEMR
B, BRAEE 2BV CTRAPH ML IZEEO b e 2o
7. 1H - 2H - 4 HH»SEMERMICBERE L 722kl
KRBV THEMICY T 5 72 TRAPR; PEMIIL o H L 25
AENTz. 7THHD?OWMFREEMBEOFEHIZ W TE
A MEFERE MO MBS b, 251214
HHIC 3o asigmL, 2o MBI 5
ZH R T Wz L b 2 5O FIzB v Tl
ThY, AV MNEORHRBILAED Sz,

Z 23

RIS BN TIE, RISIMERS 6 K E25 2 HH
T T, A FRREERR B Lo x v FVERBO
2 ¥ MBS DR, TUNEL R M RO Al i o
I, B X UssDNA & activated caspase 3 FUIR I B Pk R 72
EOT R — ¥ A DOR R RS M AR AR
PRICEIZE SNz RIS X 0 MRS 7 R b — > A2k 5
CLRELAILGN TS Z e S, TIUIANZE T
L722EEIZ XD F vy MRS —HE IR0 5
S, HAANE IR N AR U AR B A3 8 S UL O
WMDY, BERLKEVSMIBIATE DS Lh o
LB bDEEEZEZLNL. ThbnZ kLD,
B ORBEWLNICEED SNzt 2 ¥ MEMITL oM RE D
EALZ, TR =V ATHDEEZDN. /2 X
Y M T AR b =Y ARSI A SN, AT
B IS TRAPR AR 2SN BL L & X >~ N B O WA
L7z I B SE2BOFIINO Kt & & <
HFBLTBY, TRF=VRAZRI LAEMOU
AR SSILBILCTa 2 2E2 5L, XV Milao 7
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fagt (7R —=R) 205 MR 1200 £
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WINZEFHREZ b 2 AR SN/

-- -------------------------------------------------------

¢
% BN %
2 I3 LR A 2
¢ THRAE 3 LR RICE A B B R L T ¢
: PR A ] ACHREIRAE I RS - BT ER  MRMEIE 0 :
2 (LI T- 2
¢ ¢
¢ ¢
¢ ¢
¢ ¢
¢ ¢
¢ - - ¢

(113)



52 B R AR 31(2) (52-54) “Pi244F

FGF-2J, O'BMP-2%%t | iR BRI R 12 3 W TRk AR IC 5 2 5 5%

FEURE #1F

i BRSPS A - A%

R B TR AR B

Effects of FGF-2 and BMP-2 on the tissue regeneration
using PDL derived cells

Tomohide UEYONAHARA

Division of Periodontology and Endodontology, Department of Oral Rehabilitation, School of Dentistry,
Health Sciences University of Hokkaido

Key words : & b EitRIBESHINEHE, FGF- 2, BMP- 2
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PLAE,  SRARTERGHE S M B R - (FGF-2) R BJ TR
7 %7 (BMP-2) % &0 A b A A VA HALRRE
AREICBWTIEH S hTwab. FGF-2i%, [ZRg, i
B WmEhE, SFSERMBEOBBICELET M
A ERFO—>ThHY), ZoMXxixFiz, AFEOH
W, MEFErMRTIETHAH. BMP-21, &, e
DOFELMEFFCECEELTBY, TSN ERL
BHEEZAL TV Y YNV TH LD, ZOMMEXI1EFIC
RPEOFHFERTH 2 L SN TS, FGF-2%
BMP- 23 s MR b O il B il & AL & et L, o6 9
WX Y Kbz MR E AT S LICRE ST
LT ENMEESNTVS. LAL, b b

(HPDLAIIEEE) 128\ TFGF-2 % O'BMP-2D A H.AEH]
WZOWTOHEIEIA W, 22T, RWFFETIX, FGF-2
Je O'BMP-2 HPDLA S HE (35 CHRLBRFFAE 1S, 431
EHRE B BRI E D & ) B E RITT O
PET A ERHBE LT

5 &

I

1. FEBRBY & FE

FERENY T 4 RO HEYE R — K< 2 (BALB / ¢ Slc-
nufRE @ f920g) % 1 EBOBIENRZ B &, FEERICHE
M L7z, SiRFH24°C, WHRFI2ER R O b & TR
BHLKABHICE 2 THE L7z, REBRITILEREK

FEFEBRO KL OKRF 5
7z.
2. HPDLAMILHEDERIL

HPDLAM 1 3Ab il B R P i R NFE 2 ) = 7 %
2 LICBBEICTBWT, HE ERALEE L T LikE:
L 72 3 RO vk @ i AR IR AL 2> & outgrowth ik (2 THYGH S
&, 3MfEREEZERILL, N ZMNHPDL1, HPDL 2,
HPDL 3 & L7z, Z @ FEBRET ] 13 b il 3 R 98 K5 B o
i - RFBER ARG B R B X O REZH T D K
AR FT 0 18).

3. b A BRBR GO B 0 B

v bk 2 AR B P pE (NS-101, B HH 8k TR)
AHCTHAERGH T THBL, S2BK12
(2 %HNO;, pH2.0), 7605 GHFREEAK), BEHzR
2120 ATV, USRS o B R (Demineralized
Dentin Matrix : DDM) % 157.

4. BENT

WERTFELT, Vary¥+ ¥ e FBMP-2 (R&D
Systems), ' 3 ¥ ¥ ¥ bt NFGF-2 (BHWFEE) %l
MU7. &L LTPBS%Z v, FGF-2{AWIE 2 pg/
site, BMP-2{A13 5 pg/site& 7 % £ 9 ICHEE L 7.

5. HURLAR O %

HREARLIZIE, 84K E L CDDM (20mg/site) %\,
B4 AMilgE L CHPDL1, HPDL 2, HPDL3 ®Zi
Fhve v, ML RELZ. KERTFOM 512
(&, OMEFINEE, QFGE-2#, GBMP-2#, @FGF-2+

D HE014Yr) R TATo
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BMP-20F I #E D 4 Sefh 2 i L7z, Atk & L C,
DDM & 3 2 OHPDLMIEHEE & O MEMIK A 5 7% % 4 B
A FMFORERTFERGTH2 12X oT, 16540
BUREAR 2 AR L7z
6. MR Bz T I

2= N7 AR T o 72k, 1S 720 HE
KT 2A0Rry M2, 15&4H720 4 A7,
F1320L64 7 FrHLAEAR 2 SRR L 7.
7. HYE R OfER

MR 4 BRI REAR L, MARZ SN L, 10% PRk
Fv= ) I 24N METRE E L7z, 10%EDTAE
THIK L7212, 8974 AL, EE3umoyhi %
TERLL 72,
8. Reverse transcription-polymerase chain reaction (RT-
PCR)

i L 72 #1#% % ISOGEN (Nippon gene) |ZiZ{E, &E
VFAXL, BRNAZRMN 71 b3 — VIZhEnih L
721, cDNA % cDNA reverse transcription kit (Applied
Biosystems) % M\ CHH L72. PCRIZTaq PCRI 7 F
v b (Qiagen) ZHWTIT-7-. EMEETELTR b
glyceraldehyde - 3 - phosphatedehydrogenase (GAPDH) %
v, forward/reverse 7 7 A ¥ — & L 72, PCRIIE
FEWNZL. 5% (wiv) 7 HH—A (Sigma-Aldrich) 124
W%, TF YT LATEYA FTHM L, Light Capture

(Atto) ZHWTHBIZEL 7.
9. FH LSRR oMLk R Blg: & AR - Bk E i
JSES DT

TERL72EWO AT PR ) v -2 Dy
(Hematoxylin-Eosin : H-E) H¢th % fiti L, JG-@@ifssi THl
MBS, 156t d 720 EZ 12 5 B8 (F55£100
) %O 1 BLEFY 72 ) ODDMJEPHICAEAE S 5 LBk %
GOEPERMEEZMEE Lo Estl Lz, 72, H
FRIC T Sefbd 72 0 WA 5 P 28 Y 1 gl 4720 o
DDMJE PHIZAFAES & B D lif B & 'DDMO [ 2
Image J (NIH) (2 CaHll#%, #HAEHEEEEG Fddgo
Ifif%  DDM® i) Z 5 L7z,
10. HEEHEAT

AHAVARS RITPIME + BEHE R A2 TFOR L, Steel-Dwassis:
B & O'Wilcoxon D NEAZFIRE % v TH K% 0. 0512
TR L 72,

] £

GAPDH mRNADFEI % i< 72 454, HPDL 1, HPDL
2, HPDL 3 O E R THERINEED SRt L 72k o 4
TH 5, t bGAPDH mRNADFEBIASA S 72, HPDL

M B DA 2B D 5 $FGF-28F TR INEE, BMP-2
BEE LR L CHRICE L OMBE DA SN 05H BT K
A ONRD o7z, X SICFGE-2BE T, MM EE X
HPDLM#E 2 S LR X D A RICEZ K OME B S
N7z, HPDLANNEH % & TrBMP- 2% T3 78N #E, FGF
-2#£ B X UFGF-2 + BMP-20F I & Ui L CH ICH 4
FRKEELEML 7. & 512, HPDLMILE % & &
BMP-2#E T, MEAIAEBMP-2%#F & bk L CAHEICHi A&
FRKEEGHIML TW722s, MERICIZEZ RO RN
- 72. HPDLAIN#E % & £ FGE-2 + BMP- 26 HI # T g,

I B0 MR N BE R BMP - 28 & JLi L CAT B ACHE I L
7o, F7-FGF-2BF LKL CHHBEOMERTH -
7. =7, HBEOEHICBVT, HAEFEREA X
BMP-2RE L IR L THEWEA L7z b oo, HPDLANE
B2 & O MR & g 5 S AR L 72, HPDL
1, HPDL 2 % & #»FGF-2+ BMP-20f I B T3 % % HL
D PHE & D IHAE DTSR B T

Z 23

RT-PCRO# %, HPDLAMNBAE % & T it & K7 640
FEIC X AR5, & GAPDH mRNADFEH AR
SN7eA, ML RN TlEGAPDH mRNADFEH A
RBOOLNLholz. TOZEXY, X—=F37 AT
TS L 7-HPDLM RS #E A3 A4 25 L ALARTE L2 B G- L 72
IEVEZLND.

e L 8 & HPDLAR R % & & IEA I <L,
EHITHAEFTRIALNTIMERDRABETH-72. 2D
e, FrEICHPDLAINGAE 2 B L T b A H 4k
R ERZREL 2 VEV) T ENEZOND.

B OHPDLANNBRE O A #2BH 5 3°, FGF-2%
M CIXFGE-2RRINE: L IR L THEICE L o l%E
A SNz KRB TIIFGE-2% & & MM D) X 12 X
D hostH13k, donorFH SRAIIE G /7 126 L TULE DK % 472
FTTLII D MERORIMIEE L2 ehExbh
%. F 72, FGF-2BFI1C B\ CHPDLMIMH: 2 & & BF & fiE
MilahEZ T % &, WAIEED T A EICE < A A
HH N7z, FGF-21ZHPDLAMINBEEC K LCIEM 35 & D
bR — R AT O OB & AT 7275 05%)
RINCMERIIMT 52 e EZOND.

FRHAEIBWTIE, R CIE S SISV T
AEFEREECEERE XA LN P72, — ),
HPDLAEAEZ & 4 BED H B, BMP-2REIA0AE & ik
LTHEICEHVHAESEREGEZR L. £7, FGF-2
+BMP-2BF HHREIC B 1T 2 #r A5 T BCE & (X s e &
WL THRICEWEZ /R LA, BMP-2HE X D A3
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AR Wil 7% L7z, BMP-213HPDLA R P C e %
R L RMNE &5 FMBICER LE b2 R L 72
A%, FGF-2+BMP-20O 4 i #E TIXFGF- 205 & L [ 52 %
A ZAEM L, BMP-20 5 3 fllle~D50b s & B
WREEH Z0H L-b0E2 515, BMP-2BT
(&, FAE IR SR AE X Y b HPDLANIRE & &
I CRETAIICA ISR W Z R L7z, HPDLANNR#
FC IR SRR R B 2L B L 9 B R LRI ZERAM
faze &Mk 4 il &L L SN THBY, BMP-2I2& %
GO AR > THB L2 £ 2 5N 5.
AWFFEIC & D & b EARELHIE AE ICFGF-2 &£ BMP-2 % fif
MEMT 2 &, fROM L I L TS L O FEK%E
BmsE, WEICHAENE 2 &0 EPTBER IS 2
LAUREN, TN -mEB X BRI b
RISk 3 2 W REM 2RI S /e, Dk 2 &
7 HHPDLANR#E % & L FGF-2J O'BMP- 20 HF HI 12 & %
BT A S TH 2 AR S /e,

e P R P R R S R R R R R R R T R R T A R R e R e serenson
, SR

PRI 3 H ALl BRI AT A

P44 3 A b E B R R BE s A e R R BT

244 4 H ALHEE R AR R RIS IR - PR
R NGRS I BT
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Chemical modification of titanium surface

Takashi KADO

Division of Periodontology and Endodontology, Department of Rehabilitation, School of Dentistry,
Health Sciences University of Hokkaido

Key words : Titanium, Implant, Chemical modification, Biofunctinal molecules
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4277 v MEMORMBHSRZIX, A 7T MR
ﬁﬁ%&ﬂﬁ%ﬁ5tb,4y75ybﬁﬁuﬂ?é
Bex RWEBEDPBET SR TwWaE, 4 75 ¥ MR
W OMBEZ LS 51213, ZohTd AR i“?%
4077 v bRIZEELT % T @qu%# L
F & v FKIEZE @Al U 7z AR b R 53 V3% ¥a
ﬁk@%w_ﬂbfw@ﬁﬂttﬁ%i&w

ZZTARIIZETIE, FIMF & o REN A ARBEREE
T & ORI BT H FEEIL T & LAk %
MEt L7z, 512, #iF o > R REEES T L
THifE b~ MY 2 2 THB I Mas -7 (Col), 74
7arsF v (pFN) 374 780 %7 F ¥ OFE
P AL T B 5 Gly-Arg—Gly—Asp—Ser (GRGDS) X 7 F
FaEE/L, b M ERMEREME (hBMMSC) 5

XUt PRI EE (hPDLCs) OBjRE & /3bic 5 2

5 5B & BT L 7z,

b;] &

Fmi & AL LT 5 0 (IS 2 ) il %
aryhua—E L7z FEEREE LT, WHEBLMT Y >~
B % 1 %p-Vinylbenzoic acid (pVBA) B IZE T
2HEMRE L, D%, GRGDS, pFN® %\ idCol% i
KA BB & - TF & »RKENZFEE L L7230k 2 v
72 (GRGDS—im, pFN-im, Col—im).

pVBADR & & AR RENE S F oM ki, 7—V =

I

ARV R I BE B (FT-IR-RAS) & X#OLTE
Ttk (XPS) MW THERR L7z, 4 v KIEICE
EAL S N7 ARV T3 7 3 BBISIR MR L, X
5 2 fluorescamine % & & S8, A6 G GER 2 H W T
L7
MBI RS (X, hBMMSC & hPDLCs% HIWC, #IIAY #5
MR D EHH 3 X OVSEM & 3L £ 05 L — - — B R &
WMo RBHEICX > CTHEML . T 72,
hBMMSC D5 ##ifa~D53{tid, RT-PCREZEZH\W7z&
B T RO, TVAV T+ AT 75 —%E
(ALP) iEMEOMES L O°7 VY v 312 & 5 KL

W D g & 4T - TRz,

BRBSLUEE
PVBAZ R G 8 &7-4F & v RKIMTIE, BWEWILEE
WZBWTHF ¥ VRIS L7ZpVBAICHK T 5 2 F
LU, RUVBVERBIUCHVRF O NVEIZK ZINO

Y — 7 HFT-IR-RASIZ & ) Bl S, ARALFBAIEIC
L DpVBARF & Y EHIZH G IN TS Z L3RS
N7z, F72, XPSIZX B0 HT OFER, BWEWREEHZICE
WTH Y bE—)VE X GRGDS % WH % S & 72
& IEL L C, GRGDS—imT13400. 3eVICN 1 sA X7 b
VOB R Y — 7 BB Iz ZORED O RIS
iz 2 & D GRGDSA%lF ¥ » R ICHEL s Tnw5b
CENMERENTZ. 512, WILULAS L 72GRGDS I3 %
BURET B BTz

F & v RMIFE @A S 7z ARG 5
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Slcl A, TNEThOLGTOMELEEIX, GRGDS
134. 46pg/ecm® (2. 61 X 10® GRGDS molecules/cm®), pFN
132, 92ug/em’® (7. 66 x 10 GRGDS molecules/cm?®), Col
136. 73ug/em® (4. 06 x 10® GRGDS molecules/cm®) T &
LT EDVG;oTz. TORKEIYD, GRGDSIZpEN X )
BL L OG5 THEBEINTWLZ LWL LE RS
7z.

hBMMSC3 & O"hPDLCsD % F % &~ M6 3 2 #)1
A ZFI L2225, WMEE S pFN-im$B &
Col-imTIiE, T ¥ Fa— L E LKL T2 oMM
Motz LCTwiz, &512, Ml & b pFN-im3 £ O°
Col-imTl¥, ¥ b T — VB X U'GRGDS—im & #g L
TS ISHIIE B #2338 L T\w/z. pFN-imB X U°Col
—imlZBIF HhBMMSCO Y » F 21 Y D %BliE, a3~ b
O — )8 X UGRGDS-im& LK LT, 77F 74T A
Mo TIRHBICHR S BB L Twiz, 72, Col-
iml2B 17 HhPDLCsO ¥ ¥ F 2 Y O 5BlIE, 3~ b
T —)V, GRGDS-im# & OpFN-im & WL T, 77 F
Y7 47X Mo TRFPHICH S FEI L Tz, 2
NOHOFEREDP S, pFNB L OCol % HE/L Lz F 7 v 5%
Mg, hBMMSCOMHEB L OMEZMEEL, €r¥a
) Y OFEBN LEAERORERET 5 2 LWL E
olz. F72, pENB X UColZ EE L L7zF ¥ » &K
(X, hPDLCsOff A B L Mg 2 eEL, e ¥ a) »
DFEBAH 5 Colx B L L7z F ¥ ~ Kl lZhPDLCs D HE A5
BERAE S DT % AREAE§ 2 W BB PEARIZ S 7z,

Col-imlZ BT 2 HFHEEET ORI LTIz 2
%, MRS T 2B R OBRT Th
ARanx — 2 & OsterixDFEH =X, T ¥ bu— )& g
LCHRICEA L. ALPIERAMEL2E 25, Col-
im3B X OpEN-im COALPOEHEE, I ¥ e — LB X
O"GRGDS—-im & L L THEIC LA L TWwWe, 72, 7
A1) Vgt T, Col-im$B X UpFN-imIZ B 1) 5 f K
LW O EIE, T~ Fa— LB L 'GRGDS—im & MK
LCHIMLTWA I EDghotz. TNHLOMELD,
pFN® & U'Col % @b L 72 F ¥ ~ & ilE, hBMMSC®D
FHEMEANO T EZREL TVWDL I EBHLNE R 5
7z.

RIfFECIE 3HFEDORTF FB LUy v 37 Hofil
WZxHS B IR % RERHINC AR 7S SR, pENO ] 22 i PE SR
£ C&H % RGDALH % F# > 72GRGDS—im Tl, pFN-imiZ
R LT, MlaofE, W SERREEORERS &
OHHEDEEDPENZ EXW S L ol ZOHH
%, RGDECHIEAH e EBAL T & % Pro—His—Ser—Arg—Asn
(PHSRN) BLHIASLETH S L HEMEI NG, HiE-o
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WAL AR & 2 F 5 v RO ARG

C, GRGDS&PHSRNOWjJ & #iF & » KEZFEET %
ZLIZX DpFNE AEDOIETEIEN S WREMEASE 2 S
5%, MEERLEFEE a2y ba— ) L TGRGDS &
PHSRNO W BB IR 2 H M 3 2 LEFH L EEZ SN
5.

B, 477 bORBGEEIWHENTEL X
OB FENTESFERTH Y, Ihbid, EITHy bt
A7 7 V=3 yORMEREHINE L2 RKEIZE T
»5. WHFNFEL X OBEENTRE, frido
MIREINTEY, M4 LEBRIMTOIATWS, SHO
FhR, AT - E o VRERRE W72k
REEREME 1% 7 & R E AL S 2 Hrl o154
FERRELCVD. SHOEROMRE,LS, + vt a
YT V=Y a yOREIERGE HNE T 5545 13Cold
% \WIdpFNAZ e b L, BRIEMHIER OS2 Hi & 3
LYEE, ColZEILT A2 LT, 47T MNEM
WCHROMBRZ LT L2 D TE RN Z R LT
Wb,

i

1. AR THRE L7 i E DI 5 T SUBTT RE
AL 2 N L. AR T 2T 5 v
KIENARORERE A MR L 72 RECHEELTE S 2
EVHONE ST,

2. A= rBINT74 TR F U EFEELLLM
F & FEMEE, FIMATE B X O'GRGDS % [ &1k L
7oAy R E LT, b b R SR
OfF A, MEB L OEEROBRIMEEIND 2 L
PO E R o720 T BHFMB~OMLE L
LTwaZedvWontiol,

3. A= rBINT74 TR F U EBEERLLM
F & MG, FIMATE B X O'GRGDS % [ &1k L
7oAy CEREE B LT, v b SRR O fF
HEBLOMEMEESND Z EPHL N E R -T2,
F72, ag—rrEBELLMT Y v EEITE b
BRI OBE RO 2 REL TnE I L
HOMNE o7,

4. Bt vt A v F 7L —Y g v OERIZIZT T —
FUBIOTa TR F U RBEELLT Y V&
AL TWD I EARBEIN, F5 VRENOH
BB O L I Za s — 7 v 2 BIEL LT ¥
YEMAWL TWD I EHIREBES NI,
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E-selectin mediates Porphyromonas gingivalis adherence
to human endothelial cells

Toshinori KOMATSU

Division of Periodontology and Endodontology, Department of Rehabilitation, School of Dentistry,
Health Sciences Univeersity of Hokkaido

Key words : periodontitis, atherogenesis, outer membrane protein, vascular inflammtion
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77 u— APEENIRAEALAE (X, SEMEMESL IV AT
O—L 7% EONRESMENPEICERL-IREEZEL, Z
DRI R T 2 & R I o B R i 28 72 & D FEhE
NEEND. T T U — AEEIREE LR I3 AR 4 2 BERIC &
D& SNDAS, EAEEE R & OBEZ#HE L Tw
5. F7z, HEMREOEBIERIES ST KL, MmO
FIERTRERHOREVFHF RSN, 77 v — LB IRA
LIEDSEAE SN DL WD H 5 L HE L Twb. —4,
v b7 7 a— AEEIRBEALED S, P gingivalis 5O
R M E A SN A Z L s I i Twab. L
L, HRERBEMA DS, MENEMICED XD 25k
FTHET 20HIZOWTORFMIE, Tocid@sn
TR\,

AWFFETIE, RO T 7 12 — A EEIIRTEILTE~ DR
L. LT, MR A L7P. gingivalis D I N B2 AT
NOfFFEIZ, E-selectinZ /- L T 5 & W )% V. C,
v b I IR L5 Y B A (Human Umbilical Vein En-
dothelial Cells, HUVEC) % HI\», P. gingivalis D75 5§
A2 DWW TS L7z,

il pr
MAE AN BN E 3 ~ 7 [k L 7ZHUVEC % v 7.

P. gingivalis\X, ATCC33277 (¥p4:#k) B L U2 DiRkE
HRTH HFimARTRIE (AfimA), FimA/Mfa 1 #EXR

I

R (AfimA Amfal), B L OmpAkks » 7327 B Pgm 6
/T RIERE (Apgm6/7) EH Tz, EGEFEBRIE, TNF-o

(10ng/ml) THITL, & % VIEKRFFELDOHUVECIZ, P.
gingivalis R L, CO.M ¥ F 2 X—F |ZHHE L TiT-
7o KA DP. gingivalis % Wik br2:t%, HOLRIEGRM
L, SAMMSTEESHE % WG L CR AR Z e & L7,
T2, BRAMMAERERERE LT, WHEMEFIEC, 3
E-selectinP U, A # 0] 5 HI E-selectin B & OV BsLeX %
G L7z FARIS, AR DS & OV Rk RO 28
W5, FHEFmAMRTE, BXUOHEPgm6 /7 051k
% BEEER%E 1T > 72. HUVECORMILIGE % Mat 3 % 72
O, FAEW P W SN S interleukin (IL) -8, von
Willebrand factor (VWF) 3 & UFNO,- % ELISA Tilll & L
7z

BRELVEE

¥ 9, TNF-ofl#iZ X ) HUVECIZ 36 & 2 1 % E-
selectin®IEB # #i3) L7z, E-selectin® & A 1Z TNF-ou7s Il
SHEBICE — 27 2R L72D T, TNF-oisll 3 W[ %
\Z, P. gingivalis® BT 52 LIz KIT,
givalis DB E B % MEF L7z, MOI (multiplicity of in-
LAY 72 ) oMK %) = 1000 TIZHUVEC
DFEIM L o7z, —F, MOI=100T I3 )&% 5 IR
BB THMBEANOHEERZILALRDON D>
7z, 22T, DEOKETTIEMOI=100T4r) 2 &1L
7z.

P. gin-

fection,

ZAF L FEK244E10H 12H
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P. gingivalis ¥ A ¥k % TNF-ofill 3 B & OV K # o HU-
VECIZHFEL, 0.5, 138 &0 3MERIARIAT#HEE il
EL7:. ZORE, WTNORHIZE VT RIHIC T
L CTNF-ofil#Cld, HEMEBAEE WML 2o
7 2B B E-selectin® B 5- % AL 5 72, PLE-
selectinPi k1 X 2 HA A B HEER KA. T4
by, P. gingivalis DERE & [FFE 12 HUE-selectinPufk % $%
5L, 0.5MeMBICHEWBEITML 7. ToRiR,
TNF-o I & 0 B33 5 i 7 B 5 SHUE-selectinfL A& 4%
HoHEWNHH S 7z, AR BHER) R 25K B E-selectin
DFEGICE - THROLNIZ. EHIT, sLeXDHFEHT
bEHLZHEN AON., UEOZ & XY, P gin-
givalis |¥E-selectin & DG % A5 Z LT, HUVEC
DIFEMEESIND Z EAVRENTz. F72, E-selectin®
P. gingivalis D35 & 3 5 EBALIL, sLeXDAEE LA TH 5
ZELRIBENT.

RIZ, E-selectin& O HEAEH B S % P. gingivalis
DT MET L7z, FDIZ, P. gingivalis® FEZATIE~
DR ERNA T T AV ABRICEE R REHEZH L L
HHS N TV ZFmARED KM (AfimA) OHUVEC
ANONAE W Lz, PRICKL, TNF-ooRkiligs & o
FMONFT BT H A ERBITIF AR L FS%ED 5 0
BRRLVEHImER L. E 51, P. gingivalisD b 9
—ODMNEMMETH HMfa 1l MEOHE LR 572
%, FmAB & O'Mfa 1 DIRER IO 7 % et L7z
A, R VAEREZRAET, LAMMLA K
2, P. gingivalis O WARRIIZKEIZHIAL, RKEOE
ROREHICHFGELTWAL I EPHE SR TV HPgm 6
/7 (Pgm6 &Pgm7 ODEAEMK) ORI EHUVECE O
MEEH 2 MG L7z, ZofER, FR3E/KO TNF-ofil i
HUVECNOfF X B RO N L IRE RIS T 5
ZENHLNE RS RIS, AR, AfimA, BIO
Apgm6/7 DENEND RS O L U 72 2 )8 5w 53 %
B 2R RREERE & KRS P -9 2 B A A 5 B R % 47 -
72 ZFOREE, WAMDE X A fimA HORIE W 45 0¥ 5- T
(&, TNF-oJfll L CiBE S 2 425 N 2sEil & 7z a3
Apgm6/7 BRI 73Tl Sz o7z, 2512, 1
HFEMAMES X OB EPgm 6 / 7 % W TR O FESE
BRaii o7z, ZORE, HEFmARTE ORI TIXE
HFRDOHUVECN DA 25 IZEAL DI S N7 o 72 DTk
L, H#Pgm 6 /7 ORI TIZHUVEC DB AR O3
HEHFIEM s . Do Z &S, TNF-odiliHU-
VECNODP. gingivalis DT 711X, Pem 6 /7 DS 5-9 %
ZEPIRENT. Pgm6 /7T OMEG T TH B KW
OmpAlXHAKEICHEL LTHB Y, FEMBADONER

BACHKET 22 L0MESN TS, Pem6/7 DI
REHCHE R L TVBE I L5, OmpA & FARIZHIL &
MHEMEHTA2Z R PRENDED, ThETEDIH %
WA E v, SNoOWZEE, Pem6 /7 L 1EFEME DM
HEMZRTHDTORETH 5.

WAIRIZ, ARWFFECTEIEE L72P. gingivalis DA 35 T0HE IS
L), HUVECO RIEIGEDFHFEIND 0 HHICDONT
Meat L 72. HUVEC % TNF-o.C 3 W R0 L 72 # 12 P.
gingivalis TP AR BERE L7z, S 51T 1 WERIREAEFR, Kis
EHHROIL- 8, vWEB X UNO,- D% ZhE il
L7z. TNF-oCHILEL L 7-HUVECH; #RI2B VT, P
gingivalis DFEFEIZ X DIL- 8, vWFE X U'NO, DA &%
FEAERTRDSRD bz, AT, P. gingivalis DEFET
H S NT2NO.- D5 EFIE, PiE-selectinlif D5 T
sz, U EoREENS, E-selectin% 4 L 72 1145
W ML~ D P. gingivalis DFF751%,  FHIL O 958 I 25
RS H I EDHL NI o T

] E

P. gingivalis|¥, OmpA#ksyTPgm 6 /7 & E-selectin &
OREZN L TMENEMBICHET LI E2REN
7z. F72, P. gingivalis D2 &0 M AN EHE 0 7%
JEINEDH RSNz, Lo T, 77 u— 2 %ERa
LIEDIESED B \VIHETDEND—> & LT, Mk
2B IMAE P A L7 P. gingivalis D 15 N BRI~ D
ERNGREDEG T L 0RENH L EEZ LN,
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t AL LRI D LA EIC 31T 2 TR - ALZERYRG B D 2L

MIE - KR
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Effect of differentiation enhances barrier function in human keratinocyte

Yuji MURAI

Division of Pediatric Dentistry, Department of Oral Growth and Development, School of Dentistry,
Health Sciences University of Hokkaido

Keywords : ¥4 F ¥ 27 v ar, bigfiife, 24k, EXTF K

*

FIRERG RS E g - R U, B PRI 2 i & 29
2 FEIECHIARE 72> S NERARINC 20> T, Alioiia e,
ik, 2 Ui b~ & b LARMN 2 R L T
Wa. ARIZBWTHEERT ERIE#EC, AL ERL
T Z L SIS DBTH Y, Mo Eildh
LLEZLNTVS., HlLOMEERTI &L, K
A R BREORA TR CHHEMB SR & D
2, PR T T FOFEBLEFI X 2L A1 B bR b It
ETHIERTFRINE, HEMESY I D3 (VD
3) &, At RO b2 RET 5 & v ) Wik iEd
500, ¥4 Ny v oy a vEOMBREREAEEESR
PR TF FORBUIHET 55O W T A TH
5.

AWFFETld, VD3 &Mk LM - BiEE L,
WHEWENCEE T A5 4 v ox v s vavyuns B
K OB B G- 9 25U X 7 F FOFEBL 2 B85 §
522X, VD 3 STUPEREIEL LBz o B # A% 12 &
EHCHET AT A EREHWE LT,

;] po
1. v MEWIIPEHE FRICBTA5 4 b Yy v o va
YU DRBOBE
EZRFAROKE R LEL S, HAYRO#EE &
olBEBELY, AEEE9) 2 THAN ORIZEIT-
720 FRIL72BRAIE 4 %8 RV AT VT RIS TRIE

I

%, WKL, X574 EML7 Y%, @EICED
Birks 74 VBRI 572, ZOHT Oy ¥ T
L, —&YAEDHiClaudin (CLDN) - 1 $ifk, B X UL
CLDN- 4 §ifk% Bt X7z, kPR 2 RS 272
e, LEML WS EHCTBIE, W EiTo
7o F7z, BRL 7zt NIEH TIEREIRE Rz 0 4R7E % 2
ThHD, ANTIFIY LAY Rt R T 7.

2. Bifgve ML EEMBRICBITS5 4 P YUY v s
¥a v g v8 7 OmRNASH & O 8 8 1

VD 3 N L 7zBr o e bk L rkic B
BIA NIy ary 8y OFRBBLEREET 5
72O, ATy oy a vy Ry ORI T 54
~ — & V72 E EIYRT-PCREIC TmRNAZE B % 31l L
7o, b Mfb R ABatk (HaCaT) %#60~80% = > 7 L
Y MZ7% % ET3C,5%CO, FIZTH %, VD3 %
1, 10, 100uMigECcZhZ@HEmL, 4, 8, 24,
48, T2WEMIREAEE 4T o 72, controllZiEVD 3 DB TH
% Dimethyl sulfoxide 2 Fj V272, £;#& 1% Total RNA % i
L, W5, DNAXIER L7, 0%, EREMYRT-
PCRIZTCLDN-1, - 4 I35 17 2 mRNAD I % fR%% L
7z.

3. Biggve ML EEMBERIC BTS2 4 P YUY v s
Yarvy Iy oRBops

Rage Mt LRk s L VY v o v a vy s
237 S8 Bl A Ao TBIZE L7

Lab-Tek®™ Il Chamber Slide % il \» 'CHaCaT % 100% 2 ~
TV MIeb ETRAEL, RRLL RO TR

ZAF P244E11H T H

(123)
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Totz. 4%8FKIVATILVTL FTRER, 7avF
Y7L AT, —IRPUADHICLDN- 1 Hifk, HICLDN
-4 Pifk, B X UHiOccludin (OCDN) Hifk % s & &
7o, TWRYURE UL Stk RS L -V -
HCTBigE, v L7,

4. HFpage ML LRI B R L ARSI
il

A4 NIy oa IS K DB BB O Bk AT
filie LC, #LEEKES (TER) OWEEIT- 7.

HaCaT#DMEMT100% 2> 7L ¥ Ml b FTHIL
HNF v —A U — MITHEELLZE, IO UMOEE T
VD3 &L, 24, 48, 72WiRIZ BT % TERFH % Mil-
licell® ERS- 2 CHIE % 17 72.

5. ¥4 NIV x v o a yEBUBISHIIC B 2 S
L OFHOBIE

AN X7 a vy g OB~ D
MEEMERT A0, 4 M Pxrrvaryvny
FEBLIEFSHN 2 VERE L 7.

CLDN- 1, - 4siRNADOEEIE, siRNA target finderlZ
TENENDSiRNAZ T A L, 4 % — |} %pSi-
lencer™4. 1-CMV Expression VectorlZHLAAAZE. K
BIChT Y A 74— A=Y 3 vy, KIEE%LB/ampJE
REEHICHEM L, 14RR%, H—aoo=—Z2RNL, @
FIHENT =TT Ly T2frv, siRNAZ B 72, [5]
JX L 72CLDN- 1 £ CLDN- 4 ®siRNAIZ Y R7 =7 ¥ 3
¥ 12 CTHaCaTIZ 3 A%, hygromicinB 5 DMEM 2 T
Motz ar&ii-7z. FHkiZcontrol& L Thy-
gromicin negative control’z HaCaTIZ3# A L7z,

Y% L 72siCLDN- 1, siCLDN- 4 HaCaT 3 & UFcontrol
A Htotal RNAZ I L, cDNAZ{ER L7z, (ERL7-%
NZENDDNAIZCLDN- 1, - 48R T I ~—%ff
M LRT-PCR#%EIC L D, CLDN-1, -4 OFRBEMR%
fiolz., ZD%0, 24, 48, T2WERIICHB1F HsiCLDN- 1
B &£ USiCLDN- 4 HaCaTOTER % #ll 2 L 7-.

6. KigEv ML EEMBARICBTZHERTF FO
mRNAFEHL & 0 58 51 EFAl

VD 3 2R L 7zB ok Mot Bz Makic B
PR TF FOFRBURREZMFET 572012, 754
~ — % M7z ®IWRT-PCREE 12 TmRNAFS B % 3P4 L
7z.

Hiak & AR D i TR 21TV, € D% Total RNA%
ML, WG, cDNAZIER L7, 20k, ©=i
RT-PCRICTB-F4 7=~ (hBD) -1, -2, -3B
X UCathelicidin /LL37 (LL-37) 231} 2 mRNADFEH
L7z,

] £

1. b MEW R R I2 B0 5 i Bnw,
CLDN- 1 (B2, F7-CLDN- 4 \ZPR g ICZNZ
TWIEBAHO b,

2. ¥4 Vv 7Y ayOmRNADFEIIE, CLDN-
413 S KE D108 X TN 100nMIZ A #7263 L A28 5
1, CLDN- 1 (XM 24R B CaT ORI
BloWAH»RD STz, LR TF FOmRNAD JEBL
(X, hBD- 2 ZVD 3 @24 01035 & U°100nM, LL
37138, 4B L USRI O L TORE CTHE LI E
AR LNz

3. HaCaTIIB} A REatgete Cld, controliZ X,
VD3BMZEDIA NI Yo ary oI ThHbH
CLDN- 4 @588, 3 X U'CLDN- 1 O FH O T 2572
O oMz,

4. VD 3R DOTER % Ml & L 7245 4, control & FL#K
LT, 24 CTl3 & TOREIZE W TH &R TERME D B
% 5B 7278, 48, 721 CIITERMEIE A L 7=
5. ¥4 PV x vy yREBIREMILTIE,
X, 48, T2HERIIC B\ TsiCLDN- 1 HaCaTId A5 B2
WTERfEZ 7R L72H O ?D, siCLDN- 4 HaCaT T 1348, 72
] CTH B2 IR HE0 b7z,

6. PIENXTF FOMRNAOFEH L, hBD-213VD 3
TR 2415 1 91038 X UF100nM,LL- 37138, 243 & U48H;
BOETORE THREREI AR b

Z 23

SEOFEL S, b MEEERE EEZIZBWT
CLDN- 1 (&AW MBS, F 72CLDN- 4 i Jkr kg A
falsiic Z 2N JRAE % 78, CLDN- 1 %*5CLDN- 4 -~
T UNRIBEEB AL v F LTWDZEDMERINT.
HaCaTlZ BT VD 3 #HMMIC & ) CLDN- 1 % 5CLDN-
45 287 OFBDPEALL, TERED LA L ARSI
72, WEEEEOM BRSO 5, S 5I1CVD 3
DI E D IEARTF FoRBLS LA L, (LFAmBi g
REDICHEASH L2728, VD 3 HMNC & Y HaCaT A5
ILFEINE T EPHL N L o7z

i

VD 3 RN & & ffL A O 0 ALFHH I, BRI
BT 2 WER B X UL AR BRI 2 B WO ICH M
ThdbI LhmpsIni,

AR

control{Z

B
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TATZIVT

=il ek

i PR B A TR A AR B - TR R SR SRR A 0

FRIEEREE - BEHREE 2 O 5B I2B W T, PAEEIC T
HTEBIEED N Yy 7 23 BB ETNTI RV
DBUIRZZDS, W 2 122 SRR XN 2 Frak o &
BDHRE, ZOCICEAMTITRBNANZE T 2w
&7z FrEEOMMIEHLERAMEL DL LN
2, TNFEFTEY EIFLI7o vy =L (FELA
F), vru=w a8ty GERawmEmimEsE), 2L
TAF=T 7 A GER PR AR ORI 1dnwg
Ny FSCHPWERTHY, REDOHEREREE
A, MBEMOEZKREMEIETEL SRTHA
THEFATINTG Y (A—=FL % y5HB0OEISEDR
Weisil e 22 T L EAITH 5.

T AT IVT I LR ERESETH 5. WORTIE
1992422 5 v 5, ARFRTIZ20114E 4 I S
7o FOBNEEW 2, KFIEBES L KRBT O
PRV IC 22 5725 9 L EDbNTW A, SRRk
TR AR & W U ARFER IS I N5 A%, HER
LEFLITEL ) FRTHEEOWATH 5. FHREMMR
P 2 P59 5 72012 IE F N EIICEH o K AL8s & H v
RUFNE RS %Ww, R, TATIVT VITES 2NN
WCTELHHAOFALGRVLETH 5. FRFEVERRTESE % /&
FIZWASED &, R Z XA S LIS D - TH
HARERICED, FRMERT—EDONEE 505 L
TEGMEERA Z RS, PHRAEER TOMEESES T %
ET D DML DR AFETH 5 Z LS T
BY, BB » 2 BRPE A ASER D 2 AN LRI 08 A
EHDHER P TH D, ZONNN T A E A &)
5T O—D M/ H A BARITH 5. ML/ A 55
BEARR & 3 AREER D LA~ D “EIF T &7 DR
THY, MFEITETFIT WA RERSET EIREER 0 %8
HAyE, I F T, M/ T A SRR KD /NS W
RS IZHERILER TH Y, TOREIF0.47THA. 2
ISR LTFTATIVT V130.424TH 5. Thbb, TA
TNT K BRREEOE A & TR IR LSRR L D b H
RN THDH,. 2O ki, HRoONEBEOSHEICY Y
FLTWEY. BORTIZHG Y &R REAIER AT
HY, FEFPMD0% L LAY Tlrbh b, FA7
VT VIETFRAHEF O MR B LR ER 52w
W ChHEREELTwa. BEEOHIRIEFM AN TATI
ETIE WA, FRICHE - DIPESVEHILE o 4 5 FRIT2 B
WTHRED LzwE 0B - RiErS0EZiZE. &
HOEGIRIED HHRPICHET 5 & w9 2 &g, ik

DBBIFIICRBATE LI ETH Y, REHFUIFHHE
M OENMATNC 2225 U 27 28RS 5 2 &I DO hH
5.

FATNG Y OMOKERIZEVMACTH 5. MAC &
RO Z & TH D, ERIIZIEAVEE) B RE
1250% D BEIMERE 2R S R VIREEZIRT. EHFRTH
BETHLHWTWAERT VT Y DOMACIEL 71% THh
LZOIHL, FAZNT 1E5.2~10.0% TH 5 (4Eis
WCEYVRZRB)., ZoZ ki, FUEE (BF- %X,
e - Wi LER) CEHMM T2 E, TAT
VI VFERTINT v OENDOB L 3~ 6 50 E
EHBETHEVW) L TH L. BRI EM T
D, FAINT MHICH o TIRFEREERZINZ 5
TERPLETH S, TATZINT IEER AT 72
O, HREEEA Z FIRRIRIER R 7V 5 T, A0l
FERIRICT AT IVT VICEBL, HEETZIIZ 572012
JREHERE 2 R =TT ) 2 L ThbhTw 5,

NRDOEERFI B W CREBER O BAE KN TH 5
WS, MEHHRE L P E LS DEEE VWS- 27 0h
5. TATZNVT VIIHEEREEORE LS T L O
& - 7225 (Anesth Analg 2006 ; 102 : 400-4), < D
SCIHY TP o T vz, i O 3 RIS I A
B DHHFEIC I VwE LTB Y, HEREEEEA~D
R O B RFTOBRNEIC L T 5T 5.
INRREELZID D 2 & DR T LT BT E
ERELRBETH Y, ROV THRIF L TAIVWEE
ZTW5h,

1) A—=7VL Vi 3c# (201148 7 HGET4B 2 D). N
7 Ay — A&

2) RHME. AT VT Rk
tury 2009 ; 11 : 58-61

3) Gupta A, Stierer T, Zuckerman R, Sakima N, Parker
SD, Fleisher LA. Comparison of recovery profile after am-

Anesthesia 21 Cen-

bulatory anesthesia with propofol, isoflurane, sevoflurane
and desflurane : a systematic review. Anesth Analg 2004 ;
98 :632-41

4) Singh R, Kharbanda M, Sood N, Mahajan V, Chatterji
C. Comparative evaluation of incidence of emergence agita-
tion and post—operative recovery profile in paediatric pa-
tients after isoflurane, sevoflurane and desflurane anaesthe-
sia. Indian J Anesth 2012 ; 56 : 156-161
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LR R 0 i i & TUREAR 03 O B DT

FH BB, R R%

AL R A R A TR RS - RIESE TR NE R0

9 il DFEAENTEE < BG- LT 2 R 0 55 O 2 12
(&, TR WA A M E S B By & R O S5 W
RMWEHELERD L. WiHETH LN HEE LT, HE
Wk, R, WENE, MERESH D, BETIE, Mg
R, WRERIBGEA D 5. F 72, MR E OB
ELTHWEKGFHT X 2K EOWED B 5. 4 IHETE
1l &R EE & OBRE RS 72012, HlEEE
TR IRERER w2 e L, OEKSEHA =7
2 (K1 94 7%, 8E) X KRGEOWEME
SRR L 7.

WMRITEBROERICFAEZE LR 71 723% (BIE
144, 9%, FHER24.3%) & L7z Komidt
Y —IICEH O R v — N —FFeRE L2 EK S
L= A VT, EHHiE (FEN2 58 10mmb X
IO EEE, HXHH 58 10mmOEOE), #H
Rl (152 S RN R 10mmD L) @ 4 7 % il
EL72. BB, WEIRLHENER 2RIl 20k, 5
GRS L Ch B KA 5 ik D & LT W gt % 5
WU 7z, 2GR - i & K ET o Bl e il & oM IE
AYT = v ONERNAHBRE A W CTREE AT > 72 %t
IR MY 3 B & 45 0 2 SR D B O -3l % 2 1 1R
¥

W B ORRA & LT NEDN R {AThITW 525,
W &K EFOMEMICAHBA RO Hhi=Z &ab, O
IR 53 Et O FNE /N R B 23 7 LR 0 JtiA T AT
W BICbERARTEEEZ SNz LrL, W
TOLEAR S RO P EMEAT29. 0A DB A1 L EN A2
BRETH LI EDEDONLIZ LS, Alnl %
W EDPIEFRMHICO Db LT, HRICBW TR

1 CIEKGEE A — A R®

WD HaRZI L2RET, SFOMENM Geims 510
mmOFHHHILER) ICEE ISR D L H I~ EOMWEE (200gF2
) THET A, M2 TEI Y WEMAFRING.

MEELNAHZR L EIE, WEHICL HHERAED
ZZON5DT, ¥ —HOEHE Rz EFE Ol
MEEZEEbN F7o, WEHBME T, Hee L
R, EHrpde e T, HH O & BRI & oM A
RO O, WAFRED D B BRI S N7z 7z
B, Gk, WRUSOMEBIIZE LT EMEMORE
R ALENH DL EEZ SN

T GHRERR & &L O

ARk 5
F— Rk st

mi/min) & B &TE LT
04+02 27.8+32 27.3%29 308+23 30822

(0.47)

‘ | (0.43) * ‘ ‘

(0.55) * *

Smmmm%ﬁﬁ%%ﬁﬁ%ib<oﬁ?:%<0m
(HIBIHR 50

EEBEN

1) MBS, REEW, AR, ANHE, LI
BRI A - LIRS RE 2 I 7o TR B BE 0 35 T e i
DBGEZBT 2 BRRER.  H AR R PP sy -
FMRETa T T L - hEE Vol 21st 106 — 107,
2010
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Taishin NAKAI, Morio OCHI

Division of Fixed Prosthodontics and Oral Implantology, Department of Oral Rehabilitation, School of Dentistry,
Health Sciences Univercity of Hokkaido

VAR, HERIBLAIMICTY v VRHETIEZR L,
A ANTHIRZMAT A V75 v MEEI TN T
W5, L2L, HRADOFHFIEI—A VA FERIKLT
RERV VIO e REDA YT T MEEE AT
5 ZENHEERFEGIN D B, EFHAERSICBITAL VT
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