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Overview of Symposium -

Interdisciplinary Research in Conservative Dentistry

SuGAYA Tsutomu

Department of Periodontology and Endodontology, Hokkaido University Faculty of Oral Health Science
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Science of “Root Caries”, a Borderline Lesion between Conservative

Dentistry and Periodontology

—Revalidation of Mechanisms of Caries Occurrence—

TAKENAKA Shoji

Division of Cariology, Operative Dentistry and Endodontics,

Department of Oral Health Science, Niigata University Graduate School of Medical and Dental Sciences
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Tannerella ™
Treponema ™=
Campylobacter ™ W iR e
Selenomonas  [[re— W AR
Porphyromonas m—
Capnocytophaga [
Fusobacterium [ —
Prevotella [
R | Veillonella | mm—
Lactobacillus  u—
1 JREEIE (A~F) & OB (G~L) iR oty —
5 éﬂ @%ﬂﬁ @Q Streptococcus —
(A) LBEAEGRERLE, (B) WOH, (C, D) S
A, (C) X v FEDHBEL, Hoophe 2 wrss
%D 5. (D) RFMEDEFFICAE L 7 B 3 HRE S MEICEE LM (B) oflA (%)
WE=ZRAEOWEr A6 S (KHH). (E, F) ~
v h¥2yy.-xFYr (HE) R (E) HEO
Bt X FR/EM. Scale bar=5mm. (F) MO FEE | b | | | |
RIB#EFBD Iz, Scale bar=500um. (G) LZEAHIEE B &R tR B PR

—/J\E@ﬁ‘[:‘@, (H> ﬁ/[ﬁ@, (L ]) TSR, (I) Porphyromonas
ST VEFERI o AEIE A S MRFEERD D, &
DDIIT VD= U BREAETH T, () H=
KFE OB IBELMNIcoBFEEL TS, (K, L)
HE Zetaf. (K)E0o 5 Bl il 2/3 & ¢hifKAs
HEA, Ay PEPIERET ARRMICHERL T
% (%&HH). Scale bar=2mm. (L) N4 F 7 1L L
ETICERVESER L ZRTIEVPBEETE S,
Scale bar=>500 pm,

Selenomonas
Filifactor
Peptococcus
Tannerella

Rothia
Bifidobacterium

Veillonella
Scardovia

¥ G-ILKL 1, U TFDi#wXD Figure 1 2> 5HR#H L, Streplococous

A HAER A SR L 7 556 -4.48 -3.40 -2.32 124 -0.16 092 200 3.08 4.16 524
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Fig. 1 Cytotoxicity of the HA nanofiber mesh

(A) The image of the nanofiber mesh derived from 8 10° Da HA nanofibers. Scale bar=200 um. (B)
Scanning electron microscopic image of the HA nanofiber mesh. Scale bar=2 um. (C) The image of the
HA nanofiber mesh in the culture plate with culture medium and SKC. Scale bar=500 um. (D, E) Micro-
scopic images of SKC cultured for 2 weeks. Scale bar=50 um. The asterisk indicates the HA nanofiber
mesh. (F, G) The images of Alcian blue-stained culture dishes after 2 weeks culture of SKC. Scale bar=1
cm. The blue color indicates adherent SKC. Cells were cultured with (D, F) or without (E, G) the HA
nanofiber mesh. HA, hyaluronic acid ; SKC, SK-N-SH cells.
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Fig. 2 Effects of SFRP1 on odontoblastic differentiation of pulp cells

(A) The Alizarin Red S staining images of human dental pulp cells (HDPCs-5I) cultured in CM, DM, or
DM with 100 ng/m/ recombinant human SFRP1 for 5 days. Scale bar=5 mm. (B) The Alizarin Red S
staining images of HDPCs-5I transduced with control siRNA (Cont) or SFRP1 siRNA (siSFRP1). Cells
were cultured for 7 days in CM or DM. Scale bar=>5 mm. (C) Microscopic images of maxilla first molars
from 10-week-old male Wistar rats after 4 weeks of direct pulp capping treatment. Rats were treated
with nano B-TCP collagen scaffolds containing 0 (I, II) or 200 ng (I, IV) rhSFRP1. (II, IV) Higher
maghnification images of black boxes in (I, III). Scale bars=100 um.

CM, control medium ; DM, odontoblast differentiation medium ; rhSFRP1, recombinant human SFRP1 ;

D, dentin ; P ; pulp ; RD, reparative dentin.

EBHEBET A LICZ, <7 AEHE T I CHM#EZ
BT %k bR v — iRk (1-17 fifatk) 287
L7z o 1-17 flfakk%, N4 43D 7V v 4 —i2 T
TV F 4T TBIET, Fa— THROEEE (1-17
TB) #fE8L, X5I1c1-17TB%2F % v a7 Lilad
b7 1-17TBTI, 723 A FaXs 788 4 FBER
ka7 Lflatbes 1-17TBHA 2 fE8IL 219, 1-17
TB, 1-17TBTi, # X' 1-17TBHA % 18 5 L 7=
ETAH, WTRICBWTHKES O 1-17 #ifdbk o D
MRS N, 512 1-17TBHA 1E, 1-17 TB B L U 1-
17TBTi & H#g L, sRIRAEEIEA T, MERERKT, &
Y0 A v NEBERT SRR LT EY, chso
fEHA 5, PDLSC 21N A4 43D UV F4 v 7452k
TEHICE 2 F o — TIREERE, N FerXo 788
4 MEERUA £ OMLEE I, Bz A NA TY KA
7oy VR R D L RS TRR S N,
Lo L2 b ERIRIGH %2 RIE 2 723856, ®EEfo R

25 1-17#fERRTIE 2 {, 4 0 BF S Adkofiligz
FHT 2 EPEELVWEEZ NS, IPSC L, BES
ARGl EY 775 v S LTBLTE S 2 &
o, FERICIEf SN 50D 7 {, %7z PDLSC ~
EMUFEET 2L TES, 2l Thhvbild, BE
iIPSC-PDLSC #JGH L7z A AN AL Ty KA v TS5
v MEELZ AT B, iPSC-PDLSC 1%, {REEE MRS
T4y aTOREICKD, 1-17 Mgtk L Rk 27 =
oA FE2EHR LKL (Fig3A)., ZhbppRr7 a4 Rz,
NAAZD TV vy —icchflib ke 74 v 7L
(Fig.3 B), 10 HE}s&E T % 2 & T, iPSC-PDLSC 2» 5
Ml I N3 F 2 — 7 IRoOMER ((PSC-PDLSC-TB) %
8L 72 (Fig.3C). & 51z, iPSC-PDLSC-TB iz /hA
Faxs 7,894 Mgpifka 7 2lAaabe 5 LT,
ERIUHEER 2 RT3 Z L BT E 2 (Fig. 3D). 5%
COWMEADX Y S 7SV - a VvEEDBETETH
%,



2022 fF 4 H AAF AT 4 7 AREM L U WRMBEARE, EEENA, SX0 AN T Yy FAV TS0 FAIHORMA 113

Fig. 3 Combination of a 3D-printed iPSC-PDLSC-derived tubular structures and a hydroxyapatite

core

(A) The phase-contrast microscopic image of iPSC-PDLSC-derived cellular spheroids. (B) The
image of the 3D-printed iPSC-PDLSC-derived cellular spheroids on the needle array. (C) The
image of the 3D tubular structure derived from printed iPSC-PDLSC-derived cellular spheroids
(iPSC-PDLSC-TB) just after being pulled out from the needle array. (D) The image of an iPSC-
PDLSC-TB after 7 days of culture with a hydroxyapatite core. Scale bars=1 mm.
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CXCL1 (Chemokine (C-X-C motif) ligand 1)

DSP (Desmoplakin)

FABP5 (Fatty Acid Binding Protein 5)

MMP3 (Matrix Metalloproteinase 3)

MMP13 (Matrix Metalloproteinase 13)

SPINK5 (Serine Protease Inhibitor, Kazal type 5)

SPRR3 (Small Proline-Rich Protein 3)

TIMPI (Tissue Inhibitor of Metalloproteinase 1)

TMPRSS11D (Transmembrane Protease, Serine 11D)
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Fig. 1 Cumulative incidence rate of tooth loss due to periodontal disease at the patient

level

Cumulative incidence rate curves were illustrated using the Kaplan-Meier method
according to stage (a), grade (b), extent (c), sex (d) and age group (e) at the patient

level.

(a) overall, stage I vs stage IV, stage Il vs stage I, stage Il vs stage IV, and stage
I vs stage IV (log-rank test, p<0.01). (b) overall and grade B vs grade C (log-rank test,
p<001). (c) localized vs generalized (log-rank test, p<0.01). (d) log-rank test, p=0.23.

(e) logrank test, p<0.01.
Loc : localized, Gen : generalized
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Fig. 2 Rate of periodontitis-related tooth loss per patient according to the new classification

of periodontitis during maintenance
Loc : localized, Gen : Generalized
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Fig. 3 Cumulative incidence rate of tooth loss due to periodontal disease at the tooth level

Cumulative incidence rate of periodontitis-related tooth loss curves was illustrated
using the Kaplan-Meier method according to stage (a), grade (b), extent (c), sex (d), and
age group (e) at the tooth level.

(a)overall, stage I vs stage IV, stage II vs stage III, stage 1I vs stage IV, and stage III
vs stage IV (logrank test, p<0.01). (b) overall and grade B vs grade C (log-rank test,
p<0.01). (c) localized vs generalized (log-rank test, p<0.01). (d) log-rank test, p=0.55.
(e) logrank test, p<0.01.

Loc : localized, Gen : Generalized
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Fig. 4 Cumulative incidence rate of tooth loss for a stage Ill patient and a stage IV patient at the patient level and the tooth

level

Cumulative incidence curves of periodontitis-related tooth loss for a stage IIl patient (a, ¢) and a stage IV patient (b, d) were
illustrated at the patient level (a, b) and the tooth level (c, d).

(a) overall and localized stage Il grade B vs generalized stage Il grade C (log-rank test, p<0.01). (b) log-rank test, p=
0.08. (c) overall, localized stage Il grade B vs generalized stage Ill grade C, and localized stage III grade C vs generalized
stage Il grade C (log-rank test, p<0.01), and localized stage Il grade B vs localized stage Il grade C and generalized stage
II grade B vs generalized stage Il grade C(log-rank test, p<0.05). (d)overall, localized stage IV grade B vs generalized stage
IV grade C, and generalized stage IV grade B vs generalized stage IV grade C (log-rank test, p<0.01), and localized stage IV
grade C vs generalized stage IV grade C (log-rank test, p<0.05).

Loc : localized, Gen : Generalized
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Table 2 Univariate and multivariate Cox regression analysis for tooth loss due to periodontal disease during supportive peri-

odontal maintenance therapy

Univariate Cox regression analysis

Multivariate Cox regression analysis

Tooth number at

Factor first visit of . 95% confidence Adjust hazard 95% confidence
maintenance Hazard ratio . value . . p-value
interval ratio interval
Sex
Male 2222 1.00 (Reference) 1.00 (Reference)
Female 5,300 112 057-2.21 0.74 092 0.54-1.59 0.77
Age 7522 1.03 1.01-1.05 <001 1.00 0.98-1.03 0.83
Stage
Stage I -1III 6,352 1.00 (Reference) 1.00 (Reference)
Stage IV 1,170 10.06 5.62-18.01 <0.01 3.89 2.06-7.35 <0.01
Grade
Grade A and B 4,081 1.00 (Reference) 1.00 (Reference)
Grade C 3441 29.31 10.03-85.67 <0.01 14.47 5.33-44.87 <0.01
Extent
Localized 3933 1.00 (Reference) 1.00 (Reference)
Generalized 3,589 713 3.83-13.26 <0.01 351 2.03-6.05 <001
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Association of the New Periodontitis Classification with the Incidence Rate
of Periodontitis-related Tooth Loss during Maintenance
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Abstract

Purpose: Few studies have investigated the 2017 classification of periodontitis and its effect on the progno-
sis of periodontal disease in Japanese people. The aim of this study was to assess the association of the new
periodontitis classification with changes in the incidence rate of periodontitis-related tooth loss during main-
tenance.

Methods: A total of 286 patients (mean age: 52 years) treated for periodontitis with a follow-up period from
60 to 120 months at a dental clinic in Osaka were retrospectively categorized according to the new 2017
classification of periodontitis at baseline. The association of the new classification of periodontitis with the
cumulative incidence rate of tooth loss due to periodontitis during maintenance was explored by using
Kaplan-Meier survival analysis and analyzed by using the log-rank test.

Results: Tooth loss due to periodontitis was not found in stage 1 (11 participants) or II (63 participants)
or grade A (3 participants) patients during maintenance. The 91-month cumulative incidence rates of tooth
loss due to periodontitis were 0.9% and 6.9% for stage I (159 participants) and stage IV (53 participants)
patients, respectively, 0.1% and 3.2% for grade B (149 participants) and grade C (134 participants) patients,
respectively, and 04% and 2.9% for localized (145 participants) and generalized (141 participants) patients,
respectively. Statistically significant differences were observed among stages and grades, and between
extents. Multivariate Cox regression analysis demonstrated that the new periodontitis classification was asso-
ciated with the cumulative incidence rate of periodontitis-related tooth loss.

Conclusion: The new periodontitis classification has been shown to be associated with periodontitis-related
tooth loss during maintenance.

Key words: new classification of periodontitis, Kaplan-Meier method, cumulative incidence rate of tooth loss
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Fig. 1 iDSim model (a) and cover of scenario-based pre-clinical training notebook (b)
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Fig. 2 Contents of “tooth therapeutics” scenario
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Fig. 3 Contents of “tooth therapeutics” scenario-based pre-clinical training notebook
(a) Page examples of dental instruments. (b) Page examples of practice methods.
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Fig. 5 Results of questionnaire survey
(a) Gender ratio, (b) Age ratio, (c) Former university
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with scenario—based
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Fig. 6 Contents of pre-clinical training
(a) Dental residents graduated from KDU, (b) Dental residents graduated from other universities.
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Fig. 7 Results of scenario-based pre-clinical training participants
(a) Looking back of scenario-based pre-clinical training. (b)Benefit of scenario-based pre-clinical training.
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Fig. 8 Results of scenario-based pre-clinical training non-participant
(a) Looking back of scenario-based pre-clinical training. (b)Benefit of scenario-based pre-clinical training.
a b

Answer 1 I IS

Answer 201 Answer S W

Answer 31 Answer 6 1

Answer 4 Il Answer 71

Others I Others I N
Blank I 1IN Blank ]
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Number of people Number of people
= 2016 22017 =2018 82016 ©2017 = 2018

Fig. 9 Results of questionnaire survey
Requests (a) and improvements (b) of scenario-based pre-clinical training.
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A Questionnaire Survey on the Effects of Experience-led Learning with Sce-
nario-based Pre-clinical Training for Basic Education of Operative Dentistry
and Endodontics on Pre- and Post-graduate Dental Education

WasHIO Ayako, MoroTomI Takahiko!, SAIT0 Noriko? YosHi Shinji®,
FujiMoTo Masataka, ORIMOTO Ai, AIHARA Ryosuke and KiTAMURA Chiaki

Division of Endodontics and Restorative Dentistry, Department of Oral Functions, Kyushu Dental University
"Department of Endodontics, School of Dentistry, Aichi Gakuin University
“Department of Biological Endodontics, Graduate School of Biomedical and Health Sciences, Hiroshima University

3Division of Promoting Learning Design Education, Department of Health Improvement, Kyushu Dental University

Abstract

Purpose: At Kyushu Dental University (KDU), third-grade students of the dental school attend “Tooth
Therapeutics,” which includes operative dentistry and endodontics, one of the basic clinical dentistry courses.
In this course, the experience-led learning method with scenario-based pre-clinical training including some of
the content of other courses is carried out. The purpose of this study, which was conducted by a question-
naire survey, was to verify the effects of the experience-led learning with scenario-based pre-clinical training
on clinical clerkship and the clinical residency program as pre- and post-graduate education.

Materials and Methods : The targets of this questionnaire survey were dental residents who completed the
clinical residency program at KDU Hospital during the 3 fiscal years from 2016 to 2018. On the final day of
the residency program in each year, the survey was carried out after explaining an outline of the experi-
ence-led learning with scenario-based pre-clinical training.

Results: The questionnaire collection rate was 100% (168 dental residents). Of the dental residents who
graduated from KDU, 129 (91%) were educated by the experience-led learning with scenario-based pre-clin-
ical training, and 13 (9%) by conventional specialized practical training. Of the dental residents who gradu-
ated from other universities, 0 (0%) were educated by the experience-led learning with scenario-based
pre-clinical training, 23 (88%) by conventional specialized practical training, and 3 (12%) by conventional
specialized practical training in cooperation with other courses. To the question about looking back at the
training contents, the rate who answered, I could imagine the training as real clinical practice,” was higher
in dental residents educated by the experience-led learning with scenario-based pre-clinical training than in
those educated by conventional specialized practical training. To the question about the effect of basic clini-
cal dentistry on pre- and post-graduate education, 151 (90%) answered “basic clinical dentistry classes were
beneficial,” with or without the education by the experience-led learning with scenario-based pre-clinical
training.

Conclusion: The results of the questionnaire survey, in which most of the survey targets (91%) were edu-
cated by the experience-led learning with scenario-based pre-clinical training, suggest that the experience-led
learning with scenario-based pre-clinical training is beneficial for acquiring knowledge and clinical techniques
during clinical clerkship and the clinical residency program as pre- and post-graduate education.

Key words: experience-led learning, scenario-based pre-clinical training, clinical clerkship, dental clinical resi-
dency program
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Bioactive Glass FL&RE FRIEY —F — D

FAERNIZ BT BRI & RN

moBE oAl HoR o R -
& K g VN 7O R

e

N

HEHBE KA R B A Je bt DR S - BN E
AL R AR B PR A AR

e%

Hiy  REFRIEY — 5 — IR ERIEERE D SRR FHS IcEM T 2720, BnlEEEMEEET5C
EWNEETND, KB DO HMIX, Bioactive Glass BLAREFRIES —F — (BG) DEAENICE T BiosME L £H
M ZHS IcT 5720, Ty METICHEML CREAMEZFMT 2 & & bicy — I —RADILHEDI 21T
W, TABAHINVE T LEERDET B —F— (ES), Bbllitha—v / — L H>—F— (NC) B X O
ik —v /) —L%Ry —5— (NCN) & st L7z,

MEE B 9y FEEE T IC BG, ES, NC, NCN off{biAkZ AL, itk 10 HE & 835 Hicik & A
PHALRE 2D L7z, CD68 (w2 m 7 7 —YD~w—h—) %EREETY, itk 10, 35 H ORI 2 HE
Uz, F 7GR WaMER cREAL A R B o BT AR 2 8152 L, RIEMEMaREoRE %2 2 a2 7L L THlR %175 72,
S50, flitg 35 Ho v — 7 — ik & MR BE A %2, EAME FEMEES & O 7 ov ¥ — 280 X #j
SR TR L 7z,

FEH CBG, ES, NC, NCN o 10 H¥ & 1835 H D CD68 I3 (pixel X 1,000) %, 28, 19, 64, 668
X003, 05, 35, 18 TdHH, BG, ES OHEMEZFAEE THEEEZZEDT, NC, NCNICHKL THEIC
EwfEzmR L7z (p<005). —7F, BG, ES, NC, NCN @ 10 H ¥ & 1835 H o fE AR MO 2 2 713,
17, 15, 26, 278 LU 14, 15, 22, 23THH, BG, ESIENC, NCNIZHEKL TCERICEWETH -7
(p<0.05). BG TIX#H#k L B4 L ilfLiERE D & NI MH > T 200 um OHiFH < Ca & P 2HH L, Ca
LPOMEREETROML, WEICHED2 > THE LT, ESIZTERDICBEEYT 5 Ca, P, SiasHifliik4s
RICH LTy, RiE (40 um O&FH) 12 Ca 2 I Lz, —7, ES ELERINB D BT RN T
YL Ebh s Ca, PR2EETHHEEMSA SN, NCBEUONCN TRRERSD Zn il iz, BLEREET
WA D E B b CRP 2BHIL .

fiaw o 7y FETHBNICBWTBG & ES ZREFZEREMEER L., £/, BG L ESOREICY Vg
HIT T LHHTH L AR SRR X Tz,

F—7— R ARG, SAEEMRRE, Y vBAVE YL, S b
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REOHERESICB VT, WRIEEOIE & O
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WM R 2 R cE 2 X ek otz —HT, SHlkE
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L, AR OEZIMNZL D ~EEE 2 L TFHES L

JEGLARE TR T IRE L RTERRIC & o THIE 75 4
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2 BRECHEE L, Mo BRI 2 RIS, TR
ZPNIET 2 7- O IR ETIEM B O S (LN ETH
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Ik ARG TR Iy -5 — L LTHwLNE Z &%

Y, WbEish—Y 7 — V%, BtESIEL—Y ) —
WK, KAV T T LR, VYR EDERRICHS
hTwz5Y RERIRESRD 5> — 5 —1IRRECH
JAfRk L BT B 720, BAMOH B —5—%FHT 2
ERITRERIC RIEZ S SR TS E R 5 B,
INnETIL, Iy FETHEBICEAL Bz —
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5 —HRIEENIIEE 2 F SR L2 2 L mEY s h
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WERHDEEZEND,

Bioactive Glass 1%, AL WL, A4 E, UV EDRE
L% RERR S L L, BB BT < DR 2> & ‘B sEA
ELCHlRRIEAShTw s ch by, EEENELR
I CEREBNIC B TR LRSS T 2 2 LR
XhTwa™ JE4E, Bioactive Glass A4 & h 7= R4
FIEAD Y — 5 —» i &, Bioactive Glass D E 4
RIS X o CTRAE A% 0 G AR @) < Al
BMED S B, TN E TIT Bioactive Glass Fil & #iE
U= =3, flEgmEsRIFcy -9 —RED» SRYT
MENETNA FaXFo 7894 F 2L, WEICR
FICiESST 5 2 LAmEIN T 2O, %7, WL
a—v ) =Ry —I5—B & UOETRIEL—Y ) —
R —F— LR TORFHRENERICD B o7
TEh5, BORERSEERTIENHSLE LS T
w30 L7dt5 T, Bioactive Glass FLAHEFlE S —
5 —13, WATERAMBTH A Faxe 7894 b8
Frit U 7z B RN 2 R 3 A RetE Y & % 28, A
7 EARISRIC O W TIRE ST SN TR,

Z T CARWFFETIZ, Bioactive Glass BLaBE FEHE Y —
7 — 0% 7 v b EERE THBICERBL, v —F—
WAR DFLR M % N B 7 DHRE L 72 > — 5 — JH P
A O RIEEMIGRE 2 B Ec ot L., 72, JTH

7 Bess H2E

up

i

BT TEERNIZB T 23— 5 —KHOMEE 2 TN
7o, EnlL, INHOFHBEEBEICOWT, A BHLY
TLETERTET DY — T — 8 & OB 2 T &
T2y —5— L HBKRE 217 72,

MEE L UAE

1. AROER

FEBRICIX, Bioactive Glass FLARERIEY —F — (=
A ¥ v Py —F—BG, HA#wBHEER, MT, BG),
TyAMBAHNVY Y LHRY—F— (EndoSequence BC
Sealer, Brasseler USA, USA, BUF, ES), Eafbish
2=V /)= HRy =T —(=vhF ¥y Ly —TF— 21—
Y=k J—=<E-N, HAmEREMS BT, NC)
L, BMUEESAIE L — Y ) — VRV —F5— (v A ¥y F
LV —5—N, HAEREESS, DUF, NCN) o 4 fE#E%
Mwiz, &3 — 7 — DK% Table 1 1IZ/RT .
RICEY — T —% A= —fRIfl->THmL, 25
AFRHIRACHBELYY a— B8R (BEES5 mmX
JE& 2mm) WKEALLE, REEZ2FVIZATILVI 4L
LTRSS E# L, 37°C, E 100% DA v F 2 —%
hC 3 HMEE LEL S ®72b 0 (2 — 5 —E) %,
DU o BRI L 7212,

2. v NEBETIEE

FEERENY & LC Wistar £ 7 v b (Hf, K8 190~210 g,
1086) 20 LA L7z, 2B ARERZ, BN REEA
AEE KRB EBRTZ B2 ORE RARESE 20-159
5) 2T, dLEERAEYERICEE T 2RI/ - T
otz MEEHERE LCRRT7 LS Y (AT LS5
AR T A 5 vy, =4 T VEEE) 2IR5[ s THh
5, ¥lEA7 Yy (015ung/kg, F 3 b—Jb, HAE
SFETHE), IV 74 20ug/ks, FILIHhn, A
fIS) WHET LT 77— 25ug/kg, N B
7 7 —Jb, Meiji Seika 7 7 V=) I X 3L, =
Er70ral2%EBY) Fh4 v (ERAHX>ahq
Yeh=tUvY, Fryri4vud) ik bEEK
W2 Ot L7z, TS 4 AinicUBaz2 Mz, 20K+
W ATRE O Y — 7 —HEE 1 DT OMIEAICHEEL,
BG#f, ESHE, NC#, NCN#L L7, fetk, 79
Y470 UERERE (Tu~etyy, K—=57 7L
<) B L7, itk 10, 35 Hicke R 705 VK515
B AT NIVy, I¥YIL, EEBRT MLV 7 ) —
VOBRELEICTT v RIS, ¥ —F —fEE
& EREERATE DA E L L, 10% iR v < U
VIRTCTRERBIEET 7. F7z, CD68 &tz 1T >
F v Mk, 2EREE, KEIRD 5 10% FHEEE 5 ov
<V UiR%E SR L, Z ORFERT 24 KRR EE E
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Table 1 Composition of root canal sealers

NISHIKA CANAL SEALER BG (Nippon Shika Yakuhin Co., Ltd.)
Composition : Bioactive glass, fatty acid, bismuth subcarbonate, others

EndoSequence BC Sealer (Brasseler USA, USA)

Composition : Zirconium oxide, calcium silicates, calcium phosphate monobasic, calcium hydroxide, filler, others

NISHIKA CANAL SEALER Eugenol Normal E-N (Nippon Shika Yakuhin Co., Ltd.)
Composition : Eugenol, rosin, zinc oxide, bismuth subcarbonate, others

NISHIKA CANAL SEALER N (Nippon Shika Yakuhin Co., Ltd.)
Composition : Fatty acid, rosin, zinc oxide, bismuth subcarbonate, others

2fro7z.

3. EAFERFERHE

HEREERICREEEZ T K T Ty 205
¥ — I —M{bIRE BRERE, 30% > 3 BEERICEE L.
RIS A Al (0.C.T. av sy v F, &
25774 VT oY vy T TEME, WIKERT
2HWHAIL, EX 16 um OFBELREZ RV -L-Y P T
A—T 4V ITEINTATAFHITRIC~T Vb LT,
Triton X-100 8 & X NIIiE CTEBEBWIE L 7242, <7 A
1 v F CD68 (Clone EDI1, 1:10075# ; Bio-Rad
Laboratories, USA) 2T 24 F§fE A4 > ¥ 2 _— } L 7z,
PR PR AL 1% Cy3 kPt~ v X 1gG (Jackson
ImmunoResearch, USA) THiHI L, Juta /AR,
HES L - —EERBEME (Fluoview, * YU v /¢2)
THZ % T 7z, CD68 DHNEFIRME L, HRALZ HlF
B 3 AP L (magnification X 200), [HEfRENTY 7
I (Image] 141, National Institute of Health, USA) %
AW THIE L7229 (5 v 618 - £#F 10, 35 H, n=3).

Rz, REEEDATH K N Ty 2050 —
g —E bR EBRE, TUa—UBKEBE S 7 4 Ak
L, BEICEVWES 7um ORFMEARZER L7z, 20
B, N rXv Vv AV UERBERL, P
N ORI AR A T o . £, RIFORE%
T %7200, &y — I —mfiRicEL T
AL % VR A 3 AP U (magnification X 200),
ZIE MR I © v T Miyaji 5 0 HEEY 2 5# i,
0:7 L (none), 1:HEE (slight), 2:9ZEE (moder-
ate), 3:EE (severe) TR a7AkLL, FHEE2EH L
7z (v b 12W - £8£10, 35 H, n=6).

4. RETRASN

fifi 35 HicHiHI L, 10% R R <V VK CTRIE
B Ihicy—7—Ezat g Tlko LE 7L
a— VRBAKE ST T 4 vEMETY, 270 -4
(FU5 : RM2255, 94 A~A 271 s 27 LX) CHIE
%, v— I —EAE L T RO 5 R 2 A AT E T-0E
feR (B0 JSM-ITS00LA, HAET) 1 & 2 R

Bz A VF I X MOTIck 20E vy BV
27 (C, Ca, P, Si, Zn) %fTo7-. 561, BGHEL ES
BIICEODMAME 2 HIcHR 2 20, v — 5 —H{l
REEH 5 NI IC B 2 - T 1,300 um O &P TR DT 2
fTo7z (v 2P0 - #£8£35 H, n=2).

5. #EtoMm

WMEtohTici, #EoY 7+ (SPSS 11.0, IBM Cor-
poration, USA) % T, CD68 #LFHIEEE o F i
% Tukey HSD 7%, #RAEMEMGEME O TIh 1 —5
MEZIT-> 72 (p<0.05).

B R

1. ERFRMMETME
BG #f, ES#Ef, NC#, NCNE it 10 H¥ & ¥ 35
Hod CD68 fufgfetati 3 (Fig 1A). 10 HHIZE W
THEET CD68 Palifliia % 589, NC#E, NCN #ECHw
ElERERO ., 35 HTIR&AHE D CD6S Bz 4
%<, BGH#E ESHTIRIBLEAEALN K-, 10H
B X U35 HD BG -+ ES+ NC - NCN # CD68 #1 6
(pixel X1,000) %I L 7z #5H, £ 28403, 19
+04, 64+05, 66+09 B &L 03+03, 05+03, 35+
04, 18406 TdHh -7 (Fig 1B). BG #, ES H IR
10, 3B HEDICARBETCEREE2BOT, NCH#,
NCN B & Hilk4 3 L AR ICEWEZ R L7 (p<0.05).
it 10 H 8 & 1835 H 0 RFEM 7% HE L tafflifis % Fig.
2R T, i 10 HicBWwT, $XTOy— 35—k
JAFRIC A~ b ¥ 2 U VIR T B SRR R Ay B¢
X7, NCHEE NCNEETIE Y — 5 — Wbk 2 HL b e
£ 912B & Z 300 um DJE A D RKIEVERIIERFEE % 220
7ed3, —HT, BG#E, ESHEOIEMMIEOER I NC
B, NCN R LR L TRETH - 2. fithk 35 H T,
BG #, ESBECRIEMEMIES LI IcAR SN, NCHREE
NCN B &IEMEMARREE, BGH, ESH IO %L,
10 H & FREER 7. %72, NC#E, NCNETIF, HiE
Ly —5—0EY (v—9 —HEToREaoER) &
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>— 9 — LA ZELD Bt & 5 IR R AR Ic X 3
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SIEVEMII R O 2 a7 % Table 2 1R $, fitg
10 Ho BG #, ES#, NC&, NCN B0 4AEM:fE R
MoZ2a7izzhENn 1671052, 1.50+£0.55, 2.60+
055, 267+052 TH b, 4 FHRIICHEEZZD, BGH#,
ES & NC #, NCN #HcHiR L THRBEIEWETH -
7= (p<0.05). ffit% 35 Ho BG B, ES#, NC #, NCN
Hoza7idzh % 1404089, 1.50+£0.55, 2.17+
041, 233+052 Th - 7=, flitt 35 H Tk, BGHE L O
ES#EL, NCH, NCNELoEIcEEZ2#D L (p<
0.05).

2. REATERSH

AERE FIEMEIC X 2 RIBREB XL 2 VX —9)
B X AROHTIC & Bt~ vy B v 7 ofER %, Fig 31
~Y, BGEETIE, C 2 AT 2 MEAHEE (CT
TRENDBEAL) LHEA LY — 9 —HLiEEET Ca
EPEBIMmIE L. Si (BGOERS) 3 L
DEATCHBDT <, BAWERNE CIXHERICED 51
7z, ESEZERDICEET 5 Ca, P, SioHEALIASMAE
AR L, BRI TR E oA Ca 2 BHIL

R

HBeE B2
NC NCN

Fig. 1 Immunohistochemical assessment

(A) Immunohistochemical observation of rat subcu-

'éOd taneous tissue adjacent to the sealer. Immunos-
m 35d

taining was performed with antibodies against
CD68 (red). Scale bar : 100 um

(B) Intensity of CD68 expression (n=3, mean+stan-
dard deviation). * : p<0.05 vs. the BG group at
10 days; T :p<0.05 vs. the BG group at 35
days; 1 : p<0.05 vs. the ES group at 10 days ;
and § :p<0.05 vs. the ES group at 35 days. Sta-
tistical analysis : Tukey HSD test

Abbreviations : BG, bioactive glass-based sealer ;

ES, calcium silicate-based sealer ; NC, zinc oxide

eugenol-based sealer ; NCN, zinc oxide non-euge-

nol-based sealer

7o, iz, H{LESNTO K THGHBNIC Ca, PE2E&E

L, Siz&H LarwiEnsasnl (Fig 3 KH).

NC #CixE THlfk L omATIcB VT, ¥ —F—
WAEEEE FIcHE SR C ot 2B o7z, FEIEP o
SIFBED0, CaldiFt A Engsro7%. Zn
(NC o EH ) FEEfbELEIcRS 5/, NCN BT
&, BEALARNERIC C 2T 23 BEEL TB b, &
J&iz Ca & PRI LD E D~ v BV 7IF5ERICIE
—HLTwirot, Zn (NCN oK) (3fke
IR bz,

BG #E & ESTHEO LRI 2 MICHE T 2 720, #9
W% 47 - 7. BG BT LAEE D & NIBIC - T
200 um O#IFH T Ca £ P2 L, Z0MEIIRE TR
bR, W LARNEE D> CHgS L7z (Fig 4A). ES
FECIE THREAMMAN (v — 7 —H{uiRsHEE) 12 Ca &
P2 L7 (Fig 4B &HI). F7-ifbiEoERE (140
pum) 1 SiRE DKW EHFEE S iz s, BG B ik L
THRWHEIFTH > 72 (Fig. 4B).
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NC

Low-magnification

10 days

High-magnification

Low-magnification

35 days

High—magniﬁcation’

Fig. 2 Histological observation of sealer and rat subcutaneous tissue at 10 and 35 days after implantation
The high magnifications denote the magnified images of the framed regions in the low-magnification images. The
sections were stained with hematoxylin-eosin. Scale bars : 1 mm in the low-magnification images and 100 pm in the
high-magnification images
Abbreviations : CT, connective tissue ; S, sealer ; BG, bioactive glass-based sealer ; ES, calcium silicate-based
sealer ; NC, zinc oxide eugenol-based sealer ; NCN, zinc oxide non-eugenol-based sealer

Table 2 Mean scores of inflammatory cell infiltra-

tion (n=6, mean=*standard deviation) =3 5=
10 days 35 days
- L5705 L102089" 5y FAFEI R ICHN L 72 > — 5 — LR RETEE
ES 1504055 1.50+0557 AT DFER, BGRHIELAZKIE A 5 WHE~FI22 - T 200
NC 2.60+0.55 217+041° um 1E EOHPFIZ Ca b PEED. ThE TICHLHE
NCN 267+052° 2.33+£052° WO BG EHICNA FrXxs 794 FofHs@Eod
Inflammatory cell infiltration was scored as fol- WS DD B L 5, vt OEKNIZHEIEL 72
lows : 0 ; normal tissue, 1 ; slight, 2 ; moderate, BG of{tiAFEHE IC b Rk Y Ih Ly Lo—FET
3 ; severe response HAINATF XT84 PN LA REERH B &
Significant difference was found between differ- Ezohtz, £, SIOSEHWIBLTE DL, SilEBG
ent alphabets (p<<0.05). O XA LRI AT 2 EERBNB T Eh
Statistical analysis : chi-squared test 5. AENTIEY — 5 —EE TSI OBLSRE-C LI

Iz <, BG2EKT 3 AhiFOREIZY VAL
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Sealer

Sealer Sealer

Bess H2E

Sealer Sealer

Sealer

Sealer

Fig. 3 Scanning electron microscopy (SEM) observation and energy-dispersive X-ray spectroscopy (EDX)
mapping of sealer and subcutaneous tissue at 35 days after implantation
The yellow dashed lines in the SEM images indicate the border between the sealer and CT. The white arrows
in the ES group indicate the regions in which Ca and P, but not Si, were detected. Scale bars : 100 um
Abbreviations : CT, connective tissue ; SEM, scanning electron microscope ; EDX, energy-dispersive X-ray
spectroscopy ; BG, bioactive glass-based sealer ; ES, calcium silicate-based sealer ; NC, zinc oxide eugenol-based

sealer ; NCN, zinc oxide non-eugenol-based sealer

YL L7 Z & TS OREEEPEA L, Si o
HNEEs L7z L Bb i, REEBANO BG &, KEfil
N5 EICk->TBGREDYT A BHEO—HRAM &
B0 pH EEEL, T vy D hAF -
U UEEA A U BEEICEEHLTY YEEH IV L@
MENDZEDPHLENERSTWREY, AL Faxs 7
NREAFERIEFLDET DY VEEANLT Y LIFEMEKICH L
TEVWEMEZRT C EAREY IR TwDE I Erb,

BG B EREMEEZET 2 2 LB Iz,
—7, ESETHEBEIC Ca b P OMHIRE A 40
umiEFEDY VALY Y LEBbNBEED 7. ES
b, ZTORMAEINA Faxs 7914 PR ENS
EDEE S Tw3 BG EHEELTY VALY
T LIEDREBIE NS H S (BG DEHA 1200 um) DI,
BG OWALIIERIC & » TEMT 2 IEMfE~ 7 2> ¥ L1
E, ESOBIGIZ & > TERT BT ABAINVE T L
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Fig. 4 Scanning electron microscopy-energy-disper-
sive X-ray spectroscopy line scanning of sealer
and subcutaneous tissue at 35 days after
implantation

(A) BG and (B) ES. The yellow dashed lines indicate
the border between the sealer and CT. The black

arrow in (B) indicates the region in which Ca and P,

but not Si, were detected. Scale bars : 100 #m

Abbreviations : CT, connective tissue ; BG, bioactive
glass-based sealer ; ES, calcium silicate-based sealer ;

CPS, count per second

A & o, BbEoEE (B w2225 2
b LIRS NI, £7- ESTIE, BALENE (T
M) 1 Cat PE2EETAEEMIBESN, KA
HEEAICY YAV LR FBITH LI EEZ SN
7o, ESBHAE LTI ABAOLVY Y LEEEL, hby
Y LA G v R EALED ST 20 C E A S ik o
TEY, KR THRE I NIA A v BN~
fiL, BfbRoNTY VEh V> LRFDTER S L7z
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DTIE7RVH EHENE N,

NC ##5 & ' NCN B¢, WA C 2 P A%k
ELTHMAT 2D%2BD ., BEROMEITE VT, NC,
NCN % 5 v biHk i B #E Ui 35 H IR B ARk
(B 21T - A5 R, o — 9 — ik & Bk & o5
REICHE L 72> — 5 —OBREIAD 5 h =Y K%
T 35 HOMBENEEIC B W Ty — 5 — O RREITE
BEN, WEOREE—HLIEREL-72, NCEB &
" NCN T, AARHHEEN TR D FREES & AR 2
FAEL, MIERD OEENTNORABEL DD L
HEIh,

T v PEEE T ANOHEEICBWT, BCGEE ESE AL
B3 5L, CD68 DFFEE & RIED A 2 7 2NFIEF U
T, NC#, NCN# X b HRICEA -7, CD68d~ 7~
077 —YDv—h—TH5ILh5? BCREE ESEE
Owru7y—YOERIABREICEKNZ ERTRBIN
7z. BG & ES N BAEMIEEEORBEIME L D 1%, K
MR DILEDIHRER P SR SN & 5 1c, FHICERE
Mo BRFRY viEh LY LESER SIS N Z L oid
RUEBBET LD EEZON, =207 7 -3
RUEWENEET 5 LT 2270, v —5—iclih
&N 7z Bioactive Glass & % W7 A BB AL 7 L a3 BG
& ESIC BT BB %2 52 T0d Z LRI NI,

NC B, NCN #£Tl BG #, ES #ic iz L T CD68 ¥
BUREE « RIEMD R a7 BEr o122 Lo b, RAEMM
M EOBENKE N EPEZ 6N, MDY —F—
FEREEIEOHRES TR S N, ThETIKNC D
GEESTHDHI—Y 7 — Vi, t b EREE O EE
WY (TNF-a) EA4 v —a4 %6 (IL-6) ®
MRNAFHBIL RV E2ED 52 2 LR, 4 XRREHIIC
BV OB - BUE RIS X 2 RIS & O R
WAL & EES 5 2 & AwEY S hTwa, %72, NC,
NCN iF g CEER KEMA T4 2 -2 —TH 3
Faxy 5 v E, (PGE,) EAFEZ{EET 2
EOHRED S THE D, AWFEMERE NC, NCN olsy
PEREEWELE L TEE LLELEZI LN,

&

A% Cl1d BG, ES, NC, NCN 0% —J —H{Lik
%7y PR T AL, REMEMREES X ORmE
MR Z I D w217 - 72, 2 OfEE, BG &
ES1Z NC 8 & ' NCN & iz U AR A MM
OREEDPE» -7 T L s, BEEMMEL, RiFndd
BFREEZBELC0B I ERBEI N, S5, EFH
RN A~HE L 72 BG £ ES 0FJEIC i Ca & P OFFELH
BcEd 5N, UrEEANLY Y LBERBICHHLTY 2
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In Vivo Inflammatory Effects and Surface Composition Changes
in Implanted Root Canal Sealer Containing Bioactive Glass

Kato Akihito!, Mrvajr Hirofumi!, YosHINO Yuto?,
KANEMOTO Yukimi!, HAMAMOTO Asako!, NisHIDA Erikal,
SucavA Tsutomu! and TANAKA Saori'?

"Department of Periodontology and Endodontology, Division of Oral Health Science,
Hokkaido University Faculty of Dental Medicine

“Division of General Dentistry Center for Dental Clinics, Hokkaido University Hospital

Abstract

Purpose: Root canal sealers that directly contact the periodontal tissue after root canal filling require high
biocompatibility. We aimed to evaluate the inflammatory response and surface elemental composition
changes of a root canal sealer containing bioactive glass after implantation into the subcutaneous tissue of
rats.

Methods: Bioactive glass (BG)-based, calcium silicate-based (ES), zinc oxide eugenol-based (NC), and
non-eugenol-based zinc oxide (NCN) sealers were implanted into the dorsal subcutaneous tissues of rats. CD68
immunostaining analysis was performed 10 and 35 days post-surgery. Histological observations and scoring of
the degree of inflammatory cell infiltration were also performed using hematoxylin-eosin-stained sections.
Subsequently, the border between the sealer and the subcutaneous tissue was observed using scanning elec-
tron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX) on day 35.

Results: The CD68 immunostaining intensities (pixel X 1,000) of the BG, ES, NC, and NCN groups were 2.8,
1.9, 64, and 6.6, respectively, at 10 days, and 0.3, 0.5, 3.5, and 1.8, respectively, at 35 days. The intensity was
significantly lower in the BG and ES groups than that in the NC and NCN groups. No significant differences
were observed between the BG and ES groups. The inflammatory cell infiltration scores of the BG, ES, NC,
and NCN groups were 1.7, 1.5, 2.6, and 2.7, respectively, on day 10, and 14, 1.5, 2.2, and 2.3, respectively, on
day 35. The scores in the BG and ES groups were significantly lower than those in the NC and NCN groups.
On SEM and EDX analyses, Ca and P were detected approximately 200 um deep from the BG sealer surface.
The Ca and P intensities were strong at the sealer surface and gradually decreased away from it. In the ES
group, Ca, P, and Si, the main components of ES, were detected overall, and the intensity of Ca was high
approximately 40 um from the sealer surface. Additionally, regions containing Ca- and P-like precipitation
were observed in the subcutaneous connective tissue close to the sealer. In the NC and NCN groups, C and
P, which may be related to biological tissue components, were found, in addition to Zn.

Conclusion: The BG and ES sealers showed less inflammatory cell infiltration than did the NC and NCN
sealers and exhibited good biocompatibility in rat subcutaneous tissue. Ca and P were detected on the sur-
faces of BG and ES sealers, suggesting that calcium phosphate precipitated on the surface after iz vivo
implantation.

Key words: biocompatibility, inflammatory cell infiltration, calcium phosphate, rat
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MR, BEKUEE %2 3 L 3 % B RDE A Y Ik
L, Mo EERISOMBREL 2 RECERL T, £
I & RO DRER, HaiEE oW s £ ORERHH
ha? S5z, BEEOHRAKRE & CBAtEIME LR
BRI AT R BB E2 5 SR L, oMk EH L
s, R, EAWRMEOEET YRR By
#54F (LPS) <_7F K7 UAhyv (PGN) 7 £,
WEENE G L s h w2, WE BRI AR
2, AR, BAEE»SERINDD, FRCHA
BBV, MAE EE» 5 BA EEA~LBRITL, ®mH
~NEEEOMNERSAE LD, COMEIFNIEE, AR
THE— Bz o E PR b NI FEBEAEZEL T
%, WA LERIZORIC B8 % WERMEICN LT, B
ONUTELTHEEEL TS, K, B LEETE, &
hERE L BT, HEEHOS 29 0 2EET B L
BHISNTW2YY, —FT, HALRIE2=— 2 alWE
bbb, WEMEEEELEE % RANKL (receptor
activator of NF-«B ligand) #ZE4£ L, B MIEHKIC
B 5.3 2 ATHEMEDSRIB S T 559 s Rk s 4
U 2BEET, WA A ERNE oNENEIN, |
AEEOTT vy ra—2ABnEL s, ZobEEosyy v s
T—2kLBiC, WRRT Y FEIDBEL hoTw L,
Lo L, oA EFMEOBEIESEED X = X LI
DWW TIE AR EA% 0,

ffEx, 22V FRT17 GERKE) BXU7+4u R
Fa7 GRIRERE) EMFiEhaERMETT. 41
RKF4 7R T70F 0749 A0 OEEREEEREE
HoTk D, Sy 6 LTy 7 F v EEDPR
THZEICXOiMEE»anEL, &k L GERLKC
LWl D, i, 740 XRTATETIFVTA4TAY
F OEBFLNREE RHE Y, BEROSRTY 2 F VE
AEPRIVHBETZ ZokdnREDOHEHII,
RhoGTPase®® % Arp (actin-related proteins) 2/3 7z &
Iz Formin'¥ 7% EA30 b > T 5 2 LB HE ST
w3 X560, REFEIE, MilaiEE, AlEEER S O
WA ORI EE 2 &EH 2> T A LIS
vz PDLIM5 (PDZ And LIM Domain 5) &
PDZ-LIM 7 7 S U —IZj@LC& b, %7, PDZ-LIM %
o7 IR ERS, MRS Lic b B T L S S
hTw 329 PDLIMbS @ FB1E, O < B
fac@o 5N 5, FE, b oVRGECE Y
T, PDLIM5 & AMP ifithfl ¥ > —+ (AMPK) DO#i#
ORE L LTHESh, X512 PDLIMS @iFHALIE 5 2
VERT4 707 7 FvELAZHEEL, MiglEENH T

P BRI 31 5 PDLIMS o f%E] 155

T EPHESNTLEY. —T, FRIRILGEEE
TlZ, PDLIM5 % siRNA # HHWCZDFHZE /) v 7 &Y
v ¥ 5 LIRS S 7

BAE, tRPA L BGHIEIC 815 5 PDLIMS #BIC B4 2
HEi37z K, ZoHEAshTWiRe, KR T, #
A L iERR T H % Ca9-22 il % v ¢, PDLIMbS @
FEB L MR HEE o M A 1 B B HERE, 72 & ONT Por-
bhyromonas gingivalis 2k LPS O8O CHEEE L
7z,

MEE L UAE

1. fHBgkEE

t b ALk Ca9-22 fifE (EEF A 3V Y —
2+t & —, ©<1E) ¥ Dulbecco’s modified Eagle’s
minimal essential medium (DMEM, Thermo Fisher
Scientific, USA) IZ fetal bovine serum (FBS) 10% (Bio-
cera, France), =3V ¥ 50U/m/ (Wako), A +L 7
F=A4 v 50ug/mi (Wako) ZRA IV -2 AW
THEREEE L%, 7 av 7oy MCET 3 £ °F
EL, BOBOOERICH W, oI 2 AL
27w, 37°C, 5%CODEESLEFDO T TfTo 7. WAL
Kb & AR EEBEERT 2B T3
PDLIMS F# B 2 st 3 % 7z iz, & - iR A
(PDLC) &2 > itk T & % HCEM % 7z,
b AR, SERVEICBEL T WD SR
L, Suga & DME®ICHE- THHE - 8L 72, ik
%, iy (100 U/ml ==V, 100 ug/ml A + v
T h=wA4 vy, Wako) &LV v EEEEEEAEK
(PBS) (Thermo Fisher Scientific) ¢ 5 [EIYE# L7z, 4
WL, SR OFI1/325#H L, a-minimum
essential medium (a-MEM, Thermo Fisher Scientific)
2 1lmg/mld 182545 F—+ (Wako) & 1,200 U/m!/
DT 4 A—¥ (Wako) 2 ANTIZET, 37°CT 1K
M, |B% L 7. 70um A F L —F — (Corning, USA) I
ARG % e X &, RSB 2572, Mg, 100 mm
BN (Iwaki) 12, 10%FBS (Biocera), 100 U/mi %
=y VU v (Wako), 100ug/mIA L 7 =42V
(Wako) %@t a-MEM % Af, 5%CO,, 37°CTHEL
7o, 12 W%, FrLwEMZ N, M5 L TwiwillEg
ZRE Lz, 5EHOHMUE T, 4, 5 HI LIcHkfiisE
21707, HREMEORIUCEE L Tix, JuNBERERY:
WHEBSOEAREZB/UTo 2 (#14-21). WIREEZ B
T 27Dz L 2T NTOEEDL LI, AR
TOWOFRICRAEL2E7. X v M Filatkcd 3
HCEM (A BRFEHEEE mH  BEHER & b {t5) 13 10%
FBS (Biocera), 100 U/m/ =31~ (Wako), 100 ug/
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m/A L7 bAoA vy (Wako) & T a-MEM % A
N, 5%C0O, 37T°CTHE LY,

2. LPS - PGN (C & 2%

Ca9-22 flifid@ iz, P. gingivalis H13€ LPS (Invivogen,
USA) 10ug/ml & Staphyriococcus aureus M3 PGN
(Invivogen) 10pg/m/l CTHIVL L 72, ¥ 24 KeRE#2 ©
PDLIM5 mRNA ## %Y 7% A L RT-PCR T, Hi
A8 BEfE2 0 PDLIMG # v 87 2T 2 A& 70y k
wio T L 72,

3. U724 L RT-PCR

PDLIM5 mRNA FIRDE{L %ML T % 721, Ste-
pOne UV 7 V% 4 ¥ 25 L (Thermo Fisher Scientific)
FHOTERNY 7V A4 LR Y X T — L K
(qRT-PCR) # 175 7z. RNeasy mini kit (Thermo Fisher
Scientific) MW T, X —H —DERICHEY:, Ca9-22 #ll
g, sEARAAENE, HCEM g2 5 b — %)L RNA % i
L7z, W5 )niZ, High Capacity ¢cDNA Reverse
Transcription kit (Thermo Fisher Scientific) % Fv> T,
37°CT 6047, 95°CT57fr» 7. PCREYOHHIZIZ,
FAST SYBR Green Master Mix (Thermo Fisher Scien-
tific) M7z, BEFFHEBEOMENHZE/IL, CT %k
W32 ETHEBLEZ v 7 VEo4 cDNA &1,
GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
ERTICRENR T 74 v —2 e TEE L2, V7
W& A4 LPCREICIX, UTDOT I 4 <Mz Hwiz,

PDLIM5 : F : 5-TTAGTGGCACTGGGGAAATC-3

R ! 5-GATCTTCCTTTGGCATCGAC-3

GAPDH : F : 5-GAAGGTGAAGGTCGGAGTC-3

R 1 3-GAAGATGGTGATGGGATTTC-5

4, 91 ZX&>TOvT 12Tk

BEOBOOMiEAGHIL 72 PBS THE L, AL by
PUBF rU YL (V, Wako), 7z =)V AFIV AN K=
V704U F (Nacalai Tesque), & & Of Halt Protease
Inhibitor Cocktail (Thermo Fisher Scientific) % N L
7z Cell Lysis Buffer M (Wako) % i\ T aHIIaA R
ZHRBL 7. &8 EHEEZ, DC protein assay kit
(Bio-Rad Laboratories, USA) # W CHIEL 2. &
DY NI BEE RN TUVHRET N L-RU 77U
7 I F7OVESKE) (SDS-PAGE) T4t L, Immun-
Blot PVDF Membrane (Bio-Rad Laboratories) IC#:E
L7z, FERF RS, % Blocking One B
(Nacalai Tesque) 12 20°CT30oEELTTuy 7 L
7. X7 VL%, PDLIM5 (GTX54578 ; Gene Tex,
1:1,000) % & &* GAPDH (015-25473 ; Wako, 1 :20,000)
DAL 7o KPR & 4°CT—WiA v F 2=+ L7z,
Z D%, #A v 7L v% KPL Antibodies & Conjugates
Anti-Rabbit IgG (H+L) Antibody, Human Serum

{

He5k H2E
Adsorbed, and Peroxidase-Labeled (Seracare, USA) @
ZRbUE L 200CT IR E 7, A v T L v R
L 7%, ImmunoStar LD (Wako) & ChemiDoc XRS
Plus ¥ 27 4 (Bio-Rad Laboratories) % > TILEF
HeE ML 72,

5. siRNAICEL 2 PDLIMS / v 74>

PDLIM5 ICX 9 % sIRNA (126773) 8L O/ v =7
T4 vZavba—)b (4390843) X, Thermo Fisher
Scientific 2> 5 i A L 7z, 40,000 fE d Ca9-22 g% 6 =
VTV — MIcHEEL, SHERELL, /vy —F T+
YZavhu— VB OBEEFES E LU v
SIRNA (THEENO ARSI RNA) THb, av ba—)
BEL L CHEA L. % siRNA 1%, Lipofectamine RNAI-
MAX #3# (Thermo Fisher Scientific) # F\» CEET
BALL, 20tk hbooffifizzhZnoFEEo 7k
DICEEE L, RNA & 2MISEBR OO 72 dIZ[FIY
L7,

6. HRETET v A1

SiPDLIMb 71k / v ¥ =4 74 v 7 avitue—)%
BETFEALKE, Cad-22 g% 12, 24, 36 Kfiich
7o > THE# L7z, CellTiter96 Aqueous One solution cell
proliferation assay kit (Promega Corp, USA) % F\ T,
B oBRRICREY, o4 FER %240 L 72, CellTi-
ter96 Aqueous One Solution % 1 7 = V¥ 72 b 20 w700
L, 37°C, 5%CO, TE LI 4 A v Fa =P L L
%, 10%SDS % 25l i L7z, 2ok, &£7v—1+ %
490 nm CTHBOLEZEHIE L 2.

7. HHEREET v 1

SiPDLIMS 723/ v & =7 T4 v7avru—iL%
BEFEALE, Cad-22 gz 24 RssE L, #ilg
SRVETR & L7z, fiE R E 1213 Cell Cycle Assay Solu-
tion Blue (Dojindo) ZF ¢, &7 a b a—nicit-
T 7z, MlEERER % 300X g T 5 o= L 724,
PBS Nz, FFf&E L, 300X g THMhEL L.
EE#EBRZE L%, PBS & Cell Cycle Assay Solution
Buffer 2z, FV7vy 7 23— TEBEAL,
7°CTC 16 0fA vFax—va L, Z0%, BD
AccuriC6 7 u—+#+4 + *#—%— (BD, USA) ZHW»T
HEL 72,

8. XUVZyFTvtA

Ca9-22 #ifE, £7213, /v —4 F4v7arviruo—
b L < id siPDLIMS 288 A & vz Ca9-22 flifidss =2~
TNIT Y Motk 200 FHOEXY FF v 7D
T —HEMRICHfE 2 KA Lz, Z oD%, DMEM T
L, HEEL 2MlEzRE Lz, 20%, FBS10%, <=
¥V v50U0/ml, AFVTF P4 vy 50ug/ml el
DMEM, ¥ L < & LPS 10 ug/ml &4 DMEM T 72 K]
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Fig. 1 PDLIMS5 expression in gingival epithelial cells

(a) Protein expression of PDLIM5 in Ca9-22 cells, periodontal ligament cells and
HCEM cells by Western blotting. (b) Effects of LPS and PGN on PDLIM5 mRNA
expression in Ca9-22 cells. Ca9-22 cells were harvested 24 hours after LPS (10 g/
m/) or PGN (10 tg/m!/) stimulation, and the levels of PDLIM5 mRNA expression were
examined by real-time RT-PCR. * : p<<0.05 (vs. control group). (c) Effects of LPS
and PGN on PDLIMb5 protein expression in Ca9-22 cells. Ca9-22 cells were harvested
48 hours after LPS (10 ug/m/) or PGN (10 g/m/) stimulation, and PDLIM5 protein

expression was verified by Western blotting.

BEL, BMERICC, Yhidaz Ao o#HZE
21, Image ] (NIH, USA) i T%* O#* (closure
rate) ZHEHL 7.

9. # &t

TARTCOERIIAH L LD 3EfT- 72, FEHENTIX,
Excel V7 b7 =7 (Microsoft, USA) %, g
13 Student’s t-test ZffH L7z, pfE<005 2 #HEicE
BB LTz,

& R

1. WALEMRICEH T3 PDLIMS %3/

B A R fE ik Ca9-22 ffifidic 8 % PDLIMb O ¥
EY LR Tay T4 v RIS THER L 7. PDLIMbS
AL T iz e K, HIREES 2 2 v R EE
i b 2 0B E2RD 7 (Fig 1-a). XKic, WA LK
M2 ME ko Td 5 LPS (P. gingivalis i3E) & PGN
(S. aureus H13€) THFE L, PDLIMbS FHI N 2 2
1) 7% A L RT-PCR I THREE L 72. PGN JLEIC
& o T PDLIM5 mRNA FITIZZEDIAR 672k o T2
%%, LPS ALFECid PDLIM5 mRNA A EREIC EFE L
7 (Fig. 1-b). %7, LPS - PGN MLE L 7= Ca9-22 i
BT 5 PDLIMb D% v 87 HIEWERT 571,

VIR TRYy T4 vIEEToN, VUTNVIA L
PCR D fEH & [EfIC, LPS AHE X PDLIMS & v 282
DOFEE L vEL Lz (Fig 1-¢).

2. WA EEAARETEIC 175 PDLIMS O1%E]

Ca9-22 #ifidic 31> % PDLIMS D2 Ml % 72
12, siRNA #H T, PDLIMGHIHD ) v 7 ¥ v 7
XA &#fT-7z. HWwiz siPDLIMb O&hE%MEE 3 % 7- &
IZ, U7V A4 L PCR 247> 7. siPDLIMb ZEH AL 7z
Ca9-22 fifld©ix, PDLIMS OFELZ/ v & —7 54~
savira—EEAL MBS, £ 80%ET LT
Wi (Fig.2-a). £7-, "z A% vr7uav 54 v 7k
&2 vy BRI OFER, siPDLIMS 2EH AL 7z
Ca9-22 fifg T3 PDLIMS % > /8 7 O F¢Hi 2 582l 2
L EETE R, WHT B LI L &
(Fig. 2-b). A _ER g O 85 IC B 1F 5 PDLIMS O
BEMHNT 2201, MEWEY veA %2fTo7. 2D
WEEL PDLIMS %/ v 7 4% > L7z Ca9-22 Ml ia b s 1%
v =T 4 v ay ra—LEEA LM g
LT, 24, 36 i lc BV CHZE A L7 (Fig 2-
c). £7, PDLIM5 / v 7 47 > Ca9-22 flfd o Mz
HllcowTHEE2T> 72 L T A, GO/Gl B ofiiaskhs
ERLTw2 =0T, G2AHOMEINHA L w5
EWBHS I o7z (Fig.2-d). Ml EofER L b, tHA
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Fig. 2 Effect of PDLIM5 on cell cycle and proliferation of gingival epithelial cells

Confirmation of the silencing of PDLIM5 by siPDLIM5 in Ca9-22 cells. (a) The levels of
PDLIM5 mRNA expression in Ca9-22 cells were examined by real-time RT-PCR. * : p<
0.05 (vs. control group). (b) PDLIM5 protein expression was verified by Western blotting.
(c) Effect of siPDLIMS5 on cell proliferation of Ca9-22 cells. Cell proliferation in Ca9-22 cells
was examined at 12, 24, and 36 hours after transfection with siPDLIM5 and control vectors.
* : p<0.05 (vs. control group). (d) Effect of siPDLIM5 on cell cycle in Ca9-22 cells.
% : p<005 (vs. control group). (e) Effect of LPS on cell proliferation of Ca9-22 cells. Cell
proliferation in Ca9-22 cells was measured at 12, 24, and 36 hours after treatment with LPS.

bR Ca9-22 Mlifdic B> ¢, PDLIMS I MlifE b
ZIEICHIBIL T2 Z eI i, R, Cad-22f
N D HEIHIC N 2 LPS OB ZH 52T 57201,

Ca9-22 iz LPS (10 ug/ml) THRIL, 24, 36 R
P ORI OB MGEL U 72, LPSALHL L 72 Ca9-22
Mg E a2 v re— A oM, ARAREEALNEP -

7= (Fig. 2-e).
3. WA LEMEOMIREEEICH T 5 PDLIMS OF
388

PDLIMb5 O 8 R o 1o o3 2 88 % Wal 4
372z, PDLIMbG /J v 27 4% > L= Ca9-22 fllfid % H
WTC, A7 I vFT7veA EiTo7, Mz HICE
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Fig. 3 Effect of PDLIM5 on cell migration of gingival epithelial cells

(a) Scratch assay in PDLIM5 knockdown Ca9-22 cells. The cells were transfected with siPDLIM5 or con-
trol vector and cultured until confluent. The cells were then partially detached and evaluated after 72
hours. (a, ¢) The scratch wound is indicated in the middle of the photographs. The black line indicates the
initial epithelial edge. Migration areas were determined by measuring the areas formed by the epithelial
edge using Image]. (b) Closure rates in stripped part of culture by Ca9-22 cells transfected with siPDLIM5
or control vector were examined * :p<0.05 (vs. control group). (c) Scratch assay using Ca9-22 cells
treated with LPS. The cells were then partially detached and treated with LPS (10 ug/ml), and cell migra-
tion was assessed after 72 hours. (d) Effect of LPS on Ca9-22 cell migration. Closure rates in stripped part
of culture by Ca9-22 cells treated with LPS were examined.

D72 72 BRI I, ERE L T & 7z Ca9-22 filfidic 0w
TEHMliL7z, /v =54 v rZavitu—z2EAL
7z Ca9-22 MfEix bR 2 U 72 B8 IC B8 L 72 28 5 5 L,
a2 U380 2 5eeiclle 72, —J5 ¢, PDLIM5
/v oFy v LzMilaTcid, BERECTLEBHOD
D, ZRERHTE > Cwiz (Fig 3-a). MEZI b By 7z 2
7 Z v FHEEICO W, MHiELSHETE L CEAS L - &

TR LHEEEME LA, PDLIMG / v 274 v
L7z Ca9-22 fifiid o v b u— i iR, ISR
PETFLTw (Fig.3-h). ToF—% &b, PDLIM5
J w27 i3 Ca9-22 Ml o ERE A K TS5 &
BRBE NI, E5ic, Ca9-22 Mgl EREIC N 2
LPS D&% BEET 572912, LPS (10 ug/ml) Z RN
LTRSSy FT v 2fTo728, LPSUMHEFELE 2~
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Fo—VEEORICERRZEIZA L N D - 7 (Fig 3-c,
d).

£ =

AWFgecid, MALEMEZ TS, HEREMES
A v IS PDLIMS FEI L TWw5b Z EHBHS
Ptz o7, A EEMIICN LT, siRNA ZHw
TPDLIMb D/ v 28V 7 vA %2{Tol k5, fl
Rt 7z & il E sl I i, —H T, P gin-
givalis B2 LPS (& 88 A L fifdic 81> 3 PDLIMS @ ¥
WE LR SE720, il cMiaisE ic i3w8s 5 2
ripo iz,

AWEcix, PDLIMb / v 7 ¥ itk ->T, AL
KBk Ca9-22 #H A o i Ra 8 56 % 9 30 % 2 E 4 L
7o, FIRgC, MilEdEEIcBLTd, A2 IvFT v eA
DFERD 5K 0% MMkl E Tz, 374b5, PDLIMS
1% Ca9-22 iz BT, HHAEIE A MR & (e 3
PRTTH B LHFRENT, Wei 5 DS T,
FOR IS FLEERE Ol ic 8T, PDLIMG D/ v 7 ¥ v
Z 2 OMBEEMEE IR L 72, BB T,
PDLIM5 %2 siRNAT/ v 77§52 Lick-TC, #l
FatsdiE s infl S T 2% HRETE & AR, M
FICBL T, KiIBEMIEk % A v/ %<, PDLIM5
DIy o8y idZOWESIHS D B0 kS
2, bhvbhOfER & FEMED PDLIMS O HIAEHEE - A
WERIEET 2HREEZ R LSS L AN, Z
DO—7J5C, PDLIMb 25tz 2 63 2 L v o RED
» 3. Yan 5O E TI1E, PDLIMS X IME i Anfia ic
BT, AMP-activated protein kinase (AMPK) 12 & -
T PDLIM5 28V v Z 415 &, Ras-related C3 botuli-
num toxin substrate (Racl)-Actin-related protein 2/3
(Arp2/3) ¥ 7" F VARERE IR S 0, 2 offfabEE
MIHE SN = o PDLIMS ORIBREE S & iz~
DEIFDEHE U —o DB HIZ, MigEoEVIC X
b0 EEZS5N5, PDLIMS A5Hllfa s - ez ic
TEEEMIICER L7 fifiEi, windEifiacd 2. £/,
FEEDFER L 7o ebh b ofiffge v -8 1A LRl
fakk Ca9-22 filfa & % 7=, HFRE @ koMt
H 5. Pineda 5%, ZIREMIICE W CRFREICHI
LTw3 x5/ —<Hif3EET melanoma associated
antigen-A3/A6 (MAGEA3/A6) 73, AMPK % 4 fil
MLTw3Z L2 5HIcL?, PDLIMS A5l
F - AR i U CiE R I @ » gl Tk o v
AT LI &> T AMPK 239 Z 4, PDLIMS VU v
{34 Uls w7z @12, Racl-Arp2/3 ¥ 7" FI)VimE» ]
INT, ORIk BilEEEOHENIEE RO

R M

7 Bess H2E

up

b Lk, —HT, b A RS AT g
A AR 81 5 PDLIMDS O FICMERE I D W T,
ONONDHIZDE D, WERLHRENZ W, S0, JEH
b sk s B b B SRR Ca9-22 MY T A 5 L7z PDLIMS
v 7Y T & BlilaiEdE - EEOHE S 206 Off
faTbA L 2 0Er, SHhomPHETHS, Fik,
TS OMifEE A 72 & b #E R K b, AR
Mg B 1) %5 PDLIMbS DfE) & 23 B s e K 7 »
MEBBETF A5 T 5 L EHLDICTE DD L
[

AEFZEClE, MA_LERMIIEIC 81 % PDLIMS Di%iE
fAHT S 272012, SIRNA LK B/ v 7 8 Vi 21T -
TWw5%Y, PDLIMS O#RER & b FEfICf#lT 3 21213,
Z DM DN T H 2 EFIFIR (overexpression) & & %
RNt b A TH %, PDLIMS BFEIHL Ty, L L
I FEH DR IC PDLIMS 2 @856 X &, #lfa s
PWEICED LS BHELEZ 20 ERIET 2ERTH
L0, bbNDHLZNED, TDLSBHRIFVER
fTobhTwizw, PDLIMOZSH E O FHEIHEL Twiw
HEK293 fflifid7e &£ &2 T, SHBMRIETNETH 5.

SlE, A RN b, THEENICEEEE S % iR
Sl £ 2 > b EFHfdIC & PDLIMS 23%BIL T %
EDMHE IRt Fe, B LRI S
WL T\ 3 lIARRHES M IC & PDLIMB 1B L <
V5P HPREHESINE T 1k, PDLIMS 3R, ffass
HET 2BRoMlE0 B o icmd FIHEL T O, i
RIS Db oTVRBE I EPRENTWVES, bhvb
B b & Rk, HePRRRAESHEIE o PDLIMS
/v oy r3hE, fildMELZORBICEL S 2
5 =7 UTHSHE S N, MligEEsTHsnz, o
B A N 2 I o0 i i fd R o0 M 1E Transforming
growth factor-Breceptor (TGF-BR) 1 ¥ > —+, SMAD
family member 3 (Smad3), Rho associated coiled-coil
containing protein kinase 2 (ROCK-1I) ® ¥ 7" F )L iniE
B2 N LT RY . WA LRI o PDLIMS H5 H4)
DWW TIESH, M LTS FETH S,

LPS i3t i 815 5 PDLIMbS 0 %8l % &
XHI2D, FO LRI X o CHIMEEEAMEET 5 2 L
DEZ BT, EBICIE, HIFgEEc R L TEEE S
At otz LPS O A FE AR IC $ 2 528>
WX, %L DIEDR 2 I N T W5, Escherichia Coli H
K LPS T A _E B MR o 355 & B U 72 & v 5
EH B 5—1C, P. gingivalis HED LPS Tld iR -
B DBETEIC 1358 % 5 2 e dr o 122 wIhobi%
THWw LN LPSDRED, SRlbnbid A7z LPS
DBE 10ug/ml £ —#ETH -7, LPS ODHKSL LPS ©
MR, AL OB IC & - T, LPS ORRIZZE
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boTl2bDtEbnd. LPS DY 7 FVREE, 4
RIFH 72 P. gingivalis 2R LPS %t A _E Bz Affie i 7B &
# % k, Interleukin (IL)-1, IL-8, Tumor necrosis
factor (TNF)-a 7% EQORIEWH A b AL 7 EHA
VOEEDPERTZI LA TREY Chbnk
EEYA P A ik, AR L TR =
2%&BERI L, MIEEREEZET S22, SEoOpF
78C, ML EREIETE 2 2T 2@ & o & 5 PDLIMS
DOFEALPS KT ER L ZIcd hb 6T, MiEETE
PLWERICENPA S NP oTDIE, T 5 LERERE
A P hHA VEEPEELTWZO2D Ly,
7z, LPS % PGN (& Pathogen associated molecular pat-
terns & LC, Toll-like receptor %z £ %ML T 7 F v
RN IR ET 289 Cofiiany 2 F oL
PDLIMS FIROFHEEIC 2 hdo 5 A[EE D E 2 541 5 53,
Bife, PDLIMS % E#MNICEEET 2 7 F VA AT —F
FEIS Ty, 54, PDLIMS # %2 FE T 257
KDV THMEBNRETH 5.

WRRPEC 2 L, HEARMEOEET 23 EI £k
KT & o TRIEDAE U, HEEMOBIEE L dic, B
W EEMEO &y v ra—2hd: 020, o fEE kR
T, A EEMIRIC T R b= A ZBIERIT L%
IL-1, IL-6, IL-8 %> TNF-a 7z £ D KIEWH A +H A
DEEIND %, WA LEAHIESIEE - ##E L Tl
AHZALICDVTEAHTH 5. S, hHA LA
DYEIH - R & e T 2 [KF & LT PDLIMb % HLWw7g L
72, in vivo TORFLIZTE T 5T, SHROMIEHI
YiCtdH 5. %7z, PDLIMS AN DELET - & v /827 HiE
LT3 EENS D, HALKDS Y v 7u—2L
WO RS OWNRER FRIHT 2 72 DI b X 572 2L
HTh o,

& &

PDLIMS (3 8 A _E B HIAE D 3T - 3l AL 2 (e iRy I 7
T3 EBRRINT

E i
AW JSPS BHFE A (C) JP19K10133 D Bk % 52 1)
Tirbnrk, 7, MECELTHEVLEEE LUK
% HHEEELICESRL 9. R, IROZFTICIH
T2 E F U SUNERIR A0 R 0 T OSBRI R
L BT ET,

P BRI 31 5 PDLIMS o f%E] 161

X |

1) Usui M, Onizuka S, Sato T, Kokabu S, Ariyoshi W,
Nakashima K. Mechanism of alveolar bone destruction
in periodontitis—Periodontal bacteria and inflammation.
Jpn Dent Sci Rev 2021; 57: 201-208.

2) Hayashi Y, Matsunaga T, Yamamoto G, Nishii K, Usui M,
Yamamoto M, Tachikawa T. Comprehensive analysis of
gene expression in the junctional epithelium by laser
microdissection and microarray analysis. ] Periodontal
Res 2010; 45: 618-625.

3) Nishii K, Usui M, Yamamoto G, Yajima S, Tsukamoto Y,
Tanaka ], Tachikawa T, Yamamoto M. The distribution
and expression of SI00A8 and S100A9 in gingival epi-
thelium of mice. ] Periodontal Res 2013; 48: 235-242.

4) Tsukamoto Y, Usui M, Yamamoto G, Takagi Y,
Tachikawa T, Yamamoto M, Nakamura M. Role of the
junctional epithelium in periodontal innate defense and
homeostasis. ] Periodontal Res 2012; 47: 750-757.

5) Fujihara R, Usui M, Yamamoto G, Nishii K, Tsukamoto
Y, Okamatsu Y, Sato T, Asou Y, Nakashima K, Yama-
moto M. Tumor necrosis factor-a enhances RANKL
expression in gingival epithelial cells via protein kinase
A signaling. ] Periodontal Res 2014; 49: 508-517.

6) Usui M, Sato T, Yamamoto G, Okamatsu Y, Hanatani T,
Moritani Y, Sano K, Yamamoto M, Nakashima K. Gingi-
val epithelial cells support osteoclastogenesis by pro-
ducing receptor activator of nuclear factor kappa B
ligand via protein kinase A signaling. ] Periodontal Res
2016; 51: 462-470.

7) Le Clainche C, Carlier MF. Regulation of actin assembly
associated with protrusion and adhesion in cell migra-
tion. Physiol Rev 2008; 8: 489-513.

8) Nobes CD, Hall A. Rho, rac, and cdc42 GTPases regulate
the assembly of multimolecular focal complexes associ-
ated with actin stress fibers, lamellipodia, and filopodia.
Cell 1995; 81: 53-62.

9) Olson MF, Ashworth A, Hall A. An essential role for
Rho, Rac, and Cdc42 GTPases in cell cycle progression
through G1. Science 1995; 269: 1270-1272.

10) Paul AS, Pollard TD. Review of the mechanism of pro-
cessive actin filament elongation by formins. Cell Motil
Cytoskeleton 2009; 66: 606-617.

11) Bodor DL, Pénisch W, Endres RG, Paluch EK. Of cell
shapes and motion: The physical basis of animal cell
migration. Dev Cell 2020; 52: 550-562.

12) Kadrmas JL, Beckerle MC. The LIM domain: from the
cytoskeleton to the nucleus. Nat Rev Mol Cell Biol 2004;
5: 920-931.

13) Krcmery J, Camarata T, Kulisz A, Simon HG. Nucleocy-



162

14)

15)

16)

17)

18)

19)

20)

H K

toplasmic functions of the PDZ-LIM protein family: new
insights into organ development. Bioessays 2010; 32:
100-108.

Ito J, Iijima M, Yoshimoto N, Niimi T, Kuroda S, Matur-
ana AD. Scaffold protein enigma homolog activates
CREB whereas a short splice variant prevents CREB
activation in cardiomyocytes. Cell Signal 2015; 27: 2425-
2433.

Kuroda S, Tokunaga C, Kiyohara Y, Higuchi O, Konishi
H, Mizuno K, Gill GN, Kikkawa U. Protein-protein inter-
action of zinc finger LIM domains with protein kinase C.
J Biol Chem 1996; 271: 31029-31032.

Yan Y, Tsukamoto O, Nakano A, Kato H, Kioka H, Ito N,
Higo S, Yamazaki S, Shintani Y, Matsuoka K, Liao Y,
Asanuma H, Asakura M, Takafuji K, Minamino T,
Asano Y, Kitakaze M, Takashima S. Augmented AMPK
activity inhibits cell migration by phosphorylating the
novel substrate Pdlimb. Nat Commun 2015; 6: 6137.

Wei X, Zhang Y, Yu S, Li S, Jiang W, Zhu Y, Xu Y, Yang
C, Tian G, Mi ], Bergquist J, Zhao M, Song F. PDLIMb5
identified by label-free quantitative proteomics as a
potential novel biomarker of papillary thyroid carci-
noma. Biochem Biophys Res Commun 2018; 499: 338-
344.

Suga T, Usui M, Onizuka S, Sano K, Sato T, Nakazawa
K, Ariyoshi W, Nishihara T, Nakashima K. Characteri-
zation and study of gene expression profiles of human
periodontal mesenchymal stem cells in spheroid cul-
tures by transcriptome analysis. Stem Cells Int 2021;
2021: 5592804.

Kitagawa M, Ao M, Miyauchi M, Abiko Y, Takata T.
F-spondin regulates the differentiation of human cemen-
toblast-like (HCEM) cells via BMP7 expression. Biochem
Biophys Res Commun 2012; 418: 229-233.

LiY, Gao Y, Xu Y, Sun X, Song X, Ma H, Yang M.
si-RNA-mediated knockdown of PDLIM5 suppresses
gastric cancer cell proliferation in vitro. Chem Biol
Drug Des 2015; 85: 447-453.

BOR A

21)

22)

23)

24)

25)

26)

27)

28)

29)

rve

S HE65E HE2E
Liu X, Chen L, Huang H, Lv JM, Chen M, Qu FJ, Pan
XW, Li L, Yin L, Cui XG, Gao Y, Xu DF. High expres-
sion of PDLIMb facilitates cell tumorigenesis and migra-
tion by maintaining AMPK activation in prostate can-
cer. Oncotarget 2017; 8 98117-98134.

Pineda CT, Ramanathan S, Fon Tacer K, Weon JL, Potts
MB, Ou YH, White MA, Potts PR. Degradation of
AMPK by a cancer-specific ubiquitin ligase. Cell 2015;
160: 715-728.

Yuda A, Lee WS, Petrovic P, McCulloch CA. Novel pro-
teins that regulate cell extension formation in fibro-
blasts. Exp Cell Res 2018; 365: 85-96.

Basso FG, Soares DG, Pansani TN, Turrioni AP, Scheffel
DL, de Souza Costa CA, Hebling J. Effect of LPS treat-
ment on the viability and chemokine synthesis by epi-
thelial cells and gingival fibroblasts. Arch Oral Biol
2015; 60: 1117-1121.

LiuJ, Wang Y, Meng H, Yu J, Lu H, Li W, Lu R, Zhao Y,
Li Q, Su L. Butyrate rather than LPS subverts gingival
epithelial homeostasis by downregulation of intercellu-
lar junctions and triggering pyroptosis. ] Clin Periodon-
tol 2019; 46: 894-907.

Ohno T, Yamamoto G, Hayashi JI, Nishida E, Goto H,
Sasaki Y, Kikuchi T, Fukuda M, Hasegawa Y, Mogi M,
Mitani A. Angiopoietin-like protein 2 regulates Porphy-
romonas gingivalis lipopolysaccharide-induced inflam-
matory response in human gingival epithelial cells. PLoS
One 2017; 12: e0184825.

Basso FG, Pansani TN, Turrioni AP, Soares DG, de
Souza Costa CA, Hebling J. Tumor necrosis factor-o
and interleukin (IL)-14, IL-6, and IL-8 impair in vitro
migration and induce apoptosis of gingival fibroblasts
and epithelial cells, delaying wound healing. ] Periodon-
tol 2016; 87: 990-996.

ENEER], BARGERIC X % HERHE O ZEE I
W OfENT. HBEERE 2004 5 46 : 94-100,

SrEt. AR R R B — 18 AR
BARM O, HEgEZE 2011 ; 53 @ 1-12,



202244 A P BRI 31 5 PDLIMS o f%E] 163

PDLIMb5 Promotes Proliferation and Migration in Gingival Epithelial Cells

Usul Michihiko, Suca Takenori, SANO Kotaro and NAKASHIMA Keisuke
Division of Periodontology, Department of Oral Functions, Kyushu Dental University

Abstract

Purpose: Periodontal disease is caused by periodontal pathogens that induce inflammation of periodontal
tissues and alveolar bone resorption. In this process, periodontal pockets are formed by downgrowth of gingi-
val epithelial cells. PDLIM5 (PDZ and LIM Domain 5) belongs to the PDZ-LIM family and is known to be
involved in cell proliferation and migration. In this study, we aimed to clarify the role of PDLIMS5 in the pro-
liferation and migration of gingival epithelial cells.

Methods: The expression of PDLIMb5 in Ca9-22 cells, a gingival epithelial cell line, was measured by real-
time RT-PCR and Western blotting. Small interference RNA (siRNA) was used to knockdown the expression
of PDLIMS5 in Ca9-22 cells. The role of PDLIMb5 in cell proliferation and migration in gingival epithelial cells
was examined by cell proliferation assay and scratch assay using PDLIMb5 knockdown Ca9-22 cells. We also
examined the role of lipopolysaccharide (LPS) in PDLIM5 expression, proliferation and migration in Ca9-22
cells.

Results: LPS from Porphyromonas gingivalis upregulated PDLIM5 mRNA expression and protein expres-
sion in Ca9-22 cells, and PDLIMS5 knockdown Ca9-22 cells showed reduced cell proliferation and migration
compared to cells transfected with the non-targeting control. On the other hand, LPS did not affect cell pro-
liferation or migration of Ca9-22 cells.

Conclusion: It is suggested that PDLIM5 regulates the proliferation and migration of gingival epithelial
cells positively.

Key words: PDLIMb, gingival epithelial cell, cell proliferation, cell migration
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Table 1 Comparison of oral health status, blood pressure
and BMI over 3 years

The 1st The 4th
grade grade p-value
(N=101) (N=101)
Age 20.3+27 232+28  <0.001
Gender
Male 54 (535%) 54 (535%) 1.0°
Female 47 (465%) 47 (465%)
Number of teeth 277109 273+13 0.011
Decayed teeth 29+£31 2029 0.035
Filled teeth 29+33 49+42 <0001
Missing teeth 03%+0.8 08+14 0.003
DMFT Index 59+41 77451 0.007
PPD CPI code
0 (Healthy) 26 (257%) 46 (455%) 0.005
1 (Bleeding) 20 (198%) 6 (59%)
2 (Calculus) 29 (287%) 31 (30.7%)
3 (4-5mm) 25 (248%) 17 (168%)
4 (6 mm-) 1 (1.0%) 1 (1.0%)
CAL CPI code
0 (0-3mm) 75 (743%) 76 (75.2%) 0.378"
1 (4-5mm) 25 (24.8%) 23 (228%)
2 (6-8 mm) 1 (10%) 2 (20%)
3 (9-11 mm) 0 (00%) 0 (00%)
4 (12mm-) 0 (00%) 0 (00%)
Classification of BP
Normal BP 54 (535%) 71 (70.3%) 0.090?
High normal BP 23 (228%) 14 (139%)
Higher BP 20 (198%) 12 (11.9%)
Hypertension 4 (40%) 4 (40%)
BMI (kg/m?)
Total 221+36 220+34 0.829
Male 230%35 233+32 0.635
Female 21.1+36 20.6+32 0.405

Paired ttest, *Chi-squared test. Community Periodontal
Index : CPIL Probing pocket depth : PPD. Clinical attach-
ment level : CAL. Blood pressure : BP. Body Mass Index :
BMIL

EHH4 2 FREICB VT, p<0001l TH b, AEMR
DBE%RiEHRDTHTIZF D IZFRIFTH -2, Table 4
1, Table 3 & FkEIC, 4 FEMRETOILE & BEHT 3
T2 L7z, DEEINE/SIE & TESE/IEE S
) LR L, ERICEET KT, BELILMELD
b4 v A (95%EHEX M) A% 12.362 %5 (1457~14.879)
otz %72, PPD 34 mm M Eo R T 3.882 %
(0.863~17.453) I HEHEEZRZRBD LN B> 72 (p=
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Table 2 Association classification of blood pressure with oral and systemic factors in the 1st and 4th grade

The 1st grade

The 4th grade

Normal BP/ Higher BP/ Normal BP/ Higher BP/
High normal BP  Hypertension p-value High normal BP  Hypertension p-value
(N=77) (N=24) (N=85) (N=16)
Age 199+23 216+36 0.042 234%31 241440 0.126
Gender
Male 33 (61.1%) 21 (389%)  <0.001° 39 (722%) 15 (278%)  <0.0017
Female 44 (936%) 3 (64%) 46 (97.9%) 1 (21%)
Number of teeth 27709 277109 0973 273+13 271x16 0419
Decayed teeth 24+23 46+45 0.028 18+24 29+45 0182
Filled teeth 28+33 25+36 0.714 52+45 46%41 0.604
Missing teeth 0.3%£038 02+08 0.743 07+14 09+16 0563
DMFT Index 57438 7.3%+48 0.096 77451 84459 0.637
PPD CPI code
0 (Healthy) 18 (234%) 8 (33.3%) 0.033* 38 (44.7%) 8 (50.0%) 0.323"
1 (Bleeding) 19 (24.7%) 1 (42%) 5 (59%) 1 (63%)
2 (Calculus) 19 (24.7%) 10 (41.7%) 29 (34.1%) 2 (125%)
3 (4-5mm) 21 (27.3%) 4 (16.7%) 12 (141%) 5 (31.3%)
4 (6 mm-) 0 (00%) 1 (42%) 1 (1.2%) 0 (00%)
0-2 (0-3 mm) 56 (72.7%) 19 (79.2%) 0.603? 72 (84.7%) 11 (688%) 0.126
3-4 (4 mm-) 21 (27.3%) 5 (20.8%) 13 (15.3%) 5 (31.3%)
CAL CPI code
0 (0-3 mm) 57 (722%) 18 (75.0%) 0.890? 66 (77.6%) 10 (625%) 0.273
1 (4-5mm) 20 (25.3%) 6 (25.0%) 17 (20.7%) 6 (37.5%)
2 (6-8 mm) 1 (13%) 0 (00%) 2 (24%) 0 (00%)
3 (9-11 mm) 1 (13%) 0 (00%) 0 (0.0%) 0 (00%)
4 (12 mm-) 0 (00%) 0 (00%) 0 (00%) 0 (00%)
0 (0-3mm) 57 (74.0%) 18 (75.0%) 0.924 66 (77.6%) 10 (625%) 0.198
1-4 (4 mm-) 22 (26.0%) 6 (250%) 19 (224%) 6 (375%)
BMI (kg/m?)
Total 214+28 246448 0.005 217432 240+4.1 0014
Male 223426 242443 0.074 230+28 242441 0213
Female 20.7+29 27079 0.303 20.6+32 20.7 0971

Unpaired ¢-test, *Chi-squared test. Blood pressure : BP. Community Periodontal Index : CPI. Probing pocket
depth : PPD. Clinical attachment level : CAL. Body Mass Index : BMIL

0077). % Dfth, 44EHFTIE, 1 FEFEHCHEERBESR S
NERNEEEB L OBMIIcBWT, BEABE#EIIAS
Nish otz (BEHAA 2 FRE  p=0001).
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Table 3 Association between classification of blood pres- Table 4 Association between classification of blood pres-

sure and decayed teeth with binomial logistic sure and probing pocket depth with binomial logis-

regression analysis in the 1st grade

tic regression analysis in the 4th grade

The 1st grade
Normal BP/High normal BP vs.

The 4th grade
Normal BP/High normal BP vs.

Higher BP/Hypertension p-value Higher BP/Hypertension p-value
Odds ratio Odds ratio
(95% confidence interval) (95% confidence interval)
Age (years) 1.194 (0.989-1.443) 0.065 Age (years) 1.103 (0.918-1.326) 0.293
Gender 7907 (1563-40.013) 0012 Gender 12.362 (1.457-14.879) 0.021
(1 : Female (1 : Female
2 : Male) 2 : Male)
Decayed teeth 1.339 (1.102-1.627) 0.003 Decayed teeth 1.122 (0.928-1.356) 0.235
(teeth) (teeth)
BMI (kg/m?) 1424 (1.134-1.787) 0.002 BMI (kg/m?) 1.102 (0921-1.317) 0.288
Blood pressure : BP. Body Mass Index : BML PPD
0-3 mm 1.000
4 mm- 3.882 (0.863-17.453) 0077

Blood pressure : BP. Body Mass Index : BMI. Probing
pocket depth : PPD.

Table 5 Changes in classification of blood pressure over 3 years

The 1st grade

Normal BP  High normal BP

Higher BP Hypertension

The 4th grade

Normal BP 47 16 7 1
(87.0%) (69.6%) (350%) (250%)

High normal BP 6 4 3 1
(11.1%) (174%) (150%) (25.0%)

Higher BP 0 3 8 1
(0.0%) (13.0%) (40.0%) (250%)

Hypertension 1 0 2 1
(1.9%) (0.0%) (10.0%) (25.0%)

Total 54 23 20 4
(100.0%) (100.0%) (100.0%) (100.0%)

Blood pressure : BP.

Lo L, RAOEHES, BMI, PPD i 3 4E4IC B /4
otz Xic TEALEE, T3, 34ERTD BMI 23009 5
F v X (5% EHEXR) 25 1711 % (1.129~2592) T
bol, L, WA, ROEwEE, PPD i3 F#EICk
HA e o 7o (BEHA A 2 FHE - p=0026).

£ =B

AWHFE & O, IAARBRBIRS 5~ 4 o I EAE 7 483

BMEN EOZHTE, 1 EBTEBENS C, ROE
W8S <, BMLDSED - o, 44EHTIE, BN <
PPD 4 mm B EX S WERICH - 2 BERETld -
Fo. 70, 3ERICINEATL L 2% T, BMI AN
U, 348 IUESBEE L BT, BHs %D -1
REEER T, 1 ERFE 4 EFERCEMEZ2ED 40%,
IEHIMEX 535~703% TH > 7. FBfTHF%IC T,
AR & R R % 3 AERIERR L 72 5 ©
1%, S 42~58%, IER ML IE 49.7~61.7% & iR
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Table 6 Association between change in blood pressure and BMI with multinomial logistic

regression analysis

Odds ratio
(95% confidence interval) p-value

Classification of BP
(No change group vs. Improvement group)
Age in the Ist grade (years) 1.103 (0.918-1.326) 0.549
Gender (1 : Female 2 : Male) 3529 (1.322-9.424) 0.012
Increasing of decayed teeth for 3 years (teeth) 0.943 (0.790-1.125) 0512
Increasing of BMI for 3 years (kg/m?) 0944 (0.768-1.160) 0.583
PPD for 3 years

No change group/Improvement group 1.000

Worsening group 1422 (0.331-6.104) 0.636
Classification of BP
(No change group vs. Worsening group)
Age in the 1st grade (years) 0951 (0.728-1.242) 0.712
Gender (1 : Female 2 : Male) 1519 (0.321-7.189) 0.598
Increasing of decayed teeth for 3 years (teeth) 1.144 (0.829-1577) 0413
Increasing of BMI for 3 years (kg/m?) 1.711 (1.129-2592) 0.011
PPD for 3 years

No change group/Improvement group 1.000

Worsening group 1528 (0.201-11.599) 0.682

Body Mass Index : BMI. Probing pocket depth : PPD.
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Association between Blood Pressure, Number of Untreated Dental Decay,
Periodontal Pocket Depth, and Body Mass Index in 101 Dental University
Students : Follow-up Survey at the Time of Admission and in the 4th Grade

Sako Ryusuke, DEwWAKE Nanae, Tacuchr Akiral,
Ozaxk1 Yuki, KuBokawa Keita? and YosHINART Nobuo

Department of Operative Dentistry, Endodontology and Periodontology, School of Dentistry, Matsumoto Dental University
'Department of Oral and Maxillofacial Radiology, School of Dentistry, Matsumoto Dental University

®Medicare Dental Clinic Saitama Shintoshin

Abstract

Purpose: The aim of this study was to clarify the relationship between blood pressure and oral factors
based on the results of physical and dental examinations performed on the first- and fourth-grade students at
Matsumoto Dental University, and to examine changes in oral and systemic factors over a 3-year period.

Methods: The subjects were 101 first-grade students (54 males and 47 females, mean age 20.3+2.7 years)
at Matsumoto Dental University who were followed for 3 years. In the physical examination, the presence or
absence of systemic diseases, height, weight, body mass index (BMI), and blood pressure (BP; systolic blood
pressure [mmHg]/diastolic blood pressure [mmHg]) were examined; in the dental examination, the number
of present teeth, decayed teeth, filled teeth, missing teeth, DMFT index, and community periodontal index
(CPI) were examined. BP was classified into two groups: (1) normal BP/high normal BP (120-129 mmHg and
<80 mmHg) and (2) higher BP (130-139 mmHg and/or 80-89 mmHg) /hypertension group. Statistical anal-
ysis was performed using the #test and chi-squared test for BP, oral status, and general status in the first
and fourth grade. In addition, oral and systemic factors associated with BP were analyzed using binomial
logistic regression analysis in the first and fourth grade. Finally, multinomial logistic regression analysis was
used to compare the “no change” group and “improvement” group and the “no change” group and “wors-
ening” group BP levels at 3 years, and to analyze related oral and systemic factors.

Results: Students classified in the higher BP/hypertension group had significantly more decayed teeth in
the first grade, with an odds ratio of 1.339 (95% confidence interval [CI] 1.102-1.627, p=0.003), and those in
the fourth grade were more likely to have more than 4 mm PPD with an odds ratio of 3.882 (95% CI 0.863-
17453, p=0.077). Students whose BP worsened during the 3-year period were also more likely to experience
an increase in BMI with an odds ratio of 1.711 (95% CI 1.129-2592). Therefore, it is suggested that high BP
is associated with oral health status and BML

Conclusions: Students with hypertension or higher BP were associated with a greater likelihood of having
more untreated dental caries remaining and the presence of periodontitis in some parts of the oral cavity;
students with worsening blood pressure over 3 years were more likely to experience an increase in BMI

Key words: dental university student, hypertension, untreated dental decay remaining, periodontitis
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Type 1
69.8-93.8%

Type 1T
3.1-26.6%

y

Type llla

Type Ilb

30-125%
Fig. 1 Revised based on previous report® schematic

diagram Oehler’s classification system based

on the degree of invagination of dens invagina-

tus
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2. BEZE
1) EHm MR o EEENlES & O REE %
(20175~2018.8)
A5 2 BERIB I RBE L, FREE D © O kR 3 RE
HEEZz bt (Fig 2A). ZEROEREODERERE
73 (Fig. 2B, C). HEEEMET Y, HBlET L

PERELRRICHP L, FBFIEERELHHL
TEY, avEYy LY vtk 2 ERBES, w0k

B2 m/NRICTE 2 LK BIEIREN S 2REHEATHL S
EEEEERT 2 L L LTz,

EEERE, 3ERBRICIXEERERIZHEELTBD,
LM ARG %R R L (Fig. 3A). 20
b HRRIER 2B o 72720, ¥IROEMKIRICAD
®CROBBIE 2T o 72, RSEAMIRIY) SR IR D & %
WEEHHE I BV TESKERZ B & IR L
TEE LT RIGE TR L T ds, BRI LEOEER
O AT APEE S iz 7z®, CBCT IT & % = RICHIETHN
ERET D DMKIERD W L 5 BENE Sk
otz UL, EEIOF Y2V X SEER D 5 E iR
OHFEHEDIRL b b 2 & (Fig. 3B~D) & & *OFEH
BHICBWIEGZED 2 Z 5 (Fig. 3E), BEB
FOFKMEEMHHED 5 2, RERPiRs CBCT 21 %
JLElLT,

B
P i Air bl
Mobility PD Palpation ereussion i b ow
V/H pain
3| 0 2mm (BOP—) - — + —
2| 0 2mm (BOP—) — — + —
1] 0 2mm (BOP—) — - + +
1 0 2mm (BOP—) — — + +
12 0 2mm (BOP—) — — + -
13 0 2mm (BOP—) — — + -

Fig. 2 Clinical findings immediately after trauma

A : Intraoral photograph (occlusal view) immediately after trauma showing that the exposed pulp of the max-

illary right and left central incisors was exposed.

B : Results of periodontal and pulp examinations of the trauma-influenced area from maxillary right to left

canines.

C : Dental radiographs showing fractured crowns of the maxillary right and left central incisors and dens invag-

inatus in the maxillary right and left lateral incisors.

PD, probing depth ; V/H, vertical/horizontal ; EPT, electric pulp testing ; —, absent ; +, present
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A C

Fig. 3 Dental radiography images during follow-up

. Dental radiograph 3 weeks after the trauma.

. Dental radiograph 3 months after the trauma.

: Dental radiograph 7 months after the trauma.

: Dental radiograph 15 months after the trauma.

: Full mouth intraoral photographs were record 7 months after the trauma.
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NoS—, V= —) 6 RIOREGEN (750 —2 JAPRARIC KA TR Z L 2FAL L 25, FEALO
Fy BV, V—v =) KRIEBA LN, KiGsEED gt E ML 7.

N7 (Fig 4A). BZIcBL T ERA» 5 nT, A zz7T, WRHA~4 2w xa—7TF (OPMI pico
ICFRATF VY LARF =T 74 VB AL Rd o7z, MORA/S100, Carl Zeiss, FA V) 1o TELARE R %
2P RAT TR IR eh -7 (Fig.4A). CBCT BHE U7z, BRAERICFRHA T Y L ARF— LT 7 A A
(V77 =FxF, BHL Y M7 Y) HEifRK D, RAEH AB o, MAHEDLTPICIET 5 & THA

FERGRIFAR R 5T T T FEIBUC A DS > Tz, Bl EBOAD AR T 2 L TE (FigbA), #14 ¥
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A
. Percussion . .
Palpation EPT Cold Pain Hot Pain
V/H
2] - - + + +
1] — - + + +
[ - - + + +
l2 _ _ _ _ _
B

v
Crown

Frontal plane

Horizontal plane

Fig. 4 Postoperative clinical finding 19 months after

trauma ) )
A : No abnormal findings observed in the maxillary

central incisor exposed pulp. The maxillary left lat-
eral incisor had previously shown pulpal response,
but it was lost during the follow-up.

B : CBCT image shows radiolucency surrounding the
root apex and that the invagination is not in the
center of the root canal but closer to the mesial
part. Sagittal and frontal section shows radiolu-
cency indicating internal resorption like structure.

V/H, vertical/horizontal ; EPT, electric pulp test ; —,
absent; +, present ; CBCT, cone-beam computed
tomography
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Fig. 5 Dental radiographs and dental operating microscopic images during main root canal

and the invagination treatment

A : The invagination was detected after removing surface enamel of occlusal surface.

B ! The invagination and C-shape root canal were observed.

C : The gutta-percha point is inserted through the fistula located near the root apex of the

maxillary left lateral incisor.

D : Because the value indicated by apex locator was not stable, the radiographic root canal

length measurement was performed with a “3.0” value.

E : Radiographic root canal length measurement after root canal preparation is performed at

the length of 1 mm less than a “Apex” value of apex locator.

F @ Dental radiograph after root canal filling.

M, mesial ; D, distal ; B, buccal ; P, palatal
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A
P .
Palpation ereussion EPT Cold Pain Hot Pain
V/H
2] _ _
1] _ _
i _ _
2. _ _
C

Apical 1] L |2

Sagittal plane

[2

Horizontal plane Frontal plane

Bess H2E

Fig. 6 Postoperative finding during follow-up
: Clinical symptoms including adjacent teeth at the time of crown restoration.
: Dental radiographs image at the time of crown restoration.
: CBCT image 1 year after root canal treatment shows that the radiolucency around the root apex has disappeared.
: Intraoral view 1 year after root canal treatment shows that the orthodontic treatment is in progress and the final res-

OO w >

toration of the maxillary anterior teeth will be performed in conjunction with the final phase of the orthodontic treat-
ment.
V/H, vertical/horizontal ; EPT, electronic pulp test ; —, absent ; +, present ; CBCT, cone-beam computed tomography
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A Case Report: Successful Treatment for Maxillary Left Lateral Incisor
with Dens Invaginatus Oehler Type III

HirosE Nanako, OKAMOTO Motoki, KINOMOTO Yoshifumi,
Kuriki Nanako, MoriyAMA Kiichi and HAYASHI Mikako

Department of Restorative Dentistry and Endodontology, Division of Oral Infections and Disease Control,
Osaka University Graduate School of Dentistry

Abstract

Purpose: Dens invaginatus most commonly affects the maxillary lateral incisors. Two-dimensional dental
radiography is widely used to evaluate and classify dens invaginatus cases. Recently, the effectiveness of
cone-beam computed tomography (CBCT) in determining the horizontal extent of the root canal has been
reported for the treatment of dens invaginatus. This report presents the treatment progress and prognosis of
a maxillary left lateral incisor with Oehler’s type III dens invaginatus, wherein the pulp was non-vital, and an
internal root resorption-like radiolucency was observed 19 months after trauma.

Case: A 1l-year-old girl, who presented with a chief complaint of a treatment of the maxillary left lateral
incisor.

Her systemic history was unremarkable. Nineteen months earlier, she had tripped while playing in a class-
room and hit a desk, chipping her maxillary central incisor. There was no spontaneous pain or abnormal find-
ings of the periodontal tissue in the trauma-affected area from the maxillary left to right canines. However,
direct pulp capping was performed because of the exposed pulp tissue caused by the enamel-dentin crown
fractures of the maxillary right and left central incisors. Nineteen months after the trauma, although there
were no clinical symptoms during observation, there was no pulpal response of the maxillary left lateral inci-
sor to electric, heat and cold stimuli. Clinical examination: spontaneous pain (—), percussion pain (—), gingi-
val swelling (—), mobility (degree 0), root apical palpation pain (—), sinus tract (—) and probing depth (2
mm). The pulp sensitivity test was negative. Dental radiography and CBCT showed the presence of Oehler’s
type Il dens invaginatus and radiolucency indicative of internal root resorption and apical periodontitis.

Diagnosis: Pulp necrosis, asymptomatic apical periodontitis, Oehler’s type Il dens invaginatus in the maxil-
lary left incisor.

Treatment process: There were no clinical symptoms during the follow-up after the trauma, including
spontaneous pain or percussive pain. However, the pulp sensitivity test showed negative after 19 months.
CBCT showed radiolucency suggesting internal root resorption, complicated root canal morphology due to
the invagination and radiolucency around the root apex. Hence, endodontic treatment including removal of
the infection of the invagination was started. Careful exposure of the orifice of the main root canal and the
invagination was performed under a magnified view using a dental operating microscope. After enlargement
of the upper part of the main root canal and the invagination, negotiation and glide path were performed
with reference to the CBCT image. After mechanical root canal preparation with Ni-Ti files and hand files,
selective removal of the infected part with hand instruments and root canal irrigation with various instru-
ments and devices were performed under the magnified view to achieve aseptic conditions. The main root
canal and the invagination were filled with gutta-percha points and root canal sealer after disappearance of
the sinus tract and radiolucency indicative of apical periodontitis. The patient had no new clinical symptoms
after the treatment, and the preoperative radiolucent finding on CBCT disappeared. Hence, the prognosis
was considered good and monitoring was continued.

Conclusion: Using CBCT, intraoperative observation with a dental operating microscope, the latest root
canal irrigation instruments and devices, and high-fluidity root canal filling sealers, this case of Oehler’s type
Il dens invaginatus was successfully treated while preserving the tooth structure.

Key words: dens invaginatus, cone-beam CT
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