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Table 1 Systematic reviews and meta-analyses of the association between carotid intima-media thickness or atherosclerosis and periodontal disease

Reference

Date of last h
ate of last searc Endpoint Result

Study design

Publication

Authors

Primary
references

95% confidence
interval

for literature

year

The mean difference in

Meta-analysis of 9 cross-sec-

carotid intima-media thick-

23, 29-31, 33-
37, 39-46
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BeNEHC BB O IRE B EERE 02T, AR
Z L, EEIRES A Z 2 R EEH T A0 52 4% %
RICHEWII R 2 EME L 72, ZOfEE, “Ho 274y
7 [EESHrTiE, max-IMT=1.1 mm # < PPD=6 mm
WEEI G TTRED 416% 2B A TWw3, 2% kA7
50% BESH I B L T w7z (OR=8.275, 95%CI=
1.462~46.844, p=0017). % 7-E[FJFSH TI1E, max-
IMT OHEE %t U CTHAERB DA HEZEICBH#E L T
w7z {IRER R = —0.014, 95%CI=—0.024~—0.003,
p=0.014},

3. SEERE L EmERD IR — MAR

SEBIRREAL & AR D a2 R — FFZRIE, SRR A
N3 (Table3, RAMREAH 1202244 H9H). #
B 1Y & B CEBIIRIEAL & 8RS 13 7 7 B A
Ko T, HACTEMES Nz 2 H D ¢ H -
7z.

Kudo 513t ARl % & e i 1A% % 21 7= B c
SWT, YR—=FT 4 T RYUFFr&iLt5t— (SPT)
BELAKE, SPT BAfA 1 4£44 8 & O 3 441 IMT % HIE
L7zt h, 2BBIrBuTR—X54 VL bDERIC
WELTWAEIEZHRELTWVS, 6925 71 O H
Ko HU A R % %5 L 72 SONIC %) ¢ ig, ~— 2
54 V@D PPD=4 mm M EOFEEE, 3ERICT T
v — L EEIIREEV 1A 3 % max-IMT=11 mm M k&

BHBEERA NI EE2HFEL TS,
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Table 2 Cross-sectional studies in Japan of the relationship between carotid intima-media thickness and periodontal disease

Authors Publica- . Age, mean=® Assesment . Refer-
. Subjects method for Main results
(Study name) tion year SD . . ence
periodontitis
Mean PPD was associated with
1,053 subjects with 10 a risk of max-IMT>1 mm (OR
Hayashida et al. teeth or more in Goto Over 40. 635 PPD and CAL =1430, 95% CI=1.067 to 1.918,
(The Nagasaki 2013 City, Nagasaki Pre- +100 * 7% (both 2 sites p=0017). Mean CAL was asso- 46
Islands study) fecture (394 men and =~ per tooth) ciated with a risk of max-IMT
659 women) >1mm (OR=1251, 95% CI=
1.032 to 1.516, p=0.022).
Individuals with severe peri-
468 participants in odontal disease were signifi-
Tada et al.(The Itgml City and Asago PPD (1 site per cantly higher risk of max-IMT
SONIC study) 2017 City, Hyogo Prefec- 69 to 71 tooth) 1.1 mm or more than those 54
ture (male:217, with healthy periodontal tissues
female : 251) (OR=2.01, 95% CI=1.06 to
3.79, p=0.032).
There was a significant associa-
59 dvslinidemi tion between max-IMT 1.1 mm
atizztflaftrzfdin a PPD and BOP or more and % of teeth with
Terada et al. 2018 ﬁniversit hos italg(gZI 66.9+89 (both 6 sites PPD 6 mm or more (more than 55
men an dy31 Ic))men) per tooth) 50 versus less than 50%) (OR
¢ W =8.275,95% CI=1.462 to
46.844, p=0.017).
. The OR and 95% CI of PPD
907 people in Goto 60 to 99,(72.1 e OR and 95% CI o 6
City, Nagasaki Pre- £7.0:men, PPD (2 sites mm or more were OR 201 and
Shimizu et al. 2019 ' o _' 95% CI 1.06 to 3.81 for partici- 56
fecture (353 men and 71.3%£6.8: per tooth) .
pants with max-IMT 1.1 mm or
554 women) women)
more.
In the multivariate model,
602 community PPD, CAL. regarding CDC/AAP classifica-
S (both 6 sites . .
Yamada et al. dwellers residing in Over 55, 660 per tooth) and tion, compared to those with no
(The Ohasama 2022 Ohasama Town, oY P . . or mild periodontitis, OR (95% 57
+7.3 radiographic

study)

Iwate Prefecture
(male : 37.7%)

alveolar bone
loss

CI) for those with severe peri-
odontitis were 4.26 (1.01 to
175).

Abbreviations : SD, standard deviation ; PPD, probing pocket depth ; CAL, clinical attachment level ; max-IMT, maximum-in-
tima media thickness ; OR, odds ratio ; CI, confidence interval ; SONIC, Septuagenarian, Octogenarian, Nonagenarian Inter-
vention with Centenarian ; BOP, bleeding on probing ; CDC/AAP, Centers for Disease Control/American Academy of Peri-

odontology.

4. SEEIAREIEICK T B REAREON AR

SHBIARRE I N9 2 IR O N ABFZEE, ke 5
3P DIEEA B 5N S (Table 4, MIKHRREAH :
202244 A9 H).

I 2 iR BR © & 5 PerioCardio study®™® <%, #af
RDODT RV FNA—RA LSV T7 v XOSNE%, 11
TREA T -V v - b—+r L —=r2 (SRP) %17
5 MR ERE 138 44 L, B IREE o & o MHIEEE 135

G T 12 BB L 72, 7 OFER, wWETRERETIX
R—ZA54 VIEHELT, 127 HEO IMT RERIC
WEL T, 79 V0 OKRAFEGECENE S N7 JEMmEME
B HEERERST C 1%, 23 4 O A R DR
%, 21 L OHFEEE ) & BE O MR R BERIC QRS
L SRP % i L 72 f55, MR & Itz 6 5 H¢IMT
AT &L D b ERICKEL TV EEZHEL TS,
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Table 3 Cohort studies of the relationship between carotid intima-media thickness and periodontal disease
Authors Publica-  Coun- Study X Age, meant Assesment method Follow-up ) Refer-
i . Subjects . . .. . Main results
(Study name) tion year try design SD or median for periodontitis period ence
43 HIV-infected adults PPD, REC, CAL and . Both PPD, REC, CAL or
Prospec- . . Median 24 o
Vernon et al. 2011 USA i with 20 teeth or more Over 18, 38+8 BOP (both 6 sites th BOP were not significantly 58
ive months
(male : 77%) per tooth) associated with IMT.
Mean IMT increased
during follow-up by 0.139+
. 420 residents in Man- X uring fofow uP y
Desvarieux et Prospec- i PPD and CAL (both  Median 31  0.008 mm. Longitudinal IMT
2013 USA K hattan, New York City, Over 55, 68+8 X X . 59
al. ANVEST) tive . 6 sites per tooth) years progression attenuated with
(male : 37%) . K .
improvement in clinical
periodontal status.
A multivariate analysis
d trated a significant
119 patients diagnosed PPD, CAL, BOP emons 'ra ed a signihican
Prospec- . . . K correlation between mean
Napora et al. 2016 Poland K with type 2 diabetes (67 Median 62 (both 6 sites per 1 year 60
tive CAL and IMT change after
men and 52 women) tooth) and PCR
one year ( B=0.25, p=
0.011).
During all stages of SPT,
Kudo et al.(Jap- . . Start of SPT. correspfonding to 'ir.nprove-
anese prospec- P 104 medical or periodon- PPD, BOP (both 6 ‘1 ments in % of positive BOP
rospec- a ear
tive multicentre 2018 Japan " P tal patients (male : 54, 574+137 sites per tooth) and d 3y and average of PPD were 61
ve an ears
observational female : 50) mobile teeth v decreased with periodontal
under SPT
study) treatment, max-IMT
decreased significantly.
755 participants (male :
Pussinen et al. 491%) in 1980 at age 6, In boys, periodontal disease
. PPD and BOP
(the Cardiovas- 9, or 12 years and fol- 8.07+2.00 . (RR=169, 95% CI=121 to
o . Prospec- . . . {both 2 sites of 6 21 and 27 . . .
cular Risk in 2019 Finland K low-up in adulthood in (at baseline in 2.36) were statistically sig- 62
. tive index teeth (16, 21, years . . .
Young Finns 2001 at age 27, 30, or 33 1980) 2436, 41, and 44)} nificantly associated with
, 36, 41, an
Study) years and/or in 2007 at the IMT 27 years later.
age 33, 36, or 39 years
726,300 periodontitis 8.65+3.06 Multivariate C R
ultivariate Cox regression
patients (male : 47.3%) 44.02+14.63 : years : V. o s
A . The ICD-9-CM code . .. analysis indicated that the
Retro- and 726,300 contorols  periodontitis periodontitis .
. R . R 523.4 was used to . male group had signifi-
Tong et al. 2019 Taiwan spective (male:47.0%) from the patients, 44.15 dentify the patient patients, iy higher incid Sk 63
identi; e patients can igher incidence ris
double Taiwanese National +1441: X v i b . 8591308 v g .
with periodontitis of carotid atherosclerosis
Health Insurance controls years :
(log rank p=0.046).
Research Database controls
Multiple linear regression
analysis showed that peri-
32 HIV-infected adults odontitis and CMV anti-
i Indone- Prospec- (male:59%) and 32 . body levels optimally pre- N
Wulandari et al. 2020 X X Median 36 OHI-S and CPI 5 years . K 64
sia tive age-matched healthy dicted poor right and left
contorols (male : 56%) IMT (adjusted R?=0.36, p=
0.0013 ; adjusted R*=040, p
=0.001, respectively).
It was revealed that the
proportion of teeth with
PPD 4 mm or more was
182 community-dwellers independently associated
Kitamuraet of Ttami City and Asago with max-IMT 1.1 mm or
Prospec- L. PPD . .
al.(the SONIC 2021 Japan . City in Hyogo Prefec- 69 to 71 . 3 years more without any relation- 65
tive (6 sites per tooth)

study)

ture (male : 70, female :
112)

ship to the other traditional
risk factors for max-IMT
1.1 mm or more (OR=1.029,
95% CI=1.00 to 1.06, p=
0.022).

Abbreviations : SD, standard deviation ; HIV, human immunodeficiency virus ; PPD, probing pocket depth ; REC, gingival recession level ; CAL, clinical attachment

level ; BOP, bleeding on probing ; IMT, intima-media thickness ; INVEST, the oral INfections and Vascular disease Epidemiology STudy ; PCR, plaque control record ;
B, partial regression coefficient ; SPT, supportive periodontal therapy ; max-IMT, maximum IMT ; RR, risk ratio ; CI, confidence interval, ICD-9-CM, International

Classification of Disease, Ninth Revision, Clinical Modification ; OHI-S, oral hygine index-simplified ; CPI, community periodontal index : CMV, cytomegalovirus ; R?
coefficient of determination ; SONIC, Septuagenarian, Octogenarian, Nonagenarian Intervention with Centenarian; OR, odds ratio.
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St 48 0F, PR IR L 7R & L THRIE
L, RAEMMIEOMEE S & CBERII oLz 5 R
REFOREERECTH 21D, Zhgclc, RAMENEE
KOWEMIHZHWE LTHA PO VORERTZE
DRIEMEA T4 =— & —DOREGICRET 5 X £ I & %%
DPITbNTE, FEHSONBET 2FEICB VL THIRR
Mt R DS REFRIA D 7 b I AR DI T b N T & -
P, ZOEMITVEZICHS AN TRV,

AT LEEES Y 87 S100 (S100 # v o8 2) 13X
FXELME» SREEN, B BEOY T 7 5 ANME
INTw 3™ SEEDOHET, SI007 7 2V —DAE1T
% S100A4, S100A8 8B & TF S100A9 i3 F iR, &
PeRIEERCH 2 MY v~ F BEFoMER LV Y <
FHfTPTECKBL, ZoEEHMEICESLTws T
LG s TwaS Y, FESDE, S1007 72U —
O—fETH 5 S100A4 PHERAFEFTHIEL, ZOWH
BEABEELTws L E2MELZ —F, SI00A8 &
S100A9 132 & o KIEMBNICB W TiFhEk- v~ 28
77 —=VIHHEL, ZOWERBICEE L Tw3 I LHE
ST 39, HRAIFETO SI00A8 £ SI00A9 ©
FEUFH S I E N Tz,

INb6DI EH 5, SI00A8 & S1I00A9 A3 EIEN Dk
FAEMEER T & 2 IRAFIEICB W T b Z ORI S
LCWaAEEERH 2 EBbns. L LAadsERA
I B 1) % S1I00A8 B & OF SI00A9 0 FHIFHME S
TRV I D5, K% ClRBERMLFIRES &
U* real-time polymerase chain reaction (PCR) ¥ >
T, S100A8 & S100A9 RFEDWHE%2IT> T & L LTz,

MH B L OFHE

1. AR OF

HAKRY t A 8 i Bhsbi e N kR 222 L, 2
I & » TIRAMHEAL L2l s h, wEiRAYIRS 2
WIZIREEASEIG & S N BE D S IRAEE A BRI 72,
R A, R EOHREE BT HARKRER T A
B RLERE R 2 22 U BB D S BRI 72, R
FEUC & 72 > Tk, $REUTHEE, i - s o RPER &
FABENEOECHEL, FHCk 2AEEEL, RAR
FEHE AL 72 BEZ, 321805 64T TD 44 4 (B
264, & 184) Thotz, MHEIHAZEINL 725
Fix, BE»STHETCDOSL (B34, LM24)
Thole, BBAWIE, HAKRFHEALTHEZESD
HKFEEET WS (EPISD014).

HARAZEEIC 31 % SI00A8 & S1I00A9 D JHTE 199

2. 1R DR

BRI L 72k 7= 72 B ic 2 0B L, —J5&@ikichie-
T10%HEEE RV~ ) v CHEER, 8771 vl
L, HUYRZ2ERL /2. fibF1%, real-time PCREIC
i $ 2728, OCT a v 8y v Ricatg, o474
A-7% b CHREL, HERE R ER L .

3. RIBHEBFERER

I 729 R COMBEOHEII R Ic LT, ~= b ¥
PU v AV R ELTY, REEAERRE N I R
fEEZWIL72b D2 ARERICHAL 72, BEEEAI SV
THFAKRICHERZT - 7.

4. BIZ—SRELEE

MRS EE & CRE A OEEIY % 10% EH >
B XIMiE (Vectastain, Vector Laboratories, USA) T
2037wy v 7Ltk fik F SI00A8 v Y 2 €/
71— F PR (Aviva systems biology, USA) &fit
F S100A9 ¥ X €/ 7 u—F WPk (Abcam, UK) %
AWTIEMA Y Fax—FLU7k VU VBREHREHEASE
IK T L 7%, fluorescein isothiocyanate £k ¥ 41
<7 A 1gG PifA (Abcam), rhodamine isothiocynate &
WY XYY Y X 1gG Pk (Abcam) B & 84" 6-diamid-
ino-2-phenylindole, 2 dihydrochloride (Vector Laborato-
ries) ZEBFICHWTA v ¥ axX—F L7, WS, Y
R % KiEM: <Y~ AT (Vectashield, Vector Labora-
tories) I CTHE AL, HOBBEMEE (E-600, ==2v) FT
21577,

5. RNA ¥ $ & U real-time PCR i%

WIRAZEE (n=32) B OEEHEA (n=5) DOHHE
YR 2 1 ml @ Trizol (Invitrogen, USA) #fl%, RNA
DI %E 1T > 721, cDNA &% v b (Prime Script RT
reagent kit, ¥ 734 4) &AW CHEN DNA 24
B L7z, KT, PCR7 94— (Table 1) & real-
time PCR fH 2 ¥ v ¥ — Fi3E (TB Green Premix Ex
Taq, ¥ 9354 ) #fH L, Smart Cycler (Cepheid,
USA) % v T EEIEE DRSS T PCR KIE % T -
7-. 728, S100A8 & S100A9EEF DI EIX glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) &fz
FIREEEZ A VT, Bl ETo 7.

6. METFEHDI

Real-time PCR % H > TS 5 117 AR PIZEIE & {85 B
AIC B 2 EEMER FFHIEEICR LT, Mann-Whitney
U test % Fl\» TH BKHE 5% Rl TR O 21T -
7z,

& R

R REAS 2 N B AR A 9 I BRET U 7o SR, SR 72 44
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Table 1 PCR primers used in this study

Gene Primer sequence

GenBank
accession number

Forward 5-GTGTCCACCTTCCACAAATACTCA-3

S100A8 Reverse 5’-ACTTCATTGTCCCTGTTGCTGTC-3 NM._002961
Forward 5-TCATGGAGGACCTGGACACAAA-3

S10049 Reverse 5’-GCAGCTTCTCATGACAGGCAAA-3 NM._002965

GAPDH Forward : 5-GCACCGTCAAGGCTGAGAA-3 NR_152150

Reverse : 5~ ATGGTGGTGAAGACGCCAGT-3

Fig. 1 Histological examination of periapical lesions and healthy gingival tissues

stained using hematoxylin and eosin

(A) Periapical granulomas showing rich blood vessels and inflammatory cell infil-

tration, (B) radicular cysts with epithelial cell lining, and (C) healthy gingival tissues.

Bl 5 % 32 4 e RAEVEMIE R & PR 2 3
&, WIRWIFE & 2Z2H L 72 (Fig 1A). flio 12 i3 #Ef
WL EE LR ERD, WRER L2 L (Fig 1B), &
P SR L T, Fi, SINL ZE#EA 5 flicow
T, RIEMMIEEAEIER W &AL, IR
& L7z (Fig 10).

PRSI L 7 G F % o CHOE B RS ik 2T -
ToAE, MR IEH o SEEMIE I 8T, S1I00A8 &
SI00A9 D HF W% o 7= (Fig.2). MK
S100A8 75 664%, SI100A9 75 487%, IH:FEIHFH 20, O%
&, FPEBS AR E RSB RE o, —77,
AT I1x S100A8 8 & X S100A9 O FHELIZFE D 5 ?I”LZ?
o7z (Fig. 3).

AR PR & R B R T D S100A8 & S100A9 &R
TORKRE*BET 5 HI T Real time PCR%E%1T-
72, ZOFER, $XRTOY » 7IvdT SI00A8 & SI00A9
BETHBER D, 7 OFEH R B P C i e
LHEBLCERBICE -7 (Fig.4). $7:, Pearson ®
MHEIREE B H L7z &£ 2 % S1I00A8 8 & OF S1I00A9 & D
e R EOHE%2Ed 72 (Fig.h).

z =B

MARMES 203, YRS IR U 7 DR R 0
QB D DIRIEY 72 LI & o THIEL, HFhERDBEIEI
KO IRESER SN S, EEH» S BEAN BT 2
L BBERe e Ty — Yk EoRAENMASERE L 2
PRI B S b - THRAZEEE 5219, LaL
s, BRAFEOMAICEL T, X% X% RN
AF4L L= —=DPEE LTSI LPREINTVES
B, ZOFHMIZAS»ICE T Wiy, £ T, SI00A8
& S100A9 IciEH L, WIRAZFETORKBEZRET 5 C
EERHMWE LTRITEERTo 72,

WO TEAERGICE VT, WIRAZEET T S100A8
& S100A9 OB D 5703, BEREAF TIIEEo
S5 olz, MAT, real-time PCR¥#IC &> T, ™
RAZEREIC B 1T 5 SI00A8 £ S100A9 & 5T D FE I Al
WHERL D DERICEWI LSk, DA
Fseic BT, IL-18 & IL-10 ik #iEFMa~ 2 o
7 7 —=ICBT B S100A8 OFBEIEET 5 2 L WS



2022 4F 6 H PR AZRIRIC 815 5 S100A8 & S100A9 D JRTE 201

25um 251 m

25¢um 25 m

Fig. 2 Two-color immunofluorescence image analysis of periapical granulomas

(A) Staining with anti-human mouse S100A8 monoclonal antibody. (B) Stain-
ing with anti-human rabbit SI00A9 monoclonal antibody. (C) Merged images.
(D) Nuclear counterstaining with 4',6-diamidino-2-phenylindole.

50 um

50pum

Fig. 3 Two-color immunofluorescence image analysis of healthy gingival tissues
(A) Staining with anti-human mouse S100A8 monoclonal antibody. (B) Staining
with anti-human rabbit SI00A9 monoclonal antibody. (C) Nuclear counterstaining
with 4 6-diamidino-2-phenylindole.
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Fig. 4 Real-time polymerase chain reaction analysis for SI00A8 and SI00A9 mRNA expression in periapical

granulomas and healthy gingival tissues

The value for (A) S100A8 and (B) SI00A9 mRNA expression was divided by that for GAPDH expression.
All mRNA expressions in PGs were significantly higher than those in HGTs. * % : p<0.01 (Mann-Whitney

U test).
0.3
. . R?=0.16
jas) o
L
<:0.2 I
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0.000.:'- t e L
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Fig. 5 Real-time PCR and Pearson’s correlation coef-
ficient analysis were performed to compare
the mRNA expression of SI00A8 with SI00A9
in human periapical granulomas

A positive correlation between the expression of

S100A8 and S100A9 (p=0.023, R?=0.16) was noted.

EnTwa"Y Kangsidfifio FEME% SI00A8 T
Hs 52 Licko>T, NF-kB 2iEMMLT3 2 L2
52 L7z, 51T Gebhardt 51%, TNF-a & IL-11Z
£ T, SI00A8 FH 2 T 2 & & AW L7,
%72, & NHIKE Porphyromonas gingivalis 7> 5 i L
72 XK%HE TNF-a B8 X OXIL-18 2w Tl L7 &
Z %, SI00A8 & S1I00A9 DFHIAMMEHET 2 & OMELH
%17 %72, SI00A8 & S100A9 13181485 < & 2 B U
Ve FHRTHEL, ZOREBICEE L TWD I L3S
XNTWw5® SI00A8 & SI00A9 1w B A D6
SR T Toll-like receptor 4 & DMHAIEAZ /L T
SR RSICBES L cwa kb abhTnsY, ¢
DT LD LWRATFEPCRIEEA T+ -2 =2 kD
I X 7z RAEEMIRE 2 5 SI00A8 & S1I00A9 H3FEH X

N, RIEOELCHETNCBEE L T2 AL H 2. —
7, HEY 53 ER AT T S1I00A4 AFEBIL, IL-
18 £ TNF-o #BLcBIE L Cw 2 WREMED S 5 Z L %
WELTWS, IL-18 £ TNF-a A A% B X ¢ 2 6
EEHO L, ALHSNTWY S, SI00A41E, S100
77 32U —T&%5 SI00A8 & SI00A9 %% LA X4 2
FHRTF L LTHMENTWLBN oz Ehob,
S100A8 & S100A9 lZ ZIFEDIEIICEI G5 LT3 2 & A
Zzonb, L LaMs, BIRD cell line TH % THP-
112 SI00A8 & SI00A9 iz & b H# %475 &, IL-10 D ¥
B LR L7 L 0 d 2%, IL-10 3 HRAEMER %
HORIEVERA F4 2 —% —TH B Lr5, SI00AS &
S100A9 X EIBNIFEH CRIEZINH T 2@ & D f &
boTWAAREED H 5.

DEoZEtrs, MRAFEICBWTHIL
S100A8 % & UF SI00A9 IZLHEMEA 74 = —% — %N L
T, ZOWRAEICEEE L Cw 3 A[BEME A RB I Nz,

&

S100A8 & & 1N S100A9 I3 EARAIZEME R CHFEIR L €
BY, ZOEEBTFAISHERAF LD SERICED S
7z. 2D EH 5, SI00A8 & SI00A9 i tHHR AL EH ©
T 5L, FREBMAEEREERICE T 5 SI00A8 B
& U S100A9 OEREDORE & b, ZORAICBES LT
ARSI S Tz,

KEICBIL T, BRI R EFILSAE SRR IE 72 0,
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Expression of SI00A8/A9 in Human Periapical Granulomas
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Abstract

Purpose: Calcium-binding proteins termed S100 proteins are involved in the pathogenesis of various inflam-
matory diseases. Among the S100 proteins, SIO0A8 and S100A9 expression is associated with the pathology
of chronic inflammatory diseases. In this study, the expression of two S100 proteins (SI00A8 and S100A9) in
human periapical granulomas was investigated.

Methods: Periapical lesions were excised from 44 patients during endodontic surgery or tooth extraction.
The samples were divided in half immediately after the periapical lesions were excised. One half of the
divided tissues was fixed with 10% neutral-buffered formalin and paraffin sections were prepared. The other
half of the tissue samples was fixed with 4% paraformaldehyde prepared in phosphate-buffered saline,
embedded in OCT compound, and frozen in dry-ice acetone. These samples were then used for RNA prepa-
ration. Five healthy gingival tissue samples were also prepared as described above. After 32 samples were
diagnosed as periapical granulomas based on histological evaluation, paraffin sections were examined using
two-color immunofluorescent staining with anti-human S100A8 and anti-human S100A9 antibodies to search
for the expression of SI00A8 and S100A9 in human periapical granulomas. In addition, a quantitative analysis
of SI00A8 and S100A9 mRNA expression was performed using real-time PCR, using total RNA extracted
from frozen samples of periapical granulomas and gingival tissues. The assays were performed using Smart
Cycler, and gene expression levels were normalized by dividing the calculated values for the mRNA samples
by those of GAPDH mRNA. Healthy gingival tissues were used as a negative control. Real-time PCR data
were statistically analyzed using the Mann-Whitney U test. Significance was considered at p<<0.05.

Results: S1I00A8 positive inflammatory cells in periapical granulomas were stained with SI00A9 Abs.
S100A8 and S1I00A9 mRNA were expressed in human periapical granulomas, and their expression levels in
periapical granulomas were significantly higher than in the negative control.

Conclusion: The results indicate the possibility that SI00A8 and S100A9 expression could be associated
with pathogenesis and growth of human periapical granulomas.

Key words : periapical granulomas, SI00A8, SI00A9
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b b RS EIE I 81 % lipopolysaccharide 1 & %
kallikrein-related peptidase 8 EEA: & RHE Kb

woR | OAY O E oL om x® E B R Y
O OB W s K M mom ' 7
BOR Ot o MO E O R e

ek

HY : Kallikrein-kinin 7 2 7 — FIZSSAERFIC 8 2 ME EEMTTESC KR ICBESE 3 528, v rv 4 v
& L IEEN B kallikrein-related peptidase (KLK) &, ZODH A7 —F2HEI T ThL, HEATE X
REEE T, £z, 77 LEEEONMER S TH B lipopolysaccharide (LPS) dEEWEDO—> L L THIS
NTEH, BT FRIEDRETE ERICEMNT 2. FHHE S, W< LPS 28 KLK8 iz gL, 5
12 KLK8 RIEMEERNICER T 2 L WO RED T, t b Eiia s v BN 21T 7.

Ml ik kEZHwE b 7Y F e — 2 LMildg b SRS L U, 10% FCS %N a-MEM iz Tk
BT L7, B3 BRI LPS 2N o KLKS #IEDZE, 3 L < 1d KLK8 i o COX-2 F#IEIoWn»T,
RT-PCR i, Western blot ¥5ic TR L7z, MBZNOERED LS Y LA 4 VREOHIEIZ, #XHLVe T LT
v — 7 Fura-2 % W 72 SOGEGHNE IS TT VY, F 7288 FiEPIciit & iz PGE, & % enzyme immunoassay
kit 12 THRET L 7z,

B b b EBREEMAEIC BT, LPS ERERER, REMRAEIC KLK8 mRNA & & v o8 O X%
R L 72, LPSIZ & % KLK8 # v 8 7%k ERK1/2, P38 MAPK PHERcifl iz, 7, KLKS i
PAR-1 ZEMEIEREFNIC COX-2 & v 7 EFHBE L OIgE FiET PCGEFEA ZEE L, Z ORIERIZ tyrosine
kinase FHEHCHIH] S N7z,

fhEm  LPS 12 KLK8 oA IcBi5 L, kallikrein-kinin 7 27 — FICsE % RIF T Z & CHEER 0EfTIcB L
T EWRBE NI, F 7z KLK8 & #f T kininogen 15¥:AL72 1 T7% { PAR-1 JEK#HY, tyrosine kinase
FMIZ COX-2 DES:, PGE, D% T 2 AlREMESRE S iz,

¥ — 17— K : lipopolysaccharide (LPS), kallikrein-related peptidase (KLK), COX-2, thfifits il
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BHETIE, MEWIC & 28 EHBAN DR AL
RE SR R AN SR Z 5 E# 3. iiic s v
T, FRENPIMEIC & 2 YN - YRR &
DR DERLIND ., B L IRERTE Bk E
P 5137 T LEMEE B RIS RY, EBER DRA
MERRDOETICELSEE L TCWwE EEXLNTNDS,
e Th 7T LEEEOMEEERK S T H % lipopolysac-
charide (LPS) 1%, fEFEAMBOBIRIC D432 LM
EEEFEHRT 2REAMEDO—->ThH S, LPS ORI,
HEBERSE AT IC B W T Toll-like receptor (TLR) 4 %4
L T mitogen-activated protein kinase (MAPK) &% &
ML, IL-6, IL-8 72 EDRIEMEYA P A4 v 2dFET
52 W%, MENKEAT (VEGF) %#E L Tl
BB FUER RIE I O B 2 BT 5 LY,
% 72 13BN T nuclear factor-«B DiEMALIC & % #5E
M 7 F L OFEHERAET 2%, 0 & 5 mREIREN
7 v A DWHEX, FERIICHEBBEEE A2,

Bl AEL: 3 D & TR L R L 72 B RY 7 22 I A
£ 570, RIEOETIFMOERKIER L &b BT
DI, IREROIEIC X 2IEREEZ ISR L, &
BINICBEIRIC W5 2 L b H B, EIEWRICHEANITERD
EFERIIMEEICHE O Z EPFEHENIC RSN, 728
BB DM HHEMIC L THELEZ 5 LYW S»
Ko THY, BN EEEREIRAON TS,

Kallikrein-related peptidase (KLK) 1%, 7 3/ &l
SIDOMEMED? S & P CREE SO 78 A4 7H5E
ERARARY RN R/ S RN s LA
7 —¥7 7 & VU—"7, kallikrein-kinin ¥ A 7 L DA b
i % ORHRECAEIAN - I IIEREZ 1 5 Z L ANE4E
WEXNTE2Y, KLK8/neuropsin 1Z~ ™ A KD Wi
TR AL ERIE R ICBE 5T 2 e T T - L LT
FEY S, b b TiRificiic o #BIE 1T’
%<V 755 ¥4 L COMBENEE DR EH,
FREIC B 2 RIAEEER L 2 0flEREcEE T &
DG ST FERL AR L OB I o
W, MOPHESTORE 1T\, WEER PSR ICE
WTC, TIRY—ELaTTF—EiEED EANAS
W MHEERER I T e 77— A RRER O M R
REFNCEELGE ZHoTWRIERNEZONS, FE
blkcnETle, £J>¥7BrF7—¥TH 3 plasmin'?
% plasma kallikrein'® 232 @ & v 8 7 ESEREZ L LT
DIEBED A 72 59, protease activated receptor (PAR)s
2L CHIEN Y 7P vimiE2 35 L, cyclooxygenase
(COX)-2 ¥ prostaglandin (PG) EEEICEHFS T

7 BesE H3E

up

LZHREME#ME L7z, PGEJIRIED T T ANV X T4
I—%—t L CHmeMEEEETEICEE b 2 2 LidH
ENTWV 22, WEEICEB IR I e D a

Fo—LicBb 2 WEHTEETH D, 2 OEERENIIHE
HOFRHRICKRELFETDLEEZI OGNS,

Z AT, b FPREBICRT ST LEEEO
LPS A8 KLK8 ##ic 5 2 5528 L, KLKS &tk o
FRIZDOWT, BIZ PGE,WEELE IS 2 BB ER L,
REEMIIE % Ao CHEBE R R E 21T o 72,

MEE L UAE

1. # #

AR, 4IRIRIME (fetal calf serum : FCS),
alpha minimum essential medium (¢-MEM), trypsin
13 Invitrogen (USA), penicillin G (¥ Meiji seika 7 7 b
<, LPS (Escherichia coli 0111 : B4), Cellytic M Cell
lysis reagent, U0126, SB239063, JNK inhibitor 2,
genistein 1 Sigma- Aldrich (USA), KLKS iZE+ 74
VLA, plasma kallikrein 13 R & D Systems
(USA), Fura-2/AM ZR{AVSARRZEHT, PAR-1 &AL
#i Tocris Bioscience (USA), #t COX-2 Fiffix Santa
Cruz Biotech (USA), #TKLKS8 ¥if&ix abcam (UK),
Pl B-actin FifF, HRP FE&ITY ¥ ¥ 1gG #7413 Cell Sig-
naling Techology (USA), RNeasy Mini Kit, One step
RT-PCR kit 13 QLTAGEN (Germany), SDS sample buffer
¥ New England Biolabs (UK), Prostaglandin E,
enzyme immunoassay (EIA) kit i Cayman Chemical
(USA) X bBALbDZMALL.

2. mREMROEE

HARADF Gy imEE B0 &KE (RRBES
EC20-19-19-003-2 %) %%Z1F, HAKRPENF HEHAa
BRI REE L, BIEREIC & b ikE SN 107 ~20
BARD B D EE O LR E=REMD 5tz RN
WCHLD HY U 72, BUD HE L 72 868613 Somerman 5 @ /5%
IHDE, PBS CHIced L%, £ 2 mm MicHiy)
L, ffkH % 35 mm culture dish ic ¥#&#, 10% FCS,
100 ug/m! penicillin G Z#0 L 7z a-MEM % H €
37°C, 5% CO,, 95%%#H TiZ T out growth &¥7-. #l
fansary 7y MICEL KRS T 005% trypsin 2 H
WXL, 5~9 kR E L 72 & D 2 SR w7z,

3. ¥EEH RT-PCR &

1) RNA o

LR OEESMFIC T MR EMEZ 10 cm cul-
ture dish < 1 < 10°F /dish TR L, LPS fEH 24 KRl
I21% FCSEHE a-MEM 253 L 7. /R o s
@ total RNA % RNeasy Mini Kit # W THiHiL, 556
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N7z 2 RNA O 260 nm & 280 nm ® HLTHIE L 7z,

2) FEEM RT-PCR &

B 5h 7z total RNA, DNA 794 =— (KLK8 8 X
glyceraldehydes-3-phosphate dehydrogenase :
GAPDH), One step RT-PCR kit #ffif L T RT-PCR
2fFo72. 75 total RNA (250 ng), 5pmol 7 A
<—, B XU 5XReaction Mix (04 mM dNTP, 25 mM
MgClLah), ZRML 7%, #wE% 25u £ L, TaKaRa
PCR Thermal Cycler Dice (¥ # /34 %) 12T cDNA
BB X OEIERIGZEIT o772, w7z DNA 794 <—
DHHEALH X, KLK8 forward 5~ACA GAC CAT
GCC ATC TGT GA-3’, reverse 5’-ATG AGT GCC
AAC CCC ATT C-3’, GAPDH" forward 5'-ATC
ACC ATC TTC CAG GAG-3, reverse 5-ATG GAC
TGT GGT CAT GAG-3’ & L7z. RT-PCR ® &
1%, 50°C 30 47, 95°C 1543% 1 cycle T T cDNA % &
L, KT DNAZMWZEM4C30H, 7=—Vrr%
55°C 301, fhEIGZE 72°C 30 i1, Th% 1 cycle
& LT 28 cycle 1o 7214, W& ERERIEZE 72°C 10 734
ffo7-. PCRABEMZ 2% 7 Ha— 27 L CERXIKE
ZiTolt, TFYT LT awA PRt iTu BT
HATICCEBRTHIEEZMRA L, Bonl vy Pty —
yo—ifE, REB X CHEZHEGREY 7 b Adobe
Photoshop Elements 10 ic T#%fEift. L, GAPDH & oX
b BREOREZITY, VI 7ITRLT:.

4. Western blot i%

LPS, KLKS8 {FR# otz Efiz% 100 «M Phenyl-
methylsulfonyl fluoride (PMSF), 0.2 mM EGTA, 2 mM
EDTA #&H 3 % Cellytic M Cell lysis reagent IZ TI&
fi L 7. Bradford #:'9cC, ¥ v 2 HEOFEETL
72%% SDS sample buffer % il 2 5772 # L, 15,000 rpm
T1oRRLAMEL 2B EFEEY v T E Lz, 756%
@ SDS polyacrylamide gel electrophoresis (PAGE) H
7V (Mini-PROTEAN TGX Gels, Bio-Rad, USA) i
CTHEKKEIS, BEEE (HRZA F—) 2#HHLT=
Feto—2fE (Bio-Rad) ~HE L7:. %D skim
milk (Becton Dickinson, USA) ICCERER T30 71 v
¥ U7 %7, Xk EIRT 2 REiRERE S ¢,
TR E R TIO TR IS S ®z, — KPRk E L
THL KLK8 #ifk (1/1,000), #i COX-2 Hifk (1/1,000),
Pt B-actin Fiflk (1/3000) Z24EL 72, ZXRyUkL LT,
HRP 5 Hi~ 7 R IgG ik % 72 1 HRP £E35k$1~ ¥ %
1gG itk %24t L 72, ECL prime Western Blotting detec-
tion system (Cytiva, Switzerland) % f\ T{L2EFNG%
v, X #7142 (Hyperfilm ECL, Cytiva) izl
S CHRBEBEZMR L7, BonnNv Py —ro
—HhiE, REE & CHEZ EGHEE Y 7 + Adobe Photo-

bt FEEREIC BT B LPS I & 2 KLK 8 BELE & &IE G 207

shop Elements 10 I T#f{t L, GAPDH & Oxfthid &
BREEOMTEZRITVL, 79 71Tk LTk,

5. MERADIV S T LA F U iBE ([Ca®'] i) DRIE

LEoEELEMAICTE P EMEREEMEE 10 cm cul-
ture dish T 1x 10°#/dish THEREL, 2uM Fura-2/AM
IZCTa-MEM HT 37°C, 30 A v ¥ 2 _R—+ L 72%4,
0.25% trypsin, 0.02% EDTA 2 CHilid#% dish 2> & S8
L, Krebs-Ringer-Hepes i&# (120 mM NaCl, 5 mM
KCl, 1 mM MgSO,, 096 mM NaH,PO,, 0.2% glucose,
0.1% BSA, 1 mM CaCl,, 20 mM HEPES buffer : pH7.4)
ICiFlE & 721, KLKS, plasma kallikrein, PAR-1 7%
MALF %2 EH & %72, Fura-212 T I <)L L 72 filEN o
HOGHEIE X, HARZDE CAF-110 ] ARZ br 74t n
A —% =12 340 nm & 380 nm @ P ERIE, 500 nm
DHOGHEIEIC TIT - 7. [Ca®"] i DI IF Grynkiewicz
50 L DT T,

6. PGE,EDi%H

BB DR ESA 1T T, 24 MR #E 7" L — b i 5x 10
fil/dish THERE L 7-. ¥ 7 i KLKS fEf okgE |
15 & L, PGE,®»%3 W& % Prostaglandin E, EIA kit % H
W 450 nm I BT AOGE 2 RIE L7z,

7. #iEtniE

B o 0 BIE L, FEE SRR (SEM) TR L
7o, BEEZEOKEICIZ, Tukey test & vy, HEKHESY%
THE L 72,

& R

1. b MEBEEEMBICSH T3 LPS (L £ % KLKS
mRNA %3]
t b SRR E I AR IR EE © LPS % 3WRREfEH & &
% L, KLKS mRNA ¥ &1x LPS o 8K A ICHIM
L, lpg/ml CRAMEICEL, 20D EORECIZRED
L7: (Fig.1A). %72, lug/ml LPS Z21EH & ¥ 5 &,
KLK8 mRNA FH & IF R AR i L, 75 3 ke
TRAMEICEL, DIERA Lz (Fig 1B).
2. b MEBEEEMAICH TS LPS I L % KLKS 2
DINERE
b RS I SRR O LPS & 6 RFfE/EH & ¢
%L, KLK8 % v 8 7 EFEHIR I HERFNICHEINL,
lug/ml TRAMIEL, ZhMETiEES L (Fig
10). &7z, lpug/ml LPS #{EfHl ¢ % L, KLK8 ¥ v~
PRSI IR EER I L, fEH 6 BN cRA
fEICEL, 12KEEcBWTb 7 v 7 HERBIEHHE S
(Fig. 1D).
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Fig. 1 Lipopolysaccharide-dependent expression of kallikrein-related peptidase 8 mRNA and

kallikrein-related peptidase 8 protein

(A) The cells were treated with LPS(0-10 ug/m/) for 3h. (B) The cells were stimulated with
or without 1 ug/m! LPS for the indicated times. (A, B: Lower parts) Data are calculated as the
quantity of KLK8 mRNA relative to that of GAPDH and normalized against the control (* :p
<0.05 versus unstimulated cells). (C)Cells were treated with LPS (0-10ug/m/) for
6 h. (D) Cells were stimulated with or without 1 ug/m/ LPS for the indicated times. KLKS8 in
the cell lysate was detected by Western blotting using anti-KLKS8 antibody.

3. LPSICEPKLK8 % > /X VEBREBRICHT S
MAPK [HEE|DZE

HEHERTEMIEIC 81 5 LPSIC & 5 KLKS D EEAEER S
ot oleZ & s, KICKLKS EEAEY 7 Fvick
\F 5 MAPK OBI5- 12> W THEHZ W THREL 2.
ZORER, 1ug/mlLPS % 6 FifflifEH s ¥ CEd b iz
KLK8 & v % 7 EH# B OEiRI%, Extracellular Signal-
regulated Kinase (ERK) 1/2 MAPK FHEHIT#H 3 U0126
(10 uM) ¥ & ' p38 MAPK FHEAIT H 5 SB239063 (10
uM) OFETCIRERCMH Sz (Fig2). —7
c-Jun N-terminal kinase (JNK) 1/2/3 MAPK FHZEHIT
& % JNK inhibitor 2 (10uM) OFEF T, LPSIC X

% KLK8 # v 8 7 EHIIMH & iz o 7z (Fig 2).
4. b MEBEEEMICH TS KLKS IC4 3 COX-2
2N BRI

Rz COX-2 & v 87 EHBlIc 5.2 5 KLK8 0 %
MR L7z, & b adiRs S I SR E © KLK8 % 3 K
MERS® 3 L, COX-2% v 82 BHREBIZHEEKE
L, 10nM CTlRAMEIEL, b ETiiEd
L7z, %7, 10nM KLK8 Z2FHE® 2% &, COX-2% ~
7SR IR EMER L, fEA 3ERTRA
fEIEL, DB L7 (Fig 3).
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A LPS(1tg/ml) 5. [Ca®"] iIC5 2 % KLKS8, plasma kallikrein ¢
FYIES
KLKS Kallikrein 7 7 S Y — T & % KLK8 %%, plasma
kallikrein'® % KLK5, 6% & @Bz PAR-1 Z44E% /L
T [Ca¥T] i LRZBI S THEEMIC O W THREL
B-actin 7. Fura2 ZA&fi L7zt #6521 100 uM
PAR-1 3&HAGA], 1 mug/ml plasma kallikrein 2 /EH & &
@‘“9 & F& Oz pEes () iBERL, 120BRICE—
g & 2IHEL, ZOBERPICHA L. 4, 10 nM KLKS
DIERTIE [Ca?T ]It BMIzAR s s b o7z (Fig. 4).
B o ® 60 * 6. KLK8IC &3 COX-2 4> NI BRBEH LUV
e % PGE, 7 it ZXF ¥ % tyrosine kinase BEEE| D%
Kg - =
g2
i £ 404 KLKS %8 tyrosine kinase BB Z N L T 7 F VG
] - T i A WD 599 2 2 ¢, tyrosine kinase FHEE
20 = FIT ¥ % genistein 2 A>T KLK8 2 & 3 COX-2 % /%
BB T 2R EMR L7, ZO/ER, © - ild
7 |_| ' i BEEMINIC 31 % 10 nM KLKS (3 IR#H) 1c & 3 COX-2
0 T T T T &R EFBR ORI, genistein o F R KA ICH]
s T T Hsn (Fig5). %7, KLKS ® 6 BRMOHMIC & b
JNK inhibitor 2 — _ _ — + 528 RIS @ PGE = ITEEICHEN L, genistein F27E
LPS - + + + + Tl PGE, B0 IG &z (Table 1),

Fig. 2 Involvement of mitogen-activated protein
kinases in lipopolysaccharide-induced
kallikrein-related peptidase 8 expression in
human dental pulp cells

(A) Cells were pretreated with U0126 (10 M),

SB239063 (10 uM), or JNK inhibitor 2 (10 uM) for 1 h,
followed by LPS stimulation for 6 h. KLKS8 in the cell
lysate was determined by Western blot analysis using
anti-KLK8 antibody. (B) Quantitation of the Western
blotting data of the KLK8 was normalized against the
absence of LPS and MAPK inhibitors. (% : p<0.05 ver-
sus unstimulated cells ; T : p<0.05 versus cells stimu-
lated with LPS in the absence of MAPK inhibitors)
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Fig. 3 Kallikrein-related peptidase 8-induced cyclooxygenase-2 protein expression in human dental pulp cells
COX-2 in the lysate was detected using Western blotting. (A) Cells were treated with KLK8 (0-100 nM)
for 3h. (B) Cells were stimulated with or without 10 nM KLKS for the indicated times.
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Fig. 4 Effect of protease-activated receptor-1 agonist,
plasma kallikrein, or kallikrein-related pepti-
dase 8 on intracellular Ca®" concentration in
human dental pulp cells

Ca®" mobilization in human dental pulp cells was
loaded with Fura-2 and stimulated with 100 uM of

PAR-1 agonist, 1 nug/ml of plasma kallikrein, or 10 nM

KLKS at the time point marked with an arrow.

Table 1 Kallikrein-related peptidase 8-induced
prostaglandin E, secretion in the absence
or presence of tyrosine kinase antagonist

genistein

(=) (+)

Prostaginadin E5 (pg/10° cells)
Control 193.0+35.0 290.8+£85.7
KLK8 1,2649+326.2* 5714+1146"

After treatment with or without the tyrosine
kinase antagonist genistein (50 uM) for 30 min,
the human dental pulp cells were stimulated with
10 nM KLKS8 for 6 h. PGE, secreted into the con-
ditioned medium was determined using an
enzyme immunoassay Kkit. These results are rep-
resentative of four independent experiments.
(* : p<0.05 versus unstimulated cells ;
T 1 p<<0.05 versus cells stimulated with KLKS8 in
the absence of genistein)
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Fig. 5 Kallikrein-related peptidase 8-induced
signaling in human dental pulp cells
mediated by phosphorylation of tyro-
sine
(A) Inhibition of genistein (5uM and 50 uM)
downregulated the COX-2 expression, as ana-
lyzed by Western blotting. (B) Quantitation of
the Western blotting data of COX-2 was nor-
malized against the absence of KLK8 and
genistein. (T : p<0.05 versus cells stimulated
with KLKS in the absence of genistein)
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BB O S £ 72, ERK 1/2 MAPK 8 X 8 p38
MAPK Iz & 2 FEi 2 Nd 2 LaREE N/, Jurkat T
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PAR- 1 2% HBLTWwW3 I k%5 LY, plasma
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PAR-1 i&H:ALHF & plasma kallikrein 2 & b [Ca®™] i ®
ERIFE® 5Nz, KLKS TlkiEd oo/l &
5, wEiicBLTHRNA VS Y L4 F Db 5y
TFVEEEFHELZ VI LBHEINS, oG T
1%, WHkfRTIE Ephrin B2 Z44KY, LI TIE epi-
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HER 720 C 75 < RN 72 FAETHERE T & % A REME b
SNz, HMETHELFHEEORE L LT PGER X
aviter—LEn, REERPHKMEAFTELTVED
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Lipopolysaccharide-induced Kallikrein-related Peptidase 8 Production
and Inflammatory Response in Human Dental Pulp Cells
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Abstract

Purpose: The kallikrein-kinin cascade is involved in vascular permeability and pain during inflammation.
Kallikrein-related peptidase (KLK), called tissue kallikrein, not only plays a role in the cascade, but also per-
forms various functions within the tissue. Additionally, lipopolysaccharide (LPS), an adventitial component of
gram-negative bacteria, is one of the pro-inflammatory substances, and it affects the induction and progres-
sion of inflammation in the dental pulp. This study was conducted using cultured human pulp cells, assuming
that LPS enhances the expression of KLK8 and promotes pulpitis.

Methods: Human dental pulp cells were cultured in 10% fetal calf serum (FCS)-supplemented alpha-mini-
mal essential medium (o-MEM). When the cells were confluent, they were incubated in @-MEM containing
1% FCS for 24 h, and then stimulated with LPS or KLKS8. The expression of KLK8 mRNA was determined
by reverse transcription-polymerase chain reaction. KLKS or cyclooxygenase (COX)-2 protein expression was
detected by Western blotting, and the prostaglandin (PG) E, concentration in the culture medium was mea-
sured using an enzyme immunoassay kit. The intracellular Ca?" concentration was determined by fluores-
cence measurement using the fluorescent calcium probe Fura-2.

Results: In the human dental pulp cells, LPS promoted KLK8 mRNA expression and protein expression in
a time- and concentration-dependent manner. KLK8 protein expression by LPS was suppressed by extracel-
lular signal-regulated kinase 1/2 and P38 mitogen-activated protein kinase inhibitors. Furthermore, KLK8
promoted COX-2 protein expression and PGE, secretion in a protease-activated receptor (PAR)-1-indepen-
dent manner, but its effect was suppressed by a tyrosine kinase inhibitor.

Conclusion: This study suggests that LPS is involved in the production of KLK8 and in the kallikrein-kinin
cascade, thereby affecting the progression of pulpitis. Furthermore, KLK8 may promote the production of
COX-2 and the secretion of PGE, in the dental pulp in a PAR-1-independent and tyrosine kinase-dependent

manner.

Key words: lipopolysaccharide (LPS), kallikrein-related peptidase (KLK), COX-2, dental pulp cells
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7Y xv) M LKL (Table 1).

2. HRHER

BISEREE L 720 v TP UIHE 24 K2 EHET 2 5
T 5 mm BRI O ALiE % (EH T (Isomet, Buehler,
USA) <UL, F—FvikRoaFAL2ERE, 514 vE
v R4 v —EEVIWHE (Well 3242, Walter Ebner,
Germany) T240#E|3 % & L bic, B2 /EH
T3 OICHRENZ 1 EHIRL, 48 etz (FEl L
7. i 2 HERE 2 2,000 F O MK (Fujistar
DCCS, =MHfaE) icCchtiEL, A 4> AKhTh oy
M8 Z P vei# (US-2R US Cleaner, AS ONE) #{7-
Tz, Z 0k, WM N—=v > 2284 L T 2X3 mm
DOYERE ZERLIL, 6T >DRE %2 8 ODEMIC A
TAYX—"Tv 7 ACCEEL .

3. B s L U0IE

1R8N 72 0 60 m/ DBLKIER (1.5 mM CaCly, 0.9 mM
KH,PO,, 50 mM EEf%, 0.2ppm F, pH 50) Vit %
BEIH, TCOMIBMHEICHE L T, 4HORIK %
frotz, 24 RfREE, WA A4 ke T 5 RO %
fTwv, =7 =2 Tzl FEBFEEM L L/ (Baseline
lesion ). Control #i%, BIBEIKE, WA 4 v sKIicT5H
RIS ZITV, 7 —IC CTHols, BRI A A
VoK% 30 WA, =7 —HiEt%, B 60 ml ORLKE
WICEE L, 3T°COLRIRMEIC T 96 RE D BLIK % 1T 5 72,
30 s-Tr B, AUBLIKEE, BiA A > Ko< 5 BEoMHE
2TV, 7 —IC TR, #BmIC Hys 7uy 7Y
WERBAEL, 30 WEEE L. 20, B4+ KT5
MO ETY, 7 —E, B0 60 ml OBKA
WIS, 37T°CORIRIEIC T 96 RS itk 27> 7. 5
min-Tr #Ei%, BIBKER, BiA 4> oKic< 5 BEoWE
2T, 72, BRI Hys 70y 7V 2%
B L, 5 oEEE L 72, 2D, 30 s-Tr BERARIC A
F K TEBHEO%EEITY, T 7 —H2E%, 060 m/
DPEPIRTICIRIE, 37°C ORI T 96 RFfE o ik %
oz, 2B, SHORMEIL 12 £ L1k,

4. TMRIEE S SUVRERELIXTIILEREDH

E

BTEOEBRPRK T, Y1 vEr P4y —=UFE
Y1 )8 S #9300 um DFEYI R % Sk 5 280970,
PR % U CmE ) b L 72, &Y R i High
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Table 1 Material used

Material

Ingredients

pH Lot number Manufacturer

MS Coat Hys Block Gel methyl methacrylate-co-p-styrene sulfonic acid (MS) polymer 2.0

1% oxalic acid
sodium fluoride (900 ppmF)

FV012 Sun Medical

acidity regulator (potassium phosphate salt), thickener

water, others

Baseline lesion Control

30 s-Tr 5 min-Tr
Fig. 1 Representative TMR images
5 min-Tr showed most intense radiopacity as com-

pared with the Control and 30 s-Tr.

resolution X-ray glass plate (2 =43 /)1 %) ZHw
T, #AEFICCuB K7 4% —iz Ni 2 L 72 #Ei%
Iy 7 AfEEE (PW3830, Spectris, UK) T, 13 EZp&
DAF YT zy Pk Ebic TMRRE (EBE 35KV,

B 15 mA, R - R 570 mm, [RATREHE
1547) %fio7-. 78 TMR #id, lBaA 0% B
kT 2700 13BREDOTIVIRAT Y TY 2y VWA
AENTRNVT —IThiA A vk E EDICEAL TT-
72 BUg, EE, KV EEE, Ly LTy TEhik
microscope-videocamera-microcomputer ¥ A7 L, ¥
T2 VESHY 7 b (TMR2006 - TMR2012,

Inspektor Research System, Netherlands) #f/H L T
AT T A NVEER R I HLE (IML:

vol% X pum) % JHIE L 72 101314

60
N 50 ernt.
X
E 40 4 L
g
*é 30
° l Baseline lesion
g 20 Control —
g _
E 30 S. Tr
10 1 — 5min-Tr —
0 50 100 150 200 250 300 350 400 450

Depth (¢tm)
Fig. 2 Average mineral profiles
5 min-Tr showed higher mineral density at both sur-

face layer and lesion body as compared with the Con-
trol and 30 s-Tr.

. MRETAHR
ﬁuf AT X, Kruskal-Wallis # %€ 72 5 (VI Steel-
Dwass DL EILEMEIC X b ERKES% & L THERMEL
7z (EZR version 1.35 software, HIGERIAEME & v
F gLy 5 —))

& R

EHOREW TMR &% Fig 11, ¥EHI 27070
7 7 A% Fig. 2 12”9, HitK%E1T - 72 DA D Base-
line lesion D TMR &L 6 RIC S #0707 7 AV
X, REPHEZCEIEIHEORBEEM TH 5 soft
lesion IZFELL L 72RBET & - 7. Control #D TMR 41z
PRPEHRIBOILARDBD b, 5731707 74V T
WEREERY 20 um 2> 5 200 um OFIFHCTRUKDNET L, 2
F IIIVEED 10 vol B RRE D RIEE & 8 vol B R E DYl
BRI PR S Nz, 30s-Tr#EeL Smin-Tr# DI 25
Va7 7y AVoETE, JiEERER 30 vol%, JE
BRI 15 vol%RRICE T 2 S NVEEN B> TV B D
XL, $ETIE, FEBIZH 45 vol%, JHEARER S Y 40
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Table 2 Lesion depth (LD)
Group LD (um)
715 (633-74.4) } }

Baseline lesion

Control 165.8 (124.5-182.0)
30s-Tr 155.7 (138.2-160.2) }
5 min-Tr 100.1 (80.8-113.0) }

The results are expressed as medians
and interquartile ranges.

Brackets represent significant differences
within the same column (p<0.05). n=12

vol% THEFF S T\wiz, £ 7z, Control #HiC E#E L 30 s—
Tr # 0 TMR B TIE R ZEHEE DA L 72 0, 5 min-Tr
o TMR R TR ARESEER & 5L 2R EOFE
DHER S iz, BREOWREFEE (um) 1, Control Bf
(165.8) & 30 s-Tr £ (155.7) & Baseline lesion # (71.5)
KB LERICRERMEZEZ T L (& DI p=0.0002)
73, Baseline lesion # & 5 min-Tr &t (100.1) & o
BEEEEIRD N> (p=0.160). F7-, 5min-
Tr #£1%, Control # & 30 s-Tr BlcHI L THEIC/NE
fliZz R L7 (p=0.005, 0001) (Table2). %I/ 38
Je& (vol% X um) D TIZ, Control B (47275) &
30s-Tr # (35925) & Baseline lesion # (2,020.0) 1t
BLTERICKEREZR L (&BH12 p=0.0002) 73,
5min-Tr # (21025) £ OMICHEERZRAD bhih o
7= (p=0939). %7z, 5 min-Tr &I Control & & O
30s-Tr BEICHEE L CHBEICNS iz R L (LB p=
0.0002), 30 s-Tr # % Control BRI LIE L THEIT/N X
efiz xR L7z (p=0009) (Table 3).

RHEEEEN S E B W TRERSEINT 5 2 L 1H
EHENTE LI, FHEERAL O BT RS iR & R
HcT 5 &b bETERBEBINICPE LT 5 2 L HEE
TdH 5. Nyvad 5 1 3MEEI AR OB LAl 2 R
LEEBERERICB VT, 7 v {LYEAHRER & H ol
A LbicNaFIAROBHZATEET2HA»S
FAERITIT T R TOEEAMDIREBIEICHI U7 LA L T
W3, Eie, SHIRESA F I 4 % 3R S ko2
BHA R4 0, T7 v LB HEER (1,100~
1,400 ppm F) 2 7 v k@l &e0# (250~900 ppm F)
PEHEAMHAT 2 EICE D, KAWOIEEERT > fh2s
BT 2 (L 20, IBEEEICRS), Ko TKABED
IEENAARE 5 Bho [ (reversals) 12, REZ2IRET 5
LR INTwD, COEHBERRICE->T, b
THAZEHRCTH 2 EEX L. Z20—T, HEEFC

7 BesE H3E

up

Table 3 Integrated mineral loss (IML)
Group IML (vol % X um)

Baseline lesion  2,020.0 (1,841.3-2,100.0) ]
Control 47275 (3.8950-53188) ] w w
30 s Tr 35925 (3,348.8-3.8825)

5 min-Tr 21025 (1,798.8-2,333.8) ]

The results are expressed as medians and
interquartile ranges.

Brackets represent significant differences
within the same column (p<<0.05). n=12

BOTHENEDLEEIREICH 3 EmER L, HENZ
VT T T REDTOAES TR E 25, F BN
WHEST T 2RSS LT, FERISENBIELE S
RIS & 75 2 ATREIEDS B 5. ABFFEClE, BRE A~ DA
DEG e V7 A TORFENEBEAM 2 158 DR
THGAL 2B U 7 RIS ERAG L, A — A — 187 O LEBARR
flZZ8H 3 5 Z Lic &k 2REIREBDZ L Z TMR ChFHil
L7z,

Nyvad & 23EBMEEREL & W L 7 R A#gako TMR &
Tk, HREFHOBAOPALZ L AEBEDOEED
B 5P SEOFFICE TS, HIERKE
TRERBICBIZI2INVEEOEZ D BRBD NG
TEEMEREICEM L 7R E AR E I HECE b D &
EZioNnl, Z0%B, AT VKT L THERKZ
1T 7= Control 7% 5 Nz A — A —F{E D 30 FALH
(30 s-Tr) TiZ, FEEEFHICHE L THBICKE RFHE
HEBLOI 27 IVEEREEZRL, WEOETHED S
N0 L, 5708 (5 min-Tr) TlX 3 *F )15
FEE & OVEEEE &b ICHERR L iR L CE R e
1372 <, BHRNETIHISIR SRS Nz, SEIFEHL
7oMSa—+bHys7mry o2y obicix, MSa—+F &
FIkEIC NaF % &6 3 % MS(methacrylate-co-p-styrene
sulfonic acid) RV~ —%Z 6 NIcy 2 BA VY 7 LAE X
nNTnsd, 79IWEEIIMS 2 — DN 1/3TH %23,
HIREICEA T 5 2 & T NaF 2588 & )G L T CaFyo2®
T EN, Z0HOMRBEICX D CaFk bR H 7
T4 Ty, ANV T LA F b PRI ED S
BWHLIALY I LA Ty, YVBBA A v HE ST,
InFuarTRyL FYOEEBb LI EEZ LR
3. SEIOWSTIE, BARREZ 2 —H —fED 30 HH»
510505 FICIER L7- 2 LTI E N 5 CaF,0E A
ML, 2007 vFn 7894 FOKEDEL
TEN BRI ER SN EEZ 5N, KR
139 I BI RN 2 8 S 7 & IC R B AN H S
HFISROSHER SN TE D ED . KRV = —7 5 CITHER
PHEOAN T T L ERIGL TR SN2y 2T H L
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U LDBREMEEYHNCHET I EEZ AT
5. SEOFEE» 5, A28 L 2ERE X, 7 vt
VT VIVIRO LS ICHE A RESE D I Lk, B
R 2 LR § % & & CHBALETTINH 72 & ICRAFEHHE
AN O T OEYH & WA X B R R IR L R D
AIREME SR S Nz,

& &

FJE OB PRALAZ L o i B AR T S SRR B,
ToET Y 2 Vv A4 THEBEIEEM TH 5 MS
a—FHys 780 v 272 2%k A —H —315T O &AM
ZHATS OS2 Z ik b, RN 2EEET
{ZIEEIRARD 5Nz,
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Effect of Gel-type Desensitizer Containing Copolymer and Sodium Fluoride
on Active Root Caries-like Lesions iz Vitro

NAkANO Takafumi, KAwAMURA Kazuaki', SHiryA Toru?,
Y amMamoTo Tatsuo® and Mukal Yoshiharu?

Division of Dental Sociology, Graduate School of Dentistry, Kanagawa Dental University
Division of Oral Health, Kanagawa Dental University
Division of Restorative Dentistry, Kanagawa Dental University

3Division of Dental Sociology, Kanagawa Dental University

Abstract

Purpose: This study used transverse microradiography (TMR) to investigate changes in active root car-
ies-like lesions following the application of a gel-type desensitizer containing copolymer and sodium fluoride
with different application times.

Materials and Methods: Acid-resistant varnish was applied to the surface of 48 bovine root dentin samples,
except over 2X3 mm test areas. These samples were immersed in demineralization solution (1.5 mM CaCl,,
0.9 mM KH,PO,, 50 mM acetic acid, 0.2 ppmF, pH 5.0) at 37°C for 24 h to make baseline lesions. The samples
in the Control group were immersed in deionized water for 30 s, and those in the 30 s-Tr and 5 min-Tr
groups were treated with a MS Coat Hys Block Gel containing fluoride for 30 s and 5 min, respectively. Then,
the samples of these three groups were further immersed in the demineralization solution for 96 h at 37°C.
Thin sections from samples in all groups were analyzed by TMR for demineralization depth and mineral loss.
Statistical analysis was performed using the Kruskal-Wallis test and the Steel-Dwass multiple comparison
test at a significance level of 5%.

Results: The mineral profile of the 5 min-Tr group showed a remarkably higher mineral density compared
to the Control and 30 s-Tr groups, and particularly the surface layer vol% of the 5 min-Tr group was about
45%. The lesion depth (um) of each group was 71.5 in the Baseline lesion group, 165.8 in the Control group,
155.7 in the 30 s-Tr group, and 100.1 in the 5 min-Tr group, and the depth of the 5 min-Tr group was signifi-
cantly shallower than that of the Control and 30 s-Tr groups. Mineral loss (vol% X um) was 2,020.0 in the
Baseline lesion group, 4,727.5 in the Control group, 3,592.5 in the 30 s-Tr group, and 2,1025 in the 5 min-Tr
group, and mineral loss of the 5 min-Tr group was significantly smaller than that of the Control and 30 s-Tr
groups.

Conclusion: Five-minute treatment, which is longer than the manufacturer’s recommendation of 30 s, by
MS Coat Hys Block Gel effectively stopped the progression of active root caries-like lesions.

Key words: root caries, dentin hypersensitivity, fluoride, TMR
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BARMGEEZHBSRE AR

Z DA, TR0 HARIC L 2HEEZBEL T, WEAEEY (REBEY, @NEEY, BERY)
DHBILHFETHIEZHNEL TV S, 2070, WEMREZOHERE, HIR, #E %O FICHEBHR Y& A%
& L7-HBIES 2RI T 22 BET 5.

ASCORERIL, FRERSL (HEIEY?H 2RO MRICET 2 b @), Wil (MEMRAESICET 2482 L C
SBOFMEERBELELILETE2LD, HEVIIMREEBRLONTEZE LD TH L ZMEE2IRELELS> LT
D), T Ea— (BRMAFZCBET 2EED MYy 7 2 REERXcliBict o b 0T, KFEOZERILE
&te), fEF - BRRIRE (PRSI 5 I8  ERHER O EH & FBICEH & R 2R OE) kD 4fE
T2, 58, Rl IZLEa— HREZBRPLOKRBICLZ2DDERMICLZ2bDLICT TS,
JFEEER SR & GES] - BRARHR G o WAL, wRictiiiicBisnizy, HERRTH 2 BRI ETEVLD
IR 3,

WX ORI, HE R ORET 2 (MEZBS»LDKBEICL 2 D%KR).

BRI, HAREE 2 3 EE RGBT 5,

s oid, FEHIE LT (G830 $&k, 5, MEB X OTE fRe 2wl B%, fbe,

W, TEsC (1) PfrolBicil#id 2. FEmRXUAORIDH, FHIE LTI nicHET %,

AREOFKATIZ, FHEIELT2H, 4H, 6H, 8A, I0ABXT 12 HiciTS. 12 B3 XEE “Operative Den-
tistry, Endodontology and Periodontology” & L CHiT3 %, %7, HEIHNITHEFT 5.
FEPREFDVPRBOLA DA, —EHOBEBMZITS. £/, EHEFIRBTH 203 LEFFICIFRENEE
NBEHITOVTIE, BEBHHDZThh S PESEDAZIEL CHGRaEEE2 kD 5, 7B, NE - EEXR
EDFEE, FEB I ORI 5EH, J-STAGE B#H 77— ERMIZ, FHEAHETS, 2L, WE
ZERXDPLOKBEICL2DDERKREDDLET S,

MCEREER, RFobozAY, BRERICHTIRANT 3.

ZAHE, BEERSESEFREAFE L-HME T2, £/, ZHEHE, ARELE» SRR EHES N
HftEd 3,

e 1Z, ZENEE T2, 48, RIGXOBEGEHIZFEELD 256 1T 5.

ORI Emall SR E I3 E R — L R=—VEDP LD Web B L T2, HBEROREMTIZ, FEBRL
RS

FHICXBIIER, FHELT2KRETET 2. Z2DBRICE, FHDOFELVERE, B, HEka SI3@D W,
KIERIZFTEDH £ Clebh$HiEHIT 2. KRIEAEOE AL, 20 BRA/LEANCHERLT 5.

Rt HOEY OEME, KYESRBET 0L T 3.

COHBIC R WEEHIZ, HICRERZBRSTRET 3.

KRBT 6 11 H 10 HA o ifrd 2 (5538 &5 1 5 & bi#H).
AHIFRIE 7 48 10 H 26 HA» 6 —HS0E L 79 5.
AHBIEPHIE6 A5 H o —HSUE LIfT9 5.

AHRRIEPK 1L 11 A 17 HA 5 —FBdOE Litfr 9 5.

AHRRIEPH 16 6 H 9 HH 5 —EBUIE L T3 5.

AR 18 4E 11 H 9 HAp 5 —HIE LHEfT 9 5.

ARHRRIE K 20 4F 6 H 5 HA 6 —HUIE LiEfTd 5.
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