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Fig. 1 Schematic illustration of an optical biosensor for SARS-CoV-2 detection

eflected light

Antibodies are immobilized on the gold substrate, and nanoscale gold particles
modified with antibodies specifically capture the nucleocapsid protein antigen of
SARS-CoV-2. Upon antigen-antibody binding, the gold nanoparticles enhance the
scattering and reflected light, enabling highly sensitive optical detection.
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No & 756 RRDOES W Z 2 EEZH ~ LiEfb
SH BEHVE NI,

AREAMT O AR ELSEIC & 8 57\, BINZiEAS
AEE~ —H — oS, 01 fM (100 97/ uL)
LS EREE R TH B LR R L, Thi
WERETRMEARTRETH > 2K TH D, F¥IAN
AA vy v Ik BHEERODIAZEIE Y b B R

D& S BT, MR HE TOEERRE
2 Al ERIERTONA F~v—p —BERIEHAIN B T
LR E N B,

IESESHT & X 2~ 7 U 7 LI

WERICINZ, MPRICE N 59T IZIRREM N1 4
v — A=t L CHEFERELTEHZED TS, WPRIIEF
WHAESG TEREOAED DL, B0 UHIEHAEE &
MTTPHBERNCEL Tw» 5, WRHFICIIKE 29y,
—(LKE, Trry, AVTLY, TUYEZT, J %
F =k SR e Eh, ZNFNIEAERE,
et b LA, BERRIE, Efb, BEREE Lo IR R
HURAE L BHEICBH T 2 Z EDHIS T WS, e ZIE
7 by 3HERERR OB REOBEL 2D, AV T
LU EERECIBLA F L AKEET S, £ TVUE
= TIFORENMEE OIEE© AFERE R N 2 KL, /%
F— 3R EO~—H—t LTHEHEA TV S,
W & OBTE L 5 TH b, WRD TIdERE L
EHEEE2 OB CBIBERD S 5,

TN SMEN RO L, EEE» OFEREDE
Bifinkoonsd, {EROFZA7a< 574 -8
AN IXEREES A, REBEER 2 2L U BIIRF2 T 1308 X
T, 2 Thhbiid, A2=7 U7 VEMNMLEE
o — DB ICE Y ATYS (Fig.2-a), A¥~<F
VTN EE, F~vA 7 a R — vt A X OB
Z BT ELSI L 7 ATOREMETH b, FEEDHRED
HEZNRICEHCAD THEBTE 2R EE2 DD, L
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Fig. 2
(a) Concept of exhaled breath analysis using a mid-infrared metamaterial sensor. Exhaled breath mole-
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S He8% HbE
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cules are selectively detected through enhanced interaction with mid-infrared light.

(b) Photograph and SEM images of the fabricated metamaterial. The periodic nanostructures are clearly

observed from the top view and side view, demonstrating the designed geometry for infrared sensing.

E, BEREEE S T3 b D ARNRIN ORI Eb TR
FrLicA g =TV 7NV ZEDST %, WEARBEEST D
W R o A bR G TR 2 o0 T2 BRI IcHRE
LTENTEDL. ZOWEEERMICLD, BALKLER
B D h 5 HIND ST DA% SRR L 72 5.
51T, TOEMMMEISHTIZREEY A Ro/NEF v
TR v —%2 £ TE (Fig 2-h), 7z h—L R
VT O—FEELEIC X - TR - KAt LA EBL A RE T
5. A MFHEIwRIC 1100 MERE £ CEBTE,
fEECe 34—t LCOIBAPEETFICA S, INEICHE
WA R R v —1%, TEE2W o mRHER T D RIES
FHAICE L TB b, ECROEEAITPHRINDHN & R T
DWERE - B BRI B TEMEE R T,

BEbhWIZ

RPTFCREA L T E 7l PHERICE T 20631 A& >
P—iF, ZTRNENIZLEHME2 55008, Rk
ficiz MENRFHSOHEB, &) @ BTN
5.

EETOMER - FE=2 Y7, AlitksEy S
TS fENT, HEBHER COBHANA A~ — A —HREH
AErbt s LT, REOEPMZN & TR ALT]
L2, I5IC, WEEMOERICLD, (KRE,O
R BRI IERE(L T hiE, BHEOEFEOER
Rl AET 3,

ST L ERIESEORA X, RO ERNAE D% B
Z, REEREETL FHERANLREL T TH A
5, A /=y arohid, WHREEZERETBET
T L, e ofBEREMEMICERT 27 —LF =
VOx—THBEME LTS,

AESCZBAL T, PR T N & FILSH SORAE 1372

X ®|

1) Fukuta T, Kato R, Tanaka T, Yano T. Fabrication of
Mie-resonant silicon nanoparticles using laser annealing
for surface-enhanced fluorescence spectroscopy.
Microsyst Nanoeng 2024; 10: 45.

2) Kato R, Uesugi M, Komatsu Y, Okamoto F, Tanaka T,
Kitawaki F, Yano T. Highly stable polymer coating on
silver nanoparticles for efficient plasmonic enhancement
of fluorescence. ACS Omega 2022; 5: 4286-4292.

3) Yano T, Kajisa T, Ono M, Miyasaka Y, Hasegawa Y,
Saito A, Otsuka K, Sakane A, Sasaki T, Yasutomo K,
Hamajima R, Kanai Y, Kobayashi T, Matsuura Y,
Ttonaga M, Yasui T. Ultrasensitive detection of SARS-
CoV-2 nucleocapsid protein using large gold nanoparti-
cle-enhanced surface plasmon resonance. Sci Rep 2022;
12: 1060.

4) Tanaka T, Yano T, Kato R. Nanostructure-enhanced
infrared spectroscopy. Nanophotonics 2022; 11: 2541~
2561.



2025 4F 10 H

205

wLEY ORI L

HBg LA 68 (5) + 206~207, 2025

RIFARD A / N~ 2> % BIE L -H%BIR
3D N4 F TV vy —ZIGH LI AR NERIE O 2 HIE L <

E R

OIS

FUPH B RER S 1R RE 2 R I T e R TR R 2 o iy

Establishing a Novel Surgical Endodontic Therapy

Using 3D Bioprinting Technology

WASHIO Ayako

Division of Endodontics and Restorative Dentistry, Department of Oral Functions, Kyushu Dental University

*¥—7— K :3D N4 F 7Y% —, Bioactive glass, &PIEE, AR EHE HAamE

iU oI

VAR, 3D ANA A TV VT4 v, Mg AT
U7V ENAERICHEET 2 C Lick b, HBREEOT
EERHBTEHNNLREME LEHS B Y, BEE
BECRIEMSE~DICAPHIfF I T3, —F, HAII
B3 3D ANA AT vy — D RIIRCKEEE NI T
ENTW» 358, HEWEIICOEA S ES, BIEA < TG
INTLERHO—2O2WEEETH 2. 2D th
5, WRIE CIMERD 3D 77/ vy —DEREE %
ELT, 3ADAA AT T a v REAERCGHT
FLHBELIEVEEZ OGNS, AfETIE, 3DAA AT
Vv T4 v rEMioFBERFREMH T E L DI, b
NbNHHERE L TV 2 WEMAAFEEIC B T 2 IGH O EE
WZDOWTHENT 5.

ADNAFATY T4 TI2D0WT
ADANA AT T4 L, M SRR ERT - N

A F =7V 7 EDOEMRERESZ %2 IRNICHERE L,
EREELImOBE*HE T 2 Hiicd 3. HERE

9% - BISRATSE - BB E 7L Rl b, BEIR - et -
TSI B CIRIA CHAPEATY 5, REHTIEE
M TosRcsEs NS,

1. 412731y FAKX (Inkjet bioprinting)

Ay oYy bV vy —LEERIE, 7 AVDh5HUN
mEHEEERLCEET 25X TcH 5 (Fig 1A). B
FEE R EAFA LT, RREDNA F A v 7 & E#p»D
Kax rCcHRITE %, fild~oyx—=vpdil, f
e s & — IR - MR RR EFRE - RS v 7 —
7 DfEEle BIcHw 5B,

2. #HAX (Extrusion bioprinting)

VYY) RN HNA KA v R EGEIC LU
LTEET 325 TcH 3 (Fig. 1B). EBHEANAL A4~
7 OHHDSHRE T, HERINIE R O & 2 AR 75 RS
DIEHIZE L T3,

3. L—%—F#E AR (Laser-assisted bioprinting :

LAB)

B AR ECER LI A A A v I BOERS
L= =0V 22 WL, RN mg - & ks
FUFX —CHUNEREERIZT AR TH B (Fig 1C). /
ANEFHLZOZOMEOa Yy 22—y a v ED
2K, Beb=A 7 a X — kb LoV o EIRREE T

KR HABRBHAGE Y2 2025 FEEFATRE B 162H) v ROY LOMENRE2 X LD DTH 5.

DOI : 10.11471/shikahozon.68.205
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A : Inkjet bioprinter B : Extrusion bioprinter

D : Stereolithog-
raphy-based

C : Laser-assisted bioprinter

bioprinter

Fig. 1 Schematic diagram of 3D bioprinters

B2 REICEIETE 5, MHIRE o fEEL AL E HI A
DR D 5N B HAERFFRICEL Tv 5,

4. REAHK (Stereolithography-based bioprint-

ing)

FEATED A F A > 7 IR ARG 2 S L,
B LicES - LSRR E R T 2 5 TH
% (Fig. 1D). <A 71 *x — FVHEA DR EETE A3 7] HE
T, EHRIVREE AT 5 RGMEL (Scaffold) I I
MOBEIICHI NS,

iR G VIRREE$H & ARIR B A (S 1) /-
AR

WEBIFRD A TIIRE L R WIRAMEE L TI&, HiR
IR B & OSARGE FoHEM & )5 U ORI 0 5.
BUR o BRI UIBRANT < 1%, WA FEE IS % & R PR
TR RGBS 2 BT 2 ME— D T TH B, TETIE,
NAZ XTIy 7 AEEA L BB & WARE FEIE
MO ERER-TE Y, ENNTS I RUIR
BRIEM O FERFE TN TV 5,

L L, TREEINZEEZEC, WIREFTEM K
I PRI P> TR R & FRBREAR O 3881 & 2 P
RV, BE, SR NIAE R LI L T 2 RERI R
INTVD, WIREFIEM OWIL - DfED X = X Lk
BHS 27 5 TRip s, WIRERIEM % & T iRt
BREIO+E £ v FEICX DEEITERINEVI L, 20
PR S B SHE 2 6 OMIEIREPEC 22 L, B&
VIR 8 LA S 4 D JEE A5 L A BB e ARSI T B TR ~ D B
RIEAESRAILTWB Z ENFERE LTELSNS,

IO LERERE X, bbb BT BRI o &
B & BARMRL T AR & [RIRFIC SR BT 2 97 7 e ip ek O %
HIE L7982 B L7z, MNEEAMEIcEEOH 2
Bioactive glass (BG) % 7z Scaffold? &, 3D /34 %
TV T4 v IEMfio—~2TH B L —HF—HEHR
(LAB, Fig 1C) %##labELFEERF LT, C
nIck b, MRERIEMORNRIBENMERL, £k
Dt EAAABIER I & 2 HERERIE D RIRHCGER I N D T &
PHIREIN S,

WAREE & ERREEE ([ V) 7o 3R A RS

BIRSRYIRSE O R EDSEIRE & D RL 55 2 EHT
B X 2 EF AR 07 RIBZ £E S BEERI <X, T#
REICH 2 EBTFHING 720, BURCIEHkE 2 &R
T2ILbH2, Lal, HKETEIE%L, WOET
SHEOWTHED 5 & 5 IHEERT Y, KUz 2 M
IS HERE - MR LSRR S 2 C v ) (HABRBHREE YA
F—LR—=VkOHH) CEERHME LW 2 H
F1E L Cw 2 EMAEEMEX, o0& 5 R#EEGHI X
THHFRE LT, WMofExr Bis L 287 inifiikz
WESE S B A B D 5

ZTT, bbbz 3D AN AT T 4 v IO
—oTh B HELTR (Fig 1D) i<k 3 BGEEME L
fet—F— A4 FATHERZER L, BEER: AT
HIROE G HEREOMIZHIEL TS, 561, R
S b AR T AR EE R ARL & L€ BG & Scaffold®” & #
HETFMIEIE RAIR 1 - % /MR IMEE & & fiLA S bt 7R
FE PR AR AR D FIRFICED T 5,



2025 4F 10 H

bW

IDNAF T T4 v E, SRERENEREEL,
ZNENDE B MR BB E R B I E U 72 A
b0, AFETHN L NEZBERTHOHENET
HLHIOFMERERR T2 ENTE R VY, 5%
BB AVECIRIGH % B2 CoReMEIRGES %
ELdic, Mk - MIEKERT - N ATV T IVER
A LIEILEREA~DOEEL S NS, 3D N1 AT
VT4 v, THz2RPTICHRET %) WEHEFEED
Mg BB 2 IMABEREEAT & LT, ARSI
7ok bENEEND.

Rim>CCBI LT, BRSNS MBS 20,
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Ono K, Kitamura C, Ikeda H. 3D-printable bioactive
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Novel Periodontal Therapy Using Exosomes from Gingiva-derived

Mesenchymal Stem Cell

Fukupa Takao

Section of Periodontics, Kyushu University Hospital

*—7— N EREfE =2 Yy =24, filgsh g, miRNA, CD73

iU oI

WA, HAEERESTHICB L CHEREME (Mesen-
chymal Stem Cells : MSCs) HR=T 7 VYV — L25lifdiA
IR 2H-RIBFRRIE L L CEHE2ED 0D, =
7Y — MIFELER 100 nm Offifash/NE (Extracellular
Vesicles:EVs) TH b, & &E EMEES T2 NE
L CiifafBmEER2EN T 2EELEEZ2H-> T
%Y. MISEV2023 T, Mflasb/Maiiiias o i & h
ZIEE_HEECHE NN T L L THBCERIN TS
b, =7V —LEMlESNMEO—FEE L THED T 5
nNTwaY, FICHERBHEDY S PWShsT sy
YV —LE, BHEORESIREENT 2 FERFLLT
I T, MEBHECHES VR Z2EEEL 2055
PURAE - AR RSHRE ST w52,

BERMEE IC BT, OPESARRSR o M REHE s 5
FWIN2LT 7YY — LORFEIGHMER RSN T
w29 BrThbhbhdHAICHELZED TS E
B A 3 R RS (Gingiva-derived Mesenchymal
Stem Cells : GMSCs) 1%, % OB OEZERM: & &g
THRE B, TV YV —LEARE L TEDLOTHEER

HRIR & v 2 549,

AfETlx, GMSCs Hizk= 7 VYV — L &H 5 Fic ko
W IBESIR L, AR EZIZC O E L ZRKGH I
72D A D W THES T 5.

BARHIEAR I VY —LAZISHL
R ER AR DR 5

1. #B3E & L TD GMSCs DB

GMSCs i fth o I HE RN & B L <, @RI
BAEEALTWBY, B, EAMED, 5> OFREUZ
AHAE & LTI ICEETH D, BENDREN
RARICIIZ 55, Fic, GMSCs i fth AR Pk:H%E
ZurillE & FS 0% LR R L 2285, & DIEFER
FIRERTERE 2 R T C LA ME I LT B, %72, GMSCs
FHEAIEECL 72D oLy VY — LA IEDM O EEER
B L D D EETH B EDBHLEPICE STV BY,
I ORI kD, GMSCs 13 BARRY 7 AU HEE TR
LLTHES T 6 haY,

2. GMSCs ERIT 7 VYV — LI &k 3 EEER

1) ERNRERA D =X L

GMSCs kT 7 VY — 1%, REMML~v 2707 7 —

AR HARPHRAFAS 2025 SEEAFAMRS BB 1621) > v RI Y LOEHNELZ ELDbDTH 5.

DOI : 10.11471/shikahozon.68.208
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ChERMBEEM2 27 v 7 v — P ADOEREF
T2 EDHEERINTWSEY Ml=2n 77 —JF %
EOWMBE cEERGE 2R LT, M22 o8
77— VIFRIEDOPCR EHBEE - VET Y v 7R
T 39 C oFREMELRIC KD, BYERREO G &k
FEofBEs s 2,

2) CD731c & % $hfzf

MSC B~ —# — 0 —> TERE#ETH % CD73
(ecto-5’-nucleotidase) &, MIIEAFTHRIEED ATP 55
Bev v BLEOGE i L, PiREEDTFTHET T/ ¥
VOEAENLCRENGIZTS LHEFCM2 v B
T —VRHEET B ELWESI LT BRI,

% 503 GMSCs R 7 vV v — Mg B 5 CD73 %
WHEHEZRL, 361 COT3HFMfifcuicky, =7
V—LilkB M2 07y 7 — VHERESERNICH
EEND L EMRALEY, FciEEHTAE1E, GMSCs
AD TNF-a fl#ic kb, =27V YV —250 CD73FHHD
EZE ML, M2~2 07 7 — VBRI
ML THBY, ORI, REBRETTO
IHTATT74—=FNy 7L LT, ERoBRIBE
MR 2R T 25 2 CTEERMELEVWZ S,

3) miR-1260b T & % Ba & PN Rh 5

EHIcEHE S5, TNF-a ll &t cFEEI N2
GMSCs Hikz 7 vV vV — L NE miR-1260b 2 K& L, %
DEEREMNT 21T - 7%, LM TIE, miR-1260b @
FEILD IR 72t PAREAR & IS L CHERICIE T L Tw3 C
LR SR Tw B Y 45 5 13 miR-1260b DR {E
TR X 0, /BB P L 2EE S o828 ATF6R
MEERENTH B E2FER LY. miR-1260b i3/
itk (endoplasmic reticulum : ER) & + L ZEEEMED
ATF6B TR HEL, MRE L TREEY A bAoA
> OFEIE L EHREERINOMEH 2 b 7256F. 7 AH
AL EFNVIZB TS, miR-1260b D & fHLE%~ o FFT
BH5IC kD, WEERINSERICHIEIS N, SR
B3 ATF6B ORI FHICHA T 2 2 LR S 1
7:15)_

3. ERIRICANDEY) A4

1) AoeAbAfark oz

EERIGHIC B 2 FEAHEE L, TRk 2
oz, & THREDOH 3227V — L EERE O
By BTN 3% chooBEEERYT 570,
AFefb e b sAEERERRE (hiGMSCs) ORIz %D T
%, kD SV-40 Large T i/ hTERT % H v 7 Fik
b b, Transgene-combination L% H L 72%. <
OFETIE, BECFHromELRMAEE EBERL, HE
BV 27 2R L 72 28 & e R B ERE 2 R IF T 5 2 &
DHEETH Y, WEEM L LT, Nanoparticle Track-

BpEEER T 2 v Y — LR BT L v AR 209

ing Analysis (NTA) 2 & 2 RERIAAMENT, BT PEMER
IZ & BIREEIZE, Western blot I2 & 2 CD73 ¥ > /828
&, qRT-PCR IZ & % miR-1260b HHEHIE 7% £ &
DL VY —LOEE—MEEHERL T3,

2) RTALEREAT D BRI A1) C

TV — LOEESFRN b, HRERMEE - FFER -
MEFAEE, wEFEEoRRL L2 W E LT, |
WER DA MG S hTw Y, EhFEE LT, M
To4oPEToND,

(1) =RICEFEIRELIC & 5 HiLEE

fEkD —ouH#E L R LT, ZRUCHERE F Tk
MY & 0 AEERRICGE WIRRE TR S h, =7V Y — L4
PEARORM L AEFE o EaE S h w2
7 zuA FEREE TR, fifakiEt o X ol
S by 7 AEEDPRES N, =7V Y - LhORE
R EERERIC AT 2 2 EBMERINTwS, £
NA Farov= Yy 7 RAEEER T, ZXRIuEREICM
A IRl nb s 2 e T, =27V Y =LA
@ VEGF, bFGF, TGF-B1 7% ol Hi4E - MikiEeE
HT- O FBIRAHE S LT w52,

(2) {EFEFEREMER I & 2 R0

REEFERE (1~3% 0,) TORILE I, HIF-la
(Hypoxia-Inducible Factor-1a) & DMEMEALZ@E L T
MEFERTORRABRL, =27V Y — LI & 5%
BEEN2 502 2L HREShTW3®, CoBRET
THESN MSCs 6 3WEN b T2V Y — L, I
BENEMEOBY K2 BRI ESE 5 2 LW
HIhTws, Fi, EKREZIUECLD, =7V YV —
LD miR-126 > miR-612 7 £ @ M 7 4 B miRNA
DOFEAEEICHML, MEFELEE S h 52D,
(3) HA FHA T & BETULER

TNF-a® IL-18 %2 EORFEMEY A M h A4 vic X B0
ELE, PIRIEYE mIRNA OFBE2FHE L, GEHIfHkE
ARRT 5 O EEShTwa®, —7, IFN-y B
o, RERMERNTTH 5 IDO (Indoleamine 2,3-
dioxygenase) & PD-L1 (Programmed Death-Ligand 1)
DRBPHRI N, THMEIMHKESEE 2 L3N
2% bbb HfT - 72 TNF-a B¢, GMSCs H
Fxr 2z — LB B CD73 FHBAHK L8 8L,
M2~=27u7y—=Y~O5{tiEEENPERICH ET 3
ZLEMERLY, X512 TNF-a/IFN-o 2,
ZNZF o EMILEE & IHEE L, HIF-1a/CD73 OiE#:AL
ZHALEM2 <2707 7 — YV FHER AN IR X
N5 EEHRLED.

(4) YIFRACAARRTALIR 1

AR F77$ )L R B K

LIPUS (Low Intensity Pulsed Ultra Sound : f&H /3%
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VAREW) 1%, BROA L 2ENLTZ IV Y — L
DIEMRAEL, ZORBIREERT 5 2 LHEIN
Tw3® EEREE & b, O —F e
TOE LN VY Y LREO ERPEL, =7V Y —
LWL E N D,

(@E S Fngussd

UF T LRI XD, 7YY — L OMREE R
PRI NG Z ESHEINTE Y, MRS ER
BEADICHHESTRRINT WD,

bW

GMSCs Hikx 7 vV — L % v 72 o B VAR 13,
&H &h 3 CD73 £ miR-1260b & \» 9 MR 2 > D%hHE
DFEHTIRT, TETVAR—ZADT 70 —FTh
5, CD73 W &a7F/ vvEEE2NLIM2= 20
77—V EIE, RIEDIUR & ABEIE & FIR IR T
¥, miR-1260b i & % ATF6R FIHRAIMHIZ, ER A L L
AZBRL, HEEE I E BT 2 FT O BEIEN T B
LT EEBAGPICLTE R,

AR RDS, BEHRFEIREDOA /) R—va v o—H
i, BEHEOQOL M LIcERTE 3 2 L2 HIfET 3,
SHIFEHEA - BEARTIO S 52 25bEX b, HERA%L
21X U0 & T 2 EAESEER I 2 FEAE AN
faibEEE DR ER L EZHIEL TW L FETH B,

AESCZBIL T, BIR TN EFISH SOIRAE 1372 o,

X ®|
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NONIFHEBERMEIRE A H = X LEA%2 HIEL 7z —HEOWFFIc B VT, DMCs iZ4 4 % Protein S1I00A7
(S100A7) D HEBHAIGHER ZIBET 2 2 L2 INETITWE L7, Lo L, SI00A7 O A AROERRIC BT
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THER Z w3 Z Lick b, #iidhicy v o8 BEoOEREMRIT 21T /2.
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NY RS SN0, SI00A7 EREMICHAERT 29 FPERET 5 EXRENT, I 512 LC-MS/
MS OFER, S100A7 EHHAMEMAT 20T £ L T2 0T 2REZ N, GO DN OFER, actin B3 2 GO
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fitiaw © Protein SI00A7 3% D& VRV ELMHEERAZ L TR I EPHL2ERD, 2 TH actin 2 &
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RABEIC 0B RES £ 5B (dentin matrix
components ; DMCs) 1213, X% & 4R4EHEEY 7T
BENTV LY. SHDHET LRFEICERET 2 L, &
5IZNEIC & 2 LR I AT 5 DRI ER S 1
3. ZOREFHUCN LT, RIS EmEEiiE s
S U - R AR A I & b B =R E Y
B N, RITE-hEEOE L v 5 EHEYIVEE % &
8, »20IEET 2 X RAIGIEEERE»E LE X
5TV,

bbbk, Nk CHEEEAEIREA 7 = X L %
FTREE L TR BT, SR &l
EEZ T - MMEEB Ty VN ESBEETH D
matrix metalloproteinase (MMP) FEDFIRASTCEL,
FEBAH E5F L7 MMP #£1C & - T DMCs 239 f# % 5213,
BRI A L & N B & CHEBAIGIREICEES L Tw
BT LERELEY. X5, £ MMP 4T HBHAl
BIREICBIS L T 3 2 IREET 2 72 ® 12 in vitro, in vivo
WHIZ CEB T/ L T A, MMP20 IZ & » THfd%
ZF TH U 7z DMCs D fEEEVIDS in vitro 128 W T o
Aot - ok - AIRKALRERIEMALT 5 2 L%, in vivo
B3Iy MESHEEWRE L ESEHERCE
WCEMEZERICE S RERERTELFE L C
£ 5, MMP20 i & %2 DMCs S fEEEY) SR8 -ta it
HORORIEGBEEZIEET 5 2 L2 WA LY, £/,
MMP20 @ fEF iz & b 4 U 7- DMCs 2 fgEY % 7' a 5
F— LR T 5 2 & THE S 17 Protein SI00A7
(S100A7) 23, in vitro 1< B\ T HBEHIIL 0 #75H - 251 -
AIRAGBE 2 TEEALT 5 & L HIT, invivollBIF B 5 v b
HEBHERIC CRFLZE"RIEL2FE L2 L &
b, SI00A7 BRI E-ebiE G EORIEIREZIEET 2
T EDHS DI o 7Y,

—7, ERCBOTHERFR DY v 38 7 BEH RS
THRIC, U EPEMCHEET 20 TR, &
ST E T (2 v 8 2-E-% v 8 2 G EVE
protein-protein interaction ; PPI) 9 % Z & T % OHEHE
ERET LML TWBY 2o PPLIE, fMfao
BEL M EICEET 22V FUVGECB W TEER
wHEHE-> T3 I EABESATL Y. bhbhd
I E O TR WE L% SI00A7 )& % Protein
S100 7 7 S U =% V0B, BHEY COAFKET S
BT EE~4kDaBEORASTESY v VEHTH 5.
K773 U—=2U081F, 1FEAETNTOMIEANII
HET 25 87 HTHY, BRI TIBPIER T I
MOT 5 LoifasE, ok, 7R =22, Ca¥T o

Protein S100A7 23 tR#HEIEIRIEICES- X 5
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TEEME, 20X —fE, RIEOHIH 7 & DRE % FiH
TrtwbhTwz? Fi, MlasHEE2ZI56
PiifasLE R C LS A i filast ~ i 1 3 Dam-
age-associated molecular patterns (DAMPS) ®—>T
HHELEZLNTED, RbIhl-InNoDy VD
B 1%, Receptor for advanced glycation end-products
(RAGE) * Toll-like receptor 4 (TLR4), G ¥ v /$2'H
KGR, AH Ry Y v —ZEEEOMIARTNICEE
THRZAMRLE PPIE LCHAMEMT 22 LT, £
FOVIEB TR L S, MfasETE, b, e, o
RAE - IBEOREIHRET 2 C LG S h T 310D,
L7 L, DMCs & £\ % S100A7 sk o
ED5F L PPLT % Z L CHRbRAIGREEZIEEL T2
PIZDVWTIFWEZAHTH D, SI00A7 EMHAIEHT
LN ST 2HLPICT B 2 LT, EEAIGIREA H =
AL DO—UHRHTE 2 LEZ 6N 5, Z I TAM%ET
i, RFED S S N7z SI00A7 25 EEfiaA o £ o
DFEMHAERAT22Z2MBHTZE2HWE L,

MEE L VAE

1. 7 v MEBERRDAEERRBE RO

AW, RERRERZGE AR R E B2
DR T CTEML 7z KARFES 128-013-0). 6 EEHEM:
Wistar 25 v F 2Ry FNLESZ — )L F FU T L (VL
Ry F v, HI7EER) ofFENERER S (200 mg/kg)
WCRER R, ETHEEN» UM AR L, Wiz
FEUR L 7z, EEfifat: o @ik & 2 MBI 2RV 72
MR A2 2 22 THIWL, TrypsintEDTA (Sigma
Aldrich, KE) WERE, LA b L—F—IC & b KE#K
MR ERRE L, 2B S N7 i oS 64 % s
7L —  (Becton Dickinson and Company, *KE) 12T
BELL, BERKIEZ20% Y BFIME (FBS, Sigma
Aldrich) ¥ & ¢ 10 ug/mL Penicillin-Streptomycin
(Sigma Aldrich) 2% L 72 Minimum Essential Medium
Eagle, Alpha Modification (a-MEM, Thermo Fisher
Scientific, *k[E) % F\», 37°C, 5% COSH T CTHs%E
ZEAMH L7, 20, 2~3HI L ICIEER =L,
SavIVvI v Mk b ECTEESRITY, Trypsin-
EDTA LBl & b hEME L L TRIRS hizd D%,
F v FEfEAEEEME (rat pulp primary cells ;
RPPCs) & L7z. RPPCs % 10 cm M@l & 7 L — b icff
fE L, AIRAGEEER L (50 ug/mL 7 2 2 )V ¥ “#E (Sigma
Aldrich), 10mM B-27"V vV v (Sigma Aldrich),
10%FBS &6 o-MEM) 12T 7 HEB#ER, gz el
27 LA =12 TEI, PBSIC i LS IRIRE 2 107
HzKETIARGHIE S FIEZ 20EEEOEL, B5
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N7: big% RPPCs HRD & v o 7 E IR & L 7z,
2. TUEILTyv ALV RRGEIOTNT S
71« —EE2H (LC-MS/MS)

1 TCH LN RPPCsHIRD & v 8 7 HHHHK &
S100A7 OMHAEHIC O WTHRET T 572012, LTDE
BEfTo 7.

ANV IR T VIR L TERF YU DRET S C
ERIGHAL, a9 LYy (TALON, #4554 F)
7 S/ BRESIO N ARl e 2 F Y v 6 5% (His-
tag) 2SINE $7z S1I00A7 (His-S100A7, Prospec, K
E) #E ¥, SI00A7 LY v 2/ERLL 72,

BRI 7e SI00A7 LY v o8l LC, TALON
% Binding buffer (pH 7.5, PBS, 74734 7 X7) I
500 uL WL, % D% His-S100A7 & 20 ug AL, 30
DK ETEE L /2. 2D, 14000 X g T 3 i Do i
T, EiE#RZFE%, Binding buffer 2L 72, &
512 14,000X g T 1 R LD EZ T, EEORE,
Binding buffer #f1% 2 [Al# bR L, ¥ L7 TALON
Z SI00A7 LY v e L7, avitu—LbE LT, UM
® TALON ZH w7z, T s & RPPCs kD& v o8
BiHE®E G S 5 2 & T, SI00A7 EHAEEHT 3
BT OWERETo Tz,

i<, UFTRRTHETT VS I v T ve4 %275
o, TNV T veAlk, REDY VI EPMbD E
DEIBY VI ERNTIHEET 22T 2 A
TERIET FikD—>Tdh %, SI00A7 L ¥ > 12 RPPCs #il
HERIML, KETIS pEHE L7z, Z D% 14000X g
T 1@ LTEEE TV EEORRZ, Binding buffer O
% 4A[E#E DR L7, % LT Elution buffer (pH 7.5, 1
mM DTT, 250 mM 1 & & — V&4 PBS) %M, K
LT 150EE L, TALONIICHEG LT-2 o8 7l
BEX® % Z & TSI00A7 8 & O SI00A7 I AEH L 72
& % 7 B (SI00A7 #) 2 i U7z, fid U 72 SI00A7
B, av ro— (Blank #), 7 5 I S1I00A7 & K
EETWAWRPPCsHIZRD & v o 7 B %2 v,
SDS-PAGE 8 & ' #R%ea % 1T\, BBRic8 T 58>
FOBEEE L 72,

SDS-PAGE 8 & C#R¥ta1%, DITOFNETIT- 72,
Loading buffer (Thermo Fisher Scientific) IZiAf#E L 7=
FZEB 30 uL %, 85°Clc T 2L L, 10~20% Tris-
Glycine Mini Gels (Thermo Fisher Scientific) # #8ffizk
T 10 {5458 L 72 Novex Tris-Glycine SDS Running Buf-
fer (Thermo Fisher Scientific) 1Z&{& L, 200 V T 40
PHEBRIKE EIT - 72, 2Dk, RYE (ERLE MS ¥ v
I, Fujifilm Wako) 2 & b N> F2AHMLL, BZEE
fT o 7. 9 # — 12 i* markl2 unstained standard
(Thermo Fisher Scientific) % fw>7z,

{

% 68% HLHE

Z D%, LC-MS/MS 12 T SDS-PAGE & & O thic
THww b o LA Z T, SI00A7 &HAfE
M3 22 V0 BOREEIT-o 7z, LC-MS/MS IZT
DFETIT» 72, £9 UltiMate 3000 Nano LC systems
(Thermo Fisher Scientific), ESI-column (0.075X150
mm, Thermo Fisher Scientific) %\ T, Fikflo s o
v NS5 T4 =R, BEHE T2 b=V
& 0.1% XEe/KER %2 v, Fi#EliZ 300 nL/min & L,
BRHID531E 71 = b UILEH 0.1%FFEKARZ 5%
ORETHL, LT IBAHETTEL =V LVER
0.1% XBKBE % 40% £ T LR XY, Z0%k 29M—7F
DE G THREHOREZ M, 0% EFTLAZYE, 59
MHERE L7z, & v 82 EW b S iz 7 F F ot
1%, Q-Exactive (Thermo Fisher Scientific) % Ff>7z,
B 5t MS/MS 222 FLicxt L, Mascot Distiller
v25, Mascot Server v25 (Matrix Science, k) & &
O UniProt # W7 RTF P27 4 V=TV T 4
VI ko TH NI EDEE Z N, Scaffold viewer
(Proteome Software, KE) & CERMBHT 21T 72,

& 512 Gene Ontology (GO) THEDMENHDO 7 7V
r—yarvy 7 hTH3PANTHER (Gene Ontology
Consortium, http://www.pantherdb.org/) ZF\wT, %
VR E OWEHEIENT 21T - 72,

& R

1. FUEYLT v t11%D SDS-PAGE DR

TNVT I T AL THELNTY VI EE%
SDS-PAGE ic THHT L 72 /55K %, Fig.licnd., Ok
S100A7 B, @i Blank #f, @& RPPCs kD% 82
BEfRIcEEh vy v s 7 BER% 7T, SI00A7
BECHZ I NNV R, Blank BllcizE 50, —
75T RPPCs it & v 8 0 E L 13 B7% 5 3y FOoHi%
RL7-. Zhick b, SI00A7 BRI HEERT %
DTPEBGEET 2 EPRENT,

2. LC-MS/MS (& % S100A7 EHEEERT 342 >

INTBEDRE

NI T w4 koTEBLNTY VST ERIC
DT LC-MS/MS i TEENMT 2TV, #5607/ fE
% Scaffold viewer 12 AT L 7z 5RO EE % Fig. 2127R
4. SI00A7 BEICBWT 153 D% v R EHFRE S h,
Blank BETIZ 102 0% ¥ S 7 EREE SN, S HITW
HicHB L RSN Y vV BEIFS6EE L 72, 58
L7286 D% v 2 ED 55, SI00AT BEIZH 1> T Blank
BIDHSLHENTOREY VS 7EIZ39FEEL TY
72, Protein S100 7 7 3 U — {3 DAMPS & L CHHfafE o
REEEFEOT D LHRESh TV B0, KiffRics
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200kDa

116.3kDa
97.4kDa
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55.4kDa

36.5kDa
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21.5kDa
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(11kDa)

Fig. 1 SDS-PAGE visualization after pull down assay
(DS100A7 group, @Blank group, @RPPCs lysate.

Red arrows indicate SI00A7 interacted several specific

molecules from the extracts of RPPCs. Molecular

weight of S1I00A7 is shown in lane (D (Blue arrow at 11

kDa).

J % S100A7 & seftAlla O M o256 Lifia Lk
BLTOWRARMEIEWERELL, 207k, 30k
S1I00A7 BHEDATE LN 67 DY v 87 EIZNZ T, |
EHDTIZ BT 5 LC-MS/MS 2wz & v o 7 EEEIC
T, RENERTFF 75722+ OBIHEDS, Blank
BEL LI L CSI00ATHETH A MHEEN/39D 5 v oty
BEHbEL106 DY v RR7BICEHLE, XRiZ, 20
a5, GOSHIZE T3 “Cellular Component” 1T
T, “plasma membrane” PEFEIN TV 5, HMifalEE
CHFEDPHESIN TV DD DDARZ M L 72FEE, 25 D
BFPEAE SN (Table 1). Fo6N7z2505 37K
I2BIL T, PANTHER % T GO 43I & % BEREMAT
BiTot. ZORE, ¥ U7 BERENL O GOSED
“Biological Process” T/~ & #17- GO % Table 212,
“Molecular Function” TR &7z GO % Table 312, ¥
7 FIVEERRICBE S 5 GO % Table 4 1T g

Z =

Protein S100 7 7 2 U —% v 827 'El3, T8 8~14
kDa FE QS TR v 2 BRETH 5% EE I
EWICEET 29 2B TH 55, MidoGELH
B E DA b L RIS THIRSHC I S % &7 2 — 2
BE#E 7289 —> (DAMPS) O—2TdH % L bEX
nTEbh, ffEs< Vv 22 (extracellular matrix ;
ECM) IZHFAET % S1I00A7 iZ nuclear factor-kappa B
(NF-«B) #£#% /v U7 RIEEFFEER & OHEINE 215

Protein S100A7 23HEBEAIESIAIEIC 5 2 2 B DV T D8 v o) 7 B IR 221

106

Fig. 2 Identification of the pulpal interacting mol-
ecules with Protein SI00A7

LC-MS/MS analysis was performed after pull
down assay. The identified molecules were nar-

Selected “plasma membranes”
in Gene Ontology

rowed down using a Scaffold viewer (Proteome
Software, USA). Sixty-seven proteins were identi-
fied only in the Protein S100A7 pull-down group
(S100A7 group). Thirty-nine proteins were identi-
fied which were more abundant in the SI00A7
group than in the control group. Totally, 106 pro-
teins were picked up as candidate molecules
which could be target in RPPCs by S100A7. The
Gene Ontology (GO) classification was used to
extract the specific proteins present on the
plasma membrane from these 106 proteins. Then,
25 proteins were found (GO: plasma membrane).

WALd 2 LHESh T30,

SI007 73U =8 v RIBHEDWLOhDHTH 4T
1, HEERE D D OMOBEERZ I EHMTE D %L
MEEhTw3 L MEINTRBY, F72 SI00A7
iZ, bhbhDIhETDIy F2XRE LIRS
WT, Ky v BHEROIEEEHEERRICE =T
BWRAIEST 2 2 LS E -T2, Zhig,
M DI BT 5 EBELL S DMLk IC 1 5 SI00A7 D
HERE & [AEIC, S100A7 34 X — 2 % 321 7= et o Al
BREICB LT EERKREE R LT AR R L
TVw3,

ECM Ic #7E9 % S100A7 8 DAMPS & L CHBES %
Ba, MaEmcEET 2 v SV EEEAT A LT
Z ORI T 2 RSB 2 sl izd, AR T
13S100A7 £ RPPCs 2 LT 74D v 7 v &4 %475
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Table 1 Molecules identified by pull-down
assay between RPPCs and S100A7

Identified proteins

actin, cytoplasmic 1

ADP/ATP translocase 2

aldose reductase

annexin Al

aspartate aminotransferase, mitochondrial
ATP synthase subunit alpha

ATP synthase subunit beta

cofilin-1

elongation factor 1-gamma
elongation factor 2

keratin, type 1 cytoskeletal 19
malate dehydrogenase, mitochondrial
nucleoside diphosphate kinase B
phosphoglycerate mutase 1
plakophilin 1

plastin 3

protein disulfide-isomerase

protein Lepl

protein S100A

transgelin-2

transitional endoplasmic reticulum ATPase
tubulin alpha-1A chain

vimentin

vinculin

WD repeat-containing protein 1

These 25 molecules were picked up from
“plasma membrane” in GO.

Table 2 Number of GO aspect as “Biological Process”
obtained from the pull down assay

GO (Biological Process) Samples

cellular process (GO: 0009987) 18
metabolic process (GO: 0008152) 6
localization (GO: 0051179) 3
response to stimulus (GO: 0050896) 3
biological regulation (GO: 0065007) 2
developmental process (GO: 0032502) 2
multicellular organismal process (GO: 0032501) 1

7z, ZO#EH, S100A7 78 RPPCs Ic& £ 2B DY ~
NRIBEPPIZ#IToTWBRI EDBHLNER ST, &5
12 SI00A7 L PPI 424 v "V E%FAET 5720 LC-
MS/MS #fTo 7 & 25, MilEEETHTETZ L3I NT
WY VORI BENBEERD SN, ThHDF %
ZBIFT AT, #EICSI00A7 & DWHEMEHAIZO>WTD
MERZ VLD THo7, ZOHAE LT, KERICE

{

68 H5E

Table 3 Number of GO aspect as “Molecular Function”
obtained from the pull down assay

GO (Molecular Function)

binding (GO: 0005488) 12
catalytic activity (GO: 0003824)

structural molecule activity (GO: 0005198)
ATP-dependent activity (GO: 0140657)
translation regulator activity (GO: 0045182)
transporter activity (GO: 0005215)

Samples

— = =W

Table 4 Number of GO aspect as “pathway” obtained from
the pull down assay

GO (pathway)

Alzheimer disease-presenilin pathway (P00004)
de novo purine biosynthesis (P02738)
integrin signalling pathway (P00034)

cadherin signaling pathway (P00012)
cytoskeletal regulation by Rho GTPase (P00016)
glycolysis (P00024)
gonadotropin-releasing hormone receptor
pathway (P06664)
Huntington disease (P00029) 1
inflammation mediated by chemokine and 1

2
2
2
asparagine and aspartate biosynthesis (P02730) 1
1
1
1
1

cytokine signaling pathway (P00031)
nicotinic acetylcholine receptor signaling 1
pathway (P00044)
pyruvate metabolism (P02772) 1
Wnt signaling pathway (P00057) 1

WTHW/Z RPPCs 139 v MEFEHEEHEMERTH D,

RIERFICFIAPTIET 2 RAGER TLRAR ED Y 0%
BHoXBESDABEBTE R oAl EZ 5N
7o, AHHFETIEX, Z v FHISED RPPCsicxf LT, E b
Hkof#az SI00A7#EMA LA EFESY D
SI00A7 OAHFAEIC > WX, EETFPRI V7 HD
T — 47 X— X T&H % Uniprot iZ, Ortholog TH %
S100a7a DEEFIEH 5 DD, T v F D SI00A7 DT —
IBERIN TRV L5, HffiicHixT 32 Lid
TERW, L2L, £ b2ED 3FEOMFLLE (Human,
Polar bear, Horse, Chinese tree shrew, David’s myotis,
Bovine, Black flying fox, Brand’s bat) ®EF] 7 5 1 £ »
FEHERT AL, YU BEOHMAFHICERLE ST
L BEBA A VREAEMICBLTIE, EOHFEMESERZE
EhcwdW F#, v MCHEET S+ SI00A7 O
Ortholog T® % S100a7a lIc BW T, &JEA + v FEEH
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HMRESNTWS, X512 Komichi 5 0#iEY ¢,
b b HEEAI R SI00A7 2 IWCT o v F OFMRICEEE
e s LT, FEERIHEOEEIPMBEESI N LD
5, HEMORIEIREICES T2 v OB 2 7
2 WS, B O Protein S100 7 7 £ U —fTH
RESNTL R ARENEGVEEZLGNS. Mol
6, vy rHEOoOMAERCAGREICEL T,
SI00A7 o RfEMICE T 2 HEKEEEVEEZ LGNS,
S, O EHIC & B FRMDSEBEIC K L C v 2550 hi
ROFEEL T 256 %2 BE L, MIEEERIC LPS %0
ERYEZRNT 572 L ORFAPBETH I LEZ LN
5.

¥ 72, RBFEICBT B2 v 87 B O MBS R
DA TEML TV B0, By 2 HD S & AAR
DTIIMHEAIEECTH - 7228, PIRED O IFHE T H
D, CORKBOWTEBENLEREE k- EEX LN
3. SRIEAEES DN S &GO RN PBETH 5.
I 51T, SI00A7 ekl LTix, A LifEd
fHIEE WM EEREB X O, SI00A7 OSREHAL & &
Z BN T3 Dimer DIEEMRA 2385 2 Lick
DT EMAERZES L T A HREED & 2 L %
XN LC-MS/MS T b 8 vk B OB
fERTIC X, GO % Flv7z. GO BT X FEFRIY I EHE
{7z GO Term BEET 508, TNEKY V7 HE
DRI L T A EYFNHESERET AL 2HWEL
TED, WRENET OIS S N2 FREOBERE O RER
WSR3, GO Term B3BBG IC X > THDIZ-
TED, 3XTD GO E “Molecular Function” “Biolog-
ical Process” “Cellular Component” ® 3 2D W3 v
OAHT TV —KKBEBLTWS, GOWE L TEGIERS
NTEH, 72t z1F Molecular Function >binding >pro-
tein binding >receptor binding ® & 512, Efzod GO &
— M AR IR, TR & b EEl D 0 BRI e i RE
HooEEh w3 (https//geneontology.org/docs/
ontology-documentation/). S100A7 & PP1 3 %49 FI2D
WT D GO HEEMIT 21T L, ABFECldMlEstic
FAES 5 SI00A7 I X3 2 MMM Lo ZEEOBRE % H
ELTwd, 207k, 7FOKDIAZRELT, LC-
MS/MS THH E N0 TDkahh 5 “Cellular Compo-
nent” ® NMzD GO THIMEEICHFAELHE SN T3 Z
L %#/7R"Y “plasma membrane” BEFHEINT VLB LT D
HEMH U7, Z DR, 25 00T 23HEE S iz (Table
1). “Biological Process” @71 7 3V —TiZ 18 DTH8
“cellular process” IZ04HE L (Table 2), & 5ICTHLT
135 D9 1HS “actin filament organization” IZ7%EZ 1
72 (F—=#%7~&7). “Molecular Function” ® % 7 3V —
T 12 D5 TFH “binding” IHFEE N (Table 3), &

Protein S100A7 23 tR#HEIEIRIEICE- X %

By
5

B D\ T DY % 7 B HAR AT

223

51 THAZTIE 59725 “actin binding” I N7z
(F—%REF). K Table LBV TERILTWVS GO
OEP M EFET 2D, 2h Z N0 FHERD
GO%2b27dTHD., ThoDfERIZE D, SI00A7 D
RIS T 2 EM I, actin ZNLCTEALTW 3
AR E Nz, £z, SIVATRED LSy 7S
VIR CHBERIEIARICBI S L T 2 a3 5720,
O FOVRERRICEET 5 GO ICBAL T O ET L7z, 2 off
R, I3FEHO GO »ZD 6N, RED Y 7 FURFRICE
JARFEREN G AERIIBAE I NG o 7h, SFEHy
TFIUVREEEN L TIERAL T3 AEBIEITRB I N
(Table 4).

Actin 3ifg o5&, BE), WiE X MEHdEx% L,
BIEGHBREO I I EHBRICBVLTEEL TS I L
WEESNTE LY, Kpscd A REOBRIC B
W S1I00A7 2 actin 2 L7c XA H = A LI & - CTHE
LCTwaZ EDPHERIZN,

EEBAIC D, RS LC-MS/MS THE X i
T CAGHREICE S T 29 VR EDRSL S FE LT, —
ffilE L, ADP/ATP translocase 2 (Table 1) 1%, TGF-
B/NF1/Smadd % L 7zAK % v o3 7 B oFREMH LS, #l
faZlo{t X b L A &L DNA BEZ25IERITEEN
TwaY, —hc, Ky v ROBOFKESENT 22 L
kb, FHEIZBWT, AEREICEELINTY 5
HEDSHRE O IETEPHEE DR I N B 72T Th L, RIER
HEETOFREZMGET 2 2 ik b, RAEKGHTHIHE
SN, AEBEMBES N2 2 LA ST 32,
DT EHs, MBEICEBWTHFEKIC, ADP/ATP
translocase 2 73 S100A7 EMHAFHT 2 LICX b, 8
R O ETECHEEMEE I NS Z LITINA, TIRIERD
Koz h, WOREIRRICEFS L algdltEdr%E 2
5B, T, Ay LA L UERY VIREREY v
X7BETH % annexin Al (Table 1) (ZMEEOEE %
[T 72T TR?, AP THRALGHLIES v 2 BT
Hh, IR B 2 Bl IC HE R RE 2 7 LT
WB I EBMSENTYEY 7, HEHBICEVL TR
tattiErifg o o bg 2 EE T % © & CIEH L2 EES
EHLVIHELH B, 20D, Ay v ED
S100A7 EAMHAAMEHT 2 2 L CHRIEMERABFHE S N,
& I IIRBEEAIIE 2 N L CEFTEBEESh, Zh
Ik b ORISR IEA A RBESEZ 6 5,
“actin binding”, “actin filament organization” ® GO %
% D cofilin-1 (Table 1) (%, G-actin & F-actin O/
A& pH B 7 2 F U ESE Y VRV ET
H0P MlOAEEED 2 THIEKO Y EF Y v
PICEEREEE R LT EEZLRTWEY &
7z, cofilin-1 1%, BFRME EEMIBICEB VT, RIERKIG
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IR B S 2 NF-«B 0iEMZ2 14 5 2 & 23 &
hTwz? ol lhs, wcEw Ty EKC,
cofilin-1 A% S1I00A7 EMEIEHS % 2 & T, NF-«B OiF
PEDMIHI X v, PIISAESER 2 54 L CAIERREICBIS L
TAREE S EZ b B,

P ED &5 iR fRic 8w T, wEiEREREREEM
%% D S100A7 1%, WRICEEREA H =X LIcB5 L
TV EFREINTVELEONT EHAEAZ D DA
REMESTRR I N, AFROMKEREE B X, SI00A7 %
U7 BRI ERIE D & b 3Eflll7e X h = X L ZHS DI
T2DITE, SHBISRITHADPNETH S,

& &

HEEiEEREEEE T 5 2 L PME I N TV B Pro-
tein S1I00A7 & HE#EMIEIC B 2R E DT £ DHAMEH
DEFICOVWTHH L L 25, AEREGREICEEET
LEEZOND 2DV I'EEOHAERIHRE X
N, ZD7»TH Protein SI00A7 2% actin Z1E L & T
PIFEIE T ENLUMER, wWhAIGIEEIEEER
DPEU TS AEENRR S, WHAIGIEEA 7 =X
LBV TSI00 A7 HEMER S 2 0 F Dl o —> 53
FE Sz,

i
A#FFE o —H6ix, JSPS BHFE (21K09915, 23K24526,
23K15999, 24K233579) DBk %%2 b D TT

AFEICBAL €, BRI N EFISHEKBIRIC H 2 BESEIL
HoEHA.
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A Search for Target Molecules of Protein S1I00A7 in Rat Dental Pulp Tissue

WATANABE Masakatsu, TAKEBE Katsuki™, OkaMoTO Motoki, MORIYAMA Kiichi,
NaxkaTANI Koki, Izut Haruna, TaANAKA Ryousuke, KoMIicHI Shungo,
TAKAHASHI Yusuke and HavasHr Mikako

Department of Restorative Dentistry and Endodontology, Graduate School of Dentistry The University of Osaka

*Department of Dental Pharmacology, Okayama University Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences

Abstract

Purpose: The organic components contained in dentin (dentin matrix components; DMCs) include various
bioactive molecules, which are released from dentin in response to stimuli such as dental caries and are
thought to be involved in pulp wound healing. In a series of studies aimed at elucidating the mechanism of
pulp wound healing, we reported that Protein S1I00A7 (S100A7), which is contained in DMCs, promotes pulp
wound healing. However, the mechanism of SI00A7 is still unclear. On the other hand, when proteins such as
growth factors function in living organisms, they do not function independently but are known to function by
interacting with target molecules (protein-protein interaction: PPI). The PPI plays an important role in sig-
naling pathways, including cell growth and differentiation. In this study, we aimed to identify the target mol-
ecules of SI00A7 by analyzing the PPI of S1I00A7 and to elucidate the mechanism by which S100A7 pro-
motes pulp wound healing.

Methods: The pulp tissue of the upper and lower incisors of 6-week-old male Wistar rats was collected to
prepare rat pulp primary cells(RPPCs). Then, the RPPCs were cultured in a mineralization-inducing medium
for 7 days and sonicated to prepare an RPPCs cell lysate. By applying the adsorption of histidine to cobalt
resin, we created cobalt resin that adsorbs S100A7 with six additional histidine residues at the N-terminal
end of the amino acid sequence (His-S100A7). A pull-down assay was then performed between the RPPCs
lysate and His-S100A7. After that, the obtained specimens were analyzed by SDS-PAGE and silver staining,
and the interaction molecules were comprehensively analyzed by liquid chromatography-mass spectrometry
(LC-MS/MS). In order to analyze the functions of the obtained proteins, we used PANTHER, which is appli-
cation software that analyzes Gene Ontology (GO) classifications, to search for the functions of the proteins.

Results: Specific bands were observed in the SDS-PAGE by the pull-down assay between RPPCs extracts
and His-S100A7, indicating that certain molecules existed in the pulp cells that specifically interact with
S100A7. LC-MS/MS analysis revealed 25 molecules that were found to interact with SI00A7. As a result of
GO classification analysis, many GO terms related to actin were identified.

Conclusion: It is suggested that protein SI00A7 promotes pulp wound healing by interacting with many
kinds of proteins in pulp tissue, especially with actin and other molecules.

Key words: pulp wound healing, protein SI00A7, protein-protein interaction (PPI) analysis, target molecules
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INNBIE B S BE (Stage I, Grade C) 1Txf U AR (T 5 10E &
R AE TR TE IR+ (FGF-2) ## % H v 72 i B ARk ©
RS U 72 —JEH

HOB W B kR B JH —
AT A7 B 0 R A AR G L A P24 B

ek

e ANBIEEEMEEREE (Stage I, Grade C) 1TW LT, FMRATEEE L 3E I AR HE RISl A
T (FGF-2) 8% v /- AAMREERELEEZ SC2BEN 2@ ENAERRERE 2TV, RIFREEES S N7 E
COWTHET 5.

FEH] - EBE A2 48 R D B, B, S5 ML, EEDEREIFENTHEAIC W L2 EHFEL TR
Bl 7z, U 28 T, @FAMICHEEOFER - [EiR%# ®, probing pocket depth (PPD) 2% 4~5 mm @
EH A3 41.1%, 6 mm M EAS554% TdH - 72, Bleeding on probing (BOP) 13 97.0%, plaque control record
(PCR) 1% 688%, periodontal inflamed surface area (PISA) 1% 3791.0 mm*T®H »7-. 2712 2 EO B4
O, SENICHEEZ L - B TEAZ2ED. TroLTy 7 AEEBRICTREE~BEAPETRINE & O
13-27-36+ 3745 - 46 I IFE A e BIEMEFWINZ B D 7. FEBREE T TEIE - RIEE, oo
HIqZ ot L LBERIC—E, 7TFALH ) FUEEZRALBEZELCLZI LRS- 0wS, DED
MEMERL D, HAEBRASODFEICB T 2N EEIEE:HEA % (Stage I, Grade C) L 2ZWiL 7z,

BT SR EARIE R IR 2 4T, BOP 24195 4 mm M LD L 72 PPD Xt L < 2 flisH O o &
SEHEE 2 FifT U, 88RO L E 2 iEZR L T supportive periodontal therapy (SPT) o735 2 & & L7,

TREROE  EEARIRE L L TRIERET 2 -0 I A RIEEL2MEL, 275 —Y v - L—F 7L —
=7 (SRP), BAHEEA 1T - 2. WAERREROFGIC L b BOP 245 4 mm L ED#EAE L 7z PPD i
R UT, MBS S LT omEAKEHRIEM S & O FGF-2 %1% F 72 A E k2 7o 72, i
HSHAREZ T 0TI E W TH, WERET v FOKREL F Y2V y 7 ZRRIERIC BT % il
BOMEPRD 5NTz, 20k, HEEMABOLE LR L TSPT ICBEITL .

fliam - AN EHE T R OTF I T3 —% 4 mm @ PPD 28F4E L T\ iz, @MW ERiE2ay tao—LT
&, BOPbYZOTHEHHO LV 7 r 7T IATI T ENTELDEMR L T720, SPT ~NEBITL 7.

SHETHH L8R &, WA OF P AIC S IR LY 2 SPT ikt L twl LT, B
72 BRSO LEZR > TVELVEEZT VS,

F—T— R BERAR, MRRAERE, AR ERE, SRR EIER T (FGF-2)

BEAE AT © S

T 501-0296 I FREEGTATTRERE 1851  wH H RS Ba -l L1k g R oy Gt e g R o7 o0 B9
TEL & FAX : 058-329-1452, E-mail : mizuki-s@dent.asahi-u.ac.jp
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[

R B AT - 15 R T8 & CBREEE T 2584,
ANC & TR 2% KT ETEBER T, RS
B EBFEORBINEICL VB SR SNBEETHD,
WRB N 7S5 —2 (N4 A7 400) OLENMEZED
B - BHEREE (F4ANAF—vR) 2FEL,
FRET B BPFE L Wb T Y, A1 6 FEHRHE B
REERA I, BIRERA (DF04 48 (2022) 4F) L HRL
THMLCWw3, FCHEZE 4 mm M EoXRT v b2
H5) 2ETHAOHEAEREAILTEST 478%), &
W, B T U BTN L Twe?, R e &
gL T2 MR T 2R E 22 2 L% L, WERD
AT T 2 L A OBIESIEZ b, WO REDL S DB
EHAENC X 2 THE - AR 225 &R L, BED
quality of life (QOL) & T24L 3. £/, WHEAKIZ
RUYF R v &) x5 4 v (periodontal medicine) & \»
IBENRT LI, BERBECLINEREERESEE
FAAEREIBEL TV EHEIR T,

WREIAEO HINIZ, 79 —2ay bu—ic &k b
WORHNTH BT IV TFT—20 (NAFT4VL) %
WIEAIChREL, s h-wEAEMREzGEL, B
BT VEEEMEL, HoBmEEHCIETH B,
L LaPs, MEERKGE TSI —2avta—p
WEL, A7 —V 7 - L—F7FL—=r7 (SRP) %
ML 72 & UCdIRRPRERE 2T Tl HE R OB,
WORERT v &+, BRIBREIC X o TRIBE R EE
CEDRHY, 0L BRGEIZEANENRENHE L
29 BOHERT v FPEET 254, EABEOA
X0 B HEEANBHLE 21T 572125 23, HEKXT v b ok
BROTIVFAVITA UvDPELNE I EPHEINT
W37 R E R RS X CEE A v N
W& LM 0 SE MR 2 B0 R S, sAEGH AR AR
HICABET L2 ETCHARTY Yy rob 2T 2E
HIgL LicihliETd 2Y, %7, HAME AR
EEEOFRBICBOWTESRIGRETH Y, WEsH
PG O AT E 290 2 0kh T b IHEMER
HETEMARE IS AR 7 (FGF-2) #LAII% 2016 45 1 £ b
O AR ERGE & LK S h, RS RRAE I
HTE2 &5k,

ASEFC X, SN EEE#EAR (Stage 1, Grade
C) @ HBEFIC RN EEED—> T H 2 A EER Ik
Ll AR RO — D> T dH B FGF-28AF 2 A L,
AT 75 R R R & SRR L T v BIERI 2 G 5.

B, NEFOREICOVTIFOETHPL, XEIC
THRFEOREBEABCE Y, LA - MEHIEEY

7o M ES He8% HbE
D

B 48, Bk

TEF AOBEMEL» SHINT 5, EH OB THAIC {
bx

S H P K IEHEN (B R 172 cm, KHE 65 kg,
BMI : 22) Td b, FHEEFIMEE 130/85 mmHg Fif%,
HbAlc DfEd 50% R T, Z OMULEE, FFiEE &
lgows, EMEE, RAEE, wWE, HERHRELZEORER
TAREPEE R, L2 L, BRICTE2F VY FUE
PRRALZZBICEENPEREZZ LD, ZHISRIRA
LTz,

FIGHE : Wil L DI DIREHREZLEE L TED, 3%
A LI IZ ORI 2w,

WREEE - FOEEE L.

TR IE 2 5 AU B o g BHE Bt C Bie AR | A
TV VT DARDAA T F ARG T TE
7o VARIE ERT & b Ml ESHRHBEE O mAER S & &
AR HHE L - O RBHERE 2 Z32 L 723, FrICIRg
INTHRERZ B> TV DATH- 7z, #3HEMATL D
B R ASHEST L C 27 DL ASEER L, R HAULE D A DY
H 5L omEEHHERRA SN

AR Z R L v & 0B ) 5 B2 iAE
HEL, YPRBLLhoT:.

1. IR LURE

1) AFENFTR (Fig 1-a)

REMICHIRD 75 — 7 OIEB K OCHEEELE - BT
WEOMNE, TEEORRNIRLEROBED SN W
FI5E ETRSHE DICEEHIRTH 2 25 1 TR ER I
FHEZRO, THOIEFIX EFHICN L T 1 mm g &4
WWRAZL T3, BREFHEIZKFTRICEFIRD N
72>, Angle O OSBRI E Dic kT, 1
B 1 R ADIRETH - 72,

27 EEHERE 2 B (Miller 0 4HY), WRHEI AL T 7
L 3 ADEEEL, AVEERC b REEAMRO o h
o, JVVFUT - TIFX L R LDOEFIERIZ WD,
AER SR FEEIED 6Nz,

2) HREMHMRE (Fig. 1-b)

e B 28 6, £%ED PPD Ok 5.6 mm T%
DH>B4mm P EDORT v FiZ965%, mAPPD X 10
mm, BPO B33 97%, periodontal inflamed surface
area (K% v b RAEMH : PISA) Y 0 ffiix 3791.0 mm?,
periodontal epithelial surface area (K% v MRHEE :
PESA) ™ 0 ffiiZ 3867.3 mm*Tdh - 7z, #ZHED PCR 1F
688% TdH - 7z,
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PCR

g 1{0jo0oj0fjO|1T|1T|1]1]0]0O

Py [ 1] \

PPD 46(437|836/534(445|647(b46|6428|64
36(447|1876/444/435[646/546/66 7|64

b 5 4 3 2 1 1 2 3 4

5 4 3 2 1 1 2 3 4

PPD 66(666|646845646{636/546(447|67
466 46/646/945/646/646/b46/448|64

PR

g 1{o0ojojo0jo|{t1|1|{1]1]0]0O]0O]|0O]O

PCR

Fig. 1
a . Intraoral photographs, b : Periodontal pocket chart, ¢ : Dental

radiographic images at the initial visit.

3) HRENT v 7 ZFAEERFTR (Fig. 1-¢)

SR S~ O KOs R A Y, - BE AT
A3 OCHEIRE D 2/3 ) - A LSHEwEE (27
MR 3/4 BREE) - A M (36 0
R 2/3 FAEE - 370D HIARE 1/2 BB - A0 F3EA
BT (45 HIIC AR 1/3 FLEE - 46 w0 I iR 1/3 2
FE) i M g SR A R, MR I 1 AR T B
ALk A2 RBBRGERA SN, B 2712iF, EOICHEE
D 3/4 %8 A B BEMHEE SR RD 6Nz,

2. % M

IRNEYE M A % (Stage 1T, Grade C), 27 %A

MG

3. HREtE
MU 27 % TR GRS 5 R R AR T L

1) HEEEARGE

(1) eFfRREE, OMEERE, HARBLERA7—Y
Nzl

(2) WMeAFE (LML TREARASEEE)

(3) # B o ]

(4) SRP

HIR A ERARE
P

)
)
)
) R
)
)
) FIERSRERE ISR (REIEIAHE)

2
3
4
5
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Table 1 Treatment procedure

202148 7H HMENZE EAMARRE ORISR
WRg LRy —U v ATk
20214 9 H  THIHMM
SRP
20224E 5 H  FHIFE
20224 5 H HAREHELN (FGF-2 SAl)
(BBAL = 44 - 45 - 46 - 47)
20224 TH  vEPAHIEERIEM
(FBAz 131323341 -42-43)
2022410 H  tARIBERERICHT (FGF-2 8454)
(#hfiz © 3435+ 36 - 37)
20224 11 H  EARIEHEEM (FGF-2 21A))
(BBAL 2 24 - 25+ 26 - 27)
20234 1H HAMBEHERLN (FGF-2 S4])
(&hfiz : 1112+ 13+ 21 - 22 - 23)
20234E 4 A HEARIEEREM
(Fhhz 114 - 15+ 16+ 17)
20234 11 H  THififi mEIRE  SPT ~BAT

6) Supportive periodontal therapy (SPT)

4. BEZA (Tablel)

1) BefEEAARE (2021 487 H~2022 45 H)
WRAEMREL L oy 7 2BIME 2T, ZORHE
fERICED & WERE 2R L CREOHE 2B,

(1) MpEfrAEsE, MWk EAr—y v
BEIDAEICERRICAA v FF U REZIT TRV
DS FRIC D W CEHMN R EHEZ T 5 2 Lok
e, TTREEABONOMEARKICNT 2BLE S
&, BRAEIC OV TORRA - JiERE D FH RS U 72 1]
#4488 (oral hygiene instruction : OHI) OEZEMH:ICD
WTHIHT 2 L 2 AR . AREFNZ M HE A
JEHHET LT WA, 7*9—27arbo—LOfE L
EHN OB NETH 5 C L %, HEMME £ PCR
OfEREZRLUCHBEL, 779 —70%DH L %{T-C
PCR23688%TdH % Z & ZHENICHEZ &, FHE Y
S & OHMERSBEIC X 2RUKM A2 OHL IS L
2. 7oy v IdEERERIO 2 FIMEEE T TH
b, HEIERSRESIAEY clEA T I > (SSS B A
X SSHYARX) ZHEHALTVBEEDZ ETHHT-. BF
BHE7I93DRA =0 P REDPTD, Bz AN
AIHEIEETE 2L, NAETES LS ICHEEL, &’
TR TI = BREDROFE a8 by RTH
MWEDOWT 5> (Hh - FrIL7T 5 #191 529,
SUNSTAR) OffifZEIDEAL T 5o, WAL S
DOHMAEA L, 7 o @EYicffifcEs k5
ol tk, HM7 5> (DENTEX #HE7I, 544

7 He8% HbE

up

VR 2EALBERO TS — 2 %RETSHEE
BE L 72, FRCBHEMSIEEROKRE SIchbE YA
A&y, EEICSTE I E2E#RTS LD bx.fl:El%

U7z, OREfEEE LT LT, MERAr—5—%H
mté%@@@ﬁtx&~0y7,ﬁufﬁy(mﬁ
Vv 275y 79y VY7 (2U7), HWEX
FTAHhN) EIN=Fy T, FHEAR—A L (arr—
W 2V —=v Y2l VT, Uz T vy ay
7= 7V ==Y xv) &R R e TS i
(professional mechanical tooth cleaning : PMTC) %17 -
7o, Tz kb, 2021 49 HiciZ PCR % 143% £ T&
Bl 208, TFR—varyMEFLAWL XS ICHE
BLRaRS, BN A/ 2%icbz 5 SRP I
BTl 7.

(2) mee iR

SRP i29ei s, 27 WCEHEEEE 2 & & WeR iR AL - 53
BRI 7 L S Y R 2RBDD, h—FRIF7 VT LKAV
b (RE) & TRAETHOHIG%ETT- 72,

(3) SRP

B LA — U v 2B OBl 8T, PPD A4
mm M _EDEHALIZ K LT SRP % 1/3 %692 6 [l 31 T
fTo72, 00025%7 FLFUYEH2%Y FAhA v (F—
ST —FY v, V- —BHER) 2H0v
JRFTRERRE: Fic ¢, BEEATr—F -7 L —v—
X2y bW 72,

2) HIANEHARE (2022 455 H~2023 £ 4 )

B R A IR D FE S T 13 PPD %34 mm B _E iz
1% 53.6%, PPD 26 mm M EOfAIE 131% TdH b,
BOP (+) #iZ500% %A L7 (Fig 2). AFEHITIX
4 mm BL_E@ PPD 23547 L 7230 A0 i 5t U ¢ e R o4 RHILE
252k E L7 %8B, FGF28FoFEHIZH b &
FE THEAWRIRE BESAREAR -1 (BHREE)
ERAOWTHHET 72, £/, HWEANBHAERETIC 128
BHERAT = =2 HOWTREIR 77—V v 727w, 7
7 — 7 ONEN R IRETHARMLEZETLTW5, 7%
BRI IXEEEAL X CHEEO 2GR 5% T /2.

(1) 44 - 4546 - 47 (20224E5 H)

FGF-2 8K R W * » + 600 ug (BHFHISE © FGF-
2 BRI & A{HF U 7o o AR AR T AR Rk & AT U 72X %
79 (Fig.3). A= @EFHA— Y v % HvET
IR T - 72

—vH o rTa v 7%\, PPD - BREFEOHE
BETok, #12BHAR(7 2 —FHRAR, 7 2% —
L4 J]) % AE L 44~47 Q&P T AR 2N A,
TV F v — FEEHAMET (Leibinger BT 7V
F%—FPR-3, =4 27u7Fv7r) PEFBEHET HO-3
(A4 27uFy 2)2fALT7 Sy 722 ERICTHERA
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PCR
ENEE 1(0]0[0|J0]|]O|O|O]O]|O]|O 0|01
B —— 1] 1]
PPD 34[435/833[(333(333(534(334(334[433[334]
44/335/883[343(333|434(434[334[333[32 4
b 5 4 3 2 1 1 2 3 4 5
5 4 3 2 1 1 2 3 4 5
PPD 54[434/434(433[333[434{333(337|664({333
365(444/434[433/333|434(333[337/533[333
Pr——
BiRAE o(ojo0yo0fo0f(t1t|y1{1j0j0[0|0|0O]O
PCR
c

Fig. 2
a . Intraoral photographs, b : Periodontal pocket chart, ¢ : Dental
radiographic images after the initial periodontal therapy.

Fig. 3 Intraoral photographs of the mandibular right molars during periodontal surgery

a : Before surgery, b : After debridement within 3-wall bone defect, ¢ : FGF-2 application under surgery,
d : Flap closure
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Fig. 4 Intraoral photographs of the mandibular front of teeth during periodontal surgery

a : Before surgery, b, ¢ : After debridement within horizontal bone resorption and shelf-like alveolar bone,

d : Flap closure

Fig. 5 Intraoral photographs of the mandibular left molars during periodontal surgery

a : Before surgery, b : After debridement within 3-wall bone defect, ¢ : FGF-2 application under surgery,

d : Flap closure

HEREREIEEE  (mucogingival junction : MGJ) Z#Z 7\
il ey R —RICHBEEREL, VL —v—%2a
Ly FERFERALTCAREAFEDORZE, SRP 247-72. 45-
46 IR E 3mm #i A 5 SEEOERENFEEL 72D
ABAEKTHE L, MRTHRSh5HIC FGF-2 #
FlzmRIEERICOARS— ) v Y 1/2BEBAMAL, 5-
ONA 279 (VavVvzviyaryy) Claes
o, EAETCOMMRIFMINLOT I v v 7 %2E
IEL, &WH (av o —, 9z Fv 7 iarr—))
OFEZ R Ui, flitk 2 EEE L 2B icikkz2T-
7z.

(2) 31+-32-33-41-42-43 (202247 H)
HRRAHE R © & 2t A RIBERR AT % HlifT L 72 fiife %
g (Fig 4). ¥ RATRIEREZ 175 7218, R—v
B F 4 v &7, PPD - BRIBEOIE % T-
To. #12BH X A &AL 31323341 - 42 - 43 O
FCHEWEYIBRZ A, 7V F v — N EEREET % 64
L79 vy 7&2MERICTMG] 22wt
o —FRICHBEREE L, Vv —>—F 2Ly P&
L TARRALEDRRZE, SRP 2175 2. EHli k0B
BERDID, Y=V ANT I ENR—CA (47
7 v 7 A) 2HOTEESEKEKTCEELD fEH
L, 5-0 34 27 U L CHliEA L. RS0 EER
IKFEEDBRINZZEL Tz d, HBNEEETH S
i A BERR AT 2 B0 L 72, % £ T o BRI FAER Az

DTy ZEREILL, avs—LTOEWERRL
7o MR 10 HESR L 2288 IcHhi k21T - 72,

(3) 34+35-36-37 (2022410 H)

FGF-2 8% i U 72t A AR A ik 2 hefT L 72
firtX%2nR$ (Fig.5). ¥R ERE:Z 1T - 7214,
R=r¥ o574 v 7%fT\w, PPD, BREFEOLE
BTz, #128BH A X %2R L 34~37 O & Tl g
YpEmMZ, 7V F v — FEEHEETE2ERL 7 9y 7
R EfICT MG] 282 ZwEiTc v Ra— 7R
ICHBEERIER L, L —Y—Fal vy bRHEHALTARRA
FogE, SRP #fT1-7z. 36-37 XS 3mm ## X %
SEEVEDE RIEDBHEE L - - o BB AR /K CWwE L, 1M
TR SN B HNCE RKEENIIC DA FGF-2 8] %
A=V vV 23BEBMAL, 5054 27 V)L THMiE
HBETo %, PR EcoMMEFMBMNOT I v v
2EILL, av 27— ToOEWERR LKL, itk 20
Bl L Bk RkEiTo 72,

(4) 24-25-26-27 (20224E11 H)

FGF-2 8L % [ U 7 the i AR P A2 ik 2 AT L 7
firX%2xRT (Fig.6). IR EREEZ 1T - 7214,
R—rv¥ 74 v 7 %41\, PPD, BREMEOILE
EITo7z, #128 N A X &R U 24~27 OHiFH CH AR
EmMZ, 7V F v — FEEHETE2ERL7 9y 7
ZaEfITT MG] 2 A R WHEHIBE T v o — 7R
ICHIBEERIER L, L —y—F a2l vy bRHEHLTARA
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Fig. 6 Intraoral photographs of the maxilla left molars during periodontal surgery

a ' Before surgery, b : After debridement within 2,3-wall bone defect, ¢ : FGF-2 application under surgery,

d : Flap closure

Fig. 7 Intraoral photographs of the maxilla front of teeth during periodontal surgery

a ! Before surgery, b : After debridement within 3-wall bone defect, ¢ : FGF-2 application under surgery,

d : Flap closure

FDWE, SRP 21T7-o 7, 271 ICIZHERE 1/2 22 2
RGP ASE A2 5 OFE, S S icidEoilica s n
7o, £7, EEALIZHEE 3mm 22 5 2~3EEE DB R
BOHFEL 0 EHAEKTHREL, MKTHRsh
3 HfIC FGF-2 #8125 KBENICOARH -V v P 1/
2RREHA L, 5084 7 VL CHHliEA %1772, %
FCOMEIEFMEGO TS v o v FEREEL, ay
7=V K BEWETER L2, itk 2:EMBHE L i
WAREITo 72,

(5) 11+12+-13-21+22-23 (202341 H)

FGF-2 85 % {f F U 72 o i AR P 2 00 % e AT L 72
iz nT (Fig 7). I RITEMEREE T -5 2%
R—v ¥ 574 v 7 %fF0», PPD, BRIEFEONIEZ
fiofe, #12BANAZ%MHHAL 1112132122+ 23
O CHAETIREZMAZ, 7V F v — FEEHE T2
fFHL 7 9 v 7% 2FEMIC T MG] 28k X 72 WEIFH T
TrRu—7RICHEERHEL, -y —Fal v %
i L CRRAZEDORRZ, SRP 2f7- 72, 13 &0 iX
HRE 1/3%2HA, S 3mm 22 2% 3BEE0EXRIA
DAL L T2 O BB A KO L, MKTHERIND
HiC FGF-2 8 2 g REPENICOA D — Y v ¥ 2/3
BEWRI L, 5-0 34 Z UL CHIRE 2 1THo 72, %
T CcoOMEBRFMMTMLDO TSy v 72 ELRL, av
7=V K BEWETETR L2, itk 2:EMBHE L ki
WARETo 72, PHHETH O 4 B EME I ERAS H

WL, S#ERAIZIRA L BRlOHEHENTH - 7.

(6) 14-15-16-17 (202344 H)

HARR A E B T B 5 o R BERR IO & JifT U 71tk %
T3 (Fig 8). ¥ Ic RATRMEME %175 72, R—v
Yo v 4 v 7%, PPD - BREBEEDITERT-
7o, #12BH X A2 U 14~17 O #ifH © 4 it %
mz, 7VF%— FPEREAMFZHEHAL 7 7 v 7228
JE&F-1c T MGJ % B 2 72 W #iPH T = > X om — 7RI
L, ZL—y—F 2Ly F2MEHLCARAZEOR
%, SRP #1477z, WEE OFELKEE D FRINE 2
L, WE3mm U EZETE2ERIBEIEFEEL ko7
O FAMBEEREO®EIG & 72 53, IO A
BT H 5 EARIBERICM 2 80 L., R E Toll
BIEFMEAL 07 9 vy o v 7 2FIEL, 27—V TOD
MR R U, it 10 HESE L 7B Ik %217 - 72,

3) SPT (2023 £ 11 H~¥#, Fig.9)

B R EHLE D S i OB CiX 1 HIZ 1 RO
Mg kY, 79 —2av b —VofEEZIT-
7o, WBEOWRANABHLED & 7 A A& OB o
B, PPD 3%/ 2 mm, K4 mm T¥ 28 mm Th -
7z. PPD 2% 4 mm M _EOFALIX 6 siaHHI 168 HRA2H 15
Az (89%) THH, 13:-15-17-26- 2736+ 37 125
HFLTCWERZOMOEHAIE3mm U TFTic®ELTE
b, BOP (+) X 0% L7, BhEEEI17-27 -
314121 T® - 7z. Lang and Tonetti ® Periodontal
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Fig. 8 Intraoral photographs of the maxilla right molars during periodontal surgery
a . Before surgery, b, ¢ : After debridement within horizontal bone resorption, d : Flap closure

BIEE 1/010]0
BAEERAE 1l
] R
b e T4
SN I ETETET
AARHHEE
i o|{ofojofo0o|O|1|1|lOjO|O|O|O]|O

Fig. 9
a ! Intraoral photographs, b : Periodontal pocket chart,

¢ : Dental radiographic images at SPT.

risk assessment (PRA) 23-o%, F@ (51 %), FiE YR VHATFD 5, SPTICBI2 U R ZIZP%EEY 27 L
Ba%L (28 #), BOP (0%), PPD 4 mm Bl Eo#fr%k (15 HIWT L 72, HAOFRCERIIPZHR L ERIFEA L
Hhhz), mAREE (0h), BWADORE 40%) ED KLTEY, WA RIEEESA SN2 5 Tz
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Fig. 10
a : Splint therapy, b : Intraoral photo-

graph (Front view of the splint)

TRIRZEE £ I L, SPT ~BAT L 72

WIS FHE L C o 72 DB RE I 1A IR O 2 SHEE IE
B, BEPFERTHENS AL LiTk
DITbEVWIEE LT, CO-dWEHBOLHE LU
RS OMEOHWOBE 25, A 7Y Fa15mm
(L \pE# T.2), PalaXpress (Z VY 7 =Y x8v) %
HAOWT FEAAYEI A ¥ —2arv A7 Yy F280EL
7. BEFICEIEMOFEMAEZERL, 27U v MEEZBH
L7 (Fig 10). SPT #47Hfic PPD 4 mm M ot
ATy " EAEL, 172731 41 3EHEE1E, 27
Uy MEEEMHHALTW S EIck b SPT PR I3
PRI D SIEATEAL L e v & 90z, H 1 [EoKBLERET
R U 72, SKEBER 3 mREI G0 B LR % v 7z OHI 217
v, HREARRERE L DL TV BT ORES
W7o O HEEER T L EDICT I DN
BEAICRNT 275y v v IREERT L, AT7U Y MA
BLHETITo, Ty 7 ABEGITRICEWTY,
FGF-2 82 F v C e R gk 217572 13- 27 -
36+ 37 - 46 + 47 DAL OF ORE M\ I TTE L, i
B4 U C SRR SRR L L T v B 2 L DR T E
B, F I AHRRAE R T B B o A IR & 1T - 7236
fLic 2w Th, BB 2SHEL L TR b i IEH T
H5.

Fig 11 tiRFOAEANEE L HEAMBEE L L O

v 7 AfRHER%Z7RT. PPD dH&/D 2 mm, K4 mm
TY¥-49 28 mm TdHh -7, PPD A4 mm Ml EDEALIZ 6
SEHAL 168 EBAz A 8 Az (48%) TH D, BOP (4) X
130% TH - 7. PCRIZ80% THIERINED RIFTH
v, HREMRC RIEER RO Shkhr oz, Ty IR
BRI RICB W THEAE L 2HIEETORIZA SN
§, R T, BIED lRME A+
LiEic 4 A 1 FIORFETSPT 217> T3,

4) PISA, PESA

W2 o PISA 1& 3791.0 mm? PESA (% 3867.3 mm?®
T&H - 7278 SPT #4712 PISA 3 0 mm? PESA &
15653 mm?: HREICHHED L Twi, ®&FDSPT Tk
PISA & 0 mm? PESA & 15405 mm?& 7 b, SPT i
FICRIEEREART 2 2 L o 2 JEFICRBL TS
(Table 2).

£ %K

AREFITIX, HEEOBWIN E 2FWITENRT v b %
DT, WERDATF— P OIEETH 2 EIEEICOVT
&, Ty 2 ARREHGITRICB W THERE 1/3 282 55
WIS LTtz BEHMEEE I D W TR FIE2K 4 mm B
@ PPD %3 965%1288® 541, 6 mm B k@ PPD, &
P REDEE L7, WER L BEET 2 0ERIEED
cng, FEEEEE - FERERFEE TH o7z, PCRA
638% TdH 2 T Lo b NNEIEEE M A % Stage 11T,
Grade C LZWi LY, BIEEBIIA L 72,

1. OHI

BEOERE, M ESEARET S 5 o HilE & VB
HICHK T 2 RAERFOENERTH - 72, B EN
FT RS 5N 72 B AR AR - BERR, PR LA T oA ok
H, 27T OEFE (2F) 2o, PCR Ol 688% TH -
Tz, 79— 7 ODRNEEDS 0 BRI SREER I H
b, BHIMETH -7z, BFIBERICHEBIER % S
WZZZ L, 2V—=v 7% I 0wkl ETho Tz
78, RIS 2 BN ALE I T T T a o Tz,
CoEOETREEFHSOOERNEREEICNT 2BLES
O, BRI - B D FIHPHUE L 72 OHI o Bk
ICOWTHHT 2 L 2 A0, BERMEEEIC
BLTETEREZZDIZ, F5—2ary to—Lof
JE& £ B b - BiELTH D, BEEZLET L L
WEEERS, COkOE] HOMEETKEESE, R
HLIick % OHI &£ PMTC 217\, BEOOENIZRY
ZEALEBOTCL ok, 7o vy I hHEE 79—
TBREMENEL, a7 by FORENEMET
WRET Yy M ADRTWHE T I v 2V RERE
Bl W72 TRIcfinhds L5k, H
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PCR
IR ojofojojojoj0|OfO|jO|O|O|O0]|O
[T—— ] 1]
B 433[333[333(333(333[323[323|332(323(323[333(333|334[433
PPD P 433]323|1323(323(323|1323|323|323(323|323|333(323(333(334
b T 0 Y
GA] B
R EERE
B ojofojo0ojojoj0j0OfOjO|0O|O|O0]|O0
PCR
c
Fig. 11
a : Intraoral photographs, b : Periodontal pocket chart and ¢ : Den-
tal radiographic images at the latest SPT.
Table 2 PISA and PESA values during periodontal LEH#HEN TV 92275 v ZELHEH LT OHL %
treatment histology fTo7z.
Wi SPT BATHE  I#7 SPT iy — AT B EARRIC & D RO RIEDRE L Tk
PISA (mmZ) 3’7910 00 00 %%ﬁ#LEﬁﬁB%%%ﬁﬁB@%@ﬁﬁﬁfiU %’ %[F/Sllgﬁ'ﬁfﬁbf
PESA (mm? 38673 15653 15405 BUBETI—IDMERHLRT L b d, BEICIIHE

Wk DAZIE % IR Ll 7 5 v ic k 2 iER»EE T
HBHIELERFELL, WET S RBEALMICE D HA
WA 5 O HIMARAD LT E LN T, HWE7T 92 Tol AEELCHEUICHERT 2 Lo TIRE L 72, L
MBI OER TR 2 IRE L., NREET I — 7R J&E L 7= OHI D5, PCR D%l i3 6 & FEA G K T 1
FENRPEEBCHED DO TH PR EDORRE T W 125% 1B L7z, BEDEFR—vavrdPmtb
S vy T, FEEO T 5 v v v FIRHICRRDIH L, WO L CoRBUEr I NG, HEKRT
MU TEESBRLARI 2 EXH2Y, ok DHEAREB LT 754 FA > FDzdic SRP %25
&, ABRETDOT I v v 2375 — 7 BREDRBE BT,
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2. SRP

SRPOHMWIX, RE»6WAREDT IV FT v
TavI7y oy —WORE, ikt v VEERBREL
T lipopolysaccharide (LPS) 7% & 2SFFAE L 72\ AEMED
BOREEESLY, XocREE2ERILT2C ik
D A LR BRSSO S 2 R X 2 51819 -k
WHD, Fl, WETIESRPICE 24 —N—A V2L
A VT = a VICRRT 2 AR R & DR
UL SN LS50k o720 oAb
BHREOH SN SN A REPEE L EZ 6N, WA
WEMEEOIRKR E 2> T BB EE TG L N1 A
7 4V LADBRENEBEEPEL T o7, SRP IR
B MEREEE Wb Tw %28, # 7% SRP #1715
Zricky, ARy PHOHIE IZEMICDENICD
WEIESN D LWE ST 52D SRP O EIhEEHE
WIERE ORISR, EAMEOWE, BOP Ok
SEHD,. L, WEEY v F 55 mm M EOERTT
1% 89%, 3~5 mm DEFFTIE61%ICT 5 — 2 LAD
BENRDOEND T EBEESINTVEY, %7, By
R D & 5 2 R IEHENM L TR 2B W TIEE S
CREEE 722 2 EAREINTWL 3D EAM 75 oA
IS N mEEELTH->TH, 4 mm MU EOWMA
ATy bPEET D ECHaRMakREsRETH %
CELMESN TV D KEFIEVTH, $RC
DWIZBWTS5mm U EOWER T v P BFEAELEZ, 1
[B] D BT 42%H SRP %179 Full mouse (FM)-SRP &,
43D H0IE 6 DEL TS HELH B, EHb6DH
ETiT->ThH, MEANEEESCHIK ST A —F —DdE
ICIHIFEAEEN LB T EPWESh T2 L
L, FM-SRP (3iA%E A SRP IR CHEMTE 3 &
DL H 25550, —BEI9IC B ILE O FHE 2 400E DA
WHES L 2Ty = U RIBIC E BFEEDBBDENE LD
Wb & 2%, REEHIC I3 SRP 2 B OHEFICIT 5
7oz —MPEE 6 2EI L CfTve, REZYHEILTE R0
EMLOEEEIA- 7259 F72, KEFIO L S ICHE
EWEEEET 5EZICBWT, SRP L HERO LT
5% 07 % C L CHEFANEGERCEIRIN ST X — 4 —
DMWESND T L HWMESN TN
KIEFICRMEERO LGN HREREZTHLT, £730F
SRP #fT- 72, SRP I L TG IF N, P
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Fig. 12 Dental radiographic images before surgery (upper part) and
3 years of postsurgery (lower part)

a . Dental radiographic images of the maxilla, b : Dental radiographic

images of the mandibular
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Fig. 13

a : CPI evaluation on Panadent articulator.

b : The differences in condylar position between centric relation (CR) and centric occlusion (CO).
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A Case Report of Comprehensive Periodontal Regenerative Therapy Using
Fibroblast Growth Factor (FGF)-2 and Tissue Attachment Therapy
for Generalized Severe Chronic Periodontitis

Suto Mizuki and TATSUMI Junichi
Department of Periodontology, Division of Oral Infections and Health Science, Asahi University School of Dentistry

Abstract

Objective: We report on a case of comprehensive periodontal therapy with generalized chronic periodonti-
tis (Stage III, Grade C), requiring periodontal regenerative surgery (using FGF-2) including open flap debride-
ment (tissue attachment therapy) for vertical and horizontal bone defects.

Case: The patient was a 48-year-old man who presented with the chief complaint of gingival bleeding and
tooth mobility. The total number of teeth was 28. At the initial examination, the rates of probing depth of
4-5mm and =6 mm were total 96.5%. The rate of bleeding on probing was 97.0%. The plaque control
record (PCR) was 68.8%. The periodontal inflamed surface area was 3791.0 mm® Gingival swelling and red-
ness were observed in both jaws. Several teeth (especially the maxilla and mandibular anterior teeth) had
displacement and premature contact/occlusal interference in 27. Three degrees of tooth movement were not
detected, but two degrees of movement were detected in 27, and one degree of movement in 11, 12, 17, 21,
22, 31, 32 and 41. Dental radiographic images findings showed moderate horizontal alveolar bone resorption
in both jaws, and deep vertical alveolar bone resorptions were observed in 13, 27, 36, 37, 45 and 46. Based on
the above examinations, a diagnosis of localized periodontitis Stage III, Grade C with occlusal trauma in 27.

Treatment plan: Initial periodontal therapy was implemented to reduce inflammation. After re-evaluation,
periodontal regenerative therapy using FGF-2 and open flap debridement were performed in the sites with
residual PPD=4 mm. After the periodontal surgeries, supportive periodontal therapy was performed.

Treatment procedure: We attempted periodontal infection control, including instructions on oral hygiene,
including scaling and root planing and professional mechanical tooth cleaning. After the initial periodontal
therapy, the PPD was residual PD=4 mm with bleeding on probing. Surgical intervention, incision and
debridement of the root surface and bone defect were performed using FGF-2. At the start of supportive
periodontal therapy, there was no inflammation and the PCR performed score was reduced to 18.3%.

Conclusion: The key to the success of this case was the patient’s high motivation and the multiple peri-
odontal surgeries using FGF-2 led to a good clinical outcome. During 2 years of SPT, the periodontal condi-
tion has remained stable, without inflammation.

Key words: chronic periodontitis, tissue attachment therapy, periodontal regenerative therapy, fibroblast
growth factor (FGF)-2
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