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Specificities of the sensorimotor mechanisms controlling jaw movements

Mitsuru Saito

Department of Oral Physiology, Field of Functional Biology and Pharmacology,
Advanced Therapeutic Course,
Kagoshima University Graduate School of Medical and Dental Sciences,
8-35-1, Sakuragaoka, Kagoshima 890-8544, Japan

ABSTRACT

During eating food, we sense size, hardness and texture, as well as temperature, taste and flavor of foods. We can chew
various foods smoothly and efficiently by utilizing such sensory information. This indicates that the excellent sensorimotor
mechanisms underlie the control of jaw movements during mastication. The nervous and muscular apparatus involved in
mastication can be divided to three groups: 1) higher-order centers such as the cortical masticatory area, basal ganglia, and
cerebellum, 2) the “central pattern generator (CPG)” and its closely related neural network in the brainstem, and 3) sensory
organs (including muscle spindles, periodontal mechanoreceptors and temporomandibular joint receptors), primary sensory
neurons (PSNs), alpha/gamma motor neurons (MNs) and jaw-closing/opening muscles. All these groups of the apparatus
play essential roles during mastication. However, it is thought to be essential to clarify the characteristics of stretch reflex
circuit when investigating the properties of motor control system. Because sensory inputs into and motor commands from
the higher-order centers/CPG are definitely mediated through the PSNs and MNss, respectively, the functions of higher-order
centers/CPG cannot completely be elucidated unless the properties of PSNs and MNs is well understood. In this article, 1
will explain the specificities of the jaw-jerk reflex circuit, PSNs in the mesencephalic trigeminal nucleus and trigeminal MNs
with the results of our related research.

Key words: mastication, jaw movement, mesencephalic trigeminal neuron, trigeminal motoneuron, jaw-closing muscle
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Requirement for development of dental adhesives

Yoshihiro Nishitani

Department of Restorative Dentistry and Endodntology
Field of Oral and Maxillofacial Rehabilitation
Advabced Therapeutic Course

Kagoshima University Graduate School of Medical and Dental Sciences
8-35-1 Sakuragaoka, Kagoshima, 890-8544, Japan

ABSTRACT

Alan Boyde and his colleagues first described smear layers-covered dental hard tissues. Later, David Eick and his group

examined smear layer-covered dentin and showed how acid-labile are smear layers. A superior bond strength has come to be

provided for the resin-dentin interface in the current dental adhesive systems as a result that the acid-etching treatment for

the enamel/dentin was examined to remove smear layers. Moreover, latest adhesive systems which gave top priority to

convenience in clinic have developed. On the other hand, as a cause of the collapse of the resin-dentin interface, collagen

degradation by host-derived enzymes (MMPs) has been focused attention. However, latest adhesive systems are not

developed in consideration of improvement of the resin-dentin bond's durability. Development of the dental adhesive that

improves durability by inactivating dentin MMPs is required.

Key words: Acid-etching, dental adhesive system, collagen degradation
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Figure 1. Microscope images of Enamel/Dentin surface ( X 3000)
A: Smear layer—covered Enamel, B: Smear layer—covered
Dentin, C: Acid—etched enamel, D: Acid—etched dentin
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Figure 2. Comparison of gelatinolytic activity of human mineralized
dentin powder following no treatment (control) or etching for 15 s
(phosphoric acid, PA) or 5 min for L-Pop, SE, GB or S3. GB,
G-Bond; L-Pop, Adper Prompt L—-Pop; S3, Clearfil Tri-S; SE,
Clearfil SE Bond primer; RFU, relative fluorescent units. Values
represent the mean = standard deviation (SD), n = 4 plates or
32 wells. Inset: gelatinolytic activity vs. pH of acidic agents.
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IR HREBEI > TV D, L Lads, &
ERREINTVEEE Y AT AL, 1 ATy THEY
A7 LA ORI OMHICmZ <, &&E, FEsE
&/, I3z TR EOWEUAOBAE RIS D RIS
REELBDEINFIATOHEEVATLERS>TY
5o BRMLEL I OWTHR—DBEMTh—F LTy
Fr7, RV I T4 TIZFVT, VT F VT
DVWFNTLIREETHIATLDHY, F—LTy
FE—FELoTWD, THIET—H—DF M
FEREBRELTHEINZVATLATHY, WAL
MEzHBE L2 DT RV, 5% D LS E MMPs
ORIV THEZE LA Z M LS55
VAT AR ENSLZ EARDENS,

Table 1. Commercial adhesive systems tested

Brand name Abbreviation pH

Company

Composition

Adper Prompt L-Pop L-Pop 0.88
Clearfil SE Bond Primer SE Bond 1.76
Clearfil S3 Tri-S 244
G-Bond G-Bond 225

3M-ESPE, St Paul, MN, USA

Kuraray Medical, Tokyo, Japan

Kuraray Medical

GC Corporation, Tokyo, Japan

Phosphate methacrylates, water, ethanol,
silanated colloidal silica, photoinitiator
Primer: MDP, HEMA, H-0, ethanol;
Adhesives: MDP, HEMA, bisGMA, CQ,
silanated colloidal silica
MDP, HEMA, bisGMA, water, ethanol, CQ,
silanated colloidal silica
4-MET, phosphate acid, monomer, UDMA,
silica, photoinitiator, water, acetone

bisGMA, 2,2-bis(4-2-hydroxy-3-methacryloyloxy-propoxphenyl)propane; CQ, camphorquinone; HEMA, 2-hydroxyethyl metha-
crylate; MDP, 10-methacryloyloxyde camethylene phosphoric acid; 4-MET, 4-methacryloyloxethyl trimellitic acid; UDMA,
dimethylacryloyloxyethyl 2,2.4(3,3,5)-trimethylhexamethylene dicarbamate.
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Beyond the function of Manganese superoxide dismutase in
oxidative stress

Hiroko P. Indo
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ABSTRACT

It is well known that reactive oxygen species (ROS) causes various redox related diseases. Recent studies have shown that
peroxidant molecules, such as hydrogen peroxide, work actively as signaling molecules in cancer cells. Superoxide is
considered to be a major factor in oxidant toxicity, and mitochondria are the major source of superoxide. The reaction of
superoxide generated from mitochondria with nitric oxide is faster than superoxide catalyzed reaction, and produces
peroxynitrite. Then, peroxynitrite produces hydroxyl radicals and nitrogen dioxide, and oxidizes and nitrates DNAs, lipids and
proteins, etc., and induces cell death. Thus, based on research conducted after Fridovich's seminal studies, we now propose a
modified superoxide theory. Manganese superoxide dismutase (MnSOD), which scavenges superoxide anions generated from
mitochondria, is an important enzyme in cellular homeostasis, cellular defense and functional dynamics. MnSOD expression
and/or activity is generally lower in cancer cells than in their normal cell counterparts, while other studies demonstrate that
cancer tissues possess elevated MnSOD expression compared to normal tissues. It suggests that regulation of MnSOD may
confer differential outcomes in the protection of normal and cancer cells against agents that cause oxidative stress.
Furthermore, expression and/or the activity of MnSOD may affect the antioxidant capacity and overall health of cells by
altering mitochondrial metabolism, leading to the development and progression of cancer. It might be suggested that altered

MnSOD activity on the mitochondrial metabolism in cancer cells is a key factor of cancer treatment strategy.
Key words: Reactive oxygen species (ROS), Superoxide, MnSOD
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Y E, T A L QIR EOPIER LY E R iR L’
FHPHFELTBY, LA L AZBEIL, Ef&ko
HHEME (RAFAY Y R) ZHEELTWS,

B LEIC (Redox) &, MRLPIRHIC BT 2 EHE L
KIS TH Y, FMBNYZFLreELTHHTY
%50 ROSVY T FN NS VAT 7 a vk LTHE,
FUNRIEDOYATA VR EIILD, AT I
W IEOMLIBMZTI SR L, ¥ /37 Rl
FEfe % I3 % & o R BHNIZ A ROBIL A b
VARBICIERICHEE 2 &ZH 2R L Tnwb, &
FIIZA, VSUYAZYTFTNIZA, FuTE Iy
A, AF RO I Y A% EE S RN AR
AR L, B4 R B ORRMHE, HEEOMITICK
ECHMLTWS, ZOKHTIE, I bayFIT7Hh
SHERINHIEEBHEA— I3 —FFH A, &I bay
FUTH M) v 7 ZIZRTEL, FOA—3—F F 4
4 FaBETIBREI VTV A——F FH AL FF~g
AL F—+ (MnSOD) DEHIZHO>WT, ZO—Ef%
AL 72w,

1. SFAVRUTPHOEEINDENEERSR

IhaYFYTOBD RAMWEEIE, —AVTF—
A, DF D ATP 2 AT LI ETHD, ATPDOE
AR, BRE A LIRS L WBREEY T RE R & R
FeDELTHHRNRBALN Y Y BE2xH Y, I b
Iy ) TOE—-FMW LB, OB CER{L
Thb, TbbBEELFAETLILICLY, R
I BRILCELDATP ZHELTWE, O
1LY VEEfbiX, I b B THRICAHET 2 ET
BERTITON TV S, BHEERIE, HI00HEEHD
FUNIZENEELTEBY, HroBEIEAK
(Complex 1 ~V) #EHLTwb, I ba Y KKY7T
i, BAREZLICBEN) VY BILoEd, 14 v
Fr AN, MBENANVY T ARAFAY YA, IRl
B pERAL, HERREEYA 2V, YLTHA 2N, T3
7, BB, ~&, 7Yy, AFuAf FBXOATFOA
RRNVE KRR E, BTG $ 5 %% R 8D
boTwb, 72, HMIBRAOEKIZI Fa v FY) TICR
LELSHFHELTEY, Fe-S7 525 —DTHRIET
5 BTARER O Complex I, T, T O iF ML E 2 L,
AT AT L CHEERKZEH2H- T b,

W, BIEERPS 2~3%OBETHRNL, 20
RN - EF 258 O S FUSEO B WERE ST L K
L, A=8—FFH A FEEAET S, A—23—FF
YA FOFERFEABME LTI Complex IV &

"

Complex I 28 < HISNTW A A, Complex II b 3
Fa Y FYThOEESNLERBEICESLTE
), Complex Il 725D A —8—F FH 4 FOFEETL
X, INTEIERILTMOKETH L I EAVRES
Tw2", BHEERMEANTHIOT ) ¥, TV F
<AV A VT UL VB EERPLEAS N
BIEVEREE BN T 5 2 E S Tw B, K4
1%, Complex I —LE ¥/ ¥ (#li#E#% Q- CoenzymeQ)
BEAMEST L2257 7~ (ROT), Complex IT % &
T53-=tura et Y8 (3-NPA), Complex II —
X URERHETLTF ANV M) 70 FuT &
k¥ (TTFA), Complex Il ZHEFT LT v F <4 ¥
v A (AA), Complex IV Z[HET 27 YfbF MY
A (NaCN) # v, I ba vy FUTHhoEAEsRh
BT ZIE L. ZORE, $TXTOMEHIC
o TR AR O, o2t bBET R
EREEROTRTOHMICBWT, EHHBEI AR
ENBARRIEATRIZ S 72,
BAEEREEHEES LTV ARVWI Iy FY 7o
MOBEHED I b v FY 7 HROEEBEEL O
H-TBD, Yerotuo bh@BrFo5—Ehnve
Fotua bROF T FBRANOBBROBICREIED & L
T, - TCAHA 7 VOBETHDa -7 M TN
¥ VBT e K4 F —+ 3 NADH/NAD+ RAEI I IE
PMEHEAE LS 2 MG SR TWDY,

2. A—N—FFYA KEex)—

BALA + LA, B bEITOEHOBICE D RA &
MENOEERELBESE, DNA, RE, 7 o8
VBB EIA LT A=V %525, A—3—FF¥
A FoFARE LT, MBETIE FHrFrtF
¥ % —<¥ (Xanthine oxidase: XO), NADPH % ¥ ¥ ¥ —
+ (nicotinamide adenine dinucleotide phosphate-
oxidase), F¥7z, Ll 723 ba vy N 7OETEE
FALCHMBNTR B,

A=N—=FFH A PP =P x—F -t EHE
BEREZROTLERT LV [A—2—FFH A F
tF )= FA=—N—FFH AL, FT4 ALY —¥
(Superoxide dismutase:SOD) @ 3¢ F 3 T & % Irwin
Fridovich 1412 & » TIRE S 7z,

L2 L, 104, Sawyer HASA —78—F F 4 4
FORSEIZE L, BROEBILAI T 2w e s LAY
TEMD, O [A=2S—=FFH 4 Pt —] i3k
BICERBODL LI kol A—/—FFH 4 F
iE, SOD 2 & - TlbAkFE (H0,) &K (H0) 12
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EWEIND, HOJNT A —73—F F %4 Nk, Fhiz
EHWIEE N EZ D 2B WAIROS DO EDTH L, &
bIZ, TOH0ME AT FT—ERTNVE FF )V F
FIF—VIZLoT, HRPITKEBBIIEHRIN,
MENEINDL, LHL, HOJM AR DFHEFET T,
WHEDORVE FOF I LT YAV (HO.) & =Afligkic
BEIND, ZOBIE [7xv b RIS EEh
5o 3BT, 7V M YRIBIC & o TTEZ=MlighIE,
A= —FFH A4 FIZEoT, TMEHKIZRED (Oh—
N=T A4 ARG, ZMMigkAFH 0L e (7=~

FORIR) L, HOs 2T 5, TDXHIT, A—r3—
YA FliEEnBaEk, RS ENIT &R <
WS, EEKGEFI &R e T, mEREEo
BWROS ZAEAMT Z LS, INFCTEEHIN
T&7o ZOMEIHEZIE, MnSOD 734 2 1LiE HO-
DEFRRBOLREZ LI LR D, LIL, 2D
MnSOD % M F S X & 72 Ml bk % v 72 BT,
MnSOD 288§ 2 % & HO I ZWA L THBY, 7=~
IN=IN—=T 4 ASIEF TIZHWANTE R W &2
Lk otz

—RALEHEE A== F FH AL FIZXoT—FF
¥F A4 T4 b (ONOO) HAEKENLH, 0
ONOO™ i Uttt {, Fu ¥ o=t ufk,
SH R Db Vo V7 BOBfi 2B X $
L, REMBMLEzIIEREITIEFHERATY
él%))o

ONOO ®» 71 b »fb L 72 Td % ONOOH i,
HO- & "MLz # 5 U H L (NO2.) IZZ&H#HfEh, #
D%, e FuFx il = bufbiZX > TEREN
A4+ (NOy”) ICEMIbEh s>,

F 41X, MnSOD 25X —/8— % FH AL FOL N %
BFEEEE2F3THRL, A= NX—FFH 4 F&
ONOO ¢ DFEAZMZ BT EIZLY, ONOO 54
WEND HO 2W A2, ZRICL-oTHIERIENS
PREAmRIL, I ar FYTHEOAI VY E) E YOl
b, WERFET Ry — 2 2 Z2WHT 1 L 2RL
oo 2, TOEHICI IV F)TRLHTLS
A== F T4 A FOWALA b U R ESH RN % SET 9
LEERA VI -5 —THHERBL, Tz
I PV RY TV R—S—FFH 4 Fet ) —]
LIEATRSY,

3. IVHVA—N—FFHYA KT+ ALE—F
(MnSOD)
IFIVRYTIE, AT —REATHIEELM

FWNEETHY, FEBRHEENS, WHEBE
WELEEINBIZH»2DbST, I bIVFYTO
BEIZFDNA T X P VITRESI N TR WO
LTV I FIVFYTIZEA=NN=FFH1 F%
H2:3 % MnSOD Z1Z U0, HO.%2HET L7V F
FURVEFFT T =¥ (GPx), "VFF YL IFFY
v (PRX) % L OWBLBENHFEL TV,

N OPIRILEER R & IERE A RO GG A
DNA R ¥ Y X7 BIZEEZ RIZTL, BWTiE7 VY
NA == F vy U EOMBRERE, BIIRTEAL,
50, Bl vole BB LS LTwb EE X
SN, PILWE 2 w72 s s htw a2,

MnSOD (it b TiEH 6 FHOGMEME, 7 ATk
8 8 % H O Yt fRIZ Z DBIB T AT b0 22kDa D
B/ R=00%b 4mEEEEL, HEHOIE M T
&), His26, His74, Aspl59, Hisl63D7 I JERIZ X >
THRA SN TV 5, MnSOD (3 D#EET SOD2 13412
I— F&ENTEY, MnSOD ® cDNA 13666bp T )
D2bplEI IV FYTEITTE7200Y) —F—
¥ — 27 T v A (Mitochondrial targeting sequence : MTS)
THY, 2407 IV BRICHREI NS, MTS 133E 5%
DT I BELLEHR, BRELTETIADEME
FroTwb, I ha vy ) 7oMEIZ~ A F AICHE
LTEY, BRAMICTIEFELNTVWLILEDEZS
NTwiz, LHL, Z2OHOW%ET, I bar )7
DOHMEE NIE FI2E TIREMREE | BH 5 La%b
o T &I MRS M 1E 1 TOM (Translocate of
the outer mitochondrial membrane) #HEH, WIKDEE
M#EE X TIM (Translocate of the inner mitochondrial
membrane) HEMKRE LI b, SEICHFEST S TOM
AR, BEETRERI v ary P Ty s E%
BT AR E LTEIWTEBY, ¥ U BomEK
REEDNT &V 7o — KB O IRE CTHMR % il S & 5 72
DOF ¥ ANVTEDH D, WEICHET 5 TIM EEK
X, MUy I RAFINED Y o7 B EEHRT S
ZERT, ¥Ry EENBEICEBSEE ™Y, 2o
JEE M 2l LT~ b v 7 A A o 72 MnSOD
1 MTS OEFAS2E TN, ZRooHEx L7272
MnSOD DB 5 £ Z 2 LN TV EZY, MTS @
D Val 25 Ala 127 - 722 TIE MnSOD DX 3 ¥
KU 7 ~DOHFTR mRNA DEZEWDIE T AR ENT
W3, 4 1Z MTS 2 &K% L 72 MnSOD @ ¢DNA %
PERE L, MnSOD @ RFED EE M DWW THEN L 72,
MTS % &% L 72 MnSOD @ 8 F STtk T3 IEH
7 MnSOD Z# M| I & Mtk & Lk L <,
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MnSOD O/ BEEAMETL, I bay Y72
SERENBENBEL L OB ET R - R
ORI SN h 72", TS DFEFIE, MnSOD
MHEFICERET 572010 bay FY 7THICRET
HUBEWNHBENH) T EERL TS, MnSOD @
ZOEEIZOWTIE, MnSOD #f&T-/ v 2777 b
SUADBEBR2HEBLIEESN VW E, Dy
27 b= R, OEEE, BRI, BHT Y F—
VA, 723 by ) TREEICED PR
EMERTIEDSL LI IR TV BT,

4. 2PN HY—ELTOI AV RUTRDE

HERREDRE

SOD2 R F1%, ¥E K+ T % nuclear factor kappa-
light-chain-enhancer of activated B cells (NF xB),
Forkhead box O3 (FOXO3a) 12 & > TZ DB il f#)
INTV5E, TRHOEERTIEX, I FPaYFYTH
DERREOEILL - TEORBENRBT ENTE
D, I Y Y THNOEEREN Y 7 vt v —
LRI BIENEZLND,

Storz 51, I FI ¥ FY 7THNOWEEMEHE DS Src &
f-L, NFkB Z{HHALT 2 2 & CHIAE % #IH 3 5
Z&® Comnor Hik, I MY YT H®HO,D
PTEN (Phosphatase and Tensin Homolog Deleted from
Chromosome 10) ZM&{b§ 2 Z &2 & o CTMEH 4%
T HZ L, F720n vivo IZBWT D FEHATMAE Fr
HOFERARZALLTVWEY, F72, Kaewpila 513,
MnSOD %% A — 7% — %+ ¥ % 4 F % A~ L, hypoxia-
inducible factor-1 alpha (HIF1-a ) %% L TWw5 2
EV EHEL TV L, INHORRIE, I baVF
) 7T HNOIERBEFM S DY 7 F e v —L LT
ATV E I L RRBL TS, BILA P LRABEY
FFnELTELMONTWS S DL LT Nuclear
factor (erythroid-derived 2) -like 2 (Nrf2) & Kelch like-
ECH-associated protein 1 (Keapl) %5 %% Nrf2-Keapl
PIF) VT H B Nrf2-Keapl D itk 1X, Keapl®
YATA UFRHE (Cys FREE) OMALMBHMIICEI DB
LZERMONTWEY, Fald, I bV FYTH
ARSI N A EEBFE A Nrf2-Keapl 27+ ¥ 7%
LTV DL a2 Lz, WEHEHEL Y 7L b
FGUVART s vark L THE, ¥ HD Cys bk
HEAEFILD, Hiro7 I BREOBILNBHiZ5] &
L, ¥y o, BB HET 5 & v 2fl
BB, EAROBRIER b L AKEBICIEFICEE LR
BEERIZL TS, LA L, GHEMREIC K 2EHEDY

"

HYTF) Y TDEMLIZOVTIE, REAHZED
EARD

MND 7 V7 8D Cys &, FVyFF v,
BESH I EFF— vk (SH: A7k FY L)
BRI OLE 2R3 <, MilRNoF+ -1
VEBLA P L AT = —DfEL SN TBY, 5T
WNF 4 — VIO / RITTRBIC L 5 TH VX7 BHD
BERERCTR MR S 7 F ) Y 7 HREENRTVWE e
ZZ bbb,

FAxg v ME EEABRE MR (RGKD) 12
MnSOD D#IZTZ\BFFHASE, I FaFITH
OIEVERES % $0H L 72K T CoMBNF 4 — v L X
VOBALIZDOWTIRE L7z, MlBNF 4+ =L xXvo
M ICIZETHOF F — VK S T 55-IAF
(5-iodoacetamidofluorescein) % i \» 72, MnSOD 38 |
BB TIET Y PO — VICHRT, BTEBMOFF—
L ARV RS HOGIRESZERICE ML Tz (1 -
Ao RIZINOD Y V80 % ZRITTIKEI L2 L 5,
W ODPDOERL L ARy MBI (K1 -B)o
INLOMBENTZARY b F 87 BT Cys 5k
R THNFF —WENELL, 7 237 ORfEICE
bbb L TVwBIENELZORDL, ThbDZ k
»H, IMIYFYTHNOEEBES Y 7TVt
Y=L LTBILA PV AZFEITHZ LT, wW{DOH
DY NI EORREREERE Y 7T v RS
5T EIRBENT,

5. MnSOD &#E

BRI T, BESTORERETICBVWTL AN
FRROBENRERPAEMM L ZLAMO5NTE
D, Warburg ) & IR T 2%, FEHIE TIE,
ROS Z EM L ADERFIZL>TI Iy FYToOE
TARERICHREAE L, BALK Y VB S5O AL
F—2 TR EIEDNTELR Y, 2D, UED
IR R A BB S L TR LAV T — %15
TwatZEzoh, EHOMRIZHKRTZVa—20
Y ABDBIFNIZHE ML TWAZ LML NT W5,
FZBE, PET (positron emission tomography ) X Z D3
ZRAMLmAERETH Y, [EH0/NS 2% 5
FERTEL] LT BRZICDLECFEHSATY
2,

FEMIIZB VT, HRMEIRIET A b= 20K
PEZHIMEE5 2 &I L - TR % JUtE L
Twa®, F2ER, B VB2 LT 236 E L
T, ENVE VEBBKERERE (CVEVEE2 T EF L



200kDa

116kDa
92kDa

65kDa

45kDa

31kDa

21kDa

I ha Y Y TR E O E & £ Ok

RGK1 control cell

> pH10 pH3

MnSOD overexpressed RGK1 cell

> pH10

200kDa ==

116kDa
92kDa
|
65kDa \{r\: =
45kDa ¢
31kDa -

21kDa ' "

14kDa «

29

RGK1 control cell

MnSOD overexpressed RGK1 cell

E1: MnSOD BRIFKBRICLSMBAFA—ILLNILDZEL
RGKIAMNZIC MnSOD Z @FIZEH S &, I ¥ K 7THOGEHERSE 2 ¥H L 2R FcofilaiF 4+ — v L XL o%
1t, T2DbLEBILA P L ADOKRE SITDOWTHE Lze MIRNTF 4 — v LAV % & MBNEIL R b L 2 DOFRE
3N EL b AMHIBISETTCEI O F F — VHITK ST 5 5-1AF (5-iodoacetamidofluorescein) # JAWT IR Y 7 L7-D b,
HOGHREE & ST L — = BMERIC TBIZ L 72, MnSOD OB FHIMETIlE, ZOHOGBESARICHMML Twiz(A),
FNSDF s AL, 2KTREIZ1T 5728 2%, MnSOD BREEBKETIZI Y P — VITHRTWL O DR,
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ABSTRACT
When the report that oral care decreased the risk of developing pneumonia (Yoneyama 1999), oral care was regarded as an
important tool in perioperative period. So, in the early stages, nurse play leading role in oral care and tend to look only oral
cleanliness, dentures were not required. As eating by mouth is important and be able to cure a disease, denture is necessary
in perioperative period. To take particular note of candida is needed the reasons why that denture base materials have a

relationship with candida species.

The key point of oral care, especially with oral candidiasis, is presented in this review.

Key words: Oral care, Oral candidiasis, Denture, Nano Ag, Egg York antibody
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Challenges for periodontal regenerative therapy using an in situ
tissue engineering approach

Yoshinori Shirakata

Department of Periodontology
Kagoshima University Graduate School of Medical and Dental Sciences

ABSTRACT
Periodontitis is a globally prevalent inflammatory disease that causes the destruction of the tooth-supporting periodontal

tissue (i.e. gingiva, alveolar bone, periodontal ligament, and root cementum). In the past 4 decades, a variety of procedures,

including bone grafting, guided tissue regeneration, the use of enamel matrix derivative and growth factors (GFs), either alone

or in combination, have been performed to accomplish periodontal regeneration. More recently, tissue engineering

technologies using scaffolds, GFs and cells have been developed in regenerative medicine. However, all current approaches

have been shown to have variable outcomes and limitations. To obtain favorable periodontal healing, there is an ongoing need

to develop more reasonable therapeutics based on self-repair capacity in injured periodontal defects where the progenitor/stem

cells from neighboring tissues can be recruited for in situ periodontal regeneration. In this review, the emerging various

challenges for periodontal regenerative therapy using an “in situ tissue engineering approach” that avoid the ex vivo culture of

cells are addressed for future clinical management of periodontal intrabony defects.

Key words: periodontal tissue engineering approach, growth factors, scaffolds, mechanical stress, blood supply
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(a) BHIERIR, SR EAHLRR A S RIS R LT %0 BERHRIE RIRH#IPI 2 7R3, (scale bar: Imm) (b)) R 7 L —
LFROIRIEKAR, AR X BE TR ICAEAE L T B, (scale bar: 200 m) CET: £ X ¥ b F A )VEE JE: Lo
AR, NB: #iEE, NC:FHt AT PNBWRE v+, D: LYFE AT MY ¥ T YU gt (k26

INUEIVEEe )
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contained defect: 1-2BEM45 K4H) 2B W Tid, EMD &
WEEETHTS NV TH D720 EMD HTlZ 75 v 7
D%, R A DB RGOS AR
SNHEVESLHE SR TWDEMY, 29 LTHTE,
EMD BAULEIZ X % BRI RF O 5k & 1-, 2- BEtk o
FHRBTOEREEOM L, ESEOIKEHIEL
EMD & X V7L U4 DEBHMPEHINS S
ENL L o TWh, RITHETE 2 B5BAMICIZ
HIRASH % A3, EMD & HEH OP:HALE 1L EMD H
FLE I AR BB ORABRHERS IR S, 7
5y F AV N Y OBERDPE L OWMEST 2id
%o MEHZBIF A EMD & HEE OPFER T b K
B89 2 — % — B X ORS00 FE 12 B v T RIF
BARERFRDO LTS (K3). BBA X 1 RS
RIFETVIZBWTHREBMOA L EMD & HR Y
A BE 15 O B AR % HLRR 1Y\ R BRGE L 7 &
B OHREBHOATEEX Y VEEESEZLWDIZ
L, EMDZM A2 ik h g HEDAL
5F Y v —E—MHMEEBICHALL XY PEOH
AR D S R M T THBICED SRz (K
4), %72 Non-contained defect {2%} L Ci& PDGF & S
-TCP DB FHEH 2wt & L7z GEM21S® (HAREPNH&
) ek EF R OIEN SR TE Y, BIFRERRL
BEAHEY ShTwb,

FIRD K )1, &4 O AR AREIEA N, K
HEAL, 722100 0\IIEDRIRISAR#EY) 745

a b

NC»
JE» < CEJ |
D D D NC=
NE |
Q i
it v .
MC»

B ARROBEEDEPBIEINE Z LT, £
Z T 4 1& EMD, rthFGF2, GEM21S® (LLF PDGF/ S
-TCP) DIt % FEHE L LT, hAFEERREH (OFD)
EAfEEEE LCA X 2BEEE KIH (RS bmm, HE
££ 5mm, AL 5mm) (K5) IZBWTIhHD
B AR TR AT TR RIS oW TR 2 4T o
727, itk 8 HTOMBFEMAI R L LT, OFD#T
1, B THOWINAYE L < RIS 22 H 4
FREDFRD b (H6) DIzxiL, FEERRETIIEE
FEETHB L ORI X D KBTI ) T
GHEBEESFED SN (M7 -K9), %R
HECIERMBENIZH > THRENZRNZET 52 v —
Y — MDA Z o 728k 2 v NEOME, BX
O BRI S 3R 0 S e Bk 2 v MBI
BILCOFD#TIE, REBEKHICRBTL2DOHRTH-
72Dk L, EMD BEClEE VMR 2 > M-,
thFGF2 #3 X UF PDGF/  -TCP # Cl3E W Hillatt: & 2
Y MNEMEMICEDOON (K6 -K9), MikE
PR E LT, EBFIZOFD B LY, %72 rhFGF2
BIXEMD B L D BEFEMICH B ICH A SRR =D
Lol (£2) 2OXHIZ2EEMEREBICBITS
EMD #, rhFGF2 #, PDGF/f-TCP ¥ T%&% 4 BUIf 7 th
JIHE AR bNTze LA LEDS EMD OMRT
BAR=Z XA V5 F v AHHEET, ML x>
MEOBAIIIANTD 2 0 HELFHEREA SR
W REMEATURIR 8 720 thFGE2 BRIZIHMEZ H W h o

il e

POL | R NE

PDL

X7. EMD [SR%DAEE
(@) §9ILRIR, HAEGERIEHRIE > THRO LN D, BARRIZKIBHPAZ R T (scale bar: Imm), (b)BREM T L — 24
OMILKAR , () M 7 L — KNI OBRIE KA, Hrada LBt 2 > MEEICHEHE T 2 RN B ICRO 5D,
(scale bar: 1004 m) CEJ: & A ¥ M F A )VEE JE: LRZORMRARHE, NB: Hik®, NC: #HEx 2> N, PDL:

BB, N AR v 7, D RAH,

AR T - T UG (K26 & D FIHEE)
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®8. rhFGF2iL R D AR
(a) S5 RAR, PEAFE TEER 2 S 8B ) THE AR B ATED S b, BRI KIAHPE 2 7R3, (scale bar: 1mm),
(O)BREM 7 L — N OIERE, KED X v MR, (a7 L — AHomikkg, ¥ v — oM A - Ik
A LZZEWHagE x> MEEBD S, (scale bar: 100w m) CEJ: A Y b F XV, JE: FROBRMREM, NB:
A, NC:#Hdt X Mg, PDL: BME, N:MRE vF, D RFH A~ bFI v - F Y gt Gk

26& 0 5IHHE)

X9. PDGF/B-TCP A% DARKE
(a) §99 K15, BEAES TEHERA & S M M TEREATRD S 575, KRIEPEEETIE S TCP O & —ik, Mtk
BAAALAED SN Do BB IE R BHPAZ 7R3 o (scale bar: Imm) (b)) BRAM 7 L — A ¥ smiE A g, Mifattt 2 > V&
ZEMRE L CHREICY 243 2 ARBERHEAS D 5N B, KH: L X ¥ M (o) @M 7 L — A i o k(g,
W ME 2 X O N AR IR 2 SR LTV b, (scale bar: 100 um) CEJ: £ 4 ¥ P ZF A)UHE JE: EE®
RS, NB: HiAE, NC:#HiAt 2 MNE, PDL: MR, N:MRE vF, D RSFHE ARy L -k
U rygetts (SCRR26 X Y 51T
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®2. FUEZROEBFH/FA—2— (FHJ+ SD, mm)

LB N
1 2 3 4 WLETEIA
OFD EMD rhFGF2 PDGF / f -TCP

DH 6.3x0.2 6.2+0.4 6.5=0.1 6.2+0.4 NS

JE 0.8+0.4 0.3=0.2 0.7£0.2 0.8=0.2 1vs.2 (P<0.05)
2vs.3 (P<0.05)
2vs.4 (P<0.05)

CT 24%08 14=1.0 1.2+0.7 0.6=0.5 1vs.3 (P<0.01)
1vs.4 (P<0.01)

NB 3105 3307 41+08 3.7£03 1vs.3 (P<0.01)
2vs.3 (P<0.05)

NC 3.0%0.7 46=12 43+13 47=07 1vs.2 (P<0.01)

1vs.4 (P<0.01)

DH: KEFEE, JE: L ORSHME, CT: #EEMEMESE (X MERL), NB: HiASBEE, NC: #Hidktx
v MNEIEMR, NS, MEMFIAEZELL CUE2eL D 5IHSE)

722D DS FRIRBBROE RS HEEERE
M D % S BHFEREIMO THWI EATRBENT,
PDGF/ -TCP £ Tl f-TCP DB {zE D FB, KB
ek, BMEHROREIIC L D ZE L7k
BAEIZEDO LN, LA L rhFGF2 # & g LK
BHHD % B-TCP DR N —ITilO LN, FBA
M OWNGERE DD CTIEE 2 5 2 LAVRB S N7z,
DX ITEEN T OMER W 5 5B & 0 B
B EROBRBRIZZNENE L BRELED D 5 2,
ZNHWEN 2B PRICED I ) Il B IIER
7RI LT e,

I. wEAMWEEICE TS in situ tissue engineering

approach MDFJHE

ER B TIEA T v A — v F RN T 0
Mz, W55 OB % M A A b 7R T3
(Tissue engineering) ®FHEY 12 & ) WMo % it
OFKE - FHEHAEE HIICBE, BACHRHRE S
TWwaY, CIREEIC BT b BB ok B3 R
(BMSCs) ™, iPS A", B PAGAE SR %65 % il e
V— AL L7500 - AR A S g < o
FFEELN TV D, L LAMBIRIRORZE, Bohn
7ouetiiia g, bz v ru— VTR0, SREs
FOBAFOFEL ICHAMICEb LI A, Fo
THA FICEZFTORBOa Y ba— v, Rk
TRELEDP DR B WY, ik, GTRELZBWVTD
EELHEHEATSH L SN EMREEME (SRR
Ba) (E KB BICNTE L BMSCs & 1 135 A B g

RREAH DY, HGE 2T EEIEEICR BT 2
L, E5IEMLEEEZ AT AY SO TV A,
Z 2T, HEMEEKIE (208 KBV TABRED
TR L WO R T ¥ v VA RKRICERIET 5
~X { Non-contained defect {2 B W TEKK = F KRB D
Wz () YR, AFvyA—J)VFE EMD # Hw
7zwbif in situ (FOYGTO) MR 1LET 70 —F%
ELRLZOEHMEEWIEL 720 4 X D 1 BEM:E/RIE
IZBWT 1)EMD ®4 (EMD HE), 2)6XBEXREEB
}i (Bone swaging : BS) @& (BS#:) 3)EMD & BS
o BEM (EMD/BS #), 3 X 1" 4)EMD, BS & CPC
DA (EMD/BS/CPC #) @ 4 WLiE (X10) % M4
B, 8%, MBFMNEMZEIT -7, T
B, EMD HTldt A v MEEKIZRD 5 b OO BT
FOWINDEL L (K1), KRIBUEEIT- 72 BS B
T BRI AR Kz & (12, KM13), EMD/BS/
CPC HIZ &M CHAESEEE (B, ME) B
e Ay VEEBEDRKT, BRNEN 2635
¥ — Ui T A RARBHLAR O T E 25 SR
o (W14, #£3), THOZ kT 1)BSICEDXK
HoPME, MmBtoZEll, Mgtz
L, 2)EHREVAET A EHEEE - BmEE - BHL
BEARIRAICHHE S N2, 3)EMDIC L B EED
TEEREEREIMR R, A A v VE DT, A R
FOFE, FIUME ) AR S ORI G O
722k, 4)CPC DA BHOADOTHIZL Y, WX
HEOBRVWERBNMOLEELZ I Pa—V 1729 2
T, AEERGOREN, BHEEEROFEHB X OB
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=L

E10. 1 XTHEBICHITH1BEERIE

(A)EMD D %4, (B)BS @&, (C)EMD/BS B, (D)EMD/BS/CPC (V) YBE=H V¥

TAvRA YN BEH CC49& V5IH)

HOWINZZRCHTRI L 222 L ISRRT 20 %
ABND. TOXHIERID SHINBBHETH T
TR R IR 350 % ALTE D AT BLIT 72 i o LAk 7 2
PELND I EDRBEEINEY, LA L%EDS BS I
WIS ICBRARD 5720, SLICRELT7u—F0
VEEDEZOND, AGHREEEET A8, B
EERR WRZE 2 5 B BRIl (IMP) 12 X 2 It
OIEHEAFTEIH RN 2 2 EBHELY ShTwa,
SHUC &Y F Bl O£ U SRR 2SR IR R
L., #MEZMBATRRENS. & 5ICHFEREIE
SEMBLOTEEY % FI 5 LB/ S o L %13 Lol
R RT Y, BUREENENGTS 2
LA X ) SRR BN TR RIS B & &,
F72EAE, BERTE OIS UM Bk S v
A (LIPUS) THIIY S5 2 & THBEOBEIZHED
R4 OB O - WA - LD FE S A E

Wb 2 Y 7 F VST ORBADHMNT 22 L%,
RIEAIE OB L 2 R S 2 5% S ShTw
b0 O L) ZIMERBHG O KFED X A = )V A
b U A % B JE AL R BT 535 2 & T in situ tissue
engineering approach 23X D EEIZ L2 b DEFEZ bh
% (H15), 4k, o EMLERAS Rk O AW =0 - iR
By - SNy 2 75 v FIZHEDOE, HEHRRR
N CTHBE I W RS R @8] e AR S 7 VT
R EHW5Z T, NIEHEMR T 2 iK%
Wiz, LA O AL & MR AR D AR I L D
VT Ap ORI AR A 2 B A AT Tu —
FREHNTHELEZOLNE, EHIIAT Tu—F
OAEREIMEL. S AU, BRI LD
fiifE, KR, KX P THY EBOEOEENE %
AR SN, ML PR D TE W IHRE
% OWBAREBHE IR LB 0L BbNh5,
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H o B

X11. EMD 5% DAER
(A) BHIERAR, BB DTHRAR ISR > TH o 5N b, scale bar: (1Imm),
AR MFIY Y- F VU, (B)BTEROMILAR, HrAd & M
A Y MEMICHEET L MRBRRMEDS B ICERD b b . (scale bar: 150 4 m)
CEJ: A Y b F A VEE JE: L ORARRMN, NB: #d®, NC: #Hd
X MG, PDL: MR, N:MURES, v F, D:RFE, 7Y g (L
W49 & 0 5 %)

K12. BS & DAFE
(A)FGIERME, BEAEE OWIUIHIH S U A B T AT E NS T TRED &
N5, (scale bar: Imm) N ¥ ¥ - 4 Y rgefa, (B) RIEHIIEO
SRPLRAR, B LBt 2 v N ERICEBE T B SRMRRHE & E S B85 08
5o (scalebar: 150 4 m) CEJ: & X ¥ b F A)VEE JE: LI ORIMRIM,
NB @ HE4, NC: #idt A v N, PDL : RIRIE, N: 4%/ v 5, D
SE, 7Y U Rt (CHM9 X D BIHUE)
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X13. EMD/BS ##R#%ZDAREE
(A) B3R, BEAFEAT O WU BIH] S A 25 R s s @ M 1A CTREe
N5, (scalebar: Imm) N ¥ ¥ - T4V v 3m, (B)BIEIHOMILK
%, gL e 2 v NERICRHE T 2 RS T ICED S5 D,
(scale bar: 150 x m) CEJ: & X ¥ b X )V JE : LR ORRAM, NB:
BrE®, NC:#iEx A ¥ N, PDL: MR, N:MRARES v 7, D:RFH,
T Yt (SCHRA9 & 0 5 HEE)

X14. EMD/BS/CPC it D A%E

(A) BHIERMER, BEAFE QWIS A Il ShEFEL R BRI ED b b,
(scale bar: Imm) N~ MF TV ¥ - TF T g (B) B THIROMIL KB, B
A mHEE 2 v MEBNICRNE T 2 R & B IR b N
%o (scalebar: 150 4 m) CEJ: £ A ¥ FTF A)VEE JE: L ORREH,
NB: #EH, CPC: ) VB=HLVI v 2atX b, NC: #Hitktxy MY,
PDL : BRAREE, N:MRE vF, D: RFH, 7Hr§t CCH49L D 5]
HYE)
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wman )

e E#R T £ 128 1T Bin situ tissue engineering approach®#E 3L

®15 EEMBBEEIZHTS in situ tissue engineering approach D= X

#£3. BNBEHOMBFN/NSA—2— (FH=+ SD, mm/mm?’)

QLI NZE
1 2 3 4 et A B
EMD BS EMD/BS EMD/BS/CPC

DH 4.97+0.33 4.96 +0.46 5.02+0.34 5.08+0.40 NS
JE 0.05+0.05 0.51+0.20 0.20+0.11 0.14+0.10 1vs.2
1vs.3
2vs.3
2vs.4
CT 0.28+0.16 0.52+0.46 0.15+0.14 0.13+£0.15 2vs.3
2vs.4
NB 3.32+0.45 2.74+0.33 2.88+0.98 3.73£0.30 2vs.4
3vs.4
NBA 3.68 +0.33 3.48+1.26 3.38+1.37 5.68 +1.66 1vs.4
2vs.4
3vs.4
NC 4.63+0.42 3.93+0.56 4.67+0.30 4.78+0.54 1vs.2
2vs.3
2vs.4

DH: KIHE X, TE: L OWRIMBINE, CT: #iaHMMHASE (X Y MR L), NB: #iA8ERE, NBA & Hfkk,
NC : #rat A v MR E, NS, Mer#iaEREL2 L CCH9& 0 5 ITHSE)
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V. sbWIC

B, 4 257 MRS 8RR FH s B 5 &
NTHBY, TROEDORKRIGHIZEL, MAEICI DR
o2 BN 7 a0 —F LR ENTEB Y BHREEICY
FLH—HUEFED SN TV, B, BT
ETHMEEA LEOWEMRBEEZ RS 3 5 T
PEHERZZFEL ENTOR VA, WA BLEIZBW
THOFIEYFNTE T > ZADOME - BiEk & 203w
HREEES 729 A COMRPRERELZ 2 5Nh5b, 5%
LEERISRILTEX DR EHEET 2 LIS, HeD
BRIR D H» 5 327 O LA 5 clinical question 2 ik S
T OICHBEN R L PO VR RGN L B
FTw&E 7w,
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The application of growth factors for the periodontal regenerative therapy

Toshiaki Nakamura

Department of Periodontology, Advanced Dentistry Center, Kagoshima University Medical and Dental Hospital.

ABSTRACT

Periodontitis is an inflammatory disease resulting in the loss of tooth-supporting tissues including the periodontal
ligament, cementum, and alveolar bone, ultimately resulting in tooth loss. Two innovative approaches, guided tissue
regeneration and application of enamel matrix derivative, have been found to achieve periodontal regeneration that
reproduced essentially normal structure. However, these regenerated tissues were limited to a small part of the damaged
area. Thus, further progress is needed in regeneration-based treatment of periodontal disease. So far, several regenerative
methods using growth factors including bone morphogenetic proteins (BMPs), platelet-derived growth factor, and basic
fibroblast growth factor, have been developed to treat periodontal defects and have achieved favorable results in animal
studies and clinical trials. These factors exert their pleiotropic effects, stimulating key events required for periodontal
regeneration. Here, I would like to describe the conventional periodontal regenerative therapies, and discussed the
application of growth factors including BMP-9 for the periodontal regenerative therapy.

Key words: Periodontitis, Regenerative therapy, Growth factor, BMP
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BHRABIC BT B A 2104 o B RS- 12 B v T,
EMD {3 Open flap debridement & LB L CTH ZICERIR
K7 % v F XY LAV (CAL) DEHEFKE L,
GTR & EMD O IZI37EA D - 2 ShTw b,
BEHIBWTD GTR & ED S 7 W ERIR B & LD
THEYY, PH204ET7 H X 0 e ERE [ EIEHE T
WCBTANAF - ) Varb—TavEgE] ELTHE
MWLTWbEZATHL (M4), BIfE, EMD IZ7 1
ELyZ)a—nw7hvyi— bz TrvikicLsz
TLTANKIY Y IF L TOILRTEL V8L
L CHHWRET, ZO#MMLFEIIMA LEERED S
LoD, WREICEAT ST, ZOMAOMMES
A Y7L ryEHVD GIR B RWENRLETH
0, HREMSEEAEREEOD LREEO—D2% BHLL
725DTHLEVSTHBRETIE RV,

I. EREFOIGH
A. Platelet—derived growth factor (PDGF)

PDGF (3 I #4152 3R Mla ot B & U
MAEEME 2 R0 & S, ZoRIGHERERSR % 1
£ LIRS WO B CRERIS 0SB S w5 R T
TdH5Y, B TIEH < 1219894E 12 insulin-like
growth factor-1 (IGF-I) & Dy ¥ir—avictkb
B PR AE B S % in vivo TORIE A Lynch & 12
EDHEEhTWEY, PDGF 5207 4V 7 4 —
LA 3E1E L (PDFG-AA, -BB, -AB -CC, -DD), 20054
IZFDA (7 AU A EMEEGRE) 12X ) REI N
GEM 218™ (U5 : EPARKR) GV arEFr s
V%7 TdHA thPDGF-BB & ¥ U T7—D B-Y YEE=
ANV 7 A (B -tricalcium phosphate: §-TCP) & DFL A
HbET (M5), MIEAILHEREIC X 2k 3 4¢
DIFNTORKRRROMERTIE, Fr VT DAL

GEM‘i’fS'

GROWTH-FACTOR ENHANCED MATRIX

&
]
OE
+
]
z3
HH

B5. GEM21S® : 0.3 mg/ml ® thPDGF-BB & Synthetic bone
matrix ( f-TCP) 25t v MZ7% 5 TWwWh, (Osteohealth 1)

LT, 0.3mg/ml ® thPDGF-BB & ¥ ¥ 1) 7 — DOt
WCEDEERY v S (PPD) O L CAL D
BITBVTERL TV EHE LTV 25", GEM21S®
CRF SN Tw5 B-TCP DARMEICIZEEM D E S
TwaY, TRTORERTICBVTERSH I LTI
HHH, aver—=Yaryi L THWwWSEFY YT —¢L

LTERPRZ I RE V) ZEF VRS R, £
a T = VEE, BN R L L ofRIC BV TEE
HEHVLETHY), SHBOIEF Y ZAOBENET NS,
B. Fibroblast growth factor-2 (FGF-2)

FGF iz Y THRMELLERINZY Y37 T,
FGF-1~23256% 57733V —%FKLTwb, HT
b FGF-2 1% basic-FGF (bFGF, 35 55 R50HE 5 4 i 3 ik
HF) &HMENZBRERTT, BRBHIE O -
B L UMD R MENEAEZALTEBY, FITK
PR ZEDREZE 2V — 702 & 0 R R A~ o A %
WY BB RD D S, HARIZB W TRHE
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6. FGF-2 (bFGF) : £i L 3 Fm OMSAEFES 2 Tl ME S KIS 3 % @IS RER. el « AL
3 7@ AT 7mm O PPD &, EEEOFWIUE (F, KE) 37D 57z, fird @ FGF-21H3E
B O RIIRRE, 80T 2 ~ 3BEVED B RIEATER K S (KFD), itk (J1.54E) : PPD I
3mm, L ¥ MY ETCIEOEEEGKEOEHRUEN RO LS (T, KH)

GERGER (BB RFWERE D ) »PEESh
72 (6 ). FGF-2I2 & 2 & + OB MEEHAICE LT,
ENAMERBR (BB L Oz FrL o8P e
D B RER) D 43638 O % R 2520154F 125 & &
N, FGF-21d, T A& R7A ¥ 0 WIS % Wb AT
HHERZROLNT, oLy N r2HvigmHED
I IZ B W T FGF20 BRI EASHER S hiz & LTw
%, 20154101 1 HICBLERGEKEHGERITo 72 @
BENDY, BENTORAZFOBRBETH 575
FGF-20 B MG FF AL IS 5 2. 2 4 v 87 MK E
., SOLR2EMPMFEING,
C. BMPs

1965412 Urist 12 & 0 BUREGFEE PIHFTET 2 F4r
PR Z F oK T & LT s h72"™ BMP I3,
ZOWK, BEFOZO—=2 7 O&FKR, BEIZ205EE
LELDTAYV T+ — AP T b BMPIZT 7 F ¥
v, A ey, B XU transforming growth factor beta
(TGF-B ) & 312 TGF- B superfamily 2 #E B L, (1)
BMP-2, -4, (ii) BMP-5, -6, -7, -8, (iii) BMP-9, -10, (iv)
BMP-3, -3b, -13,-11, -12, -14, - 16 ® 4 D DH¥ 7T ) —F
RN, SEERHBROEE MR 2 Sk 4 % BERE
ZHoTWBEY, BMP LY v/ ALA =y FF—8
RZHERTH S 7RO I BRZEKE 3SHEEO TR
BHRICE A DY) IV FICHEM 2 ZH RO A G bE
THAEL, INHE2@BLTsmad ¥ 27 F Y ¥ 7% MAP
FF—¥H AT — FERLEELL, M4 2R %5
LTw3", 25 BMPs ®H T, F 12 BMP-2, -7
(osteogenic protein-1: OP-1), growth/differentiation factor

(GDF) -52%H B ML FF E DB IZ oW THET S T

W5, BMP-2B X O 713 R 32 M K o045 2
NOGALHEICERE 2B X 2FDOBMP ThH Y, <
MDOBEHAECBWTHLN R ER-TEEZD
n, BIERHERT & LT in vitro, in vivo DA 5
k4 2 ALRR, MIIEIZ B W RN ST & 7228,
BERIGTEICBWT, 4 X9V O K EE
TN W7 BETH» S, HE/ B RET 2R
BoNTVDL 00, RN/ 7rFu—T 2 L8
HENTVDEY, #RE LT, BETTE MIBVT
R A SR C OB IIRO SN TB LT, W
FHZBWTIE RFEAZ BT D U T sAl IR KA
BEACHLTOMESICE YT - TEBY, ¥BEEHE
T, FHEBERKEEH 2 LICHED IR TW
2 WRRIS IR, IR THRE SR TVS
BMP-2%° -7D s & R L TH 7% ) @ik T s h
THEY ZOHPMEIIOWTIIRFIVLET, T/
ZOBMBIMEHIZ L BB A DFERFER BRI T
% 2% GDF-513, cartilage-derived morphogenetic
protein-1 (CDMP-1) O B4 % b OWERNTTH D,
BTG T8 IR Lo PRI B L, %
o EHFmOREZIZ o, B - M- WEo
RCBACRE - ML T33P, F7- GDF-5EIE
TOERICE YT ZCBWCENED, b MIB»
TEREBEEAEEIREILZZ LM TW
50 WIINEBETHLIERE L XY MEITX
DG EREAELTVAD, TONESREIISE/IEL
DIEHEL, ZFDBEBEIZHE VT GDF-5, -6, -7H5Z D
CHRBT2ZENMESRTBYY, T 3 hEH%
FAICB 2 GDESOA R EE T 572012, ¢
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rhGIHF -5 1iidng'ml
& rhGDF-E Do m

= panirel

Thme {daysh

L

s ACVIMN A content

L] ]

rhGDF-5 (ng/ml)

B 7. GDF-5® HPDL IZ 3515 % Ml 5 (A) - sGAG # 4 (B) AR A (Nakamura T. ef al. J

Periodontal Res 2003; 38: 597-605. & 0 5| H %)

b B AR BEMIIE  (Human periodontal ligament: HPDL) (2
%3 % thGDF-5D MMM A VER % fffT L 720 20
fiR, thGDF-512 & % &3t~ —» — o EA
BOOSNLho72boo, W LM< TFY v 7 X
?D— DT P % Sulfated glycosaminoglycan (sGAG) @
EAERRET A LARBL (MW7), hEMETA
(L 22 BB BT 2 WREMEAVRIZ S M2, 20
., invivo IZBIF5H GDF-5DF ¥ 1) 7 —& L CTHIH:
a5 =7V ARYY (ACS), B-TCP 7 &% H v 727
72 % %, thGDF-5/ 8 -TCP D# AL bE & H 7
b MBI BE 2 HOBRRHAEA T DI, k24812
BWCiK/NF 2 —%— (PPD B LU CAL) OYFH
RO (LI -V HEOAEEEIImL),
7RI BIE 2 BT BMP-2, -7 & B2 1) HiAR L
W/ 7rFu—Y ARRBDRPo72 L OHEPE SN
7R oD LS GDF-5IE, A 2 L
F§ 4 @ Biologic agent D—2 & E 2 5N TV 5,

V. BMP-9

BMP-9 (B4 GDF-2) (a4~ 2 O FFflil A &
s H &8 ¥, BMP-2% BMP-7& & & IZ BB D
BMP A& NTEB Y, MBI, FEfeH
BERREIE, ) v SR 7 &b 2 2 Vi
2HT 5. ¥dH 5 BMPs O i T BMP-253 1 A T
DIT—=NVTFT VAR VT —=FEEZLNTWRR,
BMP-913 32 R EME % B Ml kk 2 b3 2 eI 28

BMP-2& W& pZ N ETh 2 L #EY Sh, HK
B D 2 Y B2 O RIFBALC BB YRR 2 7R
TEV) L= BB AL T EY, F 72 BMP-9
1%, BMP-2, -4, -7%° GDF-57% L BIE F THIgE s LT &
72 BMPs & B 7% 1), BMP antagonist T & % Noggin™
L P D BMP Td 5 BMP-3D EJH % % 1712 <
W BIfE, kA 1d, SO ICBMP2E B Bl
BAFEL A5 D osteogenic M % HEET S BMP-9
WCHEHL, BLhmEMmA R T omdgie LT
HBEFICEF L TV b, SilEICB VT, FAERE
BT AHY — 2D —>2 & LThBsMEIR i (de-
differentiated fat cells: DFAT) 2% H L CTHf%E 2 it T
W55, F 3 DFAT OF MRS LIRETIN F- & LT
@ BMP-9D W REPEIZ D W TGS % 1T o 720 DFAT 3%
IR A & RIFERE L IEN 5 i THRIE T
RS QR Y (WF 8 i e 8 S ) 0 1)
MINaEETH 5H5®, 5 v b3k DFAT (DFAT) 123
W T BMP-9id FK506 & JLfil# s 2 2 2k D F LW
HEEET OB E ALP it B X OHIRAL % T
L, F7-BMP-9& FK5063IHIC & b R5 L7z ALP
WP noggin ICX WIS AW L2 Rl L2
(K 8)s FK506 (tacrolimus) 1%, SeBE#DO—>T
Cyclosporine A 7 & & 3612, fiiegsBhiZe &ECTIE < Hw
5N TW5h, 2O FK506iX, BMP & 721d TGF @ 1 #
SZERAEOMBBEMN GS FAAL VIHEL, Y7 FIVE
%P L T B FKBPL2ICHE & L 2 DBIE RS2 R
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ALP netivity (days)
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nogEin mikA,
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— Bu
-

oo awep BMP2 pupg
P
EMP-3 BMP-3

100 rgferd, FRECH: | pog

8. 1DFAT (2B} % BMP-9 & FK5063L 41 #12

BMP-§ BMP-3 DMP-7 BAMP-3

el feminfiag Pratein

& B3Rk AL e (BB & Noggin i

P (FB¢) (Nakamura T. et al. Biochem Biophys Res Commun 2013; 440: 289-294. X V) 5| k%)

bl g 2T, ZOWHIMELHERTAEEZDS
NTW3'Y, 20728, BMP-IDKEREFIEIC BT 54
BhRF & LT FK506% > DFAT % %8915 34
MMfE~GIL S 29 2B AVRIE S e RIZHRE
HMREOFABBICB W TEELRAZE ) - ERE
FH Sk A M (hPDLF) (2% 3 %5 BMP-9DEH 12
OWTHE #1iTo 72 & 2 A, BMP-9iZ hPDLFs D5
WHEETORE, ALPIEMDL X A KLY IR %
BMP2L ) b ARICTGHESEZ I L EERL TW
20, v bR E R (PDLSC) 2B,
fZTFEAIZ & 2 BMP-ODRFEHIC & 0 5 MR 5
L2EEENE 2 E B HESRTH Y, BMP-IIEH
JERRE A B W THIKALAER O T 1T Positive 12
EH3 5 &L SN D, HiahOM ), BMP-9iZ BMP-2
ERZ MM ERD, 20N ERET 528K
BHORLL, 20729, 5% BMP22 I LOE LT
fi.c> BMP & BMP-9& OB - B JEAMR A BT 51
HADEWEW S L, BMP-9% H W 723050 2 f4E
LD R T 5L, A GHREPSME LT
WBHEZIATH D,

V. $bWIC

AR BRI B VT, Br RIRERT OIS
PR &N, FOEMUIRENTWEA, EMD %
XAPICEETLIRELRRLTVDE LV 5301
REFEL BV LAL, BRERTHMD LEFy
Y7 =PI BIEMIE, BERICBVTIHEEIZY
VTN TTARPICEATELMATHY, BMP-9%
FLOELTERELEMET L2 RM0H L ERT %
72X FORMMRTFIIGFAET S L EZTW5, Mg
Wk ER A BHBFEED A N5 T V=R s T
WA, FOBIMERTHEL WHET, GHBHERS
I EN TV DL Bbhs, LELEDS,
I B R0 M T 1 70 o AR T A B 05 % e
VEN/E LT, FERREIEDLTH S hEEAREE
12& D, HEHAREAICE L REFAHNT A EN
RKOBRUTHLZEIEDYIEVWEEDbNRS (X
9), WEIBHEICR o722 ETlERVA, HIZZFDE
BOBEREZHERL, BHRICY-5, FOEESRFICH
HENGFRET LI E BN TIER SRV,
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9. JRPBRERE (B EARGHE) ICX2HEMROWE A BRAT 7 %F. O
PPD 9mm, MM Y2 PPD 12mm & 2 BEOM 2 (Lindhe & Nyman) Z38®, L ¥
M7V BB X ORI ERIUE (KRED) 25388 bz, B EEAEREE. PPD X
3~4mm %Y, L M YWICAREBBEOYENTRD DTz (KD BRI &
Bbhieds, —HOBRKT 6 FREEBROMER CBRL TS, BEEREEZRX—Z & L2

JAEARBROBEZ R L T2,

Bt

ARz FRTHI2H720, BOATHEIRS L ORI

BRI S OB OJ % b, KB
Bex 2Bl 7272 S TR O MRS o IV 72
HCRPERHIRR Y RIS HE— B0, WARIK LA
SRR 2 HEEELET
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