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Objectives: Temporomandibular joint (TMJ) osteoarthritis (0A) is mainly caused by aging
or occlusal abnormalities such as loss of occlusion. However, the mechanism underlying
the early stages of TMJ-0A and its progression remain to be fully clarified. One major
problem in OA is the low rate of matrix synthesis and failure of chondrocytes to exceed
the rate of matrix degradation. Indian hedgehog (J7Ah) is essential for embryonic
mandibular condylar growth and disc primordium formation, and its expression is also
required for completion of post—natal TMJ growth and organization. In this study, a
decrease was observed in expression of collagen I/ and Aggrecan, the main
extra—cellular-matrix (ECM) components of condylar cartilage, in post—natal
Thh—deficient condyles, which is indicative of OA lesions. The purpose of this study was
to determine the role of 7Ahh in the development of TMJ-OA accompanying aging and loss
of occlusion in Senescence Accelerated Mouse

Methods: We used two 4-month—old strains: senescence—accelerated prone (SAMP8) mice and
senescence—accelerated resistant (SAMR1) mice as a control, each strain comprising 40
males. Fach strain was divided into two groups: (1) a milling group (MG: crowns of upper

and lower bilateral molars and incisors milled to loss of occlusion and soft dough diet



for 4-8 weeks); and (2) a non—milling group (NG: no molar or incisor milling and hard
pellet diet for 4-8 weeks). The mandibular condyle was evaluated by histology and gene
expression by real time polymerase chain reaction.

Results: In the MG, both strains showed a reduction in thickness of the condylar cartilage
and gene expression of type II collagen (Col I1), Aggrecan and IThh, and a gradual increase
in gene expression of matrix metalloproteinase (MMP)—-13 and metalloproteinase with
thrombospondin type 1 motif-5 (ADAMTS5) over 4-8 weeks compared to in the NG. Although
a significant reduction was observed in gene expression of Col II, Aggrecan and 7hh in
the SAMP8 MG compared to in the SAMR1 MG over 4-8 weeks, gene expression of ADAMTS5 and
MMP13 showed a significant increase compared to in SAMR1 over 4-8 weeks

Conclusion: The results suggest that loss of occlusion affects extracellular matrix
remodeling, leading to degradation of the mandibular condyle, and that hedgehog signaling
affects extracellular matrix remodeling

The observed degradation of extracellular matrix in SAMP8 indicated development toward

more serious TMJ-OA.

SR HRE R
(LAY : 1)
BB B &
2007 A 1, 100, 000 330, 000 1, 430, 000
2008 A 800, 000 240, 000 1, 040, 000
2009 4 1, 400, 000 420, 000 1, 820, 000
FEIE
T
ww gt 3, 300, 000 990, 000 4, 290, 000

BFgesr B« [E 3

BFE OSSR - MIEH - o - TRHER IR

F—U— N ORI (G - 3845, THEEA, AR, ZIMESRREEE, i, &5
FHRBL, AT AT~y TRy T

L. BRI DRE: & R DTSR O R T
TR TG o o ) - 5 2,
ﬁﬁ/fﬁ?ﬁ%ﬁpﬁ!ibﬂﬁ%b—{# D Tﬁ,ﬁ—exﬁk H Igjj‘ kfﬁﬁﬂlﬁgf‘&)é &%Z)_ %héo %2/2 &i\

AISORIEAREIOZACT, AL - s crgmmogmBRIcB 0T, SutE
BBRREBDFMTR EBFREARYD |

BAES 5. ZORECEFRIBIAIOLE | o (e e a1 o
HEDSIRR SIUTHS O . IBRVIOBH I | e o ) o

ézﬁﬁof:$k%%ﬂ%‘§f&i\ 7°D'74—j—7‘u jj\‘//;ﬁ E:F%E_,Gbi\ ﬁz?&vﬁz‘l:‘%\ﬁﬁ@$k%%g@ﬁg
EDOWEIEEDEAPMETT 2, > T, £




B IOHERRICRIT D Thh OBEIZH 60
L. BT, ERMEFEBIEIE O FBRET L
(BRI~ 7 R BT DA TERET V)
ZHWTC, BMERBEEEORIE, EITICE
b5 Ihh LEEREEOELER LN T S,

2. WO HT

THEOWE LG OEAR L OHERICE
T 5 Ihh OFEENEZ G L, ZRNESERIH)
SEDIFRREIZ 1T D FEHIAD [hh L #CEIEE
DEALZ LT 5,

3. WHEDTIE
(1) ~ U A FHHIERE ORI, FFiC
W EDOFEAICI T D Thh OEE
At~ 7 A T HHIARCE OB IZ 31
% Thh DEENZOWTARE 1 Bl b 4% 8
5 D MR R SR Zhh /> 7 T b (KO)
~ A (Ihh'V/Tl; Col2a ICre;
tamoxifen—inducible conditional col/Za
1-Cre ER%;floxed Ihh knockout mice) ¥4
QIE#~ YA (Ihh1/T] Wild Type: WI) %
M FEEAOTERE A & fF 20 #Ak S
HINZBIEE Lo, S BT, Thh, Ptchl (Patched
1:IhhDvv 7% —) 727V > (Adggrecan) .
1= =570 (Col D), 2 =5 =5 (Col
2 DB T DOWRFZERRI L% in situ ™A
TV EA B = a AR KV R LT,

(2) ZEIRMESABIENIE DR IE 31T 5 T 3HEH
D Ihh & HREIEE DAL

Pk &0 WA ST DA TR BB EE
DEBRET NEEH LT, EREWIIIAR
8 ks, 16 MO ELEEET L~ T X
(SAMP8) & Z DX HRE (SAMRL; IEH #1k)
Z4 30 BV, FHEmmE~ Y A0 LT
e AR A o o e A & B0l o — I A HIA L
WEEKET VEER L, R0, Mk

Y (Safranin O - fast green Yfa) (ZH#1%%
L7z, BT, WEHIE 2. 4% T3
W & BREL, Thh, WUEFEE (Col 2. Aggrecan) |
WO S iRl E (MUP13, ADANTSS) Di&fm
T RBEDEA % real-time RT PCR % >
THET L7,
4. WFFERCR

(1) Ihh, Ptchl DEGTIHB

Ihh (ZEREHRQIEIZ . Prehl 13HKE Q)=
& XD EE OB bz, Thh B X
W Ptehl DERFREBUIAES 1 B2z L
THES 8l TITHAD R A btz (K1),
(ICR mice)

(2) ~ U A TNHEKE OBV, FriZ

HCE HE OPEAICIBT D Thh DEEE|

S8 EEHD WI ~ 7 A TIX THREEREE L v
MrMERE, ATECE MG (SRR K 72 50
SEJ&. Safranin O (2R < Hefh I 2 8UE FI
@O B (K 280), ZOEAIZ—F LT
Col 2, Aggrecan DFRBNH LT~ (X 2B,
D)o, E7o. Col I IIMMEDOHIRBT | #HE
M JE I 3R O AU E & L T ORI
ERLTW: (K20), —JF. ThhKO~ DA
Tl Safranin-0 (2 S 5 EE 3 5k < (K
2E). & 51T Col 2, Aggrecan, Col 1DIEH
WA LTEY . B EEOERARDGED
bie (K 2F, G, H), LLEDOREND Thh
X FEEEOWCE G (dggrecan, Col 1, Col
2) OEAICEG LTS Z EAURBINT
(Journal of Dental Research

89 (4) :349-354, 2010),



X1 Thh, Ptchl D&ExT+3EH
A% 1 Hilm (A-C), 4% 8w (D-F)

pm: YAFRIE ., disc: BIMIMMR, ¢f : THE

WT : A-D, 7hh KO : E-H
(8 i)

(3) ZivfttE~ 7 X DA
HEEOE (K3)
BACEE~ ¥ 2D WEEHIE L TRE %
PO X 72 FBHEA O Safranin O - fast green
Yot ClT, BEHIABEICHE L T, HIARETIX
Safranin 0 [Z7R < Yeth 4 5 s A VD70 < |

HE ERE DO LVWEAD 338D b,

RSN Y g

(4) ZftletE~ 7 ZOWERRIZ L 558

GrRAEOEL (K4)

SAMPS Hf (CEftftt~ v X) OHIGHT
MEH A 8E & el UC Thh, Col 2. Aggrecan
DB FIBEITHEIZWA L, MiPL3,
ADANTSS DBART-FEBLEITA B LM 0358 9
bz,

X3 Bt~ v 2 OKRAHLC
oo BEHIAEE, A7

LECE IE DAL
HIGRE (16 @R)

1.00
0.80
0.60
0.40
0.20

lhh Col 2

1.80

1.00 160
0.80 1.40

120
0.60 100
0.40 038

Aggrecan MMP13

140
1.30
120
110
1.00

0.90
0.80

0.70

B o=ven amm
B2 wome (amp

* Raw RQ (Relative Quantification)

&

ADAMTS5

M4 B~ T ADOREEKIC L 2B BIGTRAEOL(L

(1 6, Bt~y =2)

P bEofERX Y, Thh (X TFHEO 27 —7
V. Ta T AT Bl EORE EE OEA
RMEFRFICB B LW B ZABNRBR I N, &
B, TNDDFELNA D =X NENTT 5 &
& bIT, BERIEIZHED THEKEDO ) ET



Vo7l IhhOZLZH LN LT EE 2
TW5,

5. LRFEKILF
(WFFEAREFE . WFFErHE K O (2
=N
CdesEam ) (2 )
(DO0chiai T, Shibukawa Y, Nagayama M, Mundy
C, Yasuda T, Okabe T, Shimono K, Kanyama
M, Hasegawa H, Maeda Y, Lanske B,
Pacifici

M, Koyama E. Indian hedgehog roles in

post—natal TMJ development and
organization.

WA Journal of Dental Research. 2010
Apr;89(4) :349-54. 2010

@Koyama E, Shibukawa Y, Nagayama M,

Sugito H, Young B, Yuasa T, Okabe T,
Ochiai T, Kamiya N, Rountree RB,
Kingsley DM, Iwamoto M,
Enomoto—Iwamoto M, Pacifici M . A
distinct cohort of progenitor cells
participates in synovial joint and
articular cartilage formation during
mouse limb

skeletogenesis. it h
DevBiol. ;316 (1) :62-73. 2008

(F=¥E) GF34)

O FAHEE— KirEE g 81 KEEB3ER.
BIEE. ILH T Nlvd L ORH O
KAZHE D THEOBEEIZIB T D
Indian Hedgehog D#&E|H 53 [MIFZ H AN
W RIS R 5/13~5/14

@ Y. Shibukawa, Y. Ishizuka, T.

Kinumatsu and S. Yamada Expression of

Indian Hedgehog during postnatal

development of mandibular condyle 38th

Meeting of the AADR Washington, DC, USA
March 3-6, 2010.

©® BIIEE. KRS FHHEEHOREIEK

\Z¥51F % Indian Hedgehog & G1i3 dDAHE|
%21 Al A RBABEIF R FITR S Rk 20
7 H 2 H., KBk

6. BFICHERK

() BrFER R A

Bl 267 (SHIBUKAWA YOSHIHIRO)
FULH BT« oD - ez
e« 50297347

(2) B FE Sy

XH  #K (0TA MIKIO)
FORHR KT - B - Sl
e 30322473

Frfy A% (MURAMATSU TAKASHI)
FOR R « i - A
ot « 00276982

[(LIE T (YAMADA SATORU)
FORH BT - oD - 2%
FFE# %7 20103351

(3) B et 11

EIKI KOYAMA

N—=v AT 2T 7—Y RFETFE
BIGHBLFah e SRR e

MAURIZIO PACIFICI
b=~ RV x 77— KRR
BIRARIEIE SR Bo%



