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P S 2 L EERERPHEMSHEORE L 25, KSTFR77 3 —I2ET 5 25kDa N = v 7 ®IH (25kDa Heat
shock protein, Hsp25) (&, #1235 B4 OMITL OB & 7L Wfﬁﬁ}’éﬂ WS BB, B S LD AL v FIZB
WS DOBEERATEEZLLNTV D, WHFNELET 2 RETORIBATKE 233V T, Hep25 (3 AL I"JL «h
R REBL, BEROSEICEL B EMEIRTVS., KiZETIEEOAY <7 A F I T RIS B R O P EER S
' B Hsp25 O RTE 2 WAL DIE 1 C dp B IEHILILIET (proliferative cell nuclear antigen, PCNA) OJi{i & lb#L &fJ‘ ) ‘;ﬁ
FEMLE LS, & BIZRER IS EE S WA ORI (L & DBERR, HLEIZPED III"[ DAL & Tl T 2 W B
ADHEEHOLEL L ORRICOWT O L 22, FHETTIERAE 16 B2t L, T 17 1AM T AL
Hep25 RISEMATTRS S0k, AR O DG S INE, MRMESER S, 61 "l‘f&ln_l WL AL AT TG A2 % o T
K7s B SENG S, I N T2 o Lo MR Ok NG IZ b Bsp25 SRl A%l St/ —JiPCNALZ
WTIE, 3N E TN B X O SRR O B AR AL L T A a, A1 6 BRI Al ffiﬂllﬁmiﬁi‘
WE L7, +7%bb Hsp25 B & PCNA MRS IR ¢ 5 & L dthadr - 7o, AR 3EINIZIZHEALNT, fTdd s
SEFRAHAELTL I LI o CTRIICH T2 MEAHO BT ZHNTHB I &0 b, RHEIAREZHT 2TV,
Hsp25 £ PCNADRBEDELZ LI L. =7 A ’a’:_'[:f&?xmlﬁ“ﬁ‘ 5 FEIEAIFC S MFE Lz e, T O R B L I
BB AT O kB 4 A Hep25 SRIR I PE 2R L 22 7%, BRI CHE LR a i, BRIk ?ﬂlﬂ’”@‘?Wiﬁk"“'?ﬂlﬂlil@&ﬁi‘
Hsp25 %‘J"“I‘%‘]’ﬂi%? L, FErEs s i B et tlh'\’(ﬁ?ﬁ (p<0.05) (Zid L7z, TEREMZIE T SRR kE OB S 2V
MRy, MAREMEAVNE ¢ oz, —JF PCNABMO WA WIS, BRSH £ H T AER 3l » LEMSE Lf_
Ba, l@ﬁ,ﬁﬁﬂ:ﬂ:?ﬁ,fﬁ” (<005 (XML 72, W EDRESS, THIEKE O E L ERIZBEWT, Hep25 3y v’ﬁ[ﬂ
T DBTE S S FEAD A A v FOMREIED - THE Y, 2T RO RO ZALIZAE ) WE R b L AQRINIZHIE L
Hsp25 M35 - BEAIZELL, THEOBREENEL THWLLEILNL.
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Abbreviations : Hsp, heat shock protein; PCNA, proliferative cell nuclear antigen; BSP, bone sialoprotein; EGF,
epidermal growth factor; Ihh, Indian hedgehog; PTHrP, parathyroid hormone-related protein; BMP, bone-matrix

protein; FGF, fibroblast growth factor; T3A 5 B E5E ; T 7458
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Fig.1. Light micrographs showing immunohistochemistry with anti-Hsp25 antibody in sagital sections of mandibular condyles (A-F) and
of growth palates (G) and articular cartilages (H) of knee joint in adult rats. (A) Condylar cartilages of mandible at embryonic day 17
(E17). Many hypertrophic chondrocytes are immunopositive for Hsp25. (B) At postnatal day 0 (P0), many hypertrophic chondrocytes
are immunopositive for Hsp25. The articular cavity and disc (arrows) are recognized. (C) At Plw, Hsp25-immunopositive chondrocytes
are exclusively recognized in the zone of hypertrophy. (D) At P3w, Hsp25-immunopositive chondrocytes are localized in the zones of
maturation and hypertrophy. (E, F) In adult, Hsp25-immunopositive chondrocytes are localized in the zones of maturation and
hypertrophy. F, fibrous layer; P, zone of proliferation; M, zone of maturation; H, zone of hypertrophy; B, bone layer. Hsp25-
immunopositive chondrocytes are exclusively localized in the zone of hypertrophy. (G) Growth plate of adult tibia undergoing

endochondral ossification. (H) Articular cartilage of adult knee joint. No immunoreaction for Hsp25 is recognized. Scale bars indicate
50.m, (A-D, F-H) X 20,(E) X 4.
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S a7 BE'Y Heat shock protein, Hsp) 1%, B ELIE,
Iy —NBEDANLARBIZL > THBESNRHERRET
GFvrny b LTERREICES L TERET VTR
FHHT 255, ABHEETIIBVCLREL THER S
F FOSRENFH PR NEREYT) EEZLNTVE Y.
Hsp A ZDHFEIZL - TREL2D0HBVE3DIZHHEN
TWaEA, EGFFEHsp 77 3 —IZB T 5 25kDad Hsp
(Hsp25) &, EHEFHOT v FETRY, BEM<7ATL
HMIERED SR PR LT aBEO.LEY, TELUBY ¥
JYER™ B3NN, Ehrlich BKREMIIE ™ 2 &2 %3 - BT
FTHEHEINTVS, JAHOHEIIB VT, Hsp25 i3tk
HHEHATVAHT R b— ¥ AEHOM, MG LO5FH#
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Fig.2. Light micrographs showing immunohistochemistry with anti-PCNA antibody in sagittal sections of mandibular condyles in
developing rats at P15w (&), P3w (B) and Péw (C). Note that PCNA-mmunopositive cells are localized in the zones of proliferation and
maturation at P1.5w and P3w, and in the zone of proliferation at Péw. F, fibrous layer; P, zone of proliferation; M, zone of maturation; H,
zone of hypertrophy; B, bone layer. Scale bars indicate 50.m, (A-C) X 10.

Table 1. Immunoreactivity for Hsp 25 and PCNA in the cartilaginous layer of the growing

mandibular condyles
P10 P21 P42
Layer Hsp25 PCNA Hsp25 PCNA Hsp25 PCNA
Proliferative layer - -+ - +4+ — +
Mature layer - + + o + -
Hypertrophic layer +-+ - ++ - ++ —

+++, all cells are immunoreactive; ++, almost all cells are immunoreactive; +, some of the cells are

immunoreactive ; -, negative.
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Fig.3. Change in the body weight of mice fed with hard ()
or soft foods(#) for 8 weeks starting from P3w. Each point
represents £SD of 6-32 mice. There are no significant
differences between the two groups.

ELRERWEA N 2D 0o THBY, FOREIIEEON
MEEIRBERE L > TR TaLEA6MA, J LI
FRIEBEA R & 9 IZE RISt » TREEAERL, 2Rt Lo
THhrHWEORKE SXHAFERT L Lh s, Lo
UNRTEBRRERBTINRE LIS L EEbL s,

ZTKAIRTIE, BHRHET O T REBRAT 12331 B Hsp25 D 1%
WS 2T A, ﬂ-*ﬂz-ltﬁf)‘%@f&@f‘rb’%éﬁxl’ﬁm’?"77\

FHERE 123517 B Hsp25 O R {E & 0B L % I L2k

IREINZ AR, EOICFHBORE R S il ok ﬁéfﬁ?i
PEDEAL L DBFRL, AMIEMT 28BN TOFEHE ST
HIWMEA L ADELEDEEIZONWTY, HEORAD
25 IEREITG, 2O E N, MET L

WERBLUHE
KEREN
ddY =7 A (HASLC, E48) v, i o9 et 7o
filfhds L Ok EE I S &, MG LA R 2 IBE0

HeEL, BAHE16T, WKWELTH #4421 20 RiHE% B
S BRI E T

CEINA B Ly AR RERECLE, i

Fig.4. Light micrographs showmg the size of mandibular condyles (A, B) and H-E stained saglttal sections of the articular cartilage in
mandibular condyles (C-F) from the mice fed with hard (A, C, E) or soft (B, D, F) foods from P3w for 8 weeks. Note that the size of
mandibular condyle (squared bracket), the thickness of articular cartilage (arrows) and the size of hypertrophic chondrocytes
(arrowheads) of the mice in hard-food group are larger than those of the mice in soft-food group. Scale bars indicate Imm (A, B) X 5.

Scale bars indicate 50 .m, (C, D) X 10, (E, F) X 40.
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Fig.5. Graph showing the thickness of the articular cartilage
of mandibular condyles from the mice fed with hard or soft
foods for 8 weeks. *Significant difference is presents between
the two groups (p < 0.05,0=7).
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(oA ARG KIK) %KE 1Kg & 72 1) 50mg 4% L Bz [
LCAHGEZOML, AL EMElkic iy, kiz
49% 8T RV AT VTR F/0AM Y > BRI H7.2) (2T
PR L7 s TR (o f Rikdli e L bic—sle LT
L. EEE, 4%/8F7 KL ATVFR F/0IMY ¥
i (pH7.2) T4~ 121M, 4TEUMT LA ARLLR
#H20.5M EDTAGHE (pH7.5) (FIGHISET3E, AR =T, 2~3
BEBK L., $RTOMMIZ T 7 4 2Bl 4umD
BEscHL, Y7rya-F 14T LIEATANYT A
(Dako, Glostrup, Denmark) Zif§-d 7.

II. ®mEMER

1. Hsp25

IR Yt I Y ) & T = L A Hep25
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Fig. 6. Light micrographs (A, B) and graph (C) showing the localization and frequency of Hsp25-immunopositive chondrocytes in the
articular cartilage of mice fed with hard (A) or soft (B) foods from P3w for 8 weeks. (A) Hsp25-immunopositive chondrocytes are
localized in the zones of maturation and hypertrophy. (B) Hsp25-immunopositive chondrocytes are localized only in the zone of
hypertrophy. F, fibrouslayer; P, zone of proliferation; M, zone of maturation; H; zone of hypertrophy; B, bone layer. (C) The frequency
of Hsp25-positive chondrocytes is significantly higher in mice of hard foods group than in soft foods group. *p<0.05, n="5. Scale bars

indicate 50.m, (A, B) X 20.
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OIS STV 2 7 ML 2 g
RIS T 4 Tk, 0.3%MBEILKFR/A Y 7 — LIZHIRTIL0
SRREL, MRt~V FF L F—EERIFGEE, ERT 70
QOB FERTI0ONRIG %I, Fsu—Fn
i A Hsp254ifk% PBS (pH7.4) 1ZTS00FHz A L € —%k
fifke L, SR C—WERE 872, PBS IZ TRk, o+ Fh
{fizxt4 5 EnVision TM peroxidase 33 (Dako) % 11 {EH]
B 72%120.05 % BELAKHREFTL00L% T T I /Ry F Y
> W (PH7.6) 2 VT E b L 7.

2. PCNA

PRERST7 1L, 03%MERILKRENR/ A /=Nl
BTL0EML, NRMEAL TR ¥V—Pedif s ks
E /70— V<7 A PCNA #ifk (Dako) % 2001545 L —
kL LT, SRT305IE &2, PBS (S Tikitfh, [
FREMIRIZ & 2 Jlh S 0% I # By A 724 |2 Histomouse-
SP Plus Kit for broad spectrum (ZYMED, South San Francisco,
CA) & FlVTHE s L 7.
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TTIEREEE 2 AL & LRI TIHTL, BIRC L bzt
EERE LTH 27 GPRAR, n=232), 1#H 4 L8HMmE
LR &S AHITTHE LRI LR TR THEZT »
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HE#sta 2470, oS 2lE L. B ogiizong,
Hsp25 3 & UPPCNA I &+ 5 GRSl b ap deta 2 170, Tl
R 1242 @ B BB PG — o SR o T U 2 R L
T, FRRBTHCE ML b L 30T B G By M B & B L Sieaie by
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Fig.7. Light micrographs (A, B) and graph (C) showing the localization and frequency of PCNA-immunopositive chondrocytes in the
articular cartilage of mandibular condyles from the mice fed with hard (A) or soft (B) foods from P3w for 1 week. (C) The frequency of
PCNA-positive chondrocytes is significantly higher in mice of soft-food group than in hard-food group. *p<0.05, n=9. Scale bars

indicate 50 «m, (A, B) X 20.
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I. FB4% - £ %BEBETOHsp25 5 £ T PCNADBTE
THEGKE T, BESHICRTHBOREFTO LN,
BRHE17 B CIE T BEEECE P o KA # e oMl E I Hsp25
RIEEESEATO b (M1A). £ 1H > ST, BISMHR
PR UL LS (D1B), =545 LEICIIHMEE, M
BB, AR, RAKEBOABIRISNA, R LS
H: 1% 2B BH T3 Hsp25 RIEEH M ISR S Mlag o A BEL
7o (B10). AMHE3MED S BRI T, IEREERE T Y
T O EH O IIT 25 A U 12 Hep25 AR M35 flla
MEEL: (M1D, E, ). $mEoRESOBRKTRET -
BT EEREEEH Hep25 RIEM R L7 (M1G). B
Bl T3 Hop2h R FIE £ S8 2o 72 (K 1H).

—-73 PCNAIZ# ¥ 5 o RIS L, BAESSERIMEKET

& A EOERIE OB QWA Il 0I5 H L7 (|

%,m.iﬁ4ﬁ%ﬁb£m&@% 1ZBIHIRE ) 12 PCNA 5
R E N 7 (F12C). BEBKT I3 PCNA B % 34 B sl
B¥LRP L [@ERsh). Mol k28, PCNAR
P %%uﬂm%ﬁ&MHg%U Z IR o A
T LML THET MR d oo, R EIHHE T
HIZPEOIE I O BEEAMCT T2 &, Hep25 Myt ikt
O RTEOFDNE A o 72 (#1).

I. #RERHC L2 EHE

1. fEFRORENE

B AR, HRARELCRENELIAELRSEE L o1
(p<0.05) ([T 3).

2. THHEOKZ 2 LHMEOHES

AH3EED S SEMSE LmRER TR, RYNASL
FERAERL R L TTHEEOANS S L (44, B).
FRHE AR L AW 128 W CRIB AR & I THREBETI
WrREHMEEDAS L, THEHKFEIAER S22 <
0.05)(04C, D, E5).

3. Hsp25# & U'PCNAD % 5K

H: e 3R g & S L 7 #ri~ﬂ?¥®7~'%iﬁfiilﬁc"*‘- 2B
T(E, Hsp25 Rl il & IE A 8 o 8 Mz o AR A L
@mﬁﬂkthu%*t%&mHWW%ﬁM#ot®<
0.05)(16). PCNASREEIGM:IZ2WTIE, A3 E7 o 1M
F1E LW sR Ao T (28T, BIRRE & — ok
G OB BETH Y, BIBAH L L THEIZPCNA
GRS AT B o 72 (p< 0.05) (7).
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1. THEHEORE - BEEHEA PLAIIDWT

RGeS, THEBEE 245\ T Hsp25 13 58 A & BBz %
5 THARE IR WEIICREL, SRR, RaEo
BBHI D Hep25 # BBT 2 2 L 29D o7z, ZiUd< v Ry
BIETIZ BV 3RS L TRER W LITEA b L AIZEL
PRIBIEFFRLTOD, ¥ ATRIOKICEITEIL
2 HEEOENENE PR THZ Eh s, BRAEOE
BRGS0 - THRENZ B I E A P L A EHINT 5 L EBbi
4. WEHMEOEMZ RTPCNAD TS AR, S 3EM T
TEIEBNE O L, 6EBTEIELIETTS (M2 =
L, EREOEREGOER L LTHEERTIRZ G

H

TED L) ICHME ORI %A 6 3B I 2T Thsdus ik
FEaeELILNL, JMEBLIEIEE LRI TS OB
FASEC DI eh b, HMA TS 2 Oz L) kg
WO AT ALEFELSL EBbRE . KifET
Hsp25 By AL & PCNA BRI AS R L, 3% 8z L Thi
F ORI L THEBOHD WA T BHHRIE, WEA b LA
& o TR A Hep25 25T ML O WG & Ml L Twa o
L% ?WL%.

BEED -mﬁ%%meﬂnMw°;&%mwmﬁmu:
D ZFOREEFRESEINIINL, ““'iW% TR,
FIZRAERNI BT 2 D S ABROBTICHL E T LT
PBALIZ & WAThiILE DS, %murm&mﬂMMMﬁH%#
WEAElETAI LI L - TRET A, T, FHbwe
2BV TIZEF I T2 WA & 45 Ak o il 5 o1 #
FHEoTWHEHEZONL Y TR ST &
AT A AT AN, ek, MOMALIE T & Kotz g L oo
BRI 2. ORISR AIRALAL C ORI ATEM L,
kAT ANEATER » T ZIZMAFAREA LT I % S0 A A,
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Wil o TR g . 2 2T = LT
A VA ETIBIRENL AT, A Wk
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LT, THEIEBMSEE LT R PRk sk L,
Bl o TH B A ammwww* Wi+ 2 & Tl s s
WLT, ZFOHOELRMIGHIETED L2 hb LlbhD,
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BELBOIZN LY, FTHEEREIEBLE16H IH28kTa s
Edb b EiEo UJ SIS, 2 0L 1% Shibata 52 %
Fukuda 5 O L I3E—HLTHEY, A ukn Lok
WZABREE AT BL LT A4S E b —F LT,

TR L THBEPA A LT, iR L LT ot R
7o LB FTIEA Y X VAT AI Y A kIEH & LT
iy Ty, FUNEIE RN & S TThNL Y, A v r ik

Fld AR }ﬂﬂéhtf<nwm>ikh&# SR L
P T T A e s Ay, R AT L LTV
VT, FX S &m R UM AT A £ T
DOWDEEELZ LTV B EEZ BITWDY, & L ORI
AR B DR INAEBR ORI W CTH 247, Wi
HABT ks ,<WMMTHWM“MMWMW%MWM
PR EN TS, Lo LI TSI AN e BWEA ML
A6, FURE) DT & A EDE R, %ODfi'é. HRATIG A

ELT&WM%ﬁuo D LT 2 LML L CRiv fil %

Wed &9 zah, THEISHTAMEA ML AR LS &
I D, BRI BU A THIISH ¢ AMMA P L AIZLS
TTHEDOREAIME S B &) 3L (siho &, RISk
FELHEOREI L o THEA L RAFARLTEHE, HlE
AR & AU T AR ML 5. HI21E, EndoH™
4@&%@@51bLkummﬂHmkw%MﬁﬂﬁuiU,Tﬁ
HOREEWEFOLDLARTHS R Y, THEHKTCS
AT T 4 TRy T @%ﬁIerw L, Mk
OEEPNEL ol b LTV 5. Sasaguri H ™ $HEH
O~ —0—ThbE > 7 (bone sialoprotein, BSP) *
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BuhkELSNL. KEMO Y0 FHHORE % %71
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L. £ ORET B Ok & T HukAY o E Ak S U
BIEW R RO E 3D 35— 4 2 B TR
gL 7 A, R#HKGHMIBo<—H—-Tdh 5H
CMP/matrilin-1(Cartilage matrix protein) R i Ak H-#Ila L 563
TA5X 7&" 37— ORIETHREPENT 2 LhEOF— ¥
b, TR TR A b L A RO L Tk Bl A5
Wao B LMI~AL v FT2 82 01D, RO HEk 4
IZBIT 2L Hsp25 OB & E 1 hats b, _0)1}-&'
A b L AORIIN & B kil o K5t D & L~ D BT
(ZHsp25 AR o T B T E A 547,

2. Hsp25 & e fefil 75

BEFLILZER 2 R 5 &, S ESEE LT RSk o
T AR L ADEENIT B &5 Hsp25 O 5 BLA N Kk
Rt 2 & IR\ D F CIRAY A Z E AR L. TSRO
28— L] U - db B ST BT 00 B die A o0 Wi P9
I8 5] L)\#!N)J% CHHsp25 DAV Y — > L LR & BRGR:
Tdyo 7z, FEEHKEZ 22 IR X BHFE A b LA %3]
*-J‘Zaf&’)t WA ZGATHEET 27225, FHLEMN

LA B AR LRI BV THE IS LR L, E M
sﬁWmcuTﬂmﬂkg ERFDESHFAEL LY,
prz5 @"‘lﬁﬁ HL)&U\« Nm& (IR L’Cn L AL, FORE:
|21 % Hsp25 D
Jélﬁﬁ J&.’i’s"% ZEiZkaT lﬁ%’ﬁm\ 5 ﬁiL«Mﬁﬁﬁ*Iﬁ}t::@
PR AT W E IR, FoE, ML AmRB L
UHE R A Lis s b debd e # i bh b, F20E
KRG TIET VD) 74 277 % —EOEMFFEO LN, £
O FIRALOBEN 2§ 5 5 & 5+ 5 2 LatEbhiTw
B P T IREHINL 2SR B Z & & o THRILAYT
huf,%w%thu1mm% WUé#M< o THRAE
HALAHIR S N EHRIR L 2 ) THHEOKE 229 E{h
oz LENERA. Ll PCNAC’)%E%BM i 1 BB
STUHRRAREBEFEAR ORI cgER2ROIZOEDS
3, SHBIZITIFEALEE R w?‘ KL olzld, KBz
THEMFILL, BEilomitiEEsrEs TEoln }:% Z
LD, ERIIEEAREBRERO LS 5 b BB T ILBREE
HOFELWVETIRO S, Moz &6, Hsp25id TH
BT 12 B T 2 & MBI~ O BT O MERTFE LT
OFHERLTBY, FTHEKTORRORAHS2{ToTwD
EHEILNA.

3. W0, a1k

WAy s, S s ET-L LT R REE
(epidermal growth factor, EGF), 1 > N\ %X 3 (Indian
hedgehog, Thh), EIRVIRAGR =L €~ MM E R (parathyroid
hormone-related protein, PTHrP), & # KT (bone-matrix
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protein, BMP), #&#E3EMIRLEE5E KT (fibroblast growth factor,
FGF), Sox family 7 E#%#iiF ST b, EGF i FHEKE
BOTHEEHC T Mo EAICHES L, ®EOE S %5
LT s nTns™, Thh & PTHPIZBEWIZ 7 1 —
FNV7%ﬁoT£D Thh tE AR KRR R 125831 L TR Rk

BB EE RS L, PTHrP 28R O WG 5L % 8 {4
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Abstract

Mandibular condyles develop from the cartilaginous rudiment and later fuse with the main part of mandibular bone formed
by membranous ossification. Underdevelopment of the mandibular condyles causes pathological changes in both the
morphology and function of the temporomandibular joint. In the present study, to shed light on the molecular mechanisms
regulating the growth of condylar cartilage, the expression and localization of 25kDa heat shock protein (Hsp25) were
immunohistochemically examined in the developing condylar cartilage of mice. At embryonic day 17, Hsp25 first appeared in
the hypertrophic chondrocytes undergoing endochondral ossification in the cartilaginous rudiments of the mandibular
condyles. After birth, Hsp25 was exclusively and intensely localized in the chondrocytes of the hypertrophic zone until 3
weeks of age. In contrast, proliferating cell nuclear antigen (PCNA)-positive chondrocytes were located in the zones of
proliferation and maturation. After 3 postnatal weeks, Hsp25-positive chondrocytes extended to the maturation zone as well
as the hypertrophic zone, whereas PCNA-positive chondrocytes turned to be confined to the hypertrophic zone. Thus, the
expression of Hsp25 and cell proliferation proved to be contradictory phenomena in the developing chondrocytes. To
examine the effect on the development of condylar cartilage of changes in the mechanical stresses experienced by mandibular
condyles after weaning, 3-week old mice were fed on powdered soft food for 8 weeks. In the mice fed on powdered food,the
size of mandibular condyles was smaller than in the control mice fed on normal hard food. Moreover, the articular cartilage
was thinner, PCNA-positive chondrocytes were larger in number and distributed in the zones of both maturation and
hypertrophy, while Hsp25-positive chondrocytes were smaller in number and restricted to the zone of hypertrophy, as
compared to the control. These results suggest that Hsp25, induced by the mechanical stresses due to the food after weaning,
plays an important role in the development of mandibular condyles from proliferation to differentiation.




