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Reduction in basic fibroblast growth factor receptor

during terminal differentiation of chondrocytes.
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RERKEMEOEE & 51bid, SBORE.
EREMR, L UCBINEBOBRTEE B2
RIeLTWVS. MKEBDOE - KEBITHCEET
SRERKEMIZEG, ETFEEBTESEICSRL
%, BRCKEBEEZ HWT 2 5RE O K &
M ESET 3. KT, BREELSHEET S
PEZEBIELDORE DIERKSMIT~ & 8K
fEL, Mt E"EorK{tsERT 2. 20T,
ERBOEKILEEY, HEBCEERDb3C &
CE->TEBHRETE. UhLAahs, kAkS
T, —FERQKIEMNET 570,

RRIRKEMIAOMEIE & 51k s & OB KL D K
B, AROG2EMELTEHES OSMEINT L
5. BEFENLZME»S, KAKSICITIEAHK S
MG FEEL RO CENEBELTHEDT, 0
B LREOKEMB S EIKEEAD &% 5
CTVRBLEEFERALENTWV S, Fhe, E{L2074
ADPGIERKEMTIZ, 7L HYF2RT » 52—+
(ALPase) &MY, 1,25 (0H) € % 3 LD, S &K
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Y BEUXB S - YV coRELES
TREETICENALEMCEIN, ThEOESH
FLAKILEOBENTEINTH 3.

HOE MR M FMERE R F (basic
fibroblast growth factor; bFGF) X, & F
E16 0000 EEFRY ~7F FT", Klagsbrunlc
FOFVLEFRERBEL OVRMU I N K EHER
‘EF (cartilage-derived growth factor :
CDGF) ER—DMETH - 7c®. ¢ DbFGFI, LU
RIOMRT, REMEORGEH 2 HEIELERF
THY, UL bEBEBEMIBONLBESX*EEILT 2
CEBBEINTWBY 'Y &, bhFGRITETE
REME» 5 0RBKE@E~NDODLEEET 2
DAHILB T, RBRKEMIENDRKSIE 2 I
Ul U, MEFICWEZBOFGEFMIEEL
TWBDT', in vivoTHbFGFIZEE M D B
JEEDEERFIBEU T BITREM D S 2 .

e, BIF KBTIV E > (parathyroid
hormone ; PTH) i3, B LUOBIEBL TS S
N T LURLVZRGMTI20H256T, ®KEICD



TERUTHREMBOKEIE &S BEORBIC S
BEBEREITTLENREINTLEY ., HEs
FUKBRREERT, PTHIR EMEIO M4 &
HI7u5F 70 082 EEL, BEHTIZ
HIERERFEUTOERLLEY . &)
EREMBEEERTE, PTHEBRS{Lw - &
—~THDHALPaseiEMOFHEE RAIK{IL 2L
15).
TCTERMATE, MEIRT, BHEIEEKZHK b
AR EMIAE SWCIERKEMBE~NEFLL T
H2ZZEBUTOLSBRECB T BF0FEEEL N
DEEZMOFENLELDPHEERFOFEERDLE B
&R U e,



ELE FEE
1. A3

DU TERBROEEMBHEFERKRER F
(bFGF) "i3D. Gospodarowiczi#+ (L 7 # U =
TRE), P02 3x- U VBERF-61
(transforming growth factor-81:
TGF-B81, 2 )iFS. M Seyedint®=+ (Collagen
)b, la, 265kEE ke % 3 > D,

[l a ,25-dihydroxycholecalciferol :
1,25(0H) D], BEHEL (FHUE)nS, 4
DAY U EREF -1 (insulin-like growth
factor-1; IGF-1, E })id, HEET (BRE
m)h bt 5 3 . [Nle®, ¥ Tyr¥)-wm o
PTH[1-34]) anideld Penninsula Laboratories
th b5, EREBERETF (epidermal growth
factor ; EGF, =D )3 HEEH M5, "“1-EGF
(500 Ci/mmol, = 7 &), 'S|-pFGF (1,000
Ci/mmol, 7o), la ,25-dihydroxy
(26, 27-methyl1-°H] cholecalciferol (180
Ci/mmol), '"1-1GF-1 (2,000Ci/nnol, & F)



&, Amershantt » 5, 'I-TGF-8 1 (1, 900
Ci/mmol, & F)iE, Biochemical Technology
ft (Stoughton, Kk EH ), [6-°HIF 3 ¥ v (2.0
nCi/omo ) 3HAT7 AV F - THEh s, [*°S]
BiBg (1.0 Ci/mmol) &*CaCl, (1.0 Ci/mmol) g
New England Nuclear®t » 5 B A U 7 .
Disuccinimidyl suberate (DSS)i, Pierce
Chenical Db DEERAL .
2. B MR
DHYFMERERCEEEKE MG, £1%48
BOEM =2 -Y -S5O FREYYF ((KE400g) &
DERR, THROEDHFFEICE U THEL ' 19,
Tabb, MEKERER I & O AR E = (758 &
FR2OML, XA THKERMYIL %, 0.1%
EDTA% & %0, 15%F U 7> (Difcott)ic T 185
B, RWT0.15%2 5% F -+ (Worthington#t)
FETC2FMI0ONA v Fax -} L RiE,
120untr 4027402 - (NBCT)2EHBT 2
Rl 2 [E] U U e

DEEL JCERE MRS (8x10ME) W, 110%™ 5 {F



M (FBS ; GIBCO#), B0ug/nldAF 74> v
(BR/E&E), S0ug/nlD7 2 INE B (FIFHM
E)Z2E0InlDA - JIUE/NLEBEHM (MEM; H
KEE)ICGEMLU 15l R Y Juer D8GELE
(Corningf#t) T~ UL v FiRWC UL T, 37°C, 5%
CORMETTEELU. i, FEEME OTH
3, BESHBE LV 2HEBRITR - I,
KBRS L X
EBOEBO= 2 - Y-S50 FHE Y ¥FOMEK
BFREIRZ DM Uik, REEHIETTO. 200
fROERR T4 22ERLUI. &2 54 24T,
0.2-0. 3nn’WCHIKT U 72 % 0-4CL TR EOELT S
FE B2 % PH = #| (laM phenylmethylsulfonyl
fluoride ; PMSF, 10mM N-ethylmaleimide, 2
units/ml® aprotinin, 5SaM EDTA )% & t»
20mM b U 2 4B &K (pHT7. 4) THIBEL, EBEHEHSE
BERIBEZRIZ ZBUPBSTHIFL ik, RERIWCHL
Jo. MBERAS A Z2ZABKPI-bFFOE & ER
Tk, 3M MgCl%z & & 20nM F U 2 8 % &
(pHT. 4)WCT30NWET 2 C LICLVHEHRED



bRGFZRRE L TERBRICALL™.
4.DNA, T U EBERTCALPaselEEOE R

BB MR, PBSICC2EEERL Icik, 0. 2%
Triton-X100%2 & ¢ 0.9% NaCli W+ T4C T
Physcotron (model NS-310E, E%Ef_ﬂiﬂégm
BIVERT) THIEEL, DNA, WO UEER UFALPaseld
HAEROHAR E U k.

DNAEBW, FEYMEELTY YRE X
DNA (Sigma%t) 2 A\ TJohnson 5 D HIEWHE L
BMELKRY. $4bb, HESE®R2 log/nl 7
JFF - ¥E (BIFRE) L5auM CaCl, 2 &0 0.2M
by RAB{EE (pH7. 8) FT56°CTIBRERIMILL .
ZTO%, 1/I0BD100%+ U 7 oo EEEE (TCA) % A0
A, A°CTI30HMEL T, DNAZUIE S B, X
W, 5, 000xgTISHMELU, B U LK
TR -,z -FU(v/v:3; 1) &2 MA, 4°CTA4
PRI E L 7z, 3, 000xg TISH M ELUILE %
0.3m1D0. 2%Triton-X100% & ¢20. 01N NaOHB
WWCBER LU, BT, 3,000xgTISHMEELL £
D £ % 0.20lC 0. 1ng/ml®D diaminobenzoic



acidZ0A, 65°CTASHMIRIEI ¥k, 0. 6nl
D2N NaOHZH/MU TRICZ B UK. KT,
DHHEANEE (RF-5000, SHIMADZU) W T, &
RA20n0DFHEX THE U EH 251000 T H E
L.

DVOUHERE, REYHRELTB-VL s
VB (EEFETE)ZHO TBitlerb 0F FE I
CTREL . Tabs, DNAERERKICT
7FF -EETHLL &R, 1. 3%EEEE H U ™
L2 ZTUIKT R - LE3EBMA, 4CICT
3,000xg Tl M E L L. VAR 20 50l @KL
KIWHBREL, KB U 2. 50l D0, I5%TEEEF F U
DL ZUBHEBC0.SnlORREEBL 2. Kk
WMTTHHICHEEL TI00CTISSMMEL .
TDi%, 0. 1ol D0, 125% ANV - A2 ST A
- NVEBEEZMA, BEIOOCTISSBMBAL &
R, 9o HEE (Microplate 2wavelength
Photometer ; MTP-22, Corona Electric)ic T
930nn TOWKEZREL 2.

ALPaseiEfEid, MEWHE LTS = to T2



SV (FOAHEZE) 2 FH W TBessey 5 D HiEI HEWL
MELULEL™ Y. T bbb, HBERBRK 2
12, 000xg TE5HME L L, ZDOLFER0. 5aM8S
—ta 7z -V UEEF Y Y L (pNP),
0.5o0M MgCl,2&%0.5 MF Y 2427 # (pHY. 5)
DRIGHTITCTIONHA v Fax-F L. K
WT, 2 DI/4BDIN NaOHR BRIML TRIE %
FIEL, DHHEE (MTP-22) i T410n0T DR}
BEZHAZEL . £, 309 R lnnol ®pNPA 7
B9 2 ALPaseiEM212= v F (unit) & U k.
5. DNAG RRE O HI5E

DNAS A M OB N BEMHE S ~D-F 3 2 o
ORYVIAAHZEREELUTHELLY? . bbb,
REMILE - F 3 Y 0% StehE T 3eERIER L,
ROTHIFA/E 2 PBST 2[BEiE L ic#%, 10% TCAT
2B, TR -, =F ) (v/v;3:1) T2@E % &
UTEMOBATRERZRE LU . RICHIIB %0, IN
NaOHT¥EREL THEIW L, BN HCITHFI%, ik
YFU-—varvhy - (LKB-Vallac 1215

CompuGamma, Wallac Oy., Turku, 7 4> 5>
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F)THRAREZEIZEL k.
6. TaFF 7Y b EEDHE

TarF sy hrERE, TusFrusLEs
ROBRKBRETHIHEE LR T VILZIEZEEL T
BEU ' KEMEOBEER (In]) CRKBE
20uCi/nlE 25 [*SIHEB S LAR
(MEM) 2 10 u IIRINU 24BFRAAZES U o, EBRKRT
P MR 3 & O RE 2 PBSIC T 2@ L .
Ilmg/wl®D7 7 FF-¥E&L5uM CaCl,2 & lnl D
70.2M F U ZEEEE (pHT. 8) TEAE F TH5°CT16ES
M4 v an—FUlkik 20M MgSO,% &¢s0. 2M
YU ZEE WK (pH7.8) 2 1nl, 0.1 ng/nlda >
FOA4 FURB%2100k1, 20nM NaCl% & #
1%CPC (cetylpyridinium chloride: +# 5
A7 27)%1InlMA, 3BFMA v Fax~-} LUk,
ROTHB LI TOFF 7Y R E2HST 2T 40
% - (Ef25umn, 7R ANUF v ZEE) FICEIL
THAREZRRIE U .
7. AIKILEE D HlE

AIKALEE QML OB "B HE S ~D **Cad iR Y



RAZBIEEEUTRELLY . $2bb, ®KEM
2 BEREBE2.CI/ulo¥all,2 8B &
(MEM) & T 3BFREIAZEER L o, #MIfQ/E 2 PBST2M@ #%
FLUI®E, 0.2%Triton-X100%2 2% 0.9% NaCl
BT T4°CTPhyscotronTHIEL . Kic,
12,000xg Tl MEL L, EUNU 2k B2 0. 1M
CaCl,Z&¥20.05MF U X$BEH& (pHT. 4) T20°C
TI0DMIMIE L, HEOMMEEZRELL., XV
T3, 000xgTISHMEEL U, LWERIWO. 50l d0. 5M
HCIBRZ MU, 20°CT3BE/ A vk a -} L
Jo. BT, 3,000xgTISHMEL U £ E DS A
ZREL .
8. "% 1~ [Nle® "®, Tyr™]-» <~ PTH[1-34] anide
DFH

I NTe® ' Tyr ] - U PTH([1-34) anide
("*I-PTH([1-34])4E, 0. 2ng/nl®d 7 T3 T
ZRVWT, EHHEIugEeDluCioNa'®® &30
L4 rvFax-tlLTE-FILL, C, HHEHLS
L% AW HPLC (high-performance liquid
chromatography)lC THERL ¥ 29,

_12_



9. '"”°I-bFGF, "°I-EGF, '"*°I-TGF-B1,
YUI-PTH[1-341 36 X' °1- 1GF- 1 O&E

I-bFCFO B A ERE, KEMBEEPBST2MH
ZFE LU, nloFE S E &K A [250M
n-2-hydroxyethylpiperazine-N -2-ethanes
ulfonic acid; Hepes, 0.1%¥ 5+ > % &
Ham's F-123%#h (pH7.5) | B &4, Bty #
v F& U T I1-bFGF (2x10* cpn/0.15 ng) &
100ng/ml DbFGFFEFED 2 WITIEFEDSRMEIK T,
4°CTI0ORIA v Fax=-} UK.

RAT, HEA20. 1% mME7L T I o
(bovine serum albumin; BSA) % & t2 PBST 2
B, ¥t % (0.1% BSA, 0.8M NaCl, 10mM
Hepes, pH8.0) T2@EHEEL, 0. 1IN NaOHIC T
M 2 BB %, &AL 7' 1-bFGF O i 4t
EmME %2 vy - Y v 2 - (LKB-Wallac 1282
CompuGamma, WallacOy., Turku, 7425
YF)CTHIEL .

PI-EGF & VCI-TGF-B 1O S EBR T T,
YS1-EGF  (2x10* cpm/90pg) & FEIE B/ o 100



ng/nl DEGFOFHED 2 VWEEFEDORKRHEK T,
EE MR 24°C T2 A v F a X =LK, F,
91-TGF-B8 1 (2x10* cpn/130pg) & IEE B/ D
10ng/ul DTCF- 8 DTS 5\ i EHHE D& P
T, REMEZ4CTIDHE A v Fax~-F L
oo RWT, HIfg20. 1%BSAZ & ¢PBST2[E, ¥
FH T2EIEE L, 0. IN NaOHW THEREEIIN %,
T-AV A -IWCTHSEEZHIEL .

PI-PTH[1-34] O AER G, KEMEZ ol
DEFH/RAF TP I-PTH[1-34] (5x10° cpn/ml)
E5x107° MOIEREHPTHI-34] DEED 30 3E
HFEOHRMHEW T, I5°CTHEMA U Fa=-F}FL
.

I-IGP- IS AERG, KREMEZ Inl OB
AR TP -1GF-1(2x10* cpn/ml) & JEREH D
[GF-1(lug/nl) DFED S WIFIEFEHEDRMAEK
T, 4CT3FMA v F 2=} UK. RWT,
0. I%BSAZ ZTePBSTSEIMIF L, 0. 1N NaOHWIC T
BREINZE, v- A9 02 - WX THEEEZHAEL
Ic.



10. °H-1, 25 (OH) ,D,D&EE

BXEAMA 2 PBST2EI 1 LU lci®, 2uM EDTA,
0.5oM DTT(dithiothreitol), 0.3M KCI,
loM PMSF2Z%e10nM YU R4BE® (pHT. 4) 2
AU, PhyscotronlC TH®HL Iz. KW T,
1,000xg CI0OSEELL, TDOLEFE%226,000x¢g
TI/MLE LU EEZEWM U 2 (cytosol 53 H) .
—EE AL TLoviy b0 FEP I VEOHEESR
21T, ROOHK 210 EZEHE /0l OBELCHE
MU . [*H]-1,25(0H),D,(10,000 dpm/13pg)
EETEBEOIEZEHDL, 25 (0H) ,0, & A2 HE
BHAT2CTIEM A Fax-}tL, HB155
BB LL. RICRTRICREL 205,
SHIEMR, 0.5%F F 2 S5 (HF8T70,000) 2
RMUSHBCHRIEL k. 2590 %W EERLE LB
T3, 000rpnTI0ODMEE LU LIEDKATEEZ H
ELR" Y.
1. 9 ¥FZHEBEO'*°I-PTH[I-34] DS

Za-YU-S U0 FEYYFORKIFLD, BEF,
FARVERRKE %2, EBGEHBO= =

...15._



-Y-SUFADYFLOER, HRA, K IR,
MERKE, BEMEKE RUKRMEFMERE2ZHR L
Jo. ThoOEBRUMIAE, 0-4CCTEEE
H & % B % M F & (loM PMSF, 10oM
N-ethylmaleimide, 2 units/mld aprotinin,
SoM EDTA) 2 &% 20aM + U X4EE W (pHT. 4)
FiC TPhyscotronlT THHLK. RWT, Th
EDRIEE EI-PTH[1-34] (5x10° cpn/nl)
24°CTHEEMIA v F a2~} LT,
12. bFGF, EGF, TGF- B 138 X TFIGF- IZHF KDY
bFGFEBFHROKREERE, HAKREFREFC
T, KEMBEZE~, OBED ' 1-bFGF (2x10°
cpm/0.4 ng - 2x10° cpm/4ng) ¥ & U IEIE i
bFGF, EGE, TGF-B1dh 2 W IFIGF-1& A4 v F =
R - b Uk, EFESHEOBRE E BT,
'S -EGF (10° cpm/0. 5ng) & JEAEBEGF (5 g) D
TEHDIVWEEFESRETCT, T6F-BIXEFHE
OBHEEER T, "I-TCF-81(10° cpn/0. Tng)
EIEREHTCF-81 (0.2ug) DEEDHDI VIR
EEBETWXTITR >, RWT, 0.15o0M DSS%

_..16_.



SUPBSZ A, bFCFEBAROBRHEERTIE, =
RTISHM®™, EGFd 3 IFT6F-BISBTHR OB
HEEBRTWE, 0CT200M{E¥EBRICZITR -
Je. 2L T200nM 77U v &2nM EDTAZ St |
UXEBREE (HT.5) 2 BMUKRE2ELES B,
LERBERICO®R TH, PBST2E¥%E L, 3%
SDS (sodium dodecy!l sulfate, FIJE#ZE), 1Y%
ANVHT PR -, 55T ta-Li2St
10nM F VU AR (pHE. 8) I THB{LL, SDS-
FUTZ702 U7 I FFALVERKBICERL, U
vEF-XEREERES - SUF TS T4 -
THRE LU .

MEXIARATOIFFEBEROREERIE, B
H iRBEZPEZEH & 3M MgClA2 & tp20uM F YU 2
PREWE (pHT. ) T30 BT 2 Eick DR
EEDLFGFEBRELU', ""P1-bFGF (10° cpn) &
100 ng/nl DIEIEHOFCFOEED 2 LWITIETEESR
HFTLETAvFar-varlik. b, Ei&
WTO. 15oM DSSZ@MU LED HiETILELEE
BIG21T72 - e



s R
1. SREHIfI O bFGF 54K

BREMBOIFETEREZRE TS I,
" I-bFGFRRMUACTIONEI A v Fax=-} L
Jo. " I-bFGFEFHEEZDSSE AL TILEEIE L
T, RIE®RT%, ME2EIRL, BILEHETT
SDS-RUFT Y L7 I FFLVERKBICERU .
F- b SUF TSI T4 - EBPHORER,
I55kDE 1TkDD /N F M H T & o (M1-4).
I7TkDIZbFGFE B T155kDIZbFGF-F BB S K%
MUTW3., Uled-> T, KEMBOLFGEZE K
ODHFRBIILZFISKDTHBZC EMHUBEL .
CORFRIE, HEFHECMOEBTHRSEZ O

TWLBbFEFZFEHE KL TP

155kDD /N> Fi, " 1-bFGFOBRMBRIEL T
BIU 7 (KM1-4,8,C). ke, BREOKRER O
bFGFORMC L VFERICHE L (X1-D, B, F) .
UL, 1GF-1, EGFIS L UTGF-B12%EMUTH
bEGFOMEEREC IHE L ah» > (K1-G, H, 1).
2 RLEREHNERRACBIIBERSILE



bFGF AL )LD E

X2id, BLEREFMIOEERZHE G THIGRD
BEROBERNESHZ RL TS, bFGFORES I
B TR OE S, AL ODDORL LIZU »,
BESIEMNTET $320-24HBICIIIFEA EHE
Ufe. HEIERICHEYS 3 255280 BH OM AL & B3
ICHA T 2 E#I6HE OB L T,
Scatchardftr 21770 5 & 12 %8 H BT 13 Mg Y
701, 00 OZBFEMNELELH, 16HH T
BOOMEIC /> Uc. bFGFE B OKdIT A ©
2TpM, BRBHATITPNT H - Jz. E> T, bFGR
BUHROBDIBHMEOERTTILL ZEHKOR
DPTHBCEMHBAL K., FFFTXTIE, SHEE
(0. 8M) DNaCl% &H 3 24 &M T ML % % 1%
Ulele®, fOMRTHEINTWLBEAINS U
B~ DOERMMEOEEIRETE T, s,
REMEONN S UREBEERIELC &85
nNTw3,
. EKBMBDALPaseiEEE “Cad MDA BIC K
T I bFGF D2



R, BLERFMREEERESREZHWLT, AlLPase
G (X3-A) B8 LU CaDE VA A (X3-B) I &
ETHFCFOEEERF U, BRD{EDFE] 35
8, 14HE ) ICbFGF2 ARMT 3 &, ALPaseiEMds
FUCaOMYVRABFIERT U, Uh L, BES
{EAFET U 18HEIWChFGFE2ML T b ALPase
EHELCCaDRYAALEE L. o
TLERBICRFELU I BMOFGFIEEFEDE 1L
GHFGFRBFRER L NV O & EEICERL T,
bbb HBEMAEITZRILT 2 EDFFNDEF
M2k
4. bFGFRBFHROEHICRETHFGFORE

REMREEEL, SEOMBIERZELE
BUKE, BRSMET 2ELEDWHFGFILITT 3 &
TMEEST. FCT, bFGFEAETTHEL K
BHEOLFCFZBERDOLEE 2R L I (K4) .

RERKEMRCERI2ZHE L DFGF2 MY
ZEDNASBICIIIBEAEREBL LM - H (K
4-B), K BHMENDIFGFOEE ORI MBEL L
BHELU 2 (K4-A). 20, bFGFORMIT LY,

_.20_



RAESLe MU K BHIETIE, bFCFEEMER I
WL Ulshole., 53, TOEEBRTIIDIICIFZER
Aidown-regulation? H5E{EF B2bFGFIRN245F
M OFGFIESREZHEL .
.MM AEMEE R RBREKEHMBORKSILE
bFGF 2 &K

METESE W, MO OKEERZY, AW
BUMAZ2+H2EESVLETHO, »HOMEE
TOMIEZLEFRNZRIET 2 DICHK{ILBHIH] S
NTWwW3. BMEEKET, EEKCBL TERRIREK
FERIFRCEKEBEBAKILL, BLEHRT S.
UL, BEIRBCOMT2MAEEKEMET, &
ROES RIKIED Ui, BLOEEER THIEZL
JeFHENER & Ml Aol 13 A RAIR EKF M Al & RIRR ICTE R I
BIEL ek, SBOMBNMEELZEEERMU KRR
BREMAICSIEU Johs (X5-4), ALPaseldEMED R
Kbz FELTIRAKEMIICITIZEAERBRL
2o e (X5-8, C) .

X5-Did, BB AILEED LV A EKE MR & &
RIFK B OLFCFZBFEROLEFHERL T3S,



RERKEMEATIIbFCPRERITI6H LEEE I
WLT 5D LT, MRS M TSRS
Fl2E U THFGFZERITEONIC U DR L 72 o
Sl COERIE, RERKEMIEBOLFCISE (4
DL BBRESIECEZECHEHL TS C &2 T
LT3,
6. ERFRARFEKR 5 4 X% HWOIbFGF S5 &
LRIV R

R M OB LI ES bFGR S BRI L 78 |
RRCREREKECHEI NI NEh 2 RT3
EDICEBEEMBETTY S FMKEORERD 5
0.2mEROEKE L 254 2258 Lk (¥
6-4). B354 2T 3 PAKEMIEDEE
ALPaseEMZRET A3 C LWLV REL & (X
6-B). MRIRTEEKBMITSBRSEL THEAIL
THEHI, bFGFOBEMI/ACH DU, Lo
L7aho, BLERETEBFOTILICEES bFCFD
KHIBEIhish -k (K6-C) .

DI6-Did, BIERE (25 4 24), EHE (25 4
A2), BRE (RS54 20) DbFGF-ZF B At 2 1k

_22_



ZDSSEHVWTHRHELELBDOTHS. BRETIE
WG S s L ChFGF-FB/EKESED /XU F M
VAUTRKE P U, §hbbBEERKEICIL
Td, BR/LWCHE > THIGFOFBEEME L T 3
CTEMFERL 2.
T.BRRRFAVECZEROEKATOST
X7, "9 FOIZXMBEBOPTHRESRED LLE %
LT3, 99 FEFILC4EGO VY F L0,
BFEOHEHBEIRMOBLL, ThoOHEEB~ND
"BI-PTHOR S Z B L. EREHATIEPTH
DEENILEAERBETEZR» > T, H, BRE
BEUKETHLURNILDOPTHOREBRE I hic.
Fle, BEMB LUCHE%REZBU THERKE K
i, RAEULARLOBENEEI Nk, CORBR
W, PTHAR RIS E CTHRCEEZREE2RE L
TWACZERZTBULTWVS.

. BRLERBFMMERRATCOIFRR I LvE v
ZEROEH)

BREMEGE, SFRI6kDT, KdA$0. 7-1.1 M
OPTHEZE X2 M IES 3. 5-4FERHEL T

_..23_..



W3, Fr, KEMBEIWCPTHRZRMT 2 & 15LUA
WeAMP L RIU S HJ40BWCEMT 2T EBHEI N
T3,

ZCT, BLEYEMRAEERTHEFTLUICKE
MEOS{E EPTHEFROEEZ R U e (X8) .
EOBEREMBEERESRTE, SI-FI Y UOMY
AABOE — 7 SHEIERR (K8-4), *S-FREEDOEI D
AADE - 7 InE AR (XI8-B), ALPasei&MEd L
ADOY - IV MBE KR (K5-B)ICHEHHET 5. PTHX
BERLU R VIG, EEETEELS, RRICHESET
2I13HETERAREL D, BREITIEETL I (K
8-C) .

9. MBERRIKNER R 74 22 HORPTHREHK L
LD

RIREKEWCI VT ORRICPTHRE T KM AR
FAITHEMUTL 2 0EL 2MEREEOESRL R S
4 2E2FHNTERETU 2.

X6 & EIRRICHEKE RARIRD0. 2nnfHE bR O@EkE 2
4 2ARERL (K9-4), TJusrF+ 7 9uHh &K
BT E, WERE, BABETES-HEEO R

- 24 -



DRABDBEL XL THoleh, MBE(RI4 2
3, A CBLTEULRILOYS-FiEE DI A& B
BZE3Ihk (W9-B). £lh, CO¥S-FHEOIRDY
ABDE - 2IL—HUT, X544 23, 4CEDS
VNIV DPTHO EEBRE I H, 254 20, 1,
254 A5-TTET UL (KI-C). —7, BAHIK
BEES-HBOMOVAADPTHORKE b{EL R
TdH-> Tk (XI-B,C). ->T, HEBLAALICH L
T, RRBRKEFOKBMBIC, HFLELAALD
PTHZEBEMBEFEL T 1.
10 BLOEKEMBERRTOAL V2 Y VEEE
WF-1 (IGF-1) OB &K O
ELOEEBRRTHIEL K EMRWC ®1-16F-1
DIESRBEITR S EEFHYE (Kd, 500M) & F
B (Kd, 0.50M) DIGF-IZERMBBE SN
(X10-4). EHRAMEOL D FHMRIE S D36H
@ mHEAMOL 0 MEIEYS Y 3A6FET
Hole. Fie, BLEEBROBRBRHICHVLTE
BEBUVNRLVDIGF-IZBFRBEFEEL T, HE
i SOBRDIEFTEETDOURUMBETU 2 (

_25_



XI10-8) .

1 ZLEREMEERRTOIL, 25 (0H) ,D,, F
SUA7 - IVI/BREREAF-BIBLCLEERE
HFoZEFXOR

BELOEEBERTHFLU CEARRKEME B
BEME DL 25 (0H) D,0ZBHOEHZHRETL
Jo (B11). RERKEMEB DL, 25 (0H) ,D,FE &
@, RS TZELUSEMU b, HERE M
fITIEIREAERESI N b5 k.
PI-TEF-BIZAVLT, BLOEEERTHETL
ICEHEFEMIRDOTCF-B8BIZBRERFTT 2L, 5 F
8’280, 97, TOKDODTGF-B1-ZFBERXRESEMLR
HT&Ek (X12-4). CTOTGF-BIZEEIIT, &5
LERFEZ B TREALEEH UL > (X12-
B) .

I-EGFA AL T, BOEEERR THE LK
BB OEFEETERZBMITT 2L, 5 FEI80KD
DEGF-ZTBHREESERBBRET & (W12-4). C
DEGCFEZEFMEIT, TCF-BIEZBFRXRLEFHBCESIL
BEZHEUTEBEAEEH L uh o (K12-8).

_..26_.



ER
1. SREMa w35 bFeF OIERA

bFGFiZ, GospodarowiczlC K DM T EEK LD
BHEFMEBOEBELEETIRFELUTRD2T S
h, TORFREARXRDLZ L OMfaDETEE 5751k
FEIHUTOWACEBBELMICEI N . £
bFGFiZ, BKEMEOKZ B HAEEEERFTH
v, WEMBOSL#ER2 bEERLTE NI
B30 U bEHEORLEVEREEREFZRMN
UNEMEIERRT, bFGFOAEZRETIERE

MilgoEBEEEREEMNEULETLUT, Mgz
BT ACIMTER RS . SR
EIZEAT, bFGRIE, BEHIOKEMIEDIBTE %
BESJWCIEEL, MBEATIZALPase/GEDFME T
JRibZ2m& L, EXEE M~ ORKR 5 L% 5§
Uk (M3, 5). £k, BINZOBIEDOBHEBIET
bEGEME I, B, EEMIESME XN KM
fADEIEZREL, BEZIEETRLEZTAONT
3.

HKEMEOS{LIMBIRF ERERFDO NS v



AL > T—EDHEETHEITL T3, KEM
RIERRCHEAMOLFCF2 RMT 2 &, MEIHEF
LIRERFONRT v AL ThTERIEBES
WHRHIE I N (K3, 4). T bbb, X E LI
DIFFEDHER 2> 5bFCF LT B MR O RA L2 3
FNCHEIT 2T EMHEERL .

2. KB M DbFGF Z A&
KEMBODFGFEBFEXRERLE T 3 T,
YUI-bFGFEEREMIMZ S I ¥ ik, DSSAERM
UIEFRBS . RICKRTH., SDS-RU 7o Y
V7 I FERKBCRR T2 E, KEMABEIKCIES
FEIISKDOEHAMDIFCFEEEZ RIEL T WL
LT EMEHEMER > (L), CTOFFRE &
i, "CI-bFCFORMBRIC U TR BEZ L,
BRI BORZFHIFCFORMC &V "W 1-bFGFOD §E
EMEEI NI, ELECFDICF-17% EDFEMT
I-bFCFOR A HEBERIEI RN e (K1),
bEGFZBEICIIDDH T4 4 ITHIFHET 2 55,
FFRIISKDDIFGFZFRIT, MOBEBDME T
RUEU TV EELFFREROSFRE FIF —



BMLUTW. FliE&E, bFGFE7 I VBEEEH| D R
PUZEBHENHEBROTRERESI O .
acidicFGF (aFGF), KFGF (hst), int-2, FGF-5
36 K KGR, bFGRICXTL T40-50%DEEME% b
L, bFGF, aFGF, KFGFEEXBOZERLES T
ZCEBMBEINTLR®N T Usrl, &E
HELDObFCFZ BRI, afGFDKFGENES T 3 »
GERALBHTD 5.
bFGRIZaFGRD AL v 2 —T A F-18 &R,
ZORIBKICY 7L~ TF FEBREE 0T
b, TOQWBBCOVWTWEHALMLTIE V. U
ML, BKBIWCIFbFGF & aFGFBEHET 2D T, K
MR ORE DL T, bFGFR aFGF A3l f2
HAINVGHENSERLDEHL T, KEMRROE
JEEDEZEIET 2 EHRMINS.
bFGFEFBARWHESES LU bFGFIE, 4 2> F - 0L
UUBEIRAZELT, Tusf oFF-EOEMN
AP CaDERE R EE T 3. bFCFEBHRK
W, FurUuFF-EEEBEFEEL, KEHEE
FRIWCDFGFA2RMT 5 & 160kD, 90-95kDds & O

- 29 —



SSKkDDEHHEM 27 LIMIC U U E L T h e 1),
bFGFIC & 2 90kDEHHE DY v EE{LIC DWW T,
RMEFMEICIT VLT EHEI TV, Fou
DFEF-EEBEROCIICGFEEARSZHEAL &7
TUAVAHINVDOINIEFELRER2E T EM
TERLEREIhTLB3DTY, BRSEom
WICiE, bFGFWC B FO s -y UEE{ED T
B5LTWamb LA, |
. MEMI OPTHE Fik

PTHE, MF AN I LBE2RAGTI2EDSG
HMEP)gFRVE L THB. PTHIE, B EMBE2EM
kL, BEFMECALTIE, 25 -8/
ALPaseiEM D F M2 (BT 3 Y,
EeOEBOPTHIE GEEARTT 2 EMERE
REBCEHLUALVORBENBEE I h i (KT). B
KB WTPTHOR G W LHEBEC T L, AL
LAFVDHERETTFL- oS5 - FiEks
FE T 2Y REMBCUTPTHIE, cAMPZ
EefNlLTTasF+ 7y Ho0OEREE#EL, B
SEEREHM R 5 R E AN DT BRE (E# T 2

_30_



1349w RAARITIHEERTFELTHES
W OBmLEERARTPIHG, BRSEY-H-T
H3ALPaseiEEOEME E FRILZMEIL '™,
ChH5OPTHOMEIE R B, DB EKRFE
T, BEERLBE (10M TR REL S, £H
FIBE (10N TETCHERELBZERTRUKLY .
BOEERRTHEMEE, KBPCHESZIT S
EI4HB 7uTrF J U A OEROEERE L
2US-FREEOMO AA LR UBEKRE K- (H
8). ¥, RERRKEOERRR 54 ALV TH,
REETTS-FHEBEOMVAAME L NIUVEZRL I
X9). PTHiE Bfew, BLEEBERTHEMRR S
{2FAVKERTS, EHEAMCTRDITEL
T (X8, 9). #L T, KEMBOEK FILIC
£y, PTHZEFERKRE KR P U (X8,8). & 5 WPTH
SHRELURILVOEBIE, IGF-1ZFBFREEHEZ L
L, MBOTUTFA 7 U h L EEEOEHLEE
BMLUTWHk (X8,9,10). PTHEIGF-IZBFEDOE
MGG, PTHE IGR-IMEBR LTI T+ ¥
DAVERZRBRELTVARTERZTRKRL TS,

_31_.



CanalisbHO#EEIC L3 E, M TOPTHD 2
S5-y U BEEERR, ICF-1QEEZ AN L
TiY, FIGF-IHEC L - THH I WP, &
ERHEEOEH XS A ADIGF-1ZEZHET 2
EHEEE, BABIHEXTHBABICES L RIVICK
HIh, REMOEERTHPTHIIGF-IOEXE
ZRELLY, KETOPTHOER® < T,
[GF-TEEDOAEICE > THEATEINE S i
FEIE A, L &b —EIFICF-IEEDTIHE &
BHLTWB 0 LhAL.

L. KBHEOFVE U PBRREFEEROLES)

BREMEOSLEEIWCILU ItbFFEEEOE 8
i, bFGFMEREMIIEALSIRICIERL i, EHE
¥o & CRBVEREMIRZWC N U T D ARIREJC DFGFIE
BE2FMI LI DL ETH D, KE M E
FEEREEREMIFT 2 eicid, Wil EREE
HEROBEDHENBRERNFTHSFGFOXREFIR
PR|U TG hE 26w, FIRICEEE &
HERIZIEAEERIZUL A ZWDOT, RS
BRGFICE - THABN TS, ULALED—AT

__.32_



BREMESERSIEEEET 2bFCRICNT 2R E
ML L hdkebitbeE TFEIN L. &if
3E1d, ERBWHFCFESERNERALIWCH > TERD
THTEREAL .

— %, 1,25 (0H) Dl PTHE BRI F H U
DLZ2HEETIRFELTHLNTL 5.
1,25(0H), D, RZWC &Y, RRIREKF DO/NEHE
BRILAUTKHRBELZDVE~NOERD HIHE 1
ZRDEBEROREEER2 BT, £,
1,25(0H) Dy, BRLEEEFMBICIZEILEAEER
Uz, REIREEMECN U TSR SERZ
BETY. HEFIy i, 25(0H),0,2&5F
ZEHREMBORKIESTEL . ULhd, =
DFIHEBKBFORWMKFHLCDOAAIKIL &
1,25 (0H) D, FBFARMNBEREI hI?. KEMBO
AER{LE BIK{EW L, 25 (0H) D, ZBEEDORK A,
HERREERLLULTWLARBLNhZZWL.

EGFiZ, 9 FEHG6 0000 B~ T F F T, &K
B0 BEZEEL, TuFF Iy H UEK,
ALPaseiEME D FHMic X CRIKILZMEIT 3



VO HREBHBECEEOEG ERIRCHSTFEY
180kDDEGFZEBFUMELET 2 (M12-4). Uh L
EGFEETHRIIZ{LEEZEL TR EALEEFHU
o T (M12-8).
AQIIMIFRICESZRERFTHAFIIUE- LI R T
VEmmML, BEELZFERT S LEFZEERMNE
mu, v UEE b TTHET 2. NRKHIAEWCEGF 2
AmMTAEEMLZERL, CHhIGTCF-BIOH
mc & DEET 2%, Fh, KEMIBICEGE2 R
s 3&E, MEFMARROERERZ2EY, Tus F
JUHCEEMBETT 2. FIOEER TKE ML
O—FL LOEGFEEFRB OEME K5 {ED Ik &
ERITBEENELN TS (Ivanoto b, REXK

TGF-B 135 FBKI25 000D2B KT+ F T,
KoM ERAMREKEER~FHATL CE, &
EENDOTCF-B IO/ ENEZFHET 2C &
MELNTWL A, F7e, TGF-8 1k, BIE{K &
UTH/NMRPEBCRBCHEET 25, HEIEEKE M
fTiEMEAc, BEXKEMRE CEMENER K

_34_



FETIEREINTLRZ Y Fh, BEOB
BETTGF-8 11 & FEHE T (bone morphogenetic
protein; BMP)® bFGF & X IC W (FKZE) %
FHET B, in vivollIHWT, TGF-B iz T
ROLEERMRLEKE~FLEE 3. TGF-81
WEEMBEOBIEE TaFF ) h AR E
U, ALPaseEM OFEHE & HIKILE2MFI 3 37,
TGF-BLIFIL-1BWC Lk 2EL N EREER O oWl % 1M
Hldad. IHWTGF-BLIEbFGF2MFOEXET T,
bFGFOBAER EEA 2 EHE T2 16F-81
BEEHEOSILEBOEEBBICEEL ki,
TGF-BIRBFHRIEHUE M- (K12). FBEK
MEHLZ VLD, TGF-814, #iOERF 0EH
ZEHETIMEZELT VWA D, ZhEEDZ
BRIEHLZLOMDBLAZWL. &3 0LiL,
TGF-B LG EGFERIRICER OEEMKETIT,
KEORKRMEOFAHCERCEESL Tz L
Db LN,

M, EMEEFRCRRSILT 36
N12BUL, BERSILICHES bFCFZEERDO D3 5



AlaT BB I NS, HRAFEEE, &8RS
BIWCE bFGF, EGF, TGF-B lis LT IGF-1D L &
TE-2REL T B %, BEHET 3 E bEGF,
EGFIs L TGF-BIORXRBFHR BRL T3, =2
DELCERMERL L >TA Y UEREMNE L
NNVICHIET 5. £k, SH-SY5Y neuroblastoma
M, ERobick>T, IGF-11ICHT 284
RRNZRD LI B|ENH 3.
AFHESERMET 2 E, BELTEXRY
Ml E s DIBTEEER LS. - T, BRAMBETOD
bFGFEBFRDIHE KT, EIEREOHEKEMFEL TL
5. e, HEMRBOIERSET 2 EEIEES £
50T, BWERFOZXBERLRNLMNETT S, —
5. BEMEE T, bFGPRBE ORI, FE A
DL T DD TIEZL, BULABRDEN T &
BROEIMBIERF~NOBRZUEZEZZLL LTERSED
FPERREZRETIBBEO—D2ZRRL TV &
FEAbNh 3.

KRAKRE, MEKE, RRIRKECE, bFGFS
FETZCEMBHOENT VLS. EFLOJOHZE

_36_



T, WEKERERDOE RS 4 2DLFGFEE %
radioreceptor assayi A CTHIET A&, bFGFIZ
BB EIBREBTIELLBLTEZI D OD,
BREBERDEZIMET 20 +5 2 1e472 D
45ngdb DEURIUVDIFCFMEEL L (REEF
- %), - T, MEMEE, EEEKRSMEMSI
MO RETHEREL TWLED, FKLIATIE
bFGFNDREMEZ S TLENDSZ. Tabb,
REMTODFGFOFERMT WO IBRIE2H A
TENRDDEERZY T F VD—DTH 2 FHEM »
»53.



|
LDFGFEEF®HIT, BHEACTL TR S LK

REUKEMBIESD 01, 900E D AR 5
HY, Kdid2TpMTh 7. Ui UbFORSAEIL,
ERERMEORBCRY L, BERSMEL T
G ELAEHEKU., tds, bFGFEAEEFEDKIIT,
EDILBETEEAE—FETH - 2.
2.PTHREEEIGF-IZFER T VT hd RBH
BORTEDELURILVERELTL K.

3.1, 25 (0H) D, ZBEIZ, MK ICOBBRI

HIR U /.

4. =7, TGF-B 1L EGFDZ AT E DL BB e

BOTEEHLUZh - k.

LiE, RMEMBEOMEIEE S {LICE> TREDRK
RAFEFNVECOZBEEBELLEHT I &
MPVDTHLEM K L. ULhd, BRI
SXBERDHRIVFCFEZERICERENTH - 1.
ChHDRBEROEH TR E MBI ERER > —
AECHIEU TITS DX FRIRTdH 2 & HEE X
ns.

._..38_.



BME2RAZLCDEYD, FIFREOBESEE5XTIE
&, BREULSHEALHRMEZ B > t KIRKE &
FHREMFHRE, R ZEHBCES BRHBL
9. T, FMRCHB L, RIEEBY 2 25HE
HEHEREZD - LB REWFROE E{LF H
B, MEBERBARCEL BERLET. LI,
FMAEORMICHID, LLOERELHIBHEE
MERZTRO T RFFTE, ®HE WHEH, #8 K
FHFEMBEHN A RELRE, SEXERYFIo & O
SEEREBRHREEREACESHILEL LFET.

_3g_



Reduction in Basic Fibroblast Growth Factor Receptor

during Terminal Differentiation of Chondrocytes

Atsushi SHIMAZU

Department of Biochemistry
and Calcified-Tissue Metabolism
Osaka University Faculty of Dentistry

1-8, Yamadaoka, Suita, Osaka 565, Japan

Key words: Chondrocyte +Terminal Differentiation «b
asic Fibroblast Growth Factor (bFGF) - Parathyroid

Hormone (PTH) <Receptor

Proliferation and differentiation of chondrocytes are
associated with skeletal growth and repair. Many
growth factors and hormones are involved in the
control of growth and differentiation of chondrocytes.
Basic fibroblast growth factor (bFGF) is the most

potent mitogen for chondrocytes. Furthemore, it



stimulates the synthesis of extracellular matrix and
inhibits terminal differentiation in chondrocyte
cultures. In the present study, changes in
bFGF-binding capacity of chondrocytes during
cytodifferentiation were examined using cultures of
pelleted growth plate and slices of growth plates. In
cultures of pelleted growth plate chondrocytes,
binding of '*I-bFGF to 135-kD receptors was
observed during the mitotic and matrix-forming stages
but decreaseci to a very low level in the hypertrophic
stage. Scatchard plot analysis showed that the decrease
in binding of bFGF was due to a decrease in the
number not in the affinity of the receptor. The loss of
bFGF receptor was associated with a decrease in
biological responses to bFGF. A rapid decrease in
bFGF binding was not observed with articular
chondrocytes which rarely undergoes terminal
differentiation. Reduction in bFGF binding receptor
during terminal differentiation was also demonstrated

by examination of sequential slices of growth plates.



On the other hand, receptors for parathyroid hormone
(PTH) and insulin-like growth factor-I (IGF-I)
increased in the matrix-forming stage, and decreased
in the proliferative and hypertrophic stages. The
receptor for 1,25-dihydroxycholecalciferol
(1,25-dihydroxyvitamin D,) increased 40-fold during
hypertrophic stage. The bindings of transforming
growth factor-beta and epidermal growth factor were
constant throughout all stages of growth plate
chondrocytes. These observations suggest that rapid
reduction in bFGF receptors is a special event
associated with terminal differentiation, and that
modulation of receptors for bFGF,
1,25-dihydroxyvitamin D,, PTH and IGF-I is

important for endochondral bone formation.

- 42 -



X B

1) Iwamoto, M., Sato, K., Nakashima, K., Shimazu,
A. and Kato, Y. (1989) : Hypertrophy and
calcification of rabbit permanent chondrocytes in
pelleted cultures: synthesis of alkaline phosphatase
and 1,25-dihydroxycholecalciferol receptor. Dev.
Biol., 136, 500-507.

2) Suda, S., Takahashi, N., Shinki, T., Horiuchi, N.,
Yamaguchi, A., Yoshiki, S., Enomoto, S. and Suda,
T. (1985) : 1 alpha,25-dihydroxyvitamin D,
receptors and their action in embryonic chick
chondrocytes. Calcif. Tissue Int., 37, 82-90.

3) Gibson, G. J., Schor, S. L. and Grant, M. E.
(1982) : Effects of matrix macromolecules on
chondrocyte gene expression: synthesis of a low
molecular weight collagen species by celis cultured
within collagen gels. J. Cell Biol., 93, 767-774.

4) Capasso, O., Tajana, G. and Cancedda, R. (1984) :
Location of 64K collagen producer chondrocytes in

developing chicken embryo tibiae. Mol. Cell. Biol.,



4, 1163-1168.

5) Schmid, T. M. and Conrad, H. E. (1982)
Metabolism of low molecular weight collagen by
chondrocytes obtained from histologically distinct
zones of the chick embryo tibiotarsus. J. Biol.
Chem., 257, 12451-12457.

6) Leboy, P. S., Vaias, L., Uschmann, B., Golub, E.,
Adams, S. L. and Pacifici, M. (1989) : Ascorbic acid
induces alkaline phosphatase, type X collagen, and
calcium deposition in cultured chick chondrocytes. J.
Biol. Chem., 264, 17281-17286.

7) Gospodarowicz, D., Cheng, J., Lui, G. M., Baird,
A. and Bohlent, P. (1984) : Isolation of brain
fibroblast growth factor by heparin-sepharose
affinity chromatography : Identity with pituitary
fibroblast. Proc. Natl. Acad. Sci. U. S. A., 81,
6963-6967.

8) Klagsbrun, M., Langer, R., Levenson, R., Smisth,
S. and Lillehei, C. (1977) : The stimulation of DNA

synthesis and cell division in chondrocytes and 3T3

- 44 -



cells by a growth factor isolated from cartilage. Exp.
Cell Res., 105, 99-108.

9) Kato, Y. and Gospodarowicz, D. (1984) : Grthh
requirements of low-density  rabbit costal
chondrocyte cultures maintained in serum-free
medium. J. Cell. Physiol., 120, 354-363.

10) Kato, Y. and Gospodarowicz, D. (1985) : Sulfated
proteoglycan synthesis by confluent cultures of
rabbit costal chondrocytes grown in the presence of
fibroblast growth factor. J. Cell Biol., 100,
477-485.

11) Kato, Y. and Iwamoto, M. (1990) : Fibroblast
growth factor is an inhibitor of chondrocyte terminal
differentiation. J. Biol. Chem., 265, 5903-5909.

12) Seed, J., Olwin, B. B. and Hauschka, S. D.
(1988) : Fibroblast growth factor levels in the whole
embryo and limb bud during chick development.
Dev. Biol., 128, 50-57.

13) Suzuki, F., Yoneda, T. and Shimomura, Y. (1976)

: Calcitonin and parathyroid-hormone stimulation of



acid mucopolysaccharide synthesis in cultured
chondrocytes isolated from growth cartilage. FEBS.
Lert., 70, 155-158.

14) Koike, T., Iwamoto, M., Shimazu, A.,
Nakashima, K., Suzuki, F. and Kato, Y. (1990) :
Potent mitogenic effects of parathyroid hormone
(PTH) on embryonic chick and rabbit chondrocytes.
Differential effects of age on growth, proteoglycan,
and cyclic AMP responses of chondrocytes to PTH.
J. Clin. Invest., 85, 626-631.

15) Kato, Y., Shimazu, A., Nakashima, K., Suzuki,
F., Jikko, A. and Iwamoto, M. (1990) : Effects of
parathyroid hormone and calcitonin on alkaline
phosphatase activity and matrix calcification in rabbit
growth-plate chondrocyte cultures. Endocrinology,
127, 114-148.

16) Shimomura, Y., Yoneda, T., and Suzuki,
F.(1975) : Osteogenesis by chondrocytes from

growth cartilage of rat rib. Calcif. Tissue Int., 19,

179-187.

_46_



17) Kato, Y., Iwamoto, M., Koike, T., Suzuki, F.
and Takano, Y. (1988) : Terminal differentiation and
calcification in rabbit chondrocyte cultures grown in
centrifuge tubes: regulation by transforming growth
factor beta and serum factors. Proc. Natl. Acad. Sci.
U.S. A, 85, 9552-9556.

18) Courty, J., Dauchel, M. C., Mereau, A., Badet, J.
and Barritault, D. (1988) : Presence of basic
fibroblast growth factor receptors in bovine brain
membranes. J. Biol. Chem., 263, 11217-11220.

19) Johnson, W. B. and Hollis, S. (1982) : A rapid in
situ deoxyribonucleic acid assay for determining cell
number in culture and tissue. Anal. Biochem., 122,
338-344.

20) Bitter, T. and Muir, H. M. (1962) : A modified
uronic acid carbazole reaction. Anal. Biochem., 4,
330-334.

21) Bessey, O. A., Lowry, O. H. and Brock, M. J.
(1946) : A method for the rapid determination of

alkaline phosphatase with five cubic millimeters of



serum. J. Biol. Chem., 164, 321-329.

22) Kato, Y., Hiraki, Y., Inoue, H., Kinoshita, M.,
Yutani, Y. and Suzuki, F. (1983) : Differential and
synergistic actions of somatomedin-like growth
factor, fibroblast growth factor and epidermal
growth factor in rabbit costal chondrocytes. Eur. J.
Biochem., 129, 685-690.

23) Shigeno, C., Hiraki, Y., Westerverg, D. P,
Potts, J. T. and Segre, G. V. (1988) : Photoaffinity
labeling of parathyroid hormone receptors in clonal
rat osteosarcoma cells. J. Biol. Chem., 263,
3864-3871.

24) Goldring, S. R., Tyler, G. A., Krane, S. M.,
Potts, J. T. and Rosenblatt, M. (1984)
Photoaffinity labeling of parathyroid hormone
receptors; comparison of receptors across species
and target tissues and after de-sensitization to
hormone. Biochemistry, 23, 498-502.

25) Lowry, O. H., Rosebrough, N. J. and Farr, A. L.

(1951) : Protein measuremint with the Folin phenol

_._48_



reagent. J. Biol. Chem., 193, 265-275.

26) Neufeld, G. and Gospodarowicz, D. (1986)
Basic and acidic fibroblast growth factors interact
with the same cell surface receptors. J. Biol. Chem.,
261, 5631-5637.

27) Gospodarowicz, D., Ferrara, N., Schweigerer, L.
and Neufeld, G. (1987) : Structural characterization
and biological functions of fibroblast growth factor.
Endocr. Rev., 8, 95-114.

28) Inoue, H., Kato, Y., Iwamoto, M., Hiraki, Y.,
Sakuda, M. and Suzuki, F. (1989) : Stimulation of
cartilage-matrix proteoglycan synthesis by
morphologically transformed chondrocytes grown in
the presence of fibroblast growth factor and
transforming growth factor-beta. J. Cell. Physiol.,
138, 329-337.

29) Iwamoto, M., Sato, K., Nakashima, K.,
Fuchihata, H., Suzuki, F. and Kato, Y. (1989) :
Regulation of colony formation of differentiated

chondrocytes in soft agar by transforming growth



factor-beta. Biochem. Biophys. Res. Commun.,
159, 1006-1011.

30) Kato, Y., Iwamoto, M. and Koike, T. (1987) :
Fibroblast growth factor stimulates colony formation
of differentiated chondrocytes in soft agar. J. Cell.
Physiol., 133, 491-498.

31) Delli, B. P., Curatola, A. M., Kern, F. G.,
Greco, A., Ittmann, M. and Basilico, C. (1987) : An
oncogene isolated by transfection of Kaposi's
sarcoma DNA encodes a growth factor that is a
member of the FGF family. Cell, 50, 729-737.

32) Finch, P. W., Rubin, J. S., Miki, T., Ron, D. and
Aaronson, S. A. (1989) : Human KGF is
FGF-related with properties of a paracrine effector
of epithelial cell growth. Science, 245, 752-755.

33) Mansukhani, A., Moscatelli, D., Talarico, D.,
Levytska, V. and Basilico, C. (1990) : A murine
fibroblast growth factor (FGF) receptor expressed in
CHO cells is activated by basic FGF and Kaposi

FGF. Proc. Natl. Acad. Sci. U. §S. A., 87,



4378-4382.

34) Smith, R., Peters, G. and Dickson, C. (1988) :
Multiple RNAs expressed from the int-2 gene in
mouse embryonal carcinoma cell lines‘ encode a
protein with homology to fibroblast growth factors.
EMBO. J., 7, 1013-1022.

35) Wilkinson, D. G., Peters, G., Dickson, C. and
McMahon, A. P. (1988) : Expression of the
FGF-related proto-oncogene int-2 during gastrulation
and neurulation in the mouse. EMBO. J., 7,
691-695.

36) Yoshida, T., Miyagawa, K., Odagiri, H.,
Sakamoto, H., Little, P. F., Terada, M. and
Sugimura, T. (1987) : Genomic sequence of hst, a
transforming gene encoding a protein homologous to
fibroblast growth factors ahd the int-2-encoded
protein. Proc. Natl. Acad. Sci. U. S. A., 84,
7305-7309.

37) Zhan, X., Bates, B., Hu, X. G. and Goldfarb, M.

(1988) : The human FGF-5 oncogene encodes a



novel protein related to fibroblast growth factors.
Mol. Cell. Biol., 8, 3487-3495.

38) Kaibuchi, K., Tsuda, T., Kikuchi, A., Tanimoto,
T., Yamashita, T. and Takai, Y. (1986) : Possible
involvement of protein kinase C and calcium ion in
growth factor-induced expression of c-myc oncogene
in Swiss 3T3 fibroblasts. J. Biol. Chem., 261,
1187-1192

39) Kato, Y., Iwamoto, M., Koike, T. and Suzuki, F.
(1987) : Effect of vanadate on cartilage-matrix
proteoglycan synthesis in rabbit costal chondrocyte
cultures. J. Cell Biol., 104, 311-319.

40) Owada, M. K., Iwamoto, M., Koike, T. and Kato,
Y. (1989) : Effects of vanadate on tyrosine
phosphorylation and the pattern of
glycosaminoglycan synthesis in rabbit chondrocytes
in culture. J. Cell. Physiol., 138, 484-492.

41) Amaya, E., Musci, T. J. and Kirschner, M. W.
(1991) : Expression of a dominant negative mutant of

the FGF receptor disrupts mesoderm formation in

._52_



Xenopus embryos. Cell, 66, 257-270.

42) Canalis, E., Centrella, M., Burch, W. and
McCarthy, T. L. (1989) : Insulin-like growth factor
1 mediates selective anabolic effects of parathyroid
hormone in bone cultures. J. Clin. Invest., 83,
60-65.

43) Fraser, C. L., Sarnacki, P. and Budayr, A. (1988)

Evidence that parathyroid hormone-mediated
calcium transport in rat brain synaptosomes is
independent of cyclic adenosine monophosphate. J.
Clin. Invest., 81, 982-988.

44) Pang, P. K., Kaneko, T. and Harvey, S. (1988) :
Immunocytochemical distribution of PTH
immunoreactivity in vertebrate brains. Am. J.
Physiol., 255, R643-647.

45) Kato, Y., Koike, T., Iwamoto, M., Kinoshita,
M., Sato, K., Hiraki, Y. and Suzuki, F. (1988) :
Effects of limited exposure of rabbit chondrocyte
cultures to parathyroid hormone and dibutyryl

adenosine 3’,5’-monophosphate on



cartilage-characteristic proteoglycan synthesis.

Endocrinology, 122, 1991-1997.

46) HE B, SEXEH, DituE, HATZSH, m
BEX (1901) : KEMRISERCH T 32 HRE
FILECE B2 UBREERFOEEEE.
HAEER#ESME, 9, 37-42.

47) Sato, K., Iwamoto, M., Nakashima, K., Suzuki,
F. and Kato, Y. (1990) S |
alpha,25-dihydroxyvitamin D, stimulates colony
formation of chick embryo chondrocytes in soft agar.
Exp. Cell Res., 187, 335-8.

48) Silbermann, M., Mirsky, N., Levitan, S. and
Weisman, Y. (1983) :-  The effect of
1,25-dihydroxyvitamin D, on cartilage growth in
neonatal mice. Metab. Bone. Dis. Relat. Res., 4,
337-345.

49) Hiraki, Y., Inoue, H., Hirai, R., Kato, Y. and
Suzuki, F. (1988) : Effect of transforming growth
factor beta on cell proliferation and

glycosaminoglycan synthesis by rabbit growth-plate



chondrocytes in culture. Biochim. Biophys. Acta.,
969, 91-9.

50) Hiraki, Y., Inoue, H., Kato, Y., Fukuya, M. and
Suzuki, F. (1987) : Combined effects of
somatomedin-like growth factors with = fibroblast
growth factor or epidermal growth factor in DNA
synthesis in rabbit chondrocytes. Mol. Cell.
Biochem., 76, 185-193.

51) Davis, R., Like, B. and Massague, J. (1985) :
Modulation of type alpha transforming growth factor
receptors by a phorbol ester tumor promoter. J. Cell.
Biochem., 27, 23-30.

52) Massague, J. (1985) : Transforming growth
factor-beta modulates the high-affinity receptors for
epidermal growth factor and transforming growth
factor-alpha. J. Cell Biol., 100, 1508-1514.

53) Noda, M. and Camilliere, J. (1989) : In vitro
stimulation of bone formation by transforming
growth factor-beta. Endocrinology, 124,

2991-2994.



54) Carrington, J. L., Roberts, A. B., Flanders, K.
C., Roche, N. S. and Reddi, A. H. (1988)
Accumulation, localization, and compartmentation of
transforming growth factor beta during endochondral
bone development. J. Cell Biol., 107, 1969-1975.

55) Carrington, J. L. and Reddi, A. H. (1990)
Temporal changes in the response of chick limb bud
mesodermal cells to transforming growth factor
beta-type 1. Exp. Cell Res., 186, 368-373.

56) Thompson, N. L., Flanders, K. C., Smith, J. M.,
Ellingsworth, L. R., Roberts, A. B. and Sporn, M.
B. (1989) : Expression of transforming growth
factor-beta 1 in specific cells and tissues of adult and
neonatal mice. J. Cell Biol., 108, 661-669.

57) Beguinot, F., Kahn, C. R., Moses, A. C. and
Smith, R. J. (1985) : Distinct biologically active
receptors for insulin, insulin-like growth factor I,
and insulin-like growth factor II in cultured skeletal
muscle cells. J. Biol. Chem., 260, 15892-15898.

58) Ewton, D. Z., Spizz, G., Olson, E. N. and



Florini, J. R. (1988) : Decrease in transforming
growth factor-beta binding and action during
differentiation in muscle cells. J. Biol. Chem., 263,
4029-4032.

59) Olwin, B. B. and Hauschka, S. D. (1988) : Cell
surface fibroblast growth factor and epidermal
growth factor receptors are permanently lost during
skeletal muscle terminal differentiation in culture. J.
Cell Biol., 107, 761-769.

60) Mattsson, M. E., Enberg, G., Ruusala, A. I.,
Hall, K. and Pahlman, S. (1986) : Mitogenic
response of human SH-SY5Y neuroblastoma cells to
insulin-like growth factor I and II is dependent on
the stage of differentiation. J. Cell Biol., 102,

1949-1954.



M
RIRREEWFHRENFERE (EE AT S
#i%)

FRXOEEWE, RRARFEEFEL2HL (FRT
F6H, KIR) , BIHERERE¥SRS (F
BRITHEIR, #E) , Fo2HHRELELKS
(FERTHEILR, H&) . BEER#FES (FK
2FETH, ER) WBWVWT—EERL k.



X o 3t EH

Ml o9 FERRKEMIEO " 1-bFCF-Z& &K

BHEKDOA - S CF TS T 4 -
BRAEMBOGFEREEZBRET 2 cHic, B~

DEED'""1-bFGF (2x10° ¢cpn/0.4 ng- 2x10°

cpm/4ng) I8 L FIEREEELFGF, IGF-1, EGFd 3 1

WTGF-B 12 RMU4ACTIODME A v Fax—}

UZc. DSSZRWT'™I-bFGRE SBEREILFREE

UT, RICH TR, HilE2EIL, BTREFETT

SDS-KRU 77V INT7IFXYLVERKECERL

- FSUFTST 4 - RiTho k.

A; ' 1-bFGF (0. 4ng)

B: ' I-bFGF (1. 2ng)

C; ' I1-bFGF (4ng)

D; ' I1-bFGF (4ng) +bFGF (40ng)

E; '"“1-bFGF (4ng) +bFGF (120ng)

F; '"[-bFGF (4ng) +bFGF (4 1 g)

G '*1-bFGF (4ng) +1GF-1 (2 1 g)

H; ' 1-bFGF (4ng) +EGF (0. 2 1 g)

[ ;' 1-bFGF (4ng) +TGF-81(0.2u g)



X2 BLOBEEBERTHERU CERRRKE MO
bFGFZBERL RILOEH)

A BLEEBERTHRBRUARERKEARO
bFGFEBFRL X)L EZESH M 4HEICHEIE U k.
MFE R, '*°1-bFGFIs L ¥ 100ngD IEREELLFGF
ZWRMUACTIONH A v Fax-}F UK.

B, HEIEHIWCEL T 2 %8 HE () & M
FHE T 2EEI6HE (B) OKBMEOFGIEE
KD Scatchardfi@th%d nd. BEIGAMEOEER
OFHELS. D. 2T,

B3 MEWRKEHMKE OALPaseiEHEE°Ca0m b
ABE ST BbFCF DR
ELERBRTHIFLUCKEMEOALPaseiE Y
(A) & “Cad HL H A & (B)ic & § 3
bFGF (0. 4ng/ml) OEEEZRETL 7. Ot MEEEE,
AGDFGFAMBE2ZTT. BEGHEOEEROFE
Yi{E+S.D. 2RT.

_60_



B4 DbFGFZBFEROEHICRITTHFGFOE

A ELDEREMEERRCERIZHE LD 2H
BICHFGFZRMU K 2H (@) &, *THEE (O)
DhFCFXEEEZRE U .

By B LEHEBEMIMERAR TOFGFANE (@)
EXTRE (O) DREHERLEIY OINAFT RO BN
AR TT. BEZUEOEEROFLELS. D.
Y.

X5 BIEEKEME ARRKEHRO&®KS L
& bFGF 2 A&

MERGKEMB(G.C. : O) & MK S MG
(A.C. @) E2ZThThELEEERTHEL,
DNAs L ro oz B (A), ALPaseidEME (B),
BTTBEMES ~OCaDDAH(C), bFGFEE
KROZE (D) 25T L .

METEHEMRE, TEOMBNE"EEZ EEL K
PECE M b Ulchs, ALPaseiFMEDR FIKIL %
FHPTIEAKEMEICEZIEAEEBRLULZ, -
Jc. bFGFEERIE, BRERKEMETEI6HE L



fREHICHEH DU Icolext UT, FEERE MR T3
EERAAMZELC CHFFZEREEDLONICU 2R
SUlhote. BEGHEOKESRE RO FHE +
S.D. 2T,

X6 ERERER 2574 X EHOKDFGFEZE
HLRXLOKY
EBRBEHETTCIOIFMERBOREE» 5
0. 2unfiifR D EHR U XA S 4 A2 HHL (A), B
BTILWCHES DFGFRBFEDO R D, ERICKEEIR
RETBHRINIMELZRETLEL(C). 825
4 ADAPaseiEMRBIET 5 C &0 & D IERKE
HRROFEZRELUK(B). BERE (X354 24),
RAAE (254 22), BRB(RX5 4 20)DbFGF-
ZEREERZIEEROLFCFOEFEE (+) d B3 W0id
EFEAE () DB TISSEHLTHRELU 2 (D).
BEIMEORS A 2DOFEXELS. D. 21T,

X7 BIFRKBREILVEORXREEROEKNTOSH
DYFREF JCLERO VY F LD, BREO

_62_.



HELZEOBEL, ChbHOMB~ND'P®I-PTHO &
2R Uk, BEEIEOERO FHE2 T .

X8 B LOEHREMBEERRTCORMPFRRFL
EURBROEH)
BLOEERERATHIFLLKEMREOPTHE S K
ULRIVOEE 2K Lk, ELEEESRT, H-
FIPVUORMDIAADYE — 7 BNEESERT (4), *°S-
WiBEDER DIAABD Y — 7 B HEA (B), ALPaseiH
MO EADOE - 7 BIEKRE (K5-8) KHHT 3.
PTHEZEHR LN VG, BIEATIEELS, AR
WHET2I3HETHERELD, UBIETLU &
(C). BEIIEOEBLROFHELS. D. 27,

X9 MERRBESE 254 22RO PTIZSE
KL RILOKHY

MEK BRI D0, 2unfiBOEKE X 514 22 1F
BLUA), 254 2A~DPS-FHEDRDIA A (B)
BLUPTHZRBERLURILOLEH (C) 2T L .
PTHZEEIE, R4 A3, AWBLRILVICHEHE



Ih, 25420, 1, 254 R5-TTCETFLTWL
o, Thid, #HE 2S5 4 2~DOPS-FHEED D A
ADE - X—FL TV, A, BEE®KE 25
Y. BIEE3EOEROFEHELS. D. 2T

K10 RBLERERTOA VR Y UEREREF-1
(IGF-1) SF&4k

A RERBKEMEIWCDI-16F-14 & OIEED
[GF-1(100pg—1ug) ZWWMUACTIRER A > F
aN— FUIGF-IZBFEHEDScatchardfBiT 21T 7
- .

B BLEWERILLS I IKEMBMDOIGF-1ZAH
RORFHEHEZREL .

BEG4EOEZEROFHELS. D. 2 RT.

X1l ZLEKEMBZERRATOL, 25 (0H) ,D,5%
Bk

MERKEMBGC. : O):MEHREMI
(A.C. : @) OMifaEE S % °H-1, 25 (0H) ,D, & A4
YFaxX -+ UTIL 25(0H) D, ZE KD FRREHZE

_64._



HEAFELU. BEIIMMEOEEROFHIE £
S.D. 2RY.

M12 FSo27+-3IVvTHBRRAF-BlB &L
CLEBRERFZENK

A #E%8H B & 168 E DEGE () ETGF-B8 1%
BK(H) 2EHU k.

EGFEAAOBEBIE, 'P1-EGFEJEIZEBDEGFD
TE(+)HDDIVITIERFE (-) OFKRMHEFKCT, KEM
fad %2 4°C T2 A v F 2 -} LU k.

TGF-B I BHOMEF, '1-TCF-8 1L IERF
BOTCF-BLIOHFE(+) DI2VIIEFE(-) DK
B T4 CTIONMA vk a2~ L.



AB G DODECF

155kd

.

31



10 20 30 40

BTN
I [ ]
-
(EN]
e}
- R .
I g
-2 ) o L
N
I
0]
L 0
A RA. 2 3
(YN@B 77,01 x wdo) s S
ESHAD49-|, 994 4/punog

15 20

10

5

Bound (pg)

%2



%3

1. T
o~N
| ©
N
Lo &
~— [
- N
01 - o0
1 L H 1 ] L L_l)l
(o] n <t m N — o
(YNQ@B7/ .01 x wdp) (1 e,
. <
N
| ©
N
o %
-
| N
~ 00
H i 1 1 i 1 J(H
AR A S B B =
o o o (=) O S

(vN@B 7/ siun)  Fjgiesedy



¥ ¥ 1 T ] T T

1
N — O (o) (o) < N (&

< (VNGB 7 /.01 X wdo)
W@mﬁmmun_ﬁ-_mm_ %mﬂnnﬁ\@ﬂ\ VNd

X4



__o (yN@b7 /617
o -0 EEmOL

G o o

<
m &) 0 ,
© © ¢« N O © % N O < N o N A o
o—e (3R /67 ) (YyNaB7/swun) (vNabB7/ o) xwdp)  (vNaB7 /.01 x wdo)
0 NG Fhptesedy 2 (1D, E25104q,,

16 20 24 28

HE

12

4 8

75



“|-bFGFis 4 &8

AlLPasejE 4

~2.5{B +

A X351 ZX%FS(0.2mm)

U Al

18 %543 210
271 2&S

DX541§%4 5 8

| S5Kd =

“|-bFGF =

6



| 1
w ©

(yNaB7 /.0t x wdd

|
4

ﬁ

1
Q¥

HLld- g,

[X]7

TR

7Y X Raff



o)
N
| O
e
-2
-2
-0
< m @)
| 1 I 1 I 11 T
™ (o] -— 1Ol [Te] m n
(vNab7/ o1 xwdp)  (yNab7/_ 0} x wdp)  (yN@b7/ /.01 x wdo)
Y EHO 7 7T £H, Y (1 80, OSq ESHHId Iy,

HE

X8



254 Z&S(0.2mm)

N

T

£ f
] £
e -+ +]
5 ] —+=
=~ —+— 1] g A
%! el 1
& s +—
m_,w -] t
# H o £
T T T T
N - < N
@HA<zomu$bpxcan:<zomA%besge
LY (O, 0S,, ESHHLd

G2t

01234567 A

2514 XES

9



<

1000

(Pg)

T
) o
o '»)

9814 / punog

Bound

15 20 25

10

5

(% 6 Fx21B) Y 2H)
BY S &40

HE

<10



16 20 24

H#R

12

4 8

&

o™
(EE 4y & Bw/jowy)
EoSHQ(HO)SS 1 -H,

[>]11



EGF
8

TGF-/1
16 8 IBIG

-+ -+

B3

B
3..
= 125I-TGF-ﬁl
<<
b 4
3 2
mi
e
& = 125
'|-
g-; N;TiH
O T T T T T

%12





