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[BW] REXKREBREBICHER LA Smm FOMMBKSLBERIETIE. BEERNIC
fibroblast growth factor (FGF)-2 # 2 BE#EFHGENICIRE TS LMBBLENTEEEINS,
AHEDOEMIE. L UBHEO FGF-2 £ 51 BERELBERBOBEBECRIITHE
ZRFATHETH S,

[Hix] HBECEETRATEL Smm ZOAFROBEHRELBREZRREAREREF(C
ERR U7, RiBER#% 1 B, 3 BdH51\L 2 8B, osmotic pump &AW TREEIER
[C FGF-2(150pg/h) & H#F&HEHICIRE L. XIEEOEEBREL X MEEHEENORMERM
RDBIEICKRIZT FGF-2 DERAZKRE L, £LREAICEALL FGF-2 O#EE S
SATAV—=TERWTEEL. 25T in vitro TEBAROBFERMIAOIEEREIC
RI1F9 FGF-2 DB ERF LI,

[#R] FGF-2m1 A, %033 BREIT. RIEMHERKE 8 BETICFGF-2 0 2 8
BELREECRIFLARETHESINCEHEBOBAEZFRE L. RBAICEALL
FGF-2 II2ZFICEFMOHEKEL. TDFEEIL 30 FLIATHAEBSFZHFT7AV b+
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[®EE] FRED S5mm REHRSLEREICKEFLELFETE/0ICL. FGF-2 £ 1
BESENICKRETAETTHATH S, FGF-2 IRBFEOEELHHEE TH I HE

RUROEEEHEERET S EMSRES N,



Summary

Objectives: Administration of fibroblast growth factor (FGF)-2 for 2 weeks
induces a successful cartilaginous repair response in 5-mm full-thickness articular
cartilage defects in rabbits. The purpose of this study was to investigate the
effects of a short time exposure to FGF-2 on the repair of the defects.

Methods: Five-mm-diameter cylindrical defects, which do not repair
spontaneously, were created in the femoral trochlea of the rabbit knees. The
defects were administered sterile saline or FGF-2 (150 pg/h) via an osmotic pump
for the initial 1 day, 3 days, or 2 weeks, and we assessed the FGF-2 action on the
proliferation and migration of mesenchymal cells in the reparative tissue. Using a
total of 126 rabbits, we performed three sets of experiments. We also studied the
effect of FGF-2 on migration of marrow-derived mesenchymal cells in vitro.
Results: FGF-2 treatment for 1 day or 3 days induced the sequential
chondrogenic repair responses that led to successful cartilaginous resurfacing of
defects within 8 weeks, as well as the 2-week-treatment did. We confirmed by a
radioisotope study that FGF-2 injected was rapidly eliminated from the defects (a
residual ratio of 50% within 30 min). The effect of FGF-2 on cultured marrow-
derived cells suggested that FGF-2 facilitated the mobilization and migration of

replicating mesenchymal cells from bone marrow.



Conclusions: Only 1 day exposure to FGF-2 is sufficient for induction of the
chondrogenic repair response in 5-mm-diameter full-thickness defects of articular
cartilage in rabbits. FGF-2 stimulated the recruitment of mesenchymal cells into

the defects, which was a limiting step for the induction of cartilage.



2) FEXRam

One day exposure to FGF-2 was sufficient for the regenerative repair of
full-thickness defects of articular cartilage in rabbits

H. Chuma, H. Mizuta, S. Kudo, K. Takagi, and Y. Hiraki

Osteoarthritis and Cartilage 12: 834-842, 2004
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FHROBELERMEN., THEHEWVELVWCREFRZREGEZEZHRBEHNEHE
REFENF BARLERICR<HEERLET,
MARBE LUPHXFERICHEL TEEREEER. HBELZVELVWEEARREXRERES
RPMRSEHERBEENT KHBEPDHIR. BOVICRBAEBEEREARAR
ERMB T FEMAERRI T FRIZTT AHRBBRIRICRS EHBLET, £ &

BRICHBAWZLEWCEEAKRZEZ S ERRERNE TRERLECRHBMLET.



4) BE-B

ABC: avidin-biotin-peroxidase complex
BSA: bovine serum albumin

DAB: diaminobenzidine

EDTA: ethylenediamine tetraacetic acid
FBS: fetal bovine serum

FGF: fibroblast growth factor

PBS: phosphate buffer saline

PCNA: proliferating cell nuclear antigen
RI: radioisotope

TBS: Tris-buffered saline
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5)-1 BENER

BEIESIBREHERETDEEH mm OFVEETH SN, HEREESIUHE
BEELUTEN-OENEEZA L. UHEEBICERINSFHERFFHE S ESHREEIC
BVWTHLMEERRZR/ZLTVS, BT ERESHEREERABRENLSBREN,
REHBIIERGRBMCIVHRARHEEEEL. #IFLTWS, LMLENS. BB
BREBEIOER) ONREEZRE, REHRSEECHBPARHEICRYBENTNSIED
HE-T. DELVESERIBLELHTERENCZLWVEETSH S, HMEOER
LKV DELEVEBRENESEENS L FROMWFHRETEREET S LI3MFL
Yl AR

ZD®., ELYBEHRBOEEZRET HEL DOEASBITONTEL, drilling.
abrasion. microfracture 7z &£ @ marrow stimulation technique [F&EHE L HS5TH
NTELFETHY. RERBHROELLLERETEE2URHSVIILEREL. BHL
URMEEBERERERET S LICKVBRBEBEZS BN T LEZBMNELTVS,
L Lass, FRETRERMICERBOEROUEIZDONDS OO, EEHRE
RS ICARMMEMRIE 2V . WFRBICKBBEIEBONAN, —A. BR - RERE
HBIIESLVERULZBES LW IMRELVERU/RBRTRERIEMERET S
FiET, BECHRBBICHFEETSRMUEBERABOBRBLRELZICALLAETS

3502, UMLEETH, BECPRERIRBEREZTETSIFRVEFEICRONT
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WBZE FEBESIhERBAICBEBSELS ZEAESBBSELTEREINATH
%, CHICHLT. BREKEBHEIECRBEHOIFNERHSBREHFEFERLRE
REPICBHET HHETHD, FETRERONENREZEFS. HpOEELKEHRR
ESUHTFHRBTRIEMEEET D ENTEDZD. FHERLSOFEMEBICRFSH
BIENBRRKDRATH D, CORFIIK L, AETIIBREEDIFFERN SEHD/N
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REINEBERLDDH D04, KEEANSIETHBRNAKE KRB RIEMOERMSTEE
Elxoe, BEEOBSHE., BHERSLTORBICELAREREBLOEAME. B
BEUDOHAE. FRBLORPNZRBEERBROFESZ<RINTINS, E5(C
AFETIIBEARKEHPBHENELEZED, TTIC—HBTREFRCAHbBREBEIATH
350, FKEIETRBEOHTEROARKEH EHENL. REHREBER. BEK
RTH 3 BERgESE. DOTHRERBRICEREREL. BRTICEEREARIR®
BEIATRIAETHS. LML, FETEHRBOBEIRSNI DD, RETEOD
ERIIRFTIIAL. EABERBLABORBAGLCELOBEHLHSHTIEREL.
32 L TRENICHFERE L L TRBEINSEDENICTONTREFATH S, DX,
WTFNOFZRICEWTHAREE<OMBESIPIEEINTE Y. BESh/IBEREZHT
MECHRICERERTEZFEIAELBEIZNTIVL,
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MEERERGIIHERICEMLTWS, BEHKRESORBEIMAFCEEBEZREZE. X
R—VEBICXBERIITEITTERAELS, WEBICECLERORBIEE TEREO
BB HICHEBIENSETL. BRERMNICAZREOEEMBEEEANELBITTED, £
LHEESHRIEHESPERENDDH HIRE. BEDRITHEEIILE U TO—RMEERERM
EMEDEBEELIRICEMLTEY., XA TIHRMBELZ(TTHH 1,000 FADERERS
EEDBZERSHESNTN S, ERMEMAENETUERZBEEEENTER L /-
TIRIATEEANDERLUMESEEDNEL. RESFEH 7 AAICAIBSHESRFESITHOH
TWAM, SESHICR/ET LI EMFREINTNS, BERSEELETE T 58RO
RRIIBEAHEICE>DTRFDETHSHELHIC, ERMMEEORIE. HTEIME
L. ATBBERTZVELTHEFNZERICALVEED LY. EREENICHE

BOOEELRETH S,

5)-2 BAHwKE Mt & BAAE
BETRE(FHBEZNICIEFHRBETHY . REHARIHERARENSBREIN S,
TOKREBSIHMBAZANS LY, REHARZEDLOTOLE<SHRAEETEND/NEICTEF
T3, BBU-BEHRSIHRBSHBRORE. &, BEOMKMS tangenital zone.,
transitional zone. radial zone. calcified zone @ 4 (25T 5N b, &RFED tangenital
zone TIIABKOKRSHRMSEERE ICFITICAL,. BHIZAIZEEETIZEAL
FE 570, transitional zone TIIBKFEZDKREUEL L ABRBMRSARRICETIL. BH

(TLAZHEEGTHRES, radial zone (FBEEHRBOEELIRHS T, HKEOKEHEBNSE
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KICEFIL, BEGLIZBBRETRET S, ROREO calcified zone TIXEE AR
FEEST, BEIAKILLERETELELTNS,

HPABREDOERSIKD T, BEED 70~80% % &, CDOEELKTRHBIE
REBCEN-HZNBEE DAL T LETEERRDZEB> TS, KFTLUAOHERYE
ELTIRAS—F 5% 50%. FarAs)hn 30~35%% 5HTIV5, BIENEX
BOXEAS—4S R I B> ThHY. EOMHIC VL X X, X RS-0
VPBEFNTWS, AS—TUBHOEINIRBICLYRAY. tangenital zone Tl
AS—4 LS HSEBEHERTICETICA, transitional zone TIXBHDETITIFARA &
72 Y. radial zone. calcified zone TIIHHIEBEICESIT S, CDIAS—T VHEHD
EFI0ENIL, BEHRBOERBICHITZ2NENEFERRLTWS, 7ATFT YA
FaA77O0FA AV 04 F VB TS URBPBEELT—D201=y bEF
BLEHBOT, 2=y b, E7NOVBREFEEHELLTEHEAL. BEXLGE
BETHE7IVAhERKRLTWNS, 7OFFH TRV BEBEICHELTEY. FF
DAL A RKERMMEEF > TS, RERHTEAEMZIS TRy b0 =7
OFRICTATAITUAUBEEN., KFFHEOEEREICLY BRICETE #HiE
(L5 TW3, COBBICLYKREDEANN. EEENEEN. FHELCHT S8HED
BEEREZLTVS,

BEHRECIINE. U ABIIERLS. TORRIBROLHMIEFLTINS, BE
HBHRE TEIREEROFRAFSRENL SN, BHROBKICESLTVSH. BE#K

BOMBEBRNTT LABATIE. REHRSHBIRET2CFLET S, LLLAES
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SHERHREHRIIES S VIERRTICEREA#EZES. HRNABHOERLUET
Yo TEToTIWVS, CORBMILEN - BANRERFLEHESHZ N LICHFENE

FICKYRABEINTNSREEZASNTVS,

5)-3 BWEME T FNICLDRBKFOBLEEN
MELCECESIEBRABLEENEZRBLTHSY, ENEABTHIREOBERE
H3EDLHTZULL, METEICELZVHHRERETRERNICEERLEIAEN
T BEBICHRESBEINDZLEANES, —F, BEREMSHKETEICETS
LBRETIE. REYAXAPZOEEEEEZRETHIREAERCHA>TNS, F
BHb, KEXRBETREREOBERHONT. REHBBTEESNERNCERME
EHETTHDIIHL, NEARBETRIRONAECFGHT TRHEPRENEARACEE
THREENHD. COBERFEOENE, REZAVCHERELEBRBETIVICEL
THRABICERTIILMBTES, 4 s ABORBRBEREEF (RS 4mm DA
REBREZERTSH L. BE3Imm ORETRBRICKREBESFTESINDIOLIHL.
BE Smm ORETERETEOBESEZSDAT. BERANSKETHESNSC
L0, WFhoEEd, RIGMAITNEPELKER. 1~2 BTEBEMOEELL
PEREORMEEHRTREBEENS, E0O® 3mm FORETIE 2~4 BTRIMLIZHE
AR BHIEAESMEL. ERGRBEASBHREINS. REXFTEIRERROIEX
{EBR oSN, RMBHEHBOBRMLE LBV > LABEFESNAARBEBIIREREBX

UR4 ICBHEBICERINTOLS, ENOEBRBHKBAES S L OBEREDESZE

14



ETHETHENTEILL, RIBERE 8~12 B TEAROBEIDBBBENSBEENS,
ZhIZL. Smm ZORBTRIRBFAOCEEBAZICHREMEEATREENTRERRK
[FECRW, RIBERBHSOKETEREAIL 3mm EREBERRICETISDT. B
B ISR HAEICEDONE I LICAS(Fig.1). CDLSIC. BERELEBRIBEDE
ETIIRIEMEFIRT HRMETHRORIE L MESBEELREE > TWSH0D, FREIC
BENBRHERSTFEETSLEL<HONTNSY,. BLEOMORBSHBORAICEE
TEHRMFAROHLZ ST EFHE. KEHR. IEHHERANDZMEEEZRIFLZEE
RRUEBRDHBITFETHIEEAOSNTE, wifi. Pittenger 5(C&X>T. ZOLOLEMEE
RRUERSRETSIESRBNICHES NI /209, 3mm FOBEMKELERIE
THRESBEENDILEVDIEBERLY, ChoOHRBIIBHENICEET 2HRERBHERT
HBdEEZLND,

BFE. BEMBRFOBERBECRSIBEARKDOIERERICEIZIBINCLY., &
BHMEDOBEREZLYICHE T 1BV FIVOREDSIRICHBAENDDOH S, B
BMLERBMEOETICEBHREBESE T FHIVOR Y NT—ODBRETE I EMRE
NnTW304, ZOXIBHMREICEDNT, EESMEHE S/ FLE2HHL TEHEAIC
BETHHERBHERZERLEL. REOBEFBEIINSZS LTHHAMNLEINESD
TLVB0819),

BRFHFEGEROTHISERERRCETIREMEOFTECEFTVVBREAREENSVE
TH2R, T, BHCPERIVENUERL-HERBIE BRABE LUV RRMHE

BRELBRIEILBET I L. REBALKEMLS[EIN, RETEOEBEH YT
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Fig. 1
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U UEETEHREDBBEERNSBEINDILEDNTRENTNEE), ZOLSLEMAZE
BE2dE. fiRLE Smm EORRBHRELEREETFNTREEESEC SN
EFIRESNOEKBEREEICHIAREESTEREINS. EOTHIIE, BERS
HICKBAELUMIC, REBICEELHHROBEZRET S/ FIEEALER
HGFOBRMEPEEE TREEZ LT, insitu TREBEDSFTETES LEZOND,

Fibroblastic Growth Factor (LI'F FGF &Bg9) (3. ERSFREIFEHRIADS METERED
W ICEELRREEE-OTNE®ED), I5(IC, RBERHROMEEEZEDOHTIIRIFL.
DPORBMEDTRTOEREBIRTE S ATDCS HMMISEROBITICLY . KRLi
ATDCS #ifaIZi% FGF-1 % FGF-2 28U B8O FGF Y744 THHERLTWT, &l
BMORBRTEEEBICKESESL TSI ENSRENTINS@®D), EITHLIE, R
BRCHETIRMPMEELELAIVESHILEE->T. REAREREEICKEKRER
ERZ SN Smm BRIEEERIL. FGF-2 DEEHAL09, Tabb. KERES
Al FICHE& L 7= osmotic pump 2EHA L T. BEIERIC FGF-2 (50pg/h) % 2 8f
FmAIEA L, EOHER. REBEIRMEGBERBR TRIES N/ E, FGF-2 &
E58RTT5 2 BEICIIRIBEDGE POICKREHEBSHIRLERGREERSFES
hi=, EDE. REFBOHREHBIEXILL TENODERMSBHBEN. 8 BRICIEF
ROEREERBETBERIN KB TEORAICEFTRS LAKTERBEEZHD
MEBSBEINL, ABELZHBARETRYUETEN/REHRICIL FGF > 5L
(FMEEE MRS, RIEFABEORSHERD FGF-2 ICHT 58RICEL2<RH LN

Mo 7=(Fig. 2),



B - X

Administration for 2 weeks

(50 pg/hr)

Regeneration of full-thickness articular cartilage (5 mm diameter) treated
with or without FGF-2
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W, ARBEHREHVEREETS 3mm FORBEERRAREREBICERL.
BIENREM (CH1 FGF-2 1€/ 2 O—F )Lk (50ng/h) % 2 BREEAT S & RIEHES
NOEEBEEP ICHRBHROMREASNGEN >/, ThOE, RETEOEEREC
5HDDREBEDBLEIEIASNT. 3ImMm EBFORBAH/ZHHRBBEMSE 5721 Smm
EXRBEABEOEERFEZUWS/(Fig.3). DI &(F. £EM/ZHEMEKEDEEICEL
TH FGF-2 NEELERBZR/LZLTNSILEZRLTNWS, RIBAMOD FGF 77
FRBEOBHGLEEL TELBEREEMSHIEENS, A FGF-2 pAE/ S0 —F
IhiE (bFM-DEBRSICKXVBREBAEZBEESN/-EBEBAGETIE. MBI THER
#MBaD FGF-ZmRNA FERMSFAITEML. CNICHIEL T FGF-2 EROEH#EMNZDH S
hic, CORRIS. EEESPOFHERESICEALTWS FGF-2 DA — b F U >
TOBMENPHNRKICKYEEZESNLLDICELLEIND L FRREEZEZ BN,

REHREBLERBOEBEICE T, FGF I FIREBRHEROBIERIT S T
ELTHEEL TS Z EIF. RIGEMEEBEIROEBRMIRICE TS PCNA B0
AECL>THRMAITIONLEE), Tabb, REBLENHAICERENS 3mm ERE
TlE. RiEHERRE 1 BORSTH 602% 0N PCNA BBHE#RTHSDICHL. BE
EBEEHNFHSNEL Smm ERETIEOTNIC 15%D PCNA BHHREE2HBICTER
W —7A. FGF-2 2% 5 U7 Smm ERIE T 3mm ERIF L FIZEIC PCNA BRI
MEMLTWV=(Fig.4), IEDERL Y. BEHREEZBRIEDEEBEZICENT. FGF
PUFTNERERERIAT HROMMEGBHEBOEEZRET S LICELY. MEBMED

FHCHECRHPEEEHRELTWS I ESTEENL, £ BHKELERED
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- bFM-1 + bFM-1
™ b
.
2 weeks
- ’ 'y T s {.
8 : J &
Administered for 2 weeks
(50 ng/r)
N..“ ’
4 weeks ‘ ;

Inhibitory effect of anti FGF-2 monoclonal antibody (bFM-1) on spontaneous
repair of the 3 mm diameter full-thickness defects.



Fig. 4

Safranin-O PCNA

Immunohistochemistry of PCNA in the reparative tissue
at 1 week after creation of the defects
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BEREIRAY A XITEKEFTHIHRRIE. FGF-2 #HGITERALTHWSbDL#MEBEI N/,

5)-4 FWROBEM

2. BIEIREAIC osmotic pump T FGF-2 % 2 BREEFBHEMICEATEZETH
BB ELERBICKEBENSFEINDILEXITHRTHLMICLE, —F. FGF-2
L YEHBOREICENTORESLERET SRRV EDPORMRTREENT
V%, Shida 51, #1ES v FORBEEAIC FGF-2 2BEIEAT S LT, KREH
DB OBRBREEHABROBRBNSIEMNT I LERLTIVACY), Kawaguchi 513, 5
v PREBBIIARET I ZRVTEREAD FGF-2 HEIREDREERFT LTS,
FOHR. EEIN/AFGF-2 (3 3 HURICED 0%BEAMOSHERTHICHMDhDS
T, #&5% 1 BOBHEBMRENICIIEFRLEREERDERBRAOND Z LERLRECY,
ChoDERIL, FGF-2 MMBEMBETEOLOTRHMICERLTWSZEERL. L
o> T, ATHRTHESRSE1To/2 2 BRKY - LEHRO FGF-2 512k -
THHERBLERBCREBENSTETEZHFHEEERELTNVS, EZTEHART
(X, FGF-2m 1 B, $5\d 3 B#E5H Smm FORRBHR B LB RIBOEEBRIZIC
RIFTRHEICOVWTRE LA, ELRIEMITEASNI FGF-2 OBEES 74V b
—JERVWTHEL. ES5(CEMBROBERMBROMBEERICRIZT FGF-2 DA% in

vitro TH¥Et L 7=,
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6) RERFE

6)-1 REREIM

A% 3.0-3.4kg. 15-16 BHOMOAFEERREA IV, STORRSIHEFKE
BMEFRARE LS — (CARD) LTI —2CATHEHBIICEHELAL, RRBYOIY KN

ERERFIMEIICARD DAA RSA4 /IR >TiTo 7=,

6)-2 FGF-2 0 5MFRTKRLERAOBARSICRIZTER

(CBRT SN

6)-2-1 RENRNERLSWMRRETIVOEKR

42 FORRICR Y MNIVEY —)LIC K B8 IREE(30mg/kg) 170V, HBHR. £
BREEATRBEZERAL. KBREREFZZH LA, BEEOPLIINFRUILZE
BAOTHERE Smm. F& 4mm OBEHRELBRIBEMER L.

Ri8VERLE. osmotic pump EEKLABEF 21— 7(AR2 0.75mm. 4#2 1.45mm)
D% Smm BEREAICZHEA L(Fig.5A). osmotic pump Z4& (I KRREMUIDETIC
B/, EALE osmotic pump (2 0.5ul/h T 2 BROEMRENEIETH Y
(Fig.5B). EWMRS OB F 1 — 7O AESBEENICEEZN TS Z LETR
BRTHIINTIND0032, 21 FORFEICIE 2001l @ PBS THi/= X /= osmotic pump

EHRB/L. fbD 21 PIC(X FGF-2 (300ng/ml) Ti#= E /= osmotic pump ZHR/iE L7,
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Fig.5

Osmotic pump

[ @
0.5ul/h

5mm

B
S J

A: Photograph showing an osmotic pump connected with silastic medical grade
tubing. The pump was placed subcutaneously in the posterolateral region of the
thigh.

B: Schematic drawing of the administration of FGF-2 with an osmotic pump into

5 mm diameter full-thickness articular cartilage defects.



BETE LB ENENT A O RTEEL, BBILE. WREIEBEROBEITHLY.
T—CATARRICITHEEL.

FGF-2 ##85&n /= 21 PDRFE% FGF-2 ORSMBICL>T 1 B, 3 B, 2 8%
S5BO 38 (&n=7) [I9F/. PBS 2H/REENAXEEHO 21 PHEEKICT H. 3 B.
2 BIR5EO 3 B (& n=7) (9. RROTObI—ILICHED., B8O FGF %5
(M3 PBS RS HIBIGRBICHBERY MULVESY —LIC L 2 8IRME 21TV, HB®R. X
BRiZ MBI ICBiE L 7= osmotic pump R&EDE L I/MWIRZENA, BEHaZRET L
75< osmotic pump dEEF a1 —TEBRELE., TOER. BUOF—CATARAICEHTL

7=o

6)-2-2 M OENE I

EEASOEBECENBITOLDHIC. LTORRIIRIEERE 8 BTHIFEEDORY
RNILES —ILDO&BIKES (LKLY BHREN ., BAEBET S 3mm FORIEP FGF-2 &
2 BAEEE Lz Smm EORETIE. RIEEHE 8 BEXTICEROBENSBEENSC
EMRITARTHRE SN TS0, EEBBETMTS591M LKA MELTRIE
ERkT: 8 BORBSMERENZ, BREZICREFVESURKREEMKHEHHL. BB
T 1 BED 4%/SKRNVALATIIVTE FEAEEITo /. E5IC 10% EDTA T 3 BERIARIK
ZITo/lcik. NS T4 BB U, REMEREBOMEYIAIE Sum ETHERL. H.E.
REBLUNY TS -0RkBETO.

EERASOF ETENFFMI. REHODNUNTOBFREMS L 2 ADKREICK-
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Tirbh/z, FMIC(E Pineda 5D histological grading scale #—#&%LELA=RX37
(Table 1)33Z2ABVz, FRALAZRAT7 TR, BFLEENSSGERAT7ELZES>FUD
FIDRATFT EFEICL. O(worst)mdS 14(best) T L 7=,

FREE, 126 HORREANT 3 ERYIESh. RELERSBONE,

6)-3 FGF-2 DIXSHM TR ELERARSEHEBAOHREE

EHIIRNMRE(C R XTI RICIT SR

6)-3-1 REMHKRLSWMRRET IV OER
36 PYDRRICH L LMOFEZTHEMRBLBRIEEEK L/, KRR 18 FITHL.
[B#&kIC osmotic pump ZFA L\ FGF-2 250U, TO/RSHMICKY 1 8. 3 8. 18
BlIz5 0D 3 8% (% n=6) IC7(F7/=, B3 18 P, MWBEELLTPBS#1H, 3A8. 1
BERES L7z (% n=6), B& L= osmotic pump (3 Lt & B4#EIC FGF-2 % % (V2 PBS

DERSHFERRBICKEL,

6)-3-2 N DM BE & #8258 MAE O R

ETORRIL. HELFYN., REABCFOFMO/OHICRIBERE 1 BOBSITHR
FEBDORY ENIVES —VOBIMRG ICKVERES N, BRERICRIBEZI KR
FRAHERE L. ZET 1 BEOD 4%SKRIVATINTE REEZT 7. 2512 10%

EDTA T 3 BRBRIKZITo /2. N5 T7 4 AL, RIEFEEREOHEYIA(E S
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Table 1
Scoring system for the histologicalapperance of
full-thickness defects of articular cartilage*

Characteristics Score
Filling of defects (%)
125
100
75
50
25

O =N W h W

0
Reconstitution of osteochondral

junction
Yes

Almost
Not close
Matrix staining

Normal
Reduced staining
Significant staining
Faint staining
No staining

- N

o

O - N W h

Cell morphology
Normal
Mostly hyaline and fibrocartilage
Mostly fibrocartilage
Some fibrocartilage, but mostly
non-chondrocytic cells
Non-chondrocytic cell only 0]

- N W h

Perfect score 14

*Modified from Pineda et al. (1992).
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um BETHERL. HEREZTo/7. HUVT, RESANEELZBERBROEIELE
EFET B/20I1C. BIEVAZAVTHI PCNA fid 2 AW RERBE2To7. YIF%E
RIS T4 L. A%/ —ILICAR L= 0.5% hydrogen peroxide THEMRILA F+
Y—tviEHE70vo0L. 0.1% BSAZRALZ TBS Tikigl/z. ERNEERZRALC
5728 (Z normal horse serum TA »FaX— b L7, BET 1 i PCNA ik &R
HEH, ABC +v & DAB ZRVWTHGZ2ERE. #BLZ, AV —-XTA (2T
AFNT ) — Rt EITo /=, positive control ELTIZAXABRROEERBIRE
ffEA L. negative control & U TI3H1 PCNA HiED M U (C normal horse serum % (6
RL7,

EEHASOHRBREEDOAUTICIVKF & HERB L%, Gallay SOAEESEICT
27/2%, RIEEZE Tmm x Tmm D 20 FFRICHBIL. TTICBEBRSNTNERE
BD S5 RZZRWE 15 SARTRAIEZ T o4, AFBRHMBEEANT. 200 S81HT. m
EARMREEREHAREZRVCTRTOFEZEMBEAD ML, 15 EROFEHEEE
ML, 1 DONRST7470yvo &Y 3UREERAL. 3 IFOFHEZEDRED
HWpERELE, 6 NOFHELIVEFHOHREREZKRD,

EEBEZEAND PCNA IBHMEREIL. Aizawa SOFEC(CL Y, RIBEEBAHEA
DIN'E R MR & REMRZ RO /ZCEARERKICT S PCNA Bit#faottE 28 T
Uiz, $BEZBEOREELRZHIC. Tmm x Tmm D 20 faikh, HKEBD 5 FERER IV
15 fAIICD T, 400 BB T, SMBTSRE. 405 1 YRICDEEH 75 RF

T LA, 1 BECDE 3YIBTHAILELSD,. 1 RiEH=y 225 HFE T PCNA B3
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il & PCNA BSMEHIfREZB T L. mAREOMCH T SETEAROLEEEFEL L.
PCNA B51d#ifla®e & Uz, &85 6 TIT PCNA BMHHRFEZHEE L. TOFYELEEHD
PCNA B5tslas & Lz,

HEY R OFEIE, REBBORY S TOBFREMSAEL 2 ADBREICL> TiIThh

o FRRIZ. 72 PORREANT 2 BRYERTh. RESERSE SN,

6)-4 BNIKBREWMRMNRICE (TS FGF-2 HERMHICHT 58

R ELERIBRBICIE I N/ FGF-2 OF BB/ % Rl 2B TRET L /2093637
5/ L /= '%5|-labeled FGF-2 [ NEN Life Science #t (Boston, MA, USA) mSBEA L.
® specific activity (£ 88.4uCi/ug THo/, 12 PORFREH. LU IAEHE
E#R7/EFAET, Smm ZOEHRELEREZ MR CHFR LA, BT L EBILR ~
I24-0 740 RZEZAVTHELHABILZ, 0. 3 PAORRICEEHMHAEREITI.
R & EBMA%. 0.343uCi ORI FEEHZFDOLFAHEINS Sng @ '?Sl-labeled FGF-
2 & Sul @ PBS [CRMLT., Rig¥aHidTmERNICTA7O02) 2 OTEALL,
EA® 304, 6047, 90 HRIC T PFORREEHKL. BRICRIBEADMEE /MR
TH > TERL =, BRERIC. ERBEHORBHEH/ZLTHWIMECHFERD 25
labeled FGF-2 #RBHM U7 Sul @ PBS ZFAL. BEEOAETHECRIENDOMIEZ
IMBERTHR > TEMN Lz, MEZBER LU /IR, £EBICrhO 9 EZRBVWTED R

EMEAELL, 2TORGAEGmMEZERE 2 SLAICTET Lz, '»l-labeled FGF-
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2 ZRIGMOMBEN (TEARLALEICIEEZR > TERL 2k S, REOD *Sl-labeled
FGF-2 ZE#FAL/BEKD RIEHZ LR LA FHERTIL. mMEZHKTH > TEW
L7258 0 RGEEDEIXE(L 91.3+4.8%TH o7z, SEEICHFTSRIEA Rl ORTF
(. ERBEIOMAEZ B U 7-48EkD RIGEMICH I 5 ARKRBIEN O MAE £ BUX L /- #81k
® R EHEOUETHH UL, RIBEROERIC. BEZNEELZ 4 BEYRL., &8 4

PO R BFREOFHEENENDY A LKA MIBIIBRIERFERELLLE,

6)-5 BHRERIMEHMERMPBOBEELEICRIZT FGF-2 OREIC

B9 SR

6)-5-1 HHRRIZTME
FHRADKMEBZERBIBORIE EDEFIC(E. Ashton 5. Wakitani 5D HiE
E—ERELLFEEZAVLDS, 1 PORRERFEEDOR>Y b/NLVES —ILOBIRE
5TE#L. GAOXBRSLEFLZBENICHELE. ThENOBOmEEZTIRL.
HEADERE%E serum free O Ham'sF-12 #Z#h ([T LUK L=, Th# 18G. 21G. 23G
D;EFICIRICE L T, single cell suspension 24X L7, E5ICPBS T2 BEkSL.
5 SEOELTEEER. LEEET. 10% FBS X UHRLEH (penicilin G 100 U/ml,
streptomycin 100w g/ml)&RHM L 7= Ham's F-12 1Z#hs AW THIRZEEEER L
7=, 5.0x10¢ cells/ml OFRHERZHEKREZ 90mm >+ —LIZMA. 37C. 5%CO, D

RIETCIEELUL, BREK S B L TOLWRWEEHRREZRRREL. TORE
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1 BEICEhEBL, BN confluent (CEE L /=BS5S (Fig.6)T. tripsinization
UMM ERIL. B &, 0.1% BSA AY Ham's F-12 igh& Ah. LITORERICHE
AL,
6)-5-2 #BaEERED PR

HEEEDOFEMICIZ. 8um ED pore size #HD polycarbonate filter {2 7=
chemotaxis chamber #A (), checkerboard #2zX T chamber A® FGF-2 iRE%{/E
L 7z. bottom chamber [Z(Z Ong/ml /7»5 50ng/ml @ FGF-2 #iNZx 7= 0.1%BSA #&
& serum-free ® Ham's F-12 iEh& A7z, RIVT upper chamber #71L — b EIC
FEL.Ong/mImM5 10ng/mlDFGF-2 1A 7= 0.1%BSA %281 serum-free ® Ham's
F-12 12 TEE L 1x10° cells/ml O#Ba%E chamber ICHZ /=, 37°C. 5%CO,
DEFETT 5 BEA FaX—bUEE. fiter EAICHBUEELZD > /-HREZLE
EkTBREL. filter 2 100% A%/ —) TS5 REBEE L%, FLAYTREBZT, X5
ARISALICRD MU, BEMRBEOIE. XFERBAAL, 400 SHET.
filter1 MICDEEE®D 16 RBFEHRL TiITo 7=

FRR(Z. 7PTORREAN7 BEYRL., BREIZOTHETRLE.

6)-6 ¥t LE

HEFMRAI7. PCNA BRHMIRRE, BEROBRICEITIHTFHBIFICIE
Kruskal-Wallis test %X Mann-Whitney U test Zf\/=, P value <0.05 ZHEEH

ez
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Fig. 6

Photomicrograph showing a living culture of the bine-marrow-derived
mensenchymal cells, harvesed by trypsinization, and then used for subsequent
chemotactic analysis.



7) REBRER

7)-1 FGF-2 D S5HMRNKESBRADOEERS ICRIZTER

S5mm EFOBHRELEBRIGEERE 8 BICH T EEEBONRMARE Fig.7 IC
Y. PBSE®RELAHTIZ1 B, 3 0. 2 ARSHEHERIAGTHIEERE(C
LEARKRDS DG, MOARBSIRON/AZ, —F. FGF-2 258 T(E 1 A. 3 B, 2:8#%
BEREHEEHEBORAOXRRIIERRBIGES FETH /2. AFPEMBICLDEE
HBOHEBFFAR%E Fig.8 IZSRT., PBS 215 LAMBHETIE. RETERIZETO
SEETHEEZNATIVEY, BEHEBOXRBIREMLEBTEDITIVL, RIgGXE%
WMo TLWAHRIIIZEAENRBHPREOHMRTIILS, $T7520-0 CLBZEHRDOE
IR ohiamrok, INITHL T, FGF-2 25 L=8TIZ. 1 BiE. 3 AR5,
2BREBREOVWTNTS, YI75=2-0 CRETHIEREZL - AHRBHEBHIHERE%E
A BRETHBREROBHHRELRETEOREROSIETHEL TV, BEXRE
ZHELUCRBHAKTE. RKEOREHERIZERZOMEKE ERECEREFZELT
W,

BERICBTHEEEBOLERMFTMOBR%E Fig.9 ITRT. FGF-2 #E5HTIZ. 1
A5, 3 %S, 2 ARKREOVThICENTH., MBRBLVEBICRIFLEELETR
TRAT7THo7., FGF-2 HEHEMBICEVTIE, 1 Bi%S. 3 Ai53 2 ARKBE LR
FEDEERAT7 THo/=. CORRIE. 5Smm ROPHRELBRIECSVTHREERL

EBELAROHABRLZREEIE ST, FGF-2 2 1 AR5 THEIITHITH S
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Fig. 7

Gross appearance of the 5 mm diameter full-thickness defects treated with

(A) PBS alone or (B) treated with 150pg/h of FGF-2 for 1 day at 8 weeks
after creationof the defects.
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Fig. 8
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Regeneration of 5-mm full-thickness defects treated with PBS alone for 1 day (A),
3 days (B) or 2 weeks (C), or with FGF-2 (150 pg/h) for 1 day (D), 3 days (E), or 2
weeks (F). Panel G is higher-power photomicrograph of the framed area in panel
D. All sections were stained with Safranin-O. Bar, | mm for A, B, C, D, E, and F;
100 pm for G
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Fig. 9
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Treatment period

,——|* B FGF-2
/] PBS

Total score

Histological score for the regeneration of full-thickness defect at 8 weeks after creation
of the defects according to the histological grading scale (Table 1). The defects were
treated with PBS alone or FGF-2 (150 pg/h) for 1,3 days or 2 weeks. Values are means

+SD (n=7). Asterisks indicate results that were significantly different between the two

groups (Mann-Whitney's U-test; P<0.05).
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_EERLTVWS,

7)-2 FGF-2 ¥ 5 3 7% B i #X 8 < R /7 4R 56 4 70 48 8 P9 oD il B ¥ BE

EHIBRERE IC R IZT IR

RIEERE 1 BICHIT 5 RIEMORIRMATRIE. PBS. $3U\X FGF-2 #%53hi
WFNOBICEWTHEREARICHFEGA FEXBSVSNBHEOARE2LTEY. &
EHPRO—EBICHFEHERBSTER S R TUVE(Fig.10), RIBEME 1 BICEIT5E
EHBNOBERMIOBIEENZFET 5728612, i PCNA RfEE BV -REREE
To7. ETEERAKO HERBETo %, TORIEOYIA%E PCNA RETRERE
L7,

RigVERLE 1 BICEITS FGF-2 5B OEEBRKIL. FGF-2 0RSHEICHh ML S
3. PBS DHEHRESNIMBROXGMEERAGELAELENEZRDEN >, RIE
DFRLIZMEBTEHZESN, TOBHTRMEAHEROBERMBMASEEL TV, R
BOFREDEORBTEEBIELABMATE. EFHEBRAOMENSL SN,

i PCNA HikICxid 2. HBEICEWTIE. RIEOBADBEDENTESE
HERICIFEAEERZINEN /2. CNITHUT. FGF-2 #58#ICHNTIE. 1 A%
5.3 A5, 1 BEREOVTHICENTH READIZ LA EDXRS{EMRRAH PCNA
FKICREBENTIVE, FGF-2 BE5BOKERSHEICEL TR, REHRTEEGHEE

FIRHShaM->7=(Fig.11),
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Fig. 10

Gross appearance of the 5 mm diameter full-thickness defects treated with (A) PBS alone
or (B) treated with 150pg/h of FGF-2 for 1 day at 1 week after creation of the defects.
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 —
Transverse sections of the reparative S-mm diameter defects treated with PBS alone for 1 day (A

and D), 3 days, (B and E) or 1 week (C and F), and treated with FGF-2 (150 pg/h) for 1 day (G
and J), 3 days, (H and K) or | week (I and L). All animals were killed at 1 week after creation of
defects. Hematoxylin and eosin staining (A, B, C, G, H, and I) and PCNA immunostaining (D, E
J, K and L) were carried out. Panels D, E, F, J, K and L represent the PCNA-positive cells in the
areas denoted by the framed areas in panels A, B, C, G, H and I, respectively, at a higher
magnification. The sections were counterstained with methyl green. Bar, | mm for A, B, C, G, H
and I; 125 ym for D, E, F, J, K, and L.
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BEHICBTHRIEMERBSAOHRERRU PCNA BEtila® £ Table2 [C7RY,
RB|ERKE 1 BICEWT HRBEEICEH TS PCNA B HEHIBRIIH 20% THSHDITHL.
FGF-2 #E5HTIRVWTNORESHREICE VTS PCNA BEHRREN S0% LI LT, 218
BICBIB3ENIVBFEBILEEXETH >, 1 BICBITHHMIBERES FGF-2 1580531
BELYDBBERICED /., FGF-2 25 LHTIE. RSHBICLVHEREEICER

BEEIHESNEDO =,

7)-3 '251- FGF-2 DB # MR 5 DMK

AELEBIALRA Y MTEVWTRESBRNICEFA LA RIEREZ Fig.12 ILRT. R
BEAICERE L/ RIGEHRS, BEEFECRSED L. 5% 30 9TH 40%. 90
FRICITH 20%ULrEBRFLTWV DL, COEBRLY. REPUEANITEASHE

FGF-2 ¥ 1L 30 LN EHEE N,

7)-4 EHRESMEMERMBROEEREICRIZT FGF-2 DR

RESHBEORMMEEBERMBO FGF-2 (LT 2 EERIEE Fig.13 IZKRT.
Bottom chamber (Z FGF-2 & E WO EMREIL 8.7+6.7 cells THHDIC
xtU. FGF-2 BEH 0.1 ng/ml Tl 41.6+17.6. 1 ng/ml Tl& 55.7+25.6, 5ng/ml
T 68+23.8.10ng/ml T 83.6+18.4.50ng/ml| T 57.8+32.0 & Hifa#EE(L FGF-2

EBED 0.1ng/ml »5 10ng/ml ETORTREKREHICEEENE, BREMEIZ



Table 2
Cell density and occurrence of the PCNA-positive
undifferentiated cells in the reparative tissue
at 1 week after creation of defects

Cell density PCNA-positive cells
Treatment (cellsx10?/ um?) (% of total)
period
FGF-2 PBS alone FGF-2 PBS alone
1 Day 1.22%+0.31(0.74+£0.19 ||51.9+14.4 | 28.9+8.7
3 Days 1.12+0.16[0.69%+0.20 || 54.1+7.0 | 27.3%£5.6
7 Days 1.21+0.16|0.78+0.24 || 53.9+6.1 32.9+4.3

Values are the means + SD for six animals.

All nuclei were counted in a total of 90 fields using three sections for each animal ¢

a magnification of X200, as described in Materials and Methods.

PCNA-positive and negative undifferentiated cells also were counted in a total of

225 fields using three sections for each animal at a magnification of x400.
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Clearance ratio [%]

Fig. 12
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Time course of the '¥I-labeled FGF-2 clearance ratio.

Values are the mean + SD (n=4).
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Representive photomicrographs demonstrating the migration of marrow-derived
mesenchymal stem cells (arrowhead) in response to FGF-2. Cells suspended in Ham's F-1
medium without FGF-2 were placed in the upper well of the chemotaxis chamber after
loading the lower well with Ham's F-12 medium alone (A), 0.1ng/ml , Ing/ml , 5ng/ml ,

10ng/ml , and 50ng/ml of FGF-2. Scale bar 100 & m
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10ng/ml TH SN, TOHEEMPBUIIZHIC FGF-2 2R EAVWBE S LEBRLTH 9.6
BTH-o/. 50ng/m| TILBEEBRMIET UL, MRBELLABETSHEFREICLRLT
(V= (Fig.14),

THIC. FGF-2 OIEDRERDE THEI NS chemotactic migration & random
migration Td % chemokinetic migration ZX #1357, checkerboard analysis
1107, TDOER. Table 3 ITRT LD IZ. FGF-2 D chemotactic action (£88 5 /»

T&H>7=h. chemokinetic migration [2IZEAERDHShEM 1=,
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Chemokinetic response using various concentrations of

Table 3

FGF-2 in the upper and lower well of the

chemotaxis chamber

FGF-2 (ng/m|)| Number of cells migrated into lower wells

Upper well

O ng/ml 10 ng/ml
Lower well
* *
O ng/ml 8.7%t6.7 11.5+4.7
*
10 ng/ml 83.6+18.4 18.1+11.7

Cells that migratied into lower wells through the nucleopore filters were

counted in 6 light microscope fields (x100) per filter.

Values are means * standard diviations for seven experiments.

Astarisks indicate results that were significantly different from [upper 0 / lower

10| group (Mann-Whitney U-test; P<0.05).




8) EX

Hald, REXKRERET ICER L BABERATEER Smm RORERELER
BICHWT, RiEERE 2 B FGF-2 ZERBEIREAN ICIHSNICIEAT 5 & REF/BIEN
BRELHRBETEOBENTEINDILERITRRTRLAEYY, COBREREZ. K
MRTIIETSHIC, RI\EEKZR 1 BHDH NI 3 BEND KYFHARO FGF-2 #5755 S5mm
FERBOEERISICRIZFTREICOVWTRILE., TOER. FGF-2 DEMMRETH
2 BERERSLRFOBEBERLBPEONS ZEMRENL, TabE, Smm EDH
BB LBRBICE\WTHEBLEEFETSIC(3. FGF-2 Z#MEEANIC 1 BIFSHREST
BEFTTHRITHSEMBALM LGS,

BEEN D B REARE IC AR ME B EERBINFET 3 Z EDBRE I N TS 5503940
BEEHRESLERBOBEICENTIE. REFEEOEH, OREFNEET DKM
MERERSEEREFTIETITIELRRTH S EEZ 5N TS, BHKILER
BOZEFMABEBIEICDOVTIIEICORALS, RERICEIETMESTHL. 2~3
HEBRT 3 ERMesBRASNEODGICHIEYT S, EO%. RMLABBIIREOH
RICEFFEEL. 1 BEETICEIRBILZERMEEHBATE LTINS, H2ld2ET
MET. RESEZXRLAEROBICTI/OT7 7 —CPNEARMER. BFHEROELE
=TT DH/-0I1C. CD68. CD31. ZIAVU T +RT 749 —FITHT 3 HBHEEFR
fEToE. FTOBE. RIBAEEEBTOHRICCHS ICHT IRELERERD S

NEp-72@, ThEOMALVEBMBOHEBIEECERIYBREL TELRMEAL
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BIERHARTHEBR SN TWS I EBTEEINS,

FEEE HCHRAEDREMIFICL ZREHERMBOMBMBEDEMIE. KRBFEED
RIBENS L THADEHTHILEEZEZASNTINDHEONAN, FCHIRR/I-LDIC, F~L
[ZEFTHART. BORBLERIBOEEBECH FIRBEMLEIL. RENEEERSZ
FIAL 7o R ML D PCNA B IR EIC K <HBATH 2 L ERLAED), Tabb,
BENBRICHBLETS 3mm FORBICEVLWTIIRIEERE 1 BOBSTRIBANEER
D PCNA IBHEHIREILH 60%ICHET S, REHSBLELLZL Smm BFORIBTIT
PCNA BBtH4RIEE3H 15%EBBICEM o /2. —A. Smm BORIEIC FGF-2 %%
IS LABEIE. RBERE 1 :8BICEITS PCNA BHHRZEL 3mm BORBOE
NERBEOLANICERLTWE, ES5CSEOMARTIE. FGF-2 2b T 1 HIRE
L7 Smm EZ2OXRBEICENTH. RIENEEEBRO PCNA BH4HHRET FGF-2 £ 1 38
BG5S UERERFICERTSHIEBHEONEE /=, PCNA (3 DNA ARRICWA
7z 36kDa DEEHEERTH S, ZOKERIL. HREROD G1 phase &IN5
S phase IZPIFTERENDW4), §xbbE,. BHELTWSTXTOHRMSHI PCNA #iL
EICRBINZDITTIIELS, > T. PCNA BHETHIHREIIREEIEL TS
AL YL EEZONS, HIRBARICEITSENEND phase ORI SHBED S A
FIZE>TRELEDN 850 KPFRT FGF-2 # 1 AR5 L/=HED Smm ERIBAEE
$HEEPD PCNA BfEdiRmES SORLILDEWEERT Z&(E. RIENEEHEESTDF
EANETRTOMBSIEREICHD LETETIHDEEZIONS,

in vivo TS &N/ FGFs IEERAMPORAREIHERTEIEBNSDODORART
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RENTINBC39, F#Sy FORBEHENITEASNE FGF-2 3. FAZRDITHE
BRI L BBERERICIZE EES AL GO, ZDHICAL T, XRARTHRKLERDE
bhic, /bbb, BEREEBRIBICKG LIZWERITEA LK FGF-2 (1. 5% 30
SLURICEDESLULSRIEANSHERTSH EMNREN/K, PCNA OHFFEHE. #HRR
DEIATICL>T 8~60 BETHSLBESNTNBCY, #>T, #’E5Eh/ FGF-2
MEOERMMOIRIERT DL EEXSH L. REMBENIC—RLEF®’RS SN FGF-
2 75 PCNA BH#IlRIETREND KL D GES THELHREEOREICERERL T
BEEFFEZICTLY,

MEHMEEEBRIEOEEBIECEVT. FHEICHRT SRMBERBROREN
NDEELHEFIROBHMICHRESNSHRRIETHY . BREHBELZSZETILTE
HTEELHTHBRELEEZ 5ND, FGF-2 (3. HREEOREERICNZ. ¥5F /5
14 . MEARMAR. SRR, REURFEREHERLE,. B4 OHERICH L TH
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