_;uve3e].82\:6T8;D. ' WD 00/ 4441% EWMND COVPOSI TI ONS FOR HEALI NG AND
REPAI R OF ARTI CULAR CARTI LAGE I' | N\VENTI ON 5 The present '
“invention relates to the field of *thesue repair, specifical

regener at i wo 00f4433 abl e and functional articular cartil age g ?1 he
present invention may be useful | | tructive surgery or ot her
procedures for the regenerati }gﬂ%@lim EEE“H’ of articular cartilage.
BACKGROUND OF THE | NVENTI ON 1 of articular cartilage injuries
remai ns a chall enge in present daysuofthopedi cs. Several of the current

t herapeutic strat egt@%r }éﬁg and
osteochondral tissu &GE%@%?% %wﬁ VI des the nost
appropri ate physi ol ogi cal sue is limted, and

often requires surgery at a seconda site_in order to harvest tissue for
transpl ant. Accordingly, despFHELR 9 THEINVENTI@Ndeavors in this field)
there remains a need for an effective nethod of repair of articul ae
cartil afe defect STharpteseni invientsonntelatds tor trei fikdd ofi pissusprepait,espptificallyl ¢y cal

D" S R B b B

conposi t i onsmiyte us€HER eécahdtMG EGuigefy®r bhetprocdttePloy teabgeBbratdd o ragu opri at e
tissue repai r for the repair of articular cartilage injuries and defects.

In particul Rfprticylar gartilagert | nvention conprises nmethods of treating patients
with arti.cular cartilage injuries or defects. The nmethods and conpositions

of the present invention BLECEKGROUNDOEFTHEINVENTIONY utilize bone
nor phogenetic proteins (BMPs), which are known to have osteogenie and/or

chondr qgeni ¢ properties oduc vi a reconbi nant
technolqggy) and tH&r"&p 8{3&&‘@\,\%‘? ﬂﬂﬁ‘éﬁffrﬁ?ﬁsf" “Frﬁ%i'@g%ﬁﬁplﬂlgf SCBh et hods
and conposi tdrtiofedids. SBeerdllof #RThrrbnt\URtdpetic dfategies hieltasedapon feagglNSof N t hat
regeneration of functional articular cartilage may be_ accel erated or may be

of greater uthendraliand esteochopdral Hisvess vianlegous osteoghpndral srafting providss thegosk t he
site of the appdpfak PRy s%&%@hﬁ“ﬁ%%e?@édd@@!s{?@ﬂ%édd&fd%nPquuirEH ury is

physi ol ogi cal approp The use of BMP to augnent the repai
articul ar casurgeryaye sehondary sitedm drderip hagvest tinwg fwrmsnlantnAmdmglymmws for

{28t Of sBRARRALAE ot AU sRR RO DAcIShAN B8Rl RERIELBRLL, o2
eval uations offacticolat eartilags deféetbd hijiirizp which previdds\appropuiataphysioldgichl repdii ckness

10 defects of articular cagtilage in rabhits,
without the need to collect autdlogous tissue from the patient.

SUMMARY OF THE INVENTION

The present invention provides methods and compositions for regenerating

20 functional and physiologically appropriate tissue repair for the repair of articular cartilage
injuries and defects. In particular, the present invention comprises methods of treating

patients with artjcular cartilage injuries or defects. The methods and compositions of the

present invention are advantageous in that they utilize bone morphogenetic proteins
(BMPs), which are known to have osteogenic and/or chondrogenic properties, and which

25 may be produced via recombinant DNA technology, and therefore are of potentially
unlimited supply. The methods and compositions of the present invention are further
advantageous in that regeneration of functional articular cartilage may be accelerated or

may be of greater ultimate strength and stability, and the tissue formed at the site of the



,DETAI LED DESCRI PTI ON OF' THE | NVENTI ON According to the present invention)
met hods and conpositions are provided for treatnent of patients who suffer
fromsonme formof articular cartilage injury or defect. The iﬁ"ljJH(_yD@ay be
the result @ ¢3ak4s stress) or injury, such as resulting frgm art% pation
15 in athletics, or from accidental occurrences which tear P 00402430
otherwise injure the articular cartilage. The nethods and conposition are
advant ageous (H’]} tthat . reﬁai‘r @?’ inprovenent of articular cartilage defects,
particul 3rly $0F9 L RIERRPIEIAPEFL HPPRP 1 | age defects. Qther defects may

al so be treated byrHefie BEBNPAS adgiflent Gi¥ROSiL dfaRfculk ciriRgPderecind ifMagy | on,
20 particularly with an additional procedure in which the site of the

defect is furBpgreselyisybeiter methads fosweatmens of psteqasthiitiy s Poigting, delaviagiert

bone. 11 1Ne REGAEIhe hANEBE dtfciafib tebfaofthehtd dhal ek Sbmurdh iflerdgnuoEM 1 S
added to a suitabl I SSsue source. e t1ssue source may be an

ost eochondr al Pgtlirfidal eedlhdtions mdicade alymn ulsBMB-2 improat esiyt healing offill aliokekss e
allograft or artificially prepared tissue. In a preferred 25 enbodi nent,

t he tisslhe so&f%ﬁéﬁ%&'&%&?ﬁ?ﬁb@?‘?‘@ cell cultures, such as chondxocyte or
stemcell cultures which have been prepared through ex vivo cell culture

met hods, with or w t houDEFAULEDDESCRIFFION OFCTEEINVENTIONNDl e, see the
di scl osure of US5226914; US5811094; US5053050; US5486359; US5786217 and

US5723331. The di s es of I hes | ' . :

I ncor porated her ei‘#cgfﬁé%%eﬁee%rg%w @%"'H%g 'ﬁftgés)‘%eahgrg{)/ﬁlg&?l@%%gw gév\?/'%\étf % by
tradi ti onal neértmedtiof patidnts whdsutfarlfromaomiy forsd oftartiehldrctflags irjurglor d&fect.

nosai cpl asty),_ jn which cartilage is harvesfed using copnercially, ayail able

i nstrunments’ sURHRREY BEY hesheresuifofiacute SEESTOR IERRY. SHTAS resitig fiom Repticipatien o 3
0 JLIL 2803 V¥R QfteAdA b3 a3l AdeRaraP dckaftemee Syt chiMehr] AR bR StnéRilE Eijte i es,

Mar | bor ough MAJ; or Arthrex7 Osteochondral Autograft Transfer System
[ Art hrex) Munartienlar@artilagey] . ~The tissue harvested nmay be applied directly in

t he met hods of th r t_ipventi. r i ith the tissue
based cell cul turgmg?yrget eoﬁganecs"c ""l"o'g[én%%@W@%ﬁ%g’rﬁgﬁg&fve
growt h fact orartiewlak dartilageedefisces paticulaiefulli thitkness mtiedler edvlilugd defentd, hetheribel ass
of proteins kngwn generally as, bone r phogeneti c, protejins (BMPs), . which
have been di s@%ﬁ‘gﬁg‘al’ﬁlsﬂg‘?/éeﬁ%q‘é‘/o emrggt}ﬁ& ?ﬂ%ﬁ’é’t‘l‘gﬁs %ferfhe B’tegFé‘F “‘g’%‘lﬂm‘h and
di fferemfpi at i poitiiR®y Hthianl dd@fonall, MBS whith | thél gitd BBMR- deFect iBhrthar
rhBMP-4 (also referred to as r hBMP-2B), rhBMP-5, rhBMP-6, rhBMP-7 (rhOP-1))
r hBVP- 8, r hBMESmavated sp ppmpeach theypdantyingsubehopsal bope. r hBVP- 16) r hBVP- 17,

rhBwP- 18, rhGDF- 1’Inrth%sent invention, active growth factor, such as a BMP, is added to a

suitable tissue source. The tissue source may be an osteochondral graft, either autologous

-

to the patient, or may comprise allograft or artificially prepared tissue. In a preferred

25 embodiment, the tissue source may be chondrocytic cell cultures, such as chondrocyte or
stem cell cultures which have been prepared through ex vivo cell culture methods, with
or without additional growth factors. For example, see the disclosure of US5226914;
US5811094; US5053050; US5486359; USS5786217 and US5723331. The disclosures of
all of these applications are hereby incorporated herein by reference.

30 The tissue may also be harvested by traditional non-cell culture based means,
using techniques such as mosaicplasty, in which cartilage is harvested using commercially
available instruments such as Acufex7 [Smith and Nephew, Inc., Andover MA]; COR



3, rhGDF-5, rhGDF-6) rhGDF-7, rhGDF-8, rhGDF-9, rhGDF-10, rhGDF-11)
rhGDF-12) rhGDF-14. For exarrpl e) BwWP-2, BWP-3, BMP-4, BMP-5, BMP-6 and
" BMP-7, disclosed in United States Patents 5) 108, 922; 5,013, 84BJUb 0%, 738;

5, 106, 748; vio dorda4f376; and 5, 141, 905; BMP-8, di scl osed in gﬂﬁéﬁ bAgtion
W91/ 18098; and BMP-9, 20 discl osed in PCT publication W9 Q VP- 10)

di scl osed in Unlted States Patent 5,637,480; BMP-1 |, discl osed in United

atont 5 6505HSn BV Gratpbsn Mt buevl MAE Rt E GtebBhean "

BVP- 16) _di sclm@gdaﬂ mraﬁgfeﬂosyaémwnaéﬁ Murddhp Gedniy P MTHealsh haé b fa
08/ 715, 202. Ot her. conpositions which may al so bz useful include \)'gr 2, and

any of the 28pplicd\inectiynia thy methodsafithe Pigtent ivewios, prapsshe combined avithdhe hose
described ing; | J i : 94/ 15949; W95/01801;
W095101802; \?g%}fg"%gzﬁiﬁ%@8@%‘?@’3@%@%{7@%39 WD96101845; W96/ 02559 and
others. Also useful in the present invention El(% be BIP) disclosed in

W094/ 01557; HP00269, di scl osed i "GROVEH FAGT nunber: 7-250688: and
MP52, di sclosed in PCT application W93/16099. The 30 disclosures of all of

these apl i cati ongpAL&RiVRYERNK fa&&@ﬁé&@ﬁ@ft&dprbfehﬁinﬂe:&%nr:%ﬁfe?z[b@yefroﬂ tﬁ@ usef ul
in the present invention are heterodi ners of the above and

proteins or p@bcﬂasabf prolednsi I@anrgemmmasmwc prholm% me@nsemsd,a\ﬁhlbb used

i ndi vidual l'y UL 2~3 4 30 5 of
two or nore, h§n rc FI’BI\‘)E’§ gosf prg Pstéogcq.\ﬁe cg%'"? %bg&drge%gnb# §;QQ-{ %é

Er odgced) or dtffmnhmmg: tipeciativiti¢s! %&emmliﬂd&ddeMP-Tthm mBMb4 (alsod

onmodi meric, or nma terodineric. of r odi mer
conposed of B?fr ﬁ@ﬂgpk@aﬁ? &#ﬂ Eg&ﬁ: @%}”%Proi’v\f)t’hgmgl’gﬁéﬁﬁers of
the TG§3 Slﬂmﬂmﬂmmwm-%%msw ﬂmh@lﬁmlg%ﬁﬂ heng-, a 10

het er odi nmer corrposed of one nononer each MP and a rel ated nenmber of

the TGF ~3 sdp@Ghid. Irl}(ﬁDF-éxr&ﬁi&Fe% rhﬁDEl&cnhGIWr% lfhﬁiplﬁré%rbﬁléf’dﬂé’hﬁPFaHe
desor bed 1 oty GKATAl Cpbn PR B8P EheEaE S ADRSS! BMP QI 8220. the

specification o V\:hl c eby 1 n¢orporated hérein by rence. The
amount of ostdisommUmtedtSmmRa&ﬂfsﬁuO&enaﬁmlBMQ bauémﬂnosma‘&,amm to

stinmulate incr ctivit f ipfiltr eni cells,
5 and w11 aBEan e e BRAEE. fisdStan i et nebliracon R DRL A 368 PP S ey as
wel | asag he @asarosﬁrmbmbmb@w@ymgrmﬂo &B@os%mrumeafsméscpa@énm to be
delivered is in a range of from about 05 to about referred
erbod ment . SHB7 480 BB | cisslogdin Foies Siatas ke éﬁé%sas@g&ﬁﬂzmswg
effective a t t of
tendonl-vor 28 :iosa{matfmf ?ks‘gh% E%@G 65308?9 e| ns Hlﬁgegltﬁkgteﬁgl\g?slba‘?&é - 13,
and ot her rreritﬁ?ﬁsﬁ?bfandmm Bisclosdaf axmb-pyndmg patknt qulmﬂbﬂ sefmemuntprot ei ns
and their us eration.of te nd |i tlssue
Aocl nocy | OBfTS 20F LB eBhpalich whieh i 0 e uoe e yof G, g 35 By B8
08/ 362, 870, fgrdvaH asddiffereminkion faZQ)rsl[@‘Fs] Ed&ﬁlddig&h‘dse desefivedfin POT applicaidner eby
i ncor por at ed‘ﬂgrel n by reference. ot her re e

i

het er odi mer W01 choaﬁéS?ﬁ?nW/q}ﬁm WY 189%1@95@8}@bp\”6}r5§41ﬁ9§%ch as
BVP-2) and t hgoo5/16539 500067018450 Wihde/65559 dnBiiens,| DA bidehl b GhebftsengUCh as

BWP-12, is admnistered in accordance with the met ho%g described I xlow) in
order to i ndlm,‘\@nummﬁﬁ’i<b3¢1Q3¢d!aWQ%015ﬁ’laHP@QZﬁac¢1mwmdmmaé‘ennect| ve

tissue and boffpert 7.250688; and MPS2, disclosed in PCT application WO93/16099. The

30 disclosures of all of these applications are hereby incorporated herein by reference. Also

useful in the present invention are heterodimers of the above and modified proteins or

partial deletion products thereof. These proteins can be used individually or in mixtures
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Gowth factor nmay be applied to the tissue source in the formof a buffer

" solution. One preferred buffer solution is a conposition cq@Driugi Agy i n
addition toyblegsqagsi ve gromh factor, about 1.0 to about 1 0

gl ycine, about 0.1 to about 5.0% (W v) of a sugar) preferagfgl@éozw?%%)e,

about 1 to about 20 nM glutam c acid hydrochloride, and 10 optionally about

0. 01 to sboutysRyolor’AdE, Ad AP Srefdifeliact ant) such as pol ysorbate 80.

Preferred solutions are fromabout 1 %to about 20% w v cellulosic

carrier/buffer. | TheBNMPmsaype secombinantlypraducedcarpuirifiedkfrom a prategrdomipssitidn. ch  may

be suitable r I n .application of the ow.h factors. inthe, nethods and
corrpositionstrglf#ﬁgn&ye@gﬁ?m?‘ﬁvéﬂﬁ'ioéﬁlﬁy%li%&o _5??1?"6%0?“52?@5 &Fyghcal 15
nmesh or sut Unhe&lodRRdrY@imtesiicéfinet RbHeRcbdheofSENIPL] and BME-B)TBY With other

dem neral i zed bone, mnerals and ceram cs, such as cal ci um phosphat es,

hydr oxyapat i tremberseof the JGR=P supesfagilypsuchias adviny, inhjking sad dGFBL (9-Hed

o oxyapat . . f . . |
o car 18§ BeeldBiolt Eedibdshfor b S STRL enchlor  BRAERIRES Rileed UL 0P B TRRY) €]
sui t abl e buf fPesuperfaniilyys Exdraple O6F suetshmtdrbdinheribproteinscire descritieddor exampledn

i t abl i er, lied . di he ti .qr.to the sit
"h heed of -t PuBlibed BT ¥arcaPRpoiicede, T b4l bl suecichaien Sdylhis Wb cal | v
applied to th@otdofafedheteltl 1B} yefrehbs. abteAthoit of bileigefic pfiteill fbeTal Hareid id Shae OF

ot her suitable applicator, such as a syringe for injection. Alternatively,
or in conj unemow effedtive oy stimulate ingRpassd ogigogerte acjivispef infilirating pregenitoricelly, n need

of tiss r epay | 2\ e : | e ctice
of embott mentll i Bt oh e DRSS Gerck Pl el difbalel” | 10,
and as w || Ibeingpmplogedt @ehemnjlys the emowitiof protkin 1w tellelivered is imardnge vffrored i n
accor dance wﬁhh t()[bg at}g%‘e $pecification. 5 3 0 JUuL 2003 WD 00144413 5
EXAVPLES | . RABBOO A9 PRt LPtM&CT/ US00/ 02430 All procedures were carried out
with approval frofmdpélered dmBbaiMeRtBihe odieoyerie ptoleifl isddidiMisterB Rddethef RithONt hs
old) were used. Two rabbits served as donors and 10 as recipients.

Ost eochondr alangffeetive ammunt ofg rotaie Maich inable tindyeesthe formation oftendens OBl ear 10
groove e.to NGighicth ftke fiGOR " SUen GrRH! ficiBle BNIP- 190810553, Aathaler BRZBLABEARE 1 NTO @

3.5 mMm de

BMP-12 subfamily, as well as MP52. These proteins and their use for regeneration of
tendon and ligament-like tissue are disclosed in United States application serial number
serial number 08/362,670, filed on December 22, 1994, the disclosure of which is hereby
incorporated herein by reference. In another preferred embodiment, a heterodimer in
25 which one monomer unit is an osteogenic protein such as BMP-2, and the other monomer
subunit is a tendon-inducing protein, such as BMP-12, is administered in accordance with
the methods described below, in order to induce the formation of a functional attachment

between connective tissue and bone.



defect in the trochlear groove of the recipient. The graft was bathed in
either rhBMP-2 (0.5 nglm ) or buffer control prior to inplantation. The
rabbits were sacrificed 4 weeks after surgery and the trand® d¥ 908nd
surroundi %%/&%Eﬁ wer e eval uated by a hi st ol ogi chi st ochewcgalsogéash ng
scale, as described in Sellers et al., J. Bone Joint Sure., 79-A: 1452 15
1463 ( 1997). Conputerized i mage anal ysis of histol ogic sections was al so
performed. Results were eval uated using the unpaired Students t-test. On
gross exdm nation, the joi APPLICAHONOFGROWTH FACTORMati on. Al the
defects were filled by repair tissue. The surface appearance of the defects
was vari abl e but ' Js e. M treat ment.
Ost eophytes were ?%%ﬁ@ figt'ogm%ﬁ% agk)ﬁ%dgg%bz(i@%mg h‘g&ee%\&%élaﬁ;éﬁ{ﬂ‘%?%@ami in

ﬁ ontr Iol buf f eOng prefdijed bulfifer eolu?xsn irs]ca mn:;foeikiaﬁ icﬁﬁpbﬁhgﬁﬁ radditia% (114 trl:xs sagmd

i stol ogi c appear,ance in any of the ects. The presence of chondrocytes
in the | acuna&oYHHfac e ALY &}sé‘l’ tho‘gi (Y!é'b Blycing, abut Q:Ib??o’sm&f’rqqf’ (w/yrof

i ndi cat ed suryi i i ; tilage
was present | IRERY sHBR Spoul RS MR BE B B e B Ko B

treat ed 195 groptjonalijhaboht@D1 mpaboht §.h% of afrentionia surfactant Bivih- 43 polyserbatel 80r oup

was significagtly i.nproved ¢ ar.ed t hat .i.n.the caontr.ol qr T

PREN PO ¢ r eabEtrt SRBBNECert SERCuaR: b5 2P bR cafetber, 1.
fibrous repaidestred a4t mdy béeddgybchondral bone conpartnent. Treatment with
rhBMP-2 also resulted in nore cartil age above the aqriginal tidemark)
apparent |y consi stPther matenialy whighymay be suisahiefon pee in appligation of He gvak facwrs pi ent
30 cartil age. i, Hhah [o@R L i J L t of
bone- obser vod by naa End ol o 8R prsto LRERI I B bRt g A

PGT/ US0($02430esh qtABhEes, HPISTIIC@@IeC<BPEREIrASERsiHvE POlyDRE, dOniatRligAVEOASURENVENT

FOR CARTI LAGE_REPAI R, , MEAN. VAL SD)....10 A x*10. 0 42)*20. 6
(5. 18) % of b oRRerA, By $47 TWLE.?‘%(%B{" .%‘é%%hf.\/‘graﬁg’%@%%‘%&g“’fﬂsb‘&‘gh? oo
under ti demar éotnbifatiods @f thkSabB¥e (escHSd%makridar i theghefehied émbdditaem ok fite 70

(41.08)*18.17 (26.70)% of filing of .the defect96.53 (4.86)*88.79 (8.04) *
Statistical | yPreseghinyentione hayyevere P pasHEerss epleYstk r ol  (p<0.05). ** Scal e system

ranges from 0 (nor b £ifthi thAGos &zQPF:eé?rﬁ%eﬁﬁ&ﬁiiﬁ h-suftéhid ba@hich as

hi st onmor phonetric anal’ysis data fur supports the beneficial eflfhgtcts 20
of rhBMR02 ondestribed abrive g combigediwith a fitable gamripd, may bhapplied direatipgahef tissue ng of
the new tissu i.de. e h % | r.{0BwVP- 2
treated gr oup&\?zg.% %%5& mrrgé'ela ‘{fr'%ﬁ.% %ﬁ%}‘ Fong é’g%qg" g%:w%? (&ko?lngh el;E

I'n con ere was r t car
degener at i on physichlBMippHed tcethe @idsug thropgh shtayitiy Sfdipging) or nsing abtush ofj brherp

(44.52% . The integration of the graft or newy forped cartilage with the
host cart i | agBREe HPRlisPGD s A anse.for Beaton oA kergaseiedi COMMAEOH U ¢ hat
25 of contr ol p@teiiiay Beldif30Y Aplied/RS Be 5itdn @eéd dfltRaR rkgiired under the

i nfluence of rhBMP-2 either” at the edge of graft, which elimnated the gap

bet ween 25he gr af t HhedfoHewing examples frther describe the practice of embodiments of the
invention with BMP-2. The examples are not limiting, and as will be appreciated by

those skilled in the art, can be varied in accordance with the above specification.



top of .graft) whi ¢h nade the graft nore congruent with the joint surface.

' The above results denonstrate that the healing of allogeneic osteochondral
“grafts in articular cartilage defects was inproved by the @diJULo2gpf
rhBWvP- 2. TR @iidye 30 growm h factor may have accel erated §@I bone
uni on, providing support and nutrition to the articular cartilage tissue.
Addition of growth factor nay al so have stinulated new cartilage formation
from recgpi ent mesenchynmal, stem celtm];ﬁ bone marrow and/ or the
synovi al “ti ssue. These results sugges a he conbi nati on of active
grow h factor, particularly the bone norphogenetic proteins, and

ost eochondr all. Rabbig Allbgraft’ 3 0 JUL 2003 WO 00/ 44413 PCT/ US00/ 02430 5

m ght present a potent strategy for treatnment of articular cartil age

defects) parti cul i £ i e .
Rabbit Autograft &%&eﬁ%ﬂgﬁv%&éﬁ%ﬁ?gﬁ?@ %ﬁ%ﬁ%ﬁ?e%&g%&% | ong)
wer e har vest éipalandwhitdmabhitsd6 krioaths olg) wereasask Thwomahbits secveddy Henoanand 10 as
transplanted into a or, si.te 2.7 wide 10 and 3. Snm |,on n t

trochtear or dsobenf: PRRBM el pagy 5% ot it el Werchaien BB rbeam ¢ ¢ e
ani mal s 1pad higédvelor the mpBRUfeimdED cordle 'of the @bkod, akd tsplinitéd infoQ 3.5 mm deep
transplantation, and then the grafts were dipped in buffer for 2 mnutes

and pl aced i rfiefect indhe Eeghinap groovg efdhe rppipicat. Hihe grall WasrhathedineitbaapBMP-4r | pped
into the recigpi i i A r Lrﬁﬁﬁt : was
di pped into éﬁ;?:gg/mlég%tﬁ ‘é%fﬁ%“%@%%‘gﬁ@ r %P@@ngi&gvég]éga&{l ggﬁa‘ﬂg@f& t hen
t ranspl ant ed aftet surgdngandthe primespiansiahé suriduadiagtissat vesvevauated by 4 hisetbgit-weeks
after surgery, and the recipient .sites . were eval ed_hi st ol qgi cal usi ng
ot ' o hi ot ol PRIt R B Ry S o o Hoptsclocdy. R £Taggl ©
Joint Sysg.) 14334199735 0MsuteriRa fthhgerdndlysiv afhiktbRiic\tectionsud A5d mhédge
anal ysis of the tissue. The data indicated that treatnent with rhBMP-2

i mproved t he FsBlts were syaleated usineshe wanairedrPradentsitesty anmtic effects 20 were

t he reduction of Qﬁz?ér Qrhih SRI\BbREd i E‘ﬁﬁﬁ’a‘nﬁ?ﬁio 8 . trol
36.2596), and nore cazr)stsisi ageh%g?hrrg% at {)ﬁéedﬂeb:}(l;ggg of graft %r%%ww%dgﬁg(g 23%
vs. control 508® filled by rojmir tidswanThy surface appearangeadfithe Jéfecthwas Mariable iti nat es
used for autograf experi ment s r nonol agous C es. t eqchgondr al
rafts (3 SmAEEa B G Baera ViR Rttty FRERNR s i car
groove Q0 6 GyineRliwGeEspditeatil Gupintcbmis Bhfiétigashp).nt 0 reci pi ent sites

drilled into both the nedial and | ateral fenoral condyle of the sane ani mal
(n=12 transpl ant s khgteavas nopprrglatinobetyeendhs grpssand BistolosigAPPEASIASE 0 LT dr i pped

into b recipigdiessid he prairce (teheHdRdches i tBMaEBAS Sndipbfadid tRindlY ot c¥iRif di pped
into a solution of 1.25%glrm rhBMP-2"tor 2 mnutes. "In the other 6

transpl ant s) thefdpror cattidage indicatett suspinel ofithetisshe Feqal gegeneration; efstheydenago t he

grafts were dj L, Ot h n r ' j g

r anspl ant at | BAaH Y edhd 30 FuAEpie Rl 6 Y Y oBY b BE 2 romed

post - op@Sat i vgrbyp. dhe Hehléngaof thel defeve fre tiearhBMR-2 etatdd \pemipswaso sipnifipantit | vel y.
improved compared to that in the control group. The rhBMP-2 treated group had

improved bony integration indicated by less fibrous repair tissue in the subchondral bone
compartment. Treatment with hBMP-2 also resulted in more cartilage above the original
tidemark, apparently consisting of both donor tissue and newly regenerated recipient
30 cartilage. There was no significant difference in the total amount of bone observed

between the two groups.
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Allografts: n articular cartilage defects was improved by the addition of thBMP-2. The active

30 growth factor may have accelerated subchondral bone union, providing support and
nutrition to the articular cartilage tissue. Addition of growth factor may also have
stimulated new cartilage formation from recipient mesenchymal stem cells in the bone
marrow and/or the synovial tissue. These resuits suggest that the combination of active

growth factor, particularly the bone morphogenetic proteins, and osteochondral allografts
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25 trochlear groove of 6 cynomologous macaques and transplanted into recipient sites drilled
into both the medial and lateral femoral éondyle of the same animal (n=12 transplants
total). Prior to transplantation 25pg thBMP-2 was dripped into 6 recipient sites, and the
grafts from those 6 transplants were dipped into a solution of 1.25mg/ml rhBMP-2 for 2
minutes. In the other 6 transplants, buffer alone was dripped into the recipient sites and

30 the grafts were dipped into buffer alone for 2 minutes prior to transplantation. The limbs
were immobilized in a cast for 2 weeks post-operatively, and the animals were sacrificed
9 weeks post operatively.
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dE: / donor sites was significantly denser and the healing process was more advanced compared

to control sites. Histologically, the donor sites contained regenerated bone trabeculae

25 with fibrous tissue at the surface in all the cases.
IV. rhBMP-2 Retention Ex Vivo:

Retention of rhBMP-2 in osteochondral graft with this technique was evaluated

with the grafts from non-human primates. The graft was dipped in a mixture solution of

1% 1abeled thBMP-2 and unlabeled thBMP-2. Results showed that the amount of thBMP-

30 2 absorbed to graft was proportional to the concentration of the protein, and the time of
soaking. Other factors, which affect the retention of rhBMP-2, included the size of graft,

and the presence of marrow elements between trabecular bone.
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3" 10% &) - y oneyasively( Som cqggse©f gollagen sponge as a carrier, the alf time of

rhBMP-2 in osteochondral graft was increased from 1 day to 3 days. The radioactivity of
10% of the starting point was maintained from 11 days of collagen sponge to 22 days of

graft.
VI. Non-Human Primate Allografts:

15 Donor sites (3.5 mm wide x 6 mm long) were removed from the trochlear grooves
of 12 adult cynomologous macaques and transplanted into 3.5 x 6mm recipient sites in
the medial and lateral femoral condyles of unrelated individuals. Half of the transplants
were soaked in 1.25 mg/ml rhBMP-2 for 2 minutes prior to transplantation, and half were
soaked in buffer. The identical procedure was performed on the other limb 7 weeks after

20 the first surgery. The limb was immobilized in a cast for 2 weeks post operatively after
each surgery, and the animals were sacrificed 9 weeks after the second surgery for
histologic analysis.

These results suggest that the combination of active growth factor, particularly
the bone morphogenetic proteins, and osteochondral antografts might present a potent

25 strategy for treatment of articular cartilage defects, particularly full thickness articular
cartilage defects. In other embodiments BMP-2 may also be applied to frozen
osteochondral allograft for treatment of focal articular cartilage defect.

The foregoing descriptions detail presently preferred embodiments of the present
invention. Numerous modifications and variations in practice thereof are expected to

30 occur to those skilled in the art upon consideration of these descriptions. Those
modifications and variations are believed to be encompassed within the claims appended

hereto.
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D310% h&' () - hregeneration having applied thereto an effective amount of bone morphogenetic

protein (BMP) to stimulate osteogenic activity of infiltrating progenitor cells.

2. An osteochondral graft according to claim 1, wherein said graft is an allograft.

3. An osteochondral graft according to claim 1, wherein said graft is an autograft.

4, An osteochondral graft according to any one of claims 1 to 3, wherein about 0.05 to

about 1.5 mg of BMP is applied thereto.

5. An osteochondral graft according to any one of claims 1 to 4, wherein said BMP is

BMP-2.

6. An osteochondral graft according to any one of claims 1 to 5, having further applied

thereto an effective amount of a protein which induces the formation of tendon or

ligament tissue, wherein said protein is selected from the group consisting of BMP-

12, BMP-13 and MP-52.

7. A process for preparing an osteochondral graft for administration to an area in need of

regeneration of articular cartilage, wherein said process comprises applying to an

osteochondral graft tissue source an effective amount of at least one purified bone

morphogenetic protein (BMP) to stimulate osteogenic activity of infiltrating

progenitor cells.

8. A process according to claim 7, wherein said tissue source is an allograft.
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