WO 02/ 083878 PCT/ US02/ 11497 TITLE 5 Met hod For Autol ogous Transpl antation
FI ELD OF THE | NVENTI ON The present invention relates to the field of
chondr ocywe m®B3s7s8 t r anspl ant ati on, bone and cartil age grafridmgso2ieat i ng,
joint repair and the prevention 10 of arthritic pathologies. In
particular, the present invention is directed to new nethods and
instrunments for chondrocyte cell transplantation and cartil age

regenerati on. BACKGROUND COF THE | NVENTI ON 15 More than 500, 000

arthropl astic procedures and total joint replacenents are perforned each
year in the United States. Approximately the sane nunber of simlar
procedures are performed in Europe. Included in these nunbers are about
90, 000 total knee replacenents and ar oy 90, 000 procedures to repair
defects in the knee per year (In: Praener A, Furner S., Rce, D P., 20
Muscul oskel et al conditi ons MethdddFdofiutadgSisdirassplaagationRi dge, |11.: Anerican
Acadeny of Othopaedi c Surgeons, 1992, 125). A nethod for regeneration-
treatment of cartilage would be nost useful, and could be perfornmed at an

earlier stage of a joint damaggELplosTHEINS/ENTION nunber of patients
needing artificial joint replacement surgery. Wth such preventative

met hods of treatment, fIhe prseidnvastionselpigs foethe Sickleafchopdragyteselboart hriti s
woul d ol 50 05etets ey TR SR SR Rne FOUEL A5 RSnS ltirkARon

structure in oM nal ni’y P uce*thé repdir o

cartil age usiofgrtisitRChomsogiks. dini gaktiouar, thapre3smtGivenrion & difdctedad hodls wher eby
there is excision of diseased cartilage and subchondral bone, |eaving
vascul ari zed meibnds and instrgmsatsdopehwadrocytgssll fransplantatjqnpnd sartidggenop. 1974,
101: 61; Fica eé@nEPti st al, din Othop. 1979, 144:74; Johnson L. L., In:
(MG nty J. BS g ‘Qperative Arthroscopy, New York: Raven Press, 1991,
341). WO 02/083878 PCT/US02/ 11497 Coon and Cahn (1966, Science 153: 1116)

descri bed a technique for t ivat i i synt hesi zing cells
fromchick enbryo somtes. Q&F%ﬁ@ﬁfp §ﬁﬁ%ﬁﬁ%k%ﬁé§? PNAS USA 58: 1131)
used thg system for angygiisanfootdo alﬂhfﬁb@isﬁ@g?d%dlﬁfes Moty jiflesi s as a

prerequisite for cartilage differentiation. Chondrocytes respond to both
EGF and FGF bsplapements afepesfroted saglcyeanmthe United States. Approximately the

same number of similar procedures are performed in Europe. Included in these
numbers are about 90,000 total knee replacements and around 50,000 procedures to
repair defects in the knee per year (In: Pracmer A., Fumner S., Rice, D. P.,

20 Musculoskeletal conditions in the United States, Park Ridge, Ill.: American
Academy of Orthopaedic Surgeons, 1992, 125). A method for regeneration-
treatment of cartilage would be most useful, and could be performed at an earlier
stage of a joint damage, thus reducing the number of patients needing artificial joint
replacement surgery. With such preventative methods of treatment, the number of

25 patients developing osteoarthritis would also decrease.

Techniques used for resurfacing the cartilage structure in joints have
mainly attempted to induce the repair of cartilage using subchondral drilling,
abrasion and other methods whereby there is excision of diseased cartilage and
subchondral bone, leaving vascularized cancellous bone exposed (Insall, J., Clin.

30 Orthop. 1974, 101:61; Ficat R. P. et al, Clin Orthop. 1979, 144:74; Johnson L.
L., In: McGinty J. B., Ed.) Operative Arthroscopy, New York: Raven Press, 1991,
341).



Mescher, 1977, J. Cell Physiology 93: 117), but ultimately |ose their

differentiated function (Benya et al., 1978, Cell 15: 1313). Methods for
growi ng cworidngssys es were described and are principally perngorsad7 with
m nor adjustnents as described by Brittberg, M et al. (Brittberg, M et
al., New Engl. J. Med. 1994, 331:889). 10 Cells grown using these nethods

were used as autol ogou%oto{l aga&?&]@%néa 43683 iﬂ%?hﬁscgipecpﬂécﬁﬁ‘ihﬁe for

Additionally, Kol ettas &xam ned” f he expr ess
cartil age- spéwm dul@vamhefuim&gemmhhemmpbémg?mm chiokl embgtoemgii;esahsteunder

Gur i ng-oul t uHE a7 LASRSBIo P AT S8 (AN EHULESyR B SBRYSE gt o
Cel | Dev. Bi %VO’]VG]‘I%?Of ﬁﬁlAG%%theéﬁ ae‘ré(f)h’&l% u1§1"te Bk cﬁ{lla’ge thfe(x:@ﬂtlat@ﬁ' 1990,

97: 361; Haansel nann, H. Bonaventure, J.
et al., 5Exp. QbehilroRgss rexm to:bmﬂx EG)’ am&ﬁ?F h}tﬂrpwtle(ﬁqspo@ygw@ﬂgndm cul tures

oo RGO RE . CHEPRaBTa o BB S R,

col I agens anguddagn (BéA e@gg,r@gatcagwrm9p%maa§for@ﬁgmgaﬂond2&y«@r si can
and link protein did not change. (Kolettas, E et al, J. Cell Science 1995,

108: 1991) . Tmr@dqsp@bﬁdaaﬂdcqﬁ@mn%wwmwwé et minoy adjustmsnisan deseribedr i ved
cel |'s found %ﬁrﬂw@éyl b C @éﬂ& B0, EANL NGBS 1AMV AB6H! 1 ddogsue

whose physical ~—pro es depen Iu] ar matri’x proddced by

t he choydr ocylells gro?m kg ﬂhgse&ﬁdhﬁdimdkalbe(bwdtﬂﬁgimmm;ﬂmd ime khe&s under go
a maturation_ leading . to cellular hy ertro? characterized ty t he onset

of expressi oifiBts Ip Palients. Additiepally, KelsHas ¢t al.vgxaminedh e@‘%‘@fﬁsm‘w I
Cartil age Ml.g¢ I ton
1991, 43; Rei L P&Z??Hé’?ecg%&a{“?h, B (B1a R HA pror 9&%5’1’48 el rgih T,

et al., D ffeelénmltmhgor‘fhejt%ﬁm that: cﬁspitesnmphelnggca]\dhaegesalunng chlrihg m‘ell Sci .
1993, 103:1111 ite t dvan es in_culti i 19ndr.ocvies., and

mani pul ati ng™ }‘?é(e’é tuﬁeér(?ﬁuitg h&r - ﬁ%g) 1%%{53‘@;%% a;%?laﬂgg%gge@? 'with the
attenptiy to taraneptastal, gacteuls@gelggb choed HReHidsadOH. thal.l Epadlr s@f damaged
articulating surfaces. The 2 WD 02/083878 PCT/ US02/ 11497 teachi ngs of the

instant i nveﬂ??ﬁdoﬁrlded@aWeoﬁlr%ﬂf gtali, Fap. &iell Ress 1894631298 hwhef  pronoti ng
e, Lol gt o 60614l ARG FUSMLRES VM YRAISFREL 11
BRI EF SUMWRXpl%erWEuﬂeWEMﬁh@a round cell morphology) the expressed markers such as
types II and IX collagens and the large aggregating proteoglycans, aggrecan,
20 versican and link protein did not change. (Kolettas, E. et al, J. Cell Science 1995,
108:1991).
The articular chondrocytes are specialized mesenchymal derived
cells found exclusively in cartilage. Cartilage is an avascular tissue whose physical
properties depend on the extracellular matrix produced by the chondrocytes.
25 During endochondral ossification chondrocytes undergo a maturation leading to
cellular hypertrophy, characterized by the onset of expression of type X collagen
(Upholt, W. B. and Olsen, R. R., In: Cartilage Molecular Aspects (Hall, B &
Newman, 5, Eds.) CRC Boca Raton 1991, 43; Reichenberger, E. et al., Dev. Biol.
1991, 148:562; Kirsch, T. et al., Differentiation, 1992, 52:89; Stephens, M. et al.,
30 J. Cell Sci. 1993, 103:1111).
Despite the advances in cultivating chondrocytes, and manipulating
bone and cartilage, there has not been great success with the attempts to transplant

cartilage or chondrocytes for the repair of damaged articulating surfaces. The
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I n one enbodi nent, the present invention provides an inplantable article

i ncluding a support matri x which can support the growh and attachnent of
cell s theweto/smngl a net hod of inplanting such an arti cl e Poa/uSegyenier at e
cells at an inplantation |ocation. In one enbodi nent, the present
invention provides a nethod 10 for the effective treatnment of articulating
joint surface_cartil N an I t .anspl i n

i npl ant abl e g?at"ﬁ‘c‘ﬂg% ofﬁ%d&s&n %én\%ﬁg%b%)% €:efglgeeflf cé@?,ea?lgi%ﬁﬁéﬁéﬂéﬁ&gﬁg 0gbsor babl e
support mat r iptembtingothe trandpdaitativntof cahitadrandior eherirdbs tarintoradedéat @daronl y on
an edge of the matrix. In one enbodinent, the support _nmatrix is a covering
matri x made BHiGUaBEdeNt Whersby sdlaghes ’i?ﬁmtﬁﬂ:?‘tfé‘ @’éldfagechre aut ol ogous or
honol ogous. | n another enbodi ment, the support nmatrix is made from
col l agen and el astin, or collagen and one or nore other resorbable

materi als. I n anot her enbdBREEMSUMMARIUOGPAFHE MEVENTIONs made from snal |

i ntesti ne subnucosa fr(im ani nal ._sou%'%%. | n, anot her enhodi rr.entl, %ﬂe support
matrix is made from 20 PERF ERPOFIMFL I RICTENE MEPUIAN REIRYEET P A4 suppor t

matrix is nmagdeids prvatld AARBort AP VBRI calRhsHorl tE Erowh @hdl altschihaéed to
pol yesters. The inplantable article preferably is Secured to the

t r anspl ant at icels theieta ahg a aretixthefsimpéanting sechirardraelt to wgeraratogelteatnas. The

i [ I ' dj ' . . | aci d
i pul at | mg "TRBAST e ol ey AR b Bies TR egfiSf v AT AR 1o

retentipn devbele bffecthRGtsaint bh grticiiatifgomtsarfadd daétil@gd @ antdpénglityahof
i npl antation. The present invention is also directed to an inplantable

article for tagsnlantatipn efapamplantabimartiplevegluding ehqndmoyin eabls sctaingd en an

i ncl uding ch I .retained to an absorbabl e support matrix, and
a nmet hod of (rgrlg |rﬁg&f%§)f?é$h§%at?% anot her enbodi nent, the present invention is

directed to a nethod flnoné e@bdbdingngohatdrocytd adlis age fetained enly braareedwer ti | age
i ncluding the placing _chrondrogytes upon a surface to be treated, and

covering t he o therBateXt &p pre grbodimgnizthasupporhmatgs peqy WBe R gradey  h 4

coveri ngs mat o cJiliel A8 thd holB: égé ckfis %%Hfo?%gh@of R &bEsusO fin GASthéd age
surroundi ng the deféct. BRI EF DESCRI PTION OF T DRAWNGS5S FIG TAis a

drawi ng showientpodinmenpi thabupppttingatfints medeeiiem ebllageb@né elastiy,pir calldggn ande bone
material is e (e); Ien%reocr)}hérhr%sor eEbilg }Jrlla?e;[rfa["sg I la{rrlgt greemvgotd?mgnt, the support matrix
is made from small intestine submucosa from animal sources.

In another embodiment, the support matrix is made from

20 pericardium. In a different embodiment, the support matrix is made from collagen
and one or more other materials related to polyesters.

The implantable article preferably is secured to the transplantation
site by an adhesive or mechanical retention means. The present invention also is
directed to an instrument for placing and manipulating the implantable article at the

25 site of implantation, and a retention device for securing the implantable article to
the site of implantation.

The present invention is also directed to an implantable article for
cartilage repair in an animal, the implantable article including chondrocyte cells
retained to an absorbable support matrix, and a method of making same.

30 In another embodiment, the present invention is directed to a method

for treating an articulating joint surface cartilage including the placing

chrondrocytes upon a surface to be treated, and covering the surface to be treated



cartilagi nous cap (shown by stripping | abeled cartilage). Were a defect or
injury to the cartilaginous cap occurs (Gap in cartilage cap of FIG 1B),
t he def ecwiowe/83ste can be treated directly, or enlarged Pdrgrsob/yidey
surgical procedures. Optionally, a 10 henostatic barrier (nunbered 1) may
be placed within the defect in the cartilage cap to inhibit or prevent

vascul ar | zat i\, b Db Qb EURIGE AThOLEARE blAFPi/SEAILA lne UGB Ltifgeone (FI G

1 ©, when necessary, for exanple in ects tha e into bel ow t he
subchondr al |sayeundidgthealefmetr ocytes to be inplanted into the defect cavity
are then layered on top of this henostatic barrier, or directly on top of
the 15 defect. FIG 2 is a drawing showing the treated defect (gap in

stippling area) in the cgRigy BESCRIBTRAR GFSTHRMRAWINGE) covered by a
matrix which is used to forma cap/patch or bandage over the defect site.

This cappis fixed in plEHGe,1 Acistasawingshowimg adypighlasticulgingrndedgdoné. t he
cavity to healthy. cartilage or. otherwi se attached. 20.This cap is covering
t he defecti vgllyzi’r‘%’gygﬁebﬂ TISECH?EIS ﬁ?‘éerﬁ?%ﬁ’eta%écu%ﬂinﬁﬁf“% ec‘ﬁ@?‘nﬁrocyt es have
been transpl aaktfgoindis@ap ShoSmBABstiRpriPiaballed dartildpe). aWhee Ldedecdbr mjlgne in a
knee joint, having an articulati n& surface with a cartil agi nous cap. FIG
3B shows a cde thq wrdaginpescqapoccurp(Gan/incsrtdagesapiafddtnd B thagefestivesge an
articulating i f ~af. . pl .ant abl e
article accorcgﬁﬁa%?tgd ? ﬁg‘q{% ggsée%r%?éfbélggﬁly %&%u%qg%%ﬁg %gt\?vbr{aﬁg &

i mpl ant Bl e diehiostlatic birriet (humberslyl ) eaythegiasddvitin thel defdcain tht catilage an

art hroscopi c i ntroducer such as that shown in Fiag. 6. ,gﬂo FIG 6 shows an
art hr oscopi ¢ PRt BAIBERT Dreyent vasculanzatignane regenpraling sytiteg fiomihg at the site
of inplantati j t r i i : :

PCT/ UB02! 1 149 RefiiE % Q9! ) Al iERRiny, RESRImARin A QuRe b

pl acenent of dribelowntbt antichbhdrablayérc [The ghordroeytés tatbetinplagtetientofthadddfedtt or

injury in the cartil agi.nous,ca i.ng two access channel s whi ch. can
accommodat e &PYRY BECRT BYRRLER amalcls Rerapelalicbarger, SLdeely andoRPEYE " sect i on
of cartjqd age gardch a defect or 5 injury which does not extend into the

subchondral |ayer, and an inplantable article according to the present
i nvention secured by adHEsi2ieadmwing skawiag dfe terafascdefest (gaprp stigpling

area) in the cartilaginous cap (stippling area) covered by a matrix which is used to
form a cap/patch or bandage over the defect site. This cap is fixed in place, either
sutured or glued to the edge of the cavity to healthy cartilage or otherwise attached.
20 This cap is covering the defective area of the joint into which the cultured
chondrocytes have been transplanted.
FIG. 3A shows a typical articulating end of a bone in a knee joint,
having an articulating surface with a cartilaginous cap.
FIG. 3B shows a cartilage defect or injury to a cartilaginous cap of
25 an articulating end of a bone.
FIG. 4 shows one embodiment of an implantable article according
to the present invention.
FIG. 5 shows how the implantable article of Fig. 4 may be disposed
for implantation in an arthroscopic introducer such as that shown in Fig. 6.
30 FIG. 6 shows an arthroscopic introducer for implanting the

implantable article at the site of implantation, according to the present invention.



FIG 9 is a schematic cross section of cartilage with a defect or injury
whi ch does not extend into the subchondral |ayer, and an inplantable
article WwOmmsisred to the site of defect or injury by a meahzsot/cab7
retainer. FIG 10 illustrates one enbodi nent of the nmechanical retainer
used to secure the inplantable article to the site of defect or injury.

FIG 11 is a schematic 0ss section of cartil W th fect or injury
whi ch extends into thng(f'JbiFfo%%ragfna S&@%P?“"&h& llgl%?rfnrlr?ﬁ g‘ﬁ% 53%%36% _f?}(lﬁ e 15
accordi ng t 0jhfentRbIE SR e bIUENEI20the SRE UF @stefYor AN SH e dadtilafifosd dap Of
defect or injury. FIG 12 is a schematic cross section of cartilage with a

defect or i njing pwavhdcess chrnrahgiwhich can atsemansiaiptreicopIgyRSIUMERE- an
i npl antabl e article se ed. t . S . de . L yr
mechani cal retainer. 2@@ %‘S *’1%}&5195“"2&% Sa%&“%n%ﬁ%&#? %e "’égiﬁ)g dé?sggmgol or

m cr ophot 9gr afiryafhichisdsdoogiterdl inspie subtzhomdrablage| ardl Auipptartabi@srticke at t he
begi nning of chondrocyte cell growth thereon. FIG  13AA tjéf the digitized
mi cr ophot ogr agserding i e presgnt ipyepiion sggured by adhgsive torthe S Aelefssh9r of a col or
m cr ophot ogr ﬁﬁ'l“l}'% showi ng the support matrix of Fig. 13A |loaded with
chondrocyte ¢ s after three weeks of chondrocyte cell growth thereon.
FIG 13BB is the digitFKed9id xschpietiogosydecidn ¢ qrtilagBwitkhdefetB@ i s a

phot ograph showi ng . upport matrix formed of = coll agen havi chondr ocyt e
cell's grown trﬂ‘é‘ﬁ’é’gﬁ‘?}l é%%mt ffen t&ﬁ?‘é@ﬁ%‘gﬁ% laysts ar%ansm??ﬂtﬂ’g‘? a‘EF% 13D i s
a phot ogj@ph ;&AM (B 9hsiRWERefekt SRhjubyby # h¥BEhridal r¢tsthéragen, and havi ng
chondrocyte cells grown thereon in d bioreactor system shown by

i mrunohi st ocheni cal st &G hQillBtre ory 9@3singerOf thesogehpnicalretapmegusetly | s a

phot om crograph show n %ﬂ draocyte cel.l s .2 t-h DePuy support matrix
22. FIG 15 ?@seﬁurﬁﬁﬁ%w%a ?@F flﬁ’g?yett&tg m%eqfldéﬁegﬂ%rép%qn control (bl ack
shaded), Chondro-G de pagbIBRG GhoHitid &bésmRtEs) of cafiladeWily adefesbr@ne gr oup
5 (gray shaded) at 3 days, 2 weeks, and 6 weeks. FIG 16 is . a graph

depi cting celnjusyivebch pxtgndsrintodhe subchensiral dayes nd @g jimplantable article

15  according to the present invention secured by adhesive to the site of defect or
injury.

FIG. 12 is a schematic cross section of cartilage with a defect or
injury which extends into the subchondral layer, and an implantable article secured
to the site of defect or injury by a mechanical retainer.

20 FIG. 13A is a black and white copy of 4 color microphotograph of
histological specimen of a solid support matrix at the beginning of chondrocyte cell
growth thereon.

FIG. 13AA is the digitized microphotograph of Fig. 13A.

FIG. 13B is a black and white copy of a color microphotograph

25  showing the support matrix of Fig. 13A loaded with chondrocyte cells after three
weeks of chondrocyte cell growth thereon.

FIG. 13BB is the digitized microphotograph of Fig. 13B.

FIG. 13C is a photograph showing a support matrix formed of
collagen having chondrocyte cells grown thereon, shown by immunohistochemical

30  staining.

FIG. 13D is a photograph showing a support matrix formed of
collagen, and having chondrocyte cells grown thereon in a bioreactor system,

shown by immunohistochemical ét-aining.



Chondr o- G de nmenbrane group (stippled), and DePuy nenbrane group (gray
shaded) at 3 days, 2 weeks, and 6 weeks. 10 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON\Nwionm2esess7&nbodi ment, the present invention concer PETIUS®2/uBIQ7 Of
certain products that inhibit the formation of vascul ar tissue, for

i nstance such as capillary 1loops projecting into the cartil age being

bl i shed, duri h - '
Chondr ocyt es i nto def odle 14 4 pereap it GanPadhitd ARIANAR R Bhine, )

repairing camDdPufgeppdef mattix 220 bones where the defects extend into or
bel ow t he subchondral |ayer ,sorretklges, referred to as a full 1hickness
defect. The formation &1GyAsdsd graph dericling tomkcelhBumbers in §Titg! will tend

to project | A i d : PG nethbk F’\&ﬁpar ance
of cells ot hggé&ﬁigﬁm?ﬁx\g gr@%ré#c yfgrnal Qggggsﬁlgf’@ggh&c:?ggggocyt e%% esired. 20
The contsani ndgrapghadet) & 3i datys,Gweeks, dngd G weeksascul ari zation may give rise to

encroachnent and over - .into e .cartilage .f.o.be for by t,h

i npl ant ed chondr ocyt es%@){%gbﬁ‘ag’ﬁgﬁE%&%n%?ellc‘gﬁ?’rh?ydpﬁf’mﬁlgg@@i é’a\%‘?)ch can
be used in idHoadsd heibrhie g6 (sEiBhlel), ahdFDRPGP hekdbfane dellp (Bych s

absor babl e a]Kthgr ém%gﬁ“?%b of %llg(dggs.)Thi S is?contrary to (\tgﬁue}pnor mal use
of a henost ashaledpatiodays shiwhekssangst Baeksi cel (r), as described in a product
insert fromEthicon Ltd. Surprisingly, we have found that in a situation
where one desires to inhibit the re-vascularization of cartilage, a

henost atg ¢ mat eri al canDBEAUSED BESCRIMITIONACEK TRE BNVENTIOKe artifici al
coagul ate. Fig. 1 C describes such a henostatic , barrier gnunbered 1) that
can be used to inhibit It pee erabediment BieipsesenidAveIiion censarns thgusesef (gErBct . | f

red bl ood ce -\ teh ol - £ hi .
articul ar caip ﬁqugge tﬂ%}Pﬁt g{eggﬁgg}né) °t€35 %S(f‘jaﬁfngél{?é%ggrtﬁgith ?gg%%?‘%i%gél,n%hese

bl ood cel | s \Wedps prdjectmigantochd tartibpabejag established tduring riek grbeess obt be able to
i nduce vascul ar . gr ow h. henpst ati.c prga((j:uct used.as

Thus,
re-vascul gri_fa&oi%ﬁummsslamlynegm PO ARG detECiign i G88%%S PER/ Us02/ 11497
Wi thoutysfi br ?Pocﬁ@ﬂ%%é Y&l i %Qiﬁtﬁ%bcaﬁnag@@mmn%hw Whtk e defftLddi&tt i ve for

the envisioned nethod as taug y the instant invention. In another
aspect of t hiigo or helewtthesubchondaalrlayer, wuwtimes refered to-dsradfoll thutkriess or  anot her

TR, et ek O b of SR BRI SR MBS AR L
bei ng transplhadjéd dntd heiibw ER1ila8X &R Prmedilealiag @ the appeursice®y t&lk dikyr t he
transplantat Itl?arrll'the':: Illjlregerx]leclrlilmglhsgegzrll?zsegrgltloxlldr;gc?yrt]ésl d%girgf y also utilize
20 The contaminating cells introduced by the vascularization may give
rise to encroachment and over-growth into the cartilage to be formed by the
- implanted chondrocytes. One of the types of commercial products which can be
used in this invention is Surgicel® (Ethicon Ltd., UK) which is absorbable after a
period of 7-14 days. This is contrary to the normal use of a hemostatic device, such
25 as Surgicel®, as described in a product insert from Ethicon Ltd.
Surprisingly, we have found that in a situation where one desires to
inhibit the re-vascularization of cartilage, a hemostatic material can be used and
will act as a gel like artificial coagulate. Fig. 1C describes such a hemostatic
barrier (numbered 1) that can be used to inhibit the re-vascularization in a cartilage
30 defect. Ifred blood cells should be present within a full-thickness defect of
articular cartilage that is covered by such a hemostatic barrier, these blood cells will
be chemically changed to hematin and thus not be able to induce vascular growth.

Thus, a hemostatic product used as a re-vascularization inhibitory barrier with or

6



al | ogenei ¢ chondrocytes or xenogenei c chondrocytes for the repair of a
cartilage defect. Fig. 2 depicts the covering matrix 2 that can be used as
a patch twoonwess7she defect area and Fig. 3B depicts a | eacalisoatison of a
cartilage defect. 10 Thus, in one enbodi nent the instant invention teaches
met hods for effective repair or treatnment of cartilage defects in
articular jo f agent or
device to bl (I\’)Jgﬁwgg@%ﬁ Mhe?iﬁgszg?%sg?r %ﬁg}bﬁ ﬁ%fclggg%rusf?e:cg%%ggg@repal red,

and al so pr oehdsioged methad amtauight byhthe nsvank invesiddratla ahbiher asppatiof thist e and

keep transplanted cells in p]ace. us the inst i nyvention also 15
provi des for MVeR}IeD, AdBHFKi %‘Fh@s éﬁelbgF? BRETX e 5{4881?&@%%?@3{3 P¥r1s
insertion i n}lg ed dsh a%dHé%vEHn?Sr inSRRU"AE tBGdTedthRtard TR jo%t%o%ﬁl@&t' ve

inhibition o vasc larizatioh 1nto the site to be repairted; and once the
chondr odyt es thecnuﬂtaretdrclmeqlrbaytbsed'e hewgpranspdanted nsing, tfoeexsinpde, autobagonspai red, a

Chond ooyt as CRMRAFaNG PG AR aton, 13 BEF fhe mvat PReyisiakuBtifis 2o

nutrients. %H&@n&c%@ﬁ&b&y@iort)&ﬂogdih‘éﬁ:rﬁhbﬂdﬁobﬁgﬁfdﬂﬂ%}eﬁéiﬁm tdrtiRde Usi ng an
in vitro systemto study the behavior of the chondrocytes when I n contact

with a cert defecoridgud depetsaheenvsrinamagic dthat ean by usep pda naics ta erver el |

i nhi bit thefo tLo ' testing predicts
the ability of fegpa{: 4hd lﬁgs?%d&glg%ra ltogglfzgﬁm g@é éatﬁﬁpggpéfeﬁondr ocyte cell
growt h ftoher eon, tests mhusiigese érﬁbodiﬁﬁntahe mstﬁmt ﬁﬁEIStldiIﬂWtdhgs mRtiodsifacyt es
hel d t her eon, and tests each matrix's abil i nhi bit vas%ul ari zation,
as will occuf Fﬁlv\‘f’lrWW\WféFeé“E%iofFaéFllﬂgF66%%‘5;5? éﬁt‘éE]@rlor‘t‘Eté’OPﬁé“ ¥8Ftil age

being est abl i3 At 00 i RALSRS tgef}t R UEALORDMSA {ABTRH AVEAL OFtne!

chondrocytes into detects 1nt Suita nostatic products
Wi Il be char aatitagezgetdlye tepairaigandiaso p]lmvidlmg/fdra mathk pibicht gl 1gmlatmthq or

i nvasi on of vascul ar ssue, oste fib etc..into the

devel opi ng cé"rﬂafrlséfﬁéné e rang P%teﬁg%ﬁfswhcs ﬁ;gllseﬁ%ieéﬂs’t%t MVeRign 8% the goal
of the et hog\%v@&estf&ea klﬂ%b%l_}_hhsing\éﬁ@&)h@ﬁhl hBmb&iatic doxssdnkat foRRdergigh b ar

i nvasi on 02/ 083878 PCI/ US02/ 11497 into devel oping cartil age shoul d
be prevent ed thesitottelbe rctp@lr@cbsuch]tlzaé ﬂudliéISf&I)erﬁﬁlmnbeltIQ!mftwaB@@@@h@ﬂ achi eve

repair of the kness gn def e in.t r ge.
| deal |y, the"ﬁ%ﬁbsﬁltg P Beé’lwl er W %{?e tglg ‘%a%?cé't efsg?bg?\rahéﬁien%ie%g ar F(gd of
time sufficienb tHexiwltd Brdpaired, lrhateirRtis l:zép@ed be@ahé repaindité heh tha tl&bl e to be

absorbed or 5 otherwi se broken down over tine. One naterial identified as
suitabl e i s &apspdanpted chondrocytes are held in place, but are still able to gain access to

20 nutrients.
Certain aspects of the invention have been exemplified using an in

vitro system to study the behavior of the chondrocytes when in contact with a
certain product or a combination of certain products that will inhibit the formation
of vascular tissue. This in vitro testing predicts the ability of certain tested

25 materials to support chondrocyte cell growth thereon, tests matrices for use as
implants having chrondrocytes held thereon, and tests each matrix’s ability to
inhibit vascularization, as will occur in vivo where capillary loops project into the
cartilage being established during the process of autologous transplantation of
chondrocytes into defects in the cartilage.

30 Suitable hemostatic products will be characterized by having the
ability to inhibit the growth, or invasion of vascular tissue, osteocytes, fibroblasts,
etc. into the developing cartilage. A suitable hemostatic material will achieve the

goal of the methods of the instant invention in that vascular and cellular invasion
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Surgicel (r) W912 (Lot GGEDH, Ethicon Ltd. UK), and is an absorbabl e
henostat such as oxidi zed regenerated sterile cellulose. The present

i nventi onwalmemsisnel udes a cartilage repair inplant and i motarsoatison net hod
and apparatus for such an inplant. The inplant conprises a 10 support
matri x and aut ol ogous or honol ogous chondrocyte cells retained thereon. In

one_embodi el deldofilg BARGY o g bt & prcipfied i PR RihtiaOfhe Wnaibn O ©

edges or ayers e supp rix 1s a materi al
which will suppiddde andhellndvmpmmﬁﬂaleIﬁllq;tmwnlaswfchnmle&hts inderarticutir wi l | be

absorbed in a body of a atient recei.ving the.i ant etra | ant ati on
procedur e nm?alﬁ’éa&?y I‘i‘?ﬁ‘”é(r‘?‘ﬁﬁ‘ﬁ@eﬁﬁfl“‘c arﬁfrn‘i"ﬁ]al?el sgyaqlﬁ%)‘%{@\?éte& %@ﬁﬂ‘? rgery

techni ques. The mfﬁél&g 9 b8 0 gor ﬂm\é%ﬁagaqeﬁdns And 2h BRRbR!E Be bbRrbtcorOf
sui tabl e al | ogeni ¢ and xenogeni ¢ chondrocyte cells for the repair of a

cartil age defoﬁwrwmsbg:ken dsWowwelstmlh @ne imapdrah identbedaspaebleicedlley, an

i npl ant abl e rt| u t rix,22 havi chondrocyte
cells 24 ret uF%‘be &‘]fgﬁgr@ ggﬁgﬁﬁiﬂg‘ﬁgﬂ u%fmm% s Egﬂfp?mﬁséata solid
or gel-like %ﬁ@}{;{scﬂqudlzgd”@g@r{grﬁéd aedllcR¥iBidNg able to hold a stable formfor
a period of time to enable the growh of chondrocytes cells thereon, both

before transpl ant and dhe@resentanegatignalso inghades @ cprtdegedepair Bypastendi milar to

the natural enyv ment_.of. t .OC rocyte
col 1 ar ow h P RBRBRR Fisfite i 35 RS st v By ThetRplaL Guilap ST ©F
period @ ti mEppof hhgixemt atidlogdhs Gﬁhdrﬁblbg@ﬁrdhbh(&geyté eplis retanted thdresh. be

absor bed by the bodg ogver time, for wthin two to three nonths
wi t hout | eavilhgnagmbedigsnt ﬂt%ﬁh?n@fP%%eléﬁr?de witained,enly o8 oRe REMEERGdges or

degradat i on g%%%&ttﬁ?mm& GBI AP HY SO Sbrt thdtrkEE Omakhidh Wbt LRGeS eS by

whi ch the su rxius by natura oglcal rocesses,
and t he br okehonthweyts cgibgrotvtinatd whichaledege adHtbeabspbatimct odyldneof are

di sposed of, for examp thr t hati cs or bl ood vessels.
Accor di ngl y, PaUgBEE! rﬁ%&?‘kaﬁgmghg?eetfaéﬁglgl‘)tﬁgo%prﬁﬁ?é\r%%éi%eb'l y absor babl e,
nonant i geni ¢ aﬁﬁfﬁgé%ﬁ@ nhlhlﬁalg%%sml or opéH &Jfgé bry tedhnRfi@s. CTROREINBA LT fldppoOTr t

matrix 8 WO 02/ 08 PCT/ US02/ 11497 22 erably is in a sheet like form
havi ng one relh\wmlmehlyo somsenhlatss thee e Oéﬁ@ltabiﬁeallqgem&tan@éb@gemagh si de 23.

Rouoh ' 0o 2o REH i BB AL 10 710 Prom e, chondroovte
cartilage defect 18 angig npsidas sutlsan@nplag OMbé spedifiedlyt reimpiadale ment
article 20 includes a support matrix 22 having chondrocyte cells 24 retained
20 thereon. A suitable support matrix 22 will be a solid or gel-like scaffold
characterized by being able to hold a stable form for a period of time to enable the
growth of chondrocytes cells thereon, both before transplant and after transplant,
and to provide a system similar to the natural environment of the chondrocyte cells
to optimize chondrocyte cell growth differentiation.
25 Support matrix 22 will be stable for a period of time sufficient to
allow full cartilage repair and then be absorbed by the body over time, for example,
within two to three months without leaving any significant traces and without
forming toxic degradation products. The term “absorbed” is meant to include
processes by which the support matrix is broken down by natural biological
30 processes, and the broken down support matrix and degradation products thereof
are disposed of, for example, through the lymphatics or blood vessels.
Accordingly, support matrix 22 preferably is a physiologically absorbable,

nonantigenic membrane-like material. Further, in one embodiment support matrix
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5 support matrix 22 has two snooth sides of simlar porosity. In one
enbodi nent, support matrix 22 is fornmed of polypeptides or proteins.

Pr ef er abl wo 2he3sp®l ypepti des or proteins are obtained fromoTaiSee/ai49sour ces,
e.g., frommamuals. Artificial materials, however, having physical and
chem cal properties conparable to polypeptides or proteins from natural

or et orred ¢ hAE PRBREPL it Fieet O RER BB (RIS iy sl 23 HiSBe fana ca

by the user séativay asiighlide 230 Roukk side 26 aypibaly faeesi dattiiageadbfesnds thén ret urns
to its original shape as described hel Qqw, during one aspect of the present

i nvention. APFa9tes shamdrastterqell ingrpwi, winle thessiporsh s1dgad tymically facespgiayed i s
s : . . : e
15 col | agen %ggfagﬁ%géaafegﬁbgga@agﬁ %@%%‘ihgﬁw{tﬂoﬁféﬂ&%%g&%b& enfVine, an

chicken. Suit feri r sup mat i x can be’forned
i ncl ude 5Chonduop©oel hatrik®2dmmteo smadthysides af biablaeporppity.| | col | agen matri x pad,

Ed. Geistlich Sohne, Sw tzer] apd), and Chondrq.G de 0 rciall

avai | abl e type | col | agef"® ﬁ‘@ﬁ{’?(ﬂﬂebﬁﬁ‘,‘pp@&m@?‘?ll? gq{’“g‘gﬂﬁg%“flﬁse?‘%/and). A
support  mat rip%i&ids.f BrciBebI9f thé BolsBEP1RIE Br JroREnd ark SHRARIE WA nathial §Rkcdshan a
support matrix formed fromcoll agen Type II, although Type Il coll agen

mat ri ces may eg .Soomeanseas. Arndiddmaiendls howgverrhaving plysicabandhieniicad uppor t

matrix is formed . is a Crof)%_tl [ %g Ofc Uner ?sisg#ri nl%egr 1f or meof aPeran?(;eol ™
(Tissue Sci e REQPEFIES SPRPERP IS0 PRAKPEPtes 8F Profiiufrom nafiyral squises, mayilsa ¥e £ v om
a maring spongsl BJorn? SupRRGhatHRA2 M iSWRb pedfelted Bht dpport 202 2Hlsr . J.  of

Phar maceuti cs and Bi opharmaceutics, 53:107-113, and in Australian patent

appl i cati on meMerehly deformghleag it is handded By the ypersgamplagtableartieledOcambs a mari ne
sponge by washij eral - {.i ' LG R

honogeni zi ngi{]“rrfg)(al é%%ﬁ%rgdot? Prggeﬁ%@gror%a q%%ﬁ?ﬁaée%g‘é@%cﬁbg%%’&? hﬁgn%]%ﬁ

concent r at i omspett efith@presemiitivehtion.ng t he resul ti ng sol ution, and 30

precipitating the collagen_fraomthe superpatant. An inplantable article as
described above may be ‘hRigEref gpaterzal E(B‘C VUBRATY BRI A SMBIEEdS t e cel | s

on thi 5155UprBﬂa%ﬁ%ﬁéﬁas@ﬁat%%&ﬁéd%&nieﬂuiHP,rﬁ)rciH@,tb%Hnep@Jiﬂé’,"-an@CMQ_(&HZ/ 083878
PCT/ US02/ 11497 or an autol ogous 1 nplant, a cartilage biopsy first is

har vest ed by Saitstile ombaripiscirere stinélogmppént oratrax A2 panded fghmedmahidag area in a
joi nt of e chat s SR AR or kL ARSROLL Sl oy bO Tt LARRARENK vl B SEGU I T 2
Sohne, Switzerland), and Chondro-Gide® (a commercially available type I collagen
matrix pad, Ed. Geistlich Sohne, Switzerland). A support matrix 22 formed of
20 collagen Type I is somewhat stiffer than a support matrix formed from collagen
Type 11, although Type II collagen matrices may also be used. Another preferred
material from which support matrix is formed is a cross-linked or uncross-linked
form of Permacol™ (Tissue Science Laboratories, UK).
Alternatively, collagen is obtained from a marine sponge as
25 described in Swatschek, et al., 2002, Eur. J. of Pharmaceutics and
Biopharmaceutics, 53:107-113, and in Australian patent application number AU
3741701. Briefly, collagen is isolated from a marine sponge by washing the sponge
several times in water, mincing and homogenizing the sponge tissue, treating the
solution with a high concentration of urea, centrifuging the resulting solution, and
30 precipitating the collagen from the supernatant.
An implantable article as described above may be made, for
example, by culturing chondrocyte cells on this support matrix as described in more

detail below.



The cartilage biopsy is then treated with an enzynme such as trypsin 5

et hyl enedi am netetraacetic acid (EDTA), a proteolytic enzynme and bi ndi ng
agent, twoioBmre and extract cartilage chondrocyte cel | CTsO2/2M07 act ed
chondrocyte cells are then cultured in the growmh nedia froman initial

cell count of about 50,000 cells to a fi nal count of about 20 mllion

chondrocyte cells or t he
growh nmedia is 10 exc 3?1%%%‘1%%20&9%“ ansp pﬁ{ﬁgregmg %\ﬁg % con%tgﬁrﬁ?g 10%
aut ol ogous  safthivsédpicdecitique femunopxweight tedrifig area ime jqiat dfehd paieht aed as
descri bed bel ow) . Then t he cul tured%\ﬁélhlggcﬂroc yte. cells in t{}e t ranspl ant

medi a are soXRBEPOrEE épté}ﬁ&abaémwatae%r ﬁﬁ‘i’%aml%/s fesgl cali St mat ri x
22, d t | t t bly,
and continue nul ti g‘g eredg onF@J ?géﬂﬂ'@ﬁ?r@ﬁt@@h@thaah ehfirfie s aa)s/exfyﬁglfira y

chondrocyte cells are one edge or an outer
support 5Smat r iethyRaedibmpletettaatdte aard (ch)’lia&)zz prcﬁealym\enzypieanﬂMchang agest,t e of

cartilage defec 18|nthe tient. It is understood efect _or injury
T8 can be tr xbahaee cohgigadroty st y e ietiat pRuNTay S ca
procedure pr 'aférth&rpcﬁlfﬂ%cﬁiﬂtthégfb%ﬁ%led%&ﬁ'ah‘i’ﬂtlhlrbell' .countf&Fa8 Bkt 5OQRI cat i 0“
No. 09/320, 246, to accommoda | antabl e 20 article 20. The culturing

procedur e as collsl to acfnal peung pbHehaut a&mltlmambpn@mytmlsammre descri bed by way
of exanple, in detail Q tart flr th.a des ion of a

| abor at ory procedure ugﬁﬁe V('g)iyggg %lg“ﬂ%l}twlésnf gﬁ’ 2ar rlngé% i opsy and to
cul tureo t he egdARBEDRY b Grafig)ldrf nﬂ&fé@\ﬁfﬂkﬂgoﬁt@m% hemrmsgﬁuslsemﬂ@thans G owt h
medi a (hereinafter, "the growth nmedia”) used to treat the 25 cartjlage

bi opsy duri ngel‘meexé@fﬁtle@ ﬁiorrgths PAEYES bé?ﬂﬂi qs(degqr&ﬁ,dtbﬁ@w@aﬂ"pprp dbeculsstdr ocyt e
cells is pr eBﬁ‘&@g cgﬁfe sggll)é Illpﬁle /tfﬁggggla}?t m%i %aﬂysog&:ﬂ aﬁh?cﬁéf k@5 or more.

(concentration m Crono hoter concentration 2.2

m cronol e/ | i ﬂe@ﬂ’ets oftsnppiﬁnmamxmngm&m@né mu:btrpl;mng ité fomgaiinpdansablladntielef r om
i le/liter 100 M fetal .calf

Squi bb), 15 scor bi c m.cro

serum (fi nal 2308 taklé(t?lm?%%e c(eﬁﬁeretaﬂﬁersgv oplY i@ PREIE EWTQE BPh to
prOdUCGISabOUEu[ﬁBQt Mhri@f220 TR} gmtagﬁdarade(ﬂh@m%ﬁlﬁﬁ 1%@&@1{1&1 Sedb@aitiagd SO used
to transport the cartilage biopsy fromthe hospital to the laboratory in
whi ch the chdefictolyinghepdtiest.ar e extracted and multiplied.) 10 WO 02/083878

appr oxi matel y 3, 000 1 phiit Braaniard B SEF R MR GnE sl BB B! oo
consti t uent senkfiRd sEERBY, 8f ﬁﬁl}hé@@ﬁl s&gfcumrb&d%?éllﬁ%rd@ tnplsgckugh af | ater stage
of the culturing process and
described in U.S. Patent Application No. 09/320,246, to accommodate implantable
20 article 20. The culturing procedure as well as the growth and transplant medias are
described by way of example, in detail below, starting first with a description of a
laboratory procedure used to process the harvested cartilage biopsy and to culture
the chondrocyte cells according to the present invention.
Growth media (hereinafter, “the growth media’) used to treat the
25 cartilage biopsy during the culturing process and to grow the cartilage chondrocyte
cells is prepared by mixing together 2.5 ml gentomycin sulfate (concentration 70
micromole/liter), 4.0 ml amphotericin (concentration 2.2 micromole/liter;
tradename Fungizone®, an antifungal available from Squibb), 15 ml 1-ascorbic acid
(300 micromole/liter), 100 ml fetal calf serum (final concentration 20%), and the
30 remainder DMEM/F12 media to produce about 400 ml of growth media. (The
same growth media is also used to transport the cartilage biopsy from the hospital to

the laboratory in which the chondrocyte cells are extracted and multiplied.)
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transpl ant procedure. 5 Cartil age bi opsy previously harvested froma
patient for autol ogous transplantation is shipped in the growth nedia
descri bedwalwesst® t he | aboratory where it will be cul t ured/uSitve14gr owt h
media is decanted to separate out the cartilage biopsy, and di scarded upon
arrival at the laboratory. The cartilage biopsy is then washed in plain

DVEM F 12 at | east thr%efo i Sﬁﬁn&flﬁpﬁqﬂgEatwﬂ?isféehtﬂfﬁ%egfa%@rgéﬁ%ﬁ&glf serum

on the cartil age bi opsy. e car age DI opsy 1s
conposi ti on B{00kpmne keptheste tHeltdog! wnirh fivadothedslscd chadtebeydhet o whi ch 28

m trypsin EDTA (concentration Q.05% has been added. In this conposition
it is i ncubafeRirites blopd gerpm lﬁéﬁveﬂiaﬁaﬂ’é“ép A4@ latgv%?geaqﬁﬂ%%lwg PRRaest and

i ncubati on, rtllag%)q tg}&@@@rebi opsy is washed two to three 15 tinmes in the
growt h nedia, to cléanse the biopsy of any of the trypsin enzyne. The
cartilage is then wei gltadilage/ipopsi pryvioudie haivasted fromrropatientofor autologbage

required to row carti.l age chondrocyte cells i bout 80-1 A
Corevinat | ar garstiaritian s SE5eR BISGERBnSE dotribed Hipe BlbeiborRiy
wei ghi ng, the el it WiiRBE cilfurbd. 2ERAgloWtiRmedia%s BécAnRll t@ sdpartObiltagkenase
(concentration 5,000 enzymatic units; a digestive 20 enzyne) in

appr oxi mat el yarsitegeibiqpisyi andiigenrded Bpom airiyal afribe leboratary+ Sherarblage hiwpsenzyne
to partially.digest .the £t N i nci i iLl.age is
transferred ilsnﬁlhgn ‘éva%hgptlil éﬁtﬂnsph)gﬁgwf@natﬁga,s% t%geﬁrtéggnn&egﬁgﬂgﬁ%ﬁétiolf t he

col I agermase cafidermadnthOVlidgt BidPsitt ure i s added to the bottle. The m nced
cartilage is then incubated for 17 to 21 hours at 37C, .and 5% C2. 25 In
one enbodi ment, the i ndUB&RBERSSDIRRSY 1cthen Mashsd i @ copgpsition whickdnclydssng a

40, um nesh, i . . i . i )
m nut es, andﬁ%%h{é’wgm%g@%ﬁ%ég?%ﬁ? ‘er%al?gg Iﬁ%ﬁ@%ﬂ%\%‘%g%ng&ggnﬁg are then
counted to deét0ses)ihasbédneidded.i hithisi doynpositibh avis ngubdted fortfive to teomalinoey e cel | s

are incubat in t rowh, nmedia for at |east .two.weeks at 37C, and 5%

005 ot mat G angn% o Whe B bhitiony a2t ke bitpa JL B oA ko RS 1 1 s

At | easts t hr gghed @Y thepdwhGnéda, itdRleaieahd Bidpéyofl g dT@d Bysin énaﬁme.c lrgedrocyte
e

cells are renoved by trypsinization and centrifugation fromthe growh
medi a, and t cantiddgens tdn weighedr Ampichliyn themiiimumomaering pheprtilaggreqhirgdkiat amyci n

SIECNERTE IO N AT SO—
tradenanme FuR@inZRP®0.to 300 a1 isfprefeatd. axatt wbighink| Becaailddelis pladedsin a
mixture of 2 ml collagenase (concentration 5,000 enzymatic units; a digestive
20 enzyme) in approximately 50 ml plain DMEM/F12 media, and minced to allow the
enzyme to partially digest the cartilage. After mincing, the minced cartilage is
transferred into a bottle using a funnel, and approximately 50 ml of the collagenase
and plain DMEM/F12 mixture is added to the bottle. The minced cartilage is then
incubated for 17 to 21 hours at 37°C, and 5% CO,.
25 : In one embodiment, the incubated minced cartilage is then strained
using a 40 «m mesh, centrifuged (at 1054 rpm, or 200 times gravity) for 10
minutes, and washed twice with growth media. The chondrocyte cells are then
counted to determine their viability, following which the chondrocyte cells are
incubated in the growth media for at least two weeks at 37°C, and 5% CO,, during
30 which time the growth media was changed three to four times.
At least three days before re-implantation in the patient, the
chondrocyte cells are removed by trypsinization and centrifugation from the growth

media, and transferred to a transplant media containing 1.25 ml gentamycin sulfate
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m 1-ascorbic acid (300 mcronole/liter), 25 m autol ogous bl ood serum
(final concentration 109, and the remai nder DVEM F12 nedia to produce
about 300w 02/083838 transplant nedia. Support matrix 22 is Pdrarsozut49t o a
suitable size fitting into the bottom of a well in a NUNCLONTM cel |

culture tray, and then placed under aseptic conditions on the bottom of

the well wt - -t [ 3. [Cl: f, cultivated
cartil age chg%oﬁ]rctg)lgy tlghc@{}ﬁ@o?@laﬁ{%gi’ ?(9 ﬁ?‘ﬁ’%dﬁg%ﬁ@ ar g%:{-{/({}g%&g’zcel ls) in
appr oxi mat el ynibrohidlefitedf tradesarhe Bmsgitaar®, aeditifingal svailbisle fioaaRadbb s
support matrix 22, and incubated approximately 72 hours at 37 nd 5% CO2
to allow thénlclnbﬁeew&%l%?wﬂngr%&%mr},ﬁgé{lk%‘tﬁ%ﬂw%&ﬁdﬁﬁ@mﬁ fingf " "

| ncubati on, Fcbﬁcenﬁat?&ﬂImxag%%gkﬁaﬁaewmm19'&%%%@&1%@98&@@0%

support matrix 22. |In one odi nent, the chondrocyte cells are adhered to
only oné out ef tragspéant ofedene si de 15 of support matrix 22. Using this

thod, it has b f oynd t hat i X 2 ts.th wt h and
et ot on of - chomar oty SEPRET TetiEs Bahier Gt o & pfifable WARERE e e Bh e
i npl ant abl e @t iwel8n AANUNCLONM 2GR thieGAt add$:en gfacéch&hdéf adgpgbani cal

properties of support matrix 22. Supgort matri x 22 al so provides an
envi ronnent condigopsyuy the botien o e welbwith 1od mé renwplant prediac & puffigienter

| mpl antati on ﬁ@{nﬁt 1{] gfeéﬁ@gvé?e@;c% Ellgge(zj %oﬁﬁ%&c?e?ﬁﬁg (f%] %%%;nqllﬁk ch&ﬁdg?@};té I age

defect. In a own e our rncu i‘oh period
and af tgr detcengyimapiogiglatel ¢ SUMtmBofdhy tradiplant yhedf, she Sigdnssoakkddbve, the
chondrocyte cells are transferred to the transplant nmedia and then grown
directly on SURRSSyMAtrixgd2s W@Qu%e%&’illﬁéﬁlya%g%‘“f #r37aCptid e G2 tat 7| east
two weeks. 2 EEN t hat. 1 npl aky e ari:ic t orarily can
be defor rredg\lf%nb%rt\out o%@@ﬁz{ﬁfbgg tod%?%”rﬂﬁ{:qtai%ﬁabgﬁlﬁggg&g?cgﬁé%ghgﬁgr ocyte

cel I s adher edhotdvosppdistarmange inchfers dind adheef torsopparomairx 220rploet el y

reversi bl e once inplantahle article 20 js intrqduced into the joint or is
bl aced on' t hEaFIR tocpdyinels aizadhead f P ARG VSNV uP ABESKR ngl y.
and in gccor dagaRowihitrianot MRngARReEdth&, it i bBELHARA that SPPOH inPitrix 28 PPOT t
matri x 22 onto which chondrocyte cells are grown or |oaded in a sufficient
nunber, t enpevpports yhegnowiieardisfetentien of ehaadueyterdeHs therdopur aisuiicient WO
02/ 083878 PCT/ US02/ 11497 i ntroducti into. t.he.workin evi.ce gf an
art hr oscope \ﬂuPﬁSIiJ ]flﬂ% Hﬁﬁlla%tgpfg aﬁécéff ?@c‘?’l%ﬁlt oF" ]Iﬁcggrgli%sfsqﬁfglse %ﬁrgﬁﬁlpggg{ e cell
| oad. properties of support matrix 22. Support matrix 22 also provides an environment to
support continued growth of chondrocyte cells after implantation of the implantable
20 article at the site of the cartilage defect.
In another embodiment, following the 17-21 hour incubation period
and after determining cell count and viability as discussed above, the chondrocyte
cells are transferred to the transplant media and then grown directly on support
matrix 22 as described above for a period of at least two weeks.
25 It has been found that implantable article 20 temporarily can be
deformed without mechanical destruction or loss of the chondrocyte cells adhered
to support matrix 22. This deformation is completely reversible once implantable
article 20 is introduced into the joint or is placed on the surface to be treated, as
described below.
30 Accordingly, and in accordance with another aspect of the present

invention, support matrix 22 onto which chondrocyte cells are grown or loaded in a

sufficient number, temporarily can be deformed in a way that allows its
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At the sane time it has been found that this matrix can be secured by
adhesi ve or nechanical retention neans, to the cartilage defect area
wi t hout 5Swiompasss7eig the further in situ differentiation offCrnesozmnpmwdr ocyt es
and the regeneration of the natural cartilage matrix material. O her
aspects of the present invention include instrunents to place inplantable

ticle 20 at._th | I d
ol o i mpi ant BFRs B ifElglingids ice BFsh FFRERREBout GhAIARE CO0 0GP oy

of the pr esem&:sthrtﬁeﬁb'tw?,sofﬂf@choﬂﬂfoapﬂeabllwad procedure is perforned by an
arthroscopic technique. Fig. 5 sho g npl antable article 20 can be
rol | ed across the di anéttdhe 1ams @ne 1thgs Bqnnﬁo‘én‘% et tny patrixygan be seeuggd by

transplant sqgfhafe rqql)éc"ﬁﬁﬁlézglrgte 3 ks 20 tﬁ@gaé'ﬁggg‘abfe&eir witBo@n

i mpl antation site through a vvor ing chahne an arthroscopic

i nt roducker 28mpz@ming tisufutthbd ie san tiffoetapo of therchoudrecytesanddhé wgentrationFi g. 6.
In Fig. 6, a throsco L..c introducer. 30 includes a working channel 32
havi ng a di afd Haghmatiixmpfel o enter the joint of interest and to

deliver the deS'red dldfﬁ&%ﬁ&t@éfthérpie@ahmeﬁwﬁiﬂcfddeu%@mnFeﬁfst@is@e@Ie for
most procedures, the diameter of working channel 32 is approxi mtely 8-20

mm and the Ilmpgmtablesartzﬂea@ptthmlmataeta;aossu@@ndmmammm:ai retaatidnaleyicedeli nal | y
novable with.r channel 32 |s an injection channel 34
accommodat i nd'© Eﬁhﬁ @36?18{6% DSRNARF O dl e 36. I njection channel 32
is attapgped to a handl gn 38c ¥hbédimesit oﬂtﬂéﬁ&@@mmhim depmgssitilon at | east
partially into working channel 32. Needle 36 extends the |ength of

i nj ection chasereiurg4s perépraned bygnfarthiageonio teghrique. nlige SifhowgRoVo 25 the site
of 1 Tl ant at | a8 lantaeii1090 ERAB0 Rl closs fﬁg‘ﬁ?ﬂné%lltPér@of"Brfghﬁ‘%p;ﬁ%f‘ el 32

by tel escopi call'y noving or awa romthe i ation
site. Int rodtyhﬁdncaDtraispmnt mﬂhutdﬁ@la&]taba@amﬁlerm)dmnd»% delitdred tocan ot her
suitable materi sl i deably enga 30. Ln us

I nin ucer
surrounds t hé“@ﬁ‘?@t‘m‘ sitg ﬂ‘é‘“tggrat‘i"? ‘glé\“é“é? ﬂan asthrosgeopic infrodijger Sﬁu‘éh as
bl ood ajyl ot Qﬁftaﬁ?@&ﬂtﬁr@éc Elc‘*lhﬁ@ducteﬂ%@e%\%gdflﬁ FYQ g into the site of the

cartilage defect. Introducer 30 also has two or nore outwardly biased
gripping elenents 42 aﬂﬂE@Eﬁiatl@rthmsdipec Slaodlﬁ@ﬁ@maélpimgworklnglcbdml ng and

| aci ng i npl ant,abl e articl e at, th .on handl
Der s Dol oocadtating o Uik et SHEOR AR Hie iBfhe 3t nfered Bpd BitetlEn s 0o
02/ 083878 PCTﬁé&@%éd&A&Ymoﬁloﬁmﬁltaﬁtaﬂl% 2BNIEDE Fhexiafle] orGhostprdstdiges; hannel

32 and are noved toward each
the diameter of working channel 32 is approximately 8-20 mm, and the length is

20 approximately 30-60 cm. Within and longitudinally movable with respect to
working channel 32 is an injection channel 34 accommodating a retractable and
removable needle 36. Injection channel 32 is attached to a handle 38 which is
telescopically depressible at least partially into working channel 32. Needle 36
extends the length of injection channel 34 and allows fluids to pass therethrough to

25 the site of implantation. Injection channel 34 is moved within working channel 32
by telescopically moving handle 38 toward or away from the implantation site.

Introducer 30 also includes a cap 40 made of rubber or other suitable
material, slideably engaged on introducer 30. In use, cap 40 surrounds the site of
the cartilage defect and excludes fluids, ;uch as blood and other natural fluids, from

30 flowing into the site of the cartilage defect. Introducer 30 also has two or more
outwardly biased gripping elements 42 attached to handle 38, for grasping,
introducing and placing implantable article 20 at the implantation site. In use, as

handle 38 is telescopically moved toward and away from the user, gripping
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other in a gripping manner (as handle 38 is noved toward the user), and
away from each other to release the grip (as handle 38 is noved away from
t he user)woSumB3878 el escopi ¢ novenent may be control | ed by PaTHISA%il g7 el enment
(not shown) disposed 5 within handle 38 which allows injection channel 34
and gripping elements 42 to be slideably advanced and retracted within

pl anti ng. IR SRt B DY Forkdfl Find 5 AR RN PRETILE T

i npl anti ng C acsli i nplfantati on such as knee
joint 10. Defosigdriitve gripsing nladger (d8harslle 3818 \nesk et towarid hiee sset)eaaf awdyefrolaf ect

referably to a depth above 10.subchondral |ayey 44 | eavin Il 46 (See
Ei gs. 8- 93/. Rﬁelb?thgratetr?lpésgéh@@%@ﬁ%isdqf:égl%@ﬁ%%ﬂva&#@n\é@@%s Vévslflé is (
prepared to tGERLYR héRhARA! 1%9%2? @@}tggfgﬁ b9% biddind a&ne&ﬁg&f&%@ﬁ%sﬁ&x@r has

been di sturbed to the point t Ing occurs at the 1 nplantation site,
t he site opt ivdtiam hyndia38 tvhichtallows injeatioadhmireh 34apd ghipmndeloinents Hattebe al

whi ch acts as.. nostati.c harrier. 15 Otherw se, sjte preparation my
i ncl ude inj eél‘ﬁ??ﬂ?yo?dsvénﬁd@e ﬁﬁ?ﬁc&gl"é&}‘lﬁm?gk‘flﬁfﬁﬂ&ﬁf%edl e 36 into well 46.
Such a bioconpatibl e glpg, Aeebwa t3ALE sHNBscopi procddute foB imPRNtIELOTPr i se an

organic fibrin glue (e.g., Tisseel(err), fibrin based adhesive, Baxter,
Austria or aimplantablegiriele g2 epasitaiof impldntativnrsytleas knen deintel0. Ud¢fpgfiveaut ol ogous
bl ood sanpl es)....20 Jd.npl ant ahl.e apti ¢l i £, t esired

i menst on' - andrtn 1R e oot fs e 8¢ A3, RFEY pPUERK B defip ive oL 0

i's theni@ri pRaschHand@I lape Mea\eh%mumaétge@mgshem Wiftehtaititape defaet 18 is
art hroscopi c introducer 30. Arthroscopic .introducer 30 holding inplantable
article 20 wirempyed; the defrgt sifesis prepared 4o seseivg implantable attigle 235 Ifithe)| ant at i on

through an a%ﬁﬁaq%n&lmgal had Beerl EGARA% HPBAAAM QM REGILFHES 42, and

unrol I ed using gripptng elenments or all’owed to unroll as 1t exits

wor ki ng  charime@lan@fion Aits elsssitehoprinedlly3Bay ficsk belesveostewnh ampatsorbablenel s t hat

all ow instrunent U(Bgatc?sg%i troduc.eti) 30 and visualization instrunents, to
I i

access the (USRI PStEORGIGr i ppi ng el ements 42, inpl antabl e
article 0 is manipul @tﬁ&ﬁé&?&téﬁ%ﬁar k@lﬁ?ﬁmchﬂb%je&ioﬁ@mﬁ&% fibfeher ei n,
i a

t
in this enbodi ment 30 rough side of inplantable article 20, faces well
46 and is gergluethioaigh negidleBaovo mell 4heSuchig biogomphtihie ghihessew es adhesiye har den
and bind inplgntable article 20 in .02/ 78, PCT/ US02/ 11497
AP S, Forbep

wel |..46. . 1
As shown in may CORprise & Qreanis bRy glﬁ%éi‘%‘l’g B EChannel s may
be used to alalipswivacBaessr, AusirladrialiiBRint fud prepied s the sefgidalidleatst @dingon t o
autologous blood samples).

20 Implantable article 20 previously cut to the desired dimension, and
rolled into a spiral cylindrical shape as shown in Fig. 7 is then gripped by gripping
elements 42 and held within the end of arthroscopic introducer 30. Arthroscopic
introducer 30 holding implantable article 20 within its end, is then advanced to the
site of implantation through an access channel 33, released from gripping elements

25 42, and unrolled using gripping elements 42 or allowed to unroll as it exits working
channel 32. Access channel 33 includes one or more channels that allow
instruments such as introducer 30 and visualization instruments, to access the
transplantation site. Using gripping elements 42, implantable article 20 is
manipulated such that the side holding chondrocytes therein, in this embodiment

30 rough side 23 of implantable article 20, faces well 46 and is gently held in place in
well 46 to allow adhesive 48 to harden and bind implantable article 20 in well 46.
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assist in placenent of the inplantable article, adhesive and/or mechani cal
retention neans, or to allow for access of visualization instrunents to
the site wWB/0B38I8 ant ati on. Such a separate access channelparajsoalisio7 be used
to performone or nore of the functions described in relation to
arthroscopic introducer 30 or other arthroscopic instrunents. |In another

enbodi nent (Fig.9), rre%asr%%lmﬁzggt ?Elsg&n%gge%ﬁ n %’I‘@bartl 21{?(1 £ pi ns,

anchors, screws or sutures are u to secure 1 npla e 20 10 in
wel | 46. Sui tohb)rhr&lspnmﬁbéﬁbedm@ hl]mie aCreshof iRstniirtsatocthersies of ialplantaioaitd abl e

| actide co-pol. pi N, tIi h Sohne,, Switzerland).. Fjg. 10 shows
one enbodi neRfs! malﬁlg B‘?iﬂ?éh ?‘Tﬁmf’ » adheiiye andferinec g’(g?tqnﬂePudes

head 52, i ntrﬁ@aﬁ?dix"t& Ql'iov? hﬁr&@é‘éss 5ﬂvf§ﬁ§lﬁhﬂox§ﬁ§ﬁ1§m§r§s thd sRESF Or nor e

retention rings 58. di mensions of pin 50 will vary with the particular
use, buts typmphhtayxonpSmlﬁaosqurM@ssmam&l m@ymiﬂoum usechgt frerforeanie 52 i s

' di amet er "t pL tsgupaiol B PHLp PSR Rt an PR b on

rings 58 are agfddbopic mstiimbmsdi ameter. Retention rings 58 serve to anchor
pin 50 into healthy cartilage surrounding the cartilage defect. Pin 50 is
formed from any materi éllalifﬁ gr embodimert (ﬁlar%mp@ab@ayremam@mamﬁesuabg@rbed or

20 ot herwi se aBgo(%a ? rE Q}%ret&gg%_ H{u%e% @‘u%ﬁ% Qé%,u?ef mﬂlﬁ:ﬁabég ?{tlc e%np le,

pin 50 may Be hade From oy’Iact SO con e wthin

t he scope of it hellpoe Saftible pmues()tmcmid(orthl@enﬁMq‘@amnﬂﬁtdlaly Dhilsslbestize 48 and
mechani cal retention neans such . as pi to secure inplantable article

20 in well 4@&@@%%&%&%1%%@}@6 Mézfélaea} th1gad@ shRreRie 18 ext ends
into or bel oy, gﬁ?ﬁtﬂ?gfiﬁb%l)rblaﬁﬁé%n% IrPﬂinsre?ﬁ’deErﬁéltr H@\’}glllchg(iesqlﬁﬁ& Sjﬁage into
ondr a er an 12, the a

or bel ow subc as shown in Fig ove
procedur e i s impanddubar cduphmabﬁélwmnm shafi iﬁ;lanxtlenmranmattnkiﬂn angsehoshhat i ¢

barrier 62| wel | 46 nt aof |rrplantable arti 0. Wth
ouch def oot s dimtesieys 0P i uRu G Tarrcdat oo TpaE Wkt Febow, | o
i nhi bi t14 he QUOI\BtIHm% lér%’ﬂﬁ%ﬂﬁsﬁs aBB A inldifAster, intPiRAAAN Bannel 54 js
fibroblasts, etc. into developing cartilage. This is believed to allow

hyal i ne car t iapprginaselyrl ymar intdiameter plegfl Enisapprominately.2 18m malhﬂreetcre nmost ati c
BT " b KB USSR APt M B S YA S e,
of cartil age aa¢kdr bih FEintENQlItEY oxtihgdulrbinding the t:mlcdgeelaﬁecpfpm 50 is
formed from any material that will not harm the body and can be absorbed or
20 otherwise broken down by the body after a period of time. For example, pin 50
may be made from polylactide.
' It is also contemplated to be within the scope of the present
invention to use a combination of adhesive 48 and mechanical retention means such
as pins 50 to secure implantable article 20 in well 46.
25 As indicated above, where cartilage defect 18 extends into or below
subchondral layer 44, or requires removal of cartilage into or below subchondral
layer 44 as shown in Figs. 11 and 12, the above procedure is modified optionally to
include placement of a hemostatic barrier 62 in well 46 prior to placement of
implantable article 20. With such defects, a physician optionally can use
30 hemostatic barrier 62 to inhibit the growth or invasion of vascular tissue,
osteocytes, fibroblasts, etc. into developing cartilage. This is believed to allow
hyaline cartilage to grow at the transplantation site. Suitable hemostatic barriers

will inhibit vascularization and cellular invasion into the developing cartilage to
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cartilage at the defect site. Preferably, the henostatic barrier is stable
for an extended period of tine to allow full cartilage repair, and then
will be aweanhess7®r ot herw se broken down by the body ovexCTiuSoei11407

sui tabl e henostatic barrier is 5 Surgicel (r) W1912 (Ethicon, Ltd., United
Ki ngdom), an absor babI e henostat formed of oxidized regenerated sterile

cel | ul ose. The abo SCI’I sur i-nst runent fac ured from
any materi alP t a{ba&ﬂ%%eoar%d%?%l% ' ‘grg] fstg%hglt 50 ?e for

meki ng di SpOSeaxbileﬁgecalt therﬂékédt sme})ré&mjalt& ﬁaﬁ@tﬁﬁlbaﬁﬁahg $tis1e . anlO Support
matrix 22 or covering matrix 2 of the present invention s fornmed of a

col | agen nmentskighded pegiogepd Gfl&‘df’ @H@Y‘J fulh C%’H@gﬁ reRais andyhgn wikh bg apserhgdor  pat ent
nor 2, 028, B95{s %Eg\gﬁ(@ntdi?w The ydy%f— iR C Db lica fyérhre Giati€ Bhiiagisvon

Kol | agenpr odu chrs i ncorporate ererence. The col | agen
menbr anes can Smegign® Parsd (Ethicong bitd. AdeitedriGingdeh e mh absokbabie bahdsta fomedi g as

15 follows: the collagen ra I is freed of fatty acid residues,
washed with Kidjzed f?géa?rétf\gﬁﬁ fﬂ%sﬁah washed with water, treated with

an acid, washed with %E%Bové&e”s@ﬁl%é sﬁ%@éd‘lﬂﬁﬁﬁeﬁts%}é Hlﬂ&xtﬁétﬁﬁh'ﬁorﬁ et ed
with an acid, which causes swelling, treated with an inorganic salt”to

cause shrin ka@emaﬂ hsachras meiahind/er Peptic @z edicond, Suitablafod making djsposafle 40- 50% by

wei ght, the wa Lé retal dvvlt1 qthe material is 20 renoved by the
addition of & 81"\5%Fﬁusa HERERIPPRIMYYh be cross-1inked if necessary, and

then dried in stretchegy ngﬁdrmnam&tcoﬁ&ﬁﬁ%?ﬁa@& Dbf RO pRGsEMgnvRLibh 6 2 can,
al so be forned of a nenbrane including c

such as Type | or Type [
col | agen, andomiegnfiapollagentmerabrangas mnﬁfaawcg@s@mpmss desenbsd ip4t-Bnt  No.
5,397,353 (a RV f ch
her eby i ncgr ?)%{r gfﬁg %g’zgeP X?JsMgﬁ d I?’hChenﬁ(logg;g%e%o@ tf%/ lfe}Ecno gg@ /eill\glstl nI >

menbr ane may Ketlagdipdddikebn, I’v(dﬂtleﬂ;Lheﬁ&)y iperpiraed byaevfersace.oVheellagaid chi cken
sources. |In one enbodi nent, 1%_)ort matrix 22 or covering matrix 2 is a
col | agen/ el adRSRPraRs @nbds pa@arﬁds YR&PIRETRETY AT FOPLTRIOPURAE  extraction

stages dltSO r ey B Joﬂﬁ%&%a%ﬁteﬂél il Reed& fgﬁ? aciP&iadel Sydshbd WaR been 30

renoved, the sections un 0 nunerous enz Ic extractions to renove all
cel l ul ar nat evate) trea&ab\hlt]aamakkdlu,c\tfas;he@wahe@htacn'cﬂtcﬂ with ao atidSwadhed enth No.

S SRR SRy Sk A AL U R v s
Per macol TM  giWeiingStrdafkQl WP hn PR®danic salt to cause shrinkage, the material is squeezed
off to a dry weight of 40-50% by weight, the water retained within the material is
20 removed by the addition of a solvent, the material can be cross-linked if necessary,
and then dried in stretched form.

Support matrix 22 or covering matrix 2 can also be formed of a
membrane including collagen, such as Type I or Type II collagen, and elastin, such
as the membrane described in U.S. Patent No. 5,397,353 (assigned to Oliver, et al.,

25 University of Dundee), which is hereby incorporated by reference. The collagen of
the collagen/elastin membrane may be obtained from equine, porcine, bovine,
ovine, and chicken sources. In one embodiment, support matrix 22 or covering
matrix 2 is a collagen/elastin porcine dermis that undergoes numerous organic
extraction stages to remove the fat content of the dermis. Once the fat has been

30 removed, the sections undergo numerous enzymatic extractions to remove all
cellular material. Such a product prepared according to U.S. Patent No. 5,397,353

is presumed to be Permacol™ and various cross-linked versions of Permacol™.
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Pat ch (Fusi on Medical Technol ogies, Inc., Frenont, CA) and the Tissue
Repair Patch (dycar Vascular Inc., Dallas, TX), may al so be used in the
present iwoantssmis The col | agen/ el astin nmenbrane may al sedrarop1t497 20%
cross-linked 5 with polyisocyanates, preferably hexamethyl ene diisocyanate
(HVDI). The col | agen/ el astin nmenbrane used as support matrix 22 or covering

matrix 2 can be in th I WO t i, ge nd
honbgenous pore size a%ﬂﬁﬁ%ﬁrgﬁeé%ﬁg?e@%w,&({lhésc%q)iféatg%% @ﬁeg in
menbr ane has Patvh (FadiboMedipabPechinblogaes) Inns Fremdriti CAnaristheTiBugBepaia a | engt h
of 4.8-5.2 ¢ i dt h_of 4.8-5. m coll ggen 1Q.cqntent of >79% and a
fat content ?@fcg.(&/xcatwam%i%e‘%@%si Eﬁbé’i‘f‘yb‘gg%lﬁﬂ ’t‘sﬁgé‘_at PTESCR} lgvgﬁlﬁﬁort as
described previously ahgu@ofifhehRidttiAMdnBRrhithaPhi8o BE b & £0% LRSs-1inkRd ant abl e

article can be placed into or  over the cartilage defect site. In another
enbodi ment ,  swifipmlyisemanatgs, pRferablythexéroethpldno fliisocgmatd (HM Pk skliene Subnucosa

("SI'S"). The t hod.of. preparin he SIS fromag,segnent of .15 sngpll
ntest] ne i o cHBRSILg i e died AF ROt 22 S8R et A B By n

i ncor por at ed thyfokAfFa8RER having BYFBRbotBfsided hed hbBgenBEpSrealeind dxngst ed
from porcine, ovine or bovine species, is first subject to abrasion using

a | ongi t udi n&refesablyi, thy cebagas/elastinmesrbrandaastihe fdlogingsperdigations{ particul arly
the tunica sef. t uni C IS o | ro s (at
east the | aniogsSBE 75 . sHebR o5 3E4 Bhl Bhalorkites s Ui oty (2
intestinal subnisasa-79% dddsfadcomitéh of al4ohneChntirond cedi@bh Pe sillairedlon N a

hydrat ed or dehydrated state until used as described below. A plurality of

super i nposed g yEroTtas desarded preyiouslyabre tosformea yaplagtableaticle o Ahg essed,
secured to oOF : i i i d
reconstructi \rl/llgplg? gh%%@@@gt%@g%ﬁ lgteog&i%\r?'e U gia%‘é’z%égrﬁekﬁg?&& 788, 625,
5,922,028 and 25 6, 176 88bthaldmtadsngnenippart Deliy 22rdnHmpiaededof { Skaald aw,

IN)), which are her i NCQL PG ed by reference. T |ti-layere

StT UGt ure ar SUEREE SBUER R S s F PUR ShBBTGhe SIDATELA TR s 1 0
form a recongihiGhtbsttetié §iMGdIn S §. Palehitiqd.Us©00308 RenitR Higdlyr ed t hi ckness
for the replacenent of the endogenous cartilaginous structure. 30 Q her
SI' S nenbr anesnogrpaseted by refershed. A gegment pf idestine,i prclersblyorervested fiate t he
Suspend SlingTMfrom Mentor. Corporat i-on ta_pBar.bar . e

St 1 peTm f romvere avink st b ing Pk I B shofel § 51688 bne ZBrahBL®, , o

Bost on  Sci eRfiping endtiSattb edtnoviédiyoth thielodteblidyehd (Phitioglaclip theSunhigh $érbddMnesh from

Cook 17 WD 02/083878 PCT/ US02/ 11497 ) )
the tunica muscularis) and the inner layers (at least the luminal portions of the

20 tunica mucosa). Typically, the small intestinal submucosa is rinsed with saline and
optionally stored in a hydrated or dehydrated state until used as described below.

A plurality of superimposed layers of intestinal submucosa tissue is
then compressed, secured to one another and shaped to provide a multi-layered
reconstructive structure, as described in U.S. Patent Nos. 5,788,625, 5,922,028 and

25 6,176,880 (all assigned to DePuy Orthopaedics (Warsaw, IN)), which are hereby
incorporated by reference. The multi-layered structure are provided with a
sufficient number of submucosal layers to form a reconstructive tissue graft
structure having the desired thickness for the replacement of the endogenous
cartilaginous structure.

30 Other SIS membranes which are useful in the present invention
include the Suspend Sling™ from Mentor Corporation (Santa Barbara, CA), Staple
Strips™ from Glycar Vascular, Inc. (Dallas, TX), Surgical Fabrics from Boston
Scientific (Natick, MA), SurgiSIS™ Sling and SurgiSIS™ Mesh from Cook
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Bi otech, Inc. (West Lafayette, IN), SIS Hernia Repair Device from Sentron
Medi cal, Inc. (Cncinnati, OH), and the Restore(r) Soft Tissue Inplant from
DePuy Owbapaextres. Anot her nenbrane that can be enpl oyedcrarsoyuppor t
matrix 22 or 5 covering matrix 2 according to the present invention is the
resorbabl e coll agen nenbrane described in U S. Patent No. 5,837,278
(assigned to& irst , i C i ted by

r ef er ence. Tkﬁﬁgte%sl%tf'bgg%éig%? %.%]en ’ S%?fgﬁg%g%ﬁiﬁg%gﬁﬁgg 1;C’?lom naturally
occurring nemiedicssine.s (Cihcianats €if ), and thefRestorefeSvit Thssee Inslant foindBePuendons,
and vari ous ani nal nbranes. This collagen 10 nmenbrane has a fibrous side
to promote c&Thogreslitsh t hereon and a snooth side to inhibit cell adhesion
thereon. The menbrane isJpid Rnakihht @abeRApIWel Tordhppétt kdkdx 3Posaponi fy
fats and degrade al kali sensitive substances, treated wth acid to degrade
aci d serfsiti veveulgghatriz €siccovdpizgd thedpresa! inyeunfiarais ¢ht rasatbahleo selldgemked i f

necessary. 15 O.her coll.agen ran t be used su Lt, matrix
22 or c)(;ver inﬁednmerﬁ??cﬁb%dﬂégs{rﬁﬁte tﬁﬁ?’hg’%%?’gzg%Slgﬂefgtt?t’?(gﬁelftﬁgﬁ&agne
Fort aFl exTM (AGERalckds héﬁe@?hﬁ:@iﬂo%@cﬂbi ydTerehde. ANl fsarbhiblaiceiMgen ( prepar ed
fromcross-linked collagen) from O ganogenesis, Inc. (Canton, M.

Addi ti onal | y mesphrangqan)be derivedyfipmaiatspllyeecyring pembragesmseai asiseetians o
picrin S p. A AT i usef ul . i nvention.
O her nenbr a?liédseg@ly%gﬁallﬁe;ﬁ%’:&hdsoﬁ’aaglh?g%g%ra? %n%lltl{r}?é(lplgﬂgsgrﬁ{clgéogg%ﬁﬂé matrix 2
i ncl ude1gCol | adetbramsisarfbrbvissiliol pramdrcell lghowth(thiradrmhadid smodwd pide to

Col l agraft from NeuColl (Canmpbell, CA), BioMend fromlIntegra Life Sciences
Corporation (it pelbathssionhereans dhsirpaRbrans s PRERasFRLIreamsRY We#n Menbr ane
from 25 Coll ' AnKlikdli LAkES [ PehiaEigSyr gi cal
Mesh from A%\ggﬂé%/géﬂﬁpg&fétg%%%égél nc. ,d]béreeﬁﬁeens%%in%% aé%{%z: %§t&d $blPauI ,

MN), which i degpdeaad sehsftivesubasarcesiovasked) dfied, slepteasdd andakdssdinkedgen) an

Bl OBARTM from Col -Bar, Ltd. (Ramat-Hasharon, Israel) are al so useful
materials fol®SGpbdrt matrix 22 or covering matrix 2 in the present
inventign. 30 Additi ongihdt.cofRedndAEALARSDMATAR bBAYEI S supp&Ht Mafix ZNGed at
the nmacronol ecular |level are also suitable for use as Suppqrt matrix 22 or
covering maceverng marsR aseerdingrie thegpresenbmwentimadnclpde Ferk e(prepared

I nternat| OnalﬁoFI;%oEiﬁtgen }y%e\fpan%%gﬁﬁgtz@ E)p(;eréayép g‘ér%llcdr'c?sz-linked collagen) from
Organogenesis, Inc. (Canton, MA). Additionally, Antema®, an equine collagen

type I composition from Opicrin S.p.A. (Corlo, ITALY), is also useful in the
20 present invention.

Other membranes suitable for use as support matrix 22 or covering
matrix 2 include CollaTec membrane from Colla-Tec, Inc. (Plainsboro, NJ),
Collagraft from NeuColl (Campbell, CA), BioMend from Integra Life Sciences
Corporation (Plainsboro, NJ), and BioMend® Absorbable Collagen Membrane from

25 Collagen Matrix, Inc. (Franklin Lakes, NJ). Biosynthetic Surgical Mesh from
Advanced UroSciences, Inc., Brennen Medical, Inc. (St. Paul, MN), which is
prepared from porcine skin (essentially all collagen) and BIOBAR™ from Col-Bar,
Ltd. (Ramat-Hasharon, Israel) are also useful materials for support matrix 22 or
covering matrix 2 in the present invention.

30 Additionally, collagen membranes having fibers arranged at the
macromolecular level are also suitable for use as support matrix 22 or covering

matrix 2. Such membranes are described, for example, in International Patent

18



Publ i cati on Nunmber W02/ 09790 to Medi ol anum Farmaceutici S.P. A and
Qpocrin S.P. A In another enbodi nent, support matrix 22 and/or covering
mat ri x 2 woan/okss7$ or ned of collagen fibrils which are cro®eThisokedt o each
other via a reducing 5 sugar or a derivative of a reducing sugar, for
exanple as disclosed in U S. Patent No. 5,955,438 (assigned to Col Bar R&D

Ltd., Ramat- Haghag oA ndud Shiboat 190k MedibREBRAAALEABAL BLA! 4 I ef erence

inits entirety. Such sugars can | ut are not Imted to, a ketone
or al dehyde r@pworis®gdA, ri bose, glycerose, threose, erythrose,” |yxose,

xyl ose, arabinose, allqgse, altrqse, glucose, nnose, . gul ose, idose, 10

gal act ose, tal ose, or iﬁﬁn Weqm%ﬂ%gg it ?@PB@&?’?%?SB‘%@,“‘p?é(ﬁf"&’é‘f’trﬁ‘e&ose,
sept 0se, OCt Qafbe fSHAHRADE colPlgehl EGAREViBR SreCRBRLINAEH ANEachbtHRIP 9iaQl reBRifg Of the
sanme. Support matrix 22 anc%/ or covering matrix 2 can also include

ant i ni criobi alsugayeneslenivatiie dfavedusing sugara fenexpmplsfasalsclaged imlg.-Se dlatent age

totracyel | nodO strsnt g eagt IR 4D Taar Rinaliaulon SR8 FARIATS sucn
as nyconazol gxcopptaedhbrein®y RITBAR!H &S enthlét ARhGAEArs SMiAcluag)but are not

conmbi nati ons of one or nore of the above. Factors having tissue inductive
properties, dimitedds, ¥ kaionsraddehydemeno sugar.dibose| gycsrase, B& By thyiostt h

[actors, L sboan ALBHA LASLSI ot LSRG ygk ol 126t or s, and

are’‘also-inclu I 'h suppor r et col'l agen
mat eri al;s usghlaktoke) tilbse, pr &sesther diveentrioss tetraseMpehtdsoStesttosd, BeptbsB, odtadegnt
Nos. b5, 256,418 and 5, 993, 844 (assigned_to Organogenesis, Inc.), U
Patent No. 6120%eodecases prhambipatons Rf e eiaRpre o e S)a,meaﬁalp@%maﬁra% g%t No.

5,026, 381 ( a%.gii/gp e&e}iﬁé ) gﬁ? Wﬁllkég ﬁlc)udeaalnlim?érowm SRnRNhiOERRRY

i ncor por at ed reference an may pertain to one or nore products
di scussed hettlarapeutls effeas dunng cartitagg e¢genenakien.eSudhrantigcrobigls indlidh may be
used as support. .ymatrix. 22 or veri.n trix 2.include. MACL.- Mai.xR

(Natr oot G E s ReIosPedps det Yo R RSB e e PRGN SHTUHIAE ) and
VivesCargd andnflufefiGAuck 8PRlYomRES e dndihtiSinflBhiates tuchNed dirfidoaBdmd. 1 n

anot her enbodi nent, support matrix 22 or covering matrix 2 can 30 be
formed of a spwhigetions efeinegyaers phibie sbewen tEactornipving lissaemdpétiie subst ances

201 5 e S0l 4 R AP LRGS0 200 b o1 Soeme
col | agen spengsoiiyig keovathtfadtoe ddifferemtiatimeositiafackes) aad the likecdre akof rom
Pent apharm A%c?flde]d%n support matrix 22.
20 Other collagen materials useful in the present invention are disclosed
in U.S. Patent Nos. 5,256,418 and 5,993,844 (assigned to Organogenesis, Inc.),
U.S. Patent No. 6,206,931 (assigned to Cook Biotech, Inc.), and U.S. Patent No.
5,026,381 (assigned to Colla-Tec Inc.), all of which are hereby incorporated by
reference and which may pertain to one or more products discussed herein.
25 Products not yet marketed in the U.S. which may be used as support
matrix 22 or covering matrix 2 include MACI-MaixR (Matricel, Herzogenrath,
Germany), Bio-Seed C (Biotissue, Miami, FL), and VivesCart and PLA/PGA
copolymers (IsoTis, Bilthoven, Netherlands).
In another embodiment, support matrix 22 or covering matrix 2 can
30 be formed of a sponge of collagén fibers containing antibacterial substances
taurolidine and/or taurultam, as described in EP 446,262 (Geistlich Soehne AG,
Wolhusen, Switzerland), which is hereby incorporated by reference. The collagen

sponge may be obtained from commercial sources, such as from Pentapharm AG of
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WO 02/ 083878 PCT/ US02/ 11497 Basel, Switzerland, fromDr. Oto Suwel ak GrgH
of Billerbeck, West Germany or fromEd Geistlich Sohne A .G of Wl husen,
Swi t zer | awd.02DB®B7¢€ 0l | agen sponge can al so be nmade by conwemtisomvai49met hods.
For exanpl e, bovine skin may be chem cally and nechanically treated to
separate the epiderms fromthe underlying 5 associated fat. The | ayer can
then be treatgd wit 1| kal i, ; i I nd
t hen washed. tB%S%)rI%‘f’{e%%ﬁerP ?’cééemn%r heOtIr?adegéemﬁg%}# %fe%tgggorgé ,e\/W(e:% :qegéé or?r om
ot her pr ot ei f®naBd GristligheShne By Gbof Weatuden, $winzeriand eThéelvsllagtmtpongbean

col l agen product can then be treated w th an oxi di zi ng. agent, honogeni zed,
and | yophi | i 258 be mads bycepysisionslimetheds. (ios eXuRle) hayineesSkyy MAR RS ul t am may be
ef fected pri ko i j L Ll -col | agen
e S E A R R T R e

anot her Senbodssverated faupfierlayerean ihend2 tgated owithrmilg alkaliy foo®ed by tresmehor med

according to the th for producin orous structures described in
1050/ 27315 ( FESHEE, apdsnoyashed oy PRI SR IDS o SUPTHALEER at e
by 15 ref er e othBEpBRIRUSdNITPAsd Hlafge 85 thEMBEE fetiatAIFad. iTicdifgenPast y
m xture of substances that have at Teast partially solidified by cooling

the nixture pewdneesanithen be tneatedswith ee dxidiningegsst, hainoberizgd, bed tyepiwliced! and

have varyi ng.tenperat ures. ring.solidification an.ordered structure is
formed. The. BaFerantatayarine Haitikcen i 68 el b APelbdBhB 6 {0 creat e a
honogengous PRpAillEatiél BiElifelisscdinSHPPRilized®llakén ¥i2 DlutfoAudthd@uithitiinex 2 may
al so be forned of one or nore bi oabsorbabl e polyners, such as col | agen,

fibrin, |am 8F RugH@nt asislyephiliging. havi ng | arge i nterconnected pores

according to the netho [Hel=To T . , si gned
to Johnson & Johnson d?’g"zﬁ&l nc. d irﬁﬁr}lé&%?@qﬁmsx %%&e%’?egﬁ@%?ggg(o% g%ed by
reference. Thk $orbiedabsadinghd ehepattirod forpasduemgqrosas-skruotued defaibe@m exanpl e,

e o501 L ARSLSTT o Bl B0 i SSon ooHRR b %,

(Johnsomy & JohBRAR AR RRSE duRefirdshrd IMRRE Frof 4 ﬁg.na%p padly Rkfesorent it ed
"I nstat Col |l agen Absorbabl e Henostat"”, Sept. 1985, which is hereby

i ncor por at ed siystaneéethattowe aBleadt pariadly selidisad byl conding, the mappuretbetvegenitwo22 or

covering matrix 2 can e far.med of a bi ogbsorbabl e sponge according to the
ot hod descr RapREueices st parke RaPe gl 9 SRSy DR TS Bhneon &
Johnson Medi ¢adrinkR6lidifibbhon anttr&dted Strudt@e @PfbrinBE OTROpALIAL, ylidifkider ence. The

sponge conprises a matrix structure and at
product is then freeze-dried to create a homogeneous porous structure.

20 Support matrix 22 or covering matrix 2 may also be formed of one
or more bioabsorbable polymers, such as collagen, fibrin, laminin and fibronectin,
having large interconnected pores according to the method described in U.S. Patent
No. 5,869,080 (assigned to Johnson & Johnson Medical Inc., NJ), which is hereby
incorporated by reference. This bioabsorbable polymer can be cross-linked, for

25 example, with hexamethylene diisocyanate (HMDI) prior to freezing.

Support matrix 22 or covering matrix 2 can be formed of a collagen
sponge such as Instat™ (Johnson & Johnson) as described in Johnson & Johnson
brochure entitled “Instat Collagen Absorbable Hemostat”, Sept. 1985, which is
hereby incorporated by reference.

30 In another embodiment, support matrix 22 or covering matrix 2 can
be formed of a bioabsorbable sponge according to the method described in U.S.
Patent No. 5,700,476 (assigned to Johnson & Johnson Medical Inc., NJ), which is

hereby incorporated by reference. The sponge comprises a matrix structure and at
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20 WD 02/ 083878 PCT/ US02/ 11497 | east one substructure and at | east one
phar macol ogi cally active agent. The matrix and substructure naybe nade of
bi oabsor baiole/osssreri al s such as coll agen, lam nin, el astipgT/E80211497
fibronectin, anmong others. Further, the sponge matrix nmay al so conpri se one
or nore proteins or one or nore pol ysaccharides, or mxtures thereof. 5

The phar nacol 0qj cal I @Q]@ 1131 | & y Pne.. a
grow h fact éé’a?i%r%sgﬁ&ﬁ%ﬁr 0 y%ﬂg%ggge t ergléélgélgglgﬁ%c?l kk{gra & ggb%@%(hlegnx
support mat r iaNd azbsauctafsasy bgmade of biodbsofbableanaredals swoh asabllagganlafiihiay s as
described in W96/ 259}21 (CGeistlich Soeglgﬁ1 AG whi ch is her e’gg

i ncor por at ed etinand fibrenectinamangothers. pilrther,the, sponge Aatinmay 3

hydr ogel -1 i k ef | LSk i S : oitin
Ui phate,  ker o A s e RO

growt h ¥ act dihs phammaermgphakageht may ncludermnrankimicrobieh arcytobthe; agidwéh Pat ent
No. 5,489,304 to %}gilj’ et al, hereby incorporated by reference inits
entirety. SupffdPh Onatemtbody aNeREORFLS i ng matrix 2 can also be formed of a

15 mul ti-layer nenbrangn GRETREr sthbddirReritSuppSrt iidkri X2 bRdtveriRg REARIK Nant |y of
collagen Il and at | east one dense barrier |layer as described in

WD99/ 19005 ( Cerimed fraph coliigen fibers@p dasraibed & 25941 (Gristlish Seetoe/AQGR 3627
Geistlich, et.al. i ' : . Th
Corix | aver gl sheshl3phfad BT RSB L CAIARARS SR BUBFE, T

matrix | ayer xture an arrier layer has a
cl ose rgl ati wolygelles MBRBA R ohfisingglydosaraitidglycais, suchas 2Rordeditihx | ayer may
further contaln gl ycosam nogl ycans, such as hgal uronic acid chondroitin

sul phate, keFalphfteskerppasuprhate dgensian sHplal )éa_,lur%‘ﬁﬁ@{doﬁrﬁfe%rg‘."thrhe matrix
ayer may al $GONhal Bl dFslch 4 HABNSGRIMbERLEUIAM it R 8, Ao ARagorin |
e e nmade 0

and growt h factors. arrier may colTagen | and T11 or
synt heti c néreill, el 4, Iswely iasorpotaeddtyaeferenpoliygs roktyc and pol yl acti c aci ds

honopol ynmers and 25 copol yners, . colide.and | acti de.capolyners
pol yorthoesters and p%l“? %fb?‘&frﬁg‘lt%ﬂ’éisqov@(%ﬁﬁgg‘ ?%%Qt?eaé‘?\é?ec{ﬂ%’or porating
synthetjs mabhafiidhyer SiéalbraR coRDri¥RS a8 ofoid RathiR ﬁ,%%ﬁ Bebdbmiranfy Bf €51RBEN

S

invention and are ‘exenplified by Parietex(r) | and Parietex(r
Conposi t e Medharfdrat heaSodneal¢nsn Rroetuayar en d¢stribedunxVOS0A908Y (Gastligkepr aMeshTM

Ly om Ceney e oL LA AR Wop @AM aESlicheg ©
support nat r ih¥reBy irtdefoRdted by reference. The matrix layer has an open sponge-like texture
and the barrier layer has a close relatively impermeable texture. In addition, the
20 matrix layer may further contain glycosaminoglycans, such as hyaluronic acid,
chondroitin sulphate, keratan sulphate and dermatan sulphate, among others. The
matrix layer may also contain laminin, fibronectin calcium alginate or anchorin II
and growth factors. The barrier may be made of collagen I and III or synthetic
materials such as polyesters, polyglycolic and polylactic acids homopolymers and
25 copolymers, glycolide and lactide copolymers, polyorthoesters and
polycaprolactones.
Examples of membranes incorporating synthetic materials such as
polyesters are included in the present invention and are exemplified by Parietex®
Mesh and Parietex® Composite Mesh from Sofradim Production (Trevoux, France),
30 SepraMesh™ from Genzyme Corporation (Framingham, MA), and Composix™
Mesh from C.R. Bard, Inc. (Murray Hill, NJ).
In another embodiment of the invention, support matrix 22 and/or

covering matrix 2 are formed of pericardium. Examples of membranes formed
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covering matrix 2 are fornmed of pericardium Exanples of nenbranes forned
21 WD 02/083878 PCT/ US02/ 11497 from pericardi umwhich are useful in the
present iwoantsmisi ncl ude Tutopatch(r) from Tut ogen Medi eair/uSoeve1497

(Parsi panny, NJ), Peri-Guard Series of nenbranes and the BioVascular Sling
from Bi ovascular (St. Paul, M\). Certain aspects of the invention have been

exenplified I an ] i . i,k ®0f

chondr ocyt e %#ééﬁv}hq%n Hﬁggg rég%éf\?\} %ﬁégfpf%grl@rﬁméﬁgg%ﬂgm ra%es. This in
vitro testi ndron diogts Mdd&ahbnd. i (PyrsgfanngNNB)j Peri-Gaardreaikes of membrnanacil | y

wi thstand the arthroscopi.c proceduyre and al so p ides information as to
chondrocyte @é‘?Bloé;raéwﬁ?{gélﬁ’&éa‘wgﬂ&aﬁﬁég’é(ﬁnga‘ﬂt raspects of the instant
invention may be bett efcelQiniRP&iSbORE ifvieliRdd Rvelblbh SN RYBFRIRE anWhi ch
are neant to illustrate but not to |imt the present invention. 15 EXAVPLE

1 In order fanvitttesySemgossidythe behabior afewndusyiedicHswhen sugontasteithi on i n
preventing devel opnent of bl ood.vessels .into autaql ogous..inplanted cartil age
or chondroc?ﬂtg%r,e t\,g,gplgq,l‘gglfl °% hEIE]T YR desing p\?ﬁ%fﬁs ﬁ’%ﬁgﬁ%ﬁ’ :gg(ée,raghch as
glutaric al defutssls toWRedhaNRalWRRAa B¥aahiskedpicpateRiy gl dlsegbiries of the

Surgicel (r) for 1 mnute, 20 followed by washings to elimnate glutaric
al dehyde r esiiefgasatidnaas terahongdrorategatierpwingthshavior. o ti ssue. Al ternatively,

the Surgicel(r) was tr d Wi t i brg n. LVe: isseel (r)
(I'muno AG Vienna, Au?t%r%?eaajn)\ai,Ot[}gerriag‘?eciso&{tfrlée]%l?tgﬁeﬁ?l b%’/{fnl%toﬁ%%ibjufe;‘)repgts al dehyde
as descyg bed unferetvaditlo the foMbWingBxhrhflad, witich dve brgantetb (Hystdatedait adt thor
instance with a fixative such as glutaric al dehyde, washed with sterile
physi ol ogi calinptths Presgrt INYEndioR. and stored in refrigerator, does not
dissolve for 1 to 2 nmonths. Generally, Surgicel(r) is resorbed in a period
between 7 and 14 days. This tine would be too short, because a |onger tine
is needed for preventing the devel opnent of blood vessels or

vascul ari zation as such fromthe bone structure into the inplanted
cartilage before the inplanted chondrocytes have grown into a solid 30
cartilage layer getting its nutritiopxaageirenents fromthe nei ghboring
cartilage. In other words sufficient inhibition of the vascularization is
needed for a |onger ti deordsuéd thesSyrgicel Hotbamsed apserdientorpur Tenkdoie, t he

D et o A AU RS LYRUb R o 1 e
chondrocytes, we treated the Surgicel® with a fixative, such as glutaric aldehyde;
we have chosen 0.6% glutaric aldehyde treatment of the Surgicel® for 1 minute,

20 followed by washings to eliminate glutaric aldehyde residues that may otherwise be
toxic to tissue. Alternatively, the Surgicel® was treated with the fibrin adhesive
called Tisseel® (Immuno AG, Vienna, Austria)), prior to treatment with glutaric
aldehyde as described in example 2. We found that the Surgicel® fixated for
instance with a fixative such as glutaric aldehyde, washed with sterile physiological

25 saline (0.9%) and stored in refrigerator, does not dissolve for 1 to 2 months.
Generally, Surgicel® is resorbed in a period between 7 and 14 days. This time
would be too short, because a longer time is needed for preventing the development
of blood vessels or vascularization as such from the bone structure into the
implanted cartilage before the implanted chondrocytes have grown into a solid

30 cartilage layer getting its nutrition requirements from the neighboring cartilage. In
other words sufficient inhibition of the vascularization is needed for a longer time
such as for instance one month. Therefore, the product should not be absorbed

significantly prior to that time. On the other hand resorption is needed eventually.
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WO 02/ 083878 PCT/ US02/ 11497 Hence, the organic material used as an
inhibiting barrier shall have these capabilities, and we have found that

t he Surgiweorpssrseated in this nmanner provides that fun®edrarso2/s148XAMPLE 2
The Surgicel (r) was also coated with an organic glue, and in this case we
have used Tisseel (r) as a glue. This product, together with the Surgicel (r)
produces a u rier : 11 r her henobstatic
or vascul ar ﬁ%%%%%?%&h igerl?grtlgléarlgg%iu# B}éﬁgg@g&%eggﬁflgg@gﬁ% was m xed as
described 10 dapdtiviesThrel Welhgieofolufd thanths Sutgicel® caited inhismAimespelided by
sprayi ng Surgi cel(r) on both sides until soaked. The Tisseel(r) (a fibrin
glue) was th hatdpnctiged t o solidify at room tenperature. |Inmmediately prior
to conpleted solidification, the Surgicel(r) was then placed in 0.6%
glutaric aldehyde for 1 minute and then washed with sterile physiol ogical
(0.9% saline. The pH was then adj usEEAMBPLERS and/or with NaOH 15 unti |l

th H t abl t 7. t 7. Af t ds t t hus ..t t .Sur.qgi |
wns "then washed i n t1 JdsSuert @ aBRCRIFS wih o tinis B Blatitirise ()
nedi um F12 Widhavé ssiMrseRESadndlher ThidprotRbt kepefdr vithithé Surgicer®pl e we have

used Tisseel (r) as the fibrin adhesive to coat the Surgicel (r).
Furt her nor e tpteduceha hseablg hamiey dorgrur ghigisulanpumpssn Ary other hgsprsfadid odi rect |y on

the bottom of 1 %arrg&gl{n?l?lékg%; dSull ﬁglupegdnuelg}e | ss‘é@@qpastlﬂ&tefﬁgg HsGbdd ) 1S

gl ued. The in®f Vs used, -l A VI VO tes ,consi sted of
a NUNCLNTM Deidva BheRirkicsiRivas theflicomesd athaigealoyfsprayirg Surgiesi@andlothvor k
(NUNC (InterMed) Roskilde measures approximtely 4 cm

\ d Denmapk) . Each wel | I (
in di amet er sides until sopked: ihenkisssel (A &ibrin ghue) wag thesiallewed ko splidiy ¢t I9RES| ve
whi ch toget ' t - L %ﬂ ' : o : an be
tolerated i nhg‘rhﬂé,}rr%ttrﬁlgE (I aérdé%w%bng? ﬂg - %ﬁ%éﬁdllﬁ%qg T gfgm l‘lféﬁ %@%1834
10: 396) . The plaveé i 0.6% glalasio ahlehyds foal esnatayndthearwaghetewgbsteoleent t hat can

or Ti ssucol (ATPASALOMES) harnihe 86 Wi astery RS SullP ¥ RaDHE et o1 &
of the fol | oWnROIEPIPRREAIE atll 8 &8 BU( TAfter@arldy R #&fed HirkisId Rast i vat ed
Sealer, containing clottable protein, thereof: fibrinogen,
Pl asmaf i br ondlben washl @) tissnelcHaee medixim such ag mirinaswessonien megium/F12 with
15 mM Hepes buffer.
As mentioned in this example we have used Tisseel® as the fibrin
adhesive to coat the Surgicel®. Furthermore the fibrin adhesive or glue may also be
20 applied directly on the bottom of the lesion towards the bone, on which the
Surgicel® is glued. The in vitro system used, in lieu of in vivo testing, consisted of
a NUNCLON™ Delta 6-well sterile disposable plate for cell research work (NUNC
(InterMed) Roskilde, Denmark). Each well measures approximately 4 cm in
diameter.
25 In the invention the fibrin adhesive can be any adhesive which
together with the fibrin component will produce a glue that can be tolerated in
humans (Ihara, N, et al., Burns Incl. Therm. Inj., 1984, 10:396). The invention
also anticipates any other glue component that can be used in lieu of the fibrin
adhesive. In this example we used Tisseel® or Tissucol® (Immuno AG, Vienna,
30 Austria). The Tisseel® kit consists of the following components:
Tisseel®, a Iyophilized, virus-inactivated Sealer, containing
clottable protein, thereof: fibrinogen, Plasmafibronectin (CIG) and Factor XIII,

andPlasminogen
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WO 02/ 083878 PCT/ US02/ 11497 Aprotinin Solution (bovine) Thronbin 4
(bovine) Thronbin 500 (bovine), and Calcium Chloride solution 5 The

Ti sseel (rwoki2toszsesit ai ns a DUPLQIECT(r) Application Syst empPCTneo2/Midorin
adhesive or the two-conponent seal ant using Tisseel(r) Kit is conbined in
the manner according to I mmuno AG product insert sheet. EXAMPLE 3 10

Chondrocytes were grown in rgnij : ial gulture nmedium containing HAM
F12 and 15 nM Hepes buffer amr?g&gﬁﬂtlgggﬁg%%ﬁ%ﬁsogous serumin a CQ»2

i ncubator at 37 C. and handThébmbind (Bbwaas) 100 | aboratory at Verigen Europe
Al'S, Synbion Science Park, penha . Dennmark. O her conpositions of
culture nedium may be used%g&m%ﬂggﬁla?Wgnec)ﬁé‘ hondrocytes. The cells were

trypsinized 15 using trypsi g A di®ride sofutibd M nutes and counted usi ng
Trypan Blue viability staini n(g in a Burker-Turk chanber. The cell count
k

was adj Usted to 7.5 x 106 TesskdlS kitgentains 2 RBLAUBCTONppligitionSystam. (fteover ed
in the Cass 100 |.aboratory. The Surgjce .henost ati.c.barri.er, cut to
a suitabl e sif'%émfafiﬁ‘?si“f?gor%i’%?vc?'?%%p%&S&ﬂﬂ%{as‘?%%qeﬁ*ﬁ 1% Fom R0 R
tissue cul t up@phé@dtcoldhgith TRnAMS AG proticCinidit shee0f a si ze of approxi mately
4 cm (but could be of any possible size) and placed under aseptic

conditions on the bottomin well in a NUNCLONTM tissue culture tray. Delta
6 well sterile disposable plate for Eﬁwfgﬁfgarch wor k (NUNC (I nt er Med)
Roski | de, Denmark). The henostatic barrier to be placed on the bottom of

t he weljo was pr et r eat edhadideges woedrown bxmifihal dssential sultureaictind del ays
the 25 absorption, of the_ Surgi cel %%@Si %ni ficantly. This henostatic barrier
P&S

was then waskeyfainn@dAY Fi2 klim udter g & £0 AAde BRSSPSR s ever al
times until BOIAREAT: 051 E! AASRMIR HATHRSI0 oy bt VEREEn BIRYAL Of
plied to be sor

the cell culture nedium contalning serumwas ap dinto
t he henpst at iAgS symibien Seienkcedtark,{Eopeslzapent Derendcke Pty cotmposieomssifanltarebarri er
wet at the bottom of the | . 30. A nunber, of approximately 106.cells in 1
m culture mERFAHR Wy eug%’dfﬁt’éaulmr%ég? &%ﬂrﬁcﬁsoﬁ’f ﬁ%ﬁgﬁ%%irtmf’f“@e%ar_ri er,
di sper sgd OV%Ein% lﬁ§fp§HWf&TS bN® miABEe shALdntQPISALT rypRt Bile@iRg W th
0.4% gl ut aral dehyde as descri bed above. The plate was then |nc5ubat ed in a
CO2 i ncubat ostagtingin aBfiker-Garkrphambers . Tharcel ipoumitwasfadpgted to 7.5 x 10” cells

per ml. One NUNCLON™ plate was uncovered in the Class 100 laboratory.
The Surgicel® hemostatic barrier was cut to a suitable size fitting

into the bottom of the well in the NUNCLONT™ tissue culture tray. In this case a

20 circle, of a size of approximately 4 cm (but could be of any possible size) and
placed under aseptic conditions on the bottom in well in a NUNCLON™ tissue
culture tray. Delta 6 well sterile disposable plate for cell research work (NUNC
(InterMed) Roskilde, Denmark). The hemostatic barrier to be placed on the bottom
of the well was pretreated as described in Example 1. This treatment delays the

25 absorption of the Surgicel® significantly. This hemostatic barrier was then washed
several times in distilled water and subsequently several times until nonreacted
glutaraldehyde was washed out. A small amount of the cell culture medium
containing serum was applied to be absorbed into the hemostatic barrier and at the
same time keeping the hemostatic barrier wet at the bottom of the well.

30 A number of approximately 10° cells in 1 ml culture medium were
placed directly on top of the hemostatic barrier, dispersed over the surface of the
hemostatic barrier, pre-treated with 0.4% glutaraldehyde as described above. The

plate was then incubated in a CO; incubator at 37° C for 60 minutes. An amount of
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WO 02/ 083878 PCT/US02/ 11497 2 to 5 m of tissue culture nedi um containing
5to 7.5% serumwas carefully added to the well containing the cells

avoi di ng wplagkisng the cells by holding the pipette tip tramgeotisb7to the
side of the well when expelling the nedium It appeared that the pH of the
medi um was too | ow (pH about 6.8). The pH was then adjusted to 7.4 5 to

7.5. The next, .d cho o) b tatic
barrier, arrgr%ggﬁnfoﬁqg ugk}dée r%é(ﬁ)lrgrrzl %ﬁ&grﬂé@étﬁﬁsﬁs ﬁ&a&%@%@ﬁ{%ﬁ{&ﬁg | ow pH
exposgre pr It(ﬂmetvﬁbéldbﬁtaalﬁhglﬂier&[lh gvmdmgepkakiungha qglla?ﬁhﬂlamgjthegipatted for 3d
to 7 days wt, nmedi.um change at t nd of the incubation perio
the medi um wag tengeatialde the @Gh%WFﬁ “ﬁ’@? %E’é&@&@@%gﬁ@ﬁ?a&? &8y de

containing 0y }ﬁlﬁﬂé%@ e Twagftool% mﬂoaf&% gh%gvdas%é& Qgtédqg 730di um

cacodyl at e, usted w th HCl o 7.4, as fi ive for
pr epar atd on ¢ 75h&he abkt daydosiephordresytéstedotitat ite glvar on the)hempstatit at er

preparation el ectro Crosc ond t Wer e grown
in mnimal %ﬁf’laé‘ian%?f{l‘f‘@‘@t%dg% %@ﬁ%ﬁ%ﬁh@%& éﬁ%]rc?é’ KRS pes
buffer and 5 pkiSr t6- tﬁe/mguétmeﬁgmge BHI tihe iplate VaARub6dRRBAb 7afaySwitk. and
handled in a CI ass 100 | aboratory at Verigen Europe A/'S, Synbion Science

Par k, Copenhagadmmmmgaﬁkda}'d her corrp05|t| ons of culture 20 medi um nay be

used for culturing the ondr.o )ﬁt}em bat1 1) a a%?e% sing
trypsin EDTA for 5 to ?{'t coune u5| ge A bility
stai ni ng in @olaueﬂgefatm K%Célﬁltﬁfhﬂehya'dﬂ@rﬁﬁhlhg@oum{ sc\mﬁﬁm&d}tbﬁt ed to 7.5 x
105 cells per One NUNCLONTM pl ate was uncovered in the O ass 100

d

| abor at ory. ’Iiﬁée@ﬂii@l%‘"eﬁf(lﬁi )als(or@ﬂle sedivrg cacdinte pht IiS@dblaﬁeflméﬂi)H%go {feat ed
with 0.6% ézag g&egiojscﬁ e”fb\éi& &Ra'iloﬂ'aﬁ g Htaﬁdgl?p %ﬁ%?(ﬂeﬁl%gtah@ 'e 1,

and washed Iumc e solution or, pre era with
a buffer suclfordstenpriepiatior foe eleotron i@osaopyur e medi um such as MEM F12
because pH after the glutaric al dehyde treatnment is 6.8 and shoul d
preferably be 7.0 to 7.5. The Tisseel (r) was applied on both side of the
Surgicels(r) using the DUPLQIECT(r) sygh®mrLihus coating both sides 30 of
the Surgicel(r), the patch intended to be used, with fibrin adhesive. The
glue is left to dry un@bendreeyits wersgnenvn iromirfinual esseritmhsultige mgdBimi nut es.

TS S0 SBSNMEPERM  ERsRefas o 0y SO sl | °
(NUNC (I nt er igtD, ifasatdrde37°28. and handled in a Class 100 laboratory at Verigen Europe
A/S, Symbion Science Park, Copenhagen, Denmark. Other compositions of culture
20 medium may be used for culturing the chondrocytes. The cells were trypsinized
using trypsin EDTA for 5 to 10 minutes and counted using Trypan Blue viability
staining in a Buurker-Turk chamber. The cell count was adjusted to 7.5 x 10° cells
per ml. One NUNCLON™ plate was uncovered in the Class 100 laboratory.
The Surgicel® (for use as a hemostatic barrier) was treated with 0.6%
25 glutaric aldehyde for one minute as described in Example 1, and washed with 0.9%
sterile sodium chloride solution or, preferably, with a buffer such as a PBS buffer or
the culture medium such as MEM/F12, because pH after the glutaric aldehyde
treatment is 6.8 and should preferably be 7.0 to 7.5. The Tisseel® was applied on
both side of the Surgicel® using the DUPLOJECT® system, thus coating both sides
30 of the Surgicel®, the patch intended to be used, with fibrin adhesive. The glue is
left to dry under aseptic condition for at least 3 to 5 minutes. The “coated”
hemostatic barrier was placed on the bottom of the well in a NUNCLON™ Delta 6-
well sterile disposable plate for cell research work (NUNC (InterMed) Roskilde,
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WO 02/ 083878 PCT/ US02/ 11497 Denmark). A snmall anount of tissue culture

medi um cont ai ni ng serumwas applied to be absorbed into the henostatic
barrier. womamkssrs of approximately 106 cells in 1 nml tiseaa/cotduwe nedi um
contai ning serumwas placed directly on top of the henostatic barrier,

di spersed over the surface of the henostatic barrier. The plate 5 was then

ot 41 ssue e ARel Rrelol s Qhredte AR RRA A B 5o

to the well t¢hakiorieddntohie BghdstatR\REEN A surhbes oif approkienatelly 116° &lishel di ng
the pipette tip .tangential to the side of the wel| ,whag expel ling the
medi um  Af t erl ™! tissugCyByemediua edaping seEhVARRlacRd dirrsthean (9paf thee cel | s
wer e adherin ] QW i i i sathsf ory way
suggesting ¢ AEORRRELAERY ekl Gkt PR bEE R bl p@risd TEASE LY and
t hat the chomndsdeptinsubgtediin arC@, isatbashr at3 6 ¢. far6@eninutes.o Amtamoustiofy2 el (r) .

Th | at i bat ed  f 3.to 7 day it di h t 3. At
(he bnd of |t Banl SICHME CHTHBRSIUE CRBTTRES i vl B ATESa Y 1Bl e
refrigerated gy wif %Mﬁiﬁg?ltﬂ@wgﬁv%%msﬁﬁg%elwlﬁ ®JindMis@the pHette tip

direthylarsinic acid, so called sodium cacodyl ate, pH1s adjusted with
HCl to 7.4, vagestiddathesidefdafitiz welkwhen expebineg the medivs. Afer Z&d 6 daysd
supporter (henostatic barrier). for |ater reparation faor .electro

o oscopy . Tuescne eaRd b Rc b8l (e caFERBhetk kB ELbR

cul tur ergredi wha SiGERERI iR iaRGtidMYbily Wayasgdedsingihdrigpascdi®idi®hotahewaotieity - 5%
autol ogous serumin a CO2 incubator at 37 C. and handled in a Class 100

| abor atory atio therchgedrogiesond that/the clongdsicyies SegveHicesatisfagtormaanas agfethe
Denmar k. Thesgl%%‘%eﬁ@v\ere trypsinized 25 using trypsin EDTA for 5 to 10

m nutes and counted using Trypan Blue viability staining in a Burker-Turk
chanber. The cel |l counThepiatadpssiceathtédior 350 ¥ daPdSwith nkdium ehmgeat dsy per nl .

One NUNCLONTM pl at e was. uncovered in e Class 100, |abpratory. The
Bi 0- G de(r) Ps %tb%%’r%éb?wb‘?%“&yé’fen%ﬂﬁr% e Ed B8 Qibd 30 as the

pat ch g{]s ban@ggge&&\ﬁ@rmghgmﬁkﬂ &dohtsnias 83 M Eodithg shRbPlinkdMyRardich the

cul tur chon cytes ar eing transpl anted by autol ogous transplantation.
The Bi o- G de¢id) alsscalleg sodiunmodakadydate mdhisradnestadovigh Héd thy.4s wanhatldediag ed,

%PLLSL:’]edTh 1xgtg\teaf6tr Brre'pQI%tigﬁ 8? t%%scg all?c\ll su%poxl?ér (%grlnggtlaéig Qarggrr} gr lace;ir CH61 10

preparation for electron microscopy.

20 EXAMPLE 5
Chondrocytes were grown in minimal essential culture medium
containing HAM F12 and 15 mM Hepes buffer and 5 to 7.5% autologous serum in
a CO; incubator at 37° C. and handled in a Class 100 laboratory at Verigen Europe
A/S, Symbion Science Park, Copenhagen, Denmark. The cells were trypsinized
25 using trypsin EDTA for 5 to 10 minutes and counted using Trypan Blue viability
staining in a Biirker-Tiirk chamber. The cell count was adjusted to 7.5 x 10°to 2 x
108 cells per ml. One NUNCLONT™ plate was uncovered in the Class 100
laboratory.
The Bio-Gide® is a resorbable bilayer membrane which will be used
30 as the patch or bandage covering the defective area of the joint into which the
cultured chondrocytes are being transplanted by autologous transplantation. The
Bio-Gide® is a pure collagen membrane obtained by standardized, controlled

manufacturing processes by E. D. Geistlich Sohne AG, CH-61 10 Wolhusen. The
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WO 02/ 083878 PCT/ US02/ 11497 collagen is extracted fromveterinary
certified pigs and is carefully purified to avoid antigenic reactions, and
sterilizewoim/isssabl e blisters by gamma-irradiati on. The wdrawee/1nenbr ane
has a porous surface and a dense surface. The nenbrane is made of coll agen
type | and type IIl w thout further crosslinking or chemcal 5 treatnent.

The ool | agen dbadoRSOLAEMAN 14 D@t el el B R ARERIELE S I oo

structural inte even en we sutures or nails.
The nenbr anantigeniadeactidng, drgdl sterilized i clrgxbie tilrsters byl pasmadrradietiorasTHe sseel (r)

to the nelghborln cart| ge or tissue t tea of sytures or
toget her i ¢ ISR ARSI A ROTRARITIASE AP (e PTG The BeBibadi 5 00

l'aboratory angdelofestheed @ypendan ¢ Pltdvﬁh&f?'i'ﬁkﬁe'refb%slﬁﬂhﬁél?réﬁ%ﬁ&m of the

wells in a NUNCLO\ITMtlssue cul'ture tray. Delta 6 well” sterile disposable
pl ate fdr celtteamembalbhicollagin (Smmed(wmhleﬂwwkﬂoﬁkﬂ mdmbramemﬁamk)ts ei t her

with the porous su ace. of the bilayer fac ththe
dense surfacéyrfl%ﬂ’:faiﬁl fﬁ?tyﬂ‘()eﬁlr%}}?%at ltl(ﬁlgrg(%é%ﬁegbyspi UK rﬂrnf‘ﬁ “culture
nedi um cont ainiynittafSmbihMe be pél@@&d;sﬁh%ﬁl@ﬁﬂ ¥dheBive eichads TikkRel®q0 Bico- G de
di spersed either over the porous or the dense surface of the Bio-G de .

The pl at e wadewhberingeartlaseer tissuacithop instrad i9hswhresor wgether withgbtus§snut es.  An
amount of 2 to 5 m of g %lﬁéﬁ'&wﬁlc%@ﬂie&'m g rgtobp?.r?dslﬂa@ gg®l UM Was

careful ly addedtothewe contarning t s av0| |ngth
cells by hohdigrgsépi hgeioheor the Hoaa@mﬂthaWenmnthNGi&)mM fissaewel | when

expel ling the nedium 20 ay 2 after _the chondrocyte e aced in the
wel | cont ai niCRRredRy. @eBaé"EFé'(SitﬁnlefiﬁBO%’Q’q %la\ﬁ/rél‘?receélfﬁ?ﬁa ?rFi @?W(f(on | nvert
m croscope. (félté‘mﬁed RBElhﬁi%dDEﬁ}ﬂ&rk%f{ﬁe%%‘fi{e%ﬁtﬁ% @%’ ef 0 the edge
of the Bio-G course not possib to be abI et Iook t hr ough

t he Bio-G demne)nbramfaf:mgsuprog wiithi tbe derise lsmsfmpfecmgﬁp TApmexan&telwa]sQ celsubat ed
for 3 to 7 da th medi um chan end. of the . hcubation
oo The b bt Gt TSR i 68 Yeruo el 4T S5tn0 P S o

gl ut ar aﬂsdehy@o-@avé@au Pé}gecpeltlﬂe%%}dh Fparsaé br t8é dex&&b@ﬁifﬁb&l@tﬁé BiocGarPd, al so
cal | ed sodi um cacodyl a t he adjusted with HCl to 7.4, was added

as fixative flbe pﬁﬁtﬂerm then dneubited frea Gélz IlnCalh@IOI a3 IBiCotogit@aninytes uppor t er 30
T Y e e
of Pat hol ogy carefiglhyl Medvstht tall,cobainimyg the cells avoiding splashing the cells by
holding the pipette tip tangential to the side of the well when expelling the medium.
20 On day 2 after the chondrocytes were placed in the well containing
the Bio-Gide®, the cells were examined in a Nikon Invert microscope. It was
noticed that some chondrocytes had adhered to the edge of the Bio-Gide®. It was of
course not possible to be able to look through the Bio-Gide® itself using this
microscope.
25 The plate was incubated for 3 to 7 days with medium change at day
3. At the end of the incubation period the medium was decanted and cold
refrigerated. A solution 2.5% glutaraldehyde containing 0. 1M sodium salt of
dimethylarsinic acid, also called sodium cacodylate, with the pH adjusted with HCI
to 7.4, was added as fixative for preparation of the cell and the Bio-Gide® supporter
30 with the cells either cultured on the porous surface or the dense surface. The Bio-
Gide® patches were then sent for electron microscopy at Department of Pathology,

Herlev Hospital, Denmark.
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WO 02/ 083878 PCT/ US02/ 11497 The electron M croscopy showed that the
chondrocytes cultured on the dense surface of the Bio-G de did not grow
into the wold2agsns structure of the Bio-Gde(r), whereas tPlog/wsebis9tul tured
on the porous surface did indeed growinto the collagen structure and
furthernore, showed presence of proteoglycans and no 5 signs of fibrobl ast

structures. This resul r’l‘h%@?%% %Cltotg@épaygﬂg@e hﬁﬁﬁﬁléhg%ﬁ &ﬁm for

i nstance a Bio-G de(r) patc coverin cartila age
defect the phe deise surfefoatbétlrefobk(ende%ﬂida@e gromtnto ﬁle$bﬁa|gcnl slmacthmcmfrtge down

towards the defet n_which t ecult red chondroc obelnjected
They will thdHo am“éleff‘és Fa'flém‘? @gﬁlnoé%]’éﬁ“ %F‘b‘b‘@&@

cartilage surfacsa ggh 4 ?ur}é“aﬂchﬁﬁﬁﬁnh%asq{owegl%re%%dce%ﬁ%rot@@yéaﬂsBﬁﬁ Ro ar €a a

smoot h | ayer of proteoglycans wll be built up. Whereas, ~if the dense
surface %f t rsmolflﬁh@étaspanmturcs Tlas:reﬁglt slmowed usttbatthendld eajtagerhpatch,

e R e S R e R R e L

EXAVPLE 6 F&%@d\@%ﬂf&% PR Ec AN Mmaftix §hoL e R&HL dbwa towatti§ me«aefmdinum
cont ai ni ng M F12 and 15 nM Hepes buffer and 5 to 7.5% aut ol ogous serumin

a CO2 i ncubatvdrlclathewlt'@ed ghendseqydgseate torbeainiectgds ThopwilhBspdeasblg tat Veri gen

Eur ope O re
rypei ni zed 20000 PO EP) AR B 6 SE8OE R PRE i St
Trypan B) ue \sugfhdd, mticym tlsisarem mmmh &y%ﬂ‘;ﬁbtea'glwkarﬁhambelbullﬂ'ﬁ}e Wakteasount
was adjusted to 7.5 x x. 106 cells per Q#NCL}}?S\WM pl at e was
uncover ed i n if the d€!‘5§§§rfs¥€ﬂf’f th%b?ﬂ%?’bp?“:h ‘FHECIWSO@‘%PFI)C et

resorbabl e big ax&agﬁ%geﬁ)@%ﬁfsﬁv&%ﬁqmbﬁtegﬁeLaagaqhée& Rl antihd e AN gani ¢
gl ue such as Tisse ry wt acf itional, Significant hi gher content of
Aprotini n t haot pexined thy sdmelsrdooth stiface s sleseibed pbovaws descri bed in the
product insert. By increasing the content of Aprotinin to about 25,000
KiIUm, the resorption of the material will be del ayed by weeks instead of
the norygl tine span of days. 30 TogkeaptRiks feature in vitro, the
Tisseel (r) is applied to the bottomof the well of the NUNCLONTM pl ate,
and al l owed to sol i di f chondwapleeveregronn ie plinimgbpesspatial gulsure medimy Bi o- G de

5L PP SR BT CEL 00, P ad§ o P O eri <1

a CO; incubator at 37° C. and handled in a Class 100 laboratory at Verigen Europe
A/S, Symbion Science Park, Copenhagen, Denmark. The cells were trypsinized

20 using trypsin EDTA for 5 to 10 minutes and counted using Trypan Blue viability
staining in a Biirker-Tiirk chamber. The cell count was adjusted to 7.5 x 10° to 2 x
10° cells per ml. One NUNCLONT™ plate was uncovered in the Class 100
laboratory.

The Bio-Gide® used as a resorbable bilayer membrane may also be

25 used together with an organic glue such as Tisseel® with additional, significantly
higher content of Aprotinin than normally found in the Tisseel®, as described in the
product insert. By increasing the content of Aprotinin to about 25,000 KIU/ml, the
resorption of the material will be delayed by weeks instead of the normal time span
of days.

30 To test this feature in vitro, the Tisseel® is applied to the bottom of
the well of the NUNCLONT™ plate, and allowed to solidify incompletely. A
collagen patch such as a Bio-Gide® is then applied over the Tisseel® and glued to

the bottom of the well. This combination of Bio-Gide® and Tisseel® is designed to
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WO 02/ 083878 PCT/ US02/ 11497 be a henostatic barrier that will inhibit or
prevent devel opnent or infiltration of blood vessels into the chondrocyte
t ranspl anwato2osssas ea. This hybrid collagen patch can nowPoa/ussdi4bor bot h
as a henostatic barrier at the bottomof the lesion (nbst proximal to the
surface to be repaired) but also as a support for cartilage formation 5

because the gt &145&@&%&% Qﬂhﬁmlp&rﬁasenﬁug{@@rtlp & maldAgRB_ePAL Ch and

thus encourage iInfiltration o ondr ocytes and age matrix. Thus
this hybrid boaldegets ipat thh chamiredysotrireplastation ereaoTdis HybedicoPagsh pateh

lant with th X d the jnplanted
chondr ocyt es CERACTIRG B4 R BPOHAG ARy (o, Boish & S SRR HELET PGB pat ch,
with an el evat&dmAPiothé Rirfact WHORBRred Bt AbS s 4 ippbrtUSEAriabd Ridhaidly

organi ¢ glue such as Tisseel (r) and placed within the defect directly,
adheri ng by rbacansalhef(ba?t@lesyrfam bteﬁbe poPragenohthe chllagsn poishaséthusot h as
the henostatic barri.e

site, with tH%OLB%%“Bé“ ngc &h I:clgc?fgrﬁ\lla?'g?a?rénte%\ﬂﬁhfs fg{l{hransm ant

transpl ant ed cehanépachtcasaiabe mb@ge co:emhénfzfp ofalié miplanteritdtheséllages ol | agen
patch which consists 15 of Type Il coll agq n (Geistlich Sohne AG CH 61 10
Wl husen) . Tipgeousisarfacestizenteditdwasds therimplasindrbendropytes #ddhe bargisr foagéng pat ch

where said p V. in
Component . ey abP 58l SARBETBUEL Rl AT REAGE R AR, ¢
matri x o ue, belweedwitheut anpbf@g&rglmmabraeﬂissees sndplaeed wmhlhhhae &ifectG de(r)
resorbabl e bi | ay erial or nic glue is
simlar to trﬁ‘éfeq‘fbés“g}gfrrmg)byr%%ﬂ eSI ﬂh'ésrfBFﬁ ag%%ﬁﬁtﬁg ik ?useﬁﬁ’g%’n bri d

col | agen pat gl ﬁ’é?x?o%td?f&tbaﬂ% ﬁﬂxh@éaﬁﬁh&caleﬁﬁ th}@QQﬁﬁﬁtrérﬁ 1ahmteswttﬁ of
repair. EXAMPLE 7 25 A kit as envi si oned ? al l ow for {)he conveni ent

practice of threpormest mﬁccﬁoftthﬁapatdssantntﬁdlmﬂrdmhe tﬂansmalmcbf erred
enbodi nent, a, ki

the.inve V|de er| nent.s
SUr el ot or Shdidodeetoiritap Rl vaflus wihE Vi potlaBEh bitaf PAREREHNSs
sui tabl g hemtr-}ﬁé )| obﬂagdanelsﬂwhtmheAmesmgombmhsenand if needed
organi c gl ue it of the invention may al so provide sterile, cell-free 30

matrix material for sughostheipstanidieyestonsraviisa dorochpbed coHagenaiaeht o be _
pianted 1R A @pALER Aorhd én%aél;m@%ﬁe&% Febels bPaROGREBAdLRER! - @ kit

of the invention ains a Ice enostati c rrrer an
Bi 0- G de(r) @)@aferl’abl}»gabpa(t 23000 KIU/nmd lintagdolcation atithnay gafic masbeghé,Mhens thani ¢
gl ue, where tcgﬁag%lrjlrco}n%grllent 18 51mclar%lo(%hec-%310 Gpd%}éef\es%?bable bilayer material or Type
20 II collagen, and the organic glue is similar to the Tisseel® material. In another
embodiment, the hybrid collagen patch does not use any organic glue to adhere to

the site of repair.

EXAMPLE 7

25 A kit as envisioned, will allow for the convenient practice of the
method of the instant invention. In a preferred embodiment, a kit of the invention
will provide sterile components suitable for easy use in the surgical environment,
and will provide a suitable hemostatic barrier, suitable covering patch, and if
needed organic glue. A kit of the invention may also provide sterile, cell-free

30 matrix material for supporting autologous chondrocytes that are to be implanted
into an articular joint surface defect. In one embodiment, a kit of the invention
contains a Surgice:l® hemostatic barrier and a Bio-Gide® covering patch with

suitable coating of Tisseel® organic glue, where the Surgicel® and Bio-Gide® have
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WO 02/ 083878 PCT/ US02/ 11497 been treated according to the teachings of the
invention to increase the tine till resorption. In instances where

Ti sseel (rywom/opssas coat ed, in one enbodi nent the Tisseel (PcTssozuppt enent ed
wi th additional Aprotinin to increase tine of resorption. In another
preferred enbodi nent, the henostatic barrier and 5 covering patch are both
a sen - perne e . rq I | J : time of
resorption o? Q‘% %@a%iaé&??@@htﬁ%tg%@%& dpfgléillglg%ﬁ)g otggr#%%%g{gl&ldslgglell (r) glue
in enhanced keomptida. In irpacatwhaeTpoethis fre cheedipbneembsdimenthd because of
the inherent varigbili })% and uni que . ci rﬁgmst.ances ever

r epai r/ t r ans pistRtlats SapIsmsatedyith ddittonahaBIRE ARy to “i‘ﬁearSF){Wq f IBROTRERN eci at ed

by persons skilled in W&n&ﬁ&g&%ed‘&ﬂﬁé&h’ﬁnt R Heflds@RS bARR Bd
nmodi fications may be made to the I nvention shown In the specific

enbodi mént s wbvdrmgtpatbthpas bothg semopetnteablewiotlagenonatsis ayuctols treheditmvent i on as
broadly descrj b&c{g The present enbodi men stanq exarr.g){les are {rher ore, to
be consi der edXtentthg time elstssqrplion.af the matsrial,, Jtisalsgpossibie oprpyifie [isseel” 15
EXAVPLE 8 ChengrifexticéEiors A4Rrepahe\Wbmpehicr B BCapiiield &s heedel Bechuonbh nedi a
described above in a CQ2 incubator at 37 C and handled in a C ass 100

| aboratory #he ivherprianrizpilifspidanmGie cisuBsianses € VAN ISP BRIshHgEHON DK or  at
Uni versity of 20 Lubegl(<3g L%pe?ck, Germany. [Note that other conpositions of

growt h medi apﬁoézﬁdurSI“g elised for culturi ng the chondrocyte cells.] The

cells v@re trypsinizedusillg appfecfsédbygheonk ekilled intht Artthatuuerrazd count ed
using Trypan Bl ue viabili té' staining in a Burker-Turk chanber. The cell
count was adjvadatins aed/or modificaionsmadichegngdedo themyventigashayn in fhesggcifieye

NUNCLONTM pl e : q ort

mat i x mat or CapolEE IR bty Bm BERHCH S RRSIRERGh sobrodhy

(i dentical tdefiribeds Tl presenk empodiftieorscind emigles Jrehthsrefore aodpercomsiderbd and

| ength than Bio-G de{r ;..both avajlable.fromEd Geistlich Sohne, Ceistlich
Pharma AG VbrhIRSRSE!s a5 Hlpstratiye ARl NOLTEINetNe- t o a suitable size to fit into
the botgsomof a 30 well in a NUNCLONTM cell culture tray. In this case a
circle-of a size of approximately 4 cm was pl aced under aseptic conditions
on the bottomof the well. After thE¥AMREkS, chondrocyte cells were

ransferred from the gouheIediih bae Wil hUR0L ARl R eiaehbld above.

described above in a CO; incubator at 37° C and handled in a Class 100 laboratory
at Verigen Transplantation Service ApS, Copenhagen, DK or at University of

20 Liibeck, Liibeck, Germany. [Note that other compositions of growth media may
also be used for culturing the chondrocyte cells.] The cells were trypsinized using
trypsin EDTA for 5 to 10 minutes and counted using Trypan Blue viability staining
in a Biirker-Tiirk chamber. The cell count was adjusted to 7.5 x 10° chondrocyte
cells per milliliter. One NUNCLON™ plate was uncovered in the Class 100

25 laboratory.

A support matrix material, specifically a Chondro-Gide® collagen
membrane (identical to Bio-Gide® except Chondro-Gide® has a larger width and
length than Bio-Gide®; both available from Ed Geistlich Sohne, Geistlich Pharma
AG, Wolhusen, Switzerland), was cut to a suitable size to fit intq the bottom of a

30 well in a NUNCLONT™ cell culture tray. In this case a circle of a size of
approximately 4 cm was placed under aseptic conditions on the bottom of the well.

After three weeks, chondrocyte cells were transferred from the

growth media to the transplant media described above, and approximately 5 x 10°
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30 WD 02/ 083878 PCT/ US02/ 11497 chondrocyte cells in 5 ml transplant nedia
were placed directly on top of the support matrix and di spersed over the

surface twerems3s7’§he plate was incubated in a CO2 incubatrer/E2/3iA9C for 3
days. After this period the chondrocyte cells had arranged in clusters and
started to grow on the support matrix, and could not be 5 renoved fromthe

support matr icﬁo%g%@%{é% is%lﬁﬁg%lgﬁqh;]% ge{eﬁgg&dq% ecﬁ?gﬁ&? fahdy exerting

mld pressure on rX. I ncubat eriod, the
transpl ant nedpportvastrixchad alidpeded odertthesus fapp treteofnThe plabobal ingutaibhaindraocyt e

Cont ai o ng 0 CONRSRAIaR 414 fots Ay ORTE g e e B PSRN 1ot ve.

The support nRLAt WRRisEFLATAGTAMI S grosrbh BRI sipfort Rlatrhd, ahOLATH 68l be _
eval uation. A black and white copy of a color  mcrophotograph thereof is

shown i b Fi grem@ved ftorg theosuppent giatimx bif rinsieg it widvmpdiomogreaghby s al so

subm tted as Fi Q; .1?I t .bet.tl r illustrate t.he features of the

m cr ophot ogr F1E* @Aﬂﬁ/&_nﬁ@ (&rgﬁ%l %%Iil{h&n%%e grown for three weeks in
the growth nedia descritigslerid\ ke indutbaticPetitd, YheirispRint médievazd handl ed in

a Class 100 | aboratory at Verigen Transplantation Service ApS, Copenhagen,
DK or at Uni desastedyangdfthognpporiadtrix aldmgpondmeeyte sellsergwpndherggipwaneddéd usi ng

trypsi n EDTA {or } 9§]$ i ng: Blue viability
staining in 5éfg§?r%tee$iﬁq_é%k%@éﬂg}r§§%p_ ogl?dgﬂgggflg@y%&gm&ﬁq@ount was adj usted
to 5 x MP5 clibnethglakirdce adll) Kldpeas fixativel The euppoaatiiNGis GbdTiddplith e was

uncovered in the O ass 100 | aboratory. The Chondro-G de support matrix, as
in Exanpl e 1SaffarinQ,fortgstelogioa) eé’ﬁliuﬁté‘B}-eAé’fafg aFilf’“Ehi‘tﬁQOP%?ga ?cﬁ%r bottom of a

well in the %ﬁ%%aﬁﬁkﬂeré&f'ﬁ HoSmlih#e. 1340 AoforGRRforforGhé ¢l € of

appr oxi mat el Iameter was placed under aseptic conditions on the
bott om of t heniemphotogfapkis dl$r sbmikterkas, Fig.hé3 AAdo betderyitlestatd the features of
transferred fromth I‘O\i\]ltsh nmedia to the transplant nmedi a described above,
and appr oxi rré]?eerl"lifr@oi‘%ap 30 cells in 5 nml transplant media were pl aced
directlys on top of the support matrix and di spersed over the surface of the

support matrix. The plate was incubated in a CO2 incubator at 37 C for 3
weeks. EXAMPLE 9

Chondrocytes were grown for three weeks in the growth media
described above in a CO; incubator at 37° C and handled in a Class 100 laboratory
at Verigen Transplantation Service ApS, Copenhagen, DK or at University of

20 Liibeck, Germany. The cells were trypsinized using trypsin EDTA for 5 to 10
minutes and counted using Trypan Blue viability staining in a Biirker-Turk
chamber. The chondrocyte cell count was adjusted to 5% 10° chondrocyte cells per
milliliter. One NUNCLON™ plate was uncovered in the Class 100 laboratory.

The Chondro-Gide® support matrix, as in Example 1, was cut to a

25 suitable size fitting into the bottom of a well in the NUNCLON™ cell culture tray.
In this case a circle of approximately 4 cm in diameter was placed under aseptic
conditions on the bottom of the well.

After three weeks, the chondrocyte cells were transferred from the
growth media to the transplant media described above, and approximately 5x 10°

30 cells in 5 ml transplant media were placed directly on top of the support matrix and
dispersed over the surface of the support matrix. The plate was incubated in a CO;

incubator at 37° C for 3 weeks.
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31 WD 02/ 083878 PCT/ US02/ 11497 At the end of the incubation period, the
transpl ant nedi a was decanted, and the support nmatrix hol ding the

chondr ocywe® @B3s3st hereon was cold refrigerated in 2.5% @ganesoahdehyde
containing 0.1 Msodiumsalt of dinethylarsinic acid, added as fixative.
The support matrix was stained with Safranin O for 5 histol ogical

eval uation. For i mmnotrAteﬁe o?tﬁéﬁ%uba‘ﬁ%é %Pd tfiE? Pﬁ%]}g@;gvenf |U>S<Ieﬁg| n

met hanol - acet one and st ai ne f'or aggrecan
rabbit anti - ducanted]ymbtht busold ragein mhﬂngﬁhﬁshomhbcythumrthemggwaseodé Primary

anti bodi es were visualized usi fluorescent ondary i.bod A bl ack
and white c&pfigermnied ggi55 shyagal 3%&@6@?%%&%23@5?&1@ %ﬁ&&ﬂ@#‘ﬁ?@lm%s
showi ng 10 c d S r tted as
o 1988 t o et Eae o e A s A S S o Dur ng

t he threée wedistologivd zvaloatiqge riopdmomnohietoChapmiry,-cGilagen rserpbnncs weieri x, the

chondrocyt e eIIs bserved rown and | tipli on the

support nat r| mm&&‘ﬁb‘ﬂ@%f‘%?‘l‘fﬁ?f ‘%g) %ggﬁe‘éarnec?fld@ﬁgezg“rorlﬁ@?"% lining up
15 al ong ther@dl')'itfa%ﬁﬁlun%h{?eﬁl ddaGBOAY B6YdcantiIRmane hppRcdRl Prieg weeks in
the gromh nedia described above in a CO2 incubator at 37 C and handled in

a Oass 100 Iaaibhndmsovqxe v@galmedvemgél@nrm@msqqoaﬁwtan@bpdeasr A blaciknggl
Copenhagen, erSI t te cells
were trypsi n%é g)(?n fo N g@%jioé}f]%etﬁgg ﬁg Wpr{nmnulgeslgg(r% g&lgl%t ed using

Trypan 1§ ue \th@bﬂrbdy&e/cemtsaunmng coldr ferBion Kedlsd submitted asTPigr .13BBaodBRedr ocyt e
cell count was adjusted to 5 x 105 chondrocyte cells per milliliter. One

NUNCLONTM pl afusts §h%f¢éBWr<€dhqmlqﬂPf8w€9%§§ﬂ 100 | aboratory. 25 The
Chondro-G d t abl
ondr o- e(r) supporg) grﬂjlgt e%swée iR t%ﬁpﬁﬁﬁ%@mh o8Gids¥i t abl e

size fitting into the Mcell culture tray.
In this case sappbh'trmhtaxpt&leahqmcb«aylmteéﬂsweﬂe olmer\reddo bamigowwasdphdtipltédunder
aseptic conditjions on the Hx t he wel | . er three eks t he
chondr ocyt e ©BIthESURRPTE MafrE, iyl Qge%iu?t?réﬁ’i‘ flﬁecen@ﬁo S\R/?‘Fi‘e ‘P%uf’he
transplant naging wlesefbbed above, and approximately 5 x 106 cells in 5 ni
transplant nedia were placed directly on top of the support matrix and

di spersed over the surface of the support matri x. The plate was incubated

in a C® incubator at 37 C for 3 W%%A?MPLElo

Chondrocytes were grown for three weeks in the growth media
described above in a CO; incubator at 37° C and handled in a Class 100 laboratory
20 at Verigen Transplantation Service ApS, Copenhagen, DK or at University of
Liibeck, Germany. The chondrocyte cells were trypsinized using trypsin EDTA for
5 to 10 minutes and counted using Trypan Blue viability staining in a Biirker-Tiirk
chamber. The chondrocyte cell count was adjusted to 5 x 10° chondrocyte cells per
milliliter. One NUNCLONT™ plate was uncovered in the Class 100 laboratory.
25 The Chondro-Gide® support matrix, as in Example 1, was cut to a
suitable size fitting into the bottom of a well in the NUNCLON™ cell culture tray.
In this case a circle of approximately 4 cm in diameter was placed under aseptic
conditions on the bottom of the well.
After three weeks, the chondrocyte cells were transferred from the
30 growth media to the transplant media described above, and approximately 5 x 10°
cells in 5 ml transplant media were placed directly on top of the support matrix and
dispersed over the surface of the support matrix. The plate was incubated in a CO,

incubator at 37° C for 3 weeks.
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32 WD 02/ 083878 PCT/ US02/ 11497 The support matrix hol ding the grown
chondrocyte cells was then incubated with coll agenase for 16 hours. The
support nwira2»83se8 di ng t he chondrocyte cells was then cemondsogedks7 Cel | s
were seeded on a NUNCLONTM plate and an aliquot counted using Trypan Bl ue
viability staining in a BUurker-TUrk 5 chanber. A m crophotograph thereof is
shown in Fig. 11C. The e 6 X
106 and the viability V\]/glgts%%%NPLE g %‘wgr%g(gﬂedrﬁét‘@gig%@%sgg%%rl bes a
test of the hmubaueﬂwlmuﬁ@edawfwﬂﬁzhbaﬂm Hihbyumforemmxﬁmdxhag theepar ed

di t .S, Pat 4,902, di
of "Bt hi con. _Icencot e Collspry thiheanaiBen CABMREdrpded i NGRS @ &Y
Chondro- G de(p'ie)te BRI ARl EAnfRI Rl THpROBRR viabiely Stdihif R il @Bﬁﬂ@r—ﬁ@k

Wl husen, Switzerland). The viabili ty and nunber 0Of chondrocyte cell s
adhered & o tlwlaar@b@uy\momaldl@erfefrs)shwmEmsllﬁ‘:offhﬁmtél@a lagedy s,

weeks, and si x,,wee r L su QURLtJ,Ng t he nunber of
cells adhere(fe]tll}“?]ﬁ%"‘ﬁ%%?’é(ﬁéoeb r%rﬁggrﬁ%’ }j ﬁB’rth " é/t ested with the
Chondro-G de(r) nenbrane as positive control, and a negative control using
t he sane nethod but w thout any nenbrane. 20 Previously frozen human
chondrocyte cells (14 million cel | s)EXAMPLE Hawed and washed, and the cell
nunber and viability r e recovered
after thaw at 87% vi aﬁﬁlrh?’lpg&%’% %Iaﬁ@%deg%r%eg}altégt&g}hgqadlé‘i)&&ﬁ each of two
tissue pul t umbtodohpatebilay ofa membediicrpaépacst axbording to U164 Parht Nopeo02jsh8; | i ter,
and incubated at 37 C. for three days. The resulting cell nunber and

viability f orassigned o PRy @ sylsidiary of Etpicon. dnc. cibe RePuymembsang oF; abi | i ty and
3.6 mllion ceyfis, ”%i:g bStand CABhdrbicfde SRABAE (B Geidkiid seifidn’ . ang

viability were anal SI X sanpl es of eac rane si x sanpl es
of the cont r@elgﬁ@umnmhMtWamysmSb/ﬂtamand)rh"éhe mahmuyamsnumree ofinal yzed at
t hree days, two weeks, sanpl es ofy30 the DePuy and

Chondr o- G de chondreiie ﬁﬂ@§db@?@t%@tﬂ I?elli’flbﬁ aﬁﬁllghPWEH Gideamembrangg for 8BS of t he
dry cong st e?llﬁ% o R&%gk&#d’lylx TRARE S defeHhind 9y VG fTF BALARE tRATmIRE

sonewhat™ di f
of cells adhered to the membranes.

The DePuy membrane was tested with the Chondro-Gide®
membrane as positive control, and a negative control using the same method but
without any membrane.

20 Previously frozen human chondrocyte cells (14 million cells) were
thawed and washed, and the cell number and viability were determined. 3.2 million
cells were recovered after thaw at 87% viability. 1.6 million cells were added to
each of two tissue culture flasks at a concentration of 5.3 x 10 cells per milliliter,
and incubated at 37° C for three days. The resulting cell number and viability for

25 the flasks were 3.5 million cells, with 98% viability and 3.6 million cells, with 93%
viability, respectively.

Cell count and viability were analyzed for six samples of each
membrane, and six samples of the control group without any membrane. The
membranes were analyzed at three days, two weeks, and six weeks. The samples of

30 the DePuy and Chondro-Gide® membranes were cut into one inch squares.

Because of the dry consistency of the DuPuy membrane, cutting the membrane can

be somewhat difficult.
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WO 02/ 083878 PCT/ US02/ 11497 Chondrocytes were trypsinized and cell
viability and cell nunber were determ ned as indicated above. The cells
wer e pel | wioad/oB3s7gent ri fugati on and resuspended to a coneeTrrsatiinomw? of 1
mllion cells per mlliliter. The DePuy and Chondro- G de nmenbranes were
washed twice with 5 phosphate buffered saline (PBS), having a pH of 7.17.

Each nmenbrane was ins %ﬁoﬂgroicgttgﬁ lw%réé‘@%ﬂsirf?{edaan@élefl "Ha%ilfi% Shd cSNfurdibipdr ed

mcroliters of a chondrocyte uspension at a contentration of 1
mllion cell svgpedetainhined ad indicatzd abpyd. i Bet detls mantpellpied by cefitrifegationred and i n

t he bottom of six s with no. nenhrane. Additional. culture nedium (3
milliliters) rﬁ%‘ép%’gg‘iﬂ’ﬁﬁo”éﬁgﬁt\%ﬂﬂ fﬂ*ﬂ‘é"%‘i?ﬂfaﬁemﬂﬁia%s were 10 i ncubgt ed

for at least three daysripepfyGnd ChgHEB-Gitle® Mottt SRrE R Mo XESYifL! | S
adhered to the DePuy rrerrbrang. Cell's were harvested and counted at three

days, tvio weekesphatecbusfexed satink@BShhieavidePuyHad d. 1Ch diadh oreGibda{eryasmenbr anes
were treated with an 15 enzy sol.ytion contaj ning..a m.xture of 2

M1 er s, oRenSda f A st 7% MRk BIergurs 25 AAeEres otk of
5000 units) tsflh§aRhVEcdentPRIBARIGSIIIR &8k ber MANRer 3A8lappiRRId bdcy coul d be
determ ned. Once dissolved, the chondrocyte cells were harvested by

cent ri f ugat i recand meobnanecind Th thel botigrhofeix weldsivith np mygnbiraneh Addtionabe
solution varies with.the,t . of, nenbrane. For the, DeP, rane, 20

col | agenase gpﬁggmﬂw& "ﬁﬁ@ﬁerf)ovﬁ@se d?cﬂg’neaFgP” eilhjhf:ﬁgﬁ%? g’?%)s%?rf ). The
DePuy qenbr agpeinwRa ool 16aeiilRtalyatdi7sgol ved after 2 hours of digestion
whil e the Chondro-G de(r) nenbrane conpletely dissolved in about 1 to 1.5

hours. To avoid cell dlgusd4 ilbsirateyehensicoayiaesilsadherehouhe DeBuy proceed f or
nore than 2 hours. T ontrol gro f chandr.ocytes were trypsi nized,
washed, and ZBCTAUPRGs ﬂfsb“{/ersBﬁﬁv??t?ﬁg'é‘f‘fogﬁga?géhr%%ﬁﬁqyg’ %r‘@eeﬁcﬁ’eér%’%rsgs uspended
in DVEM nedi yyeepdd the final cell nunber was ascertained. The results of
the experinent are as foll ows. There was no substantial variation in the

viability of control cdhedePoipad EhondrorGidel membrangs were tredted wilPay and
Chondr o: G de support matrices. As .shown.in.kEi.qure t three.30 days,
cel | vikbi | i SPAe pqlaiomsanfatiing ehuRire H’éﬁ‘:]‘%r%ﬁfp%g*’r%’%ﬂ@%‘%‘ia%s land the
DePuy  suppomilliTRér dPcol@genhdedh total ofHDO0 niBs) % UREol0O tHerrAdmbraheso 8% for the
Chondro- G de(r) support matrix, and 93%for the DePuy support matrix. At

O

the two- week conmftaad yigbilityicaw bedgtepyined h Onge displyedy thsighongiec B §eis 90%
about 91% f Orwe&@ﬁax%s%}fjl;)pcentriﬁlgation and counted. The length of treatment with the
enzyme solution varies with the type of membrane. For the DePuy membrane,
20 collagenase digestion was much longer than for the Chondro-Gide®. The DePuy
membrane was not completely dissolved after 2 hours of digestion while the
Chondro-Gide® membrane completely dissolved in about 1 to 1.5 hours. To avoid
cell stress, collagenase digestion should not proceed for more than 2 hours.

The control group of chondrocytes were trypsinized, washed, and

25 pelleted by centrifugation. The cells were then resuspended in DMEM medium and
the final cell number was ascertained.

The results of the experiment are as follows. There was not
substantial variation in the viability of control cells compared with cells grown on
the DePuy and Chondro-Gide® support matrices. As shown in Figure 16, at three

30 days, cell viability in the control, Chondro-Gide® support matrix, and the DePuy
support matrix was high, at about 87% for control, about 94% for the Chondro-
Gide® support matrix, and 93% for the DePuy support matrix. At the two-week
interval, viability for the control group was about 90%, about 91% for the Chondro-
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34 WD 02/ 083878 PCT/ US02/ 11497 G de(r) group, and about 83% for the DePuy
group. At six weeks, about 80% of the cells were viable using control
condi ti onwo aloessys 81 % of the cells were viable on the Chromdrsoz/G4de

menbr ane, while about 74% of cells were viable using DePuy support matrix
conditions. Thus, there was not a w de-spanning variation in the 5

viability of t.hescells i,n. t di £f to.Qrowt h nditi Actwal -.cel |
nunber was ntgglggi %rml]i”i a@&ﬁ‘? ?‘9%3/? %’(gtﬁeegﬂgli}g‘t g{gubeé&}géﬁnegggé}%%lﬁﬁoﬁ ?ﬁtﬁg( r)
support matriceRSweiRtvidbld @difg EéhtU bénditonsAsboub8Y¥; df thedells vrel diabldtontthe
three-day tinme point, gontrol cells anounted to about 72,000 cells while

Chondro- G d&heafitosGider aeanwene, vhde about JAe efirslipwersviakle neingekiHy ed t o

prol i  or at od BA ey AdD R SHARO L Biick ERviglndrbiheBRERon AL TS 11 ©
near |y duadr widbélityiofi thewetiein medifféz&;t@ﬁbmthmbndiﬁenDePuy cells nearly tripled

in nunber to 494, 167. Finall at_six weeks,_ th nber, o ontrol cells
decreased slightly to A8 Cék@,"@@@ ‘Wﬁiqoés‘_ 1carht§/ te(glfbyéhgﬁ?gpby tidie(r)
celI's and t heRRGHEP kepdrahanRse i A Gdlley ALshbwnlinFigid 184 k00, 833,

respectively. Wiile this invention has been disclosed with Teference to
speci fic entlode-dentime pointj ®ntrpbealle amountad taatroat 72,000 délisevhits Glrohducar i at i ons

of this invent.,gh .may be deyi b thers skilled in.th r L1 hout
departing fr m? heslis r‘%’ée %“&“m& g%dar}/dstg% B)Sf)'&' C?lihean?or‘l’\l?teﬁtt? Sﬁqlﬁfh%’\gg%pended
claims gye i RERNSIEthe@ppoRt MRty URtwioOy&fRs,| ddatrbdRIId bloliFeratedepbadigient s and
equi val ent variations. 35 WO 02/ 08387% PCT/ US02/ 11497 1 W claim 1 1. An

articl e conpiimssieSas, hehbtaledeadiogidgt celisrparly quadrupled pnyalkrdg a por ous
surface and i,36l.HEi N ' i ' el. ed to 3
said | ayer. fag’.SHﬂﬁn %%@?%ﬁ@é?%%@& &95435@8&1@1%‘}“%‘%%?"4 é?%?nﬂ:lggllbgqgsg{(l s are 2
chondrocyt e egleks thelnunbefdf edritiol kéllsadzezasidritightly @l dbont 328,3d3ewlsilaxthsai d
menbrane is cell- 2 free. 1 n article_according to claim ﬁytwherei n

4o A
sai d menbr an&umber of Q}mnﬂ%@}fi_e® cells and the DePuy cells decreased dramatically to
15 153,333 and 100,833, respectively.

While this invention has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations of this invention
may be devised by others skilled in the art without departing from the true spirit and
scope of the invention. The appended claims are intended to be construed to

20 include all such embodiments and equivalent variations.
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15 An article according to claim1, wherein said nenbrane is Type 2 I
I1l collagen. 1 6. An article according to claim1, wherein said
menbr ane we® 02@838egor bable. 1 7. An article according to clraimosbh/1ier ein
said chondrocyte cells 2 are autologous. 1 8. An article according to
further conprising 2 bioconpatible adhesive adjacent said

and Type

claim1,
menbr ane.

adaptedlto be di spose

1 9. An art

%fl .according to claim1, wherein said nenbrane is
M- the articular cartilage defect. 1 10. An

article jaccording to ¢l ai My} arieédigtishl SmeRBRMaNGYihE at Rafdaplfer to be
in the articular cartilage defect. 1 11. An article according to

cl ai m 1,2 whisavérigna parous stefaoe amdinchiding submpessetingagtine tigsue,aandicells adheredrtoi | age
defect. 1 121hén arti

di spose

di sposed i ns¥

1
2

1

cle according to claim1l, wherein said nmenbrane is

Yrticular cartilage defect. 36

2. An article according to claim 1, wherein said cells are
chondrocyte cells.

3. An article according to claim 1, wherein said membrane is cell-
free.

4. An article according to claim 1, wherein said membrane is
collagen.

5. An article according to claim 1, wherein said membrane is Type
I and Type III collagen.

6. An article according to claim 1, wherein said membrane is
resorbable.

7. An article according to claim 1, wherein said chondrocyte cells
are autologous.

8. An article according to claim 1, further comprising

biocompatible

adhesive adjacent said membrane.

9. An article according to claim 1, wherein said membrane is

adapted to be disposed over the articular cartilage defect.

10.  An article according to claim 1, wherein said membrane 1s

adapted to be disposed in the articular cartilage defect.

11.  An article according to claim 1, wherein said membrane is

disposed over the articular cartilage defect.

12.  An article according to claim 1, wherein said membrane is

disposed in the articular cartilage defect.
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