ceFe* YTTURWEWKEXT*Yp{/ W O 00/09179 1 ~ F E B 2003 PCT/ EP99/ 05993 METHODS,

| TRUNEEHWHWHW | ALS FOR CHONDROCYTE CELL TRANSPLANTATI ON FbEEI&é]: Jﬁuj
NVENT invention relates to the field of chondr t |2
ranspl ant at i*ego2*bone and cartilage grafting, healing, joint repair and the
prevention of arthritic pathologies. In particular, the present invention
is directed to new nethods and instrunents for chondrocyte cell

transpl ant aiwoogaospél cartil age regenerati on. BACKGROUND OpcThieoddsdaNTI ON
More than 500,000 arthroplastic procedures and total joint replacenents are
performed each year in the United States. Approximately the sane nunber of
simlar procedures are perforned in Europe. Included in this nunber in

Eur ope are about 90,000 total knee replacenents and around SO, 000
procedures to repair defects in the knee. These nunbers are essentially the
sane in the U S. (PhETRODS, INSTRUMESTS AR MATERIALS FORcul oskel et al
conditions in the United States, -Angeri.c e r t hopaedi ¢ Sur geons,
Park Ridge, II1l., 1992, HPZ%?R%,QYEEE%U- ?gﬁﬁ%§g@%&1% treat ment of
cartilage woul d be nost useful and could be perfornmed at an earlier stage
of joint damage, thus reducing the nunber of Tpati ents needing artificial
joint replacenent surgery. WiIERZOFNTHEINYENTEONet hods of treatnent, the
nunber of patients devel oping osteoarthritis would al so decrease. 1 ~F
E B 2003 WO 00109179 PCT/ EP99/ 05993 - 2 Techni ques used for resurfacing
the cartil dge Hreserituridvientipai ntetatkavaonethel yfigitt eofpt eldondrocptiiceelt he
repair of cartilage.using subchondral driplli abrasi gn and ot her net hods
whereby t hPRSPERERET: G Ang: eRieds Sraling doe it I3 craa and Bise

| eavi ng vageddeptionast &RRAALIFRoRERS. eXRRFaduIarNER bredent ikl EALioMid hop.
1974, 101, 61, Ficat R P. et al., din Othop. 1979, 144, 74; Johnson L.
L., in Opefiseeied Aet meycdaethodsa #rd nsteumepts | fogyehomgresyte Nesl Yor k,

1991, 341) ahsh 1! 153, 1116) described a technique
far the cu?rtaﬁggltalnon oﬁ@%‘%ﬁﬂf@?’?ﬁ%ﬁﬁ%’ﬁ%ng cells fromchick enbryo
somtes. Later, Cahn and Lasher (PNAS USA 1967, 58, 1131) used the system
for analysis of the invol t i ra prerequisite for
cartilage differentiati orﬂ’g@§ggg&%iéﬁllm to both EFG and FG- by
growt h (Gospodarowi cz and Mescher, J. Cell Physiology) 1977, 93, 117), but

ultimately | ose their differentiated function (Benya et , al., Cell 1978, 15,
1313) . Met HomR f"&angréﬂ%@ﬂehomﬁmﬂ)ﬁﬁtl%emfgc Heesie N beatalndloirk

pri nci pal | } dowd t " dj g/l id t bgi al. (new
Engl ., J. yl\(/ebdggéél?g ﬂt%eBg'% gbgggd_?ﬁf&d?l ?H‘gﬁ own ﬁs?ﬁngHhéesrgmrlr%fdho gﬁ\%re used

as aut ol ogbpRraximatyly dhessameduneer pbeimiaroprosgedusas gre Reafarmsasain y,
Kolettas ek, aloe (et Bk 1S EREAASOR edlfle 2A0EbGLAE, BA bhA iy essi on
ecu c o

of cartil age-speciTic no es such as agens an rot eogl ycans under
pr ol onged magldcernéntsr and. afthand 56,0QD0 tpratediergsi te nepaphdetertedh dieanges

during cul turi i N nongl ayer cul tur.e | t house,, A, et al.. In,vitro Cell
Dev. Bi ol . KNGggthessNUgEsTS e Risen ,'?Vegﬁgls%%f” Hap[U-8, (Pragrmg’ Ay, 367
Hansel mannFudderes., #ice, B. FCpIMusttioskeRRdl cdfditiohs; inBeheaweiiedr Statds, et al .,
Exp. Cell Res. 1994, 212, 97). when g,ongared to éu%)en ion liultares gr own
over agar o3BEGERE, Agpdemi of HeaHopaedigsSuraeans, Bak Ridge  Mthvai®Pdg a round
cel l m)rphpiggy) tested by various scientists did not change the SUBSTI TUTE

SHEET (RULE 16)

A method for regeneration treatment of cartilage would be most useful
and could be performed at an earlier stage of joint damage, thus
reducing the number of patients needing artificial joint replacement
surgery. With such preventive methods of treatment, the number of
patients developing osteoarthritis would also decrease.

A
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.1~ FEQ ~~~~ WO 00109179 PCTI EP99105993 - 3 chondrocyte -- r d
mar kers such as types Il and | X coll agens and the | arge aggreg;?ﬂ Eifg 2003
prot eogl ycans, aggrecan, versican and link protein did not change

(Kol ettas, E. et al., J. Cefl Science 1995, 108, 1991). Wakitani et al.

(Ti ssue Engineering 4 (4), 429 (1989) described the use of collagen Type |
gels in animal experinents to repair cartilage defects. In all instances)

t he maj or pwehbssyervas the | ack of bi omechani cal properti esTaEegpossed for
functional tissue repair. The articul-ar2 chondrocytes are specialized
mesenchymal derived cells found exclusively in cartilage. Cartilage is an
avascul ar tissue whose physical properties depend on the extracellular
matrix pro hondr ocyt es. EUrlngBendochondral 055|f|cat|on

t he
chondr ocyt g%cﬁﬂt?é%éo“ﬁe PhrEEHEACINGa 8 S Fartilags ﬁUI“&FU"ﬁyWeﬂQ'PB%W
characterlmﬁngya&tﬁnewkoofndﬁéer 'r@ﬁai‘?foft)éQPa! & éluﬁ@eéht{é%%'rél, WS B.

and d sen . Cartilage Ml ecul ar Aspects & Newman,
Eds.) CRC Botlinda@bnasion1 and3:otimet o-neﬂm@ca%ewhelﬂabyetthare lSDemsmrolof 1991,

al ) el oRiRe gafleds oprd  RPERR I are Clestg o VasrUEER M

col | agen i mahbellaust bonéa@oqmsedf (Imsgll,col, a(r:hm,u@t-tam@s 1c974 01@]1,86l1$ Ritsto caused

by osteoar Th l.age wor d| ng y weakened and
subsequentl&& de\?glad 8 br‘a%au@?%é?éb? '3? o8y st%mé’éﬁ%%@%—&

pr ot eogl ycaRehrakeo smcemi ev et pal,| Havhs Presse heantiorie! Yoo Sughy f.i brill ation
of weakened osteoarthritis cartl I age can reach down to the calcified
cartilage and into the subchondral bone (Kenpson, G E. et al., Biochem

Bi ophys. A 8ra (4l , , : ' : i.nt
Surgory, 1698 EoACaS e, TO65, 13, 1278) Materideq g ehniciior the

Bi oengi neeculityatiRn Skataakilaged sgnth@sizing Edgl)s, fildn@r chiekd drhbrydesoruitds. 1987,

PeT/ Epgs) 0584 T BREL P TolRVAY T R87.cSBedrdient, i SYOITBI cal and

m croscopi ¢oraBablyEls of thenevoR@nentagr CNAl @hhﬁésn@taﬁlacweq@nsk@ forssues
can be found for exanple in Wieaten, Burkitt and el s, Functi onal

Hi st ol o4v, CQ"tHaEﬁldt'ﬁﬁ'FFr(t@ﬂﬂ’bhq:"?qnquGY’??gg?'&ﬁnEesPQBHcF@an@SﬁF Gand Fer.
Descri pti 0By gfovithe(B8SHEdAYoWiS: %aacweseﬁe,t onvcel p@'@%ﬁﬁé@y mgb9nea3

cartilage and ot her connective tissue al so can be found Tor exahp in
Wheat en, 6dAK)t but sittwatelyadese [tbais, dnﬁase@tlaﬁedtfmatnhm(&wya(makcﬁ:elll

Li vi ngst ong o 8 yte cell
transpl anta hqh%gg?)oi% ﬁg ﬁj%" &%rqﬁ\l éngtﬂ{h%gﬁeas I n t %gg\{?ga

ment i oned aaﬁeare:npﬂaclptaherlmmgrtmeﬂsw&hnﬁédoxf adJLmtlsmntsfbaycBntt;beag,d mef fective
procedure f C rt|I e|t tation or_ ot e
BRIEF SUMMRRY'CRNSREEPRUE pr'eg%?'l Eﬁ%%j ol SnI TRV i YRLD Wﬁ‘ese

i npl ant abl enethbds! evelreclulséu nﬁsaaatm@g@us nﬁ*ahspslawfs C'ht@alanéélijﬁﬁs tgfe growt h
and attachnent of cells thereto, and a ant i gggsuch an article

to regener RREERE. I%dCHF'Oaﬁ“YnﬁP!ﬁﬁaét ?'G)ﬁ" Ir%ca@?lbﬁc‘qnﬁeoh%g% Bi HE9L) the
present i n¥RakiQEd PrRYI gagrésﬁ@ﬁ he@' Es&nha@ ﬁefcﬁfct | HRIdduféd BN obs

articulating joint surt cartil In an ani na the transpl antati on of
an i npl ant goliagens: aod epriokedgidcans UhdﬂdrP@@W@eéeftﬂ“sCWéwaﬂ@\eHha‘ﬂ faund

absor babl AP REY, t h ﬁHﬁpq) made
fromcol | ag@ént su 't%a Jﬂoéph#leg%gﬁ_ype s”ec’lfringgt &”an he E:Fﬂéhg?%(yc?/t e cells
are aut ol ogoltsres (A@lm:dmmus ethe.,i IplvitmbaGele Qi Biok., p‘r&SQar ab) $59% secured
tothetraslant tion site e .Qr chalcal means.
The presen i ©h 2k o qu(&l—’ eﬁgﬁg Pé z;% |’ﬁ§ Pzi’év&g and

rzrg;ll pul at i G@HtQ@. Ilrgycﬁnnabl g Aar Bbeagertureéhe, %ttﬁ.,OEx§U|3§T| EkEE 189ET (RULE

212, 97), when compared to suspension cultures grown over agarose
gels, alginate beads or as spinner cultures (retaining a round cell
morphology) tested by various scientists did not change the
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~ 1 F E B Za~3 WD 00/ 09179 PGI/ EP99105993 - 5 inplantation, and a
retention device for securing the inpiantable article to the sjte of

i npl antation. The present invention is also directed to an i | 4nfbRe2003
article for cartilage repair in an aninmal, the inplantable article

I ncl udi ng chondrocyte cells retained to an absorbabl e support matrix and a
nmet hod of maki ng sanme. BRI EF DESCCRI PTI ON OF THE DRAW NGS The present

i nventi on nRyobe@iPdetter understood by reference to the deswerynsssn which
foll ows taken together with the acconpagnying figures which illustrate the
present invention wherein: Fig. | A shows a typical articulating end of a

bone in a kRefdigeytd -hakppPeksal Makkérdl Aldhngs sypéateamt 1R c@lisgens aai nous
cap. Fig 1B shows a cartilage defect or injury to a cartil aginous cap of an

articul ati He &H@eqaesaiag ArPEEody Gt wP ASFeCRMYRSiSHaM a4 BK RIAERIANt abl e
article ac ' et Jdenyent icdn. c Fi 0 e

i npl ant abl g%ﬁ?lpg?%ﬁ%‘% I?g?g&%%’ %aflt[)é\é’ ) sc%'gls%gé?g$ %igsr;lgl’ \g?tsg?':gogtr% in an
arthroscopi c i ntroducer such as that shown in Fig. 4. Fig. 4 shows an

h Le_,.ntr f ipl ' ool | ' h [
of 1 ot ant MR B2 GTingle RHEARE a6, (R PPEE8) SeBleitdd fad wser (RuLE
26) 11 FoEcHl TYEL QYO AnRdl EXPOGMEPR9 30 rePairfdattildye Gefectly,aw ng

schematically illustrating the placenent of the inplantable article of Fig.
3 at the sf? elbfingl@nees, dhei maipy Piebled was ithggidrkuSf chiomeshagi¢alo access

channel s whsdbrtiRd (RAGREHRERKGAddYI e850RTBphfIst T urents. Fig. 6is a

[
schematic cross section of cartilage wth a defect or injury which does not
extend into the subchondral layer, and an inplantable article according to

t he present,.in Welg! hesi ve. ' i Loinjury.
Fig. 7 is Ehé c%%#&f!alc}c c@&ﬁ@rgo%gg%/ iag% ﬁéc‘é@z{eﬁ gﬂ%ﬁcﬁjﬁn’g‘ d‘g%fé\g% chellF njury
whi ch doesfourtd extkristidintia tarilsgdc@antiage isaper avasclian tisspeanhabée
article secHred to the site of defe%t or iné'Frg/ tr)1¥ a, meckg;\ni catl) r et ai ner.
physical properties depend on the extracellular matrix produced by the
chondrocytes. During endochondral ossification, chondrocytes undergo a
maturation leading to cellular hypertrophy, characterized by the onset
of expression of type X collagen (Uphoit, W. B. and Olsen, R. R., In:
Cartilage Molecular Aspects (Hall, B. & Newman, S., 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., 1.

Cell Sci., 1993, 103, 1111).

Excessive degradation of type II collagen in the outer layers of articular
surfaces of joints is also caused by osteoarthritis. The collagen network
is accordingly weakened and subsequently develops fibrillation whereby
matrix substances such as proteoglycans are lost and eventually'
displaced entirely. Such fibrillation of weakened osteocarthritis cartilage
can reach down to the calcified cartilage and into the subchondral bone
(Kempson, G. E. et al., Biochem. Biophys. Acta 1976, 428, 741, Roth,
V., and Mow, V. C., J. Bone Joint Surgery, 1980, 62A, 1102; Woo, S. L.-
Y. et al., in Handbook of Bioengineering (R. Skalak and S. Chien Eds),
McGraw-Hill, New York, 1987, pp. 4.1-4.44).
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Fi.g. 8 illustrates one enbodi mrent of the mechanical retainer used to secure
the inplantable article to the site of defect or injury. Fig, 9 is a
schematic cross section of cartilage with a defect or inj ury.1V\ﬂ|iEEB>(%@a13is
into the subchondral |ayer, and an inplantable article according to the
present invention secured by adhesive to the site of defect or injury. Fig.
10 is a schematic cross section of cartilage with a defect or injury which
extends intg tojp@g‘.,gubchondral | ayer, and an i npl ant abl e apti/epesossexured to
the site of 8e ect or injury by a nechapical retainer. Fig 11A is a bl ack
and white copy of a col or mcrophotograph of histol ogical specinen of a
solid support matrix at the begi nning of chondrocyte cell growth thereon.
SUBSTI TUTE SHEET (RULE Z6) ,1'1l FEB ~~~~ W 00!091T9 PCT1EP99/ 05993
Fig. |lAA iBeseréptinnsonfntite opd&ic odegiaparent dristolegice @nde MIERRSPIC bl ack

and white c r ' u rdx of
Fig. 11A | oa’gget(?%v% %ﬁ?é}@%d?%@&?@ggeﬁs&@ tngWh%e&J&ggEsaggéghg%rﬂo%yt e

cel I growt hfouner feorexafme ih MBBeater} Bairkitt end rbaiefshuogtiapal ldistdiogy, | i B.
Figure 11C i& 2. .photagraph, show ng a suppor.t rix f d_of .collagen
having chontl SREN EECTH MAMERE R0 AT ERBWHB(r FhfuAonpSsdirAns ol

stai ni ng. FiHUbEsit istflogicBhr@8smynos devedts in BOREOEhrtBEE i and oth@d of
col | agen, and havi ng chondrocyte cells grown thereon in a bioreactor
system shoW@NNAEtivamiisra sscisan balfoyndi Mrngxampetrain BYheetsor Bankiks oF THE

| NVENTI ON | aego OME i | 0 pa.{mn- e tilage
damage andA%te eeé'(tglsé%of evgg’oégmCC}Wgtd tﬁ S 't(éﬁa L's\ﬁgﬁtoﬁgt ;’glﬂgg‘ﬁ’
articul ati ng98%dChp. 21pone in a hunman knee joint 10. Knee joint 10 is

formed by the juncture of fernur 12 and tibia 14, and healthy cartil age 16
covering the articulating end of femur 12. Fig 1 B shows a circular area of

def ect or iAithsyghl StHehefigedafdrerchaoaestyres cedf ecdnsbantationariasl ageenl6
described at length at least in the above mentioned references, there

remains a need for a satisfactory and effective procedure for cartilage
repair either by transplantation or otherwise.

BRIEF SUMMARY OF THE INVENTION

The present invention provides an implantable article including a
support matrix which can support the growth and attachment of cells
thereto, and a method of implanting such an article to regenerate cells
at an implantation location. In one embodiment, the present invention
provides a method for the effective treatment of articulating joint
surface cartilage in an animal by the transplantation of an implantable
article including chondrocyte cells retained on an absorbable support
matrix. In one embodiment, the support matrix is made from collagen
such as Type I or Type II collagen, and the chondrocyte cells are
autologous or homologous. 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 site of
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The present invention includes a cartilage repair inplant and inplantation
nmet hod and apparatus for such an inplant. The inplant conpri ses‘ﬂ ﬁgﬁo\zggs
mat ri x and aut ol ogous or honol ogous chondrocyte cells retained e .
SUBSTI TUTE SHEET (RULE 26) 1 ~FEB 2C-~3 WD 00/09179 PC1l'I|EP99/ 05993 -
8 "Generally, the support matrix is a material which will support
chondrocyte cell growth and which, over tinme will be absorbed in a body of
a patient RRSRI¥i7§0 the inplant. 'The transpl antation prrgrevesssssay be by
arthroscopic, mnimally invasive or epen-surgery technique. The nethod of
the invention al so contenpl ates the use of suitable allogenic and xenogenic
chO_ndrchyt Bnﬁ/bt?dtsticﬁm,r_ar?@a ll‘efxaﬂtibn(ﬁe\a?GMrt ﬁ?@gmgdgm]em%ﬁtgb:égm such
an inpl ant re specifically, an inplantable article i ncl udes a support
matrix 22 h%\?ﬁ‘%é‘tﬁr?gdmp&“ﬁa&%é‘el | s 24 retained thereon. A suitable support
matrix 22 will be a solid or gel-like, scaffold characterized by being able
to hold a stable formfor a peri.od of tinme to enable the growth of

chondr ocyt &5ecpresent hisveotkionbis alsnefdirected ats @rimpiaatadie articlearfopl ant |

and to proyi S L m]ar he t | LO o} 2

chondr ocyt éé%g?ges %‘%‘5%'?)1 ﬁ}r‘n zgenacﬁéﬁ%%l(bc}ﬁg (L:{(E:rfdlager}’\cg\}é h%gﬁ?(%er‘éﬁ{%%g?q on.
Support mathonxdd2ywd |delise retaddda foorara giesorbablef suppertsuhbtrix emd td al | ow
full cartil aq%ﬁ Le air, .and then be absorbed by the body over tinme, for
exarpl e, WMHIARIQhSNINBHERe nont hs wi t hout | eavi ng any significant traces
and wi thout form ng toxic degradation products. The term "absorbed” is
meant to include processes b% whi ch_the support matrix is broken down by
nat ural bi ol ogi cal pr BREFeBESLHERIPRIONQkdREBRAVEINPRrt matrix and
degradati on products thereof are disposed of, for exanple, through the

| ynphatics or blood vessels. Accordingly, support matrix 22 preferably is a
physi ol ogi The| gresbsoiimedritign moay che ibpttsircundetstaod-by kefaranee ital the-urt her,

support magrix. refer is.,in S t l.ike. faormhaving one relatively
smooth s qaestratipe BRI Eflalys, Enke Beedrifel qut Sne Belhih S 36ure:

exanpl e, i whidhillQugratnehd ppessitl invésEes witdrein:age defect 18 and pronotes
chondrocyte cell ingrowh, while the SUBSTI TUTE SHEET (RULE 26) 1 ~ FEB
zoo3 WD 001 09179 PCTIEP99/05993 g _ snooth side 21 typically faces away
fromcarti g 1 i td i . j ment,
support maf@?;i Ag%ﬂcﬁ)géfaot%#z?i cﬁ‘rﬁggﬁgggp%ﬁggalo?g@?ﬁ Ei lﬁ';@e E@g% ggggfby, t he
pol ypept i deR asticyabingisustaneevisbtaataiddeginoxs €@Pural sources, e. g., from
manmal s. Artificial materials, however, having physical and chem cal
properties conparable to pol ypeptides or proteins fromnatural sources, may
al so be uskid 1B shows supadilagesdefest 22.injuryi ®© al sartpagineuseshpt bhtansupport
matrix 22 irst.r versibly deformable as it is handled by the user to

i mpl ant abl 2 FE1%e08 of PR vrani pul ated and then returns to its original
shape as descri bed bel ow, during one aspect of the present invention. A
preferred gaterial from which support matrix 22 can be forned is collagen
such as obfid fethaWDRNERMREdIMRecPhan IBRIPRSLIR@rHee ae@rdiRgdecthe suitabl e
material s Efég@h‘g\m@}\twport matrix 22 can be formed include Chondro-Celh
(a commercially available type Il collagen matrix pad, Ed. CGeistlich Sohne,
Sw tzerland), and Chondro-G de (a commercially available type I coll agen
mat ri X padg~E L,Std A d ) g qA i -formed
of coll ageﬁng;pg%?sddgf)?rgﬁg{bq%?ﬁgméer%ﬁ{' I%E&aﬂ Upz[S)or{; E%téﬁlgé%%ir ?n%d from
col | agen Tiypelahtatial inhaw gintirppeopit intwbd acgmsuait as xrat siywalins Fided.used.

Fig. 4 shows an arthroscopic introducer for implanting the implantable
article at the site of implantation, according to the present invention.
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An inplantable article as descri bed above may be nmade, for exanple, by
culturing chondrocyte cells on this support matrix as descri ef EE%{UZ@UB
detail below. For an autol ogous inplant, a cartilage biopsy flirfst™
harvest ed by arthroscopic technique froma non-weight bearing area in a
joint of the patient and transported to the |aboratory in a growh nedia
cont ai ni ng SUBSTI TUTE SHEET (RULE 26) 11 EE B 2003 WO 00109179

PC Tl EP99/ QrP&baers10 20% fetal calf serum The cartil ageciErogesyssdi s t hen
treated with an enzyne such as trypsknsethyl enedi am netetraacetic acid
(EDTA), a proteolytic enzyme and binding agent, to isolate and extract

cartil age ERQnEr @ryd edra@ling - scheengbi¢diBClirdsteaangr oy tsiac@nkat asfe thlen
cultured in thetgrovvt h media froman initial cell count of about 50,000

cel s to aMPRAARIGUAItIEE 8bJTE- 20 3h ITNPORITENBhAYEFE LTcdllEY ol (BRe. Three
(3) days b@éﬁﬂ@gﬁ'\\%{\.}l?}é’%@@tﬁm Rwol B8cEEOWhBRRBE ¥Hich %ﬁhg?ﬁﬁﬁn‘fﬁaté

transpl ant nedi a cont dl ns -10% aut ol ogous serum (th I's, serum
extract ed BrEWPSIRPIGINSteymeEdtshl ood as descri bed bel ow). Then, the cul tured
chondrocyte cells in the transplant nedia are soaked into and penetrate
support matrix 22, and continue nultiplying to forminplantable article 22.
| npf ant abl Bigaré iislae s@Rematit haross mektiohedf§ atrtiagetwitbfa cefédt! agénjdeyect 18
in the patiﬁnt. It is understood that dﬁj:ec Er iednj ury, 18 ,car] be .treated
directly, %MW} §08sJ1GtgRriend Ko Lhg pil ‘Hﬁf}ré 1 al2 T 8dpaNRAIer to

i nplant, tartRg€ 4ERRAGhG tdTRhaNrabkRt antésticn Zecufé® itlabHESIDE Y esedure as
well as the growh and“transplant nedics are described by way of exanple,

in detail P&¢ofdesedraningunirst with a description of a |aboratory
procedure used to process the harvested cartil age biopsy and to culture the
chondrocyte cells according to the present invention. Gowh nedia
(herei naf t Big, 7 tihe@ gchembticedvas seated efocartdage tvaikdh cardeféctiger njapsy duri ng

th | turj t th t hr ond t ||
br epar ed" by K AAGE ritscrpiar e TS e Suialidnd AP Bufehs B8 B8 bRIER A on 7o
m cronol e/ iice secdredl 1 LR bE diefedt drciveeNby at m@ehdnizantataimerl e/ liter;

tradenane Fungi zone, an antifungal avail able from Squi bb}, 15 m 1-ascorbic
acid (300 mcronole/liter), 100 mM fetal calf serum (tonal concentration

I%g:{? iEPSgldoé ggér liT&SeFatesEb e (dfbEdi#ent of theFnfedRard? AEhiRRF QRedOto

secure the implantable article to the site of defect or injury.

Fig. 9 is a schematic cross section of cartilage with a defect or injury
which extends into the subchondral layer, and an implantable article
according to the present invention secured by adhesive to the site of
defect or injury.

Fig. 10 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.

Fig 11A is a black and white copy of a color microphotograph of

histological specimen of a solid support matrix at the beginning of
chondrocyte cell growth thereon.
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- 11 . the remai nder DVEM F12 nedi a to produce about 400 ml of growth nedia.
(The sane growh nedia is also used to transport the cartil i : om
the hospital to the laboratory in which the chondrocyte cel ﬂg‘fa?m;yg@t ed
and nultiplied.) Blood obtained fromthe patient is centrifuged at
approximately 3,000 rpmto separate the bl ood serum from ot her bl ood
constituents. The separated blood serumis saved and used at a | ater stage
of the cul tyghdehiRr ocess and transplant procedure. Carti pegerdwiospsy

previ ously harvested froma patient f-orz autol ogous transplantation is
shipped in the growh nmedi a descri bed above to the | aboratory where it wll
be cul ture¢ig.ThEA,@n9Mé1cmimidrépﬁaw&ﬁﬁ dfFigepaaate out the cartilage

bi opsy, and di scarded upon arrival at the |aboratory. The cartil age bi opsy
is then washed in plain DVEM F12 at |east three tinmes to renove the film of
fetal calf m t:he,cC A J hercar L4 gog.m%y hen
washed in z%ﬁﬁp&gﬁi'%navﬁ{atgh ?ﬁgl dwgz%sﬁ?gyg%vfhkérlégi g“?e cri%% p'Qbove, to
whi ch 28 nishowngithe ERMppqrt onetnik radit Fign 10LA) 8xdath wvitie aanoaddeci/tel cellshi s

conposition.t .is_ incubat for, fiv n . nut at 37C, and 5% CQz.
After incu%g{%rothf—e? Weee?‘ rcﬁ‘idqha?é’gr ?%t%séﬁq% éﬁ%@h@‘&rg "to three tinmes in the
gromh nedia, to cleanse the biopsy of any of the trypsln enzyne. The
cartilage is the Weilghed. Typically, the ni num anount of cartil age
requi r ed tg'%rb%él%éﬂlq’ sger @ﬁ‘?}? gaRieof £19-slhBout 80 - 100 ny. A
sonmewhat | arger amount, such as 200 to 300 ng, is preferred. After

wei ghing, the cartilage is placed in a mxture of 2 m coll agenase
(concent r afigirest JO@s arphatagraphushewinga sugesti matgnfpnmiedi of eqllegeri mat el y

SOm plai F1 j and 1gaced | ow,d, nzy partially
di gest SUB@‘?PWE sﬁEﬁﬂjﬁg‘(& Tt dégl‘éﬁ'{a 2\5@6\%"@0/ OW’E’CTI B9ol 05993
- 12 the vamunctgstochABhdcalnstamiimg, the minced cartilage is transferred
into a bottle using a funnel, and approximately 50 ml of the coll agenase
and plain DVEM F12 m xture. is added to the bottle. The m nced cartilage is
then i ncubgigrel QDL 7st @ Phobegraphaishdifing aBd shp&Z- mbftip @ rejgegrment ,

the incubated mnced cartilage is then strained using 40 Nm mesh,
cent ri f uge@oliagen,08ad hayingrcnaysiroryiss cgisnareyy therepo in mubiereaghtd washed

twice with h i ; Si-af € then counted to

det ermi ne tsggét%\rm’vfﬁa%ﬂ‘ﬁyymgﬁpgvl#%%%gﬁgﬁﬁ@ jondrocyte cells are

i ncubated in the growmh nedia for at |east two weeks at 37C, and 5% C02,
during whi i t i three to four tinmes. At
(east thr eﬁé}?Bﬁ%@%&@iﬁ%ﬁ@W& e patient, the chondrocyte
cells are renoved by trypsinization and centrifugation fromthe growth
nmedia, and.transferred to a transplant_ nedia containjng 1.25 m. gentonycin
Sul fat e (CORCOREHIFTORO S BPRBnEIRH (3 &5, NATGNPORYREIER: CPHISGE
(concentrafhffage Andl 86RFRS }ftdnt BEcur E@Qﬁ@mé?uﬁg'. I s At tpiagal

avail able fromSquibb), 7.5 m t-ascorbic acid (300 mcrornole/liter), 25

m aut ol og@tEcWpting et @ g boREl inca uemenaknes jaindy 10.aKnee HeintehRiinder
DVEM F12 j et fi88ASPha ' mat ri x
22 1's ¢ hen oireq OYEURFTIARe ¢k cohidril2 Bndt £6R°R:Z8harRCalty SdRAgE: T L
NUNCLONT" ' 16etdvaring tine artiaylatiagdendef femuered2uiigrl Bsshows acirdilarons on

of “oul t1 vabL? odf sk Urndntirbc Be (b FEaRer "toRBERs, Y I hndr ooyt e
cells) in epnitiegem@ ely 5 - 10 m of the transplant nedia, are then soaked

into support matrix 22, and incubated approximtely 72 hours at 37C, and 5%
CQZ to allow the chondrocyte SUBSTI TUTE SHEET ( RULE 26) '1'"1 FE8 ~~a3

WO 001 091?91RCTAAeBa8t O%P%htion includes a cartilage repair implant and
implantation method and apparatus for such an implant. The implant

comprises a support matrix and autologous or homologous chondrocyte
cells retained thereon.
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- 13 cells to continue to grow. During this incubation, th 0,
cells arrange in clusters and adhere to support matrix 22. asﬁ S@B zﬁﬁﬁ
net hod, it has been found that support matrix 22 supports the grow h and
retenti on of chondrocyte cells thereon in a sufficient nunber to form

i npl antabie article 20, without significant |oss of the biomechanical
properti.es of support matrix Z2. Support matrix 22 al so provides an

envi ronnment Ww@oedgdpwort continued growt h of chondrocyte cepdBEmINDYI

i npl antation of the inplantable articl-egat the site of cartilage defect. In
anot her enbodi ment, following the I7 - 21 hour incubation period and after
det er m ni Ng GldrafRUtheansl oGP dtyixaSisdizs CatraRbfch { Wan Changicyt e
cells are transferred to the transplant nedia and then grown directly o
support mat Fandwoayee call gepwih agid whiche gyer timne wdllibs absorrb@si llﬂe@hoﬁbund

t hat inplan y ani cal
destructi onbﬁbc; ‘ngéhg&gﬁg%&ondro 'J]t cﬁﬁ{'g cf%ere &;ﬁlrt'ﬂ[i'e @?PI X 22.
Thi s def or mhki by airmrosncm:ex aﬁnwmau‘feﬁsvamee mcepemﬁuagéablteda‘nﬂuel Theo is

i ntroduced int int o aced on the surface_.to be treated, as

descri bed b8 d@c%\ed\“ﬁ(&r‘@maﬂ 0| RNLeTBIatER ev\h"?%ogr?é’t’q'?g E?)%%’i'tof t he
present an@ﬁH'ﬁhofg%HRﬁQﬁdndl%E?té(c&% frtthewWabalr shmerareReaddfetd. s are grown
or |oaded in a sufficient nunber, tenporarily can be deforned in a way that

allows its introduction into the working device of an arthroscope wi t hout

nmechani cal t n S t cgﬁ:)étl { sane
time it hasﬁ@?éejnlﬁﬁgﬁds?{] a?' ﬁnéifar?%t ﬁogggﬂfg lg(mre gﬁgsﬁw%r
mechani cal 26t ewiides aesupport onatrix @ar havlagecmmm:tcyae emllm 2 oetainegai ri ng
the flurthep,J S|tudfferent|at| hond Qcyl e t he
regenerati ogﬁhéo%‘of‘h@‘ e ?ﬂ'ﬁl UPROf} r'}ﬁgé'x r”f'Q%r%?esﬂ gl Eg%’rﬁﬁgoéq—lEET
(RULE 26) chdrdcterfizdd By Hding 'ablé/\& W&%ﬂ%b%r&h’%&@%&d ot dim&xder
aspects of the sent I nvention include Ena}%umen | ace i npl ant abl e

article 20 Sf‘aPPﬁet EngoNviNaef ehoRGrosytaserl BaRi gQFh %‘Fﬁ fr8nseigtt ce to
hol d i npl angah! gfrea¥ ttrﬁﬁla?& aénd e FF@UI&é‘t@téy%Perﬁ' Shnilad tB”ﬁweeﬁ%ﬂﬂ'aFE”t of

the present invention, |antat i on procedure Is perforned
art hr oscopi enm@hmne@neof Fﬁh@ CBOQHOQ@'tﬁoﬂﬁilSnIﬂOarﬁRibh@earQhO(ﬂldeO@Gecae“ be

rolled acro hereof to forma spirally would transpl ant
SRo)iFgterRh Sl

cylindrical ble article 20 can be delivered to an
inplantation site through a working channel 26 of an arthroscopic

i nt rod bl h trodue depi.ct .
g, . an SEPRPBSEIBHNE 4% IbASCERORb o8I RIRS o ATe: ST ERahieI I8 havi ng.

a dianeter andchaNgsd rephirabh€ thenebé edbdoiBed dythef body efwesttimad foe
deliver the desired dinmension of Inplantable article 20. For exanple, for

most  pr ocedBX@EPIG, hwitdin ¥ to othrger MAMGNE HalRRYE deayiedaspy oxiBRiicany 8 - 20
mn and  t he/oBgt bni S WHHRAAX FARAAAGY 301c dRrseidlt Broaged. TPAg iy naf |y

novable with respect to working c IS an injection cha
accormmodat i epsorbed’ scmeianeg tanucludamrapesﬁasdmm@l% the supportomattinigel 32

is attached S east
par i ai 1y B0l SR, T diablte slofaqiGon BRERSERs et REE® Beshehy, U
i nj ection cm;mm-lt rBatrdvn chred IdegSadatlinrdSprbduq:msmerhef arhr du;@bse@ dfhdosi t e of
i npl ant ati on, e ion ch s noved wit h| hannel 32 by
t el escopi caﬂ‘?/m iﬁtﬁ‘éoﬁﬁ%’haﬁéqé@pﬁﬁﬁﬁ(PFOPIOQ%‘S?SISF raﬁi??arﬁ% Oh site.
matrix 22 preferably is a physiologically absorbable, non-antigenic
membrane-like material. Further, support matrix 22 preferably is in a
sheet like form having one relatively smooth side 21 and one relatively
rough side 23. Rough side 23, for example, is fibrous and typically faces
cartilage defect 18 and promotes chondrocyte cell ingrowth, while the
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I ntroducer 30 al so includes a cap 40 nade of rubber or other suitable
material, slideably engaged on introducer 30. In use, cap 40‘Fngqﬂ§dQOBBe
site of cartilage defect and excludes fluids, such as bl ood and other

SUBSTI TUTE SHEET (RULE 26) 11 F E B 2003 WO 00109179 PCTI EP991 05993 - I5
natural fluids, fromflowng into the site of cartilage defect. |ntroducer
30 also has two or nore outwardly biased gripping elenents 42 attached to
handl e 38, {@ahi®SPi Ng, introducing and placi ng i npl ant abteraRsdsl e 20 at
the inplantation site. In use, as handlg 38 is telescopically noved toward
and away fromthe user, gripping elenents 42 engage the inside of working
channel 32 e-iARVv o] } L PO Ng ( handl e
38 is novedgr?%v?gﬁ dS'tHEngsE??Y?égyﬁ%gg%yégrsgmweaﬁhg%#ﬁ%@t%é@gﬁggsse the grip
(as handl e Bepédentissuk ingrgwthom t he user). Such tel escopi ¢ novenent may be
controlled by a biasing el enent (not shown) disposed within handl e 38 which
allows injection channel 34 and gripping elenents 42 to be slideably
advanced anth regter aediRstinient] BupPb RtateixarRels 4@rmEd 96f palypeptiiegvon

typi cal arthroscopi ¢ procedure for |gglignting i npl antable article 22 at a

site of i npPEHEHS Jredera@blys thesly BERdaD . rDRr Y@y rEakbiainge fam s
removed frogadurgl %bh?cél%f, 4%.‘9‘29%,Ctﬁorﬁr ﬁfaeﬁ?fmn.% %%Afrcﬂ?%até’r%g,e HRGRendr al

| ayer 44 | eaving a wel ee Figs. 6 - ter cartilage defect 18 is

renoved t hehandnecrhysical angd shepueal Properidesicomparsbintatiiclypantiddseon?. | f

the subchongt gl & Bé‘fur?ﬁgggrﬁeg,t }'rﬁaéfglsborgé ﬁ?eg%%rw\%g;ﬁ&gﬁgé oceurs

at the inplantation si I'rst” bé Covere or babl e
mat eri al wh2zhltaist slsaspreféreredsthat isappertr meatrix @ hds wesersislyt defprepdleat i on

may i nclude_inj.ection bi oconpati bl e gl ue thraugh needle 36 into well
76 suen o 2 Bus Hanthed by dnauis BB tnaladiabid Brhda? fart manimHatah o i se
an organi ¢ 4adrhBnHed@riLto Uts ofighfed tapel bErddschideadbadesiyeng Bind er

Austria or a fibrin glue prepareg in the surgical theater using autol ogous

bl ood sanpl @Pect SOBRT IPTeTENSAREMIPRULE 26) ~ ~ ~ ~ B 2003 WO 001 09179
PCTI EP99105993 - 16 Inplantable article 20 previously cut to the desired
dinmension, and rolled into a spiral cylindrical shape as showmn in Fig. 5is
t hen gri pped mrefenreg pinageridlefrom swvhigh asuppost dnakrishi2? tdae bedfoofed is

art hroscopi ¢ j_ntroducer_30., Arthroscopic .introducer 30 hol ding inplantabie
article 20 C\(/;ﬁ”lta%l A g't"gﬁe?ﬁj,oqtg'qeﬁeﬁ%ﬁv%%%'gg' tpoorf:H'?'sB%m&f ?‘ﬂﬁf"'a ion

t hrough an @vcless Sdieatiel mataridle frons echith etippoHPRiatexcel 2 aantbe fbémeand
unrol | ed usin réﬁping elepents 42 or allowed to unroll as it exits

wor ki ng chdRfldes °%@'EQ§§§_"CKﬁrﬁ%ﬂ”@ﬁd?wlq}’@@_@b%&’ﬁﬁ Ihsplagemmalr t hat
al | ow [ nSt reHEENt Ba Suelkidifich NSBHHIE O SRz88nd, SUnd 2N SoOB[de T S, {0

e
access the transplantation site. Using grippi ng el ements I npl ant abl e
article 20 qommentipily aavailabie bypehatcollaggh mattix padefEd. fpeistiichb$éhneticl e 20

faces wel | ; I S\ gent d_i_n.pl age g |1 ¢4 I dhesi ve 48
to harden an 'tg%%ﬁ(?)ﬁp?\anéwg aﬂa?'g?eago fPﬂn%l I°f4gphggg‘% ?%@ P i
somewhat stiffer than a support matrix formed from collagen Type II,

although Type II collagen matrixes may also be used.

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.

For an autologous implant, a cartilage biopsy first is harvested by

arthroscopic technique from a non-weight bearing area in a joint of the
patient and transported to the laboratory in a growth media containing
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I n anot her enbodi nent (Fig.7), nechanical retention neans such as

absor babl e pins, anchors, screws or sutures are used to secu Jagi o] e
article 20 in well 46. Suitable pins 50 include Otho-PinT 1?1apEBam
comercially available | actide copolynmer pin, Ed. Ceistlich Sohne,
Switzerland). Fig. 8 shows one enbodi nent of absorbable pin 50. In this
enbodi nent, pin 50 includes head 52, intramedullar channel 54 wi thin shaft
56, and one_gr oL retention rings 58. The di mensi ons oObcPkpyofabhoni |1 vary
with the particular use, but, typical_l)t( pin 50 is about 10 - 15 nmin

| ength, head 52 is about 4 mmin diane Br, i ntramedul | ar channel 54 is

appr oxi mat l..2 i,p di anet shaft 56 . s apprgxi mtely 2 in

di anet er, ?n%%r é?@mh%%ﬁ $STHEBY gééa %l%ﬁ%%%tb‘Engrﬁg] ﬁ?#"g&éﬂ%% rwr{{gétaéhti on
rings 58 sesnyrh® SUEMO&s pirvgﬁﬂ ieth plehealdhnetatrbbtatie Saar pEDwAng 4 he
cartilage defect. Pin 50 is formed fromany material that will not harmthe

body and caiobeolbs RIS rarst REIAING 2Rk dR Bolatenynd Irxtrsdycaatiage a

SomsT TUTE SRECF UG oy e SR iRanaRte srle Ry WEr kR os . i -

It is al sothengeawihaneetiadrom antihitialtda! soopk obfabole JF,886ncelist@r@ i on to
use a conbipnati agn_of esi-ve 48 an C ical,.retenti on means such as
pins SOto fﬁ%&&?’é’”?%%&ﬁyg&\bemﬁﬁ%5?‘8@58% evﬁeel"P PAMO%E shown in Fi g. fi, a

second access channel having one or nore channels may be used to all ow

access of ipstrunents to the site of inplantation to assist in placenent of
the inpl ant'dBEE &tk deye befarf seimplantatinn nie JrewE) mediantsi exchangssd or to

al | ow for a6¢estrapisplritUdedfat WHith icBptAiHEEINS bOrdiBGodd sBrdth gﬁak%t ation.

Such a separate access channel may al so be used to performone or nore of

t he functi Gesudessiraptad fram theipptiant's bieedh essiaspribed melodhcBienother ot her

art hroscopig, r L 0di r td | . t, 18

extends i ntcg"%'rr;l é%e%%ﬁ%@%o%%%aﬁa#%g?am%}?anot\rl%%ggau%?éesgota ggls)v'g?é %?‘d

cartil age ipenetatebeduppostibatatnidr &2, syred  €dndisus homaltipiyirggto Foemnd 20,

t he above procedure is. (fied to include cenent .of a henpstat,ic

bar 1 e 62 TP IA0 e 8T Rt -t BRPBEIR ATCGIE PAgF SRPRUTEISpeR e Zite

Henost at i ¢ dradartiRigebdefedhitBiihtheat@@W h or invasion of vascul ar tissue,

osteocytes, fibroplasts, etc. into developing cartilage.This is believed to

allow hyaline cartiiage to grow at the transplantation site. Suitable

henost ati c {hajar i, & i kbl By ukar i zat ko ng.c r 43 ion into

t he devel oé?ngs gg‘rd ?" f#é’%’é’ ttﬁgﬂo;b)cﬁfﬁl&ggﬁf (')'?Jr'"rllar?l %ﬁ g?ﬁcg?t ﬁelggée@a%%-g%{o ‘achi eve

growt h of temdafaed slightiynes sculptarhbyi surgécadtprobedutef pdor ¢o timplantfter abl vy,

the henostatic barrier.is s le f. e erio i al | ow

full carti %&5@"@8&%? "aﬂ'&”ﬁ‘gﬁ mtn?{e g@ iﬁéoﬁ‘g@g"@r p'(—ﬁq%g%\f éémé?@%én down

?é :1 he bOdBEhe\@fol\jithr@ad ﬁ_rawgﬂahl)mehﬁf?;afatgeglcrbaed ibgr wiag c?ljemrgple,vm_lé_ .
t hi con, .. Uni ted Kingdg n absorbahl e hemgstat fornmed of oxidize

r egener at edfeg?‘éHQ'%wcéF@mr%ngtéﬂE@ﬂ E”BFEE‘IO_(%[JEEO%Y'_'V piO(j.:ECIfdrE a z003

WO 00/ 09179,sBEgTHEPIH@38%%he Hetvedted aPtRgACHIIANCGNULE! edkurdISheument s

are manufactured fromany material, such as netal and/or plastic or
silicone, $trndpevtesellsmccatdias psbamresent inyentiogse reusabl e surgi cal
instrunments. Certain aspects of the invention have been exenplified by
using an in vitro systemto study the behavior of chondrocyte cells. when in
cont act wi tdrowthf enedie ¢oereinafterat fiheegrowts imedia't)r osedsta rfgedt dhect s t he

or ocedur o A EBECBPoY LT Ke BORRe Blocest dmE P gL g e RBRET

behavi or. .chrondrocyte celis is prepared by mixing together 2.5 ml gentomycin

sufiate (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 mi fetal calf serum (final concentration 20%), and
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These and other aspects of the instant invention may be better understood
fromthe foll ow ng exanples, which are neant to illustrate bu‘| 1nthEﬁogQOG|t
the present invention. Exanple 1 Chondrocyte cells were grown for r
weeks in the growm h nmedi a described above in a C02 |Incubator at 37C and
handled in a Cass 100 | aboratory at Verigen Transpl antation Service ApS,
Copenhagen, DK or at University of Liibeck, Liibeck, Germany. [Note that

ot her COWOS&/BWJ} ,0f growth nedia may al so be used for cybtpbdofashos he
chondrocyte ce s.?.ﬁ The cells were trypsinised using trypsin EDTA for 5 to

10 minutes and counted using Trypan Biue* viability staining in a~
Bar ker - Turk chanber.. The cell count was adjusted to 7.5 x 10S chondrocyte

cel I's per nfhgieMmaipdenRMEMKTLONTedig)|ta: Rraguse Aabeye AP iml PharemiBs 100

| aboratory. i hAily, ieS I, fdata: -G ol | agen
menbr ane, ywanﬁec(i;ﬁjtopﬂé g%@{lﬁf Pg%{rg{ gllmzag1 t'c')5 ?ts Lifér‘let@o&% ﬁ%ﬁgga??)?nﬁ%fc%ﬁﬁgﬁl i nga

SUBSTI TUTE Bi9EEY feuLthe2ibyspital tolthe iEbpratery3n Whiontbe LtheondBCTEErIslIe5993 -
19 NUNCL . r r In this case a circle of a size of

appr oxi mat e {/e 2%%#/\%5%#5@%@@%8& aseptic conditions on the bottom of the
well. After three weeks, chondrocyte cells were transferred fromthe growh
nmedia to the transplant nedi g descri bed above, and approxjmately 5 x 106
chondr ocyt egl%iqa_ggfadn%é rf_fomr g?%ﬂaé‘ﬁ(‘trfécﬁe&tﬂg‘lg@cgpé raxiraetaly A0 op of
the support rFt £d %epBrhtd! BREMISSH VRt FRorfUbirseplddRr eQhstitla s %ﬁ was
incubated in a COz 1 ncubator at 37C for 3 days. After this period the

chondr ocyt eSerareéedhdejoadr sanEd ish savest end dred sehra datero s§agev oh thee
support mat Eé"ﬁ“riﬁ@ggﬁn sSal{H)Eré?EP‘ r%‘éeBGPé“ t he support matrix by rinsing

it with nmedium or mechani call'y "‘exerti'ng mld pressure on the
matrix. At the end of the incubation period, the transplant nedi a was

decanted and_the support nmatrix holding, chondrocyte cell ro t hereon was
cold refri gé?@@ﬁeiﬁ%ﬁsg %ﬂ’%?%?al"ﬁ_@ gd c%ﬂ'frhi i%*%‘.tl?%géb'g‘glﬁﬁpg_%lt of
di met hyl ar strangpiastatiomisledipad ink@hé rowthemedpPaebciiBéd i apo@sts tRé ned
with Safranjn O for histological evaluation. A black and white CC«’:E# of a

col or mi cr ofFRSrFGupMhenteitewill be sulsured.nThe growth madipindegaptacoie of t he
i hot i i d i j t th
mi cropho ogéef;ﬁée}até &JtS@Oefoléga%faﬁ% Ex?o}ﬁrganflgg%ﬁreee%b% AtV d@fs L he

features of m crop rap e ndrocytes were gr o]
t hr ee weekslaberatosy giToet temibaen bilepsyr i sbembashead im plaln DMENERIG atit 37C

7S, Copennsgeh Tk Tk o OBV E R T of PRieBRar SRR o Y 826 s

Elrﬁgsi ni sedbiopspg trypsi-n EDTA for S to 10 m nutes and counted using Trypan
The cartilage biopsy is then washed in a compasition which includes the
growth media described above, to which 28 ml trypsin EDTA
(concentration 0.055) has been added. In this compaosition it is
incubated for five to ten minutes at 37°C, and 5% CO,. After incubation,
the cartilage biopsy is washed two to three times in the growth media,
to cleanse the biopsy of any of the trypsin enzyme. The cartilage is then
weighed. Typically, the minimum amount of cartilage required to grow
cartilage chondrocyte cells is about 80 - 100 mg. A somewhat larger
amount, such as 200 to 300 mg, is preferred. After weighing, the
cartilage is placed in a mixture of 2 ml collagenase (concentration 5,000
enzymatic units; a digestive enzyme) in approximately 50 mi plain
DMEM/F12 media, and minced to allow the enzyme to partially digest
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viability staining in a Burker-Turk chanber. The chondrocyt a\‘gﬁg&%og?ﬁawas
adjusted to 5 x 105 chondrocyte cells per milliliter. One N pl ate

was uncovered in the C ass 100 | aboratory. The Chondro- G de~ support
matrix, as in Exanple 1, was cut to a suitable size fitting into the bottom
of a well in the NUNCLONr"' cell culture tray. In this case a circle of

appr oxi mat eh%oél/o 1{“9 in dianmeter was placed under aseptic e¢ppgbdioges on the
bottom of the we After three weeks, . ihe chondrocyte cells were

transferred fromthe growh nedia to the transpl ant nedi a descri bed above,

and appr oxi.jqat LD X 5 cells in. 5 . . j ced
directly oﬁﬁgog%#aqehe&%ﬁ'bﬁ%ﬂc"}%ttrr\exqﬂ%@%é&é'%@%dgg&@%sﬁgggﬁé’ ace of the
SUpEmtArratdetNe Lganegf R ﬁima@aganaw@&ed_ategyacﬁaﬂ bmrn@?mmah%@@naor 3
weeks. At the end of the incubation period, the transplant nedia was
decant ed, &Nt @EWEE)&’PWFH{?i‘%.aﬁgpﬁitﬁgg‘ten@:@%nﬁ?% inged gardlaggdfeon was

cold refri : i . Ub Q) of0 | efH .1 M sodium salt of
di et hyl ar g?ﬁ?ﬁﬁ%cﬁ?aggﬁgzwé’si?i“?é‘? ?egéngéaggp%éoPth?rht ri x was stained

with Safranin O for histol ogical evaluation. For inmunohistochem stry,

col | agene | X i ngJ. - t d. | ned f.qr
aggr ecane %?@@P%Lﬁ?%&g@ﬂe d@?@tggbﬁ?@eﬁﬁg?ﬁ'&%n'§S§§gﬁl%réc@ﬁjagen and
][r})use ant i ulsmganedpaggmesaneegﬂf’ug&d“aiamdkﬂaocbgas one2@0 vﬁme@?mﬂd/)lwsi- ng

uor escent, .secondar nti hodjes. A blac n ite co of a color
n cr ophot oéroa%mﬂﬁér éBa was R’M’CFW’”&‘ @rOWE}B“%%W ﬁaec‘ﬁéﬁﬂif%%?é:egél s 24.
The col or wessSteh | oulted %‘bﬂéiérﬂﬂnéistr@ig-vihbﬁi%t Qoh@@v‘i% whicstrate the
features of the m crophotograph. SUBSTI TUTE SHEET ( RULE Z06) 1~FEB
2003 WO 00,DonGepaytsy/qatigoams dyaibated incihe agowte madise foreakdeastctwat i on

period on Kshan i p t A AT A r s re
observed to have ggzacm'egﬂg %OI tél%éf idgglhgn%['ﬁ‘e" gﬁg&@ﬁ? gﬁg%ﬁxﬁgélial o ng
cl ust ers i shahged émtesr toofourtttmearri er and |ining up al ong the surface.
Exanpl e 3 Chondrocytes were grown for three weeks in the growh nedia
described above in a COZ incubator at 37C and handled in a Cass 100

| abor at ory Apt |dedti oeRed " dagB! astfard ORe-B@IpYAMatidnS, inCaprnhpgsdnt, Dher at
Uni versity of Lubeck, Germany. The chondrocgete cells were trypsinised using

trypsin EDFAORSFOCELE 519 are namayveshly SR HeRtiRT AgdTes/paiueatinn (oabi ity
o o TR RS Bl SRRy MR AC R ot gl ot o
uncover ed Y el geakymydo sulfate (concentration 70 micromole/iiter), 2.0 mi
amphotericin (concentration 2.2 micromole/liter; tradename Fungizone®
an antifungal available from Squibb), 7.5 ml l-ascorbic acid (300
micromole/liter), 25 ml autologous blood serum (final concentration
10%), and the remainder DMEM/F12 media to produce about 300 ml| of
transplant media.

Support matrix 22 is then cut to a suitable size fitting into the bottom of‘
a well in a NUNCLON™ cell culture tray, and then placed under aseptic
conditions on the bottom of the well with 1 - 2 ml transplant media. A
sufficient number of cultivated cartilage chondrocyte cells (e. g. 3 - 10
million chondrocyte cells) in approximately 5 - 10 ml of the transplant
media, are then soaked into support matrix 22, and incubated

approximately 72 hours at 37°C, and 5% CO; to allow the chondrocyte
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| aboratory. The Chondro-G de support matrix, as in Exanple was cut to a
suitable size fitting into the bottomof a well in the NUNq_(*\rFEB 7003
culture tray. In this case a circle of approximately 4 cmin dianeter was
pl aced under aseptic conditions on the bottomof the well. After three
weeks, the chondrocyte cells were transferred fromthe growh nedia to the
t ranspl ant rredi a described above, and approximately S x 106 cells in 5 m
t ranspl ant |§) M&re placed directly on top of the suppoeér/a®bnisss and

di spersed over ?1e surface of the support matrix. The plate was incubated
in a COz incubator at 37C for 3 weeks. é BSTI TUTE SHEET ( RULE 16) 1 ~F

or own chondr St E FeMAUGER IReh PHENB A R, i Rldldtp b Ok S
The support arbnge imelubtos aMadhePeiw@mpeocteHanmtlbﬁﬁgaam methged.
Cells were s eded on a _ NUNCLON ' %&I}ate an

t t ed T
Bl ue vi abi | iiFyNa3 H&sAnPY¥Rd hak, pomrwagﬂén% O‘?ﬁt%? ghgf%lﬁg%q Lglroggf
is shown in lFe‘tgﬂtlé-ﬁ-Q»f Eﬁ&d&&gi%/%agghar% Gel3 smmaeﬁt Waimbeourg foprrPe 6 X

1.06 and the viabil _ |l e 4 Animal studies were pertorned
in the faci |lmwléetabﬂetmlclm|m;r iithousf siamifieant ssmafytherdipmechamnidabmet er

round cartll S i n gg50 h ] f two
sheep. Al int ?F\E@%ﬁeﬁgnss O%te rﬁg&ﬁgﬁr%adspESO&aH%EP?ag%S%Fhoﬁrp%wﬁgf%ta
anest hesi a. drhdratehest Towsuppomdoomednlegd dyriowthngf tehmrdrbegtel nelihafearti | age

of the weight_ RQearin as, of t nmedi.al fenur _co and holes in
the area of ! [rhcg ?’iﬁﬂ??‘o‘%{ﬁ ﬂ”&?'ﬁﬁgaet{'?tﬂrbf:{?rﬁﬁﬁe 3’?% gﬁ?ﬁ‘?'?@ﬂsdetf%’,\& the two
areas of damage, one of each of the two hol es extended through the tidenark

of the cartilage and subchondral |ayer over the bone, while the renaining
hol e at eacH”aﬁéatrtﬂrdempdé'}a?éhdf‘%”ﬁ%%@hthﬁhé7t1 d’énﬁplérdﬂc@w'%‘arpﬁrlloﬁfge and

subchondr al i a glgﬁ &gpen rvested
froma nonm%'ﬁ%%%éﬁﬁ%gﬁéﬁgge%%” gﬁ%ﬁts%egjgekneeg £§I'he ?aocyt é H(T:%I S
produced fr cdnanldirecytar telllawem@a@sgemm tin thes tspmsptantamed(a aamdbrifieng t o
Exanple 3 f Ogrro%mD guregt?y 8];1 ssdp);(ao StnxSHB%}I él' %E%o%H at l(egls%‘ Fwo2 @eeks

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.

Accordingly, and in accordance with another aspect of the present
invention, support matrix 22 onto which chondrocyte celis are grown or
loaded in a sufficient number, temporarily can be deformed in a way
that allows its introduction into the working device of an arthroscopé
without mechanical destruction or loss of its chondrocyte cell load.

At the same time it has been found that this matrix can be secured by
adhesive or mechanical retention means, to the cartilage defect area
without impairing the flurther in situ differentiation of the chondrocytes

and the regeneration of the natural cartilage matrix material.
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11 FHB 2003 WD 00/ 091 79 PCT/ EP99/ 05993 - 23 The chondrocyte cells | oaded
on a Chondro-G de support matrix were then inplanted via an g tﬁrﬁE@@ﬁﬁfﬂ
surgery techni que. Fixation occurred in one sheep by gl uing t'he mafrix to
the treated area with fibrin glue, and in the other sheep the matrix was
fixed using polylactide pins as descri bed above according to the present
i nvention. The sheep were kept isolated and the knee was kept in a fixed

dressing fog %pﬁlygeek Afterwards the sheep were free toppp¥popsfsnd.
Eval uati on of Vh8 j oint showed a healing of the defect, the attachnent of

the cell-support matrix inplant to théqm te of cartil age defect, and
regeneration of the cartilage at the site of cartilage defect. Although the
above discussion pertains in part to a process for growi ng chondrocyte

cell's on apgdaEpedtdt bf XhkenNpedRnt ke nsiedh ifdude NANELEEAtsPtAtRagad
changi ng the growt h or transpl ant nedia as required for proper cell

cul turing, 'r@mén%ﬁt%%eﬁfthlﬂvgﬁt iasnthg sepisatader’ sitBetI of Macbanikg!

chondrocyt [ react or
wwdel o ESE5HET SRIch &R infTEhtdle Bl O\ SRR Hdhch,
GErnany. Usi ng a bioreactor, constant flow of gromth or transplant nedia IS
passed by {he suppo matri and chondro

pased by e SUMRENd B drin e - RO IR P8 SRR Bl e
transpl antismgshirforried ayarmt eartfyesdopid teclaﬁqbeur FiAs 3e§w¢wed Hewen usi ng
t he NUNCLON | at e. (s_understood that using such a bloreactor causes

angl ed gr d\?&mag’fabﬂ?}ér@ﬁ’@n%q 680tke rled; agiRss: B fRMeterttherepffn 1orat
transpl antz gpfaf %W&Hgﬂf‘aﬁWaHt em?d“«t@al scﬁtnatcrrﬁ tzﬁttasateaﬁe;cﬂi zet@éwr ocyte

cells grown on the support matrix in th |oreac [ own in Fig. 11D.
SUBSTI TUTEbQSHEEWET(ﬁdu_QEaBGDﬂPIBHIwOH Sttetlzmh/\@ working Thapagl BPI9/06993 - 24

uppor et e eE s IHORUERE 25 A Syl E el hrceh R RERPRER L 7

cul turing iprRigeds or in the transplant nedia for the entire cell culturing
process. That is, no transfer of the chondrocyte cells fromthe growth
nmedia to the transplant nedia is required. The chondrocyte cells can be

transferregh Figom, tie a@fm%bo@‘ecth@romthea frdlede st wPking. ctititheyi3e versa
at any point |n t'he culturi nge process dependi ng on the particular condition

of the chdiiogy diafeetes and @tag%"'ablgrt@vm\teafth@hlel%@hmte@st@mdel|s
and/ or 't heaoCaatlier 6’&5&«{%% h&Bh-of iRFpjaRBarleORtichs 901 For eRBRidIEr 10 the

growth nmedia or in trans nee € soa into the support
matri x forfoa peosbdprﬁce@ulrgs,abﬂlﬁ dta:Bnatmrr sofbeW@trblnth adwrtzaht a4 ois to all ow

o e o L 5.5 PURDSho She RRBH AEREPCB e b o0 IR

growt h Within and iongitudinally 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 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 cartilage defect and excludes fluids, such as blood and other
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medi a or transplant nedia, whichever is being used at the partlcular st age
of the culturing process, nust be replaced, for exanple, abolit] §W§Ey2@@3to
96 hours dependi ng, for exanple, on the nunber and viability of e cells
VWhile this invention has been described with respect to specific

enbodi ments thereof, it is not limted thereto. In its nost general sense,
this invention enconpasses essentially any article (and use thereof)
conprising a support matrix, preferably flexible and pref? % Jossgsor babl e
in a living 5 ich support matrix,acts as a support for [Tving cells,
which are typically grown thereon for sonme mninum period of tine and

Ste?lgf ?g? [ Lgﬁéﬁeg‘sﬁ%é%#’aﬁm e xt%PF'Q%/eo\rf;{)%ry?aié 9% ?%#eq@g%oF F matrix
provi des suldi aisenthaphywocalr mdregroutwatdlyt daserp| grippihge edBemtsTHE SHEET

RULE 26 ~ ~ 119 5 EP 05993 ticl
1£aci | i ta% e ?r@c%&bﬁ?aaﬁoﬁ afcwaégmt%énﬁ'ﬁm’ﬁmga?”%r? %E@éggﬂrj IR%BE? npl ant

it into a Iafticmeg2b%\/theThﬂpﬁalml@w¢mgcteclzald§"e ta'%%&ﬁ@lé%@"@tél@%@é&@éh)lo be
construed to cover not only those embodi nenfs of this invention disclosed

above but ameyedctowarer aad [awai Krambde ﬁéﬁt,sgrlpamgaﬁtegnams 4duene@agat s of

nvent 1 on par eidERdr RECRPO cbrel 320 aR re Hfipbad s0GRl edh PHE T L7, i
the true spgmpmmgrmhaanepe(asf hamdle 38\iemhbued tﬁu%tﬂl ﬂf‘LéI’lEsSFEEé’nd Ry 26)
from each other to release the grip (as handie 38 is moved away from
the user). Such telescopic movemént may be controlled by a biasing
element (not shown) disposed within handle 38 which allows injection
channel 34 and gripping elements 42 to be slideably advanced and

retracted within working channel 42.

Figs. 5 - 7 show a typical arthroscopic procedure for implanting
implantable article 22 at a site of implantation such as knee joint 10.
Defective cartilage 18 is removed from the site of defect, preferably to a
depth above subchondral layer 44 leaving a well 46 (See Figs. 6 - 7).
After cartilage defect 18 is removed the defect site is prepared to
receive implantable article 22. If the subchondral layer has been
disturbed to the point that bleeding occurs at the implantation site, the
site may first be covered with any absorbable material which acts as a
hemostatic barrier.

Otherwise, site preparation may include injection of a biocompatible
glue through needle 36 into well 46. Such a biocompatible glue, seen as
adhesive 48 in Fig. 6, may comprise an organic fibrin glue (e. g.,
Tisseel®, fibrin based adhesive, Baxter, Austria or a fibrin glue prepared

in the surgical theater using autologous blood samples).
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1 1FEBZ20fI3-26 Wat is claimed is: 1. An instrunment for introducing an

i npl antabl e article conprising chondrocyte cells on a suppor { 0%, a
site of cartilage defect in an aninmal) the instrunment conpri gi ISFF(%)z[i\m

tubul ar outer sheath, said sheath having a proxi mal end adapted to be

di sposed at a user end of the instrunent) and a distal end adapted to be

di sposed at the site of cartilage defect; (b) a handle and tel escoping

el ement di sRaSsshopb | €ast partially within said proximl magkresossai d
sheath; {c) an injection channel partialely disposed within said handl e and
extending fromsaid proxinmal end to said distal end of said sheath; and (d)

gri pping el ppMritablet %ena@ bo ?%ﬂoaﬁyeé@mbnaw@l@m@d afifheAda, eshd 0 Ori p
and rel ease the inplantable article upon tel escopic novenent of said handle

in said shef@ligd imto Ansnlrﬁtqyunﬁﬁ@abamaﬁgh@wncmafflm B lStth@mgfsqnaginim
further Conggggl@ge@nﬁ?@r&s% gﬂ?%%“g%?@@%éﬂd %?"é]—t m%%u%é sai d

sheat h and to exclud e Site o til'age defect.
. A3. AYYE. Al SOAArYbhECEHe YniXgdBEeABD. now,mgmmpasamt,abmm;clg@o AntARl itA. AF(@ A

X T U ——
] caU] ca] c( athardmdi k8 Cr‘éﬂe‘é@ledaﬁr@ﬁ] ]rﬁtﬁh& calba{enids cad c dmaMinéoited using

Frivemg#as#A#{vql gb\ W] caU ca] cahca ca] car]{ca] ca) caj ca] calca] calU] calc*a] cal]c

a] ca] ca] ca] @4Pe4 @glends &4 eaplavre 4Py g]lcasaqthgq]]sc\gorkmg channel 2.
A#DHORKHO#V,

cal ca] ca?ca]ﬁgfs@%%g B)' a%ii 9 cg c(oaaé(:h r?cezla:lb]ﬂ‘(]:é ﬁ{! ﬁ:sg] 211]:22]
ca] ca] cal] caQ@ a9 ¢rQi'a0dUC$©)BZB%‘SB Vi3 66ﬁ088m5truments to access the

a]/\i;fzafzé]_c %@E%% %]l] %E%] igas}fg ;?]}J@?Aa%c g ae&fi%ﬁfslca Ca%;%@r%g&%g% ca] ca] ¢

DDI}%WDFMESF&nipuIated such that rough snde 23 of implantable ]artlcle 20 facesU] ]
K%K ( K+K5KPKWKd L NKP9 Yzu C calU ca]c*a
U] c*a] caU] c¥Fta ﬁ?}scaf@ume E?d]‘c‘é(?)] %\‘f&g]% aﬂ‘ﬂﬁsc‘iﬁ gglﬁ %a] c(au
c(a] ca YSYYNYPAERYaH bidd irhplantable dtticle 20 in well 4

d>f Rf ngggggag| wr | gb\ W] caU] ca] c(a] cal] ca] ca] ca] ca] ca] ca] ca]cal]ca]c(a]cal]c
a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c&aU] c&a] cal] ca] caV] ca

i/]|koooo W
g&x&hyyzzzﬁm&%@% ]éca c'a ca] ?731\/] cr‘han al Et ntml lﬁ%ns] gugfb]acs ajcall c
a] ca] ca] ca] abkjarhpble] @wcaamqmrsalﬂata]vsa]oca]sua.]r@a] @arezwWsed8itp secure

L] A R i s 1

- F%<@CESnu) Sorhbrierdialle laVhnablea]lsatjdea dapalyrhat ¢ pld, c Ed: almstiat c8bRas) ca] ca] ¢

5] Fo5PSonUE BTGP DY Lof a4 B1EM PAF CHOPOAIERA R oS DA B Pk 0] ) ca cal

ca] ca] ca] Caﬂmﬁ]érﬁb&ﬁﬁl&ﬁa]ﬁﬁ%éaﬂwﬁﬁﬂd%] Rédd A Ealfeafetiullar channel 54
j Fb5PSbnut zt oi d_Z] ca] ca] ca] cal] ca] cal] ca] c8a] caU] cg%‘ %Lca ca] ca] ca] ca] caj ca

] ca] ca] ca] c¥jtbl] 83 H&arapeg) eanaraupssfenuings, eiEnsiansTafnvs. () -
Lovoe: () - POGDILVETY TDIREPRIIATHR, Y RISy P POLEARRY s viove: ¢
)-m 1000 - 15 mm in length, head 52 is about 4 mm in diameter, intramedullar

channel 54 is approximately 1.2 mm in diameter, shaft 56 is

approximately 2 mm in diameter, and retention rings 58 are about 2.5

mm in diameter. Retention rings 58 serve to anchor pin 50 into healthy

cartilage surrounding the cartilage defect. Pin 50 is formed from any

material that will not harm the body and can be absorbed or otherwise

broken down by the body after a period of time. For example, pin 50

may be made from polylactide.
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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.

As shown in Fig. 6, a second access channel having one or more
channels may be used to allow access of instruments to the site of
implantation to assist in placement of the implantable article, adhesive
and/or mechanical retention means, or to allow for access or
visualization instruments to the site of implantation. Such a separate
access channel may also be used to perform one or more of the
functions described in relation to arthroscopic introducer 30 or other

arthroscopic instrument.

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. 9 and 10, the above procedure is
modified to include placement of a hemostatic barrier 62 in well 46 prior
to placement of implantable article 20. Hemostatic barrier 62 inhibits
the growth or invasion of vascular tissue, osteocytes, fibroplasts, 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
optimize formation of cartilage and to achieve growth of the full’
thickness of cartilage at the defect site. Preferably, the hemostatic
barrier is stable for an extended period of time to allow full cartilage
repair, and then will be absorbed or otherwise broken down by the body
over time. A suitable hemastatic barrier is Surgicel® W1912 (Ethicon,
Ltd., United Kingdom), an absorbable hemostat formed of oxidized

regenerated sterile cellulose.

SUBSTITUTE SHEET (RULE 26)



109 ()-Z 10a&& X((()))dE:/ 10 10<109%& ()- F5S109%& ()- F210%& ()- Fy, 109%& () -
F$109%& ()-F - 10%& ()-)),)8) §{)6*k*xY:/ 1010%& ()-F 10% ()- 14 FEBR 2003
MLOY& () - L! FT109& () - 3109%& ()-"S3109%& ()-Y 10K**+++-\.dE: /
10Y2109& () -zl S&109%& ()-3 @109 ()- 109%& () -
109&' ()-10% ()-\.w. X.y.z...NOX2~ @ 10L10% U& ()-F10% U& ()-!j FLOYN& () - #
10% U& ()-Y 10 10 10@10% () - X2555666/ 6p6_@

WO 00/09179 PCT/EP99/05993

- 18 -

The above described surgical instruments are manufactured from any
material, such as metal and/or plastic or silicone, suitable for making

disposable or muiti-use reusable surgical instruments.

Certain aspects of the invention have been exemplified by using an in
vitro system to study the behavior of chondrocyte cells when in contact
with different support matrices.This in vitro testing predicts the ability of
certain materials to mechanically withstand the arthroscopic procedure
and also provides information as to chondrocyte cell growing behavior. .

These and other aspects of the instant invention may be better
understood from the following examples, which are meant to illustrate
but not to limit the present invention.

Example 1

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

the Class 100 laboratory.

A support matrix material, specifically a Chondro-Gide® collagen
membrane, was cut to a suitable size to fit into the bottom of a well in a
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NUNCLON™ 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® chondrocyte cells in 5 ml transplant media were placed directly on
top of the support matrix and dispersed over the surface thereof. The
plate was incubated in a CO; incubator at 37°C 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 removed from the support
matrix by rinsing it with medium or even by mechanically exerting mild
pressure on the matrix.

At the end of the incubation period, the transplant media was decanted
and the support matrix holding chondrocyte cells grown thereon was
cold refrigerated in 2.5 % glutaraldehyde containing 0.1 M sodium salt
of dimethylarsinic acid, added as fixative. The support matrix was
stained with Safranin O for histological evaluation. A black and white
copy of a color microphotograph thereof is shown in Fig. 11A. A color
version of the microphotograph is also submitted as Fig. 11AA to better
illustrate the features of the microphotograph.

Example 2

Chondrocytes were grown for three weeks in the growth media
described above in 2 CO; incubator at 37°C and handled in a Class 100
laboratory at Verigen Transplantation Service ApS, Copenhagen, DK or
at University of Libeck, Germany. The cells were trypsinised using
trypsin EDTA for S to 10 minutes and counted using Trypan Blue
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viability staining in a Blrker-Tlrk chamber. The chondrocyte cell count
was adjusted to S x 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
suitable size fitting into the bottom of a well in the NUNCLON™ celi
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 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 COIZ incubator at 37°C
for 3 weeks.

At the end of the incubation period, the transplant media was decanted,
and the support matrix holding the chondrocyte cells thereon was cold
refrigerated in 2.5 % glutaraldehyde containing 0.1 M sodium salt of
dimethylarsinic acid, added as fixative. The support matrix was stained
with Safranin O for histological evaluation. For immunohistochemistry,
collagene membranes were fixed in methanol-acetone and stained for
aggrecane and Type II coliagen using rabbit anti-human type II collagen
and mouse anti-humane aggrecane. Primary antibodies were visualized
using fluorescent secondary antibodies. A black and white copy of a
color microphotograph thereof is shown in Fig. 11B showing
chondrocyte cells 24. The color version is also submitted as Fig. 11BB to
better illustrate the features of the microphdtograph.
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During the three weeks incubation period on the Chondro-Gide® support
matrix, the chondrocyte cells were observed to have grown and

muitiplied on the support matrix building clusters in the center of the

carrier and lining up along the surface.

Example 3

Chondrocytes were grown for three weeks in the growth media
described above in a CO3 incubator at 37°C and handled in a Class 100

laboratory at Verigen Transplantation Service ApS, Copenhagen, DK or

at University of Libeck, Germany. The chondrocyte cells were

trypsinised using trypsin EDTA for 5 to 10 minutes and counted using

Trypan Blue viability staining in a Blrker-Tlirk chamber. The
chondrocyte cell count was adjusted to 5 x 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
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 maedia 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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The support matrix holding the grown chondrocyte cells was then
incubated with collagenase for 16 hours. The support matrix holding the
chondrocyte cells was then centrifuged. Cells were seeded on a
NUNCLON"™ plate and an aliquot counted using Trypan Blue viability
staining in a Blrker-Turk chamber. A microphotograph thereof is shown
in Fig. 11C. The total calculated cell number was found to be 6 x 10°

and the viability was > 95%.
Example 4

Animal studies were performed in the facilities of the University of

Libeck, Germany.

Four 7 mm diameter round cartilage defects were induced in the
cartilage of the knees of two sheep. All interventions were performed in
i.v. Ketanest/Rompun total anesthesia. The defects were induced by
drilling two holes in the cartilage of the weight bearing areas of the
medial femur condyle, and two holes in the area of the femuropatellar-
and tibiofemural articulations. In the two areas of damage, one of each
of the two holes extended through the tidemark of the cartilage and
subchondral layer over the bone, while the remaining hole at each area
did not extend through the tidemark of the cartilage and subchondral
layer.

At the same time a piece of cartitage had been harvested from a non-

weight bearing area of the sheep knees.

The chondrocyte cells produced from this cartilage were grown on a
support matrix according to Example 3 for a period of six weeks.
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The chondrocyte cells loaded on a Chondro-Gide® support matrix were
then implanted via an arthroscopic surgery technique. Fixation occurred
in one sheep by gluing the matrix to the treated area with fibrin glue,
and in the other sheep the. matrix was fixed using polylactide pins as
described above according to the present invention.

The sheep were kept isolated and the knee was kept in a fixed dressing
for one week.

Afterwards the sheep were free to move around. Evaluation of the joint
showed a healing of the defect, the attachment of the cell-support
matrix implant to the site of cartilage defect, and regeneration of the
cartilage at the site of cartilage defect.

Although the above discussion pertains in part to a process for growing
chondrocyte cells on a support matrix in glassware such as a NUNCLON™
plate and changing the growth or transplant media as required for
proper cell culturing, the present invention also includes a method of
growing chondrocyte cells on a support matrix in a bioreactor such as
bioreactor Model No. 1302 available from MinuCells GMBH Ltd., D-
93077 Bad Abbach, Germany. Using a bioreactor, constant flow of
growth or transplant media is passed by the support matrix, and
chondrocyte cells can be grown on the support matrix at a faster rate
without having to replace the growth or transplant media, for example,
every 24 to 96 hours as required when using the NUNCLON™ plate. It is
understood that using such a bioreactor causes angled growth of the
chandrocyte cells due to flow of the growth or transplant media through
the bioreactor. A microphotograph of chondrocyte cells grown on the
support matrix in the bioreactor is shown in Fig. 11D.

SUBSTITUTE SHEET (RULE 26)



10% u&' () -

F10% & ()- F10% & ()- FF10% & ()- Y10% & () - Y10% & () -

10< 10< 10<<10%& ()-, 109%& ()- 3(10%& (?

810%& () - Su) 3xdEmbC 10 10% u& ()-510% u& ()- 10% u& () - flO% u& 1HFER 2003
10% u& ()-Y 1 F10% u& ()-1 <bC 1010% & ()-# 10% & ()- 10-u 10-u

10- u<10% u& () - Y410% u& ()-/10% u& () - y<&EbC 10F10% & () -

10( 10( @ <10% & ()- O010% & ()-3*10% & ()-310% & ()-G

WO 00/09179 , PCT/EP99/05993
- 24 -
Culturing of the chondrocyte cells, whether cultured in glassware or on
@ support matrix, can take place in the growth media for the entire cell
culturing process or in the transplant media for the entire cell culturing
process. That is, no transfer of the chondrocyte cells from the growth
media to the transplant media is required. The chondrocyte celis can be
transferred from the growth media to the transplant media, and vice
veérsa at any point in the culturing process depending on the particular
condition of the chondrocyte cells, the stage of growth of the
chondrocyte cells, and/or the condition of the patient. The chondrocyte
cells, whether in the growth media or in transplant media, need to be
soaked into the support matrix for a period of only about 2-3 hours
before transplantation to allow attachment of a sufficient number of
chondrocyte cells to the support matrix.

Where a bioreactor is not used, it is also understood that the growth
media or transplant media, whichever is being used at the particular
stage of the culturing process, must be replaced, for example, about
every 24 to 96 hours depending, for example, on the number and
viability of the cells.

While this invention has been described with respect to specific
embodiments thereof, it is not limited thereto. In its most general
sense, this invention encompasses essentially any article (and use

thereof) comprising a support matrix, preferably flexible and preferably’

absorbable in a living body, which support matrix acts as a support for
living cells, which are typically grown thereon for some minimum period
of time and attached thereto. Such attachment may be by virtue of cell
growth penetrating the surface of the matrix. Preferably, also the
support matrix provides sufficient physical integrity to the implantable
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Fontl# 5 implant it into a living body.

The subjoined claims theréfore are intended to be construed to cover
not only those embodiments of this invention disclosed above but also
to cover all such embodiments, variants and equivalents of the
invention as may be made by those skilled in the art to which the
invention pertains, which embodiments, variant and equivalents are
within the true spirit and scope of this invention.
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What is claimed is:

1. An instrument for introducing an implantable article comprising
chondrocyte cells on a support matrix, to a site of cartilage defect in an
animal, the instrument comprising:

(a) a tubular outer sheath, said sheath having a proximal end adapted
to be disposed at a user end of the instrument, and a distal end
adapted to be disposed at the site of cartilage defect;

(b) a handle and telescoping element disposed at least partially within
said proximal end of said sheath;

(c) an injection channel partially disposed within said handle and
extending from said proximal end to said distal end of said sheath;
and

(d) gripping elements attached to said telescoping element and
adapted to grip and release the implantable article upon telescopic
movement of said handle in said sheath.

2. An instrument according to claim 1, the instrument further comprising a
cap slideably attached to said proxima! end of said sheath and adapted to
exclude fluids from the site of a cartilage defect.



