peSE W. rrsu: uowe<wiw~2 x METHODS, | NSTRUMENTS AND MATERI ALS FOR

* CHONDROCYTE CELL TRANSPLANTATI ON FI ELD OF THE | NVENTI ON The present
invention relates to the field of chondrocyte cell transpl antmﬂﬂmumlmmmul\
and cartilage grafting, healing, joint repair and the prevent

arthritic pathologies. In particular, the present invention is dideehed to
new net hods and instrunments for chondrocyte cell transplantation and
cartilage regenerati on. BACKGROUND COF THE | NVENTI ON More than 500, 000
arthropl astic procedures and total joint replacenents are perfornmed each
year in the United States. Approximately the same nunber of simlar

procedures are pertormed in Europe. Included in this nunber in Europe are
about 90,000 total knee replacenments and around 50, 000 procedures to repair

defects in the knee. I?’?lgb UW sAqﬁsl me in the U S
(Praener A., Furner gE c§e’, . @@Eﬁ;ﬂgcu OR@TI’:‘NIAFL@&% itions in the
United States, AnericarCHONORGCOIE CELhIRAAGRLABIIAGEON, Park R dge, I11.,
1992, 125). A nethod for regeneration treatnment of cartilage woul d be nost
useful and could be performed at an earlier stage of joint damage, thus
reduci ng the nunber of patiergigipesdrag iIENTION | 0 Nt repl acenent
surgery. Wth such preventive nethods of treatnent, the nunber of patients
devel opi ng osteoarthritis would al so decrease. r A- 2 Techniques used
for resurf g ar S ur t ted to
i nduce thea'(ng;)a H%% Eca’ﬁvej’rﬁé@e Le’glé% stﬁ)bc gjngtéai dri I?T%Hakﬁregs{:%gpand

ot her net hdda;nsﬂlmtebpnt bene arsl @ardiaeg'eograMn@u ezlyw] jonttriepagearahthe

subchondr al a ri.zed c u n lnsall, J.,
Qe rt s egan SRS aRoRld & p BRI, g BRESHEBRE e "1

74; Johnsonditectéd , tcbnn@aerﬁtathedﬁrbhﬂosmt@wmewbﬁ iy dholirociek | cdfaven
Press New Yor k, 1991 . Coon and Cahn (Science 1966, 153, 1116)

descri bed érqmﬁﬂﬁﬂgnf%d F%”Qﬂﬂ FRARREFAMOHT cartil age synthesizing cells
fromchick enbryo somtes. Later, Cahn and Lasher (PNAS USA 1967, 58, 1131)

used the systemfor analysis of the i nvol venent of DNA synthesis as a

prerequi site for cartil agBAGKGROWND QF THIF. INSHWMBIQ¥yt e cel | s respond to
both EFG and FG- by growth (Gospodarow cz and Mescher, J. Cell Physi ol ogy)
1977, 93, 117), but ultinmately lose their differenti at ed function (Benya et
al., Cell M@ than 13339,000et lkodwoplastigr omiongdul'mdrarcdyt gota! | joiner e
descri bed and, are r| nci aII be| n useg wi th mno

b
Brittberg, E/Plaéfe (r‘?é' rm% 1664, I@31{:"'988 nslt;[egglmﬁgat govvn usi ng

t hese net hoxlfprmlhﬁat&éﬁpﬁ\@gam@ Qilm%@bl%ftsrrﬁmérpbﬁﬁe@ulréi @ré&Refdreiat m of
patients. Add| tional l%e,-p Kolettas et ai. Sci ence 199S, 108, 1991)

exanmi ned t F&"BRGr EXLHEERA 41 tE'&r@Vmﬁﬁ’él%Séé‘?ﬁq ér‘?rﬂlbéé’&lg& Qi dRtaknEs | agens

and prot eO%FFa%@ﬁméHﬂfr'eénd”a%Qﬁ'@eSb egblpfdébaurémo reayr ernds tiRagnedespi te
nor phol ogi cal changes during culturi ng i n nonol ayer cul tures (Aul thouse, A
Y

et al. |nKHEFrJh@§¢fan@berSBar@ essendigdy the, sammAheHéuS (Bragmen. , J. Cel |

Sci . 1990 n
Bonavent ureF%Fge'S R'& S[Exsa @ef‘%ﬁlﬁﬂe'&%ﬁﬁd'ﬁ@s '5‘7?bk et%%cggnagar ed to
suspensi on PdUEltluaresAcgld@mny mfeﬂrd:waede: Sekrgeorsd, gPackt Ridgeddlior 1882 spi nner

cul tures (rre?t ining a round cell norphol ogy) tested by various scientists
did not cha g:'@ t he

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 osteocarthritis would also decrease.
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( & - 3 chondrocyte -- expressed nmarkers such as types Il and | X col | agens
*and the | arge aggregating proteoglycans, aggrecan, versican and |ink

* protein did not change (Kolettas, E. et al., J. Cell Science 1995, 108,
1991). Wakitani et al. (Tissue Engineering 4 (4), 429 ( 1989) described the
use of collagen Type | gels in animal experinments to repair cartil age
defects. In all instances, the major problemwas the | ack of bionechani cal
properties required for functional tissue repair. The articul ar
chondrocytes are specialized nesenchyqred -derived cells found exclusively in
cartilage. Cartilage is an avascul ar tissue whose physical properties
depend on the extracellular matrix produced by the chondrocytes. During
endochondr ossification, chondrocytes undergo a maturation |eading to

[ g rron
cel | ul ar hyREYYRWH USEAatUCIRsMASH D FNe HETBIRSS: SHHCHLBr Bs 498K d3Veype X

col I agen (UpBH . atténBted@nd fARRR. tR rBpair! &% c%ﬁlébéﬂ%r@@%‘oﬁ'ﬂrﬁpeﬂ S
(Hall, B. & Newman, S., Eds.) CRC Boca Raton 1991, 743, Reichenberger, E. et
al ., Dev. Hrdling]losmasiong argbnthir rekhods wheedby, thifd dsemkrigtdronef 1992,

52, 89; St M._.et y I j 1 1 1111 ive
degradat i oﬁagg ydpe CFF&@%}EI a%r(i% icgﬁjlbtcngﬁgm‘er'?&%/er %%’c\)’fgir t\%a(:sﬁﬁfa%?%ar faces
of joints ianzkdoushuswdehyosest eoaalihdi, tCldn, Thdhopol1BFENLOEL BOr KFicst

accor di ngl akened d suhseque vel o fibril|lation erepby matri x

subst ancgsyPS'\t,J\@h Egs‘?”p'r @'@oérg@ﬂslg}réeyﬂggt e)é‘ﬁgfmuLi Iiy' o #ﬁ%@é&

entirely. SQuehrddcbbl! MGty PfB.\/\@@ge@%&w@é%?NéW YoHs, p@yi,iéagﬁ can reach
e

down to the calcified cartilage and into the subchondral bone (Kenpson, G
E. et al., Biochem Biophys. Acta 1976, 428, 741; Roth, V., and Mow, V. C,

3; Bone JolchorPrafthn, (838hc 28661 183, 1148 dSackped's Bhn e ff N dbooK
ﬁ%'{?bl gpi. céﬁmufl?jum? éorfoga_rttq?g_e ?ﬂmémihgnselm fmdngrcﬂ'izilsk (Eemzm (?itmk':rgmss'uch
Connect ve AES G E A DL SFiTAA Iar WRAETE  SEvndadd e g 1S

Dani el s, Fuyoetdrangdis kifsthel adxlvementdr tDon dybithesibidd alprdragstspaeforLondon

1987, Chp. 4). Descriptions of the basic histol o%i cal anatony of defects in
bone, car t 928 IEnEITEr BRY 2GRN AOCY i SRits EBSPONELR BNy BEfaebFGExanpl e

i n Wheat er, o ; } Cy H qxp,g,rs , hil |
Li vi ngstone?ﬁggﬁygﬁl,(%gé,aga@.egﬂ : Ae\ls?ﬁ%{jgjﬁwt:?\lz n egﬂé%ﬁy%gg?g;%%yte cell
t ranspl ant atlDn hwdsulbemtetiese thetr differemidatedatunctiast(Banyahet abote!l

rent i oned IRIAS egede 1 b SISLRTLR AW IRt Moy BALLR AL ARRCp fect i ve

procedure for TCar age’r epal ransp I'on or ot herw se.
and are principally being used with minor adjustments by Brittberg, M.

et al. (new Engl,, J. Med. 1994, 331, 889). Cells grown using these
methods were used as autologous transplants into knee joints of
patients. Additionally, Kolettas et al. (3. Cell Science 1995, 108, 1991)
examined the expression of cartilage-specific molecules such as
collagens and proteoglycans under prolonged cell culturing. They found
that despite morphological changes during culturing in monolayer
cultures (Aulthouse, A. et al., In vitro Cell Dev. Biol,, 1989, 25, 659,
Archer, C. et al., J. Cell Sci. 1990, 97, 361; Hanselmann, H. et al., J.
Cell Sci. 1994, 107, 17, Bonaventure, J. et al., Exp. Cell Res. 1994,
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



BRI'*EF SUMVARY OF THE | NVENTI ON The present invention provides an
i npl antable article including a support matrix which can support the growth

- and attachnent of cells thereto, and a nethod of inplanting such an article

to regenerate cells at an inplantation |ocation. In one enbodi nent, the
present invention provides a nethod for the effective treatnent of
articulating joint surtace cartilage in an aninmal by the transplantation of
an inplantable article including chondrocyte cells retained on an
absorbabl e support matrix. In one enhodi oent, the support matrix is made
fromcol |l agen such as Type | or Type Il collagen, and the chondrocyte cells

are, aut ol OGRAARbe OOl BAMSCdTRE kRl ARFARL B/ by B €bAsGI ohs seour ed

d
to the transp lon sSIt adhesi ve or’ nec a_nl ca rgtentlon neans.
The pr esentthelgrge dggreglasiogi protieogigcans, taggaacamsversiantarnalinklpaotaiy and

oul at i o I ol ; ) ol i on.

and o1 ot et Gt aaTeR B RE i e G ARRER RR08 108 399 T he st e of

i npl antation. The present invention is also directed to an inplantable
ticle f til ir imal, the j t abl ticl

el udi ng CHERERHCSE - SERye AaeRind 8 U 40 i o SR hst: (TSt x and a

met hod of r@@oﬂgggﬁﬁ?peﬁggi%ﬁ B ENehtd b rERAWRIERagBe dteeg et

invention may be” better erstood by reference to the descCription which
fol | ows taKenalloietangesw the rhejoacersdemyiwas fthgulask ehilkiamadhasiceht e t he

present i n&ﬁggé&%sm%%@eraz @Ezgnc&ﬁazgf%\é@eqebgm cal articulating end of a

bone in a el avin n-ar rng-surface with a cartil agi nous
cap. Fig 1B shows a cartilage defect or injury to a cartil agi nous cap of an

articul ati end.of a bone. Fig. 2 shows one enbodi pent  of an | ant abl e
2ol e acaDFAPI A CHENAIRER o AueRy e CF TG coeBNBIA TRt acheels
i mpl ant abl ¢o@fd | Sl@udifelli B cArtiBYe bEadtiRies fd ahobvasmlIaNtREL&NwWhBs@n
arthroscopi c introducer such as that shown in Fig. 4. Fig. 4 shows an
ar t hr oscopiPYFitel paeRetiesodenanst antthegexthecs amatikeProduced dyathe he site
of i npl ant ahbABroFREL" BLAAG et dbPRoRE ST 28bifiYER! ERéhdrocytes 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, 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,, J.

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 osteoarthritis 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).



- 6 Fig. 5is adrawing schematically illustrating the placenent of the
"inplantable article of Fig. 3 at the site of defect or injury in the
- cartilaginous cap using two access channel s which can acconmodat e
arthroscopic instrunments. Fig. 6 is a schematic cross section of cartil age
with a defect or injury which does not extend into the subchondral |ayer,
and an inplantable article according to the present invention secured by
adhesive to the site of defect or injury. Fig. 7 is a schematic cross
section of cartilage with a defect or _igjury which does not extend into the
subchondra! Layer, and an inplantable article secured to the site of defect
or injury by a nechanical retainer. Fig. 8 illustrates one enbodi nent of
t he nechani cal retainer used to secure the inplantable article to the site
of def ect orDesgriptipns Fofy.the ibask demelopmentcr bistolegicel amabfmiciesddpigie wit h

a defect or _njur lch extends into t S h ral. |l ay

I mpl ant abl e azﬂa#?@lx'ecv)\g(p%‘ﬁdi% 'Ea(g?t ﬁ'égpqtggéﬁﬁ%ﬁngﬁ%%éweség%‘feesg@ggﬁg%hesi ve

to the sitefoiindebeakambld i Wheatkt, Burkitt iahdaDssiletyyEHUnctionasHistelogiypn of

cartilage with a defect or inj ur%ﬂwhl ch extengggl Eho t he subchondral | ayer,
f

and an i npl Znt SHEOMEENEIOILbiREIoRS LA e 8t 8¢t DEFCTRfions Oby a

mechani cal rgEkahdgs -h.iﬁbﬂﬁg}éiﬁ bSadny ¥ekdarBesWH bBneOoRY kg &/ Yther

m cr ophot ograph of hi stol’ogi cal specinen of a solid support matrix at the

begi nni ng ofcoshetivedisseecalsd carodbenfaunsl éamexample .in Wheater, Burkitt,
Stevens and Lowe, Basic Histopathology, (Churchill Livingstone, London,

1985, Chp. 21).

Although the need for chondrocyte cell transplantation has been
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 celis 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



Figr 11AAis the color mcrophotograph of Fig. 11A. Figure 11B is a bl ack
"and white copy of a color mcrophotograph showi ng the support matrix of
"Fig. I Aloaded with chondrocyte cells after three weeks of chondrocyte
cell growth thereon. Fig. 11BB is the col or m crophotograph of Fig. 11 B.
Figure 11C is a photograph show ng a support matrix farnmed of collagen
havi ng chondrocyte cells grown thereon, shown by i munohi stochem cal
staining. Figure 11D is a photograph showi ng a support ratrix forned of
col I agen, and havi ng chondrocyte cel FsSgrown thereon in a bioreactor
system shown by i munohi stochem cal staining. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON A pthrgetiosedndbovetentne devlier forf sequring bise ibotBntalier artisdg ti | age
darmage and C . r is the knee. Fig. I A shows a typical
articul ati ﬁg%hﬁcfﬁt%f&fd%ﬂﬁ%%ﬁna human knee joint 10. Knee joint 10 is
formed by the juncture of fenur 12 and tibia 14, and healthy cartil age 16
covering the articulating end of- fenmur iZ, Fig 1 B sho a circular area of
defect or iTﬁ‘jeuPyesl@t(Hé’ tiear eI Rifested %%bt'”ﬁ?”eﬁ?’%aﬁ'?'ﬂeaé%r 16 The
present invgpijage irBphitd&d fakhirha9€ thePahiplaARIbA! arfiEle! MRLRAIMY | ON

met hod and apparatus for such an inplant. The inplant conprises a support
mat ri x and caanerasysaiscalls metmnedoits ah@hfoseydle SePPert évaliriedncther eon.

g _ Ceneral r trix is a material which will support

chondr ocyt gl‘éc(tglofdhgr@\%ﬁﬁ‘%a%adﬂ&hi ch, over tine wit! be absorbed in a body of
a patient receiving the inplant. The transpl antation procedure may be by

arthroscopic, mnimally_i Y e Lque. The nethod of
the invention al so conéghﬁggémgTﬁgﬁ%ﬁ%% béﬁl"@?\gﬁ ogeni ¢ and xenogeni c
chondrocyte cells for the repair of a cartilage defect. Fig. 2 shows such

an inplant._ Mre specifically, an irnplantable article 20 includes a
support matlhexPreseRhvnMente MarYcle deskar Yynoarsteedi hedefeieped o Wesuit abl e

support matLkX. i i b ) ized by
ber ng. abl o Cee el e bRtk todel ke 1BEHCBMbar LB o] Y, 1
of chondr ogyhtigs iltstiase tthe peesentdovantief evieereirdnspl ant and after transpl ant,
and to provide a systemsinilar to the natural environnment of the
chondrocyte cells to optim ze chondrocyte cell growh differentiation.

Fig. 1A shows a typical articulating end of a bone in a knee joint having

an articulating surface with a cartitaginous cap.

Fig 1B shows a cartilage defect or injury to a cartilaginous cap of an
articulating end of a bone.

Fig. 2 shows one embodiment of an implantable article according to the
present invention.

Fig. 3 shows bow the implantable article of Fig. 2 may be disposed for
implantation in an arthroscopic introducer such as that shown in Fig. 4.

Fig. 4 shows an arthroscopic introducer for implanting the implantable
article at the site of implantation, according to the present invention.



Support matrix 22 will be stable for a period of tinme sufficient to allow

" full cartilage repair and then be absorbed by the body over tine, for
exanple, within two to three nonths without |eaving any significant traces
and wi thout form ng toxic degradation products. The term "absorbed” is
meant to include processes by which the support matrix is broken down by
nat ural bi ol ogi cal processes, and the broken down support matrix and
degradati on products thereof are disposed of, for exanple, through the

| ynphatics or bl ood vessels. Accordingléy,” support matrix 22 preferably is a
physi ol ogi cal | y absorbabl e, non-antigenic nenbrane-like material. Further,
support matfigx D2ispaefieawlsigy sceematisgabhadustrakiegs sien plagemgnsnef tarati vel y

snooth sid n i Yol Si ) is 3. f

exanpl e, i ?”ﬁ?‘%ﬁ%ﬁbs@ﬁﬁ[%g‘}fcﬁﬁy3f gggspwcasﬁ%i l%ﬁg%@%g?gocrts “iij[@rgn'c? ptﬁérmt es
chondr ocyt ecartildginmgs @abhusingi tveo tdreess _chgnnetsmwdtith siate a2dormynodakel y f aces
away fromcartil age defect 18 and i npedes tissue ingromh. In one

enbodi ment ,a@UWGBP'CHﬁFFﬁ“WeZEtSi s formed of pol ypeptides or proteins.
Preferably, the pol ypeptides or proteins are obtained fromnatural sources,
e. 9., frommanmals. Artificial materials, however, having physical and
chemical prii@et ised Th@FaRtabCEOSSOSEHIOfheptGaAISI8r WEP 02 el8d8Ct-PB ity ur al

sour ces, S f. I i : IS; ferred
hat - support et fos¥ gyt Rkl AR REBLAORRS 1y e ard ahlinRRLRIS! L
user to i naréictenlalceomating dbeth20 peesenbeanrantipol stcedednyy wldaesivet to theto its
ori gi nal shalpe fia pegcri.bed bel ow, during one aspect of the present

i nvention. ASPeFERCER NBIEYG al from which support matrix 22 can be forned
is collagen such as obtained from equi ne, porcine, bovine, ovine, and
chicken. Suitable materials fromwhich support mat_er 22 can be fornmed

i ncl ude Chdi@r d- GePI55(*@”&%%?%55&@@'05\/8?Icéﬁtl”égﬁy‘ﬁg 19 QEEFLagBANIMEY ri x pad,

Ed. Ceistlighi-80 i Sheonati=94 mﬁ%

avai |l abl e t@lglgﬁl 8@% Inageetr%&t?rﬁlét1 ?‘5@ fohaéé‘?glt%d. Geiagt‘igl, ch a(Srf)ejh%g,’ IEFEAeﬂr‘?!and) :
support matartixlegedureddd e sitel ofadgfactropéniury Sysomashanicat réffaénen han a
support matrix fornmed fromcol |l agen Type Il, although Type Il coll agen
matri xes may al so be used. An inplantable article as descri bed above may be

made, for esgmd @lusbrates!dny erthoeivarde arfytiee ceédlmaricalt fataineuppsed toatri x as
described in nore detail bel ow  Far gn autologous inplant, a cartil age

bi opsy fi r SttHEE KBE VEanfaple %Fm%%ﬁ‘ge%éﬁ?%ﬁ%i’%‘a non- wei ght
bearing area in a joint of the patient and transported to the |aboratory in

a growh nedia containing - 10 i . ) .
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.



20% fetal calf serum The cartilage biopsy is then treated with an enzyne

' such as trypsin ethyl enedi am netetraacetic acid (EDTA), a proteolytic

enzyme and bi nding agent, to isolate and extract cartilage chondrocyte
cells. The extracted chondrocyte cells are then cultured in the growth
media froman initial cell count of about SO0,000 cells to a final count of
about 20 mllion chondrocyte cells or nore. Three (3) days before

rei nplantation, the gromh nedia is exchanged for a transplant nmedia which
cont ai ns 10% aut ol ogous serum (that is,7 serumextracted fromthe patient's
bl ood as described below). Then, the cultured chondrocyte cells in the
transpl ant FigdiiaAAris theaotst idrophotbgrepletof #lg Blpport matrix 22, and
continue multiplying to forminplantable article 22. Inplantable article 22
is then inplanted at a site of cartilage defect 18 in the patient. It is
under st ood tifigte BFSCK A1 pldtkHBHALHHRN BByt bPas eebidh I Adaphogsyrapged
slightly, or”scul pted by surgical procedure prior to inpla

accommodat eshthen'tf@blsepmlttl mlagriz®f fige 144 1aadasy %Wb@é@ﬂﬂ@@éev@“ﬁ as the

growt h and C b exanple, in detail
bel ow, star |ng II‘SVE g&td%tca’]cg{ascr télécl)ln %f“% l%{x@lgo(?'gat ory procedure used to

process the harvested cartllage blopsy and to culture the chondrocyte cells

according to th nventl on. herei nafter, "the growh
medi a") us ﬁPB t%ﬁ q{agpfqrpa)a%to&rg%&)?fge ﬁn}g he culturing process and
to grow the cartllage chrondrocyte cells is prepared by m'xi ng toget her 2.5

m gentomycin suflate (concentration 70 mcronole/liter),
anphot er i cifid¢hiers Raphefiggpanh ﬁh@Wtﬂﬁ)F éPPPPEtr maﬁ'éd@ﬁﬁﬁﬁ qu%ias@rme an

anti f ungal abl i bb Qci d 300,
m cr onol ellrﬁ%§ B{)wmfcggé]a é ser (‘al na concentratl on 20%, and

- 11 the rimmundmstdm@vhlémstrmdng to produce about 400 m of growth nedia.
(The sane growh nmedia is also used to transport the cartil age biopsy from
the hospital to the laboratory in which the chondrocyte cells are extracted
and mul ti plﬂcg:@ré Bimor ebtHdredrdpromsHomngaki euppos ceatrix ffugm@datof
appr oxi mat el ){ 000 rpmto separate the pblood serum from ot bl ood

const i t uent<!12gRB. SBFaPaYEG BNORAIOSHYSLRIIS VA thSIEORs Y 2a ‘oéie?%ﬁoér st age
of the cul taystiig RREGHSSy AAFUAMNSBLRE I QeRfiNge. Cartilage biopsy

previ ously harveSted froma patient for autol ogous transplantation is

shi pped in the gromh nedia descri bed above to the | aboratory where it wll

be culture i eparate out the cartil age

bi opsy, ang:)%ﬁ-scar d@gg@gs?%g‘}llo\%afﬁ WTFIQS{SN atory. The cartil age biopsy
is then washed in plain DVEM F12 at Ieast three tines to renove the film of
fetal calf serumon the _cartilage bio e carti bi op S then
washed in £'% %Lﬁsﬁpoﬁb%?fcl?qené?'ﬂh @S)éh% B br?é@g F¥G88 9%bove, to
whi ch 28 mdéma@éléhdflaﬁfedtgoc?f@@m;dc@m@@tﬁeOIEr‘fée .heig. bpfersh@gﬁed tgiplﬂ'f)aﬂ hi s
conposition it 1s incubated for five to tep mnut an

After inculfdtiFHRRt ‘”tghénga‘?ftiﬂlbac{j@ B} 8pRymes &B{%%éﬁ'“gvxb&t BnFﬁrl‘@&mt ?“ié% in the
growt h medimrmed Qﬁ@%@n&@emmmmzw abid he, Tah)ﬂpﬁééltl@,néﬁﬁﬂa?é' he
cartilage is then WEI% Typically, the mni num anount of carti

required tolfgmweaagtﬁ eagaticl @a9t@f tanue 1i2s Figdu® shows ﬁogwﬁ@larA
sonmewhat r C r f

wei ghi ng, fa[]rgscgfplaﬁf%cg |a}s'l iy l?@eﬁ%o (th%réﬂ EEeSd()) egihﬁ%se &‘ﬁ?%tgéné

(concent r atdaotilage0D® enzyrratl c units; a d| gestive enzyne) in approximtely

50 m plain DVEM F12 nedia, and mnced to allow the enzynme to partially
di gest

The present invention 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.



- 12 the cartilage. After mncing, the mnced cartilage is transferred
"into a bottle using a funnel, and approximately 50 nl of the collagenase
and plain DMEM F12 m xture is added to the bottle. The minced cartilage is
then incubated for 17 to 21 hours at 37C, and 5% CQOZ. In one enbodi nent,

t he i ncubated m nced cartilage is then strained using 40 Nm nesh,
centrifuged (at 1054 rpm or 200 tines gravity) for 10 m nutes, and washed
twice with gromh nmedia. The chondrocyte cells are then counted to
determne their viability, follow ng whBch the chondrocyte cells are
incubated in the growh nmedia for at feast two weeks at 37C, and 5% CQz,
during whi clsenerelly hethgr csugparedineatwixs ishzangm(aterﬁualeewhirﬁ owill t$ummsort At

corls are r ENBUBTS Ry apEB AToRhi okBnbRfy B RCAesdaRe TRE R

nmedi a, and tofangfatiehedet@ving tBOSRIpAYit. ME Grae@plaritation grotedOte @&t onycin
sul fate (concentratl on 70 mcronole/liter hotericin
(concent r at iB8nP¥ tHROsEeRISI eninjmally '@Y%sdl%‘gnéﬁﬁoﬂfdhépﬁ y-teghnigite. f Theyal

avai l abl e f rBR3GUbPMe ink: .naﬁ@ é:sascfo%@mﬁla%eg%é%% sr%u&aeﬂeeéwdrgdeggc% 25 m

aut ol ogous bl ood serum ( concentration 10%, he remal
DVEM F12 ned@ing X@qgemmaeombms/teso@Isﬁordhetreammfamcam!aga.de&qtport mat ri x
22 is then cut to a suitable size fitting into the bottomof a wel! in a

NUNCLONTM cel | culture tray, and then placed under aseptic conditions on

t he bottom &fg.t Deshamld suth lanlimpned Mdramtﬁhbllypdinalmmasuﬂétﬁl'ECéerIe nunber
of cultivat cartilage chondroc e |1ion ¢chondrocyte
cells) in aé&r &thdfﬁ 8y5‘§’p°”i(5“ﬁ¥"’bf2% {’\%‘”f‘& M%HFV%&FEE 2% Eeesd soaked
i Nt o suppor tharddn, A aaxtaae%upw»@m&ﬁxappwwn@aé ebid &+ th'é‘lul"l@e Adcafféld and S%
COz to allow the chondrocyte = - cells to continue row. During this
i ncubat i on, ChREEGRGARNM byhsingalble t@rhp%QeStahlecﬁOﬂg‘t B?FSaa?ﬂI'QQdQ%H@et@ support
matrix 22. h 22
SUPpOr t § B AU SR O o b 0B el e RS TR Tk

suffici ent aodbeftet ctram)srptamu;rpamuabbm\&meia:lses@n swrrhutmuto shgnnétiucaint | oss
of the blornechanlcal operties of ppo mat ri x 22 ort matrix 22

al so provi Ft tn cyte

| B e R e e e )

cel I's after growtmairidrentia@bnt he | rrpl antable article at the site of
cartilage defect. In another enbodi nent, followng the 17 - 21 hour

i ncubation period and after determning cell count and viability as

di scussed als@y@ort Fﬁf‘atﬁ vﬁﬁﬂéasfa%hé ?oraéepérfﬁ‘éf‘erﬁSCL‘JFF?ClEH?t& ra"ﬂ?%pl ant
medi a and then grown directly on support matriXx a period at | east
two weeks. Fell isastilbgenreipaimandhtieni hpl asoabed m/rthe,lteocbo ovenpgones fory can be
defornmed w C S t f ceI | s
adher d to SURLIRE” Sl (s, 18SHirE HERAE BRSVCledRocRA MORNERTY ¢
once i npl antiddes antdi Withd} ifsrmimg dduice dlagns datidre pmductsr Thaa peamed on

t he surface, b eated, ,as des ri bed bel qw, Ac ordi ngl and

accor dance V\%??‘IO §ﬁ tI‘ﬁaP‘ez?é‘ﬁgEthlP ?I‘Rﬁroﬁ???é%f Eh%ﬁg éﬁ’ﬁd’d?f"’ﬁﬁ‘trl X 22
onto whi ch ohokeh aiyde W'dé?cuadlebmmalobrd)mded iamda thef birgkdepndommmber ,
tenporarily can be deforned In a way that allows |%s i ntroduction into the

wor ki ng devFEBPBF mtamm%éﬂ@&ﬁéd%&'%md%hﬁ\ﬁrea a8 sEisaRI8 DR 0fon oss of
i ts chondrogyhmpie) tnrbeaﬂ thé“g%a%ﬁ%%rt!ﬂ%d'\;es?él% bReBrdingnd suppbrtt hi s
matri x can be secured Ive or anical retention nmeans, to the
cartil age d&rfgix ;,a2eaareferably is a physiologically absorbable, non- antngenlc

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



W tthout inpairing the flurther in situ differentiation of the chondrocytes
" and the regeneration of the natural cartilage matrix material. - 14

O her aspects of the present invention include instrunents to place
inplantable article 20 at the inplantation site, and a mechanical retention
device to hold inplantable article 20 at the inplantation site. In one
enbodi nent of the present invention, the inplantation procedure is
pertormed by an arthroscopic technique. Fig. 3 shows how i npl antabl e
article 20 can be rolled across the di-apeter thereof to forma spirally
woul d transplant cylindrical so that inplantable article 20 can be

del i vered t gradothMRict 21 | 9picHlllyefidesougiaya fgrh Keagilgganaetec619f agd
arthroscopic introducer 28. A suitable arthroscopic introducer is depicted
in Fig. 4. [mAgdgs tissugringravWitescopic introducer 30 includes a working
channel 32 having a dianeter and |l ength suitable to enter the joint of
interest and to deliver the desired dinension of inpiantable article 20.
For exanpl e,Inf onemboprmemjusmmort lreathixardst é8 fofmedr kf mplypentides 82 i s

appr oxi mat el he | O.cm Wthin
ana | ongtt ARG Ronabe B0y PRYBERRES b HEBIIE G atabenorii

i nj ection charosdl %@@gommglat frogh anaeimalst aabtnec@mdmraeaw@plrﬂawwl e 36.

I njection channel 32 is attached to a handl e 38 whi c i s tel escopi cal | y

depr essi bl e "VIN®RSYSiEal BndI FREMIGROPIRASFRY OFPRIEL'SS0 PRI¥RRRIIARS 8kt ends
the | ength q;frotah%tdrﬁrhaqn?m%'urf?é 3RSy AldPWE sl @Srdrth Baﬁﬁo&hﬁéwrough
to the site of inplantation. Injection channel 34 is noved W thin working
channel 32 B¢.tlsliesdepipceferyechtidtnguppontineatBe 28viarreversibvageformablde

i mpl antatlo o er or
ot her sui tab Hsepgwltgpow’?ﬁ gggl?g gﬁ% H% g%ﬁlglter%tgﬁégrgggﬁqq%mag%) cap 40
surrounds t hmdsmem GétLﬂ'aEtUd Etleardﬁa‘\@lcthwni agxdésmtiteed belale, datinh @se bl ood
and ot her P%@ fluids, fromflowng into the site of cartilage
defect. Int FSHEEE? BT%“@”I’%&% §Por nore outwardly biased gripping

el enments 42 attached to handle 38, for grasping, introducing and placing

inplantable article 20 at the inplantation site. In'use, as handle 38 is
tel escopi cal Prafveas rover@! fremawdicnt ﬁém@fﬁe"@@é?f 23rqaspibRgfasmareit s 42

engage the iBgkde, ofy, oK ﬁgta@g Q"?(]Jm?’% ErdWé/e%oW?’@ gyip@chy g her in
a gripping manner (as hand IS rmve tO\iva d thé user and "away from
each ot her mblmelneésHabﬁﬁan@tepa(sa‘somna\ndlce BPpcst mMakeik Mnfb&)f‘nrmm user).
Such tel esco e control I b bi.asi el enent t shown)
di sposed. vi SVHORGETErSeCat B AR i ald1eie chER 2 URTER a0 ng

el enents 42 gad, bees! | derbiion a%ﬁHQEdS&n&errI%hU%Ct adldwW ChbAdreGidé?y channel
42. Figs. 5 - 7 show a typi cal arthroscopic procedure faor |@]Iant| ng

i npl ant abl e CAMMErdaldn aagxl%{blgﬁty@edf coliageanmatiiy Pad ckd-aSeighiéd PahRe: 10.
Defect i ve caiaumd)t Ao sLBBBMEtharam D Crrhian o dafiesen mypketally Lo @

dept h above subchondral rt%er 44 | eaving a well - 7). Afte
cartil age dépERWhE Fdffeetbard@ sweperéfreatrixifermed frp@papkbapan Tyeedlve

i rrpl ant abl ea"f’trhtogf;lher III éolfa?%{\ Hs&lgant gtl % SIL%%% been di sturbed to the

poi nt that blee ccurs a the site may first be
covered with any absor babl e materi aI which acts as a henpstatic barrier.

O herw se, si [£ atl may | ncl ection of a ati Ie gl ue

t hrough nee?ln ”:’?E rﬁ?‘%l [CIQ@% %?ﬁ?ﬁ‘%ﬁgb?%@&rﬂ%ﬁy Eﬁe"@qbfe%ggﬁ €adhesi ve
48 in Fig. Gy ﬁﬁbtuﬂﬁgpdfhcﬁ’ﬂlraﬁy@f pary enf trhs i supgve ni#trixgas deserld—in fibrin
based adhesi ve Baxt er, Austria or a fibrin glue prepared in the surgical

t heat er usi rﬁﬁo% %‘ia(b'gl?ﬁlgwbl ood sanpl es). -

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



| npl antabl e article 20 previously cut to the desired dinension, and rolled
into a spiral cylindrical shape as shown in Fig. 5 is then gripped by
gripping elenents 42 and held within the end of arthroscopic introducer 30.
Arthroscopic introducer 30 holding inplantable article 20 within its end,
is then advanced to the site of inplantation through an access channel 33,
rel eased fromgripping elenments 42, and unrolled using gripping elenments 42
or allowed to unroll as it exits working channel 32. Access channel 33
includes one or nore channels that allqy instrunents such as introducer 30
and visualization instrunents, to access the transplantation site. Using

gripping el t vl t ahl e bLcLen20 1, S: i at
rough side 29%; F‘?t%Caam gg‘%‘gﬂa?ﬁ%Fg@éa{ea?:@g’s&e'Fraﬂéé‘ogﬁ%ﬁt%g Sﬂﬁ?ﬁﬁha din
pl ace in wekehzyta cumhl @s adipssi vethgBerntedlidrairdeatrandetic nakcid npERMARbIz
article 20 in well . 46. In another enbodinent (Fig.7 nmechani cal. retention
means such J5OOLIGERFEMS ﬁgc,’rbéﬂe'ﬁ'gr g,gerg%pté\l\és%%;ces%]@queé@ra&tec 1395 o
secure inpl aRbRBFcCy8s tdefE ETRO dxirated chBndritytahldefis pirestHed tlebredein
Otho-PinT"' (a commercially available |actide copolugrrer pin, Ed. Geistlich

Sohne, Swit 5% AW Pegia osh@Rs Nt eathsarRtRf AOUaRGLORLFeIHtd 350, In
this enbodi i i : iHat channel 54 within
shaft 56) aﬁﬁﬁéﬁ%@%ﬂ:oﬁ'%%\ﬂfie?’gﬁﬂo@ﬁ&ﬁnﬁggcgﬁ-éél_ﬂﬁ?ig?wﬁgén.si ons of pin 50 wll
vary with the particular use, but, typically, pin 50 is about 10 - 15 nmmin

| ength, head, 52 i Qut 4. nmmin djianmeter, . intr ullar channel 54 is
approx mat ol PTEE A3 B R Err PRty ohotiS SARRE adee ) B ngs

di aneter, arfst sefrenéplant megs BBicRre@mbimst 10%H aomolbgods 3eetmer (thBetight i on
rings 58 serve to anchor Fi n 50 into 'hfpa}lthyﬁg?rti,l a ur‘gﬁmdi ng the
cartil age dEFBED.©P368 fTAMithRRATSNISRIARY e SHCTaRd (HR® Wi [ Pehothenar m t he
body and capykgréPeRbREMDNGte RENETVILAE thARaN MY DY rk N aRaEYINB) tfy 2
period of time, For exanple, pin 50 may be made from pol yl acti de. - 17

It is al so PBREURE asLAPeD bvatwix h2d, t AedscepEinge trheltiphysenttoi rfeemt i on to
use a conbi ' f hye 168l ;T ' h as
pins 50 to Qﬁ@@?‘ga@ﬁp a%fe;g?élég{aﬁ‘ggglgg%qﬁé \%gl s tﬁ%ﬂ@@?}%\?ﬁ% ig. 6, a
second acceef cattiiageldefiesti YR irottee patient. e channel s may be used to allow
access of instruments to the site of inplantation to assist in placenent of
the inplantable article, adhesive and/or nechanical retention neans, or to

al low for apmcgssuperstso@! thzdt Hefect NGt rHfEHt 18t @ahheesticated digtwyt ati on.
Such a separate access channel nay al so be used to perform one or nore of

the functi oRB8lag88e sligbdy; @rssuipted Pyt sURGIEHRISSBAYE PREF daUBManD t6r ot her
art hroscopi g4 tn.]ﬁ LA b » c B4 J 18
extends int gc%%m%eslu o %Er? ga?ﬂfcgez}%'ﬂ\% ((:)r re@u??%%édrugrgrgavsgﬁéggs

cartil age i the goewbeland tabsplentimediaayaee descadednwwaynofFegyempse,aind 10,

t he above p S Lfi i nc - plac h i.C
parror 62 PaCiE Rl B hé BS ML A PRl R P b By PR e
Henostati c bsedi By @dcesdithet atvested ovdrhilayge ibivpsi andftovasiturarthe ssue,
ost eocytes, Fbroplasts, etc. into developing.cartilage.This is believed to
al | ow hyal i ﬁ"é°%‘§’$°ﬁﬁ%§8“% BRGNS ﬁ}?epﬁo%ﬁ‘gm%tb?ﬂ-on site. Suitable
henostatic barriers will inhibit vascularization and cellular invasion into
t he devel opi ng cartilage to optimze fornmation oI cartilage and to achi eve
‘fV

growt h of t REOWEN | Madiz ki{ieseingftegar the oD igof sSEAsHR etrepk difer abl v,
t he henost ati G Id; ' i geule i fenk i i al | ow
full cartil g%@'I?é%a%‘?‘?s%?f'{n%gérﬁwéwu@@ ?lgéor begng?bo h(\a’f\}:\nhéed%%a%gn down
by the bodychradrocye callsus papparedehpsmining togethesr 2i%s rBuggntMywino12

(S cen, Sy A o I LRI Sy -

ilnstrprrents(c_afrg:emmfcﬁﬁ_t legfl ﬁimﬁ[lmtﬁrit%derﬁm@ aBumgliz@d\e%,nd/a@r o
plastic or silicone, suitable for makin i,.Spos e_or ti-yse_reusabl e
surgi cal i n8DHIHRAR!s avalpPlg nfragbeéﬂg'b&s: t ,1,3 "ﬁ\?eﬁt’f’%ﬁ?rﬁu eacdaerpo(a
exenpl i fi ecjrrh&rd!ﬁb%li@?'),' Doy irhi RSV EesRAon ShiHdY cddenbetdn 20%0f and
chondrocyte cells en in contact wth different support matrices. This in
vitro testing predicts the ability of certain materials to nechanically
wi t hstand the arthroscopic procedure and al so provides information as to
chondrocyte cell grow ng behavior. These and ot her aspects of the instant
invention may be better understood fromthe foll ow ng exanpl es, which are
meant to illustrate but not to limt the present invention. Exanple 1



Chondrocyte cells were grown for three weeks in the growh rnedi a descri bed
above in a C02 incubator at 37C and handled in a Class 100 | aboratory at
Verigen Transplantation Service ApS, Copenhagen, DK or at University of
Lubeck, Liibeck, Germany. [Note that other conpositions of growth nedia may
al so be used for culturing the chondrocyte cells.] The cells were
trypsinised using trypsin EDTA for 5 to 10 m nutes and counted using Trypan
Blue viability staining in a Barker-Turk chanber. The cell count was
adjusted to 7.5 x 10$% chondrocyte cell per mlliliter. One NUNCLONT' "

pl ate was uncovered in the Cass 100 | aboratory. A support matrix material,

ificall Chondr.o- G dex | i | i
T fit i nto PRI BINBR G EErs TRl B PR ER AR AR B ORI F ey
In this casenédiai (The same gsbwen ehedippis eisoratset todtramspast fHeacardilageler
aseptic con%ition e well, Aft

t he bott f t th k
chondr ocyt e d'%?-“lysf?(v\é){l@ec gﬂﬁﬁ&?&ﬁ'eﬂ?gﬂﬁtﬂ@’ Yt W‘ﬁ’r ﬁ%iEEgPaF‘quzé £Rhspl ant

medi a descr i;bg @ xalaevsd aﬁaqngﬁgjiqigggi_)natel y 5 x 106 chondrocyte cells in 5 n

transpl ant nedia were pl ace rectly on top of the support matrix and

di spersed over the surface thereof. The plate was incubated in a CO~

i ncubat or a . . L thi I h . had
arranged i n%(':c? stoé’?émgﬂgﬁéiapfgefﬁa%glgkgr'%vﬁggﬁ{l@ Shsﬁ%éggf&daﬂﬁ%& ggdnd coul d
not be renovpch to Gephhetes tipp idodradarum Iisomni othienghlbbdweatstitadntsm Tire even by

mechani cal ly exerting m|ld pressure on the matrix. At_the end of fhe

i ncubat i on %@P?'@(ﬁ?dtﬂ@c’f’r éﬁgﬁf’afﬁ Sﬁ‘éfﬁaaa s“ﬁ%q:axtt &0 1R SRS Hpdi® matri x
hol di ng chordfoal Preebdssatd evhshipitasdcudsrecol d refrigerated in 2.5 %

gl ut aral dehyde containing 0.1 M sodiumsalt of dinethylarsinic acid, added

as fixative. The support matrix was stained wwth Safranin O for

hi st ol ogi cagﬁ?eﬂ%'gg%ig%g%_y Prdbiagliy ARVl s £ORY Lhaticre! I M Ha&g@ﬁogr aph

t hereof is own-In or version of the m crophotog is
al so subni t treechsatanEaton lis Ahippedat the dgromibtmada dhscrilzed wbesedio thee

m cr ophot o h., Exampl e 2 Chondrocytes [ e for. thr eks, in the
growtﬁ ned?jiaekf?é_%orriyb‘&geﬁ%&/@”l? eacg%&rq%\gﬁbeatggﬁ&% rg%@aaﬁdgﬁaﬁegdtq n a

Gl ass 100 | sbpariteryuttthd/eddriRigel by, arididisuarSed visen ApBivaCanetieagen, DK
ar at University of Lubeck, Germany. The cells were trypsini sed using
Lrypsi n EDT/RBWAtasY: d neocaitiage dlansy & Ehemcvariody rPld BrDBEW P12 260

least three times to remove the film of fetal calf serum on the cartilage
biopsy.

The cartilage biopsy is then washed in a composition which includes the
growth media described above, to which 28 ml trypsin EDTA
(concentration 0.055) has been added. In this composition 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 mi collagenase (concentration 5,000
enzymatic units; a digestive enzyme) in approximately 50 ml plain
DMEM/F12 media, and minced to allow the enzyme to partially digest



viability staining in a Barker-Turk chanmber. The chondrocyte cell count was
adjusted to 5 x 105 chondrocyte cells per mlliliter. One NUNCLONT"' plate

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
approximately 4 cmin dianeter was placed under aseptic conditions on the
bottom of the well. After three weeks, the chondrocyte cells were

transferred fromthe growh nedia to_the transplant nmedia described above,
and approximately 5 x 10S cells in 5 m transplant nedia were placed
directly o e At L [ diOV®hsidifed e of the
Suppor t mat 1 2 a0 Ty RSP cE B e Rl N et e d e s
weeks. At tbettEendsiof s fenheic rat epproamiabely Shent obtkelcatagenaien ands

decanted, and.t t .matrix hplding,.th 0 iy el_l s,_t hereon was
cold refri g@géﬂ @34% ”‘%‘Ejilfﬁt'araﬂ%&&h&?g'éhec58&2%-m§%‘.“?e§4‘3§5§¥3% 'Bal't of
di net hyl ar sth@rcingabstedefitery 65 2 bdlrs \6e.37Pile adidpPW Cogmt ri x was st ai ned
with Safranin O for histol ogical evaluation. For inmunohistochem stry,

col | agene nmenbranes were fixed in nethanol -acetone and stained for

aggrecane aff ohePemdodiPlenf9¢he H%EGSatfe%bHigﬁ%é’d‘tdarﬁlé@%njé ¥R€n | dtr#ipkgagen and

nmouse anti-humane aggrecane. Prinmary antibodies wer€ visualized using
f | uor escentusiegciany mesh, weditdfiged @Etalddéammweirt 20Q sisgestravieol for

m cr ophot og . f. i - ' i C r e I1s 24.
The col or vjéo;lg{]] lghpcr?%eag'\dsvgggﬁ%%W{deegw g'&%f?%"wﬁ%@% g‘ﬂ Se{h%e%rq’rgf%éscteﬁgte t he
f eat ur es ofarehehghcrophigidogbaieterminel theibuviabdity hefollbwéeg wealch itheubat i on
period on the ondr o- G de support trix, the chondrocgyte cells were
obser ved _tocn'}%\%oﬁ‘ft@mﬁe &r%ﬂﬁg‘i‘%ﬁe d"oH4 ﬂéogﬁbﬂaﬁa'%@/& iaﬁ%ﬁﬁ?tl Heg
clusters inve8rs geRL, tind 59, C&YJ, | RIrin@hidtiRe: dRe 3Jroddh trhedigunbace.
Exanpl e 3 Chondrocytes were grown for three weeks in the growth nedia

descri bed sB@ngedthaeete fouctif®ser at 37C and handled in a Cass 100

| aboratory at Verigen Transplantation Service ApS, Copenhagen, DK or at

Uni versity of Lubeck, Germany. The chondrocyte cells were trypsinised using
trypsin EDY flmast thred0 deywt befomad redomlantationngnTrineanp@liend, vithdi 1 ity

staining in rker-Turk chanber. The chondrocyte | 1, count s adj usted
Co 5 x 05 CRAREPOR: el ed BT Tah patat Aot BTyt Dk

uncover ed ithet geoktassedid) amdaraisfesred The LChrarbptard aeeditpesrtbin®gri x, as
in Exanple 1, was cut to a suitable size fitt'zgg into the bottom of a well

in the NU!\Id_-éﬁ'm'&ﬁﬂtoﬁ'l)’lcﬂ"hlsé”f?F%&.COfiff?”_tt'Fﬁt?”c : e’_néF"@m@PzitST)ra%Br@ki mat el y
4 cmin di %Eﬁbtémn REESETh LHRGISE 2@?%&:“&1‘!6@?]@8&’} eI EFuRgiZopey of the

wel | . After three weeks, the chondrocyte cells were transferréd fromthe
growt h nedia tantifueget angiledie firedi Sqldle)i Hed EHol@sCOmiC apfidok3BBtely 5 x
106 ce ls | Micollolk/ifAP! 20T TeGi R eS8 BlAEEdetlheThhdl WntaRhiod he
support matrix and di Spérsed over t surface of the support nmairix. The

pl at e was iHt¥)avaed the nGindenQMNEN 1 2amMeRTCtd proGuorabsut 300 @2 of The
support mittfr%% 6]%'6“ ng,.t he grown chondrocyte cells was then incubated with
col | agenase P38 % The support matrix holding the chondrocyte cells
was then centrifuged. Cells were seeded on a NUNCLON " plate and an ali quot

i or ophot oGt SRAPY REREGH 25 45 SHAMAUT Fo Bi gl REIESIZfHERGLBLS Sas DOIRrRgl ool |
nunber was f QUi 8 NPENELONIBGANELIESIR trhRbahd itheMaRace®2Mder 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



Exanmpl e 4 Anirnaf studies were perforned in the facilities of the
Uni versity of Lubeck, Germany. Four 7 nmm di anmeter round cartil age defects

were induced in the cartilage of the knees of two sheep. All interventions
were perforned in i.v. Ketanest/Ronmpun total anesthesia. The defects were
i nduced by drilling two holes in the cartilage of the weight bearing areas

of the nedial fenmur condyle, and two holes in the area of the

femuropatel larand tibiofenmural articulations. In the two areas of damage,
one of each of the two hol es extended-thsough the tidemark of the cartil age
and subchondral |ayer over the bone, while the remaining hole at each area

did not ext eeg«sttweaean&@ W!ﬁnﬁé tme.erfalnloﬂthér@wﬂabsmﬁdééls layer.

At the sanme tinme a piece o age had been harvested froma non wei ght
beari ng ar ea2@gBngadn ﬁl@éprﬂmré@@dhﬁfmamﬁéﬁﬁ@@c'y‘taér'&eaa dsirgdbiscnethetn thi s
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period of si eks ndrocyte cel
Chondr o- G deretentiporé¢f gmbdmdrocyes eeﬂmthererrp‘i amtaedufficienn nam therose dpim

surgery techni que, Fixati n occurred in, o she ng the matrix to
thegtrgat ed ‘é?glé’nﬁmﬁ rte Q) wathoyqsign H‘?@t fq%é XE%@ b&H’B M3 was

fixed using T;Eﬁadéraéﬁld#es@ﬂaﬁbﬁtafﬁa%@qz bsdpamvena@ﬁszozghélgotmtvktﬁeg%ﬁsent

i nvention. e sheep were kept 1solated and the knee was kept in a fixed
dressi ng f oreRWEORMERE taf ﬁ@pmdsomw%ém@%r ef fgheadrecyigyeelly @far.

Eval uaton ofnbBRedibe SOPREALIARIRGC0l: e fPREErble catdchment. of

t he ceII-suppo he site of cart age and
regeneration of the cartllage at the site of cartllage defect. Al though the

above di scus ert ai to.a pra s oW N hondr acyte
cells on a sﬁbﬁ’&P FrafiM r@?‘#"ﬁegfa@ %8 Dﬂt[dw@t’%%aea
changi ng t heagd ikt O&telriranivRl @t cBBﬁlt @nas\ne@qmyr@si deHUSQé@Fanov@¢|the
culturing, the present invention also includes a nethod of grow n

chondr ocyt e €¥Ndrogytes cglipprier tipgsierked nto th—’oF"@é‘éP@r”tsU’t%’@asaﬂﬂ dFefct or
Model  No. 13@%@\’6!&@@{' &nf S¥RM H’ré@ﬁk':fz KR F%d of@@l@ﬂt fed wlhach,

Gernmany. Usihg a bioreactor, constant growth or transplant nedia is
passed by the support natrlx and chondrocyte cells can be grown on the

Support Tt e BebASklnd IS SN BRI D STARREAAT A O,
t he NUNCL~N deformice. withous 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 cells 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 arthroscope
without mechanical destruction or loss of its chondrocyte cell foad.

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.



under stood that using such a bioreactor causes angled growh of the

* chondrocyte cells due to flow of the growh or transplant nedia through the
bi oreactor. A m crophot ograph of chondrocyte cells grown on the support
matrix in the bioreactor is shown in Fig. 11D - 24 Culturing of the
chondrocyte cells, whether cultured in glassware or on a support matrix,
can take place in the growh nedia for the entire cell culturing process or
in the transplant nedia for the entire cell culturing process. That is, no
transfer of the chondrocyte cells frquthe grom h nmedia to the transpl ant
media is required. The chondrocyte cells can be transferred fromthe growth
nmedia to the transplant nedia, and vice versa at any point in the culturing
process depending on the particular condition of the chondrocyte cells, the
stage of growweh @fpeche orhendrpresdnt asldmioransdiotet igtiaonedntsi em macd he

patient. The chondrocyte cells, whether in the growmh nedia or in
t ranspl ant 'W@Jﬁ'ﬁ?b%éﬁﬂt:@ O salkBa irﬁp@rttﬁﬁogug%rta%t?i mechanicaheri od of

only about r2echthoug iEﬁfthI"f%l& [APRRkANRA R 26 A theWndibAchiRnditol a
sufficient nunber of chondrocyte cells to the support matrix. Were a

bi oreactor is not used, it is also understood that the growth nedia or

t ranspl ant ja I I | ;"?ﬁﬂ- t : i r_ st f the
cul turing 6@?@5??%@8%€6? te%f ggée%gt or et?(c}anrquﬂg, 'P@g%hﬁug\?’&@%gsf&g 96
hours depenmsli pgrfofmedexanpbe, arthrobeopiunitechrigdeyvi &hg.l i3 ysiodwshdromel | s.
VWhile this. inyentjon ha en descrjbed wth respect to specifi

enbodi ment §MP tgbl,e, a'i'ttC?‘? g‘an@t” = _rFPh%ﬁ atCﬁ%'%-Sesz dFar{nﬁeg W@E?Ogg@né’m sense,
this inventy girARCAERAS SR sBRIRNY ALY aPEY tREE iribRirtape y&rid heres )
conprising a support matrix, preferably flexible and preferably absorbable

in a |ivingeodriveramitorsrspplantatinn Fit) theeudhma woskipgsnennel 26idfiany cel | s,
which are %Mrﬁé&é%c lageld &é‘reié%%smébn%oéﬁhm&'ogww%d&% o dé%@ﬁeoand
YA t “may f gro

attached thereto. "Such attachnen be by virtue of cel
penetratingn fige 4urface of the matrix. Preferably, also the support matrix
provi des sufficient physical integrity to the inplantable - 25 article

to facilitate its manipul ation, such as the nmani pul ati on necessary to

inplant it Ihrrig. &, lanvaAtiréQ@pic Hteodudelr a3 Meakiates s widrRingf erizhrdl 82 nt ended
to be construed to cover not onl%those enbodi nents_of this invention

di scl osed 2By Budiageser epddene gyitaklgcte eREENReinint _Of/é[‘rtﬁ?ﬁ‘fﬁtsa@nd
equi val ent go alell/Be the\RRIEAM AR BE [FBHALIYl H2R%e 20 g art to

whi ch the invention pertains, i ch enmbodi ments, variant an ui val ents
are withi nfehemastie proceduresnd the osarmeteni of | markingonchannel 2632 Wigat i s

G ai med: approximately 8 - 20 mm, and the length is 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 the site of impiantation. 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



1. ‘A nethod for the treatnment of a cartilage defect site in an animal, by
"transplantation of an inplantable article at the site of cartilage defect,
t he net hod conprising the steps of: (a) providing an inplantable article
conprising chondrocyte cells retained on a support matrix, the support
matri x bei ng absorbabl e by said animal; and (b) securing the inplantable
article at the site of cartilage defect. 2. A method according to claim1,
further conprising before said step (b), renoving defective cartilage from
the cartilage defect site but |eaving sufficient cartilage naterial to
prevent bleeding fromthe cartilage at the cartllage defect site.

bar i er o Sese! (i i pobiia fto, GRTBEE 'y ?f%f&t“el“ﬁ%#@%%

accordi ng t@oclasmcm Hasveveei or trheres uppovardiyatbiased sgr@pmhge@dmkatsmtﬁ)er

capabl e of S rtin wth of the chondrocyte cells and of I ng

physi cal lag%% Pg‘aﬂﬁﬁe 3% e BEASPIN G IPFOAECY $RLIAIFERE hﬁ‘at i on
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conpri ses pol ype des or proteins. A nmet hod according 'to claim

1 wherein teo p@wardr@m awag fC@ﬂnI ébgﬁarl\lsefz Qmpﬁ@@h@lﬁffa@@@r d42nengagec! ai m 6,
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equi ne, porcCine, DOVI ne ovi I'agen od "accor di ng
to clai m6, guippire lmamferctﬁd agadlel SapermonedmmWaIgethe Qase#) rertch@avagccor di ng

to claim®, \/\herel the en I.s call n T rret hod accordi ng
to ol aim 6. MHGIAH S b meleies 1 S0P GESRrHRat 1o Mev el RN e
accordi ng t ehel deft). lsuhaieisio mﬁhenmﬁﬁ%ﬁt b/ b¥ EsntpOilddl wea‘os;rasmng A
met hod according to cla|m1 erein the support matrix is gellike.
elemeént (not shown) disposed within handle 38 which allows mJectlon
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).



13.- A method according to claim1 wherein in said step (b) the inplantable

article is secured to the site of defect with an adhesi ve.

14. A met hod

according to claim 13, wherein the adhesive is a fibrin glue. - 28 15. A
met hod according to claim 1, wherein in said step (b) the inplantable
article is secured to the site of defect wi th absorbabl e nechani cal
retention neans. 16. A nethod according to claim15, wherein said

mechani cal retention nmeans is a pin. 17. A nmethod according to claim1,
wherein the animal is hunman. 18 , An inpdantable article for cartil age
repair by inplantation in an aninmal, conprising a support matrix and

chondr ocyt e GRblahtatRé aaRde 0X0 SitedictdRPeit tHRthbXdedhed edimarich,SHRGOr t
matrix is absorbable by the aninal. 19 . An inplantable article according
to clai m 18,roNgeriBita $gir@) svibpdrical sHEPE @S| Shoxv s HEEI- 13 [setheen@eérrethpabl e of

suppor ting %@%\ghg%ﬁq@ﬁ%%%ﬁ@%f&mh hélphdobr aﬁﬂvwﬁqb@c P

integrity to antable artic

o%uﬁcalr
e to tacilitate mani pulation thereof.
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X ehl Ig/_of equi nﬁ,
ovi ne, and HiRKBS SYPERERAZ or allowed to unroll as it exits wor mgpchannel 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 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 impiantable article 20 in well 46.

In another embodiment (Fig.7), mechanical retention means such as

absorbable pins, anchors, screws or sutures are used to secure
implantable article 20 in well 46. Suitable pins 50 include Ortho-Pin™ (a
commercially available lactide copolymer pin, Ed. Geistlich Sdéhne,

Switzerland). Fig. 8 shows one embodiment of absorbable pin 50. In

this embodiment, pin 50 Includes head 52, intramedullar channel 54

within shaft 56, and one or more retention rings 58. The dimensions of

pin 50 will vary with the particular use, but, typically, pin 50 is about 10

- 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 S8 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.



23.. An inplantable article according to claim 21, wherein said collagen is
porci ne collagen. 24. An inplantable article according to claim 18, wherein

said support matrix is solid. 29 25 . Aninplantable article
according to claim 18, wherein said support matrix is gel-like. 26 . An

I npl antabl e article according to claim21, wherein said collagen is
collagen Type I. 27 . An inplantable article according to claim2l, wherein
said collagen is collagen Type Il. 28. An inplantable article according to

claim 18, wherein said inplantable artiXe is reversibly deformable. 29. An
I npl antabl e article according to claim 18, wherein said support matrix has
a rough side. 30. An inplantable article according to claim29, wherein

sai d rough It is also contempiated to be within the scope of the present invention
to use a combination of adhesive 48 and mechanical retention means

such as pins S0 to secure iﬁplantable 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 aiso be used to perform one or more of the
functions described in relation to arthroscopic intrecducer 30 or other

arthroscopic instrument.

As indicated above, where cartilage defect 18 extends into or below
subchondra! 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 hemostatic barrier is Surgicel® W1912 (Ethicon,
Ltd., United Kingdom), an absorbable hemostat formed of oxidized

regenerated sterile cellulose.



side is porous. 31 . An inpfantable article according to claim18 , wherein
"said support matrix has a snooth side. 32 . An inplantable article
according to claim 18, wherein said support matrix has a rough side and a
snmooth side. 33 . A nethod of making an inplantable article conprising
chondrocyte cells retained on a support matri x, the nethod conprising the
steps of: (a) harvesting cartil age chondrocyte cells froma host; (b)
culturing the chondrocyte cells in a -30 (c) providing a support
matri x conprising a solid or semi-soli nenber capabl e of supporting growth
of the chondrocyte cells thereon; and (d} adding the cultured chondrocyte
cells to the support matrix to allow further culturing of the chondrocyte

cells on th¢h§ua)w€ destribdd aitgicel antianents bhe rﬁbﬂﬂtﬁc@@bédefmh@nwn t he
support matri Xx. . A net hod accordi ng to clajm33 , wherein the support

matrix is a”@f@é’?llw&h apt mekal, ang/or Rlapke KBS HeM aFHiERR'S faramaking |
wher ei n 'rhada%%egsr ommﬂxﬁﬁoﬂ%ﬁéﬁﬁ%&glﬁpﬁﬁiﬂﬁénﬁ proteins. 36 . A

met hod according to claim3 erein e support matrix is

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 handied 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 ceils.] 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°

NTM

chondrocyte cells per milliliter. One NUNCLO 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



col{agen. 37. A nethod according to claim 36, wherein the collagen is

" selected fromthe group consisting essentially of equine, porcine, bovine,
ovi ne, and chicken collagen. 38 . A nethod according to claim 36, wherein
the collagen is porcine collagen. 39 . A nethod according to claim 36,
wherein the collagen is collagen type I. 40. A nethod according to claim
36, wherein the collagen is collagen type II. -31 41. A nmethod according
to claim 33, wherein the support matrix is solid. 42 . A nethod according
to claim33 ,wherein the support matrik®is gellike. 43 . A nethod according
to claim33 , wherein the support matrix is absorbable. 44. An article of
manuf act ur eNUBIGHONS ' ngelli eultgreetrpy. dirspdéedcase andcisdtenédat §izg fafexi bl e

enot r at i nb PR PRIE S b WA e noRhaRaBlc 2BhUnEEls o shE MR |
cells are agfhigveedelio said matrix. 45. An article according to claim 44,
wherein said support matrix is
After three weeks, chondrocyte cells were transferred from the growth
media to the transplant media described above, and approximately 5 x
108 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 ceils 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 % glutaraidehyde 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 a CO; incubator at 37°C and handled in a Class 100
laboratory at Verigen Transplantation Service ApS, Copenhagen, DK or
at University of Lilbeck, Germany. The cells were trypsinised using
trypsin EDTA for § to 10 minutes and counted using Trypan Blue



adapt ed, when di sposed in an ani mal body, to be absorbed into said aninmal

" body by natural biological processes. 46. An elenent for nechanically
securing an inplantable article to a site of inplantation in an ani nal

body, and being absorbable by the aninmal, said elenent conprising: (a) a

| ongi tudi nal tubular shaft having a proximal end and a distal end; (b) a
head attached to said proximal end of said shaft and adapted to cover said
i npl antable article; and (c) at |least one retention ring disposed on said
shaft between said proximal end and saffl distal end, and adapted to anchor
said -32 |nBIantabJe article and _said elenent to the site of

i npl ant at i oyiabyity SEpinég: i@t Baekssr Bigchambeai e choRder@its el eowitenent s
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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.

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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multiplied 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 COj7 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 Blirker-Tirk 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 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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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-Tlrk 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 cartilage 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 arcund. 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
chondrocyte 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.
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Culturing of the chondrocyte cells, whether cultured in glassware or on
a support matrix, can take place in t!’me growth media for the entire cell
culturing process or in the transplant media for the entire cell culturing
process. That is, no transfér 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
versa 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 typicaily 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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article to facilitate its manipulation, such as the manipulation necessary

to 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.



10y&6109%& () -y4109%& ()-f3109% ()-$WKF\]]] ]']A bC 10 10% h& ()-9Y10% h& () -
©10m 10m 10m410%r& () - 310%1& () - s10%& ()-Y A bccccel gkkbC8 10,, 10%& ()-, F
109& ()-S109%& ()- 10 h 10 h 10 h. 10% h& () - FnL0% h& () -3 kkkkbl OnrrrrmbW.
10 10 10 10, 109& ()-s, 10%& () -, 10%& ()- | 10%& () -

- 26 -

What is Claimed:

1. A method for the treatment of a cartilage defect site in an animal,
by transplantation of an impiantable article at the site of cartilage
defect, the method comprising the steps of:

(a) providing an implantable article comprising chondrocyte cells
retained on a support matrix, the support matrix being
absorbable by said animal; and

(b) securing the implantable article at the site of cartilage defect.

2. A method according to claim 1, further comprisfng before said step
(b), removing defective cartilage from the cartilage defect site but
leaving sufficient cartilage material to prevent bleeding from the
cartilage at the cartilage defect site.

3. A method according to claim 1, further comprising placing a
hemostatic barrier adjacent the site of defect before said step (b).

4. A method according to claim 1 wherein the support matrix is a
sheet-like member capable of supporting growth of the
chondrocyte cells and of providing physical integrity to the’
implantable article to facilitate manipulation thereof,

5. A method according to claim 1, wherein the support matrix
comprises polypeptides or proteins.
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A method according to claim 1 wherein the support matrix is

collagen.

A method according to claim 6, wherein the collagen is selected
from the group consisting essentially of equine, porcine, bovine

ovine, and chicken collagen.

A method according to claim 6, wherein the collagen is porcine

collagen.

A method according to claim 6, wherein the coliagen is collagen

Type I.

A method according to claim 6, wherein the collagen is collagen

Type II.

A method according to claim 1, wherein the support matrix is solid

member.

A method according to claim 1, wherein the support matrix is gel-
like.

A method according to claim 1 wherein in said step (b) the
implantable article is secured to the site of defect with an adhesive.

A method according to claim 13, wherein the adhesive is a fibrin

glue.
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15. A method according to claim 1, wherein in said step (b) the

implantable article is secured to the site of defect with absorbable

mechanical retention means.
16. A method according to claim 15, wherein said mechanical retention

means is a pin.
17. A method according to claim 1, wherein the animal is human,

18. An implantable article for cartilage repair by implantation in an
animal, comprising a support matrix and chondrocyte cells retained
on said support matrix, wherein said support matrix is absorbable

by the animal.

19. An implantable article according to claim 18, wherein said support
matrix is a sheet-like member capable of supporting growth of the
chondrocyte cells and of providing physical integrity to the
implantable article to facilitate manipulation thereof,

20. An implantable article according to claim 18, wherein said support

matrix comprises polypeptides or proteins.

21. An implantable article according to claim 18, wherein said support

matrix is collagen.

22. An implantable article according to claim 21, wherein said collagen
is selected from the group consisting essentially of equine, porcine,

bovine, ovine, and chicken collagen.

23. An implantable article according to claim 21, wherein said collagen

is porcine collagen.

24. An implantable article according to claim 18, wherein said support

matrix is solid.
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25. An implantable article according to claim 18, wherein said support

matrix is gel-like.

26. An implantable article according to claim 21, wherein said collagen

is collagen Type 1.

27. An implantable article according to claim 21, wherein said collagen

is collagen Type II.

28. An implantable article according to claim 18, wherein said

implantable article is reversibly deformable.

29. An implantable article according to claim 18, wherein said support

matrix has a rough side.

30. An implantable article according to claim 29, wherein said rough

side is porous.

31. An implantable article according to claim 18, wherein said support

matrix has a smooth side.

32. An implantable article according to ciaim 18, wherein said support
matrix has a rough side and a smooth side.

33. A method of making an implantable article comprising chondrocyte
cells retained on a support matrix, the method comprising the steps
of:

(a8) harvesting cartilage chondrocyte cells from a host;

(b) culturing the chondrocyte cells in a media;
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member capable of supporting growth of the chondrocyte cells
thereon; and

(d) adding the cultured chondrocyte cells to the support matrix to
allow further culturing of the chondrocyte celis on the support
matrix and retention of the chondrocyte cells on the support

matrix.

34. A method according to claim 33, wherein the support matrix is a
sheet-like article.

35. A method according to claim 33, wherein the support matrix
comprises polypeptides or proteins.

36. A method according to claim 33, wherein the support matrix is
collagen.

37. A method according to claim 36, wherein the collagen is selected
from the group consisting essentially of equine, porcine, bovine,
ovine, and chicken collagen.

38. A method according to claim 36, wherein the collagen is porcine

collagen.

39. A method according to claim 36, wherein the collagen is collagen

type I.

40. A method according to claim 36,wherein the collagen is collagen
type II.
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43. A method according to claim 33, wherein the support matrix is

absorbable.

44. An article of manufacture comprising living cells disposed on and
adhered to a flexible support matrix capable of supporting growth
of said cells, said growth penetrating the surface of said matrix
whereby, upon said growth, said cells are adhered to said matrix.

45. An article according to claim 44, wherein said support matrix is
adapted, when disposed in an animal body, to be absorbed into
said animal body by natural biological processes.

46. An element for mechanically securing an implantable article to a
site of implantation in an animal body, and being absorbable by the

animal, said element comprising:

(@) a longitudinal tubular shaft having a proximal end and a distal

end;

(b) a head attached to said proximal end of said shaft and adapted
to cover said implantable article; and

(c) at least one retention ring disposed on said shaft between said
proximal end and said distal end, and adapted to anchor said
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implantable article and said element to the site of
implantation.

An element according to claim 46, wherein said element is formed
from polylactide.



