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| NVENTI ON The present invention relates to the field of chondrocyte cell

i npl ant atworg/9zsazti |l age grafting, healing, joint repair aad/use®ijsevention
of arthritic pathologies. In 5 particular, the present invention is
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joint replacement surgery. With such preventative methods of treatment, the number of

-

patients developing osteoarthritis would also decrease.

Techniques used for resurfacing the cartilage structure in damaged joints have
mainly attempted to induce the repair of cartilage using subchondral drilling, abrasion
20  and other methods whereby there is excision of diseased cartilage and subchondral bone,
leaving vascularized cancellous bone exposed (Insall, J., Clin. Orthop. 1974,101,61;
Ficat R.P. et al, Clin Orthop. 1979,144,74; Johnson L.L., In: (McGinty J,B.,
Ed.)Operative Arthroscopy, New York: Raven Press, 1991, 341).

Coon and Cahn (1966, Science 153: 1116) described a technique for the
25  cultivation of cartilage synthesizing cells from chick embryo somites. Later Cahn and
Lasher (1967, PNAS USA 58: 1131) used the system for analysis of the involvement of
DNA synthesis as a prerequisite for cartilage differentiation. Chondrocytes respond to
both EGF and FGF by growth (Gospodarowicz and Mescher, 1977, J. Cell Physiology
93:117), but ultimately lose their differentiated function (Benya et al., 1978, Cell 15:



1 WD 03/092542 PCT/ US03/ 13454 1313). Methods for growi ng chondrocytes were
descri bed and are principally being used wth mnor adjustnents as

descri bedwbys®sitt berg M et al., New Engl. J. Med., 199#CTA303/1889).
Cells grown using these nmethods were used as autol ogous transplants into
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A et al.,, In Vitro Cell Dev. Biol,, 1989, 25,659; Archer, C et al., J.
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markers. such 3s s 1l and I X coll agens and the | arge aggregating
pr oﬁogwgﬁ’r‘?@edag%%g@ﬁﬁ?e'ver sican and link protein did not change.

(Kolettas, E, et , al., 20 Science 1995, 108, 1991). The articul ar
chondr ocyt esAdfEiosaldy, Kqletias ¢t ale SEmangdtie captessierioteartilogs-spasific excl usi vel y
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|1 ul t , h [ t t of ssion of type X
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gels, alginate beads or as spinner cultures (retaining a round cell morphology) the

expressed markers such as types I and IX collagens and the large aggregating
proteoglycans, aggrecan, versican and link protein did not change. (Kolettas, E. et al.,
20 Science 1995,108,1991).

~ The articular chondrocytes are specialized mesenchymal derived cells found ‘
exclusively in cartilage. Cartilage is an avascular tissue whose physical properties
depend on the extracellular matrix produced by the chondrocytes. During endochondral
ossification chondrocytes undergo maturation leading to celtular hypertrophy,

25  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).



2 WO 03/092542 PCT/ US03/ 13454 SUMVARY OF THE | NVENTI ON The present

I nvention provides an inplantable conposition conprising a support

mat eri al ,wproieapgasably a solid or sem -solid material i ncl u@CmgiSo3/13454

m croparticul ate beads, threads, wafers, balls of thread, or a conbination

of beads, threads, wafer d (hereafter
"mcroparticul ate suppor?%ﬁl%&%%&%o i ment, the

m cropartic te support.material is of varying si.ze and, shape. In one
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I n some_enbodi nents wth chondrocytes retalne e surface’of the
i cr opahtdads veafersshallsof thread, or & abmbingtién ofibdalds, threfids; evafisrs)/and/of Ballf dfer

i nj ecti ' the .si.t . inplantation.. |, nbadi ment of the present
: Ej\éﬁt :t e,aldgﬁ%ﬁ%‘i}%c‘%%rg’p%%@é&g%f%gm%’h’%{%“%ﬂr ﬁ’g?]’ceee?mo@gfnﬁg@t&’@el y rgf efr ed to
as " adh@icopar@eulith Suspeif BeeridAss el dryRg sid ahh%harlg‘g Qﬁsﬂfé b&dth2he ﬂge‘rlppo”

mat eri al  because the mcroparticul at e support terial has one nor e
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gl ues, surgical glues, and al ginates. The inplantable conposition according
t o kbhe qfteé%mthnnv@rﬂlew@@mpgmme admnistered to a subject (typically
by injection) as one or nore of the following: 1) a 20 m xture of adhesive
and/ or an exlni gn emtodanenttofthd prpseaninybhiton; oh@uisedytearprow Jor adedyer of t he

i mpl ant abl e _conposition,. optional i,acl udi ng_an adhesi ve or an exci pi ent,
f ol | owe@eregfiere %‘fel%fef%}'ﬁ%i[% a8 nﬁ&éreag Hgi\?wgf,ac%s well a3@thef one or nore
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I nclude thod of makjn n _inmplantabl e conposition ¢ rising a
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cells, # %hascréqlhagerhgﬁj{m glues, surgical glues, and alginates.

. The implantable composition according to the present invention can then be
administered to a subject (typically by injection) as one or more of the following: 1) a
20  mixture of adhesive and/or an excipient and the implantable composition, 2) a layer of
the implantable composition, optionally including an adhesive or an excipient, followed
By a layer of one or more adhesives, 3) a layer of one or more adhesives followed by a
layer of the implantable composition, optionally including an adhesive or an excipient, or

4) alayer of the implantable composition free of adhesive or an excipient.

25 The invention also includes a method of making an implantable composition
comprising a microparticulate support material and chondrocyte cells or other cells
capable of forming cartilage or differentiating into cells that are capable of forming
cartilage retained thereon. Other cells, such as mesenchymal cells, blood cells and fat
cells, can be used in the present invention. In other embodiments, the present invention

30 includes a method of making the implantable composition described above in



cells, can be used in the present invention. In other enbodi nents, the
present invention 30 includes a nethod of making the inplantable

conposi t iwp odesxset bed above in 3 WD 03/ 092542 PCT/ US03/ 12¢5A4S0va3abi nat i on
with an adhesive or excipient. Further, the present invention provides a
met hod éd&ﬁbih@ﬁot‘?\_fvftﬁ%'aHl?esNe%feﬁﬁgfenﬁf%lﬁﬁ%ﬁ@igl‘%sen% ﬂmﬁff% odidagh! ent’ s use
of a danmaged joint surface) of articulating Joint surface cartilage by the
i mpl ant method for the effestptedraatihént ffor ekamplepenhasding o patientlswdé ofja damaged

m croparticul at upport. mat.eri al and.chopdrocyte cells 5 retained thereon
and/ or 1oNdSuF céﬁg?&%&[ gy P%&%ftl@‘ﬁe&k' the lﬁ}p?agﬁﬁ@giqyéraaﬁplg;{@tilcg} ent. As
used hegel Bompdddd it Iﬁgﬁ.%s“gj 2Pyl '-ega‘}] nt of the

i ndi cat ed varfl}ae, sulctzlﬁ t hat "aC ut célo mH% gﬁgﬁaléf}] icg'ltc%os&(%%b rgiﬁﬁatel y 18 to
22 M cr omiained fhereopiand/opfherdie opivitally liv cambinbiiomwite anadiedivieyor ercipient. i onal

met hods known to those of skill in the art. 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi g Ashsedhéreisi tboui"aieanh phisoe hiihﬁhp@fox&nhﬂ@[y&@ﬂ*a@&eﬁthﬂ’ thy esent
invention with cells adhered to and growing on its surface. Fig. 2 is a

si de vi Higictedvalie guchihat "sbpiepanicenns hindicgiss approrimtely J8de dAmipionent i on 15
i th ' '  f Fi ' hi cal
Fepr et SR AFIE halRIE0s, & RURRAD doh Eitlonlnbt kgt & ot B 0

support skifitigthedr&. Fig. 4 is a graphical representation of the average
viability of cells harvested from tested support materials. 20 Fig. 5is a
gra hi cal representation of a heterogeneous collagen gel fornmed from
packed m croparticle beads of the present invention. Fig. 6 is a graphical
representation of a SPHRHEEDE 1IN QF THERBAWENGShr eads of the
present invention. Fig. 7 is a graphical representation of a collagen
sponge- | i ke Fag.dris alsidefvigiv bfapor2ibn iofi 8 diredsl ef the present imektion withivels a

t hree-di pensional, volune. Fig..8 is a graphical representation of a
hormogendGeeT ‘%&a&’&&ﬁoﬁgg%gsg’fﬁ‘é“thod of

Fig. 2 is a side view of a bead, microsphere, or microbead of the present invention

p~

15  with cells adhered to and growing on its surface.

Fig. 3 is a graphical representation of the average number of cells harvested from

tested support materials.

Fig. 4 is a graphical representation of the average viability of cells harvested from

tested support materials.

20 Fig. 5 is a graphical representation of a heterogeneous collagen gel formed from

packed microparticle beads of the present invention.

Fig. 6 is a graphical representation of a sponge-like material formed from threads

of the present invention.

Fig. 7 is a graphical representation of a collagen sponge-like material of dried

25  insoluble fibers packed within a three-dimensional volume.

Fig. 8 is a graphical representation of a homogenous collagen gel and a method of

collagen gel formation.



col l agen gel formation. 4 WO 03/092542 PCT/US03/13454 Fig. 9is a

graphi cal representation of a collagen sponge-like material coated with a
col | agen wologi09%5iy. 10 is a graphical representation of amcapsas/ass used
to manufacture balls of thread of the present invention. 5 Fig. 11 is a

graphical re y |

t hread of thg{gg?ggég*d ?%\?fe);n ?egﬁﬁtﬁ&?é&f%%{qagagsﬂgsggé'a %E%F%BE%%W@PI on of a
pr ocessatollagehdilmanuf act ure of balls of thread of the present invention as
well as balls of thread of the present invention. Fig. 13 is a graphical
representati Fig @b ieun grphRE E&s@tﬁ@@bﬂ&?dﬁ%@?&@ﬁk%@dQ@ﬁ&ﬁnf&guue%?lléQF present
i nventign. 3 14 is a graphical representation of process tor the

manuf acim??’é1 he)pregent daventipe present invention. Fig. 15 is a graphical
representation of a process for the manufacture of beads of the present

i nventi on 1Bigrily is 4 grapbical ypreptritation oferesan fatthomanifiamnrepitaliabas used to
manuf ac %i(\z/){ﬁ{lers Bg resent invention. Fig. 17 is a graphical
represe %Preée’ﬁﬂ%vc? 8 or the manufacture of a wafer of the present
invention. Fig. 18 is a graph| cal representation of a process for the

manuf act ur e g¥g Wafed gephicalyepreseniptionentia nracass fordhe manefactuse efdalls of cr oscopi ¢
view of 4a f from. coI l agen thread of

t he pregen |ﬂg%§ﬁuﬁe%%{r§%%nﬁgg %ﬁa%érlrlllscoffg%(%%?gﬁvlpéﬁe 1I‘)Qgen beads of

t he present nv t| on i.S Crosco ew of chon rocyte cells.
25 F g 50 ?8"5388’8?%"9{38%%?0%#&9&’88% saed & mimtgpins hesds

m cra)scawp}egenﬁﬂvg{u(ﬁﬁondrocyt e cells.

Fig. 14 is a graphical representation of a process for the manufacture of beads of

the present invention.

Fig. 15 is a graphical representation of a process for the manufacture of beads of

the present invention.

15 Fig. 16 is a graphical representation of an apparatus used to manufacture wafers

of the present invention.

Fig. 17 is a graphical representation of a process for the manufacture of a wafer of

the present invention.

Fig. 18 is a graphical representation of a process for the manufacture of wafer of

20  the present invention.

Fig. 19 is a microscopic view of a ball of thread and a wafer, each formed from

collagen thread of the present invention.
Fig. 20 is a microscopic view of collagen beads of the present invention.
Fig. 21 is a microscopic view of chondrocyte cells.
25 Fig. 22 is a microscopic view of chondocyte cells.

Fig. 23 is a microscopic view of chondrocyte cells.



WO 03/ 092542 PCT/ US03/ 13454 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention includes an inplantable conposition conprising a

m cr opar twowBaexs4support material which can support the arcadgisawn4sand/ or
grow h of chondrocyte cells on or in the mcroparticul ate support nmateri al

surface. The presemEﬁAmEDrmEscRﬁpTibNrOFf’fﬁmmmﬂod of making an

I mpl ant abl e corrp05| tion conprising a mcroparticulate support materi al

wi th chondr o t herei.n. Further, the
present i nveﬁ%{% | nc gegn gﬁﬁé@%%‘ghﬁ&an%ﬁﬁ cggﬁgg 100 &0 PH E{Pgr@nt of damaged
articul amm}garhmlaﬁe sawdramatemar whichgen byppoltehé attdbRlean il drQRoRth dfP! ant ati on
of a canpasition | ncluding a mcroparticul ate s aEport material and

chondr otAndracyte cells op 98 Hb@e Tajcropartisulagy Woﬁ Hatasiah sefareo The peasen.  The
t hpd t f til
R e e

conposi tmecmpartmﬂaﬂeh&plmrt ﬁlatéﬁabmtwchdmdi!od}h@ a@tﬁﬁ@edtdﬂdhﬁ‘ grévaRilRebonRi | onal |y by
i njecti part i cul ﬁrl y arthroscopic¢ injection or another mnimally

i nvasi v efﬂnhc the pirgenddrysniion igslydes agm@hadxfomhemfﬁecarﬂ@ﬁmtmmd cells on

E)Eg erjﬂr:)g eﬁrart%ﬂﬁh%é%ﬁ?dﬁ?l n %&ﬁ?ﬁeﬁ’r cu? se?elldr?rﬁ%trﬁ%{’ f&’?@%}%szgej o: Et

surfac ecmapdsuﬁc&gﬁcludnjgm miesoﬁaht@dulattamp@rtrﬂlﬁtbﬂwand RRoMdroSfte S6RGRacHEt Ween
bon surf ces, such as, but not |limted to, ball and socket joints of the

sho def’Ln A oRp sher therpon. nhe methed foy the %ffﬁtcﬁl"e}'féﬂtme@t t he hands and
feet angd.famlial {dﬂ?ﬂ A BcSYfhila @ﬁy hﬂﬁlaﬁﬂx#o ﬁ?m@ﬂgﬁﬂﬂgogr eséos%ﬁ&l nAlHes

enbodi ments of "the conp05|t| I'nvention, the
pr esent planwgrilyé mmmsitmm@ohyhe swfacd eswithia ths ereafio b@&eaﬁtéd opii@allpboconpat i bl e

(=14

_.

adhesi ves we or nor.e, excr I ents. ed herein and descri bed
in mor el%c?igpﬂl paﬁé‘l”’g 8§&9Ptﬁ1 upry raanBﬂE?E WJIBI%VW@W&me%l ch can
af f ect alraa errﬂl hd Z%BWBfﬂnQ%héﬂmbé}% Edtls SuGREBRRICE P Withil Yhe aAES Ve 1S
used to re aln osition of e present I nvention on a desired

sur¥ac etlmebivmeaomr@mmugahwet & pee ermbatiment, thermeshed ﬁndhmhmmar ust e

adhesi v e ed such that.,it.funct as a. .henost barrier and

opti ona BQR T‘Sng%& h(’él?:'tsuf & ?a'rﬁ\ﬁg%}qjolnf; %’f‘pﬁ?ﬁ@ alrﬁlﬁlfl‘&%t g?ﬂarf)%si tion

bef ore dehead bére duifabés bidhi A8NbitMmobliARBA &S, bail Bhd @crcktatqoﬁﬁs &P4hb BicRiMer Each

corrponent of t he 1riresent i nvention is di scussed in rore detail bel ow. For
hip, and other joints such as digital joints of the hands and feet and facial joints such

as the jaw.

20 Additionally, in some embodiments of the composition and methods of the
present invention, the present invention optionally includes the use of one or more
biocompatible adhesives as well as one or more excipients. As used herein and described
in more detail below, an excipient is a biocompatible material which can affect the
flowability of the implantable composition. The adhesive is used to retain the

25  composition of the present invention on a desired surface or in a desired area to be
treated. In one embodiment, the adhesive is selected such that it functions as a
hemostatic barrier and optionally also affect the flowability of the implantable

composition before and after implantation in a manner similar to an excipient.

Each component of the present invention is discussed in more detail below. For

t

30 the purposes of description only, collagen is described herein as an exemplary



30 the purposes of description only, collagen is described herein as an
exenpl ary 6 WO 03/092542 PCT/ US03/ 13454 bi odegradabl e nmaterial for use as
t hreads, wead®92shal | s of thread and/ or wafers, although @®@CRArS03/13454

bi odegradabl e materials suitable for use in this invention may also be

used. T nt 0sSi Lion

or esent DSV ERMALL ARl RN b tlad e RN WRucRa BB R bt Bifomety ol <o

r ef er r edthepbiddegradihioniatemalsauitable foruse BOMAUSYERMohIFB Il BERdeari al ") and
cells adhered thereto, or therein if the surface of the support material is

por ous. Tﬁl@qn{plgﬁﬁgﬁr(t;mﬁpbﬁhgnsupport material can be made by injecting an
oxi di zed solution of collagen into a cross-linking bath (as descrlbed

below with r 4 odi hent , oxi di zed
collagen is %ﬁu@g&FtaB&f E‘g’%s%‘f’%lgfé{ep reéeﬂt @88%13()&1%;1?&%& PEE gt to form
col | figesugpobianatesikli (also mfenamtdusaismmhateﬂﬁ”& ;ﬁﬁbh@éﬂlﬁgbﬁ Vionlab@idibers are
subjected_ tq acid oxidation to, oxidize car bohy rate and hydroxyl ySi ne

functi oﬁ‘&‘llc"d]fsﬁb?ed\mﬁr‘étﬁs ¢rtheretn if fheemyface ofrtheprppomtmeatedaliispenousan t hen be
precipitated in a solution of NaC and then washed with additional Nad .
After preci ﬂ‘h@mlpmpa@nulam@mpmmatmlpmﬂmrpadeah}emgeptmgahemda@dl n wth
acetone to,.for x d ze a |ch ca then e di ssol ved
in acid S?lgtl% 8&6&?‘% 8 P&y m@gm ﬁée(ﬁs Eﬁmﬁdb |V‘f1€}1’o‘16 TERSe 19 AfSSct i on
into a qoaRy-Id tdel sugh E@bbdm%@rﬂ@é FkidizbPadilabOiis rﬁﬁ{u\f&%ﬂe&}) tu ?’ébﬁ&' groups
and 2) oxidized carbohydrate and hydr ox | ysi ne groups can t her eby

fordPng e&trmmltmhnmuw tosformicalagendbevsorkich awmmtameﬂcadi—mm needl e 16,

havi ng 90 d e ter diangter be used to i nj ect
a 0.5- 1%55}0 oﬁf atgtéeﬁs §r8ISH€-eBtﬁgF%?°6 anig oo ox ?%"gaﬂbé’tyafat%én‘ﬁescri bed in
nore deqgiloxh8k ﬁ’M’fMﬂcruBnal %@nﬁ{seﬁ'ﬁﬁhtc%aﬁ! zﬂ&ehyﬁ@gljo% s.T@hé 961@\;91? Eﬁ’r’ﬁlyﬁm | agen

bi omaterial s, "typicall e col l agen al pha-chains are attached
to fi bribpgregipitateddnase lltnOnIOIfh@Cﬂ enchihien washednvith aldlgfqnaﬂ NeCtoAFegen is

oxi di ze riodic acid rate al,d |n t he

al pha- c%ﬁe#{)ﬁ%ﬁ% . t%%ﬂ% 6'? lsh‘iyﬁ?hﬁg?g .“ﬁ Efﬂmgﬁ(b ®si dues. In
onelg nb@didmatoouam pb@&deagﬂﬂcmaah tBén b&diRsoivdd iflseid th Fiddd RMYARIiz&ESCr i bed by
Tardy et al., U S Patent .. 4,931,546, the entire content of which is

hereby icAgepsphiien waﬂ%ﬁ)@ ARjARioN NG arsassriinking baeh, svherein adeaction
between 1) the amine groups and 2) oxidized carbohydrate and hydroxylysine groups can

occur, thereby forming a polyimine cross-linked network. In one embodiment, needle 16,
having a 90 degree end and a 0.5 millimeter diameter, can be used to inject a 0.5-1.5%
20  collagen solution into a cross-linking bath, as described in more detail below with

reference to Figs. 10-12.

To form porous collagen biomaterials, typically the collagen alpha-chains are
covalently attached to fibrils via a cross-linking technique. Initially, the collagen is
oxidized by periodic acid to generate aldehyde groups within the alpha-chain through

25  oxidation of hydroxylysine and sugar residues. In one embodiment, the collagen can be
cross-linked in a manner described by Tardy et al., U.S. Patent No. 4,931,546, the entire
content of which is hereby incorporated by reference. As described below, beads,
threads, balls of thread, and wafers can then be formed by injecting the collagen gel
through a capillary tube. Cross-linking occurs at a neutral pH by reaction of aldehyde

30  groups (R-CHO) with amino groups (R’-NH,) which in turn generates polyimine R-



t hreads, balls of thread, and wafers can then be forned by injecting the
col l agen gel through a capillary tube. Cross-linking occurs at a neutral
pH by reaw0DioanI2sh2 al dehyde 30 groups (R-CHO with am no grPomasoy/B4sNH2)
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a crbssfinctiknsay ddzrtier tapdeveatdell migtdtiogh. i s described in nore detail bel ow
with reference to Figs. 10-18. In one enbodinent, after injection into the
bath, the acTHé ftnftioh B€cEIRIgbRBEINs 2APMHEdals TR BF tHréadD, BewaRld F£d and
subj ected to Ifycerol i ncubation. In one enbodi ment, the support naterial
can thetﬂVEbVedgf ergnimatbpdsphinfechon efeplioger intd 2 engssrlinking batht amsheackuch as

gamma  starid.i L.on, . yi el dji a.suppert.material sy e for cell
cul turi ﬁbea{"&l s ég%ggg%lr%rpﬁreadegaglpbpe& itreferepes Fosﬁ]&s wﬁg?f Wf thread 12,
bal I s otmbbdigfdt, bRepinjectioifio 2, bath, theddidityot the b6l agen Bhppo Bstetid1gs €of . 15
A. Threads In one enbodi nent, the mcroparticul ate support materi al

conp? i sBguigHigedpndibectadip ehipsrol mopybetiqno dnene embodinteat dhe suppertshown in Fi g.
1. Int i i 0 Fi . Ils 11 adhered t
Che our PAERA EERbe SHGNRnddh b antt b ll-ER ViAol GB0 o daf” e or

any bi odegliasiin| viclitnes sadposiundiertd saidblafie Rell sBlngitgpeci fically 20 type I,
type I, or type Ill collagen, or a conbination thereof or one or nore of

the nicropansivged BéreinSARippéit nfidrR il fThReeIdIfMRdaP el BMIs SPBir&HARYrt
materials can al so be cross-linked to each other. Typically, the

di mensi bpls@, envealigr 31, 2ndfos nygiuresthesedlor  at t achment and/ or growt h of
manmal i an cells thereon or therein (depending on the porosity of thread 12
andl$he sizefof cdhbreaddl). Thread 12 is typically about 20 to 400 25
mcrons in dianmeter. In sone enbodi nents of thread 12, the pores have a
sufficient Inoneembodiment, the microparticulate support material comprises one or more

threads. A portion of one thread is as shown in Fig. 1. In the embodiment shown in Fig.
1, thread 12 has cells 11 adhered to the surface of thread 12. In another embodiment,
thread 12 can be made of any biodegradable material such as collagen, more specifically

20  type I, type I, or type III collagen, or a combination thereof or one or more of the
microparticulate support materials described below. The support materials can also be
cross-linked to each other. Typically, the dimensions of thread 12 are suitable for
attachment and/or growth of mammalian cells thereon or therein (depending on the
porosity of thread 12 and the size of cells 11). Thread 12 is typically about 20 to 400

25  microns in diameter. In some embodiments of thread 12, the pores have a sufficient
diameter to permit migration of cells, such as chondrocyte cells, into the interior of thread
12. Thread 12 can then be used to form a sponge-like material as shown in Figs. 6 and 7
and described in more detail below or thread 12 can be formed, pressed or rolled into

balls of thread 12 (referenced as ball of thread 12A, as shown in Fig. 12) and in some



dianeter to permt mgration of cells, such as chondrocyte cells, into the
interior of thread 12. Thread 12 can then be used to form a sponge-Iike
material wooshms in Figs. 6 and 7 and descri bed i n norePd&tzsnl/13asd ow or
thread 12 can be fornmed, pressed or rolled into balls of thread 12
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in Fig. 19, and also described in nore detail below. In one enbodi nent,
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formed e anbadigent, thegollagras injecdetingoatnequs £5 semirpentingons sieshm avr
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presented Fig. 19. 15 Alterpativel I n one enbodi nent in which threads are

used asCcllagepfurad yrhichoress;lnks fo r sopagaiplylsEossdinded) colfagen dhiteasts obr essed
i nt t =1 |t -lik tertal,
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support material inelu or .npre beads 2 sho in Fig,.2. In the
enbodi ment s ROWAERR ﬁfgaegﬂé%@‘é?ad ig "Eglg%%l@? ?‘gcrﬁsgﬁ‘giepa?\éﬁ%%?néﬁtﬁg%}s gr own

i Nt o t hehswn fnxbe ntfro Ziew(pewerdifg 1on the porosity of bead 22 and the
size of cells 11). Bead 22 can be nade of any bi odegradable materi al

incisidi ng  t WiRrativelPfh drde enModiHBR it WhichFhded@iShe ﬁ§ed?as%%9f)51@ﬁﬂa%?i i her eof,
or one or nore of thé mcroparticul ate support nmaterials descri eg bel ow.

Typi cal HyeadsH@ cahdrendded frolindad ppdsédsinto other ball-like shapes or formed into a

sponge-like material, as described below.

B. Beads

In another erhbodiment, the microparticulate support material includes one or

20  more beads 22, shown in Fig. 2. In the embodiment shown in Fig. 2, bead 22 has cells 11
attached and/or grown into the surface of bead 22 (depending on the porosity of bead 22
and the size of cells 11). Bead 22 can be made of any biodegradable material including
type I, tyﬁe 11, or type III collagen or a combination thereof, or one or more of the‘
microparticulate support materials described below. Typically, the diameter of bead 22 is

25  asize that is suitable for attachment and/or growth of mammalian cells thereon, usually
from 20 to 400 microns in diameter. An example of a bead 22 formed of cross-linked
collagen is shown in the microscopic view presented in Fig. 20. In another embodiment,
if bead 22 has sufficient porosity, cells 11 can be attached and/dr grown within bead 22.
In a porous embodiment of bead 22, the pores have a sufficient diameter to permit

30  migration of cells, such as chondrocyte cells, into the interior of bead 22.



25 a size that is suitable for attachnment and/or growth of mammalian cells
thereon, usually from20 to 400 mcrons in dianeter. An exanple of a bead
22 formedwofo3peasss- 1 i nked collagen is shown in the m cr oPCHAISO3/VA46W
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a sol ut?cg]ﬁg‘t’ﬁ E%MF%@%& 0@88189©%ﬁ&§8?’°?9b$3 aeqied %B‘Eﬁdl‘?)lgw(b@ﬁ@la@@mf can be
I nj ect eglolV; i i3t i 1SS LRk fefr. o form
bonds. 2307 LHGREDAIENL] @ (Buftbaale s, 2o} embbdinl bOpRMQU f i5died o

col | agete &vyetbé coilagen solntedlinto fcdleAs. t Aetheabllagris irjedted @6d &€ cigako t he
cross- J.i.nki buffer,, a,vibrator 29 gently shakes the injecting device
causi ngffBe E@ﬁf Tafy SIPTRIGE ?%5?“@'05?‘1“]@%1‘%9%‘3%%@%‘0? rausing the gpliagen isfallon,
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beads 22. In this enbodinent, the bead Size ranges from a di aneter of
about 2magactizethstiriggdepAT. Phaenllagen duoplet are thaprseparefsil from the solutibhes col | agen

be of .1; i nt | i h kn.Fig. 20. C._Wafers As further
shoiin | TSI RERGbelIl 5" bl AL ThRYY. bR phd e s roa ndE o ect i ng
a vol unebat 26 alierohoto aboud inthh 2 36 expRARIrobSoY vRwGREE Solldieh BERIs 3F
cross-ljinking buffer 14 that gptionally contains a polyneric nesh 35 for

col | agefePRssERdnyontiog ixshoaa i lig20and settle thereon. In one embodi nent

according to this method, a continuous or
C. Wafers

As further shown in Figs. 16, 17 and 18, a wafer 37 can also be formed by
20  injecting a volume of solution of oxidized collagen 13 by a needle 16 into a cross-linking
buffer 14 that optionally contains a polymeric mesh 35 for collagen thread 12 to cross-
link and settle thereon. In one embodiment according to this method, a continuous or
semi-continuous monofilament of thread 12 can be manually prepaired and packed within
a three-dimensional volume of any appropriate size before dehydration, thereby forming
25  an alternative embodiment of wafer 37. An example of wafer 37 formed of cross-linked

coIlagen thread is shown in the microscopic view presented Fig. 19.

Once formed, wafer 37 (or another microparticulate support material described
herein) can be integrated into a film of additional collagen (a cross-linked or un-cross-
linked collagen film). In one embodiment, wafer 37 can be integrated into a film of

30 collagen by placing wafer 37 on a collagen film that is contained in a solid support, such

10



sem -conti nuous nonofilanment of thread 12 can be nmanual ly prepared and
packed within a three-di nensional volune of any appropriate size before
dehydr at iwp,030psseeby form ng 25 an alternative enbodi nent Pofi/usas/eus87. An
exanpl e of wafer 37 formed of cross-linked collagen thread is shown in the
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solid support, such 10 WO 03/092542 PCT/ US03/ 13454 as a petri dish. As
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enbodi nents,_wafers 37 have_a surface area_ available for cell culture of 5
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depi ct ed i n T8 aqne e;bodimerityhdmyogenouscollagen gel 85ican bomads innthetthandesi r ed

contai risPREd et SRS Se fShRRE Hyobilip 45 S i Sitparine el 0
struct sﬁcl?@ébdﬁ@%éfﬁ(iﬂ alcopaiReadsh :?s?de?fctécmcﬁ?dih’ier%; Howset, fih a@dthey, beads 22
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and/ or threads 12 can be packed together to formthe gel structure.
i ncludi emgbosimgst, 2 spentagrldee gehsteurtire tan bethade froguheads ghomthreadad2shown i n

Figs. 5g.B:c 1 i ' ruct i s_defined by the
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. In Fg. 5,
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m crop ks (] i / or
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ar el5 t heendd 22 pad/sethredds 12N Inonothbghmente bel$4.is 26lldgent he enbodi nent depi ct ed
in Fig. 6, the mcroparticul ate support includes a

In Fig. 5, the microparticulate support material includes beads 22 of the present
invention, (although the microparticulate support material can also include threads 12
and/or wafers 37), which are packed in a container 52. In one embodiment, beads 22 are

then dispersed within a collagen gel 54.

20 In the embodiment depicted in Fig. 6, the microparticulate support includes a
monéﬁlament of thread 12 which is packed into container 62 before or after thread 12 has
been cross-linked, and, after drying, forms a dried insoluble monofilament. Tn one
embodiment, thread 12 of the invention can be packed into a container before or during
cross-linking such that thread 12 becomes randomly packed and interconnected in

25  container 72, as shown in Fig. 7.

In an alternate embodiment, the microparticulate support material (either thread
12 or bead 22) can be made from one or more other resorbable materials. Such
microparticulate support materials can be prepared from alginate, starch, hyaluronan,
dextran (See Van Wezel, A. L. 1967, Nature 216:64:65); cellulose (See Reuveny, S., et

11



nonofil ament of thread 12 which is packed into container 62 before or after
thread 12 has been cross-linked, and, after drying, forns a dried
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attach and/ or on or wthin the mcroparticul ate support
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rec %Vlﬁ_%mﬁ% he inplant. Al so, the present invention includes a nethod of
ntabl e conposition including adding chondrocyte cells to

the mcropartlcul at e support naterlal d abqve, |n such an
embodi ment  t ResOoptheqaesenhinyepiiondpclydesiampethe BE g‘&&é‘néﬁﬂlaﬂfaﬁkeads are
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described above. In such an embodiment the beads, threads or a mixture of beads and

threads are prepared according to the present invention. Adherent cells have a natural

20  tendency to adhere to the surface of the microparticulate support material. However, in
another embodiment, the method further comprises mixing an adhesive, such as one or
more of the adhesives described below, with chondrocyte cells and a microparticulate
support material. In embodiments in which an adhesive is used, (1) cells are adhered to
the support material with a layer of adhesive applied to the support material before the

25  cells, (2) one or more layers of adhesive are applied over the cells which have been
adhered to the support material without an adhesive, or (3) a mixture of adhesive and
cells are adhered to the support material. The present invention may also utilize

autologous, and/or allogeneic chondrocytes and/or xenogeneic chondrocytes.

In one embodiment, the microparticulate support material can be sterilized by
30  methods apparent to one of skill in the art, typically by beta or gamma irradiation as well

as ethylene oxide diffusion.

12
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manner characteristic of a fluid. However, in sone enbodinments the present

i nvent i 6%aBRls Whepe Gcows gel ip gred asyan ppeipioph ap descyibed belewgar opw thgeefereas an
exchpi e e d . ee flow ng
to %gr dgﬁleggaé a?t%%rﬂ S% g?ita?#él@?'hgg (s)\tzkgﬁtﬁg%@ggrér ta %12%8&(3&81%@5&%&'{%\/%,[ I on

i ncl ude idyentibe irdirdet 1) die difratiome tirhetheinticoparticiibatd support uppaial ambéadlsi al and
cells

remain in a containment vessel, 2) the dimensions and shape of the individual particles of
the microparticulate support material and 3) the amount of cell growth on the

microparticulate support material and any surrounding material.

20 Accordingly, it is oftentimes desirable to adjust the flowability of the above
described composition to facilitate administration, for example by injection, of the
present invention to a patient. To adjust the flowability of the composition, excipients
can be combined directly with the implantable composition. The factors that affect the
flowability of an excipient, and thus the flowability of the implantable composition, are

25  appreciated by one of skill in the art, and include but are not limited to, density and
viscosity. Other factors that can affect flowability include the chemical and physical
characteristics of the adhesive used and further excipients or additives used in the
invention. In some embodiments, since the microparticulate support materials are fixed
in a defect by glue, viscosity also depends on time point of measurement, and therefore

30 ranges from fluid to fixed.
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remain in a containnent vessel, 2) the dinensions and shape of the

I ndi vidual particles of the mcroparticul ate support nmaterial and 3) the
anount ofwoeBlovgsowt h on the mcroparticul ate support maPeriush3/aass any
surrounding material, 20 Accordingly, it is oftentinmes desirable to adjust
t he fl owabi l4 f t:he ahq Il i L fachhi

adm ni strat islél%t,Xb g?(&gg%l P éﬁ 3%\%@%@@%&?%‘%@1@%’ ﬁtéln@%lhéri]f\(/% tlson to a
pat i entand hWathaghyuibud Meviich wabay bd npdintéd)diqaiiypespension geborggepiikat s  can be
conbined directly with the inplantable conposition. The factors that affect
the f maatenialior eynisroparficalass salidar seisglid maderiahehpragtzeised by the ghility,to

I mpl ant e | t] A1 . SKI |ln the art, and
i ncl uderg%%%Chéﬁg%ﬁﬁe ﬁeﬁgnmtl Zﬂgﬁuﬁfﬁcﬁ@ﬁéﬁ@?ﬁ%ﬁ%ﬁ%,?@%@?%r;/o?i‘%(ﬂdﬁéér t%f actors that
cansaf feagble theommhinehtyandros | gicketht 4né/o¢ herftisiahtiomadf ghondiocsde celihtheredd er i stics

of the adhesive used and further excjpients or additives used in the

i nvent ithereon, hothubrforerimplantaiiongnd eftprimplamatiandpe g surac o berteeated pgk to
materi gl s_. ' .4 . i ' L on tinme
poi nt  oroMgEE vshBmid 3 PRahl iliiEn e ool TP RRARAREET |
03/ 092548 orsHhliseadLaddell diffedehtidiion (Eapplicabie to thewsdrtickdacigye bf adlampd) i bl e
(for exanple vm'th_chondroceétes and W'tﬁi@anﬁ tissye in X\/nich,it maﬁ/ be
i ant%ggrqh‘hqah@m@eg%ﬁ%la [FUPRst materighinciuflgsea bigdeggpqdable ypterjal whic
m Grop ' ' ' j ' ] j the ability
o 107 il St o bl PR Sl Bk P Ind w3 BN A ccor Tor &
peri od abkorbedin the bode nfiblpeti¢nt eecetvirgrtheimplaatnd/ or growt h and/ or
mul tiplication of chondrocyte cells therein or thereon, both before
I mpl ant gh&ivesnd after inplantation to a surface to be treated, and to
provide a systemsimlar to the natural environment of the chondrocyte
cells to Optlhan%%meﬁhhexﬁrﬁ%ﬁpﬁﬁta%'donﬁ%?siﬁ@ﬁ burehet trRneIRE b 1 on (i f

ce

applicable to the particul ar type of used). Preferably, the

m cr oparibcampadibée aihopivet Snelt asthesives ineludelesllagemb pobledn swaintysiolngigel al  whi ch

10 wi Il .support chondrocyt.e |l attach an angd _which, over tine
Wi I]Yg begl}iﬁggg?tﬂ M8 uﬁes%gw%og?gogs %@P%Ig%%leo 8‘?5\@%(%% g%l' %}%I ant. Adhesives
I n one eahdisTeBbmpbditon FPIhe PraabhtenEMHBH Shlidramly furtlidteiclides otelesmarey

bi oconpati bl e adhesjive. Such adhesives include cqll a?en or fibrin gl ue,
physi ol ®ffincagihesive and/or excipient, such as a gel, skin glues, surgical glues, and alginates.

specific example of an applicable adhesive includes Tisseel VHH™ fibrin sealant, available
from Baxter Healthcare Corporation 1627 Lake Cook Road, LC-IV Deerfield, IL 60015,
20 USA. Suitable organic glue material can be found commercially, such as for example
Tisseel® or Tissucol® (fibrin based adhesive; Immuno AG, Austria), Adhesive Protein
(Cat. #A-2707, Sigma Chemical, USA), and Dow Corning Medical Adhesive B (Cat.
#895-3, Dow Corning, USA).
As described above, the biocompatible adhesive can be combined directly with
25  the microparticulate support material having cells adhered thereon, thereby affecting the
flowability of the present invention, as described in more detail below. Alternatively, the
adhesive can be applied in a layer on a surface to be treated followed by a layer of
microparticulate support material having cells adhered thereon. Alternatively, the
adhesive can be applied in a layer after a layer of microparticulate support material

30  having cells adhered thereon is applied to a surface to be treated. In other embodiments,
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15 gl ues, autol ogous gl ue, sem -autol ogous and non-aut ol ogous gl ue or gel.
The i npl antabl e conposition of the present invention optionally further

i ncl udes woason2supre of an adhesi ve and/ or excipient, su®oTASH1YS , skin
gl ues, surgical glues, and alginates. A specific exanple of an applicable

adhesi ' ' b i ter
Ceal t hale bIREMHRRIC haRaRG, S Mhd MtroRarfEaR Ypo Al fre b B SH075, 20
USA. Suutfatd ® tertgatidsepiratelynmtie combimation bfterft@ingiméxeder ci al |y, such as for
exanple Tisseel (r) or Tissucol (r) (fibrin based adhesive; |nmuno AG \
Austria), Adiesieyfbolirét iwherdiftie adiiésive'id Combirtdulileb@yrinetdlthe idHiinta®ed Dow’
Corni ng Medi cal Adhesive B (Cat. #895-3, Dow Com ng, USA). As descri bed
above, qommogition ehhenreseat wyprtiany thepdhesiee dempronidgs dha asyantpgewf h 25 t he

m crooparti cul at e .su It rial, .havi.ng, cel. ered t herean, thereby
21 dot e s ARUBRIEY oG Blesfly iffRER S fiit de PR BB bed i n more
detai | dehamcyBlréepieat | MR dhediVCaffRe@s Mo abidity SEtha PRdsk@AniéhtRdnli@y¥er on a
surface to be treated followed by a layer of ‘mcroparticulate support

mat er i anatey sinjlaz &0 thet efihe exeipients desmibedpbesendenending ontthe charatiersitige can be
applied dn aslaver after. a layer .of .m croparticul ate support material 30
havi ng %fetﬁ?%dhfé‘&g’rséla taﬁglrsg%sﬁt%iagdgg%ﬁlﬁyéd to a surface to be treated. In

ot her di s,. 14 WD 03/ 092542 PCT/ US03/ 13454 the bioconpatible

JRHad b Sagm

adhesi ﬁ‘?tcroparticul ate support nmaterial are applied to a
surface to be treated separately or in combination after being m xed. In an

embddi ment  whias Resent Hyeg ides 3 methad faethogitiestiys Yeakment aflpEliquighingnt abl e

COnposi i.i t he. ] i - ' i he
advant it apitioe AR BB chBUEL el AR BB AR AR OS5 cui

t he parplaciupan impladblfcomposition dpoacy terfaceto pe avited Aepadiitigitke af f ects t he
flowabil ity of thﬁég;ese ' lmlar to that of the

t invention in a _manper s
exci pi efhosdepexteseletp alfshand g aﬁeﬁ&tﬁﬁsqrﬁ@e-cﬁﬁ? sellsdherprodice o ¢ he

adhesi Ve ifge tha es,‘ég&%iélﬁifér)iteaaﬂﬁpgﬁgﬁiettﬂe cdYiiapo thaftix. TheabIRRt 10 The present

I nventi on provi thod for 't effective treatnment of articulating
j oi Ht sembadimentathte thethed bympiigss ihepddditional step efrpyeding thesutfaceatoder f ace to be

treat edtrfg%ﬁi \Iﬁgtﬁ%lcp%lﬁrg I??ﬂ ?gucihrggltﬁ‘aﬁtd%gcln%eﬁ?n% iPta{e%P N%P?,@S%Zgéj,rtﬂg ce to be

treated
entire content of which is incorporated by reference.

The covering patch may be partially attached to the surface to be treated before

placing the implantable composition upon the surface to be treated or placed on the

20  surface after placing the implantabie composition upon the surface. The covering patch
is capped over the repair site such that the transplanted chondrocytes are held in place,
but are still able to gain access to nutrients. In one embodiment, the covering patch is a
semi-permeable collagen matrix having at least one porous surface. If used, the covering
patch preferably is a cell-free, physiologically absorbable, non-antigenic membrane-like

25  material. In one embodiment of the present invention, a porous surface of the covering
patch is directed toward the surface to be treated. Further, in one embodiment the
covering patch is in a sheet like form having one relatively smooth side and one relatively
rough porous side. In this embodiment, the rough porous side typically faces the

cartilage defect and promotes chondrocyte cell in-growth, while the smooth side typically

15



chondrocyte cells to attach and proliferate on the surface. The cells then
produce a cartilage matrix, and proliferate and popul ate the cartil age
mat ri x. Iwoano9dsez 15 enbodi nent, the nmethod conprises thecadwdoy/izasal step
of covering the surface to be treated with a covering patch, such as that
descri ' i’ ; ' of which is
I ncor pga?:g% %éwga)t%&?etﬁéé‘ﬁzglﬁgaﬁq ?)F]egt %gl\/]gﬁ)i@ﬁ%s t%%ﬁlﬁe%wlgeﬁlgi}?tﬁ?gl |y attached to
t he suembodintent, tige ¢ovesihg gatokhas vo gheath siget bfsimitpt porosily.e conpositi on upon
the surface to be treated or placed on the 20 surface after placing the

i npl ant abl e TeRRGIAI BitANO Poriie as tvefifg patthe itcluds Chend?eiGille® o8 capped
over the repair site such that the transpl anted chondr(%céi/t es are held in

pl ace, Bib@lide® cosmérciallylagailablefape VapsHoollagenmmembranes(Ed Gestlichenbodi ment |

t he_coverin tch |s. a . sem-pgrneable collagen matri x havj ng at, | east one
por %gs\égh{“?’ g’g hugep ,ﬂa’ﬁl‘ﬁe ‘%‘gﬁ%‘?l}aﬁ@a&f}'ﬁf@ﬁﬁ%ﬁl&ﬁé}sﬁi}rﬁlacicgrdﬁn%e‘fnlthf ree,
physi Ohﬁéﬁﬁ“kt vERS RIHBdrolCRI@N LaRRbCiNBHREWs typk ¢ 88! kirAd - | n one

enbodi e present 1 nvention, a porous surface of thé covering

pat ch insenmbrame@Bed GetstliahdSdtine, Switfeslgadt o be treated. Further, in one

enbodi mrent the covering patch is in a sheet |ike form having one

rel at i WdmostaOEmboidivaeaysd one rel atively rough porous side. In this
enbodi ment, the rough porous side typically faces the cartilage defect and

pronot es chqpdheembediaaint, th'meihowk bf thebidsenttiheention alsb isdlats thypsecstl |y 15 WO
03/ 092542 PCT/ US03/ 13454 faces ‘away fromthe carti|age defect and inpedes

t i 48ue hemogiatiopreducts im aenjieqtionsyitiothe iisntplantaionai ks imjadallen has two smoot h

si des of sim.l ar porosit T ' SHi vering

pat cho@orinar o e SRPUK gLty S bk Pt HebAki, pRbuS fufths 88V 08,
type | /thih@idn oTehbculanissm]isrdngmdelstch 4sadapillarcloops fiofveang Wb khesen
Switzerland). Additional material that can be used in accordance with the

pr esenteartogehsinmestablishesh drangthe nrpgess of agelasous;tenprlantatien %?gl e type Il

col | age | X 5 (6] Stdyl oM diiaelshandl m Henostatic
Enbodi %ﬁ@?%%ﬁ?%%?ﬁ%ﬁ%@lﬁérsél?ﬁgﬁjggg@%{ehe prlesgnt i nI\I/Ient lon al so
i nalsuderepiifing satibize défclydmbsnext witerp thedieficts dxtendanfoumdelosnthei t h t he

L anePl oLty o0 oL e ekl & SRR LRL,NE Bk BRbhY: " 2

vascular tissue from the underlying bone will tend to project into the new cartilage to be

formed leading to the appearance of cells other than the mesenchymal specialized |
chondrocytes desired. The contaminating cells introduced by the vascularization may

20  give rise to encroachment and over-growth into the cartilage to be formed by the
implanted chondrocytes.

Although the present invention can be used in conjunction with a hemostatic
product or barrier, it has been found that in certain embodiments where an adhesive or
excipient is used with the implantable composition of the present invention, such as those

25  described above, the adhesive or excipient can function as an effective hemostatic barrier.
However, in another embodiment, an optional membrane such as those described above,

can be used to prevent blood from contacting the implantantable composition.

One of the types of commercial membrane products which can be used in
accordance with this invention is Surgicel® (Ethicon Ltd., UK), which is absorbable after
30  aperiod of 7-14 days. This is contrary to the normal use of this particular hemostatic
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formati on of vascul ar tissue, for instance such as capillary |oops
projecting into the <cartilage being established, during the process of
aut ol ogouwotosasespt ant ati on of chondrocytes into defects iPaTiUse3/cas4 i | age.
Such products are sonetinmes useful in 15 repairing cartilage defects in
bones as%jir bed! dBG iR\t Hifn ERMBSTRAGher aver
sometl&rr%e}g&gg\EléHa gogl?%%gh?g&ﬁ- tm@ﬁess defect. The formation of

vascul gfentbrafelifodictinclude UhdadloyGidg®md BiviGile®pdeictivedaboject into the new
cartilage to be formed |leading to the appearance of cells other than the

mesenchynal T‘Bﬂﬁﬁeﬁlth@&dvas&ﬁ&‘i‘iﬁ'h@ﬁYﬁt@%aﬁ?a%'er £RemJHRicCAMNCAT BAabe Aged el | S

i ntroduced by vascul ari zation may 20 give rise to encroachnent and
over - gandvwill acttas atgekhk@artlﬂbabeoagulatfe Iifmditldmbsoells lshould r‘PSIPmP@deI@HE Bdr ocyt es.

Alth t.h d t h t at
O oo Bilielafers datoctiof aHienias gaiiaaa (i 1§ G erec by SF ARG aRBitbilel s oo & '
adhesi Yt?esemoo%eum%%menuéﬁ@ Mah dttb%hﬁ’%ﬂﬂdﬁﬂh RoCHIFNS id ind@iceof t he

present T nvention, such as thdse 25 described above, the adhesive or
exci pi eascuixgréwthc tThus, aalsanmstaélfcfpemtucmsed@ﬁﬁg@-aaﬁwlamm@@mhlblmver in

can b bASHE W1 GV SBTD AP Loh bt PHGT R SRERRE T e oo

COWPOS'fo%en%nﬁénttdf%ém%dms f‘y%@lhstaﬁrmvan@nproducts whi ch can be
used in accordance with this invention is Surgicel(r) (Ethicon Ltd., UK),
whi;gh i's ab Ao frodkshs ARYSton BnbeirerfERALT ary to
the8norma| ﬁé”%?’ a?haq{(’t“g’r‘?%e?g{?fazﬁ?&ﬁ g fle et fiSUon 092564{’%r PCT/ US03/ 13454

devi ce,bysanCithesscOpic ginfrér(lirptonds, otepen surgidali tectmigneoduct i nsert from Et hicon
Ltd. OQther nenbrane products include Chondro-G de(r) and Bio-G de(r),

descri bed abpkamdiftdoaihitithe aéiectroemja@mahae itz ated dﬁewttyr, enlergetlisliggtly  a
henostatic material can be used and w | act as li% artificial

coagul atr@aulptedrbycﬁumx@ai@r@éﬂvrg PERBIS @%@tﬁ}l‘é’s@rﬂ“% 40| | -t hi ckness
def ect HQB%%E‘&%ﬁ FI'OEHW@%) %nﬁﬁ:ac{opieﬁtscdf‘(ﬂﬁ arQYnc%h@?at@d ReRstat i ¢ barrier,

t hese em cally changed to hematin and thus not be
ablig t aefdnelitescto a‘éaﬁﬁmbaate@[mmﬂmntéﬂimsqmposﬁtmmstatl c product used as a
re-vascul ari zation inhibitory barrier with or without fibrin adhesives,
such ascHiRurifis PFpeRIurbe Surgicel (r), is effective for one enbodi nent of
the nethods as taught by the instant invention.

It is notable that adherent cells 11 and 21 have an optimal surface area upon
which to attach and proliferate. If the surface area of bead 22, wafer 37 or thread 12 is
too large or too small relative to cells (e.g. cells 21 or 11), then the cells will not grow.

20  Thus, an optimal surface area of microparticulate support material beads 22 or thread 12
relative to cells 21 and 11 for attachment and growth of cells 21 and 11 to bead 22 or
thread 12 is necessary. A typical optimal surface area may be achieved by using bead 22

or thread 12 having diameters of 20 microns to 400 microns in diameter.

By way of example, the culturing procedure, the attachment and/or growth of
25  chondrocytes and the transplant media used in the culturing procedure and/or attachment
and/or growth of chondrocytes are each described in detail below, starting first with a
description of a laboratory procedure used to process the harvested cartilage biopsy and

to culture the chondrocyte cells according to the present invention.

17



10 The inplantation procedure according to the present invention can be
performed by an arthroscopic, mniarthrotomc, or open surgical technique.
It is undwolBowd4: hat the defect or injury can be, treate@Caiused1isy4
enlarged slightly or scul pted by surgical procedure prior to inplant such
as described in U S. Patent Application No 09/320,246, the entire contents
of which are incorporated herein by 15 reference, to accommbdate the

i npl ant abl e conpesi tion, ri i s notable that adherent
cells 11 and 21 %:Sé(\%lpg%l O@%ﬁc&%%&%ﬁﬁ?%@fﬁﬁdﬁh which to attach and
proliferate. If the surface_.arga of b ad@izz er 37 or thread 12 is too
| arge or to&TeWH meﬁléR{A?fFW@ﬂ% @’SIgF%Wt?‘@ }a@gg\éadfstoﬁnago FC/OHHARS he cel I's
will n S QR probist 36LtA6R (B cdilEOBRéAdSHkAL € support
mat er i ﬁe%@%ﬁ’ge%@pa&%ﬁ%&g 12 Ilfﬁragel? at iSve tgg)ag::rel l's 21 a%d_ll f(g}r%attachrrent
ands gr oellhis piepredd by Rixingitbgtthet 2.5melogenR@nywin sulfates(zdndepiraomét essary. A

W2t g TCRRAIEHET o BT REERORECH oSBT R o PO TP R LT E gy of -
exanpl gy, gfggn%@g,gént’z{]ﬂtiﬁﬁléﬂ e Sront BGuiBb), 39 MR Odscavbet Lid @oowt h of 25

chondr ocyt e transplant nedia used in the culturing procedure
and/ or maictomadiefbiter), 180 datldetalcadfisdmmn (fied cnoteotrgptians2(o ) and die r¢mgindebed i n

detail he tarting first. with a scription a | abor at or y.. pr ocedur e
used t DIEBHELE nichia Bhrice anotddo T E i bRtg A nelamB SR B dhct
chqpdr ' { fRNEtHe HoREI td B8 labbrat¥¥l) 18 H G2 542
PC('I1 Usgg}ﬁfggg?tbérxaggn%ﬁfeﬁ%@ﬁ%%&ygﬁggytga Harvg%ti ng ana(l:l ngﬁlh G owm h nedi a
( her ei rihé tlamdrocyteeceljs ovt ¢xtrastgilany mydiepliedd tr ansport and/or process the
cartilage biopsy during the culturing process and to grow the cartil age
chondr ocyt e Foraalaitlogoupimphned chyilagediopyy tfoges haveszedbyndrtigesvopivy ci n
sulfate (concentratio 0O mcronp liter), .4.0.n hotericjn
(conceﬁ??@ﬂ‘i‘@n%ﬁ?ﬁ?‘ﬁ? réﬁ’@i‘l 3e99"i’¥"81|g¥1%‘?a_518%ﬁ fhet & tg?f?tggg%e)n% arédn_ anti f ungal
avail a ﬁsﬁﬁ@é@ toie RBJratoky inth growAR GRIdM ondhifls 08D FetalbAf Qfhe/Thet er), 100
C

m feta serum (final concentration 20%, and the remai nder DMEM F12
nediSa tarirgelbiopsyais dun ta@tedwvitly in grzywersuple s @ypsimetbysandiagiesdeia medi a 10 i s

o aRiS R DTRAS! A plolS iR dur}A8 Enfb 2R b o' DStad ARR okBhot! © N

cartilage chondrocyte cells from the cartilage. The extracted chondrocyte cells are then

cultured in the growth media from an initial cell count of about 50,000 cells to a final

count of about 20 million chondrocyte cells or more.

20 Blood obtained from the patient is centrifuged at approximately 3,000 rpm to
separate the blood serum from other blood constituents. The separated blood serum is

saved and used at a later stage of the culturing process and transplant procedure.

Cartilage biopsy previously harvested from a patient for autologous
transpiantation is shipped in the growth media described above to the laboratory where it
25  willbe cultured. The growth media is decanted to separate out the cartilage biopsy, and
discarded upon arrival at the laboratory. The cartilage biopsy is then washed in plain

DMEM/F12 at least three times to remove the film of fetal calf serum on the cartilage
biopsy.
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the chondrocyte cells are extracted and nultiplied.) For an autol ogous

I nplant, a cartilage biopsy first is harvested by arthroscopic technique,
for exanpwe,03f09x3m2 a non-wei ght bearing area in a joint of PChaSpati4ent and
transported to the |aboratory in a gromh nedia containing 20% fetal calf

serum The : & I: O ' Mo h as
trypsin et hi/[?1 8%%&%4%%9‘%’9 tléé)?lr%éwag%ée@% %@&%@&B%&? &h %B%lr%(g)%élol I C enzynme
and bi pdodeaeititd abbe,its ahadle2Sundl trepdin BDTA (entdntagon Ol0soyhameee cel ls from
the cartil agg. The extracted chondrocyte cells are_then cultured in the

gr owt hagdedh dnfhis gempositienithe carilage bipppy isdroubpisddosivolder Blinges # a fi nal
count o@boute, 114 on : . . . I I . | ned from
the part Sats Esh: il Bt BRGsrEF ioe 1535t oS RS S B TS

bl 09d gigy skl pievial fedledils@ i} Hioyyiofate bf the triPsinsapAnat The birtitade fer um i s
saved %;ld us_eﬁl qat a_I%E,eé@st,age of thet&;{a%grl ng p,rgqc{:ﬁess ar}%@hranspl ant

pr oced i weighed. | Bgpacablyo e ynigHBYM G AN LNOLIPW L RECf or

autol o l. [ ' hi j h ' | bed above
o 1 ho RaRphERR R ahabeEr oging, WAREER her BB TR A OORIE PG
decant ek i opeepaadatieie weiiing, che tdrtinge isyplapdin a anstudé st2andedllagenasear ri val
at the laboratory. The cartilage bhjopsy is then washed in pla ri DVEM F12
at | eadeoncrntEation; 3009 cpgymEFIVEE: heigestvnearym la|apera§_>i><fm%t@‘af§0rﬂ IBinp e

carhil 1 : : e e bio '

thé? washed i nfg%gbahg%%lgﬁg%ﬁqaﬁﬁﬁ t@mg@ %%g% gﬁé ﬁ tﬁn@%%ﬂa{iagg’scr: bgzy >

?bovﬁ" Afverwhiincing Afie mﬁini&@qasﬁilagfﬁ@%néﬁeua@m a hoitlerusthetbfpndlandbeen added.
n this conposition, t cartilage hiopsy.is incubated.f fi tot

e peorPostl, Bl Lol debe ol b b A SRS Rl W0, o

washed g, tfhd ffe&d Eargg?ge iihen M&ﬁb&fe@%hméu fouds gheanag stheohi opsy of

any of the 'trypsin enz e cartilage is then weighed. Typically, the

m ni mum anmount of carti |l el . i I e [
" about g0 onS FybBRedfn kEIPES il Shihet 3t bnch 3RpeENORCURTKE © o¢) (o
pr afser ragkh, Mdi@fug¥® (AN 059 rprh & 208 finkdsa@fyify} fa?| 18GREuieR, adri-ached gvied 2 nl -
col | agenase (concentrati on 5000 enzymatic units; a digestive enzyne) in

appr oxi Wik eroyvt gedia. plhsi ¢hondrocyie opiis are dea cauntsd i Aetraeiae theiayitdliyi he enzyme
to par tf‘oﬁloxlw}/ngd\%fﬁgﬁ fne crﬁ%n&%rcwelc@ﬁseare incubated in the growth media for at least two
weeks at 37°C, and 5% CO,, during which time the growth media was changed three to

four times.

20 The chondrocyte cells are then removed by trypsinization and centrifugation from
the growth media, and transferred to a transplant media containing 1.25 ml gentomycin
sulfate (concentration 70 micromole/liter), 2.0 ml amphotericin (concentration 2.2
micromole/liter; tradename Fungizone®, an antifungal available from Squibb), 7.5 ml 1-
ascorbic acid (300 micromole/liter), 25 ml autologous blood serum (final concentration

25  10%), and the remainder DMEM/F12 media to produce about 300 ml of transplant

media.

Example 2 — Implantable Composition

A support material of choice, for example biocompatible, resorbable beads, mesh
or threads, is mixed into a transplant media in a sterile petri dish to “wet” the support

30  material with the transplant media, and in one embodiment the support material can
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After mncing, the mnced cartilage is transferred into a bottle using a
funnel and approximately 50 ml of the collagenase and pl ain DVEM F12

m xture iwoaddext41 0 the bottle. The mnced cartil age is wPogrusosicabat ed for
17 to 21 hours at 37C, and 5% C02 I n one enbodi nent, the incubated m nced
cartil ! | H$kd 90 A0S ] 8 ' 054 rpm
or ZOO%tgﬁt%%tgh%{r}%hp%‘{tﬁ*egrﬁ%fo n1(5]n(l)1t es, ggﬁrﬁg e%ﬁt\?\fdg %ﬁ?ﬁ%&%‘\i}wh medi a.
The chaddedioythesippbitanagedalttiaasplantunddeaimizuce tThe iransplattanediy imlyiblei t v,

foll owi ng whi.ch the chondrocyte cells, are_in ated in_the growh nedia for
at | eadd% EmALeREIA c@ﬁ@?%%%wngﬁﬂmgpmﬁﬁ Méleepﬁ%b&%m h nedia
was ch ' T, C ; I eaddien renoved
byt ryourar $5 20 Bridlaed tbnb. B vl e GRSt BEYER, S Py BT
transferred to a transplant nedia containing 1.25 ml gentomycin sulfate
(copcent r at iR chOndfoeyte @elledrt iilicgrallowdd € ftachmpt gty b bni theresyvkt ati on 2. 2

, mcronole/liter; tradename Fungi zone(V, an antjfungal available from
Squi bb)material for a perioskefdipg, sangingrpmeme hpvy t9AFeayack: @d)n opg epbodiaedt ogous

bl ood rum ((final concentration 9 ' M F12 medi a
to pr oéﬁ%éhoé’gﬁ%y%ﬁgs e n&%m_. AT s%%g?{%ge{%%ﬁﬁéa}%b@?jp@%?&%w%ﬁt abl e
Conposi ghbRftobyts YRIROArE cHRied ndth tRE sipeti@ateridoverhadhid! th ShOGABGMHRMER] €,
resor babl e beads, nesh or threads, is mxed into a transplant nedia in a

st eri | ¢hpchandratytsreells andunedia arp geglpsbisied t@allotutherdhendigicyte ceHetor r anspl ant
medi.a, d i.n_one enbodi nent e or terial can 19 WD 03/092542

P PUS(?%?‘E@&%&H é@ﬁ‘f%‘&gﬁgﬁss ?#tg‘ﬁég‘?ti’g’ mé%g la for 1 to 10 hours or nore. The
chondrocyte cells are then added to the support material transplant nedia

m xt ur e. Thdntahanelat¥mbekinantradditienal Qfepoitmhataiial éssdktetitathecul t ure medi um
containing HAM F12 and 15 mM Hepes_buffer and 10 {o 20% aut gl ogous serum

al | of shendwcypscit and synnod meferalepbuieriuiing sding io gitow: for hepdditiendr ocyt e
cells lLoyes r ' ) t terial for
a peri g%&gwgr?rfagh g? angiérfghﬁdg?n&g%ga o(%rtﬁéfn%&gl eﬁ\%&e}iﬂgﬁgﬁ#ﬁﬁ%hggﬁmodi ment
t he, chosvtiecsapticglimentk detareen fliand 40 mexl ofisuppott emgp@iad can be addeddodic 37 C.

P olse gcﬁ{l%'frq. et ook Saddic oF sipport Tnatarial Ca be Tepenteiifor 176" €' @

20 times. Once the culture period is complete, which can last from about one day to
about six weeks, the media containing chondrocyte cells adhered on or within the support

material, is ready for placement (for example, by injection) into a defect site.

In another embodiment, during the culture period the support material can be
20  enzymatically dissolved (using, e.g., collagenase), thereby releasing the cells. The
enzyme can then be removed from the culture and additional support material can be
added to the cell culture.

The support material added in subsequent steps can be the same type of support
material or it can be a different type of support material. In one embodiment, the cells
25 - canbe transferred from a smaller (20 pm) to a larger (400 pm) support material. In
another embodiment, the cells can be transferred from a larger to a smaller support
material. In yet another embodiment, the cells can be transferred from beads to threads to
wafers or any combination thereof having the appropriate size and surface area to

facilitate cell growth. The transferring step can be repeated from 1 to 20 times,
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the chondrocyte cells and nedia are gently stirred to allow. the chondrocyte
cells to 110 adhere to and grow on all sides of the support material. In an
al t er nat ewersbogbsment , addi ti onal support material is adde@Craspiies4s4
chondrocyte cell and support material culture during stirring to allow for

the additional att ach%rp% o] fol ,raﬁ?@fe@@ﬁﬂgsﬁt?&yte cells on the newy
[ s* be

added support material. Tn “some éenbodl nmen tween 10 and 40 ng. of
support material. can be.added tq the 15 cult .. l,n other enbodinents, the
addi tion ofi‘%@n‘ﬁﬁ%‘?rtem@é‘w %&E’éﬁmﬁger"g %%HSB‘EPLHFﬁm p 1a§’(§‘ygt§ﬁa@eﬁemce the
cul tur Qik&ly Bqhd %g%%ﬁﬁhﬁ_&ﬁal, Whh&l “pROwEERE” bF QB sAIH mARAaI0aY Hi® about six
weeks, the "nedi a ntai ning’ chondrocyte cells adhered on or within the
suppor tcasenteehpadrocyts celdsaty tharallpivad tnestach @hd grovx ampt @ theyupejtect i on) into
a defect site. In another enbodi tent uri the,cul ture period the support
mat r | ﬂat?ﬂ?(ﬂé‘ peg@géﬂ%{qn(’gg}g @rglaia’s%‘gﬁ\?sg‘gw&aha?t X &e‘?]&col | agenase),

ther ebxpré@%a%gé R HohEroe fle!cBlls di3Qult@Rd Wil thefuppbRinferisIoveMesht f ipsnd he
culture and additional Support material can bé added to the cell culture.

The suppdotlionet,che ehomsldetyte ¢alls sudswdisane gentbpsimed o plow e chandrocyipe of
support terial, or it can he..a different, type .of support material. In one
emggdi r?ﬁﬂir% a?ihgreégpp@gr onays e%gftilPSWngP%tgn?lrom apgmal ler (20 M to a

| arger (400 _m support terial. |In apother enbodinent, the cells can be
transferred Iﬂlaﬁﬁtﬁmﬁ'&reﬁg’d%ﬁ'&’ addiffona S@H%B’P’ttemgrﬁetq@ﬁ thye sapg, %Yet anot her

el o AEpGiEhlaerfaf s B HEANPLAHLA thdilefll) VEHRICH SvlithepdlRy 0 vl er's
or "any conbi nation thereof having t appropriate size and surface area to
faci | i tymtied teeédpagd dwt dell clilteret Tarsdtberdntpdaney, thasuppert mptedsledastfirstm 1 t o 20

times. 20 WD 03/ 092542 PCT/ US03/ 13454, . Exanpl.e - i nplant.apl e. Conposi tion

In anot‘ﬁé‘imyéﬁg’é’d%s?’l’&ﬁ“,zy‘@ﬁ%ﬂlfﬁ&ﬁWBSII&'eFPEI"é‘g@ﬁ‘gﬂééﬂpﬁ?@ﬁ%@&ﬂ"ﬁ‘&gﬁ be

added 1Q§ge€§&fa\5? hfeattﬁ@htﬁe BARHh! fRhE hitorialiHah@Us destogedies 4ddedio @k t he
nthis

support rmaterial. | case, the chondrocyte cells are then allowed to
at t ach @tduljuewTdr poecesnof destreyipp thetsupparhmeterial candre rapgséad toie asimare ne,

ranllgi ngﬁfrom a outlone hoh{r to about six weeks. Preferably, the chondrocyte
cellPs AR QT HPSY WABF Phe support materiat overnight. In one enbodinent,
the chondr Oc(xlgc%t ee lcllll%urg ?)grigf éjvlas(;’j1 co%rrlﬁet%? tﬁté |n¥ed§ai[ éornga%%n}g%h(?rll g(‘;’}\rlté cbe?lsChondr ocyte

adhered to and grown on or in the support material, is ready for placement into a defect

site.
Example 4 — Testing of Alternative Support Materials

20 Different support materials were tested for their ability to provide support for cell
~ attachment and growth, as well as cell viability. The following support materials were

tested: collagen threads from IMEDEX (not yet commercially available) cross-linked
with glutaraldehyde (idgntiﬁed as “Threads +” in Figs. 3 and 4); collagen threads cross-
linked without glutaraldehyde (identified as “Threads-" in Figs. 3 and 4) as described in

25  the published IMEDEX Patent Publication 351,296 Al described above; and beads of
collagen cross-linked without glutaraldehyde (identified as “Beads” in Figs. 3 and 4). A
Chondro-Gide® membrane (as a positive control), CR-1, an IMEDEX® membrane, and

no membrane (as a negative control) were also tested as comparative support materials.
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cells to adhere to and grow on all sides of the support material. In an
al ternate enbodi nent, additional support material (either the sane or 10
di fferentwowpfpeess2 material as the original support materi @Cr/usasy1msded over
the culture period to expand the cell culture. In another enbodi nent, the

support matekial ,was fir [ rypsin.
Then, addi tﬁgﬁgf) 11%5?%‘6%1? E%ng%ﬁ)?%s{sg%g& Pﬁé r@ﬁ%ﬁ%@?@%ﬁ?@!@é{r egfet han t he

or i gi N¥a1l$ oPMBa ofalgsiuMr shiydd), reBghlg Batin®MRehetdrs o fatbRU05@ni. Evercel |

culture. The process of destroying the support material can be repeated two

or nor éhouh the theeadswere pressedde farme2 pleblagshapy dbest ae refarred fodhopiRisdd was
conpl et t he, gedi a4 _copt ai ni . nd grown on
or 1t faedie Srb R S or, SaealBt A s SRt S MINERES hUETY 97T
Exaspl gcfditiohe&id placed§intd 4 EI-walliplge. STpweighi\tibsse dlmpRe iihbivarie e support
materials were tested for their ability to provide support for cell

at t achnkabte hwithgheogspectivg evparimental ew} RUYhSEpi 1ity. The fol | owi ng support
materials were tested: collagen threads from | MEDEX (not yet comrercially
avai | abtTABLErloss-1inked wth glutaral dehyde (identified as "Threads +" in
Figs. 3 and 4); collagen threads cross- |inked w thout glutaral dehyde

(i dentiTTed asweidht adier in dabh kingisle (dgpnd 4) as described in 25 the

publ i shed | MEDEX Patent Publication 351,296 Al desicri bed above; and beads
of co iRgﬁg; CTHESsds | TKEU ThehRut grutar gifgdglayde (i dentified as "Beads" in
Figs. 3 and 4). A Chondro-G de(r) nenbrane (as a jpositive control), CRR-1,
an | MEDEX(r) nenbrane - Skaq gt i ve control) were al so
tested|as conparati vecgﬁsgg‘é?%b%n\gﬁg%tgﬁﬁsé—ﬁ WO 0 092542 PCT/ US03/ 13454
The coljl agen t hreads werGluprsdsgdet o f Glutamabiehydd rf equl ar shapes (for
exanpl ¢ balls of thread of a gl obul ar shape), roughly having dianeters of

about (- VET] ougiT g threads werg . pressed to forma gl obul ar
shape, [they are referred to herein as "threads." [Sanples of the beads and
bot h t head—types—nere ”-a;;;: Hder—stert4e ondi ti ons and placed into a
12-wel I} pl-ate. g wei ght of "t'hese sanples I's showh in the Table 1 with
t he res_pe,cu_ue_exzofn-me-m—al—p%n—nu%e%ﬂ%—%—
' 3 42. 44. .

4 48.6 42 39.2

5 473 41.7 39.1

6 39.5 36.3 38.6

7 36.5 355 27

8 37.8 45.3 44

9 40.3 273 359

10 39 44

11 40 44

12 40
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Weight carrier in each sanple (ng) Run # Beads Threads Threads

Cross-Li nked Wthout Cross-Linked Wth @ utaral dehyde Q utaral dehyde 1
43.5 42. WOD3/P92522 35.8 39.8 39.5 3 42.4 44.3 40.2 4 48. #C4AS8913354 5 47. 3
41.7 39.1 6 39.5 36.3 38.6 7 36.5 35.5 27 8 37.8 45.3 44 9 40.3 27.3

ot or i al s wits ket e i e R RSRRG Bnoeil B RS Bl Y, 1
of t he of@ihw4shl solution chbekeH @6l détermimt eff the BEppokt riterisiuppadta dhgd indhe caused a

change in the H value. Media (DVEM + 20% fetal calf serum (FCS)) was
added P5 eden Media{DMEM + 20%datahraf spyumBed wassaadded ta epchfitheavallse enpty

wel | ( ' i . r I ensi on was
pr epar ggmii ?I](?]ﬁ%% i ?85&‘2%%% %{lftgutl? ﬁ@p@e‘%ﬁ@%ﬁ%ﬁl flg%:'h%iﬁg&z s r)%md added to
t he5 corhomirovet belangspbistonwhd preﬁ&laﬂ &l dcoglahbewith pedtie ceficaltirdl s.  The

chondrocytes were incubated wth the support materials for three days at
37C i n tedhaiqueppnd aided de die copfrokyell prdthedvslls contamingthe suppest materieled from t he

ol ut 1 AeCHOTBHRR by BRIt B M B RER e O S e G S Y e
vel | argD] incubuddre A fedr tBré€dhys, tHedBedih tvad kgaeleddrdnh eheSvglBGNY thduppo@l . The

di ssol ution of each sanple was m croscopically determ ned and upon
di ssol weatesials wesre washed with PBS.

10 Next an enzyme‘solution (0.25% of trypsin, 5,000 U/ml of collagenase) was
added to each well and incubated at 37°C in order to dissolve the support material. The
dissolution of each sample was microscopically determined and upon dissolution the
suspension within the well was transferred to a centrifuge tube. The wells were then
rinsed with DMEM and transferred to the centrifuge tube. The suspensions were

15  cenirifuged for ten minutes at 200 x g and the supernatant was then discarded. The

remaining pellet was resuspended in 0.50 ml of DMEM and the cells counted.

As shown in Table 1, a total of 12 runs were performed on the beads, 11 runs on
the threads without glutaraldehyde and 9 runs on the threads with glutaraldehyde. The
results of the test for cell number and viability were then averaged and set forth below

20 andin Figs. 3 and 4.

The results indicated that the highest amount of cells were harvested from the
threads cross-linked without glutaraldehyde (“Threads -’), as shown in Fig. 3. The
amount of cells on the beads were equivalent with the negative control and positive
conirol (Chondro-Gide® membrane), and the amount of cells on the threads cross-linked

25  with glutaraldehyde (“Threads +”) and the CR-1 membrane was substantialty less. In
addition, the results indicate that the viability of the chondrocytes grown on the beads,
cross-linked threads without glutaraldehyde and the Chondro-Gide® membrane were
equivalent to the negative control chondrocytes, as shown in Fig. 4. The viability of the

chondrocytes grown on the threads cross-linked with glutaraldehyde and the membrane
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suspension within the well was transferred to a centrifuge tube. The wells
were then rinsed with DVEM and transferred to the centrifuge tube. The
suspensi owWe 09254245 centrifuged for ten mnutes at 200 x @Can$os/sas4
supernat ant was then discarded. The remaining pellet was resuspended in

0.50 mM_ _of n he cel | oun - 2As _shown in Tabl a total of 12
runs w&’lag e YE%IP ﬁ%aga %?10 q{@rooc}gegéoﬁgp Lt}hes()tﬁ?{ SuP%OJPW‘?e@ﬁ S%Wi PRGut

gl ut ar ghdis bordle cheilirSeytd Fesen®ion tah@® gidWiB kS obbdred! Ut ar al dehyde. The results
of the test for cell nunber and viability were then averaged and set forth
bel ow 20 a i Ii a4 Ulites. . dangl + t hi ghest
anount of cglg?ﬂg@agdrlg&rl]l Fvestesgloﬁ%%%g’ algﬁﬁégg%sﬁﬁggrg@@?r%gg&wthout

gl ut ar hbhdetted o' dififleremt sarrity) masaksvasrappareft. Chedargétemomntswoficell cel |s on

the_beads were equivalent with the negative control and positive control
(s nansrrdated S B Tiresdt crory ke SBion Bufareligtyige Sl oads

cr 055~ I yplkatrafR1Y i) ShRAL HeARIDAo OB B85S aha A7 {(Radq meNbrane was
substantﬂii)a y f%e})é\eéé In H%Igdi tel on, tﬁe res‘u?tgad:gn ?caﬁleetp?ﬁg?g{t e viability
of t henegaivercontyolesxpgrimentsoA snirdlebpamiber ofcehs wete hakemdteddfraa ds welishout

gl ut aral deh and t he, ndr,o-.G de(r hr ane re uival ent to the
egat | FRT KPR O PO L SR T o bes ) orre - LBRIEIST ¢ ho
chondr ggkRScaHOWN on the threads cross-1inked with glutaral dehyde and the
menbrane 23 WO 03/ 092542 PCT/ US03/ 13454 was again | ess than the
chepdrocyt esz: gr RS i S o F TR dst B RL | | 1 ases sone
chggdrocyt ﬁ%’t‘%@i"@%%&‘%ﬁ%ﬁ was osgervg%’.@ trhgpdsld%)gféolg? %dé?qcy, and as
shown iwitheuggluBiraldeliside (€Hoesdsi-1) reldtedrin vells lefvinpahé saxivaim eddbéicty fof om
different carrier rra#erial.s s apparent. The |argest apounts of_ cells 5

were ol QBEVEREEn TREPOH negaidve qoniRbekpgiimsaLAnddhe beads shewsthe

(" Thr eagiSiia houARPTRAITRLE YR LAY eSpalify OFh Bl bR, beads and
in the posI tive an negatl ve contro Xperli men%,s. A SI’TBJ er numnber of
cel | s erested fioas thedhfendmorodselinket] ivdth gintavdidehlyde (ffldacksls 64’ person thakild wi t h

gl yt.ar gl dehyde (" Threads, +") or. t -1 rane was the carrier. 10 Fig.
3§ ovilpatbizge byt rdiRed torbrarimn, B B BRBRRER 1a® T hr eade o 0ss: 1 i nked

wi t hout gl ut ardz;lll,deh de ("Threads -") resu|/ted_ in.cells_ havjng _the maxi mum

viability ofAdditionally, to determine the effeCt of mechanical reduction of the size of the

threads on cell viability, the threads cross-linked with glutaraldehyde were mechanically

=)

reduced in size. In this experiment, on average the viability of the cells that were
harvested from the threads that were not mechanically reduced was 65%, and the

20 averaged viability of the cells from the mechanically reduced threads was 78%.

This comparative study demonstrates the ability of microparticulate support
material in the form of collagen beads and threads generally, and such beads and threads
cross-linked without glutaraldehyde particularly, to support the attachment and growth of
chondrocytes. The collagen bead —chondrocyte composition and collagen thread-

25  chondrocyte composition, in each case, comprised a flowable composition suitable for

chondrocyte implantation.
Example 5 — Adding Support Material

In another example with collagen microbeads, three samples of 40 mg. of

microbeads having a surface area of about 0.3 mm? per bead were prepared in the
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949% on average. The positive and negative control experinment and the beads
showed simlar results, 92% 89% and 92%cell viability, respectively. The
vi abi i t ywofo3twbasazel | s harvested fromthe threads cross- [PCHREI3/wWi45h

gl ut ar al dehyde (" Threads +") or on the CR 15 1 nenbrane was reduced to

moohan Baerdicieaege. QiCRiRed i P dunh® sHR HH obfed el e
t hr eadsofan®sagnglés) KEHE sehiplesSidie aulaired hygowbmedinBcioa tiré@dys infigduced in

size. In this experinment, on average the viability of the cells that were
har vestagnrier desctined ehaveads thafitst senplenkt additicmahingeol Rickeheadewesgas 65% and

the 20 ave ed viabi]ity.of,.the J c i cal. reduced -
threadsa%\ﬁﬁé‘a?%%e se dss llr%gp §?$‘\?g%£lflf?8§/&§%€§(grat g?%?i@"@é%a p?%?agf
M crsopangi siuhidtddesdiPattaddétloahd fimple. Thes 6 WéreGRlthar@aukg doksfoand

t hreads generally, and such beads and threads cross-Ilinked w thout

gl ut ar addditinpdbdayaat 3T CaAlfier faus deys pothe firsisampleat® additional angyobwt h of
chondrocytes. .The cal |l agen _bead -chondr te conposition an ol] agen
b ead D GHNGIAECE o h B Er b A0 L BIOIaBeA Pecadier Ao o
CONMPOS| fhi YrFisint AL 48 el of nBRBEARGYLE addBllte MicAalle. TheAMRIesvere Addi Ng

Support Material” I'n another exanple with collagen m crobeads, three sanples
of 40. nthen ofiltivated felsmadisy.havi ng a surface area of about 0.3 M2 per bead
were prepared in the 24 WO 03/092542 PCT/US03/ 13454 manners descri bed
aboMe. One hihlcedld widetieardunbd pitidiny 1 £7,56], hdthise vatdityl it thedasth of t he

sanpl es. The sanples, were cultured in growth nmediumf t.hy ee s in the
manner sﬁ%ﬂ? (Harm i bige 2 L3t (a0 P?lfsslfl t%%&?ﬁ%f Samq%?rhﬁ%ﬁwﬁ% gﬁgwn

m crob ABRD: QR 98e ! e wer e
added. e%???vg)’teﬁér gjg)r?pc;ggs B‘Z‘ges ngé.%hf m cr@géﬁgﬁ}gﬁ%@g@g{eﬁgi 0 ‘the
sanpl e. THhexsaplelisdicates the iabiltty of cellstauttatd fonrsuppurt mateddlst arwhthe days at 37

C. After f.qur.days,.to.the first.sanple 0 addjtional ng. of m crobeads
wer e adBré’E:‘.?e“ftB)“t &GQ%E%W&%QM@W’?%{D %?O%pafﬁ'@l‘obeads were added. To the
third sanple, 40 ng. of .m crobeads re added to the sanple. The sanples
wer® then cifhtlevliduengpn ﬁ?ﬁgb%ﬁlscﬁederw&ﬂ6@?@0%8@%@@ﬁmiwameélaﬁ,yi el di ng
157, 50045 apheanORaP oth@Rnkdoli¥nédls dtPydriakiShs of this invention may be devised by

others skilled in the art without departing from the true spirit and scope of the invention.

The appended claims are intended to be construed to include all such embodiments and

equivalent variations.
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sanple (shown in Fig. 21), 347,500 cells in the second sanple with 98%
viability (shown in Fig. 22), and 325,000 cells in the third sanple with
98% vi abiwptog/ogzskown in Fig. 23). This exanpl e indicatesPChasod/adasd ity of
cells cultured on support materials, and the proliferation of cells after
addi ng avigittid Oraghe$igpport material. 15 Wiile this invention has been

di sclosed with reference to specific enbodinents, it is apparent that

ot hey enbodi gents 1AL | this ik nyention . be devi sed by
others skill gg i nﬁgﬁg@\a{lﬁté@é k’ ﬁgﬁ?&%ogp‘gﬁp hsgﬂ?‘?%br]ﬁ ﬁ(g‘%ﬁrcgé’o@ﬁpﬁ‘?st and scope
of the ichomintdytes.retaiited adjapentdedppdrainaterial. e i nt ended to be construed to

i nclude all such enbodi nents and equival ent variations. 25 WO 03/092542

PCT/1S03/ 13454 Wik itplabdaBidBehpogitiof of clafth 1@&%&'&%&5#@&%2&}?@%3&{&” whi ch

is flowabl e and which conprises™ 2 chondrocytes ret cent " a support

matefial. 1 3. They | PAS| | f.claim.l further conprising an
adhesive. 1 3! Thgh:'3 %?%ﬁ%g% O?“@%#p!%ggioglh%ﬁngfw%er%lﬁ ﬁ"iués tetigi 1§ 2suppor t
mat e? i almicopartic@atd sotid pasdmicsdlidteateddlj d or semi-solid material. 1 4. The

i npl ant abl e conposition of claim1l wherein said support material is 2

bi odkgradabl @. 1 The Tiplahiaplecadipokitios QB t iviHerdh sslial igi 9 said
bi odegr%dabl e 2 mater?al i's cglyléagen. 1 6. Theri mgl an?%ﬁefﬁ?%fﬁgfolgi tion of

cl ain 5oigdegedsbleai d bi odegradable 2 material is a cross-linked coll agen.
1 7. The inplantable conposition of claim1l wherein said chondrocytes are
2 relained of. sai @hsimpplantableetoepiosition df Blaind Hevlierghh 8xitl biddege@aiiesi ti on of
claim 1 \{\,h%gei nnsai d chondrocytes are 2 retained in said support

mat ef | a2y RUARHY 04 of ki ng an i npl antabl e conposition conprising 2
addifg chondr.ocyt e_cel Ilsaeto a support material, said support material is

conflgured % to r&¢&nplapisblesopwpsision ef flaim §rdicesin said bindegradatde

2 material is a cross-linked collagen.

1 7. The implantable composition of claim 1 wherein said chondrocytes are

2 retained on said support material.

8. The implantable composition of claim 1, wherein said chondrocytes are

-2 retained in said support material.
1 9. A method of making an implantable composition comprising

2 adding chondrocyte cells to a support material, said support material is configured

to retain chondrocyte cells adhered thereto; and
4 - forming a flowable mixture of said chondrocyte cells and said support material.

10.  The method of claim 9 wherein said forming step includes mixing an

2 adhesive with said chondrocyte cells and said support material.

11. The method of claim 9 wherein said method.further comprises exposing
2 said chondrocyte cells and said support material to environmental conditions facilitating

3 the adherence of said cells to said support material.

12. The method of claim 9 wherein said support material is a microparticulate

2  solid or semi-solid material.
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4 formng a flowable m xture of said chondrocyte cells and sai d support
material. 1 10. The nethod of claim9 wherein said formng step includes
m Xi ng arw® oaebessl ve with said chondrocyte cells and sai d PExfisos/A345at eri al .
1 11. The method of claim9 wherein said nmethod further conprises exposing

2 sald chondidcyt &he@hdtboddlttlsiai 9l wheRROSHd SHHpBH nddteri) i@l%hég?ﬁ%%f& al
conditions facilitating 3 the adherence of said cells to sald support

material. 1 12, ThpeHmbhoekbes comhfisih 619 vifd cial is a
mcroparticulate 2 soPi d or se -Ssgﬁiogleﬁr?qafgel?i@ﬁgagé{%?%ﬁ%gé@ﬁ

PCT/ 4S08)aie3ipbis collag®. The nethod of claim9 wherein said support materi al
i s biodegradable. 1 14. The inplantabl e conposition of claim 13 wherein

sai dl bi odegr aflabl &he2nethsEst Ahini S whelelp@echohdiRyte Uafls ARBAMAnGhA M 9
wherein said chondrocyte cells are retained on said 2 support material. 1

16. TheSYRPOHJBAEHAle| ai m 9 wherein said chondrocytes are retained in said 2
support material. 1 17. A nethod for the effective treatment of

artikul ati nglfoi niThemdtherbofociaiti 9 apercirPsad/cliondracpfes atd retaimid ih bgidi np! ant abl e
co Si t.d Qf .cl.aim1l onto a surface to be treated, 3 the nethod

coggir)i s%‘#g)%%a%?%ps of. 4 (a) placing said inplantable conposition upon

t he surface be treated, 5 and 6 (b) pernmtting said chondrocyte cells
to gtow on s i?vd sdY P&&@ﬁg%thff ngﬁ?t“’)? treatpent gfarticplpting joint surface cartilage
2 by the injection of the implantable composition of claim 1 onto a surface to be treated,

3 the method comprising the steps of:

4 (2) placing said implant‘able composition upon the surface to be treated;
5 and |

(b) permitting said chondrocyte cells to grow on said surface and form

~l

cartilage.
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