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18 January 20 ROTEI N. MATRI CES AND METHODS FOR
THEI R PREPARA%S&!E@@%B‘%W The present invention concerns
bi omatrices conprising freeze-dried plasma proteins 5 useful for clinical
appl i cati ons Wissledginepring niayhe dofiedfas thetattof treomsngétiipaiinigalias tisdkd, as in

“bi ot echnol gy, . Jhe matric a [ ot esentinvention may be used.
clinical | yQ grﬂl §tfue BFalk’s gz"‘nr %B lgl(ﬁgng %lzﬂﬁ%)sﬁ Vitro tissue engineering

generally includes the delivery of a polymeric scaffold that serves as an

L=

architectural support onto which cells may attach, proliferate, and synthesize new

tissue to repair a wound or defect.

An example of a tissué that is prone to damage by disease and trauma is the articular
| 15  cartilage, one of several types of caftilage n the body, found at the articular surfaces
of bones. Damage to cartilage may result fiom an inflammatory disease sﬁch as
' theumatoid arthritis, from a degenerative process such as osteoarthritis or from
trauma such as intraarticular fracture or following ligament injuries. Cartilage
lesions are often associated with pain and reduced function and generally do not

20 heal without medical intervention.

Current therapeutic strategies for repairing damaged cartilage include procedures
which induce a spontaneous repair response and those which reconstruct the tissue
in a structural and functional manner. The former, ‘including surgical techniques
such as abrasion éutheroplasyy, microfracture or subchondral micro-drilling, expose
25  the subchondral region of bone theréby allowing the formation. of a blood clot and
infiliration of pluripotent stem cells to initiate the healing response. Often the

~ induced tissue is not durable and the clinical improvements are short lived.

An alternative is fransplantation of chondral or osteochondral tissue from either
autologous or allogeneic sources. The rationale behind transplantation lies in the

30  notion that the proliferative and tissue-differentiation activities of these cells would




BACKGROUND OF TEE I .NVENTI ON Ti ssue engi neeri ng may be deiggg@ 260'63 art of
reconstructing mammal i an tissues, 10 both structurally and ctionally
(Hunzi ker, 2002). In vitro tissue engi neering generally includes the
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properties. For example biopolymers may be cross lmked_ either enzymahcally, -
chemically or by other means, thereby providing greater or lesser degrees of

20 flexibility or susceptibility to degradation.

Among the manifold natural polymers which kave been disclosed to be useful for
tissue engineering or culture, one can enumerate various constituents of the
* extracellular matrix mcludmg ﬁbroncctm various fypes of collagen, and lammln, as

well as keratln, fibrin and fibnnogen, hyaluronic acid, heparan sulfate, chondrmtm
25  sulfate and others.

Fibrin is a major piasma protéin which participates in the blood coagulahon process
The coagulation of blood is a complex process including the sequential interaction
of a number of plasma protems, in pattlcula: of fibrinogen (factor I), factor I, factor
V, factor VII, facf:or V1, factor IX, factor X, factor X1, factor XII and factor XIIL.
30  Other plasma protems such as Von Willebrand factor (vWE), albumin,
immunoglobulin, coagulation factors, and complement components may also play a

part in the formation of protein networks or clots in the blood.



Anong the many candl dates that may serve as useful matr|1%e‘% &sjﬁﬁg to
support tissue growh or regeneration, are included gels, Sheet s,
and nunerous porous particulate structures of different forms and shapes
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tissue adheS| dj nd can ed in heal i ng and tissue
repair. Lyophi |Prz% hg? és%%égr% 618%?36?515%'? ‘% Rllagspp yéacglfaeg i ng Fact or
X1, fibr oneﬂiat19admmﬁktértcbalbﬁmeranmbuﬁhtibﬂmmroﬁﬁai?ﬁﬁﬁpafnci f&ﬁ@{ﬁélgi‘omﬁnd

cal ci um f orns ct abl e_bj oI o [ Qal US Pat en 411, 885
di scl oses 5 afal‘fg’fslﬂg‘ilf%'ﬁ C&hIEd ?:ltgﬂ %l‘ﬁ"r?sr‘i@thﬁ"% ié“l@?‘?ﬁf"é%ﬂe%’g fibrin
gl ue. US Pat epdlydecharide matrix in combmatlon with fibrin, The matrix preparation steps

20  include freezing and lyophilization as well as adding fibrinogen and thrombin to

form fibrin in said matrix.

A freeze-dried fibrin web for wound heé.ling has been disclosed in US Patent No.
6,310,267. The preparation of the web, as disclosed, reguires a single- or multistage
dialysis of the fibrinogen solution. According to that disclosure, the single-stage or

25  multistage dialysis of the ﬁbrinogeﬁ soluﬁon crucially changes its composition and the
concentration of salts and amino acids customarily contained in it are considerably
reduced. The dialysis is carried out in an aqueous solution of a physiologically
compatible inorganic salt such as NaCl and an orgarﬁc corhpiexing agent such as alkali )

metal salts of EDTA, of oxalic acid or of citric acid.

30 A fibrin sponge containing a blood clotting activator for hemostasis, tissue

adhesion, wound healing and cell culture support is disclosed in WO 99/152009.
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No.- 6, 310,267. The preparati~on of the web, as disclosed, requires a

si ngl e- or nUIStHawlnlana 5 'ﬁﬂéamﬂnsslomfs atbiiele friaablnsygisticpiiyhdrfefibragcor di ng to
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considerably reduced. The dialysis is. carried out in an aqueous sol ution .

of a physi ol UgiBa&htMo i;mmpidhbleseismeﬁemmiorpss@hﬁn SlsiBpolymd¥dsdm and an organic
conpl exing a ent suctjg as al kal.i i salts, of EDTA, of oxalic acid or of
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henost asi s, tlinaeiuRt radidkies e bubigitntly hedleLdigin@ BfofR h lasedl t ur e support is
di scl osed in WO 99/15209. 3 .18 January 2006 WO 03/007873 PCT/ 1L02/ 00589

Accordingst ousrpatendnscs mwse;eﬁmtomﬁétmaafof RipltatidR bB4 WirRPéf WAt er content
fol |l owi ng é’@ hilization is _cruci aI for obtaining a soft, adaptable,

hi ghl y absor B8R SREHEga 2 thigedimensipnal selimatsx gdurhimg begadnosubied va®u di scl ose

col | agen basahmEbElisas Forky Phke didléﬁEi%ﬁalQﬁfoﬁh!Qﬁ‘e&ﬁx PR Wisclofda ih s ue
regeneration, US Patent No.5, 700,476 provides a
Patent No. 5,842,477 is a method of in vivo cartilage repair by implanting a

biocompatible three dimensional scaffold in combination with
20  periosteal/perichondrial tissue and stromal cells, with or without bioactive agents,
for the production of new cartilage at the site of implantation. The scaifold used is

selected from a group consisting of biodegradable or non-biodegradable materials.

There is aﬁ unmet need for a treatment for tissue defects, including but not limited
to those found in diseased or injured cartilage and bone. Nowhere in the background
25 artisit taught or suggested that mechanical and physical parameters of frecze-dned |
matrices composed of plasma proteins can be controlled by use of auxiliary
components or additives, which may be removed after the matrix is formed, in order
to improve the biological properties of the matrix. The matrices of the invention are
useful for cellular growth, as an implant per se and/or as a cell-bearing implémt

30  suitable for transplantation.



5 bi oabsorbabl e inplant material containing pharnmacol ogi M€
agents, suitable for use in wound repair. The nethod de@gjre%né% C%Olﬁé m xture
of two biopol yner conponents, freeze dried to form a heteronorphic sponge,
that allows. a phased release of a pharmacol ogically active agent. US

Pat ent No>UMMAJEY QFTHE IRYENEION b odegr adabl e synt hetic pol ymeric fibrous
10 matri x containing chondrocytes for in vivo production of a functional

cartilaginous structure to be used in joint lining, US Patent No.
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bi odegr adBBIEE AR ShP RTEFILEETOED thete f Rroyided HRgrPr BERAEEE2BI%he  present
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: comprising the steps of:
mixing plasma proteins with thrombin in the presence of calcium ions and at least .one
anti-fibrinolytic agent under conditions suitable for clotting, in the substantial absence
of organic chelating agents, and optionally adding at least one auxiliary component;
casting the mixture of plasma proteins and thrombin in a solid support prior to
clotting;
freezing the clotted mixture; and
lyophilizing the clotted mixture, to obtain a sponge having no more than 3% residual
moisture.
In another aspect of the present invention there is provided method for preparing a porous
scaffold useful for implantation in vivo, comprising the steps of®
mixing plasma proteins with thrombin in the presence of calcium ions and at least one
anti-fibrinolytic agent under conditions suitable for clotting, in the substantial absence
of organic cheating agents, optionally adding at least one auxiliary component;
casting the mixture of plasma proteins and thrombin in a solid support prior to

clotting;




bearing inplant for repairing tissue danaged by di sease ¢ j4 L%P% olt is a
further object of the present invention to provide a meP%] d{ ronoti ng

growth and repair of cartilage in vivo. It is yet a further object of the
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mat ri x conprl Sl nﬁgﬂwasma proteins, the plasnma proteins conprising

fi bri nogen, Sﬁ?ﬁ’&‘:%ﬁ%"sﬁ‘ﬁm‘ﬁf@@& n at |east 50% by wei ght of the
total protei n s@aﬁﬁgaﬂéscbt&mf;whﬁbﬂ],s and at least one anti fibrinolytic agent,-
W th substantlall ni form pores, substantially devoid of orggnic
chel ati ng agerff®¥ %g"eﬁ%l@loﬁéal sShiopapt ‘?‘"se!liu’feé"hBE‘T Ssityonf aikﬁfﬁ? cells 5

scaffold for gepwhdignd cells. In another aspect of the present invention

there is provide for reparlng a porous nmatrix of plasm
prot ei ns usef dTnngm&nE‘ts&F Is?fu‘P M ¥¥Bwi ng cells in vitro, the nethod

conpri si r:gytathﬁoﬁs&raafectofftherﬁesmgwalmam&rm BiloRidBEa Wkthbd fohf)&p@mg al N the g
tl C agent unaer

presence of ca s and at ast _one  anti-fibrino
condi ti or*’é’r"%‘ﬁﬁctagﬁﬁé‘sﬁf@ OréPB’t"mflﬁene pwihrBerdppleptatinn i ity § or gani ¢
chel ati ngitepgemts, and optionally adding at |east one auxili ary conponent ;

casting the mxture1 of Iasmatﬁrotell?j nd thro |n inas I|d support
prior to cl ot®™iiigPlapparotes with thrombjp inthe preseper o calgip 1985 3phat 55 9 ¢ he

clotted m xt uragti-fibAnddicaigént anc&pmoﬂesmtﬂﬂe ﬂa@cwfﬁﬁg irh 1ha Bub3fiati sthsehiéa
noi st ure. In anot her as ect of thgﬁﬂﬁ '#nventlo there is provided
net hod for E&‘igl"“ﬁ‘bc pRyats, ¥t OPD? W‘B‘I“é’ﬁ?a‘ﬁnbn in vivo,

conpri sing theaﬁmgﬂﬁ: nfktirerdf ¥lakigh PORESBodthRhBITS a Wolldbupgdrtdt o 1 n t he
presence of cas gtl um.i ons |l.,east one anti-fibrinolytic agent under

condi ti ons sui B}geﬂF?ﬁngéF‘l%‘a?‘?ﬂé‘“W the substantial absence of organic

cheat i ng agentigophitiping thaaldityd Mekilire gheddby loB@EfingQRBorild kadihgdio)mére FARBRNT ;
casting the m xture thi%I asma proteins and thronbin in a solid support
prior to clot¥ Si"#'@lm%s January 2006 freezing the clotted m xture;

| yophi | i zi ng toponallpivishthethepbiige, théroB elyvilhiohibl AgiliaryspRAPERts; cCutting the
sponge into s %lgﬁclmgpy reqyop%ﬁ%nrg%ge rﬁaqg}g tehere'by obtaining a sponge having no more than
3% residual moisture;
cutting the sponge into sections of desired shape;
implanting the sections in situ.
In a further aspect of the present invention there is provided an implant prepared according to
the methods disclosed herein. ‘ ‘
In a still further aspect of the present invention there is provided use of a porous scaffold for
preparing an implant according to the methods disclosed herein for treating an injured tissue.
In a still further aspect of the present invention there is provided a kit comprising the porous -
matrix prepared according to the methods disclosed herein and instructions for use.
Though numerous biomatrices comprising various plasma or tissue proteins are known in the
background art, none has proven entirely satisfactory in meeting the criteria required for
successful tissue engineering. The porous matrix disclosed herein, also referred to as a
sponge, has attributes that make it particularly advantageous for supporting and promoting
. cell growth both in vivo and in vitro.

Among the advantageous properﬁes of the matrices of the invention:

5a



seeding the sections with cells; growing the cells on Sﬁky secti unti |
the cells reach the density of at |least 104 cells per c E%WE ;%@Eanting

t he seeded sections in vivo. In yet another aspect of the present invention
there is provided a nethod for preparing a porous scaffold useful for

support of cell- Tge owiriaesann by formad sueresstully withpasipypurifigdprofesisigciie st eps

of . mxing plasqﬁdgﬁgaﬁhﬂﬁ ploff@MDi N in the presence of cal ciumions
and at |least one anti-f r?% ytP% eéJent under conditions suitable for

clotting, 'in thdhepbyeametrias canths eqiiered Gom oviglaeous makrsinbihereky dhyietings,

optional |y addi g 2la foPARicdBBd Bbbtics bt theGRERARERH RS I Ng the m xture of
plasma proteins and thrombin in a solid support prior to clotting;

freezing the cl-dbe @WWW%Iperwy@mhamp@m@emﬁ@e cesitrsllecley varviag Ausiliany her eby
obtaining a Spo@&ﬁp&ﬁ@%&ﬁ'@dﬂﬂthHnﬁ)oglhé’rngs{Pabfe%%p%@é m@igﬂestgﬁm@streﬁgﬁ' onal l'y
washi ng t he spong t hereby renoving sol ubl e auxiliary conponents

optionally re-1¢y ﬂﬁﬁ%ﬂ@m@@ﬁﬂ%@WHﬁﬁﬁﬂﬁe@ﬁ@wébvﬂ@ﬁﬂain|ng a sponge having no
nore than 3%/ ggi Q%Eesﬁ?&béstuﬁéxﬁr pIsichlipREpekiRE coRNEELY ﬁ?ﬁn? [&llbgns of '
desired shape; i antlng e sections in situ. In a her aspect of the
present inventi 6PMRgREftavsed indhey¢qngnesition Desigblg mropgitiehiaelade teEv®E¥g to the
met hods di scl OS%eBﬁlﬁﬁﬁf&nmg%fﬁorést Eihakgelabldi ERRge @s‘én@ﬁ% &Bﬂﬁlxoﬁl&esent
invention there is provi ded use of a porous scaffold préparing an

i npl ant accor di A¢esigntiflabilyhods di scl osed herein for treatlng an |njured
tissue. In a strhd hatiddhhes £6ibloffcalt RicE oM llbﬁyfﬁhﬁéh i :
provided a kit conprlsﬁng t%gégbroégwaﬁgﬁ?lf pregare accoréﬁngﬁfo t he

met hods di scl osS8mPHRERiEuFeddmtre composiien-Repiseblegronesties imcideigh numer ous

bl omat ri ces cOMiddinahbiY, K3t ihARITnRly. MABYRIP IO 8 frokiBun | n the

background art, none roven entirely satisfactory in neeting the
criteria reqU|ré@-E@Wﬁl§E@8€%@Fﬁ¥m¥W@§U@a@ﬁgﬂ%@émtng The porous matri x

di scl osed herein, also referred to as a sponge, has attributes that make
it particularly advantageous for supporting and pronmoting cell growh both
invivo and in vitro. Anong the advantageous properties of the matrices of
the invention: 5a 18 January 2006
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1. The matrices can be fornmed successfully with partiallyg uiabjﬁg)@
proteins, such as. crude fractions of plasma proteins. 2. The plas

proteins can be retrieved from autol ogous naterial thereby obviating the
need for podYRHMIYEd sources with the attendant health ri SHI/ILB2/00Fsme

matri ces have superior nechani cal properties, controlled by varying
auxiliary conmpiReRkSH | ; ! Desj v abl ropertipes include
tensile strength, gevﬁiééséﬁ)lg%% f?{/lthg ?%ﬁ%@%ﬁ%% %’.ﬁ}%ﬁes F %dséle?twgﬁecpgoq S ﬂt F

nol dabi l'i ty. 4.mapAges sen be eontolled by theupeof aukiliptycsmpatenps sope of whish nighst r ol | ed

by varyi ng auXigei in the conmposition. Desirsaple '
properties i nclﬂ3_§§%%§@$%§%?§tﬂisﬁlgseeqléﬁ?hswmfgf@ﬁp an&ﬂ“@?‘?ﬁ&%r ge and
charge di stri bdtisdwereforgdrplpityl intendey to batidasiood thavthéde @Binbdrieits bSutiFBe

mat ri ces hawe rior.hial ogical erties, contro|led by varying
auxiliary \éorr?)%ﬁlgr? %e%“gsé £Pphg o, Cl'li%ﬂl.efﬁséﬁ&fﬂlﬂ@“&%ﬁ@# ®s incl ude
bi odegr adabi | i trgmoved eknebsshrynTiRdgashilzed MatricEan SRk MAtddAnd FhiHeaky and :
pronote cell %{{%\)/Z,vt h %gl ié'ﬁra lon, differentiation and migration. S5b WO
03/ 007873 PeT/ THBP i BisP pcificd sk g deleteieusdo polf sxowid- Bprely povdiset hat t he
-attributes andoﬂﬁﬁizwﬁih-ﬁnwmmrmdtﬁ&s@fiﬂlttMesimtxﬁécﬁﬁﬁca@m H6lo '9%)t rol led by

|

the use of auxiliary conpqnents, sonme of which m ght be con ered
ey fe i aupmoed

detrinental toPtR dupRded isspessentialy fes of thecomppneatsdetpimsntaktorcell i on. - | t
DG €S . ' ' b
is therefone expwieiThe wabhitd aRaeds &ﬂb@%ﬁé&’}ﬂ&&%ﬁ#}g?—rl%mﬁédﬁiﬁﬁ?gﬁ, onents be

utilized 5 in the processes of generating an reeze dried

matrices, and ThessemielayiSthdss JTARESRALY of B d 4 dﬂ{?%g'bgﬁﬁ may be
rehydrated and. washed tQ _reove any s_uc_hoaédﬁvk%{/%g%i%@a?e e‘# tefious toq
gel! gr owt h,h t%ﬁ%@d@mm@dh@mm qf{cﬁicigmomgngm with thé.)
~desired mechankgglan Ré104O, rORAL r i nt.ended use,
essentially free of the cghrrp%r?gtg’tass a%ev?rl néﬁztf&?(%ﬂ’csgﬁfte@ Oﬂfmeh. The
washed mat ri ceBOEHhinbiters.capetially plasmindnhibitors, partitilhrly echepmiio beidltige.  The

essential gONSLidEuERiISH trices.of the invention are. filbrin,
obtained by the int é?%‘%ﬁn?aé’n%g%ihgrgﬁoﬁdﬁ‘éoﬁ" ??IEIOP’HP% §APTOYIL, (-1 esence of
cal-ci um i ons amacreglobudin, a-Ripldsmirainhibitér flasntindgeh hetivaee ihbitoPgdaiierwel | known
in the art, se _ seri.n rotein inhibitors, especially plasmn

i nhi bitors, paﬁ%ﬁ%ﬁ@%@%@% CSMENH! cpRpaFnts, svi o WERIERB| yt i cs may be
- used, alone oropitinal @rditivey ire fceresiitied th dbghiR FedilibAt sPongB-like matrix,

substantiaily in the absence of organic chélating agents, with no minimal

20  requirement of residual water content, The auxiliary components include various
polymers that impart the desired properties as detailed above. The preferred
polymers may be selected from: polysaccharides, currently more preferred
hyaluronic acid; apionic polysaccharides, currently more preferred being sulfated
polysaccharides, currently most prefgrred being dextran sn]fate;

25  glycosaminoglycans, or other polymers such as polyethylene giyéols or
combinations thereof. Furthermore, glycerot may be added in conjunction with one

or more- of the above components.

The present invéntidﬁ provides an inexpensive, biodegradable, non-immunogenic
- three-dimensiona_tl matrix of plasma-derived proteins. In currently preferred
30  embodiments of the present invention, the matedix comprises piasma proteins from
allogeneic plasma, more preferably from autologous plasma. According to one
embodiment of the present invention, at least one of the plasma proteins used for

preparing the matrix is derived from autologous plasma. According to another




macr ogl obul i n, a- 2-pl asnin i nhi bi tor, plasm nogen acti vatof..|.ahikREor and
other - natural or synthetic agents. These essenti al corrg‘tgn‘%ﬂ %&é\lambéh or .
wi t hout anywegldgehal additives, are freeze-dried to obtai Lljent -
sponge-like. matrix, substantially in the absence of orgaﬂ?@@ﬁ%@éﬁ ng
agents, with no mninmal 20 requirenment of residual water content. The

auxi l i ary conpembedimentrof khedeventon ALt plasmb proesiss astddiivedRan butblogoudesi r ed

properties as . l.ed above. The preferred ol ynmers be selected from
pol ysacchar i deg’?agl%‘rl%ewrﬁv ?ryplﬁ%l?aepr%{}mg’? gﬁo?l@&y W&%ﬁﬁ%mﬁt‘gﬁ@sﬁﬁw fec

pol ysacchar i deseurcmniyehe dsyd, apwell py @igiedredipdRing or faptilatading tleyapoahar i des,
currently nost t(g{?ef erred bei Qﬁ C{Eﬁ)f?t ran El fag&i 25 gl ycosar ni nogl ycans, or
ot her pol ymer s “SEER 991 FEP2 A B-lbbﬂaﬁ‘g godor SIL, splpsnapaeteig slot. Thas 8bf |
Furthernores gloyeanbidingy ofite ikteieidn] e FlaMhditsiein® Bilted th @8 Gre@int NOr e of the
above conponents. The pr seﬁt i;g\zention r ovi des an i nexpensive,

bi odegr adabl e, WS?P?WW@H@@E pt fibgingesn angd KB Ahesggerponents may ke ma- der i ved
proteins. In cpiifesdfrom QpiRénd dotrbe 30ms mﬁ%ﬁﬁnﬂeﬁalp{a%%%}e i nvention,
the matrix conprises plasma, proteins Trom allogeneéic plfasma, nore '
preferably froffU4if BICHEHE SapeLs FReombBa PEIlYIBF. t 0 one  enbodi ment of the
present invention, at |east one of the plasma proteins used for preparing
the matrix is demeatodimsnof thegresgehinveptiontheplagpepreiginpattivisaspotgsr [t 6 18
January 2006 WRiMNL SfedeRCThidb 20 99P8 P RRiiRRbud rellGrdgnyention all
of plasma proteins are derirved from autol ogous plasna. wever, plasm
prot ei ns from Sefrihedigisin bslpve Ihe sposge watis dnvenficnairychaves egaler neybe used,

wel | as engjg ' I ' Ry, t nahi |t to form

n reaction e\n Fsﬁér?ﬁlgs%ﬁ;ﬁ%@rg%é&fpg{éég 'gél h%ﬁﬁ?%}ﬁééh%?%dﬁge %f%(%}steﬂ?ente ot. Thus,
in 5 one enbodfubetartiadly raghler poresamedns that i enajririssofithqsondsair mrepreferabhd i n t he
Borponent sy "pasisy it 8 ¢Bles s ing st H0ERRE: B pREeL Attty {rom a
conmmer ci al 1§y aaabridigitethe siventive, haverpdresciNagliamidr\ie the fange 60500300 RHerdag. Ot €i Ns.
I n one enbodi ngnt_aqf the esent. i.nvention_the plasma protein matrix is a
sponge 10 havi W@enﬂgﬂ’soﬁpégﬁlﬁd: Wméfcqr@ﬁgptg‘?ﬁmﬁ@hmﬁ?ﬂ?%%

def ormati on, nﬁm;ﬁddﬁ%wﬂé@%ﬁ&io@@diﬂil@é@_isﬁeﬁﬁ'ﬂﬁ%ngyw 1602010@n Mt ri x of the

i nvention.may have irregul ar
- - The plasma protein matrix having the above specified structural and mechanical

properties may be obtained by any appropriate method, the currently preferred
20  method being freeze drying a plasma protein clot.

In one embodiment of the invention the plasma matrix is prepared by mixing
plasma proteins with thrombin in the presence of calcium chloride under conditions
:) o suitable for achieving clotting; casting or molding the mixture of plasma proteins
) - and thrombin in a solid support prior to achieving clotting; freezing the clotted
25  mixture; and lyophilizing the clotted mixture. Altémaﬁvely, the thrombin solution
 maybe poured into a mold, the fibrinogen solution added and mixed to blengd; the
clotted mixture frozen and lypphﬂiied. '

The method for preparing a matrix of plasma proteins useful as a scaffold for
growing cells, as a scaffold for. implantation in vivo or in situ comprises the

30  following steps:

mixing plasma proteins with thrombin in the presence of calcium ions and

at least one anti;ﬁbrinolytic agent under conditions suitable for achieving




pores or substantially regular pores. In the specificati an cl ai s
the term substantially regular pores neans that the ngj gqug%%ﬁe pores
or nore preferably substantially all the pores are in the sane size range.
More pref erWVO@3MEBT3 ces 15 according to the invention have RIWES @EksE -
dianeter in the range of 50-300 mcrons. Currently nost preferred

enbodi nents accordi : | lon .ar | as rotein sponge
matrices with pore g%z&g% ?ﬂr}ﬁ?ﬁ{ebgtra%%%ﬂso C%%gﬁf%ﬁcgﬂ?@g?ﬁ%‘%p%& ma protein. -
matri x havi ng the awptenalipeddifg gdeast oneetxiliay cangbnegechani cal properties my
be obtained by. any appropriate nmethod, the currently preferred 20 nethod
bei ng freeze dryi ng castipg dwmaixproefgilasme potteind and dinrembintiod sdtidsupmit o~ -

i nvention the plasmg matriXx ks..prepared by mixing plasna proteins with
thrombin in the pr %@J&%a & um chl ori de under conditions suitable for

0
achi eving cfotting; ol di ng the m xture of plasma proteins and
thrombin in a soli dﬁggﬁpﬁp%rgcfé?tf%%ﬁ%ge’g‘?hi eving clotting; freezing the

clotted 25 m xture; 12 i hi.zibng. the clotted mxture. Alternatively,
the thronbin sol uti éflogﬂlrlr!n%'g@%‘J&)t%‘rié':nﬂ?tté’oég%ﬂﬂ’f’n@rﬁ@"ﬂgﬁ‘l"i@%@g‘ﬁ“sol ution
added and mi xed to BPewsidudl heistiret t ed m xture frozen and | yophilized The

nmet hod for preparing a matrix of plasma proteins useful as a scaffold for
1g:;{]-owi gg ]E:e: : s,Ingge Barﬁﬁdmeaummezﬁmmhmnt;ﬂis;[m@mﬁny%ﬁﬁoﬁémgtﬁ)ﬁ&i c_IfBOfﬁ”pri Ses
e ollo .o XN proteins w rombin in the
presence of cgocqlg%{%ﬁ?%?%m%an‘ﬁﬂh%t@ﬁs@gaw Bre Fﬁbfy-]f-ﬁ RS RS trpmbinggeme under
condi t i onslGsuitblabplesniagprotainhaeMhérohd thixhare ibfrozer HFONO R 3HRAERERTY 16
PCT/ 1L02/ 0058%1 cl ot ék NG, ..l tthe subst anti al absence of é@gani C ychel ating
?%ent s, t and ?Sfu:sc?ﬂ 51031"&?%1: ALt dgast ]téal@PI;bol_’Féfe&b%%lHTSFacorrponetnt; cast | tng
e m xture o S roteins an r inip a solid support prior o
achi evi ng cl ot@?%%‘?%"%%%%bsetvﬁg‘ %ﬂ%&?é@%%t@%%ﬂhﬁmmmmlm ng the
clotted mixturess tiaa 10¥18iMuamS RN SoRAbAEbR e ARG sf’/ra%ﬁduﬁ%&s%&lew'

‘noi sture. .In one rticul ar exenpl ary enbodi nent plasma proteins at a
concentration anﬂ%%fle It than 39 eesidnglaeoistinen at | east 0.5 units,. preferably
1.5 units lf hronpbin per ng 10 total plasma protein, and then the m xture
is frozen gt 5y ot prefertid sibadiment thg gponge of the present invention contains

, - auxiliary components which may modify certain properties of the sponge including
physical, mechanical and/or biological properties. The addition of the auxiliary

components, imparts superior characteristics to the sponge. The auxiliary

G

components are added to the plasma proteins prior to the formation of 2 clot. A
20 currently preferred embodiment in accordance with the present invention is a
sponge comprising dextran sulfate. A chnenﬂjf more preferred embodiment in
accordance with the present invention is a sponge comprising hyaluronic acid. A
currgnﬂy most preferred embodiment in accordance with the present invention is a

sponge comprising hyaluronic acid and glycerol.

25 In yet another preferred embediment, the additives which impart beneficial *
properties to the sponge are removed and the sponge lyophilized to remove all
moisture. Once the sponge is cast and lyophilized, the additives are no longer
required and may be removed from the sponge. A currently preferred emﬁodiment

~provides a sponge prepared containing at least one as described above, wherein the

30 sponge is washed following the freezing-lyophilization step and the sponge re-
Iyophilized to remove residual moisture.




hours and | yophilized for at |east 16 hours, preferably nits
final. formprior to use with cells the sponge is substan |'§’|mﬁ§'ryzzro)9band
cont ai ns |\%6§,3ﬁj$5§93 10% resi dual noisture, nore preferably | ess than 5%
residual moisture and nmost preferably less than 3% resi dudiCHA%¥%e. 15
I n anot her preferred enbodi nent the sponge of the present invention
contai ns auxi Thepryscavinpanmion hiso plovides 5bthe iMMBFhNoE OF hdifbnal 9RBEdd es of the
sponge i ncl udi ng %h?[‘}%i al , nmechani cal and/.or bi gl ogi cal properties. The
addi ti on of t hE"SUXE PRy SR EHg 1° PIoRATIQILPIacRdute) Shese PIYHEE BV stics to

the sponge. Thehaagxihb bhysical, 6RERARENENE opbisloaRiHofertids R tRIsHHFR THe Ot €i NS

prior to the forlmatlon f aclaot. 20 currently preferred enbodi nent in

accor dance wi t PPYRES FrRE e Aen-big f of @oggragp@ﬁﬁxa@ghﬁm@eggd@@(t ran

sul fate. A gurmeptilyindRaepdyet-LhseenAsRosi-RAL atbd‘polﬁﬁ&QEdﬂﬁ%%o\H’nétgh E lhe t
. currently nos

pr esent invent%ﬁ I S a sponge conprising hyal uroni.c” aci C
preferred enbo propylene palyprendencypalyetiivirae, pobisilens taptelaiorsiiconss  sponge

comprising hy akioRB hbb@chdhysifle, by flihe, ndidsthaliit p(fplf(%%}'éﬁlatgrn% LA

enbodi nent, the additives which rnpart beneffic I'€s to the sponge
are removed andfgideble payrgbonste man-egzatable polyestemypolyabiylic,noi st ure. Once t he

sponge i s cast cﬁ:ﬂﬂdfn*ﬂﬂ ' !;,m% bt | gnger required and
may be rem)vedpfromt .eatsdﬁ ng ?olkﬁgﬁfgg%ﬁﬁ%f@&ﬁ%dmgh odi nent provi des
a sponge phepapobiesierantide, mdvgpelymérsdirck oopelyasrcimd blendmof tabye, marialsei n t he

30 sponge is washed following the freezing |yophilization step and the
sponge re- | ydpanples efl degradableanaterials suclivde hydrolyzbierpelyeert Suchanpalylyctiz006 . WO

03/007873 PCT/ .Qr nvent i al so_provides far,.the

i ntroduction of ag&ﬁ?’?‘? g&%{%ﬁ@g‘?n @&%%ws%% ﬁ@?@’kr %Oi%caﬁ’ﬁ@’\i%tﬁsoa%a%aﬂﬁri ng the
preparati on priebeshomtesdupmdatiopolyoepolacmyes, Ritangdritd) andbopsiytels, blsge hani cal
and or biol ogi cal, propert.i the sponge.  The ol yners .may_be

non- bi odegr adabf %lylg?rsg?‘%@ggﬁgg&ﬁ?@w é%ﬁ%ﬁe@@fc?ﬁm Kfﬁéf& Uy i al s

i ncl ude pidl ytintdlndifg lecitdet hyl ene, perfluorinated pol ymers such as
fluorinated ethylene propyl ene, polypropylene, polyethylene, polyethylene
terapt hal at e, Hielplasnagrotéih iaGOe theifitidtion RSB i Alia, R0 Y HARPEAHS

non- degr adabl e ,pol ycar boxyl at e, .non- degradabl e pol ycar bonate, .

non- degr adabl eadgmt%}gggpgp%)&)ﬁg#@%e@pw greyvth The matrix of the present invention is a

biocompatible surface useful for tissue culture, such as for growing mesenchymal

cells, chondrocytes, osteocytes and osteoblasts, epithelial cells, neuronal cells,
20 hepatic, renal, pancreatic and any other cell types which it is desired to culture
within a three dimensional support. ‘

- Further provided by the present invention is z;t cell bearing implant for transplanting
cells in vivo. According to one currently preferred embodinient of the present
invention the matrix is a sponge comprising plasma proteins able to suppoft the

25  proliferation of a variety 6f cell types. Preferably, the sponge is inoculated with
cells and the cells allowed to proliferate in vitro prior to in vivo implantation.
Alternatively, the sponge is allowed to absorb cells that have been cultured or

| harvested and the sponge comprising the cells is implanted in vivo.

Furthermore, there is also included the introduction into the sponge of an auxiliary
30 component which is a bioactive agent selected from growth factors, cytokines,

enzymes, anti-microbials, anti-inflammatory agents.




pol yhydr oxymet hacryl ate, pol ynet hyl nethacryl ate, pol yam gg ;si g;g, gl0
pol yest eram de, and copol yners, bl ock copol yners and bl ends of %goabove

materials. Exanples of degradable nmaterials include hydrolyzable :
pol yest er sygd@nedgrspol yl actic acid and pol ygl ycol i c aci d, pooliyurobfseest er s,
degr adabl e pol ycarboxyl ates, degradable pol ycarbonates, degradable

pol ycaprol act ones, pol yanhydride, and copol yners, block copo]ynmers and

bl ends of t he Bisdiaactivs ageitaifor cxanpley srewihforientapgiogenqiaeos s s 15

i ncl udi ng | ecighij | SosthQf tHeRend Wi he Siplast, usef ul ,
inter alia, asatré;%&alrl\% pggéoﬁf%%ggﬁrﬁgg eoéurs‘%%lupport f.or cell uFar grow h.

The matrix of urlenqe epihvas¢uinraptiqned thegmalanki oconpati bl e surface useful for
tissue culture, such-as for grow ng mesenchymal cells, chondrocytes,
ost eocyt es andthsdmplabt consisis ogplagmed trateinseaffold beseing eslls et & &qupidy tholgs plepat i c,

renal , pancyeati AV || 3 oStk berlcm® A65é bRy, CUl ture
wthin a t%{eg%f?#ggglnona a%upg%&fq-.c%w%ﬁ@rﬂwgpo%% eéc%ly’%?cﬁef)présbg%t :
invention is al0fedlls poean’ fip aandinsiting €xample; amuyglent fortgnsplaating i n vi vo.
According to one currently. preferred enbodi nen ‘ i nvention
the matrix is °§°§%8%eés_lé 8%’6%@?‘%%‘”%%%@?% cglrlscrﬁse%’fnagjoggll?gas S%Zﬁ%%ort ‘the 25
proliferation seiffeld havihein/appfoxinedié valympest 0. Prml daviig 10° chindreponsredids

i nocul ated wi't cells a e cel.ls allop ojfoliferate in vit,LO prior
Lo vivo | mbspBaon S At e Rarphel berof ek bi g Pishbe i 0, UL
ce: : S that1d1ftvia’rﬁgﬁplaﬁ&lgtmbﬁﬂo@feﬁc&apﬂﬁsgtaﬁblegwsplmml aﬂiye?mdnrrpri'ﬁi ng the
cells is inplant In vivo. Furthernore, there is_also i.nclu t he

i ntroduction i#f 05O chapdrogeesp used a8 g% Fplapt IMBH&PPﬁ%%r is a

bi oacti ve agenimm@intak kht fREAHBH A\WMBmb pEdisih Soaffolt foKirMEFantiBBZ Y NES,
anti-mcrobials, anti-inflammtory agents. 18 January 2006 V\D,03/f007873 _

PCT/ | L02/ 0058 tppdrogsitessompriges g 5ibFin sponge havisgmpbaantigilpiaeplar pare gigeo

angi ogeni ¢ f acdgofp, | it RniEGRM Rt a nore
rapid growth %@ﬂgﬁé@%k%%l nefﬂﬁg{hi@ RIPRMHPHS 5 Ay

] lant, ter a nore rapid .
vascul ar i zHt i dntogkctiome of drsiretize an shapmpe Atthe alferirdres popr @ Sp‘?‘ﬁ‘gfﬁlﬂpr otein

scaffol d beari ity that is at 5 |least 104 (ten thousand)
cells per cnﬁ,&g?g‘férﬁoab y %fég'l | s per cnB, nore preferably 106 cells per

Co a site of CHR-aERIB Al WERhaRls kot R B e o ol
havi ng an apprmedhasite sughouirte a défe@ive oc inftredhsitel in gitul 0ul/ot fsparvdding s seeded
matrix within which cells from the defective or injured site proliferate and
20  differentiate. For example, for cartilage repair the plasma protein matrix may be
used in conjunction with other therapeutic procedureé including chondral shaving,

laser or abrasion chondroplasty, dﬁlling or microfracture techniques.

The plasma protein matrix of the invention, being an effective scaffold supporting
cell growth, may further be utilized in vivo in reconstructive surgery, for example as

25  amatrix for regenerating cells and tissue including neuronal cells, cardiovascular
tissﬁe, urothelial cells and breast tissue. Some typical orthopedic applications
include joint resurfacing, meniscus repair, craniofacial reconstruction or repair of an
invertebral disc. Furthermore, the plasma profcin matrix may be used as a coating
on synthetic or other implants such as pins and-platcs, for example, in hip '

30 replacement procedures. Thus, the present invention further provides implants or
medical devices coated with the comprising the plasma protein matrix of the

invention.
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therein prior to a 2 - 3 day incubation.period. Pref e_r.ab{gdarﬁt]aﬂ)ma _
protein scaffold 10 for transplanting chondrocytes conprising "autol ogous

- plasma proteins and aut ol ogous chondrocytes is used as an inplant for

transpl antPi%M078th a particul ar enbodi ment of the i nventACIriLez/qekss ma

- protein scaffold for transplanting chondrocytes conprises a fi-brin sponge

having a substantially regular pore size of 50-300 pmand a 0.2 kPa. The
pl asma protein matrix of the invention may be cut 15 into sections of

desired size RRIFEDESCRIPTION OFEHERHIetratk area prior to seeding with
cells or prior to inplantation. The plasma protein scaffold nmay al so be

used as an i ant per s f prqvi di nmechani cal ort to a defective
or injured sméerfrﬁsegﬁwﬁng?‘}’d‘f’@l:bef“ et ?%@%@iaﬂﬁreﬂam#@m éﬂgﬁ?ﬂiﬂi‘f? which cells
from the def efollbwingdetailed] desciption fakerpin@bijietioh iR RRredinf WBiCRNt i ate. For
exanple, for cartilage repair the plasma protein matrix nmay be wused in

" conj uncti dh vifiglreot AeD shéve a dipein bpcohgpppediicesding ¢ afédibdahandf @k shavi ng,

| aser or abrasion chondropl ast drjlli or, microfracture techni ques. The -
pl asma prot ei R AREY PR ?8{)%&?%98%?4’ GJﬁ?rnf%S?eerY’% PEPPEE LSS 1% af f ol d |
supporting cirnogeroshdentritin dr UigHEtrindger YohbdnZRfhniald ¥bMurdoa€CONst ruct i ve’
surgery, for exanpl.e as_25 a matrix for regenerating cells and tissue

i ncl udi ng nedieBIREreiRlly ollagep sPoNgev ascul ar - tissue, urothelial cells and

breast tissue.. So typLcal orthopedi ¢ applications include joint
resurfaci ng, e“PrElHFg&i@%ﬁ%f%?ﬂf@?c&ﬁmaéewam?%m?@%i on or repair of an
i nvertebrg| csjl_'b.sc. Furégﬁrm)re é_he pl asma protein matrix maybe used as a
coating Oh SyRFR&A%Ed 3P shpvysdhe lﬁﬁp‘é'ﬁiléat%?fgfl’*m&@%gﬁ%mm;pl ates, for

exanple, in hi.p 30, repl acenent procedures. Thus, the present invention
further pr ov!ﬁdégeﬁ%fﬁﬁﬁ%w ﬁond‘??ﬁﬂF%@Pwﬂéwl'@é’éﬁ%ﬂ%nWa?ﬁ Ihe conprising

the pl asma praat@iincBwith aX c@bodiiient of éGNehfsh; 10 18 January 2006 WO
03/ 007873 PCT/ 1L02/ 00559 BRI EF DESCRI PTI ON OF THE FI GURES The present

i nvention wi IRigdie s wylghish owing kb @REARLSIREn (BA6) EdthdnY of dRMLLAG.  fol | owing
detail ed description taken in conjunction with the figures in which: 5
Fi gures 1A - 9B GHSW2PFBSponee psaning e ap smberiment of thedgyentongemmatsddi nent  of

the inverti QRIS rokR ol Gl ibinfelof BZEortd é&ﬂner?{ﬂgﬁvaﬁa{b?@&%génﬁh&gge- pr epar ed

using low fibrinogen concentration or high nogen concentrati on and
conpared t O Figure 6 shows the proliferation of articular chondrocytes in the presence of the

plasma protein sponge and collagenase;

Figure 7 shows the results of the plasma protein sponge implantation into goats.

20
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commercially coll agen sponge; Figure 2A and 2B represent, a%r‘}gﬁ[}i %
properties of the sponges; 10 Figure 3A and 3B shows the dissol’ution rate
of fibrin sponges in urea; Figures 4A - D show chondrocytes grown on the
pl asma prov@oxnoatsmsri X in accordance with, an enbodi nent qicrggogseenti on;
Figure 5 is a graph show ng the gl ycosam nogl ycan (GAG content of cells
grown on a plasma protein sponge according to an enbodi nent of the
nvent i on CONPBIAHED PRYCHIPITONOBTHINNTIGRT 1 cl ot and on a
comercially avail abl e col |l agen sponge; Figure shows the proliferation of
articular chaopdrocytes in the presence of the plasnma protein sponge and
col | agenase; FI° g“?“‘?ﬁ%%sml"’ﬁ’é i %gﬁﬁzf’?“% biosempatibisyhiogegsedable madnge

| npl ant ati on ¢fMRmeABEed pelleidd ThS mARBUREHdiIRPROn MBAMAPIEES PCT/ 1L02/ 00589
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to a
freeze-dri ed, MHRHebYs IR aethody fs sreserasing 2pd{pyrepaiting vaplonstissugidn i ved -

prot el ns. The Vi, kirtxaRRIOkHid: &dideRib HhAMaTRAN 1lubhfy cIRMERLON 1S usel ul
in methods for regenerating and/or repalring various $rssied™h 5 vi vo, for
exanpl e i n tiERWeneNSf HERsRITNEIHIR I bAR-LOh (HoaWER ecﬂéeﬁfln viteo. Tie
matrix of the present invention can be uti i zeé I n reconstfuctive surgery
nmet hods for rBejeads fertpgsgeraties ay/or egpaiting Hispue thetlaye bbetdamaged foeen damaged for
exanple by tr ' . di.s > sent .Lnvention

o vl dos. & e g el Auep BB o ioelel MBBroo i BhEG HhIR Couie”

r egener at i on.2 Mgy fativggyas ahGmplntable eaffoht pey sqfoe fissue egtemnitinai Asnkdind t he

i ti t i J physi t g dhesi _
substr at et orto Syt pRERaRtheorhe RO L e PR S B AR qen:
i npl ant at i on.phpsical fupport anisyladinsive substrdte faopolh@t ceaRIughOW vatrcbulthe a6&! | S L

function nornall t.ney begin to secre their awn extracel |yl ar matrix
(ECM suppor{;.%bse%ﬁlé“g'@é‘ﬁ" 'gﬁ%&eﬁ?&?f’la}“&ﬁé’@h@“ O?S(ﬁr%@‘i‘“gtg‘ C%g the need for
an artifici alfustipparinall ticy begih fohedete BerbhvabrtrRBRlArGRLAEEMYapgeste t he
regeneration . of ti,ssues such as euron(?l, muscul oskel etal , "cartil agi nous,
t endenous, hgg‘ﬁf?@ﬁﬁﬁ & 5P ?te‘ﬁ?ﬁ]ﬁy? cde thedyeed 1og an FhficRlsHPE.  urinary or
any ot herist i stabi@ish@r m ng solid or hollow organs. In a certain

Scaffold applications include the regeneration of tissues such as neuronal,
musculoskeletal, cartilaginous, tendenous, hepatic, pancreatic, renal, ocular,
arteriovenous, urinary or any other tissue forming solid orrhollow organs. In a certain
embodiment of the present invention stem celis derived from any tissue or induced fo

20 differentiate into a specific tissue type may be utilized. Preferably the cells are
.derived from autologous tissue. For example, for culturing cartilage, chondrocytes
or mesenchymal stem cells may be seeded on the matrix. In specific ‘embodiments
of the invention, chondrocytes or chondrocyte progenitor cells can be seeded on the - |
matvix prior to implantation or at the site of implantation in vivo. Additionally, the

25 cell of interest may be engineered to express a gene product which Wou-ld exerta
therapeutic effect, for exampi_e anti-inflammatory peptides or proteiné, grow;h
factors having angidgenic, chemotactic, osteogenic or proliferative effects. A non-
limitative example of genetically engineering cells to enhance healing is disclosed
in US Patent No. 6,398,816.

30 Inyet further embodiments of the invention, the matrix can be utilized as a coating -
of synthetic or other implants or medical devices. The matrix of the invention may

be applied to implants such as pins or plates by coating or adhering methods known

12



~ proteins, growt

enbodi nment of t he .present |nvent|on stemcells derived f{BOJ‘Qn P(;%Ob sue or
i nduced to 20 differentiate into a specific tissue type may u I zed.
Preferably the cells are derived from autol ogous tissue. For exanple, for
cul turing WaMSM78gk, chondrocytes or.mesenchynal stem celRGI/IN3/0058 seeded
on the matrix. In specific enbodinents of the i nvention, chondrocytes or

chondrocyte p ' el l.s be seed

i npl antation (E?ﬁ%ggta’h% He% L'hoa% m{‘a? %’ﬁ’w C}Vls\ci‘g’ng{ﬁ SF?‘E’SWQW@}P t he 25
cel |l of inter ésilitatong cbi@la@mwth;a:randmts be esefitl @5 providihg Adaidbii@ivirgvimenh woul d
exert a ther Ooﬁﬁjtlc effect, for exanple anti-inflammatory peptides or

rs having angi ogeni c, chenntactic ost eogeni c or
engi neeri ng

- proliferat ff t f ticall
I A R S T R e

yet furthes emﬂmdmmsmfesde@fnbwﬁeremventlon the matrix can be utilized as a

coating of synthetic o ot.her qs‘ di cal, devices.. The matrix of
the invention B%“Sﬁ ffr?‘ﬂaef‘t‘rﬁtq 4’&)‘15'& fen-g

providing a favorable enviro neg for the inplant, For caonveni ence and
clarity certaf ﬂﬁﬂ“ﬁ?"gﬂ ‘?Fet“’f?@dgb‘ééif@f‘!"éh'{'l}t?ﬂ@ ceagyiRfprEotess.and cl ai s

are descrifpedabgnmi rpopm%ﬁsa&ﬁacoﬁﬁerﬁéﬁ ofifsei n refers to the fluid,
non-cel | ul ar portlon of the blood of humans or animals as found prior to

coagul at on.  APLRAGHR B LQi%eRin, ?&exﬁ%ﬁﬂp&?&fs%ﬁﬂctﬁx%f&'h&oif @nliligipol ubl e proteins
found in the ﬁl asma. of nornmal humans or ani mals. These include but are not
linited to codiginesdebls sphs @P@‘?}ﬂ@’mgp‘)@@Oaﬁpgﬁﬁﬁshfﬁc’repﬁbbrgﬁtteﬁ%ﬁ%ﬂlﬂdtctorrpl enent

proteins. A "pRife or R%adeSEd rﬁl%@h/fhtrﬁ{ R rﬁa?erﬁlsqu amaﬁ%fea solid or

sem -solid biodegradabl e substance having pores or ces sufficiently
large to all owlﬁem%ﬂ&Qﬁentﬁ@&nnatleatﬂersuthrﬁﬁa@émon héﬂlmhmio a solution x - f or mi ng

t | t
Such s, auh 1 BERbE EpARLL LOBER e AR Pl A AR b SR Gen o0

forma fibrin preasenf javerfon nply s denoteddresimaseenffold of asahsponge, for the
culturing of cells, as a tissue replacement xmplant or as a cell-bearing tissue

replacement implant.

The term "biocompatible” as used herein refers to materials which have low toxicity,

20 acceptable foreign body reactions in the living body, and affinity with living tissues.

The term “cell-bearing” as used herein refers to the capacity of the matxix to aliow
cells to be maintained within the structure being referred to, Preferably, the cells are
able to proliferate and invade the pores of the matrix.

This term “implantation” refers to the insertion of a sponge of the invention into a

25  patient, whereby the implant serves to replace, fully. or partially, tissne that has been
damaged or removed. Another aspect of implantation is also taken to mean the use.
of the sponge as a vehiele to transport therapeutic drugs to a certain site in a patient. -
In this aspect there is also ‘included the introduction into the sponge ‘ofan auxiliary 7

7 component which is a bioactive agent selected from growth factors, cytokines,

30 enzymes, anti-microbials, anti-inflammatory agents.

The bioactive agents, for example, growth factors, angiogenic factors, and the like,

are advantageous to encourage a more rapid growth of the cells within the implant,

13
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~or adhering n&tdaﬁﬂkﬂskdmmﬁﬁrm%agh&ﬂb@ry 2006 WO 03/007873 'PCT/ | LO2/ 00589
to persons skilled in the art. The matrix coating, which is capable of
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-wherein, L an

present invention nay be denoted herein as a scaffold or a gnge, for
the culturing of cells, as a tissue replacenent inpl ant1%$ané'§%§ﬁb% '
cell-bearing tissue replacenent inplant. The term "bi oconpati bl e" as used
herei n refWPH3PEB8MAt eri al s which have low toxicity; 20 acgapiahhrsd or ei gn
body reactions in the living body, and affinity with living tissues. The
term"cell-bearing" as used herein refers to the capacity of the matrix to

al low cel | s 98" rRidwasguisigationiafthe implents Suaicfacipre mszbatporseeBito ol t o.
Preferably, tdiRcly Brafed widld: {ndQl h{ng%t eqne&h%mm%mf fQp.es of the

matrix. Thi's term "inplantation” refers e Insertion of a sponge of the
i nventi on i nt'&lease opsonirallgdereleasasnisrostppulehiato therpicape togeovidesfot theirepl ace, ful ly
or partially,effegtggﬁl,_e t hat has been damaged or renoved. Anot her aspect of

i nplantation is al So taken to nmean the use of the sponge as a vehicle to

transport 3t hethappereisize’tofiagwre witkin e plasai proteiiti gpohge ia deterrimsdthy using tehi s aspect

there is al sq,j led _the: | . ction into the. spon aof, ap_auxiliary
conponent. V\h%ghﬂlaé a tEi}‘o ct{lﬂgéer&g’gﬂe% CiIg%’l-ee t EGEF kﬁ&ﬁ?ﬂ&kﬂ%‘&? rs,
cytoki nes, 3J0resrrespeeitvelyaad detearinined by alicoscapit nalyis of tHeBka6ys spaipRt.Ss. The
bi oactive ag s, for | e rowt h f.actors, .angjogenic _factors, and the
li ke, are aglfl/l'tgn ‘gaegggé@%‘g%sngg%agwmé%?wg?ﬂ?ﬁq&%WWG@F“Wﬁ’étheI l's
within the i mppteantithinlBspbizehnd isindicA0 6f MONMBGOHARERI MR/ PR589 or a
nor e rapilg V? ular('ggation of the inplant, Sulcjh factors may be too small to
be effectiv %’r?lé‘? PSR e EIeoRienls 18§l hence are introduced in the
form of sl ow, %@gﬁe r conlijroll d-r.el ease m crocapsul es into the sponge
to provide foP Telgss fQa updcy thatalipsenergy pelationshipat gierficesorieh od: t hin a
pl asma pr ot eifer expaplgSyhthetidt@nTIcbRFbURNS ISl tshﬂaceﬁ&%?i' adikg frkberX H) "2

[j H ar ee;ty?\e aver age Igbngth ?ndgﬁlﬁei_ght. of ’hlgaudﬁ%?éel.{sﬁr
respect i vel y 214 FHREaeTRiSndRiersinsnpair B fareadams alispersiag agentshand\feamiingis sponges.

The "pore walabentdPeefidisexamplefoRafRMRltketiNA e RREAGHESAGR the di stance
between the _pores within a sponge and is indicative of the mcrostructure

of the spéngédrophobicsompounds, ardnplade mpspholinids; eilseend fhorostractsintr oscopi ¢ -
level . "Surfactant” refers to a substance that alters energy relationship
at i nt er f aced e gy sand egptionx disssplorefasyma physicel stategbaticdebpirpediond s
di spl ayi ng suniyafs3el bﬂb‘sﬁﬂtiall&ﬁ%idﬂgi'@ﬂd. ThE bfabma frole ’mMée%lof'tﬂe agents, -
detergents, penetrants, spreaders, d spersfng agents, and foam ng

mvention preferably having less than 10% residual moisture, more preferably having

less that 5% residual moisture, most preferably having less that 5% residual moisture.

20 The terms "lyophilize" or “freeze drying” refer to the preparation of a composition in
dry form by rapid fieezing and dehydration in the frozen state (sometimes referred to
as sublimation). This process may take place under vacuum at reduced air pressure

resulting in drying at a lower temperature than required at full pressure.

An "anionic polysaccharide” as used herein, is a polysaccharide, iﬁcluding non-
25 modified as well as chemical derivatives thereof, that contaiis one negatively
charged group (e.g., carboxyl 'groups at pH values above about 4.0) and includes
salts thereof, such as sodium or potassium salts, alkaline éarth metal salts such as
calcium or magnesium salts. Examples of anionic polysaccharides inchude pectin,

alginate, galactans, galactomannans, glucomannans and polyuronic acids.

30  Examples of sulfated polysaccharides include heparin, chondroitin sulfate, dextran

sulfate, dermatan sulfate, heparan sulfate, keratan sulfate, hexuronyl
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:

agents. Preferable exarrpl es of surfact ants useful in the vention
are . 15 hydrophobic corrpounds and i ncl ude phosphol i pi d138°fa%ﬁ§§}2dgﬁd '
fluorosurfactants. The term"dry" and variations thereof, refer to a

physi cal ¥Y@##0Q78% is dehydrated or anhydrous, i.e., surmranozjnmsemy

| acking liquid. The plasma protei n matri ces of the invention preferably -
having less t 0% esi d noi.s ure refer havi n | ess that
5% r esi dual rrﬁr%?(% urné)g M S ) ’elf‘%sr‘tg %“S%Ctalsﬁgqtg@?ﬁ’@g’ R

moi sture. 20 ﬂlh&htsecrﬂmabloy@ﬁbhﬂmrﬂe&toqfe d‘hrceez:emelrﬂxrbmn.ref er to the
preparation of a conposition in dry formby rapid freezing and dehydration
in the frozeMlistate” cémQrge’t asBed icedis et 1b @ spRRalisdtpeBicb@Ritive tREe Process
may take pl aéﬁ q% um at requced air pressure, resulting in drying at
a | over tenpePdf p g Prigplluleg patrixafhe bigshsprcal

pol ysacchar i dem aaﬁudiﬁﬂ'daﬂﬁﬁigé differs f@c@ding o/ & g6l dRPdlicBAadRN- 25
nodi fi ed as d’ﬁ%f‘lro as g{)em cal derlvatlves thereof, that contai nS one

negatively Bap Lcellagen alogg B’Eﬁ%ﬂbebmé’@b’éfp% e.gitpas Heandadove about
4.0) and i nclpsstesyiycam, bhed 8RO and SMER SRFerA bR thl%ta?éé&(fégﬁz@@‘)ex

al kaline earth netal salts such as cal ci umor magnesi um sa

ani oni ¢ pol y<ictth&pauding. fos sxample, harline gartilage, artivalas cartilaka cosal sartilage,
gal act omannanghoud CHERER S sul fated
pol ysacchari des_i ncl glgg hep a?lr%ﬁmﬂ&ﬁ Fgﬁrﬁlﬁgﬁhﬁﬂfmlﬁ%ﬁé ?%@?ellgﬁvl fate,

der mat an ¥ul fcalrﬁéagehﬂwaar%@rcm fffatl]etypkef eartilagess inteaded toHalk withinyhe sédpel 8
January 2006 JY@R.Q3/04873 PCT/1L02/ 00589 hexosam noglycan sul fate, inositol
hexasul f ate, sucrose octasul fate. Derivatives and mnetics of the above
are i ntended 18 af AHIGH: ! B OB T IR S GAL bt | 200 s sed
herein, refers to a specl P Zed connective tisstie - that contains
chondr ocyt es peoﬁbeldﬁe@npqmemmémla@eﬂsbm ar matri x. The biochem cal 5
conposition of cartilage differs according to type but in general conprises
col | agen, predubitantintabgents epforgdnicohélatipgrageitss neferaitd Hicapbéntmtion less thahy pes,

e.g., typgs | r!ﬁirggampleﬁ LO4ERY 4:%’11 Ot her proteins, and water. Sever al
types of cartl age are‘recogni ze the art, incl udr ng, for exanple,

hyal i ne carti mE 9t al.cartila fi brous

cartil age, rrehlrug%gal d r@#egé%gﬂﬁdéé‘%}g P%esefnémvemﬁ)f}rarpgﬁpérp "¢t i I age, and
yel l ow 10 camam:alg@rovmé 'Breodamxoﬂrusajpemmyveyppr&luoéd abadirﬁinlg&gﬂiel s intended to
fall within

. of th nventro 'chondr pocyt.es" as used
herein, ref e?’!‘é}%{‘ I RO 2 cﬁasgf‘aé’r% 815@&“80%?0‘1%3““% an anti- tqmmgmc |

agentto a thrombm solution, subjecting said mixture to freezing and lyophilization

anpl es of

20 to produce a sponge-like matrix.

US Patent No. 6,310,267 discloses a speciﬁé process for preparing a biodegradable
flexible fibrin web for wound healing. The process necessitates dialyzing a
fibrinogen solution with a solution containing chelators and forming the flexible

web by the addition of a thrombin solution, freeze- drying and lyophilizing the web.

- 25 Incontrast to fibrin webs of the background art the present inventors have |,
unexpectedly discovered that a biocompatible, three-dimensional (3D) sponge-like
matrix may be prepared from a crude plasma protein solution. A plasma profein
scaffold or sponge w1th advantageous properties including adherence te tissue, pore
size and biocompatibility is obtained following dialyzing out any organic

30  complexing agents. According to one currently preferred embodiment of the presént
invention the plasma protein solution derives from allogeneic plasma. According to

one currently more preferred embodiment of the present invention, at least one of
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roduci ng conponents of cartilage tissue. A "substantial ,absence organic
(F:)he'l‘ ating agents" refers to a concentration |less than- 151%-‘%Hﬁ?ryf2§b6exarrpl e
| ess than | nm EDTA. In one currently preferred enbodi nent of the present
i nvention wopkeesms protein matrix is provided. The matri%QfileSeot YPE MBY
be produced according to the "invention by exposing a plasm protern
solution containing an anti-fibrinolytic agent to a thronbin solution,:
subj ecting saiig SHTRINGRIS, Rreferaplydbd plasnmimotbine pléd forpreparing 120ndmix jar oduce: a

sponge- | i ke @b frotdSuld 7 discl oses a cific process
for preparing a bi ogegpé)géagg{;gep l%faé%%%‘gnﬁ‘zt ?ﬁPlgther\ﬁgg’o&%}m fPRER] i ng. The
process neces#reniivaslidifahecompgnents usédbmiprapgeén the matrixaie Mitdlbgods STheUt | ON

containing c o) the flexible b by the. additjon of a

t hronbi n sol E@%‘%‘%ﬂ@?@%%@&%%ﬂ%&bgﬁa'mluiiggﬁﬁetpﬁsﬁ@s lf“ﬁg“\}%ﬁ‘f’ aB8N¢ n cont rast
to fibrin Yebsenplifitrheeio kgowimshithrptin b plsips poesit matfix@alias subhavely

unexpect edl y &hﬁ&%\{gre%stag%e .a hioconpatible, three-dinensional (3D)
sponge- | i ke  MatTix ey Be Brapar 8dorY astietty comprassinn 45d gelbhearing| uti on. A
pl asma pr ot ei qapatshitisf Alstiblarthispbingempbricht BV bGIUSOHIMRLRARGHES fanlaNC! uding
adherence to atci ssue %ﬁ{hed si ze.and bi oconpati bi | i_;%?si s~obt ained follow ng "
di al yzi ng out®SHE i YRRedsIEowg e g5t iy exaranie dhosegiselnsed imdJS Brtensdocur rent | y
preferred enb®2ii4untand Haistieetl @361 1ol BAMEsHuBs:k8Eo Ploggma protein sol ution
derives from all ogeneic plasma. According to one curréntly nore preferred .

embodi ment0 of THehesufting PRizinaipRoten braBik exBibit KA SHta @06 Hb e}ées]i?ch}d?]@"ary 2006 VO
03/ 007873 PCé}/.lLOZ/ Q[ﬁg89 the_conponents, preferably }t)hga plas pr ot ei ns,

used for prePHEEHEY HRae Fize sampagiele with gelf ingpsion andipodjerstiqnand . Accor di ng
to another enbiily AEGRtmlled GRaR1AS 8 nite SNt i ON, all of the conponents used
In preparing the matri x are autol ogous. The plasma proteins may be '

i sol ated by anvatiriiy pfell MRS RO schiinbdfioR oo WaRwE KGRI | f1 ed

herein below, resulting_in a plasma protein matrix 'having substantially
similar propdPhentin need offissue reasir pRregsapiation, plasmapratsinsaid igolatedfipmelesi on and

cel |l bearjsng aufoRipd | A1l takke ' o) be ‘i sol ated from
aut.ol ogous pI_'asrrq,QdIg?:s?gar%niﬁ%g to %%%%éﬁ%%ﬁﬁlﬁﬁﬁgil%%?m# exanpl e those
di scl osed i n TeYS{QR BWAY SeRKs: as aguppndt @ 9&ffakichetss @als aetll-héariplyeefBiddr Eng Conput
38:686-9, 20QQ¥ivo Hipiihgidesul ting plasma protein nmatrix exhibits

advant ageous properties including

While not wishing to be bound by any particular theory the substantial absence of

organic complexing agents may provide the matrix of the present invention with
20 properties beneficial to the proliferation and metabolism of certain cell types. As
shown in the examples herein, the matrix of the present invention supports the

proliferation of cartilage cells in both in vivo and in vitro systems.

The presence of certain organic complexing agents in a range of 1 to 20 mM,
necessary for the production of a flexible fibrin wéb‘ disclosed in USs 6,310,267 for
25  wound healing, may in itself have a detrimental effect on the proliferation of certain
cell types. The use of a fibrin web for cell grthh and proliferation, in vivo or in
vitro, has not been disclosed. cherﬂ}eless, it may be possible to culture certain

types of cell types using the webs of the aforementioned patent.

According to one currently preferred embodiment of the present invention a fibrin
30  sponge produced from z fibrinogen solution, wherein the fibrinogen solution is
subjected to dialysis with a solution not requiring a complexing agent, serves as a

scaffold for the growth of cells in vitro and in vivo. n another aspect the fibrin
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bi oconpat i bi iity, pore size conpati ble with cell |nva5|0f8 |yﬂiobferatlon
nacrrently ' )

and ability to be nolded or cast into definite shapes

preferred enbodi nent of the present invention, blood is drawn froma
patient i WR&¥T8E tissue repair or regeneration, plasna BESTEIHHHY e

I solated fromthe 15 autol ogous plasma and a matri X prepared thereof. The

matrix of theqRRESEMmichSS Mol Bnd % BRBHYE Bt B ARAL A GRARLLO! T DL S

or as a cell-bearing scaf in vivo "hot Wi shi ng
to be bound b§elaiop apd subisequently mlbﬂe@c@ftmﬂa@zedMaﬂtefahblﬁme spbugeor gani ¢
conpl exi ng aggn t resept invention with 20
properties bene%@g@tb?&ﬁ%&ﬁ%ﬁ&%ﬁ erat ‘l”%‘ﬁ g% Eegﬁ‘g% P& certain cell
types. As shewmprismgtthrecedix ampldnds! dt e sid in nebchef timtarrepanofr rdgherftions ent

i nvention sup roldferati f cartila | 1s both in vivo
and in vi tjfo 15913)% %ei;em%lyhtge Celnggrgr?ﬁedegfmﬁlgrsP%ﬂgﬁ 559 °‘&8H!bB’é’§‘fq’(§ agents in
a range of 1 agen@b®emdiicial fwdm«ﬂfﬁytaﬁafoﬂsﬁeca[soduct lon of a flexible fibrin.

web disclosed jn US 6,310,267 for 25 wound healing, may in itself have a
det ri nment al ehffth@tecomtrhm:lplfsﬁﬂcﬁﬁlat;sﬂemlﬂ&fcaﬁﬂz[geah@bﬁ%l fissheyghage is The ‘use of a

fibrin web for wt h_and oI| a i.n.v 0 vitro, has not
been di scl ose&tegﬁikfeﬁf’%@%rﬂ mﬁ“é)ﬁ‘ ‘ﬁ’@?ﬁd‘é“s‘?’mlﬁt‘b £‘B?‘§‘°B%‘rtal n types
of - cel | typescdnﬁgmgtldxfmmvﬁyﬁghﬁcﬁi‘e@iﬁxﬂ@ﬁ&ﬁe@ﬂ@dﬁh@ﬁ% 1A&kor ding to one
currently eferr% d{) of the present |nvent|onaf|br|n 30
sponge. LR %}?ﬁ&a‘% eb*?rf’ gLte %%’I“l?tq Prciigrhapeinplndng asphsrs, adigen

sol uti on | s Is)ubm&%ﬁd;hé& Theath)R1iSddtrinhed b5 HelthhyRbrARold &Oddb drg_ a

conpl exi ng a serves as_a _scaffold for the growh of I's invitro

t,
and in vivo. °’éﬁ'6¥h%ma§%?fé’@¥1qeﬁénaﬁ¢r@iPndm@@snsmmmmm@w 007873
PCTI 1102/ 00581 S88NA%0d PsphOERPehbRYor i Iﬂxﬁ{ehﬂf}ryg%l?gsh@zﬁgpﬂt ngg Hid on on the

di al yzed fibrinogen soldution and subsequent | ecte reeze-dryi ng.
Preferably, tHREIKsyiba shaped incthe fosm o6 betbychrgans hr phets iand chnstitile prosthisgescel | s

al I oved tg prgdhdvelaaioside ot ﬁl@ﬂl&lﬁﬂ%ﬁ?&ﬁ%ﬁ?& s'c?li:%g a@e?bgzﬁn 1sang l.gnted at a

site in need of tissue repalr or regener y “the cells
are seeded ommmmgetqancm@mnmmﬁnmnmnemmdmﬂmm dmgamnal benefi ci al
for the prolifgration of said cells. In the reconstruction of structural
tissues like cartiTage and b &w, ti ssue shape is integral to function,

requiri ng t heryrofinld ndbeid Qs PR gurec'i] 9 pr%xrr}&ee Botfy aﬁuaﬁe onale,
attachment and adequate diffusion of nutrients from the cell culture to maintain cell
20  viability and growth until the matrix is implanted and vascularization has occurred.
Cellular invasion is required by cells which can lay down the tissue to replace the
implant and thus repair any defect which the impiant is intended to repair. Failure to
invade the structure of the implant in an efficient manner prevents vascularization

which is required for new tissue to be able to sustain its life.

25  The plasma protein matrix according to further embodiments of the invention can be
used as a matrix for growing cells or tissue culture in vitro. As will be shown in the
~examples below, the matrix of the invention is a plasma protein sponge. In its wet
form, before drying, the matrix is a clot. In a dried form the matrix is a sponge. The
- matrices of the invention provide a relatively large surface-area for cells to grow on |

30  and a mechanically improved scaffold for implantation.

Thus, the matrices of the invention are useful as products for in vitro and in vivo -

applications.
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configuratign articles of varying thickness and shape. _%c‘%rngér&gjo& t he
plasma 10 matrix fornmed can be produced to assune:a specific Shape o :
i ncludi ng a sphere, cube, rod, tube or a sheet. The shape is determ ned by
t he shapevo® oxons3d or support which may be nade of any ipgeviiomesri al and
may be in contact with the matrix on all sides, as for a sphere or cube,
or on a limted pnunber of sides as for a sheet. The matrix may be shaped
in the form of*BEETa BrEmBakix, disidey form, adberss excaptionpihorelhiedissie 15 Renovi ng
portions of tsiffaddBtAdcdrdtlstté o dnito@intont 8f BE ARG invéhﬁloﬁ;sded:r% Q;gzﬁ:g& gf any other
cutting instrunent can create any refinenents required I h

t hr ee- di mensitimigrentien isaced en thyjgeea ydietpriissuerraganemiion is desired. o sécondir ed t o

provi de both g i . t i ffusion of
nutrients fromt ’ﬁﬁrlﬁk@gﬁ%@%c?%ﬁ%?%@?%d’w?ﬁgggt@ﬁgf%% and growt h
until the Smatspenge] Bhejwaitedsroage ofithe inasioh adhieratwellrio Resinpspouge eithe  Cel | ul ar

I nvasion is r J: - Whi C down the tissue.to replace the
i mpl ant and tlﬁﬁgﬁéﬁggﬁ}f{gg‘ﬁ%@@%ﬁa&vﬁhiﬁgﬁé@ﬁ?q%#r\{nﬁf%r? R Shy c&ﬁ%’ed to repair.
Failure to icellawae phigindlyraubbunad eigritetiine therspbragetadiiening dirafifite itk ateananner
prevents vascul.ari | on: l.ch 1s required f ew tissue, t.o be able to
sustain its ﬁ’?b%."é é%&ﬂﬁ%’%ﬁogﬂélgs § P‘o‘fb&% Sﬁ"é’tﬁ"?‘%%@'(?ﬁ%ﬁé“‘?@‘?%%r

enbodi ment s othetetthe wettednsporge doesmobadhetesiecll. as a matrix for growing cells or
tissue culture in vitro. As will be shown in the exanples below, the

mat ri x ofl0t hé\ccordimgtto emtainsenbopineatses edh@intions MeNgRmalpfotbih Snatt isf or m  before
drying, the matsrix iS lot..ln a dried formt trix [S a sponge. The
matrices of tha TAV oﬁgﬁr%%q/rp%e gom%'@iﬁéﬁﬁﬁf{&a%&m% area for cells
to grow on 3@nafich Howeediphe pRkhY maf FVRdnaatdl Ahyibd @6d hePhankat i on. Thus;
the matrices of hhe.inve tion are useful as products for in vitro and in
vivo appli c&t9igfer tisfye cultgre for any syt e daraersarbympdrels ootens89 The

pl asma pr ot eitissud riing ce'll@aticﬁﬁex@l{t)lev%l%rdfboteﬁU??F&%xﬁﬁ}%a%hQ%ichﬂy well to
tissue rfaces. According to one enbodi méent of the present ‘invention, a

s
dry sponde of°feRsfdopnviism rdls” P psarcbymelsiomheslis’, eve Ritveotent,ios Hueage- |
regener at i onyhGnwbd &ffs, Vhiesae Egtenﬁia@l? REGHIYFLR uﬁfﬁﬁ@a r?lﬁ'fb%f Githidfgccel s were

e dry'5 e wette

cultured, is placed on top of t sponge. sponge of the
i nvent i on adH®isiens jeeither snewhe lide 9r toprdyes mbeanieells wittethe capacitDier i ng t he

heal i ng proc@gfrentile ift6 Lullfceil e dallBe BROAYR R Qi3 610 ilgvrf]:gtion, In

addition, lineage-committed “progenitor cells” can be grown on the mairix of the

20  invention. A lineage-commitied progenitor cell is generally considered to be
incapable of an unlimited number of mitotic divisions and will eventually

differentiate only into a specific cell type, -

It will be appreciated that the matrix of the invention can support the growth and/or
implantation of any type of cartilage or other suitable tissue. Furthermore, although

25  the invention is directéd 'predominantly to methods for growth and/or implantation
of tissue in humans, the invefltion may also include methods for growth and/or

implantation of tissues in any mammal.

The methods for seeding cells on the matrix are manifold. In a non-limiting

example, the cells are adsorbed by placing the cells on the surface of the matrix or
30  absorbed into the matrix by placing the sponge in a solution containing cells.

Preferably the matrix is seeded with the desired cells by surface seeding, at a density

of 10* cells per cmB, more preferably 10° cells percm’.
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" can support t

cells were ori ginally cultured mgrate into the sponge aﬁ6h r'hg%jra'béectly to
the area of tissue regeneration. This system obvi ates the nee or

bi ol ogi-cal glue in instances: where the wetted sponge does not adhere well.
10 Accor d¥¥y0¥¥7¥ér t ai n enbodi ments of the invention, thePpTabim®oseot ein
matrix is used as a support for chondrocyte growh and as a scaffold for
neo cartilage formation. However, the plasma matrix of the invention may
be used as a surface wuseful for tissue culture for any suitable cells,
such as nmesenchymal cells or other tissue formng cells at different
| evel s of potency. For exanple, cells typically 15 referred to as "stem
cel I s" or "nmesgpgaynmal stemcells”, are pluripotent, or |ineage- :
uncommtted cells, which are potentially capable of an unlimted nunber of
mtotic diViTseaRes | 4 . Wiedn S0l L uce ogeny cells with
t he capacity to ﬁﬁﬁeﬁ?ﬁg{{’%’qﬁﬁto aérﬁfl%?g%ntsttg%gﬁg%ﬁuﬂ%ﬁ on the
matrix of 3t haqpgtisentiss sughras raethileriediye, dridfve ageeransraidtige theludtuggeni t or cel | s”
can be grown g4 : j - i.nvention.. A |ineage-conmtted
aa%%@%g e?%ﬁ vkl "‘égrae‘{é]{"%‘&g‘f}’g“’ ChemofSABERHC 3Eenl At i i t ed

progenitor ce y consi

~ number of ni teiedtion agepissinalessicnad widldesie vetliinaibhsy aniinfifafienty abfs 4l Y i nto a

specific celk, Moggsﬁ%as L] lidst.)e appreci ated that the matrix of the invention
Re gro andl or i npl antation of any type of cartilage or

ot her suitab ' . rnpre,.althoygh, 25 the inventjon is directed
pr edoni nant | |§‘? ?%é%ewﬁogseh% %’f‘%‘ag%sﬁ“ﬁmé{ﬂ’ﬁ%ﬁgPhﬂ%Prpﬁﬂla%wW@s ue in
humans, tlRe compmentowhivhynodiisie thenadchatteaphirdbant Ooldli@VSopsist/ Or

i mpl antation. i ssues, in_any ne |.. The pethods for seeding cells on the
matrix are n&%ﬁ“ﬁ%ﬁgﬁﬁsqcﬁty’é’oﬁ%%ﬂ#&?ﬂ es“@)?&ﬁlrﬂ?ﬂét?t‘t‘l‘%@n@&qeﬂgw&@dsor bed by
placing the pelifssation. THes: istludnterls BhRgMpiothetaRily 3P paleREREgs Nt 0 the
matri x by pl aci ng t.he pogege in a solution containing Cells. Preferably
the matrix i SVQUERYI¥EaG rRlyqeaipeglycans) prsyiletis pplymets. weladingg, at a
density of hitdurosit haid, tmgﬁcn%n a8 DB cRhL basahl h}aﬁmggr cnB8. 18 18
January ﬁg)OG VO 03/ OQg%e% P /I%?Z’,/_OOSE’E‘ﬂ Addai\'ﬁ?%]\gl’e%g@ e mat’rix of the"

i nventi on? i RO¥EPESAHdS (FEPRAgOTHR gl igy derisn sulfatp, d¢ematarosubiate, 5 nor e

antisepti cs, hepifll sfaté]Rératth 8t héiron Pk RamBOgy G oIS, 1llsti§ls ' nC! uding
' hexasu[fatg, sucrose octasulfate and PEG. Preferably the sponge is prepared with such
auxiliary components such as dextran suifate, PEG,. glycerol and/or hyaluronic acid.

In addition, anti-fibrinogenic. agents including tranexamic acid may be included in
20 the matrix of the_ mvention. These compounds prevent fibrinolysis and thus can be
used for controlling the rate of degradation of fibrin in vivo. Tranexamic acid may

be _added to a final concentration ranging between 1% to 10%, preferably preferably

5%. ' '
Bioactive agents, such as cytokines, growth factors and their activators etc., may be

25  included in the matrix of the invention, or added to.the cells to be seeded on fhe
matrix for example, in order to enhance a therapeuﬁc effect. Incorporation of such
agents into the gpbnge of the present invention provides a slow-release or sustained- -
release mechanisin. For example, growth factors, struciiuaﬁ_ proteins or cytokines
which en]:_tancg the temporal sequence of wound repéir, alter the rate of proliferation or

30  increase the metabolic synthesis of extracellular matrix proteins are useful additives to
the matrix of the present invention. Representative proteins include bone growth

factors (BMPs, IGF) and fibroblast growth factors, including FGF?2, FGF9 and FGF18
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antimcrobiall such as antibiotics and antiviral agents; éjgﬁ ﬁ&gﬁb peutic
agents; anti -- rejection agents; anal gesics and analge5|c conbi‘hati ons;
anti-inflamatory agents and hornones such as steroids. In other

enbodi ment wWomB/0e7883 present invention the plasna protein negddiobigskedes 10
conponents whi ch nodul ate the mechani cal, physical and bi ol ogi cal

properties i ng di n‘%1 elasticity, pore size, surface adhesion and ability to
mai ntain cel | °§B?¥W gﬁﬂllagﬁhgqlmg,éﬁalag@gowﬁﬁggr genesl (GEE. FaF-8) fonl s bel ongi ng

to the fam | yoflaRUMBRCHDA &:08H facto?%érﬁE‘WGI n0?§%&m¢fqgﬂs%r oni c acid,

gl ycosam nogléqaans or synthetic polyners
pectin, al gi nafen :Q%%?QMOWQJMQ %th@ﬁ Rlaidst-degllved:gsmﬂwfm(P]IGFpol yur oni ¢

s, ebar ! oG oo Rk YEGRXRLAR AU A e lPERLAY S11 Tate

heparan sul fate, keratan su exagsam nogl ycan”sul f at e,

i nosi t ol %ex%ﬁgwnﬂ@ﬁwowﬂndaﬁsﬁwmamdﬂbhﬂ@eam@E@s@p&hﬁhﬁ(ﬁbﬁm he sponge
IS prepared &2 one u an suI te, PEG
gl ycerol and)l\%Jtl a(‘g{l})rwdﬁ#)ébg@d% ﬂ?n addi e’msw g’rﬁ‘ ﬁ"B %1‘??18 Sgent s
including tr agrewﬂmﬁqtoramchtdmgjwﬂaan suifatelpdm)glymanszﬁsrct?@ thwﬁﬁnn&u@fsu&he

I nventi on. u vent fi.brinol s and t hu n _be used for
control ling t(ﬁee ra@tiamtg’f&g‘%‘ée?%gaa i}%ﬁ rol?ep?rfno df#‘%gﬁ’ epts st %f%r% acid may
be added to ashbwmsd accmncﬂnfdrmﬁngcbbnd mhmrwemecl%h@uéﬁ%d@referabl y

pr ef er abl Yo 5% .. act| a enta oki nes rowt h factors and

t hei r actlvatS wgﬁﬁ’i?g%( IZ%’ Ei“ﬁ EEF tﬂt‘!‘ﬁeqp G fox catilagerieraimyvent i on,
or added to tﬁﬂudb@ﬁﬂagb%r&ﬂh%%@bﬂ@dﬁaﬁ&?@lﬁfor exanmple, in order to
enhance a therapeutic effect. Incorporation of such agents into the sponge-

of the preseriIhelplmteuﬂ&bﬂheﬁﬁ@ﬂﬁdﬂ&&@lﬁeﬁ%&@f&@ﬁ@h@ﬁoﬁ%ﬁﬂs'ﬂ%@eofrel ease
mechani sm For %t hg\trowth factors, structural proteins or cytokines
whi ch enhancé® r%‘t"bﬂ? L. SRRt eprepemip, soessaich exhikit the philide e of

proliferati Onstlﬁﬁzla@DN 858 sdaecrataialih %u%yd%%ﬁé@ opéen%&exﬁﬁ | ular
matri x pr elns are use additives to he matri X e present

i nventi on @Pﬁa% Heestreqytes. ‘iaﬁféllaﬂé@ ¢ronpal grd@thehal cﬁﬁmt ors (BWPs, |GF)

and fi brobl asgstegglg%g oBELS oot HnlstidiaREnde A9 and FGF18 19 18 January
2006 WO 03/007873 PCET/%c LO2/ 005%3)9 fd’r aonlé ugr% cartilage healing, cartilage

growt h fact orAQIRRRASI, 6&Hs gerddelal yI lg}leg_ﬁl&%d 1§ @)[éptrésg BRGEA Bk pskiNEard’ O h

factor genes (NG-) and certain’
including in the present invention. Preferred examples for cartilage repair uses

periosteal cells, mesenchymal stem cells or chondrocytes per se or transfected with
20 cartilage growth factor genes selected from a group including transforming growih
- factor-B (TGF-f3), certain FGFs or CGF; bone repair uses periosteal or other
mesenchymal stem cells or osteocytes/osteoblasts per se or transfected with bone
growth factor genes selected from a group including bone morphogenetic protein
(BMP) family genes or fibroblast growth factor family genes; for nerve repaﬁ uses
25  neural cells and neural support cells per se or transfected with genes selected from a

group including nerve growth factor (NGF) gene or specific FGFs.

- Furthermore, specific enzymes maybe admixed with the sponge of the invention in
order to promote degredation of the proteoglycans and /or proteins present in the
carﬁlage. Without wmhmg to be bound by theory, chondrocytes of the cartilage are -

30 embedded in the thick extracellular matrix (ECM) of the joint. Enzymes known in the
art including collagenase, hyaluronidase, trysin, chymoirypsin, chondroitinase of the
various types degrade the ECM of the surface of the jomt, thereby releasing -
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heal.ing, and-.general growth factors such as platel et.-.;deri gé:}] factor-
(PDGF), vascular endothelial growth factor (VEGF), insulln-I"TkKe growth
factor (I é}% 7? keratinocyte growth factor (KGF), endothelial derived
growt h su%f) P8I EDGF), epidermal growth factor (EGF) HMMIF/BOHEESDr ot ei ns
whi ch may enhance the action of the growh factors including heparin

sul fate prot egednifeR i ] j at e,
sucrose octa sul fat%%oélﬁﬁgﬁ)}?%?}ﬁg%&dﬂ%%g eCo;fg]%t gﬁ@(}?.ﬁ%goﬁe&ra&?qutors shown
to act on cel F8¥¥H®WRNg bone, cartilage or other connective tissue include
10 retinoids,.growh hormone (GH), and transferrin. Proteins specific for
cartilage repaffPlaspemabix of thetinvenden i demersirited asor fYriDGPpngeR@ortdod TGF- 0.
The proteins ‘,‘;,-Igge‘,'- [ [ . Livatives or variants

t hereof, obt g_lifone férngynﬂr%gttﬁ%g ,r%ls]l nttﬁgctﬁllo%%gﬁé?fg({ésgg%ﬁﬁgﬁ?méa%ﬁ?dges, whi ch
exhi bit the aBsug.tHoweyer, §eimatiieis e sphe symprinig sheapthsoe plotefisvndiman in vitro

“of a variety gf ,&8LLSe il i mary.fibrobl asts,. chondrocytes,
vascul ar and corne F seeh%i{)}it%ﬁe ¥a§tfqd %%Fﬁ{sd,0%%§Plecglgf%fgp%,cel?ﬁ}85’fvﬁﬂa§, snoot h
muscl e and nebwbisetindgiwsor adddéaffolihfar befl growihlthat ganed for abhsplaengomeer ed to

express the a I roteins are .including ipn the present
i nvention. Pr Ié%es(r?gglg}ngga‘ﬁ%ﬁsg%OVSP“%S&‘FH“%@,E ?lédﬁi OusEs: 2 gﬁoflélg‘ﬂ%dal cell's,
mesenchyrnal  Bttherut edr sljwt the prveiuoskanpliird belewdh atdoriadeasittegentis N 20
cartil age,;gro h factor genes selected froma group including transform ng
growth facto *Esﬂefe‘f’@qrﬁ%“?s,‘ certain FGFs or CGF; bone repair uses periosteal
or other nesepnchynal stem.cells or, psteocytes/osteobl asts per se or ,
transf ect ed ﬁ“‘?ﬁ%ﬁﬁ‘g BRIt Wﬂ?‘fﬁéﬁé‘@é}éﬁé‘ﬂ@ﬂe M BRTaaRtedp i ncl udi ng
bone nor phogesebingdfin @ heh-MmithBHishicani | y genes or fibroblast growth factor
famly genes; for nerve repair uses 25 neural cells and neural support
cells per se BKAMBNBS ected with genes selected froma group including
nerve growth factor (NGF) -gene or specific FGFs. Furthernore, specific
enzymes maybeEsihiplx @cllsolitivh of MasiH PR6IGIn® frohWhbRVBRnON i N order. to
pronot e degredation of the proteoglycans and. 7or proteins present in the
cartil agel5 W¥tedifrozeh phisng whorehevdacfuisl tHeb1dol @8k (TeLHMMMEC I/sEa%E. qhe t he
. cartilage are .30 g@%)@%ed Iéﬂ tEe thick extracellular matrix (ECM of the
joi nt. Enzynedas®i Wasdhavedin 3 § G tepbater open mighedalieedibyal ur oni dase,
trysin, chynodenjtiisgation 650 approBma@1yOfo0dd Rr 30/ M. ONR Jelfi&ms degr ade the ECM

of the surface of the.joint., thereby releasing 20 18 January 2006 WD
03/ 007873 Pcﬁﬁiﬁfwe‘gg‘]g?ggml PBS with gen¥le rolling until ghomogenized soluﬁo¥1 was :

seen. Tranexamic acid (anti-fibrinolytic; final 10%) and arginine (final 2%) were

20  optionally added to the plasma protein fraction.

The total protein concentration was approximately 42-50 mg/m] as estimated by
Bradford assay and SDS-PAGE (comparing to-a standard).

Although detailed methods are given for the preparation of the plasma protein, it is
to be understood that other methods of preparing plasma ptoteins are known in the

25  artand are useful in the preparation of the matrix of the present invention. An
example of a protocol for the preparation ofa ﬁBrinogen-enriched solution is given
by Sims, ot al. (Plastic & Recon. Surg. 101:1580-85, 1998).

30
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chondrocytes that are able to invade the sponge of the H Ygﬁégﬁg%%ﬁspronnte_

cartilage regeneration The plasma matri x of the inventi trated
as a fibrin sponge support for growi ng various cell types for inplantation
at a sitevwdozioggrased or traumati zed 5 tissue. However, tpermBiijoigsi S a
sponge conprising other plasma proteins and may be.used per se, as an

i npl anted scaffold on to V\/m ch proxi mal cells in vi VO may perfuse+and
grow, or as aASBIhe [trag; | PlassyracRi getipns fivem dhlogs efg@nspl ant ati on- of
cells to an mﬂt&m%& gtﬁ,ﬁue or to any other swtable site in vivo. Thus, a
person skillé rt can adjust the procedures exenplified be|OMlIn
accordance \/\MJ@E cific 10 tissue requirenents. The foll ow ng exanpl es
are |ntended_t—b_"marel illustrative in nature and to be construed in a
non- (|n1tat|db3@h@h9¢hw XAb /143 ofieephpimeactutidaly hatptahic afti-Rlaglawt Pr ot ei ns

from V\hol asma 15 Fresh frozen pI asma was received fromthe bl ood bank
(Tel - Hash rre?)j‘l%“)”? Udmaatpaied (R0 has t hawed in a 4C i ncubat or

over night, followed by centrl fugation at 4C at approximately 1900g for 30 ‘
‘min. The pel BbfmpppaiunadfieNHAe¥0475% 5nL PBS with gentle roliling until a

10 “andt-ar o hreeb B BEFA 3668 T bRPSR et bt bBRbce 68, (e pl s |

“protein fracﬁ)'msNmeaufmtaolmnaﬁe,_ilrsommm,rlﬂtim was approxi mately 42-50

ng/ M as est ed.b ord assay and SDS- PAGE (conparing to a
standard) . i% %@1’5??@(5 nmet hods are given for the preparation of the

pl asma prot erz)wthrew@d(Isﬁemloumgmsm%sﬁmérm;sﬁ&l ofld patendf Preparing
plasma proteins are known in the 25 art and are useful "in the preparation

of the matri Meffodi:he present invention. An exanple of a protocol for the.
preparation of a fibrinogen-enriched solution is given by Sins, et al.

(Plastic & Roaebag SBHi@d ﬁbﬁﬂﬁ&ﬁﬁ@dﬁ&kéﬁﬁ&bﬁ 4%?&1d%8nﬁﬁe&l§{dmn2006 VO
03/ 007873 PCT/ 1L0 / amle 2;: Extraction of Plasma Protei n Fractions
from Al | ogengffgtepto de)qngx gllggcgqs(%)@d 50 ml of a 3.8% sodium citrate solution

was added and the solution was mixed gently.

15  The blood-sodium citrate was distributed to 50 ml tubes (40 mi/tube) and
_ centrifuged at 2,100g for 20 min. The superhatant plasma was collected info 50

m! tubes and re-centrifuged at 5000g for 15 min. at 4°C. The supernatant plasma
was collected into a flask, put on ice, and saturated ammonium sulfate solution
was added at a ratio of one volume ammonium sulfate to 3 volumes of

20 supernatant (1:3 volume ratio). A typical amount was 75 ml ammonium sulfate fo
225 mil plasma. The solution was kept at 4°C for 1.5 hrs with occasional mild |
shaking (magnetic stirring is not élloﬁed).

The supemnatant plasma was divided into 50 ml tubes (40 ml/ube) and
centrifuged at 5000g for 15 min at 4°C. The supernatant was discarded and each
‘25 pellet washed with 10 ml 25% ammonium sulfate solution (pellet not dissolvéd).

Each pellet was dissolved in 6-7 ml of the phosphate-EDTA buffer. A sample,
typigaily 100 pl of the solufion, was kept for SDS-PAGE and clotting analyses.

- The dissolved pellets were pooled and the ammonium sulfate precipitation was
repeated by adding saturated ammonium sulfate to the plasma sample fo achieve

30 a 1:3 volume ratio (Typically, 25 ml ammonium sulfate to 75 ml plasma). The
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Materials: 1) Sodiumcitrate, 3.8 % or any other phar t| calrég
acceptabl e anti-coagulant 5 2) Ammoni um sul fate (NH4)2S aé‘ﬁ?'ﬁ’ pgd
(500q/1) ‘?é Wﬂmum sul fate (NH4) 2S04, 25% 4) | hosphate EDTA buffer: 50
mM phospha EDTA, pH 6.6 5) Tris-NaCl buffer: 50 PElHA%458%150 miv
NaCl, pH 7.4 6) Ethanol, absolute 4C 10 7) Whole bl ood (Israel Bl ood Bank,
Tel Hashorrer JasiBh fromthe
bl ood bank cont ai ngeng&ﬁ aﬁfe%@a%%ﬁ?%%ln%@gﬂ%@wgg%‘g&d otgg e 450 m
aut ol ogous bl%%?es%dmﬂﬂéﬁdgﬁiawmgi@tﬁimm trate solution was added and

t he solution was m xed gently. 15 The bl ood-sodiumcitrate was distri buted
‘to 50 nl tubekrecuperpAtt waedlisceardsd apd e ppllatpede dissdvelG0g vélome a0Ts-n. The
super nat ant AR o i 1980 i fuged at
5000g for 15%?%% at%gr sﬁ%lerrlér%gtalgﬁtgmp é’%nr?&t%%ﬁo ﬂae‘ euE{l nto a
flask, putd omsﬁd:@ovardeEz@Upatanbmnwmbomﬁtﬂlﬁ ate sol ut| on was added at a
. ratio of one volunme amonium sulfate to 3 volunmes of 20 supernatant (1:3
vol une rati o)TheAaﬁlplp“@aﬁlabﬁﬂthm‘?‘SdMymambw BUrkIBeitéfiRerta) for225

plasma. The sol 1600 WeSileRLao8ln 18 QL ofrs -ﬂk‘ﬁb‘é‘ﬂ‘%@?ﬁgj{ﬁ%ﬁ%&{;l | mid

shaki ng (magnetic stirri I's ot ma was
di vi ded i nt o sB@pleiwas ummg@mﬁm@bm)rethmtmrmg@ﬂnas nf0RAGCT or 15 nin

at- 4C. The s d| scar and e 25 washed with 10 m
25% amoni uml{gufﬁb%%e 50 Wacf)l@]idﬁ% S“RS'i“at?ﬁté’éaﬁlc%‘% ed aEéE‘FPtB’équet was

di ssol vedyi n the hos hat fe ically 100
p. | of tﬁle S0 utZ l|11{(?nma Ela%'épﬁ Y’g@E’BE@t@??& @P’E‘% ﬁ@ﬁgﬁﬁﬁ %ﬁéé‘g The
di ssol ved peltb efisalwen@npativined 7%0 ot HRmAIETDN il IBOHIt 29 &1 PiREiaRLHat i on was
repeat ed by ad sat ni ums | fate t.o the plasma sanple to
achieve 30 a® 9!@88 ogé]tlf’ﬁ‘ ];E peogpl that thecsolyfionshesbilisthi@ihs ate to 75 nd
pl asma). The p2RiplBtelafurmry 2006 WO 03/ 007873 PCT/ 1 L02/ 00589 sol uti on was
kept at 4C for 1.5 hrs with occasional mld shaking, divided into 50

The solution was centrifuged at 5000g for 15 min, the supernatant discarded and

15 the pellet dissolved in the same volume (typically amount 45 ml) Tris-NaCl
buffer. The solution was dialyzed ovemight at 4°C in 1.5 liter of Tris-NaCl
Buffer. The dialyzed solution was centrifuged at 21,000, at _4°C for 15 min, to

eliminate any non-dissolved material,

Protein concentrations were determined using the Bradford method (Bradford
20 (1976) Anal. Biochem. 72:248-254). The protein yields ranged from 0.2 t0 0.6
mg per ml of full blood, with typical resulis of 0.4 t0 0.5 mg/ml.

Clot formation ability was determined by adding 30 pl thrombin (100 U/ml;
Omrix) to 70 ul plasma product (10 mg/ml), clotting shounld occur within 30 sec.
Protein purity was determined by electrophotetic analysis of 50 ug of the sample

4

25  ona 5% SDS-polyacrylamide gel and staining using Coommassie blue.

The remainder of the supematant was collected, frozen and lyophilized until dry, 48

hours
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m tubes and«centrlfuged at 50009 for 15 mn. The super |scarded-
ufaf"é?fv“a%??

and the peliets were dissolved in a volune of Tris-" NaCl

equal to or Iess t han the volunme of phosphat e- EDTA buffer 5 used above. A
typi cal toVQI0¥¢Eiht was about 45 mi. The sanple was di al yAEULISBREkeSki nTM
dialysis tubes, 3.5 kD cutoff,. Pierce) for 3-4 hours or overnight at 4C

i ] sanpl e was centrifuged in
. et eBarayign Method  4c (o renove any

i nsol ubl e mat %&e%ls The super nat ant was col |l ected and kept on ice. 10 The

supernatant plasma was divided into 50 m tubes. Chilled (EtOH) was added

to a final co (for exanple: 3.7 nl EtOHto 49 m

super nat ant) "i‘féﬁ Iﬂé%&@%ﬁfﬁza{ or 30 mn. It is essential that the

sol uti ons be Gﬂpllumefélﬂ@lmiefth pr eci p| tate to form The sol ution was

centrifuged ajn308091 he supernatant discarded and 15 the
pell et dissolved In @rusniérr/eﬂp’vo ur?e (typically amount 45 m) Tris-NaCl

buf fer. The sMetiodsli was di al yzed overnight at 4Cin 1.5 liter of Tris-NaCl |

Buf fer. The dialyzed solution was centrifuged at 21,000, at 4C for 15 nmin,
to elinmnat etk Wﬁ%mm@domeﬁt@plwmamahmmmmmmmdIoﬁns wer e

det er m ned usjipgitA Al Br adf BI ochem

72: 248-254). Sél'hemprg%hg;n y?‘%ﬂdﬂﬁgrange W'&rﬁ@débﬁ ‘%é?dY‘ﬂ of full
bl ood, with t{pitastel opiwaatioao@eorﬂemn@acﬁttamépﬂoteuf:smpiémémam ability was
determne by 30 L thro ; Omix) to 70 Al plasma

pr oduct ( w gr%ftegg 8?%@“%58 (D%E%Of\m%brﬂns@og&ecAﬂemww purity
was determ naﬂeremmﬂeg%fﬁgﬁgﬁ&&éc anal ysis of 50 rg of the sanple 25 on a
5% SDS- pol yacryl am de gel and staining usi ng Coommassi e bl ue. The renai nder,

of the supernatant was coll ected, froEa% fmd | yophilized until dry, 48

hours. 30 23 18 Januafy 2006 WO P37/ 007675 PGH+162/66589Exanpl e 3: Plasnma
Protein Matrix Preparhpt i Sl holdPlasve Broterl s| ThFpmbiexami ¢ jacid (5% final)
=cm~—"__im___—_ﬁw%
|15 5 mg/ml 1.51U
1-10 10 mg/ml 1.51U0
1-20 20 mg/ml 1.51U
| 1-30 30 mg/ml 1.510
2-0.5 20 mg/ml 0.51U
2-4.5 20 mg/ml 451U

Resulis-1

15  Sponges were analyzed by comparison of dry and wet physical properties.

The sponge made with 5 mg/ml protein (sample 1-5) shrank signjﬁcantly upon
freeze-drying. The sponges made with 10 or 20 mg/ml protein kept their structm'e
after 24 hours in tissue culture medium, whereas the others were shghtiy deformed

This does not interfere with their use.

20 | The concentration of thrombin determines the reaction time for the polymerization
of the fibrin monomers. The concentration of 0.5 U thrombin/mg plasma proteins
yielded a sponge with good physical and biological properties. The concentration of
1.5 U thrombin/mg plasma proteins was chosen because it gave a fast reaction but

allowed the two solutions enongh time to mix thoroughly before the reaction
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Cal cium Chloride 5 M5 Thronbin (1000 units/nl, Ori x) thods%gl0 The
nmet hod for the preparation of the plasma protein natrix ed for
protein and thronbin concentration as shown in Table 1 bel ow Sarrpl es
prefixed wMOP3/007873t est ed opti misation of concentration of PCI/OR/aksse
protein. Sanples preflxed "2" 10 were tested for optimsation of
concentration n_sponge. Al |l experinments were carried out in
triplicate. %{nglre{é %’ cﬁﬁeggﬁg’nﬁ%ﬁgﬁeﬁm%ﬁrf@%mﬁu%%@é ™ onConc. /ng
protein 1-55 Hmbmhtlﬁlylsﬂnﬂaribﬂib@mé_m 1.5N 1-2020 ng/m 1. 51U 1-3030 ng/m 1. 51U
2-0.520 nmg/ M 0.5 11U 2-4.520 ng/ M 4.5 11U Results-1 15 Sponges were anal yzed
by conpari sonMsthads-2: and wet physical properties. The sponge nade with 5
ng/mM protein (sanple 1-5) shrank signifi cantly upon freeze-drying. The

sponges nade WpargesQere ma2dbymyixirig anﬂastxﬁi[)fbtdi@ﬁﬂuﬂoh&hﬁi aFhrbMBhdbiatonaf t er 24
eas the others were sllghtly def or med.

hours in tikss I ult ur.e
Thi s does %ot%I I;ﬁfengmegqﬁ? ﬁ‘]@?‘g eﬁ%“@@“‘?ﬁ’@%@@ﬁtdﬁ%‘?%wwst hr onbi n

det ermi nes t helldgem orantoldgbms, with vidoas E%ldesﬁabfo@dhs Rbre bR nhliREA D
nononers. The cgencent rngrtlo of 0.5 U thronbin/nmg plasnma proteins vyielded a

sponge with gBSFhsRAETERtontshvesn J0gimeednl ﬁwlﬁ@m%?%(@@mr ation of

1.5 U thronbi wkted, & IR aRofdcRirion VR 204pATeN because it gave a fast
reaction but allowed the two sol utions enough time to m x thoroughly

before the re@hibindh (260018mians ailite LI \ABHAB LAGHE ERlofite soitde TR FRE O

10 sponge formulation included tranexamic acid at a concentration of 5% or 10%

depending on the plasma protein source.

The above two solutions (plasma protein and thrombin) were mixed together in a ratio
of 21:9 respectively (for example 210 pl plasma protein and 90 ! thrombin solution),
in the following order: A 48 well ELISA plate was coated with 90 pl of thrombin
15 solution, and the plasma protein solution was added. The mixture was incubated at
room temperature (~25°C) for 10 minutes or until the clot formed, foltowed by
freezing at -70 °C overnight (~ 16 h), and lyophilization under sterile conditions, -85 °C
until dry for at least 16 hours and up to 24h. Note that the final concentration of |
‘thrombin was 1.5 U/mg plasma proteins. The amount of thrombin may be varied

20 depending on the desired polymerization rate of the matrix.
Results-2:

Sponges having substantially similar biomechanical features and biocompatibility
were obtained from plasma protein solutions isclated from the different sourcés,
allogeneic or autologous blood, whole plasma or commercial fibrinogen. These

25 features include pore size, surface adherence, ability to maintain cell growth and
proliferation and biocompatibility. This results shows that for the prepération ofa
plasma protein sponge of the present invention, a range of methods for preparing the

plasma protein and a range of protein concentrations may be utilized.
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conpl etes, but other concentrations are acceptable for O%%,{Ha 2(ﬁgﬁrratrix
with substantially simlar properties. Methods-2: SpongeS were nmade by

m xing a plasnma protein solution with a thronbin solution, 5 casting,
freezing angodyephi | izing. Human plasma proteins, from di ffqeRsRUr ces:

al | ogenei c orautol ogous, with various |evels of plasna proteins, were used
having a protein concentration between 20-50 ng/m . Comrerci al ,

fi bri nogen. ( @xpinple 418eaffdlé Maghology mel Mectahical Bx@peeiesr at i on of 20ng/ ni .
Thrombin (1000 UmM ) was diluted 1:10 in a 5mM cal cium chl ori de sol uti on.
The final 10Matpes e tkorrugiatdaiop il geabrabied chatrreixahiccordmipdo Siveral
concentration.of. 5% o0 10% dependi ng _on t | asma prot.ejn source. The
above two sollgﬂ f‘%ﬁg&'tc%’?%c ! F‘(Batr%lér?’rf%écf‘?gy ’taﬁﬁﬁﬁﬂfﬁ?cﬁagbﬁy@ together in a
r ﬁt i (r)m of 2llaasﬁce§mmigmhﬂ;ers]g(ﬁianzimm&@§2@zﬁu 1qm83as45ia1 J000J. gbmeimd 90 |
thrombin golytiqgn), in ol |.owi n rder: A 4 ELI SA_pl ate was
coat ed Wi ? h %%%%?D“Pﬁ?%ﬁ?gﬁfﬁ?"i St%?ﬁvg‘ia}c)‘i‘fr’fl,‘e EWW%@%F"&Q‘FEO%?%BW sol ution
was added. Tbethedeprspeticdds | ncubated at room tenperature (25C) for 10 e
m nutes or unti the clot formed, followed hy freezing at -70 C overni ght
(- 16 h), andh iy ephifkiedaédntis, sR@e oSthe bioptis YL béeARFoasit&P Perosit i | dry for
at |l east 16 hours aknd p to 24h. Note that the final concentration of

t hr onbi n was MPBE2Y ﬁﬁceﬁ%?ﬁm‘b?”éf Byerdisatadhby seamgticalgneasyewenis Pty be vari ed
20 dependi ngﬂﬁﬂighhﬁicﬂﬂ%ﬂe%? sBRoUAE FHleZBAt M inf PRk SpecimiGis "ebilmens RESUI T S- 2:
Sponges havi ng substantially si'milar biomecbani cal features and -

bi oconpatPbi Fereymoupted onshidesiand wererstrined by damatprdinisopinsn opticahs i sol at ed from

the differenthiSoHEeEReasul lt&%ﬂaeﬁ#ieé 5%9‘5 P%%ﬂngggﬁge%oé%g&g?}?%%&espl asna or

commercial fibrinogen. These 25 S Inc surface

adher ence, abjoliel HBwiBe PRI prfkih B ﬁg:ntg @gs%%afﬁsﬁinhﬁgbﬁe%iﬂgd

bi oconpati bility. This results shows t e preparation of a plasm
prot ei n spondbe psfre siaeispn the ewrt (mhiprpp)izeomngealn it ylesngf proteinspoige(Big. pr epari ng

the plasma pppgel [ ' n patinan utilized.
30 25 18 Janiar oo RSk aPRA0, Her Bl B 45 B0 aRGh HEI0ORE e | o) o
Mor phol od§ aillbe difictenss teisvecRtiymne simsof a plasma protein sponge of 20 mg

protein/ml (Fig. 1D) and a plasma protein sponge of 10 mg fibrinogen/ml (Fig, 1B)

is not notable and no difference was found in the cellular growth on the two
scaffolds. It can be seen that the plasma protein sponges of the invention have a

network of snbstantially regular pores compared with a collagen gel (Fig. 1C).

20 Inits final form prior to use with cells the sponge is substantially dry and contains
less than 10% residual moisture, more preferably less than 5% residual moisture and
most preferably less than 3% residual moisture. This feature is measured by

methods known in the art.

Mechanical property measurements were performed using a Chatillon TCD200
25  machine with a digital force gauge DF12, The distance between the clamps was set
to 1.2 cm, and pull speed was set to 12,7 mm/min. Each plasma protein sponge was

2.5cm long, 0.5 cm wide; and was fully lyophilized.

Deformation represents the elasticity of the sponge, i.c. the amount of pull as
measured in millimeters (mm) that may be exerted until the sponge tears. Force is
30  calculated in kPa and represents the amount of energy required to tear the sponge

strips. The thickness is incorporated in to the calculation.
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Matrices for tissue engi neer i ng in general are characterhgﬁ @;Qd’d%l ng to
several criteria, including chem cal nature, porosity, esi

bi ocorrpatl nd elasticity, anmongst others (Hunziker, Osteoart. :
Cart. ‘ﬁéﬂg’ﬁfé 7 2002). Table 11 of 5 the aforementi onedPGTHEVYREL | i sts
several of t he propertles and the biol ogi cal basis of these properties.

In the lab OfFlélﬁ'@ZA%’IﬁQ:;eﬁt@%hetér%ﬁ@E@éngﬂ mdalifted HPRES H ]g&ﬁgeﬁeasdi ed.

Porosity, ngé)rtant for cell magration was |nvest|g trical
neasur enent s ¢ qllﬁgreph@mha@momnomrﬁ% Eigyee Zﬂﬂeal@mmfmglahmeofgmaﬁml dinto

(hi ck Speci Maps. of SRR K Reficl BN Sde Bl el AB8n A0 0reRLf, 8] a1 ned by

hemat oxyl i n/ e03| n optical m crorret neasu oT €SI ZE and t he

di st ance bet \ﬂ@elhsmgmmmgmgibrrmﬂabh (Gutee); ﬁ]Acside\pﬁxsmhlepqmga@mmieprot ein clot

10 I / :
E i c;r!cg)nl)o ?ls 23” argég%g%eﬁlﬁ[r?# ﬁgg%ﬁ%sgﬂr?f c%orrgﬁﬁto %Br(?ﬁo 8 I%If(égpleﬁgd}f‘{}é& o pl asma
protein/m , ditrigogen.yilhspongdssheor Memcmtamg il 0 cnpdiiedte weRNge. 15 The

difference b en dhe.pore s asna rotein.s e of 20
protein/m ( %’are%lﬁsom (r}i&mﬁer&ag% 5‘?18{5 5‘8’“8?“?1708@6 HIogeT nogen/ m
(Fig, h1B) ihsngmt) HAt=a‘iyhf medm clfm( (Uﬂ)dzﬁﬁ{fﬁiap&ncm%&n&ﬁ)?&ﬁﬂbx&ﬁiﬁsu@f@k' ul ar
growth on t - t can een that the plasma protein
sponges of _twﬁ"\%’ﬁ&ﬁ&n@%@é‘“ﬁen %?ﬁéﬁEQ&&Qt{hﬁ%%ﬁ ‘g'PnP‘%R&i&P%Pr)a por es
conpar ed 1o t t&@lyz;ello[gg;m/ 6641 cofnlefiratib@).. 20 In its final formprior to use
with cells t Ig)o IS substant Lally dry and contains |[|ess than 10%

resi dual noi T8Pay @?aw@edifﬂg@oseﬁéﬁb%%dr@@semmar%ﬁmw@ and nost
preferably | esmh pafkiddechas) Mtﬂ?dtﬁhﬁﬁﬁdeﬂ&hﬁn@&gﬁl ”g,t agyred by
nts vvere

nmet hods known in the art. chani cal progerty measur e per f or med
usi ng a Chat SPINERs FEmOUEPSth Rk BRdBEG exhibisgedtgsttensils sreoglhgadige DF12. The

di stance bet ‘é@a@ﬁbﬂyh’?héé pofgs ¢ M}ﬁ?hs?&tdexﬁﬂl shifste Q%h%%qrs%ﬂlﬂcre(%&gﬁ%s\f@s set to

12.7 mimn. Each’plasria protelin sponge was cmlon m w de; and
was ful | Y3l y@mngﬂ;m@nomwmalmcmﬁa@wmlwmmlpa@m oiimparof t he sponge,

i.e. the anoy ﬁﬁrogwules ti'ﬁhe uf\ﬁ&oécgglgk S%Bt err? ({%ﬂnglq %et?{ﬁalngjxedbe

exerted unt|I onge tea Eoree
represents tlnerearmundp(m uerfenrgy ort‘ﬂmspm@s d:amprmmg thehdi fiepningamposdnisl ps. The

Lhickness 1S pdEREP R ihdspbBd Wi AW hOlkneed Giofkih BRAT Y 2006 WO

03/ 007873 P

Example 5: Procedure for Preparing Sponges comprising Anuxiliary

20 Components

Ina prefeﬁed embodiment of the present invention the matrix of the present -
invention may be prepared with certain additives, or auxiliary components.
Additives including dextran sulfate, glycerol and hyaluronate (hyaluronic acid) were
added to the sponges to alter certain mechanical and b1010g10a1 ptopertles

25  Mechanical and physical parameters were shown to be controlled by incorporating
auxiliary components or additives. The additives may be removed after the matnx is

formed in order to i improve the biological properties of the matrix.

All add1t1ves were filtered (0.2 pm) and were added to the plasma protein solution.
A list of the additives and concentrations tested are shown in the Table 2 below:

30
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conpri si ng

properties.

" additives

“rim and wer

Figure 2A represents the tensile strength neasured in kP

deformati on of the same
testing tlweesmsqrerges.

(Ortec);
according to the protocol

comercially

the different auxiliary conponents.
type.of sponges.
The col | agen

Figure 2B repr

HA= hyal ur oni
(MW -10, 000,

S
sent's
Shown is the average val ue of

(Col) sponge is comys&ighlyos @yallablé

the crude plasma sponge (crude) 5 was prepared fromcrude plasma
in exanple 1 (10 ing/mM fibrinogen). All sponges
shown herein containing auxiliary co S were prepared from
vailabl e fibrinoqen (approximately 20 .fibrinogen ng/n1)
c acid 24@6fin=| concen ratlo , Dex Iextran sulfate
194 ina concentrat|-n . PEG = %639@Blna| :
— ycer 0] VY% T T Ndl - COlTCentratt o o rmespo 1ges

concentrati on
prepared frol

5 PF#led flbrlnogen

real

(crude) exnibiTs

pl asma prote
TEEG sponges conpr|S|

JUbl. ant d.l i T UCIIL; bal ||cuhun= Cat

n@oﬁbQHSHMSdnﬂSPEG exhi bit greates

tensile stref
al one shows

th anad elaSt|C|[y
hFyalpepisagid in t ensi

elasticity. Fach auxitiary agemnt

gppears to— fpat t cert=aln -Poperi

¢lpebf ¥ med to deternine the pof

t he sponge. SRR anal ysis
and pore unif Ghnmby+of t he sponge
Procedure fOfH?ﬂ@Bﬁ&hag sponges W

6&Dﬁddltlves is presented herein

Qﬁ@ﬁ’})ﬁé;rmoi Bdse2fr0epar ed from cr fide

The SPONgeES bUIIPIIOII1U dextran—siil fate

nOQ@%IQQQi@IO]QIZ;\DOM no increase ih

ies to
e size

51 conprising the different conmpongnts.

bel ow.

Exanpl e 5: ragpa ge For—Prepartng-sponges—eof-ar-sthrg—Auxitiary- P0

Conponents. I p ferred enbodi nEM of the present invention the patrix of
t he present ﬁ@@ﬁ@¢9ﬁdnav be prepa®®d4 with certain additives, or puxiliary
conponents. |@Hebives including dexgran sulfate, glycerol and hyal uronate .

(hyal uronic aghg&nﬂggﬁdadded to t

bi ol ogi cal propertres:
be]controfledpﬂ& |ncorporat|ng
Yabwonicesidd after t

ubd | i ary components or additives.
0.0024 1 i X is formed in order to

t he biologijahgproperties of the

gﬂ g 18 &he pl asny
concen

additi ves a ?%atlons t est

nprix. AT additives were fTtter

égdogéel n solution. A list of the
e shown in the Table 2 bel ow

18 January 20 agh 03/007873 0.25
‘ Dextran sulfate -+ 1
Hyaluronic acid 0.0024

* PEG = polyethylene glycol 300

Optimization experiments were carried out to determine the optimal concentration

of the additives in terms of matrix flexibility, elasticity, pore size and cell growth .

3 capacity. The conéentraﬁor_is of the auxiliary components yielding good physical
properties in terms of pore size, tensile strength and elasticity were 0.25% glycerdl, ,
1.5% PEG, 0.0024% hyaluromc acid or 1% dextran sulfate. One preferred

combination of two or more components is listed in table 2.

The additives impart beneﬁclal properties, including surface, mechanical and/or

10 biological properties, to the sponge during its preparation. A currently most

preferred embodiment in acbbrdaur;e with the present invention is a sponge

comprising dexiran sulfate.

Certain additives may be detrimental to 6ell growth and may therefore be removed

following the freeze drying step.

The sponge is rehydrated by washing in sterile,

15 distilled water or PBS and is used per se or may be relyophilized to remove all
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PCT/ 1102/ 00589 Tabl e 2 Addi ti.veConcentrat.ion (% Final) / 5, 0.01;
0.05; 0.1; 0.25; 0.5; 1 PEG*0.005; 0.05; 0.5; 1; 1.5 wg%{éﬁp@&%@@ '
aci d0.000?«}' ?8%9%’3 0.012; 0.024 Dextran sulfate0.1; 1; 5; 10 @ycerol +1
Hyal ur oni c Q836024 @ ycerol +0.5 Hyal uronic aci d0. 0024 R§YREFHS80, 25 H
al uroni c aci d0..0024 PEG+. 1.5 Hyal uronic aci d0.0024 PEG+1.5 Hyal uronic acid
+0. 0024 G ycemoishire 3 datrsitlyafeitbd dhbodfinentp@hidb ONigon @8R fahipEC =

pol yet hyl ene gl ycol 300 Optim zation experiments wefe carried out” to

det er mi ne the‘g't?r?f Fie8q addisfyeeasdesaribethabaye, wheeeimthaspange s washaddolawiog natri x
flexibility, @kastdisdit-dohilRat ' I : ' .. The
concentrations of t%é&gpl%(l ?ﬁtli?r %éﬁgpqg%ggﬁése rg?%%g%g%g'g@%ﬁ%fﬂgal
properties i M8 of pore size, tensile strength and elasticity were
0.25%gl ycerol, 1.5% PEG 0.0024% hyal uronic acid or 1%dextran. sulfate.
One prefersre X 3 ra or nore conponents is listed in.table 2.
The additives inpart beneficial properties, including surface, nechanical
and/ or 10 bi Biedgfe Chsropefiesehitier measyrasites loysd nfeosslinkingthpt the plosmar at i on. A
currently nnsl;m@ﬁlq{aegﬁﬁgrggﬁ@godi ment in accordance with the present

i nvention is a sponge conprising dextran sulfate. Certain additives may be

detrimental tRwéBiribiihbreABdicIBit: LR Yilde BEsls SR HEn iR LAY the
freeze drying step. The sponge Is rehygr ted by washing 1n FHEFT e,
stored at room temperature and 2: two month old sponges stored under different

10 conditions.

1. Freshly made and one month aged sponges were placed into 0.75ml 10M Utrea,
and gently shaken. A sample of urea was taken every 5, 15, 20, 30, 40 minutes. The

amount of protein in the urea, i.e. dissolution rate of fibrin sponges was determined
by the Bradford method.

15  Figure 3A shows that a freshly made sponge dissolved in urea at a rate of 0.085
mg/min while the older sponges dissolved at a rate of 0.025 mg/min. This suggests
that the aged sponge is more crossuliiﬂ;ed than the fresh sponge.

2. Sponges were stored for two months under two different conditibns:
a. Inert atmosphere N2 (g)

20 . b. Open air (standard aﬁnosphere).
Following two months, the sponges were tested as above.

Figure 3B shows that the sponges exposed to air undergo cross-linking at faster

raies than those stored under inert conditions.

Example 7: Cell Seeding - | !

25  Different methods of seeding cells onto the sponge may be used. Important to
. seeding is cgll adherence, migratory capacity and proliferation of cells within the
matrix. Cells may be suspended in medium, PBS, or any biocompatible buffer alone
or in the presence of bioactive agents. Cells may be seeded by p1acing a drop of

liquid contaming cells on the sponge and allowing the cells to adsorb into the
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15 distilled water or PBS and is used per se or nay. be,rg%x,%%' I '26{%3' to
renove all 28 18 January 2006 WO 03/007873 PCT/ 1L02/ 00589 "noi'stuie:” A
currently preferred enbodi ment provides a sponge prepared containing one
or nore ad¥pw03¥873as descri bed above, wherein the sponge iscTaeEHs9
followng the freezing-lyophilization step and the sponge relyophilized to
renove all residua noi St ur.e. .Exanple 6: DissoJution rate The rate of °
sponge di ssol’HTTE01 m%P%s&Fﬁ@ﬁll’g@@Hﬁb‘ﬁW&?P?%ﬁdﬁﬁotﬂf‘f’aﬁpoﬁfi’ Ypl asma
protei n have plei@igniddngeine OXRRE HBEHRAS a\WpBnsicH dfices, out : 1 Freshly nade
versus one nmonth ol d sponges stored at roomtenperature and 2: two nonth
ol d sponges Jiaeedk andddéthelist f erent 10 conditions. 1. Freshly nmade and one
nont h aged sponges were placed into 0.75m. 1 OM Urea, and gently shaken. A
sanpl e of ur &ulned btk pRyfed inProvth medtum @PENF AndbRBEES: tof BLa anount  of
protein in the urea, i.e. dissolutjon rate of fibrin sponges was determ ned
by the Bradf GPSHathdwmsity of betwasnd 0310 sellpst stardard300nkplsma pretdie sponge

di ssol ved .in . 85 . ng/ ni i.le the.ol 'sponges

di ssol ved at Sggngggﬁﬁf)@uﬁ%élgggcnng? ?ﬁanl.mc%t% p%ﬁe %54% Wellnlatlgﬁq@n ged sponge
i's nore crosyolumekefigroiwtinmedizart ndddd asp degells Alowdd anges fuevadosttmed for two
nont hs under i fferent.conditions: a. _Inert atnmosphere N2 (g) 20 b.
Open air (st&n adrs'gﬂtésttﬁégﬁﬁ%e SE?‘%%I K tggﬁotfmyﬁ;gﬁ?}zfgym eSS {BRATes wer e
test ed as abeuéthidkhepsr e 3B shows that the sponges exposed to air undergo
cross-linking at faster rates than those stored under inert conditions.
Exanpl e 10 Céblloviag direegdads, iekk aidihice WRbHROshatibn SR @ Beied@pbrped M0 t he
sponge may be used. |Inportant to _seeding is cell adherence, mgratory
capaci ty and B85 E\*%F%EPW thegell Ivgsionyind nrefiferation ohssrvediells may be
suspended i npratitiration iPBSernhedasd eRtiBEOH MR ®. buf fer alone or in the
presence of bioactive agents. Cells may be seeded by placing a drop of

li qui d cont aipgangle® IdeR ISHafidiCandlONAg@Nd al l owing the cells to adsorb into
the - -

Reagents:
15 Collagenase Tj(pe 2; Worthington Biochemical Corp. (Cat. #: 4147)
Stock solution: 1700 units/ml in medium (in MEM)
Minimal Essential Medium (MEM) Gibco BRL. (cat: 21090—022)
Fetal Bovine Serum (FBS); Gibco BRL (cat: 16000-044)
L- Glutamine Solution; Gibco BRL (cat: 25030-024)

20  Complete medium: Minimal Essential Medium (MEM ) supplemented with 10%
fetal calf serum (FCS), 2mM L-Glutamine and 100U/ml penicillin, and 108pug/ml
streptomycin o

Preparation of Implants for Articular Cartilage \

The sponge of the present invention may be used as a cell bearing scaffold for tissue
25 repair and regeneration. In one aspect, the cells are cultured on the sponge in vitro

prior to implantation. In a preferred aspect, the slﬁonge is seeded with cells

immediately_ before implantation and the cells allowed to grow and proliferate in

vivo,
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29 18 January 2006 WO 03/007873 PCT/ 1L02/ 00589 spbnge.. Aﬁir nat i ¥(ﬁng “the
Sp

cells in the liquid may be absorbed into the sponge by ?ﬂuﬁ'a/ onge

in a cont ag‘f}?eé /@%L,,di ng a suspension of cells. Materials and Methods:
Cul tured c 3 Sprepared in growth nmedium (MEM), and pl 8EEALGAOIRIp of a
5 sponge at a density of between 102-106 cells per standard 300ul pl asnma

protein spong {tg&gr ' . 2 a ' ' . aving 48 -

wel I.s. Di ffergr?t V(?%gn%%hg#&%g% (ﬁ%ﬁ?g@?;%&g’g"[&le ?(gsndéufq&l%e%el | s al | owed
to grow f6t vapieximatehs 3-pwm tbigk, washed sseptzaliewiln@BF stdpldcalias nee sponge
of may be of | i ' hckness. . Fol.l owi ng t hree-days,
1 vveei and th@gxgﬂ%ﬁ&gﬁgﬁbﬁ%ﬁgﬁﬁéﬁ%gﬁg éncfﬁ)ﬁgﬁgaglg?ﬁto eamysponges are
secti oned and vettpbratespecies und isprefanidy pilagendie paduitadogonbser ved. Cel |
proliferation is determ ned as described in Exanple 9. Exanple 8: Cell

| sol ati on andCglldgevase type Rewasadjlutetid:5 48 1Gol Wwagddakte tHeyqetil2ge pidded dridngt on

Bi ochem cal E g:at . 4147) . Stoek.so] ution: .17 uni ts/ in medi um
(in MEM) M nicﬂn%ﬁn SENE Sg?k%?tﬁﬁfle#}%\?n@u%#g %ﬁm%‘yg&m&’fﬁgﬁ? B%2)  Fetal
Bovi ne Serum ¢l waGlibestedBRE s§sperision H6R @0uidd hrodgh stekild k@ rédwét | on; G bco
BRL (cat: 25030:024) .20 Conpl ete nedi ni mal Essentj-al Medi um ( MEM '
suppl enent ed Wafrﬁ‘dfé% aqde'f“g%e@éﬂe?a'ﬁ%ﬂlﬂe( @?}”a%m‘llfﬁ@ Festedand 100U/ ni
penicill'in, andicd@Qphgradesided efienycin Pr aration of inplants for
Articular Cartilage The sponge of the present invention nmay be used as a

cel | bearildg Fhafufrabed of @ills twias Getemindid by@iRilocRfdettegRANbALy @Rs | N one
aspect, the cells.are cultured on the sponge in vitro_ prior to
i npl ant ati on. S?W“%%f@?%@?ﬁ?ﬁg’ép? T}Wéeﬁfﬁﬁfﬁé’lﬁt@ indadien tparudiary s
i mredi at el y b@hds e 30WR1 ftiide dikdaRCatlaR8nsedlr fondlt SRV delifin 0 PR ARG
proliferate in wvivo. g0 18 January 2006 . .
placed in a 37°C incubator at 5% CO; atmosphere and 95% bumidity. The culture 7
medium was changed every three to four days. The cells adhere and become

15 confluent following one week incubation.

At confluence, the cell medium was removed and 3ml trypsin-EDTA solution were
added. Thirty ml MEM+ FBS was added, the solution was centrifuged at 800g for
10 minutes. The supernatant was removed, the pellet dispersed and the cells were
counted. To create a cell-bearing matrix, 10%-10° cells were seeded on a plasma

20  protein scaffold of 9mm in diameter and a thickness of 2mm (approximately 6.2
cm’®). The matrices were placed in a 37 °C incubator for 1 hour and 1ml of fresh
medium was added to cach. The medium was réplaced with ﬁesh medium and every

few days the matrices were taken to cell proliferation and differentiation analysis.
Resnlts:

25  Figures 4A -D show that the plasma matrix is able to support calf chondrocyte
proliferation. A 3 to 5 fold increase in cell number was observed from an m;tlal
state (Fig. 4A) up to cell confluence (Figs. 4B through 4D). A histological section
of aone monfh collagen implant for hematoxylin and eosin showed that the cells on -
the surface of the collagen sponge are smaller and retain their spherical shape (see

30  Figs. 4C and 4D). In the interior part of the collagen sponge cells re-organized in _
tissue which—-rgsembles fibro-cartilage, whereas in the plasma protein sponge (Fig.

4A - D) cells are well distributed and spaced apart from each other, embedded in a
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-The cartil

‘medi um at % cONEER SRS

WO 03/ 007873 PCT/ | L02/ 00589 Cartil age biopsies fromf reswi'ﬂﬁ caﬁd' | age
were sectioned into snmall pieces, approximately of 3-4 TPk shed
aseptically with PBS and placed in a new tube containing 3 m MEM nmedi um
‘é@@“’ff’é&nbe obtai ned fromany vertebrate speci ePCTANN/10589
preferably all ogeneic or autol ogous. 5 Collagenase type 11 was diluted 1:5
|

and 1 nl was: : he carti.l age. ces.and th 1 Xt ure was .shaken
gently in a 3 g%??]l@%g%{ (‘%}?'m(():E\’/ﬁe”'rlaI _ ?H%W%W%Wu‘?ﬁfceip Wﬁ’mu‘%oi‘?%lt@l%gs

di gest ed, t heofsnmtywe agicolar vimadipoyes Smald iskobf rethRed FRiQRut@sitae thenove matri x
debris and undi gest erial. The filtrate was, centrjfuged and washed
twice to renoVi g?%é’?ﬂﬁé%%ﬁfﬁ%k@’b“@%fﬁ%ﬁmw aE‘%WP]saCV\)géfm&et ermined by a
henocyt onet er caatilagevibuahdtiit. YIhegsSresulks b@ipBat AREHE ¥udcb¥RAAsshb 1Re fxahstm, on. The
cells were plated in 1?0 cn? tissue culture flasks in 30 m of culture-

YoiFPeds 8% isepecaiiq eoflrmatrir matorial. g Bbriyipaeged in a 37C
i ncubat or at &YrSig ek BERIAERGht 8f'he ARBAVATE SHolh to TS spblibrithfix §RDI UM Was

changed every three to four days. The cells adhere and becone 15 confl uent
fol | owi ng oneaieege tisfhe fomation thitathecoHpgensprnge- t he cel nedi um was r efroved
and 3m trypsjn-EDTA solution were added. Thirty ml MEM+ FBS was added,
the sol ution °T, B3t P1 the grdkpopplatiorgrows on thegibayetoatdess expressedipvemht ant was

renoved, the ¢rald dondlo gliiﬁﬁnﬁﬁgnmk&s@ oS 0%&1 ﬁfgl#ghgeg e:ﬁ%g%s&{ eate a cell

bearing matrix, 102 _106 cells were seeded on a plas ern scaffold
of 9mm i & adveEingehandepcyte diffestatiation s Blyresamineglycox(GAd)ergdudtich. ToeB) .- The
matrices wer ' ca [ of fresh medi um
was added toepéaél%ﬁ&#ﬁe&%(iﬁaﬁ]ﬁfggﬁéﬁgg}h%o é‘%ﬁéﬂl %tﬁﬁﬁlgeuglﬁg %é’ii‘%ﬁﬁ{’ﬁﬁ ever

days the nuat rdue@istedusiag the8viB (33 'elibthguybénzidinealitiydrockimitle) Dié siethod.i at i on

anal ysi s. Resyl tS; i B2 show th h | asma matrix is ablet'o"
support cal fS‘*#iérsm%‘ﬁ’%%&‘\%e‘&mﬁ%ﬁtﬁ@ﬁ%‘f"é‘%‘“’}&cgﬁf%”@mg}?%gﬁf’w&f’aggae in cell
nunber was obE#nemdndtricn milagenispomps, fidtiatet (1Bing/mPAnd plasthopeeid confl uence
(Figs. 4 hr h . Ahpstological section of ag.ope nth_col | agen
i npl ant 50% hS§H e%ﬁz;q}l)rfl m&hﬁ“’e@ﬁ 1 FPLE PieFRDteedp Fig- gﬁm?qlllé surface of
the col | agen gpangethapsmaplotet sppnge aklodifibrih BRE ShoShGrifahils hang (see 30

t . .of the collagen sponge cells

Figs. 4Cand 4pD),. In the ipterior par
r e- or gani zed_(?fﬁé cf”i‘tg%tﬁga"vﬁ‘?ﬁ%ﬁf’?"ﬁ%%ﬂ cellagen sponge Fyatrjd Lbja CXReF@IRES i n t he
pl asma pr ot ei demdpargs the(dbil@ly of cells to undergo differentiation on the plasma protein

sponge.

20  Example 9: Cell Proliferation Assa

Proliferation of the cartilage cells on the matrix of the invention was quantitated by

one of two methods, CyQUANT® (Molecular Probes) or XTT reagent (Biological

Industries, Co.). The plasma protein matrix was dissolved in collagenase or other : | ' --'}*
enzymes and the cells collected by centrifugation and subjected to analysis according

25 to manufacturer’s protocols.

In one experiment, human articular chondrocytes (106 cells/100 ul) were grown in
the presence of the matrix of the invention and collagenase in microwell plates. The
qeﬂs were grown overnight in MEM, 34 U collagenase was added and the cells or
cells+sponge incubated for four hours. XTT reagent was addéd for 3-4 hours and
30  the plates were read in an ELISA reader at A490 mm. Results are shown in Figure
6. As can be seen the proliferation rate of the cells was 10t impaired by the presence'

of the sponge nor by the addition of the collagenase.
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4A - D) cells are well distributed and spaced apart. fro h-ﬁtﬂ@é, _
enbedded in a 31 18 January 2006 WO 03/007873 PCT/1L02/0 ni hyal i ne
li ke extracellular matrix and retain their round cell nor hoIo 8}{pl cal

of matur e Y t¥¥®WE3r chondrocytes. Small islets of retaine 'oqg?l
denonstrate the capacity of the cells to conpletely brake dovvn the matrix

and repl ace h&a#gfe% é@gé&}tﬁgﬁp#ﬁ%@%mﬁ“ﬁgggle results suggest that the
success of t trongly depends on the '
speci fic cell '%ﬁfaﬁv@ﬁﬁ(ﬁ; tb%lua?é"ﬁe Léet}ff'lﬁplﬁxﬂéﬁ‘%ngeﬁ%?ﬁ{e@'ﬂ&ﬁs% an _
enbodi ment of. the inventiron is shown to be a superior matrix for cartil age
ti ssue for nmagbainwed perfeanebl | agen sponge. Further, part of the cell '

popul ati on grown on the above matrices expressed several of the
chondrocyte dhé g@@ftﬁ%ﬁﬁfb’rﬂ’%ﬂ@@mfm@@éhlbf’reﬁ%%wang% FR#SH PSS expr essed 10

during chendr, I ml%{;ll ) ( roduction.
The prodgct i g@/%@m&é&%ﬁ&g@% 3’£Ant I ]’dt&gﬁo\f Eﬁ&g g’taz?lﬁnl F\OS usi ng Aci an
bl ue and quaﬁhdreaibehb inpirqicputthe, ONBL (B, czrpmtmﬁth@mmm #iduee ®¢ hydr ochl ori de)
Dye net hod. ﬁ€ al,l_tﬂhe results of the GAG content in calf

chondr ocyt es g&r SR BRI hPEL i fferent matri ces; coll agen sponges, fibrin

clot (10 ng/ rﬂﬂtena&ang SRy Pr ot ein 15 sponges (20 my/m). It is apparent
fromthe grap‘rs—pr‘egelnl\@ee&rn Fig. 5 that cells grown on the plasm protein

sponge and/ or, f]i S gg;he& ShEpeont ent t han
cells grown c?ng f“gge{c}o 16‘3&%2&@%0‘:%&1%%{6% X. W 2 xperi ment dermnst-rat es
the abil il0y aodeatehi groutps. undergo d| fferentiation on the plasma protein
sponge. 20 Exanple 9: Cell Proliferation Assay Proliferation of the

cartil age cellhs differdnhspongssr(imatrioés) tdsed ingludat i on was quantitated by one of
two met hods, CyQUANT(r) (Mol ecul ar Probes) or XTT reagent (Biological

| ndustries, Qofi}shlyTirepapddgdasmaprastinispongest ri x was di ssol'ved in col | agenase or
~other enzynmes and the cells collected by centrl fugati on and subj ected to
anal ysi s accar stionge d&ubatdmas0fG inabeted at 9 Ctfoc fours fnllowieg cssivg)i ment, hunan
articular chondrocytes (106 cells/100 ul) were grown, in the presencé of
‘the matrix of3: aged spengentdmouthtiold.obbmm frampesature or#ger owel | plates. The cells
were grown overnight in. MEM 34 U col | agenase was added and the cells or
cel | s+spdifge 4: pallagent €utieElor f our hours. XTT reagent was added for 3-4 hours
and : o .' '

Antlblotlcs

2ml of amoxycillin was injected IM immediately before the procedure and once a

day for 4 days after the procedure.
Anesthesia: |

20 - Pre-medication; 0.2ml xylazine 2% per 25 kg body weight Vwa_s administered TM.
Induction: Once the goats were dazed an L.V. venﬂon was iﬁéerted.

Formulation of 1ml valium (1mg) + 2m1 Ketamine (IOOmg/m]) 1m1/25 kg BW

bolus was administered through the venflon. ‘An additional 0. 5ml can be added as

needed. For procedures longer than 30 minutes, mwbauOns and gas (Haloten, or
25  isofloran) anesthesia was administered. '

Procedures for performing the wound:

| Animals were shaved in both knees and were washed with disinfectant.
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30 the pl at es were read in an ELI SA reader at A490 mm . R@thgﬁo%ssho_m in

Figure 6. As can be seen the proliferation rate of t he

i npai red by the presence of the sponge nor by the addition of the

col 'agenad& 033@78738 January 2006 WO 03/007873 PCT/ | L02/ 0098S/1Eacangdee 10:
Goat Articular Cartilage Repair Mdel A conparative study to evaluate the
use of inplanted sponges in knee injuries in goats was performed. The

goal s of the IQF&HVGWK@S‘%OTB@HW@ sideanthfhy ppictipunedisiopeibjestalip aahed spones

and a commrqh@éartggég&ggégdrmtrl x in terns of inflammtory response, ability

to adhere to the inured surface, to test the capamty of the sponges to

i nduce the 9rral il dakINRERTEhRAEn ML Bl S0 AR AT Gugoat s vere
selected for the trial and were randomly assig o one o e

treat ment gr GOWdylesofghedingg @ﬂmﬂscslpdrvgﬁvui(pmtﬁatmgﬂ)e stleshaghrl hmieu"dim 1:

freshly prsepag ]Ejg nges 2: sponge incubated at 60C
(i ncubat ed at %gtagéfém&;% ﬁ{our ?ﬂ% ow ng casting) 3: aged sponges (4-6

nmonths ol d,  PRQNLE MR AL nEnS Q' . 15 4: collagen (Otec).

Anti bi oti cs: Wﬁwv%ﬁ\#ngm%j ected IMimedi ately before the
procedure angy@ hi"[’izcﬂﬁ%{ 4 C nest hesia: 20
Pre- medi cati on: %‘f, © azi r%e %%ﬁ)\{%géﬁféﬁ dﬁegf"eddtglﬁ%(ﬁ E%\Ba(s) z%r?i ni stered
IM | nducti oﬁbﬂab@%ﬂdtbmomgblemvée daﬂe‘ﬂleqmdlla\&as mﬂatedrand\m sinosier t ed.
Formul ation @fq4 @ et am /m 1m125 kg BW
bol us was admﬂn%ﬂ%g}% ult&J \}lc %‘hture%gjrq‘? Fiwai\ﬁ |“f‘ 3’(‘? 5ml can be
added as 10neeithedentFor procedures | onger than 30 m nut es, i nt ubati ons and
gas (Haloten, or 25 isofloran) anesthesia was adm ni stered. Procedures for

per form ng t Haalgesind. 05y kgtiuprenephin Way isfhcied SIDEIbcknaemspod begee washed =
Wi th disinf e(ﬁ{eap%cedure and at the end of the same day

Follow up and histological evaluation:

At the end of the follow up period (6 or 10 weeks) goats were sacrificed and tissue
15 taken for histological evaluation: Knee’s were evaluated for mobility, and
‘ appearance, Histological sections were prepared from the injﬁred area and from 2-
3mm margins. The tissue was de-calcified and slides prepared m a standard

procedure.

Slides were stained with hematoxylin-eosin and alcian-blue staining.
20 Immunohistological analyses are performed, including immunohistochemistry using
antibodiesl to cell type markers or in situ RNA hybridization using RNA or DNA

probes.

Histological evaluation was performed to measure the following patameters:
Characteristics of the neo-formed tissue, regularity of the joint surface of the '
25  regenerated tissue, structural integrity and thickness of the regenerated tissue,

endochondral ossification and state of the cells in the remaining cartilage.

Resuits;

Table 3 presents a descﬂpﬁon of the experiment and the results of the histology

analysis.

30
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33 18 January 2006 WD 03/007873 PCT/1L02/.00589 Knees wer1§ ‘E‘f‘ﬁ ﬁn t he
| ateral side and the patella was dislocated laterally an e‘cartil age
exposed. Four ([j)artl al thickness defects (6nm were created in the joint
surface ofVOR¥I¥&Roral condyles of the knee using a scal pel/ii2insaot
penetrating the sub-chondral bone. The 5 defect area was washed using
saline. Procedure for transplanting the s §onge The |yophilized matrices
were inmplanted and adhered to the def kbl Optionally a fibrin based

bi ol ogi cal gl yi{ bhe used.” The pat

skin cl osed u?f?”? %F‘iﬂ'?e'gutures

oi ntment. AnalQ

- just before. t2he p

R Séltﬁaaned wi th an|iodine 10

“E@ddwoegeand at trévmakis of Mhﬁnﬂamﬂandﬁﬁofol I pw u and

:IIa wias relocarél and the ki novia ' and

= bcut aneous)

hi st ol ogi cal evaluation: At the end of the foldmmallﬁbmsﬁnmle(G br 10 weeks)

goats were sagighficp go rlg Lissue ake |stolo cal _eval uati on:
Knee's were eval uatp ? Or%()%l lity, c%dveg AHzama 81Bd¥cal sections
were preparedi{fromthe injured area and fr_om %esg'?ﬁ‘ho FHAHES: The tissue was
de-cal ci fi ed antd—stides—prepared—in—-a—standard A HE¥ure. Slidks were '

stai ned w th hédhat oxipedspemgsn and al| Givarkdl uqv[ﬁﬁﬁﬂmﬂag}maa@n,
I mmunohi st ol ogi cal @gnal yses are perf¢rned, i n(ﬂﬁﬂﬂﬁamgbfom@é]i stpchem stry
using antibodies tp cell type nmarkelfs or in ﬁ ]rFéarldi zatl i on using
RNA or DNA pifobes.} Hi stol ogical evaljuation SE f to nepsure the
fol | owing parameterf: Characteristig¢s of thd MuGrEHBA™ feuakl regularity

of the joint surface—efthe 25 regen Hequad: styyuctural ihtegrity and

t hi ckness of t845repemsh pvmdst i ssue, | 1eRdashdndy mbamssids: cati onf and state
of the cells in the| remaining cartil age. RESL|Iﬁe%encﬁﬁ§M%eﬁ presents a
description of the gxperinent and the resul tq @fisthgohi stol ogy | anal ysis.

183. Collagen sponges 10 weeks | Massive inflammation

930 60°C sponges 10 weeks | Minimal inflammation;
Mesenchymal cell
proliferation.

Figure 7 shows the knee joints of the goats following the experiment.

Example 11: One-Step Procedure for Treafing Damaged Cartilage: Suitable

5  For Arthroscopy or Hemi-Arthrotomy

Autologous chondrocyte implantation has proven clinically effective in restoring

hyaline-like cartilage to isolated chondral defects of the knee. The present therapies

include three major steps:
1. Diagnostic Arthroscopy and biopsy of healthy cartilage.
10 2. Cultivation of cells.

3. Injection of cultured chondrocytes into the lesion under a periosteal flap, which is

taken from the tibia and sutured over the lesion.

A variation of this technique provides incorporation of cells into a biodegradable

material, including the matrix of the present invention. A less traumatic method is
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30 34 18 January 2006 WO 03/007873 Table 3 PCT/1L02/ 0058¢  Januarv.2006 . .
CGoat Tr eat nent Ti neResul ts 2Fresh sponges6 weeksM ni mal i nfl'amati‘on, m ni nal
fibrous tissue 94360C sponges6 weekslnflammation as seen by presence of

hi stiocyt ewo obiobriseyis tissue 143Aged sponges. 6 weeksM ni nalydpfil,apighation,
mnimal fibrous tissue. Mesenchymal cell proliferation in and around wound.
945Fr esh sponges10 weeksNo i nflamrati on; nmesenchynmal cell proliferation
183Col | agen sp@sryead bereins whekbighe patientnitiapgoes kistgle$8QEAT B paingaoi O

weeksM ni mal  [nfd
the knee joints o

son; Mesenchymal cell roliferation. Figure 7 shows
€ goats followi ng the experinment. Exanple 11: One-Step

Procedure forplLeatd ng Damaged Cartilage: Suitable 5 For Arthroscapy or
Hem - Art hr ot ony Autol ogous chondrocyte inplantation has proven clinically

criecti ve 1 SSELAN SR SUERLS L AGLB kbl g o7 eot

of the knee.

presen

apl es

Di agnost i c5 Ar selverabdayppricrrial thsiacthsoycopf ot leaditaftirotmyt Blc@@Qappi(lﬁcilﬂ@te@ﬂ t ijvat i on
of cells. 3. i&&f§&&ﬁﬁ“§f cultured c ondrocgﬁgﬁhAB{o the l.esion under aa

peri osteal fl ap,

surgery.

wn and plasma profeins are 1s asma protein matrix, or

1

several matrices, is prepared, labeled and stored asepticallyﬂuntil the" day of the

On the day of the surgery, a small piece of healthy cartilage the patient’s joint is’

10 removed, cut into small pieces and placed in a test tube containing collagenase,

hyaluronidase or other cartilage degrading enzymes, or combinations thereof,

15

20

25

30

In the meantime, the surgeon will treat the defective region of the joint by removing
damaged tissue, cleansing and preparing the area for an implant. The prepared
matrix is removed from its container and cut to fit the defective domain. Following
approximatelyi 20-30 minutes of enzymatic treatment, the cells and small pieces of
cartilage are spun down in a tabletop cchtrifuge, rinsed in PBS and resuspended in a
small amount (50ul-1000ul} of PBS. The surgeon seeds ﬂle cells onto the sponge, tn
situ. Alternatively the cells are absorbed into the sponge and the cell-bearing sponge
implanted into the defective joint region. Opﬁonaﬂy, extracellular matrix degrading
enzymes and or other bioactive agents including growth factors and/or anti-
inflammatory compounds are added to the sponge. In certain instances the surgeon
will place a dry sponge directly onto the irjured area, opﬁona;lly add enzyme
solution to said sponge and place a second, celi-bearing sponge on top of thé first
sponge. The joint is closed and is treated as customary for an arthi‘oscopic or hemi-

arthrotomy procedure and the patient is released to recover.

. .
A kit comprising the components useful for practicing the method of the invention,
will allow for the convenient practice of the method of the invention in a surgical
setting. In a preferred embodinient, a lat of the invention will provide sterile
components suitable for easy use in the surgical environment including, sterile
solutions (saline, enzymes) a sterile, cell-free matrix material suitable for supporting

autologous chondrocytes that are fo be implanted into an articular joint surface
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taken fromthe tibia and sutured over the lesion. A vari%ion Of%QQF
t echni que provi des incorporation of cells into a bi odegr erial,
including the matrix of the present invention. A less traumatic nethod is .
35 18 Janu¥PY3¥G8E WO 03/ 007873 PCT/ | L02/ 00589 present ed RETALR00FHer ei n

t he patient undergoes a single surgical procedure for cartilage repair.
Procedure A Rl dﬁéﬁl@n&sgﬁf&é |36 %‘%ﬁ@ﬁ&m&%& f%g}n?até FulyS! ¢l an s
office for a consultation severa ays prior arthroscopy or hem
art hr ot omy. Bil@@dlp(i@i@mommmm,gymiemmﬂlemlb)htyt;)mlmmmcaihgmp/lﬂamda proteins
are isol ated S, IS

pr epar ed, IatPeﬁﬁ Ha{g(?]ng%seg%&lg rtaﬁlggfelp?/re%ﬁ??llaﬁ%eg 3135’13318? I{]‘?{g surgery. On
t he day of th;eefsnablgefromamolsgmﬂsblaanece of healthy cartilage the patient's
joint is 10 renmoved, cut into snmall pieces and placed in a test tube

cont ai ni ng cdixaagbntis ReldayadfBicavtivadgerds ot her cartil age degradi ng enzynes,

or conbi nati er eof h nt, i t he .surgeon. W | |l.treat the
def ective regig%ené%? "?lﬁChFSY%ﬁﬁ@E&‘ ‘(gfo%wmd)éﬁﬁ gﬂolﬁhggj& ce%’lsghfnm ng and
preparing t helehviepof gbwﬂ:ﬁd:tﬁ@o%&er bidtegieal egeatsanto tieEbéAl Xnu@nma@md fromits

container ~and_cut to fi e defective domain. Follow ng 15 appr oxi mately
20-30 mi nut eS"GPEHLHIR A e %thlfact% OB Y MAFCATPSSH B of

cartil age ar er$puifo d@maamaaelte@bﬂ 18R gl fablbokgfor eﬁxﬁiﬁ@ﬂudr&cé’xﬁs and -
resuspended i.n mount (50ul-1000ul) of PBS. The surgeon seeds the
¢ et

cell's ontd meiph"sl’g?tﬁsﬁ abgled oF hpeeragshyperopridagedpbeledgreviihsor bed into -
the sponge amgkthhendRidtioR8dd ia%f@éiwa&ﬁagehﬁp{ne&hﬁcq by Bipwikiemdef ective joint
region. Optionally, extracellular matrix degradin 20 enzynes and or ot her
‘bi oactive agdrdieactingy. fuprserenreo Mmpticcachvisy %frﬂﬂ?eﬁﬁ gs of Hheltagmat or y
conpounds ar A t sl n&g%gg wi ||

pl ace a dry ?pl)ﬁégl‘gﬂa%l%g%?% on%g%ﬁ]ﬂélg?%jﬁ&rlgga%r ea, %g%??onaf?y a enzyme
solution to ﬁﬂﬁWSﬁ@WﬂW@@@ﬂHﬂ%@bﬂ@oOUGIVIEVO@@@M ng sponge on top of
the first sponge. The joint is closed and is treated as customary for an
arthroscoldi c or hem 25 arthrotozny procedure and the patient is rel eased
to recover.

‘While the present invention has been particularly described, persons skilled in the art
will apprectate that many vanauons and modifications can be made. Therefore, the
mventlon is not to be construed as restricted to the particularly described
embodiments, rather the scope, spirit and concept of the invention will be more

20 readily understood by reference to the claims which follow.
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“the local envi I SY3AME bheldAg agén&ga‘ﬂﬁﬂ%ﬁéfre%ﬁuag%isruﬁleﬁaﬁ%3%, v h factors

Kit A kit conprising the conponents useful for practicinggt _ of the
invention, wll allow for the convenient practice of thgaﬁgﬁﬁgﬁbgggthe R
invention in a surgical setting. In a preferred enbodinent, a kit of the

i nventi on Wilob/ogewvi de sterile 30 conponents suitable for RasyoseRsd N the
surgi cal environment including, sterile solutions (saline, enzynes) a :
sterile,\cell-%r e matrix material suitable for supporting autol ogous
chondr ocyt es ¢ re to.be inplanted into an articular joint surface 36 1

8 January 2006 WO 03/007873 PCT/1L02/ 00589 defect and instructions for use.
Al though the mairfreczér@ycdifocdinp@itie porbRmadlix Eddirsing pidin® pREdHRA D! €,

non-i munogeni c_and has.the ability to maintain cell growh and
proliferation, Pﬁﬁn%@PFP§°P§m$ﬁ%ﬁ%W%Bg?%BF@E@?éHdF%%ﬁggHJW@@ﬁEﬁE pl asma,

more  pref er abl aftrs090 WU BPMS (dMUIFE5EN contbRt ARIE, 4% at Féf’aht%%ésntﬁf Bi oactive
(0]

Agents One fact?r Which may facilitate the devel oprent tissues on the
matrices i% t hellbaolytisaemiovityyubstentiafly unifs pores, substensially deyiosbdf agents into

fromthese matrices is assessed I n vi rin vivo usrng radiol abel ed or
tagged growt h f &affeldsfor grwingaghpl e f1 uorescent 10 | abel ed, al kal i ne

phosphat ase |.abel ed or horseradi sh peroxidase-|abeled growth factor. The *
fraction and Palle Bttixarwsdiegitosipmtl wherenthe plagesa protdind dromixed withet S

radi oactivity, fhd@rsasGe : j tivity or other attributes of the
e g ogﬁ)%&?%ﬂr}ot@ﬁ

tag. Simlarly, release o omthe matrix is determ ned by

anal yzi ngjgenzymgld 218% bkdbkdive t ) 110 in.an.nvitroor in
vivo assay. 15 Wi I% t he pre%ﬂg%%aﬂp%\%ﬁﬁl%%q%%& eeogﬁ%&garsha@m %1%? descri bed,
persons skil | edautelogdwe. art wil|l appreciate that many variations and )

nmodi fi cations can be nade. Therefore, the invention is not to be construed
as restrict ed4t Bhetthalrip agaording tarclaym d ederdibaltithe phinng protidssire suadlbgiust he scope,
spirit and concept of the invention will be nore 20 readily understood by
reference to f#hBieghafrifgcashdingtofctilith dwhesin th8 antd-fihubarlytic2@6@ D 03/ 007873
PCT/ t L02/ 00589 (anexamic acid. ;

15 6. The matrix according to claim 4 comprising at least 5% tranexamic acid.

7. The matrix according to claim 1 further comprising at least one auxiliéry
component selected from the group consisting of polysaccharides, anionic

polysaccharides, glycosaminoglycans, or synthetic polymers.

8. The matrix according to claim 7 wherein the auxiliary component is selected
20 from a group including hyaluronic acid, péctin, alginate, galéctans, '
galactqmannans, glucomannans, polyuronic acids, heparin, chondroitin sulfate, oo 3
dextran sulfate, dermatan sulfate, heparan sulfate, keratan sulfate, hexuronyl | ..

hexosaminoglycan sulfate, inositol hexasulfate, sucrose octasulfate and PEG.

9. The matrix according to claim 8 wherein the wherein the auxiliary compenent is
25 dextran sulfate, A

- 10. The matrix according to claim 8 wherein the wherein the auxiliary component

is hyaluronic acid.

11. The matrix according to claim 1 wherein the cells are stem cells or progenitor

cells.
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CLAIM5S 1. A freeze dried bioconpatible porous matrix conprisin sma _
proteins, the plasma proteins conprising fibrinogen, t%o%yﬁ%gr?égmctor X
M wherein at |east 50% by weight of the total protein content is fibrin,
and at | e O¥ME3Enti 5 fibrinolytic agent, w th substant iPETIHO2MFP0r m
pores, substantially devoid of organic chelating agents and having .
resi dual i ST, BelkRYeddfl cHEH wASiR Al LOLHLA QAL OV ng cel s, .2
The matrix according to clal%nl whereln the plasma proteins are mxed with
at | east 0.5 uphandrasytes, lstoedyien hspatoestcspmetenchymal] @pithelidlmerofi@lialj x accor di ng
to claim1l whergin ay gg&%%orgﬁﬁ\%}]owﬁcgﬁ spa proteins is autol ogous. 4.

I ng F5 el al '

. CS. .
The matrix accor erein arF Y he pl asnma proteins are

- aut ol ogous. L Xa-accohd iml wherejn the.

anti-fibrinol %’Fig@glag%%&l%d %a"?é&ng?hl t(t:)p%lzcciiv .relﬁfgl °6C ﬁsﬁ??mnaa P Ogc'%or ding to
claim4 cdhpri sleasf 18t cdllepstcn8% t r anexami ¢ acid. 7. The matrix according to
“claim1 further conprising at |east one auxiliary conponent selected from
the group cont-$hé matrisfacereding teoddine i fiebsr campdsingat 1qasi ons birabtiveiagas, '
gl ycosam nogl yc etic polvners, 8 The. matrix according to claim
7 wherein the a%'l)gl ?dgﬁoﬁ ogﬁglor?‘ét Sff?ys?g]%l%ﬁse%’tzgaes’ Fegkials: gM5up i ncl udi ng
hyal ur oni ¢ aci dinflemotaiony agehtgi nat e, gal act ans, gal act omannans, gl uconannans,
pol yuroni ¢ acids, heparin, chondroitin sulfate, dextran sulfate, dermatan
sul fate, hepatafhsukitatesording wtcaimslutafving @orel dxiie sinyfangd @s0$@01 nogl ycan
sulfate, osit%!icrgexasulfate, sucrose octasul fate and PEG 9. The matrix
according to clail B wherein the wherein the auxili ary conponent is 25
dextran sul fa Jhe matrjx.accqerdin o claim,8 wherein the wherein
the auxiliar yfégghﬁ%%%%}ﬁtaccqrn@m Aikiia i“gleé‘%?ﬁ‘?p?“f? arspiLth gif rapes ek or di ng to
claim 1 wher ei nl@a@)0aeiktons.are stemcells or progenitor cells. 38 18
January 2006 WO 03/007873 PCT/.1L02/ 00589 12. The matrix according to claim

1 wherein t heltAlhahaifer mepaing e(imfdiz@_matrix of plasma proteins useful as a scaffold

for growing cells in vitro, the method comprising the steps of:

- 15 | ' mixing plasma proteins with thrombin in the presence of calcium ions and
at least one anti-fibrinolytic agent under conditions suitable for clotting, in
the substantial absence of organic chelating'agen_ts, and optionally adding

at least one auxiliary component;

casting the mixture of plasma proteins and thrombin in a solid support prior
20 . to cletting;

| freezing the clotted mixture; and

lyophilizing the clotted mixture, to obtain a sponge having no more than

- 3% residual moisture.

18. The method according to claim 17 wherein the plasma proteins comprise at least
25 fibrinogen and factor XIII, '

19. The method according ta claim 17 wherein at least one of the plasma proteins is |

autologous.

20. The methed according to claim 17 wherein all the plasma proteins are

autologous.
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chondrocytes, osteocytes, hepatocytes, nesenchymal, epi t@e#ié\?ll szbr thelial,
neuronal, pancreatic, renal or ocular cell types. 13. Th ?fy Dcor di ng -
to clains 11 or 12 wherein the cells attain a density of at 5 |least 104
cel I s per was/drdzs The matri x according to claim1 furtherpcgaPpdesiong at

| east one bioactive agent, selected fromgrowh factors, cytokines, '
enzynes, antimcrobials, anti- inflamatory agents. 15. The matrix ,
accor di ng to - &hsmethehadoprgingde elsin H7 wheseisitheeplasmageoteifis S8 180@ witt0 i cr ons.

16. The matrix m&a@{eﬂkﬂﬁtstcﬁlt%@kﬁ{‘r%fﬁg@%?&ﬂ” the pores are in the size

range of 100-200 m crons. or preparing a porous matrix of

pl asma pr ot ei TSRO AR oGS EhRA) §7 wﬁ&éin%e%%%ﬁﬁ?lgﬁéaééeﬂti Ltro, the
g pl protei nssw

met hod conprising the steps of 15 mxin asma h thrombin in
t he presence ofragkamigasidons and at |east one anti- fibrinolytic agent
under conditions suitable for clotting, in the substantial absence of
organi ¢ cRel a?3 Hep mefbert arcording toplaimpPhédmprianig hlgast 4% traearsimiomad.auxi | i ary
conmponent; casting the m xture of plasma proteins and thrombin in a solid
support pri or24. P methed apcerding:to ¢lpise k] fughervemptisitg @deasi onewnsiliagnd

| yophi lizing t ] , e e Jhawi ng .na nore than
3% r esi dual noihgqt r0 e%&%%em%ﬁgwﬁ%th%% oggé:oglfﬁg?%g(&g gf}%c lllaﬁﬂdﬁsf%\}\lﬁ%l?ei n the
pl asma pr ot ei nspdysagshagdes, glycokaminogly@bs, bi fmihadgeriymeas factor Xl 11. 19. The

met hod according t4 claim.17 wherein at |east one of the plasnma proteins
is autol ogoud. Tironetigrbacrendingdo eleimo?4iwhgein theahzilinny Lompemeisseladtéd t he pl asma

i January 2006 . . 03/007873 PCT/1L02/ 00589
ot e e HLELIRR oy B A0 R O

21. The nethod acco m & Proteins are m xed
with at |east Ogafectomansansfgitdonmniung, goburotiy 4efdef iRpaxin, chondroitin sulfate,.

dextran sulfate, dermatan sulfate, heparan sulfate, keratan sulfate, hexuronyl

hexosaminoglycan sulfate, inositol hexasulfate, sucrose octasulfate and PEG.

26.The method according to claim 24 wherein the auxiliary component is dextran 7
15 sulfate.

27. The method according to claim 24 wherein the auxiliary component is

hyaluronic acid. -

28. A method for preparing a porous scaffold useful for implantation in vivo,

comprising the steps oft

20 mixing plasma proteins with thrombin in the presence of calcium ions and
at least one anti-fibrinolytic agent under conditions suitable for clotting, in
the substantial absence of organic chelating agents, optionally adding at

least one auxiliary component;

casting the mixture of plasma proteins and thrombin in a solid support prior
25 to clotting;

freezing the clotted mixture;
lyophilizing the clotted mixture, thereby obtaining a sponge;
cutting the sponge into sections of desired shape;

seeding the sections with cells;
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22. The nmethod according to claim 17 wherein the ant-i.-,f_ig_’ nol yt.j.c.agent is
tranexamic acid. 5 23. The nethod according to claim 22 o#?ﬂf‘?é’idr?geat | east
5% tranexam c acid. 24. The nethod according to claim 17 further

conpri si ng™&98E¢ one auxiliary conponent is selected fPEFILABOG oup
consi sting of polysaccharides, anionic polysaccharides,

I ' I , : ' | Vi .25 Th hqd [ t
& Lim 24 wher bin' ¢ WK AT kR S Bl e e geneTE P M0

i ncl udi ng hyal ur oni t04&eﬂmberpm tandh, al gi nate, gal actans, gal act omannans,

gl ucomannans, pol yuroni c acids, heparin, chondroitin sulfate,. dextran

sul fate, dermatan smflatieg tHespaiedsectiodsfiavizp. ker at an sul f at e,” hexur onyl
hexosam nogl ycan sul fate, inositol hexasul fate, sucrose octasul fate and
PEG 26. The ré8iTednadaiocdirdigg toclaed8mwlidbeinihe phisia plotcidlosinptias ay laagmponent
is dextrang 15 | f ate. .. The_met hod according to claim24 wherein the
auxiliary gorrporsi%brl{ltng%esnanﬁéﬁmdpﬁﬂl c acid. 28.A nethod for preparing a porous

ffold usef Lol ant ation in i vo. i sing the st f 20
i xi ng. pl asma o OBk R A esin SPBLIR A bl R Rl Bne. and

at | east one antautdlagons.nol yti ¢ agent under conditions suitable for
clotting, in the substantial absence of organic chelating agents,

optional |y addiliiheaethddeasdirding é dair 18 vitteyein slvihe plising pR&Siddaag t he nixture of
pl asma proteins %{E&I thronbin in a solid support prior 25 to clotting;
freezing the cl Stt%e® M xture; Iyophilizing the clotted mixture, thereby

obt ai ni ng S e, cutting the.s into sections of desired shape;
seedi ng tl’llg sgg{l?% et%%taﬁco %ng%d%g‘%g&ﬁﬁ%@??ﬁ%@)@“m% BoEPd yath

PCT/ 1L02/ 00589 gt eastid iidie of fakdnsbi®persit ghogRCt i ons until the cells reach the
density of at least 104 cells per cnB; and inplanting the seeded sections

in vivo. 33.The method according to claim 28 wherein the anti-fibrinolytic agent is

tranexamic acid.
34.The method according to claim 33 comprising at least 5% tranexamic acid.

15 35.The method according to claim 28 wherein the matrix further comprises at least
one auxiliary component selected from the group consisting of polysaccharides,

anionic polysaccharides, glycosaminoglycans, or synthetic polymers.

36.The method according to claim 35 wherein the auxiliary component is selected
from the group consisting of hyaluronic acid, pectin, alginate, galactans,
20 galactomannans, glucomannans, polyuronic acids, heparin, chondroitin sulfate,
dextran sulfate, dermatan sulfate, heparan sulfate, keratan sulfate, hexuronyl

hexosaminoglycan sulfate, inositol hexasulfate, sucrose octasulfate and PEG.

37.The method according to claim 36 wherein the auxiliary component is dextran

sulfate. . .

25 38. The method according to claim 36 wherein the auxiliary component is

- hyaluronié acid.

39.The method according to claim 28 wherein the at least one auxiliary component
is a bioactive agent selected from growth factors, cytokines, enzymes, anti-

microbials, anti-inflammatory agents.
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29.. The net hod acéording to claim28 wherein the;pLasha I §§§mrise
at least 5 fibrinogen and factor .XII11. 30. The net hoda@%gélﬁ%eﬁgz 0 clains.

28 wherein at | east one of the' plasma proteins is autol ogous. 31. The

met hod accWOdBM8Td cl ai m 28 wherein all the plasna protei RSI/ADE0058S

aut ol ogous. 10 32. The nethod according to claim28 wherein the plasma
hromi n per ng protein. 33.

proteins are mxed with, at .least, 0.5 units of

The net hod ac?(gf(’g]?ennéetﬁ%d %F%dwgf%clﬁﬁb%eﬂaﬂ?lﬂéheﬁh? are sleqteddrami ¢ agent is
tranexani ¢ aci d.chdddrodjies, Hapalootes; ooedcdicR IndsonoBlBAIN PBeIRO Rt IaNg at | east
5% t ranexam c aci d. 35. The t hod according to claim 28 wherein the

matrix further cEHAMSBRCHROE Zenat or qoilar celidypssary conponent sel ected from
the group consj.stin f, pol ysacchari des ani oni ¢ pol ysacchari des,

gl ycosam nogl y‘téaf%\él}eglﬁﬁf $ & POTGPS sratfeld useful f?’}féPPﬁ!{?f(YGu%’@Gh@ﬁt%g to

cl ai m 35 wiser ei Nudpltatio id dia] donfpe @%@&PESf;sel ected fromthe group
consi sting. of hyaluronic acid, pectin, alginate, galactans, 20

gal act omannans, gl USé4iRWlasRe, prétiny With Rirsmbialitlthe pRERRE bfcalGRAMHEQhd | N
sul fate, dextran sulfate, dermatan _ sulfate, heparan sulfate, keratan

sul fate, hexuronyl *eRUEsRI-REERS Kic-Aee0 Underconditiensisuigible fexeloting do e,
- | f REG: T, L NG i-m 36 wherein
sucrose octasul f at egagh 1 aBsénce &%:ﬁk'bﬂ%ﬁ%@#%%%&%%ﬁdﬁ a érein

the auxiliary conponent is dextran. sulfate. according to
cl ai m 36 wherei n t 63099 auxliagy eoBmeBendnt is hyal uronic acid. 39. The

met hod according to claim28 wherein the at | east one auxiliary conponent

i s a bioadPive agerfasing the midure pHplagmanioleins and rambirintasklidhswppo pdymes,

anti- mcrobials, agtigifsf! ammatory agents. 41 18 January 2006 WO 03/007873
PCT/ 1 LO2/ 00589 40. The net hod according to ¢laim28 wherein the cells are

selected from chongtopyeloti@RakARyt €S, osteocytes, mesenchynal,
epithelial, urothelial, neuronal, pancreatic, renal or ocul ar cell types.

Iyophilizing the clotted mixture, thereby obtaining a sponge having no

~ more than 3% residual moisture;

15 ' optionally washing the sponge, theré_:by femoving soluble auxiliary

components;

optionally re-1y0p}1iﬁzing the matrix thereby obtaining a sponge having no

more than 3% residual moisture;
cutting the sponge into sections of desired shape;
20 o implanﬁng the sections in sifu. |
42.The method according to claim 41.. wherein the plasma proteins comprise at least

fibrinogen and factor X111,

43, The method according to claim 41 wherein at least one of the plasma proteins is

4

autologous.

25  44.The method aécording to claim 41 wherein all the plasma proteins are

autologous.

| 45.The method according to claim 41 wherein the plasma proteins are mixed with

- at least 0.5 units of thrombin per mg protein
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41. A nethod for preparing a porous scaffold useful for ?] %ﬁ gcel |
growth after 5 inplantation in situ, conprising the steps 0 Xi'ng plasma
proteins with thronbin in the presence of caI ciumions and at |east one

anti-fibr} j od|t| ns._..s e for. clotti.ng,..in the
substantlgﬁ%‘a sggﬁl:e o?mﬁgog(garﬁnﬁ“ﬂjg’feg} Eﬁm' g!w%gg{ltl%ﬁ%ewng 'ng at

| east one auxiliary conponent; 10 casting the mxture of plasma proteins

and thro ort prior freezing the clotted
mi xt ur e; yop‘%ﬁ tﬁozdlsaﬁcon?lﬂ%%cf ggmﬂqnsfngraeeasf%té % tg.ﬁhl ng a sponge

having no nore than 3%resi dual noi sture; 15 optionally washing the

sponge, i ubl xiliar onent tlona |y

re- Iyophlw;?%%etﬁiiﬁg&@%t%c{lahere optarn %ﬁ?eg%me %HQ(/%)HEOH%I nore t han
3% resi dual ssoisltfomehe gavg ¢omgsttnlg©f p@pngbanides, aniseic polysesclafidéesi red shape;

20 inplanti B%F‘;SQS’”?‘%?&FQB?QJ“H‘G& olllymclrlSZ The met hod according to claimi4l

wherei n the asna I'se at least fibrinogen and factor XliI1.
43. The nethod according to clai m41 wherein at | east one of the plasm

tei 44 T di -t 41 wh
protei ”Spiﬁm&ﬂétﬁéd%ggoﬁﬁn%t%%l Seilttie ?lgl,g%'y.‘: Igap(;n@ s 99 el erein

all the pllasma proteins 0g ous. ccorﬁll ng to claim
41 wherei n ghep peladinphyhooeé md accmunalgmaﬂe galad’uans@alabteamnnaﬁs 5 units of

t hronbi n pe Yy Th ing to
claim 41 whér e| n E?OHM%%? ]ag}dlg% Chggcggm?gﬂfa t‘?eé{ﬁg& %gtg%ge%% 47. The

met hod ac coswizteghepara dudfiate) Ma@atmuifata,shmgomfﬂ hdxemstindglican sitfax dnosggolaci d. 48.
The net hod ﬁéﬁgaﬁl?&{}q?r%&"%t %llﬂ}e%d‘bﬁét her conprising at |east one auxiliary

conponent selecte rom group consi sting of polysaccharides, anionic
pol ysacchari des, glycosam noglycans, or synthetic polymers. 49. The net hod

accor di NGt PhhédidR aAdrdtlHh Sluhndd\ Aok hidiberf QIRIRGR s defirafGlifgl o0 from a

51. The method according to claim 48 wherein the auxiliary component is hyaluronic acid.
52. The method according to claim 41 wherein the at Ieast one auxiliary component is a
bioactive agent selected from growth factors, cytokines, enzymes, anti-microbials, anti-
-inflammatory agents.
53. The method according to claim 41 wherein the cells are selected from chondrocytes,
osteocytes, hepatocytes, epithelial, urothelial, neuronal, mesenchymal, pancreatic, renal or

ocular cell types.

54. The method of claim 41 further comprising seeding the sections with cells and growing

the cells on said sections until the cells reach a density of at least 10° cells per cm®.

55. The method of claim 41 further comprising seeding the sections with cells in vivo at the

site of treatment.

56. An implant prepared according to any one of claims 17, 28, or 41.
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group including hyaluronic acid, pectin, alginate, galacH@q%nmyyzoos

gal act omannans, gl ucomannans, polyuronic acids, heparin, chondfoitin

sul fate, dextran sulfate, dermatan sulfate, heparan sulfate, keratan

sul fat e, ronyl hexo i.nogl ycan sul fate, i.nositol exasul fate, sucrose
oot acul 1 ath VA Ameedts AG RO R R e el S S i B Fhe |
auxi | i ar ydcionperiegninjural tienet r an sul fate. 51. The nmethod according to claim
48 wherein the auxiliary conmponent is hyaluronic acid. 52. The nethod
according to claim4l wherein the at |east one auxiliary conponent is a

bi oact i veSafjenitf apdhpladteccofdiggo glapms hwhaeh diesissue it shidetalBsueeNzy mes,
anti-mcrobials, anti- inflanmatory agents. 53. The nethod according to
claim4l wherein the cells are selected from chondrocytes, osteocytes,
hepat ocyt &5 Usegfiah xeplastlaccoutingg th elainab§ whreein teakeletateisan dhuprtiddge. pancreati c,
renal or ocular cell types. 54. The nethod of claim4l further conprising
seeding the sections .with cells and growing the cells on said sections
until t hebtldlposus esutihg for adeingplanycondprisihg the amitrixlddordiag toanp ene afeBimsSE, The

nmet hod of Cb?ﬂﬂhfl further conprising seeding the sections with cells in
vivo at the ’site of treatnent. 56. An inplant prepared according to any
one of clains 17, 28, or 41. 43 18 January 2006 57. Use of a porous

a1 tor (roar R SRR Pk MBS ERE B Y aho Rl PR Bl Poefee o o1 2 m 57

wherein thefdarivssue is skeletal tissue. 59. Use of an inplant according to
claim58 wherein the skeletal tissue is cartilage. 60. A porous coating for
an inplant conprising the matrix according to any one of clainms 17, 28, or
41. 61. AXkAtkitcomprising thgmbthie ppeparedisccording txthaoetod bi gy bee afvjairank?, 28, cl ai ns
1-16 and in I . f0 e. 62. Akit conprising the matrix prepared
accordi ng t§£¥%§hﬁgpﬁ%ﬁn%¢r§%y one of clains 17, 28, or 41 and
instructions for use. 44
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