WO 03/007873 PCT/1L02/ 00589 PLASVA PROTEI N MATRI CES AND METHODS FOR THEI R
PREPARATI ON FI ELD OF THE | NVENTI ON The present invention concerns

bi omat ri cwe osomsrs sing freeze-dried plasna proteins 5 usecahiLéxmssd i ni cal
applications including as inplants for tissue engineering as well as in

bi ot echnol ogy. The matrices according to the present invention may be used
clinically, per se @LASMASPROTEEN MATRICESAND MBACKOPSTR CHEIRE | NVENTI ON

Ti ssue engi neering nay be defi ned t he t _of reconstructing mammal i an
tissues, 10 both structurally anaéﬁ%ﬁg%¥gﬁ§fly (Hunzi ker, 2002). In vitro

ti ssue engin I gene incl udes the delivery of a polynmeric scaffold
t hat serves gﬁﬁgﬂﬁogpg- h@%ﬁﬁ?@ﬁﬁéupport onto which cells may attach,
proliferate, and synthesize new tissue to repair a wound or defect. An
exanpl e of a The psent idvahtiancopcenusdidmatdasageplismglireesddedplakniarmotains i s t he
articular _ 15 rtilage, one of several types of cartil.age in t body,
ound ar She tssie] ot R pgyBus TEhdg s Pl 4506 chettira e lky reul
from an i nfl agiEBiokyhndlopeaBR mdtedes ascorditiCi MY Sednsintdhtioh infy bk hesd a

degenerative no% ss such as steoartrritis or from trauma such as
i ntraarticul &PUE3EE PEFSE ObS FracEmisigPlaanent injuries. Cartilage |esions

are often associate i th pain and reduced function and generally do not 20
heal wi thout %‘%‘éﬁgﬁ%ﬁ%@@}sgﬁ@ W ERTIOR nt t herapeutic strategies for
repairing damaged cartil age include procedures which induce a spontaneous
repair respormigsuaaitgidebisemwnbedeiined athié it 6f rebdiBtriidtihg wemmndliaA tissug)ct ur al and

functi onal nner. The fo r. 1ncludi i.cal techniqgues. such as
abrasionﬁgrpﬁﬁgﬁﬂngf ?aﬂéﬁﬁkﬂqﬁﬁ¥h¥EE%%32@%@HBHH?%H“W? BEHH8 1 i ng, expose
25 the subchesgtraly iheBERMhdcliPanor i Pelvmbic sthifoMithg séh& Lanmation of a bl ood
clot and infiltration of pluripotent stemcells to initiate the healing

p .
response. OF fERIteqiwral suppRIE efo fhich gells mayaiiacly prolifprateasid sypfhesideingivc al

i mprovenent s &R 1§ APhi alWoBdor Mfecl ternative is transplantation of chondra
or osteochondral tisSsue fromeither autologous or allogeneic sources. The

rational e beligka ?_ﬁﬂﬁ"ﬁ't@ﬁk@ﬁd’c Rproreqs ddrage |B? disdibe B irftitnd Do abtiRt@lar
proliferative and tissue-differentiation activities of these cells would 1
cartilage, one of several types of cartilage in the body, found at the articular surfaces

of bones. Damage to cartilage may result from an inflammatory disease such as
rheumatoid 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 artheroplasty, microfracture or subchondral micro-drilling, expose
25  the subchondral region of bone thereby allowing the formation of a blood clot and
infiltration 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 transplantation 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



WD 03/ 007873 PCT/1L02/00589 result in the formation of neocartilage. In
fact, this technique shows high variability and Ilimted clinical success.
Matri ces woaBOD78FHr ti ssue regenerati on and/ or as bi oconp®CrhLe/®sss aces
useful for tissue culture are well known in the art. These nmatrices nmay

t herefore be consi red 5a subsira faor. cell wh ejther jn vitro or
in vivo. Sui trﬁsblﬂé (pimagion p eof?‘?%‘ﬁ%&’@?aﬁwﬂﬁs ARG sﬁ%‘ﬁ%]ﬁ‘gi‘ X381y nel ude
bot h bi odegr agalihgtcabEhibil @8dcadal € entities. Anpbng the many candi dat es that
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regener at i on,Mafies udefulide tssgeezencrARABnd/STRHiceomPAShINMAREQUSefuPRE OUS
particul ate struct rJres of different forms and shapes. 10 Porous materials

formed from JiFFefBEIE a2 pelbknonRtin #§|%T%fé%mam°ﬁ@mar basirabasmeded er i al s

have been sused sitduhBerpast g@&tﬂ&ﬂh@ﬁzn@ff%'zﬁ‘ U5o. cgmthm hﬁfﬁc%s fof R§upOr OUS
mat eri al provides structural Fort and framework for tissue in-growh
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enzymati cal |y, Ougﬁﬁ%%gglf%&ég% ot eggxnrég%ﬁ%{u%ﬁ OC&L r1§{i/%g? %ﬁglegr eater or
| esser degr easaterfalDiave besnivsed intﬂye joast %sumaqbﬂrebsmgstoy1mpia1degﬂ1aqia1tou9n Anong
the manifold h been s¢l osed useful for

ti ssue engi nengarq%r%&lé’rv %g%}tﬁﬁguzal\é@ %Hggﬁxgrﬁlﬁlrer"é’?%(tql " {SYS lgL%o‘@tgﬁNq}llet uents of
the extr aceIhleali@rpmmessw(Pielfméhm|t1:mgpcimdsmmml 1srgxaduamy abdsrbed pake of col [ agen,

and | am nin r.atin nd, fi no en, al uroni c aci d,
hepar an sul fé’ts%ue a&%&ﬂ&?@o‘?’?ﬁnﬂ regfgérgtﬁf H&@a@h bf)otr %ﬁ“ﬂf? upeindhg g o

pl asrr}a prist elf?)ﬂm?alagbmfm Woﬁﬁd di‘éssiﬂgs bhmﬁﬁmﬁclgw@m %hmﬂc p&l?ﬁ@t%ls The
coagu ation o ood iS a_co rocess i ncl udi ng .t he sequentla

i nteraction ?gﬁpﬂ’éﬂ%@ﬁuﬂ’f aSnBB HPY?P’@|aﬂ‘§P°1Ysﬁ°‘ﬁ]éFf1‘?sc@Il"al?1°Eﬁ YH§THr i nogen

(factor 1), magtwRreithérsclawd oF maﬂpulit@d:ﬁlaﬁayyltﬂat afff&ﬁh@fr plg'éléo-chtaﬁ‘l%l)r I X
factor X, factor X, factor XIl and factor X |I. her plasma proteins

such as Von VWIPeEISS-Fion exasle biopalymers mabg, ﬁ’f?F%lmlﬁeﬁﬁﬁl?f‘é ghayBatically. coagul ati on
factors, and caafRhi® &ty ARTRRMRNIRreBRYroH R dib-F ofilesser degrees of

20  flexibility or susceptibility to degradation.

Among the manifold natural polymers which have been disclosed to be useful for
tissue engineering or culture, one can enumerate various constituents of the
extracellular matrix including fibronectin, various types of collagen, and laminin, as
well as keratin, fibrin and fibrinogen, hyaluronic acid, heparan sulfate, chondroitin

25  sulfate and others.

Fibrin is a major plasma protein which participates in the blood coagulation process.
The coagulation of blood is a complex process including the sequential interaction
of a number of plasma proteins, in particular of fibrinogen (factor I), factor II, factor
V, factor VII, factor VIII, factor IX, factor X, factor XI, factor XII and factor XIII.
30  Other plasma proteins such as Von Willebrand factor (vWF), albumin,
immunoglobulin, coagulation factors, and complement components may also play a

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



part in the formation of protein networks or clots in the blood. 2 WO
03/007873 PCT/1L02/00589 Fibrinis known in the art as a tissue adhesive
medi cal owoiis®oBmmd can be used in wound heal i ng and ti sSWRETIREAIOFS9

Lyophi li zed pl asma-deri ved pr otein concentrate (containing Factor X I1,
fibronectin, _and fibrinogen in the gﬁﬁesence of thropbin and, cal CI umforms

an i nj ect abl EPFR Hgradn Iatlir(aaS aissuo #dhssive mppdical deyipe gndscay; e sgsking

nmet hod of enbegd Mllﬁ’é‘ﬂld(%ﬁhﬁelﬂ%}bﬂg %rd)pmz@d SERhANINSA bioih BorBbniRite US Pat ent
No. 4,642, 120 di scl oses the use 0 brinogen glue in conbination with

aut ol ogous  (Reui@dnaHagtor éﬁlﬂcﬁhsw%wml Ebrinagpw), indhe,prgsepeeofthiombin of
cartilage angd,PonguHedaibs in Heétﬁl?ﬁ%ﬁ@ﬁal'gﬂ\e 52RO, 5 H15685 aReRsd Met hod

for preparation and usage of biol ogical = glue conpr|5|n fibrin for
i nj ecti on3 at amgthodjof embq%ddmg agd gultuygg tigsue wmpNyingdibon £lugc 3SiRatedt Nel oses a

cross-1inked fGE)%tﬁie@n?@R%%E gleﬁ@ g@%&g#&gﬁe% obBinRiRGR A flodtus 2dhesi on

f ormati on. oses a specific pro ess for
preparing a mem@@maﬂabtl@ndlfobmq delletofprémeéta rapety of cmﬁmmﬂ boeafléfegs. The

Process. necepsimaheSo MolZhndhsld RAROREDAOLH] AR i cBiohalost | o

cont ai ni ng che ors and formn he a lon of a
t hronmbi n sol ghe omnplﬁmmﬁlﬁndﬁoymy@,hanai theysmpkmf Injuy AgS Pdftent\mbﬁ L074)e6Fat ent  No.

% O R B AR LRI RE RSB B, (1 1

grow h fact @matiddr tissue repair. The invention al so discloses the
cross-1linked coll agen- polysaccharide matrix in conbination with fibrin.
The matri x pUSpafeat No6, 3106369 dNd10s¢scl spekefié preesss i@ pespdring/Obibddgradable on as wel |
as adding fi nan thromin to formfibrin_in id matrix. A
Freaze. e ed tPHBR PG oAU BE e ety serrbttinh ERVERER | Us pat ent

No. 6, 310, 26rinobBf seli@awid 4 Slut@h cofi@infplthela®rshing Ebrafigtithe flegbler es a
single- or multistage . dialysis of the fibrinogen salution. According to

that disdf osme@by fl}?é‘déiﬁﬁﬁ PEa Sromgen spluzy, fredze dstngred dmhg}szmg leﬁWf‘he
fib | ut | | h t t d }
concent st oN St @AND S S5 iselperis et LR TER PP SOMERIHE T | ar e

consi der abl y thaf RAdm@fsterddBlofk & M SbrfibinStidhaFitH GKbr MbrapeltiANsuBRlEQHRthS Ol Ut i on
of a physiologically conpatible inorganic salt such as Na®l and an organic

conpl exi ng a&eHes Serdissugsrerain dhe invension alse diseleses themmsalinked eollaganc acid or of

citric acid. polysaccharide matrix in combination 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 healing has been disclosed in US Patent No.
6,310,267. The preparation of the web, as disclosed, requires a single- or multistage
dialysis of the fibrinogen solution. According to that disclosure, the single-stage or
25  multistage dialysis of the fibrinogen solution 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 organic complexing 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 99/15209.



30 Afibrin sponge containing a blood clotting activator for henostasis,

ti ssue adhesion, wound healing and cell culture support is disclosed in WO
99/ 15209.WO033M®8@8/ 007873 PCT/ |1 LO2/ 00589 Accordi ng to thaCcTdiexiosssur e, the
restoration of noisture or water content following |yophilization is
crucial for obtajning a _soft, adaptabl e, highly absorbent onge. US Pat ent
Nos. 5, 955, 43%0Kiing to tapp disolosureyjthetesiarationof| magjaiite s Siatsr ﬁ%&t‘?f}tzfg]é’ fss- |inked
by sugars,  usgihilzafion istcl’u%ﬁlll'ﬁ)rbﬁﬁ&ﬂ@ﬁoﬁ%&apﬂeﬁeﬁﬁ%ﬁ?ﬁb%eﬁt %%&76 provi des
a 5 bioabsorbable inplant material containing pharmacol ogically active

agents, sui tgdbgent™s. 51555,433 MRUNG 1 08Pk lose TBRa¥RIbRRE nth@$eek tdSS the mixture
of two bi opo[&rreg}scorrponents, freeze dried to form a heteronorphic sponge,

that all ows ! auparsy e & tisfucaegsherptinge B dgeatNey. 740 70 mrodgesht . US
Patent Nos  5,if:3CorBdide ﬁhﬁﬂt%?e?iaﬁcdﬁ%aﬂﬁﬁ@ﬁlﬁﬁﬁ@ofogﬁ% hatb GoR@ wigbic fibrous

10 matrix containing chondrocytes for in vivo production of a functional
carti| agi noufr usstin wewd wpaip The methed dpseripesi the mixtye a§twolsomayredt No.

5,948, 429 di t i j onpri sing
Porming a bi Smrysy ReBfied o onfs Rl Honp QT Rl O el

ul travi ol et rckaieafiaphamandolegiballyqpabve dggntf r eeze-drying to forma lattice. 15
US Patent No. 5,443,950 relates to a nethod for inplantation of a variety
of cell typéSPaemng,736,332 disclosss dbivdegadshlzisyntbétic polptmeric fibkdush has been

i nocul at wi t.h r.onal I f.orm i i St | matrix.
Furcher O schbaaSiRER ekt fi LT fohie ofh TRORLAI BuBbinGill 0
cartil age r egmactureity b npddanfdimdiningbi oconpati bl e t hree di mensi onal scaffol d
in conbination with 20 peri osteal /perichondrial tissue and stromal cells,
with or w t Ho%iPatbntade t5i948,429 distleses a irethotl o€ prpparthget higpolyoherdeam car t i | age at

the si f inpl i on. Th ffol.d used..| d f.
consi st ng o BT BHEAVANAH WOB AR bl Snagpaiabre SRR T PO o

unnmet need futravdoletrr@dibti@dndfsabsefnicaty frecteidedhsio forch ltliceg but not |im ted
to those found in diseased or injured cartilage and bone. Nowhere in the
backgr oursd 28S RatentiMo. i5(448 200 Fdlatey to 2 wmgptied tfediniphatatior ohawviriesl ofaald physi cal
paraneters of freeze-dried tri.ce onpased. of asna tei.ns can be
ontrol | ed BYPOLEOGRE bR APedensi SRR S dar beed o Rl Sihay " be
renoved aft edtrolfaBcdIBtd fo¥miaSthie® diietlsiohdl stBdrake inatdQ Fuithd: dikelobdden iSOl ogi cal

roperties of the matrix. The matrices of the inyention are
prop Patent No. 5,842,477 is a method of in vivo carttl;lage repa\llr by imp angng 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 scaffold used is

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

There is an 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  artis it taught or suggested that mechanical and physical parameters of freeze-dried
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 implant

30  suitable for transplantation.



useful for cellular growh, as an inplant per se and/or as a cell-bearing
i nplant 30 suitable for transplantation. 4 WO 03/007873 PCT/1L02/ 00589
SUMVARY QFOTBIBOISM/ENTI ON It is an object of the present i RCEALI2N5890

provi de a porous matrix that is useful as a support for growh of cells,
both in vitro and in vivo. i s anot her object of the present invention
to provide a HWAMQ&THEDHVENJ@Q&GM e and non-imunogenic. It 5 is yet
anot her object of the present invention to provide a porous nmatrix that is

useful as anitigl svjct Bethe pRser inveitiod t@?xlolvrd@*a%tdﬁgniaffﬁd @atis iRfulbepai ring
ti ssue damaged b¥ di sease or trauma. is,a further object of the present
el

i nvention tos‘@PB‘& @rorth ggeallscbodh mﬁ’r“é‘hﬂdllﬁdlverﬁmﬁﬁoﬁﬁﬂom%‘ﬁﬁﬂheof cartil age

in vivo. It pRseheinvantiodtd pl%eldemnﬁﬁx th@fis bidGe I BB Rhd hoW RRthifBedi® 10T OVi de
met hods for preparing said matrix. 10 These and other objects are net by

the invenli ol Y&t wﬂ@gelaeqi@f thie presq GRKg AL IrPrQide ammmtmaﬁé@@a@émru si ng

various pl asgn + BE k?ﬁ]{_‘%kt% none
has proven ent |ﬁ£r?e t Pa%%gdrr??gélﬁ%eg@%%l%&f&n@?ter a requl géd for
successf ul tb:séla@sewghrammr Itngp fufther ghacbefgherpresankindérgiohdspadvidhier ei n, al so

referred to . e bt {4 15

advant ageousl%f%’t(l)lrgd 25%8%5{1?% dat nd rglr%tal%ﬁya%g? Fagf%ﬁlﬁg%gat%ﬁﬁéﬁ%vi%to and in
vitro. Anongfﬁlhpreaﬁwmvemgmamsroprdemwthddeﬁ)rq)fepmh@ swat matciegs of the invention:
1. The matrices can be forned successfully with partially purified

pr ot ei ns]0 siibdse asd otherchbjdetsard motrhy thé inpéraiondisplosdddierssn. 2. The pl asma
proteins can be retrieved from autol ogous material thereby 20 obviating the
need for pooﬂ“htdlgblnomdrogmbilom‘sicw ¢omprisiag aticen gphasma betdshdpoiegissre 3. The
matri ces hav [ ni_cal erties. .controlled b i ng
auxiliary cogrnponelgttfée uagﬁeounn atrﬁ’lgorﬁeg] SV Bt telb%amf'aﬁ e %Blé% {hlxes i ncl ude
tensil e streadtts rethmitﬂoﬁmcyessmbuinsﬁeea@iﬂaexhngt Yhe pcﬁsmshaﬁﬁalstlesealhear,

by varyi ng’ 2898 Hge S RaTarte HRauPHo R TORGRT Y Doti rabl o

pL opertidff,s Iﬁkg)laﬂﬂd@eoub &ﬁkgﬁ@ﬂﬁﬁﬁh@pﬁh@n%ﬁﬁl HBwiHHom ﬁlwtl)ﬂilcan]a%eigm gﬂar ge and
charge distributiqgn rophilicity, adhesion, wettability e
mat ri ces havémé’f}%g}elaéVaIﬁgBP‘&dﬁr?i&Fheﬁng‘@ﬁaiu&S oA {EHE by varying

1. The matrices can be formed successfully with partially purified proteins,

such as crude fractions of plasma proteins.

2. The plasma proteins can be retrieved from autologous material thereby

20 obviating the need for pooled blood sources with the attendant health risks.

3. The matrices have superior mechanical properties, controlled by varying
auxiliary components used in the composition. Desirable properties include

tensile strength, elasticity, compressibility, resistance to shear, moldability.

4. The matrices have superior physical properties, controlled by varying
25 auxiliary components used in the composition. Desirable properties include
texture, pore size and uniformity of pores, charge and charge distribution,

hydrophilicity, adhesion, wettability.

5. The matrices have superior biological properties, controlled by varying
auxiliary components used in the composition. Desirable properties include
30 biodegradability, lack of immunogenicity, the capacity to maintain and

promote cell growth, proliferation, differentiation and migration.



auxi liary conponents used in the conposition. Desirable properties include
30 bi odegradability, lack of imrunogenicity, the capacity to maintain and
pronot e cebDlo3gems h, proliferation, differentiation and mPgraLe2mssd 5 WO
03/007873 PCT/1L02/00589 It is now disclosed for the first tine that the
attri butes and desi,rabl r rti.es of .the. matrices can be controlled by
The use of adr PP BHERAE LSS HB e Sl b GReCR redenr Bube
detrinmental hetrides caibzsaticiid by WBE bf fixilie} dongfodwmts) saiel opwiith fnghait i on. |t
is therefore expligcitly intended to be understqod that these conponents be
utilized 5 PROPH e&ﬂ&%@%&ﬂé‘@wftﬂfg%ﬁéﬁ%ﬁtﬁ@@}#@?ﬁ%} %rﬁwrlmﬁlga@f%ﬂ U eeze
dried matri cesis tfdort RRplicitlyEiRMEM t65e BRIeASSA Nat thEREcInyoRBitt be@slizeRt ri ces
may be rehydrated and washed to renpbve any such additives that are

del eteriods e EraceyPOaICTg AR Jorpaten of thyfreasp dried matiops ardilienr ot ei n
matrices wit E’erﬁ&i@dgﬁﬁéc%ﬁgryﬁ?ﬁ@l%%lﬁl@éed%ﬂi&b RlPOL &Rl draflll AREAINES 1 OF the

i ntended use, essentially free of the conmponents detrinental to cell 10
growt h. The VWRBIVEQNYsYchiaddisivesshatisee dedetetions toccell|gyovah, therehymiptifingzed prior to
use. The esgent ] Ikl - Of ey I ion are
fibrin, obt a?ﬁ‘gﬁiéﬁép%%?ﬂ%ﬁ‘?%‘?fﬁ% e FREd %%Slgﬁfcgfn R " n the
presence of wordpertigaior dresnignddmas eesentialdy ifiee obthe corhipdments détyitmentakigeell s, as are
wel I kno i I . e of ein-i nhi-bitors, especially
P asmi n o B P oo pree A ERLER obf BULBE LR GBI Bl Byl %8
antifibrinol w] . . i I on, | i

aprotinin, a?@!—i Q%%gé%ggﬁﬁﬁ%&@g g{a%cggs%fitﬁe ﬁg%ﬁ? %ert?o%& %@%L%@ﬁe activator
i nhi bit or anantera¢tem of fibtinegeh and theymitim e ite pagemesf calbiemdorssme fadtad

conponents, widh or..wthout any optiognal additives, are freeze-dried to
obtain a resi |I’ean?1 %bﬁlcl)lr?d%f:lag??gﬁ%?r iwfﬁrﬁn%%glt %?i’a??lieﬁfe‘ﬁﬁo?ﬁgméebsence of

or g?ni ;: chﬁl atateig ]irfhgij:émtss gspatibliy I:la)snﬁn milhﬁlgﬂorSZﬁarpiaqaﬂerilemmiohcig.@ﬂdeal W?t 1?[1
content. e iliary conponen i ncl ude var.i ous ol ynmer s at i npar e
desi red §7 op@PiiumoRisarnbe g &r R TRLPE LR A & ey bo

sel ect ed fromacglopsiag elrplasifia intibitor gdskiindgei Sctiva®f Bhibeer addydedr ONi ¢ aci d,
ani oni ¢ pol ysacchari dgﬁﬁ?cur rently nore preferred being sulfated

pol ysacchar i garal gy gy J8eRiSsThest eFentinkePencits gdtar Fihehankt ; 25

gl ycosani nogbydabaddaiveahelreR@UMEEH DB redifieRp ot XL 8AGIXY! YCOl s or
conbi nati ons thereof. Furthernore, glycerol may be added in conjunction

with one or sHisketigly inghe sbevge obrapBhielading 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; anionic polysaccharides, currently more preferred being sulfated
polysaccharides, currently most preferred being dextran sulfate;

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

or more of the above components.

The present invention provides an inexpensive, biodegradable, non-immunogenic
three-dimensional matrix of plasma-derived proteins. In currently preferred

30  embodiments of the present invention, the matrix comprises plasma 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



The present invention provides an inexpensive, biodegradable,

non-i mmunogeni ¢ three-di nensional matrix of plasma-derived proteins. In
current | ywprogfoersred 30 enbodi nents of the present inventi @QT/ILOP0REN ri X

conprises plasna proteins from allogeneic plasnma, nore preferably from

aut ol ogous pl a enbo irent of t ent invention,
at | east one Egn‘%ﬂ ‘%P ‘é‘f?él?ﬁ”éd’r? gips arg derived q‘f‘i’aP ?‘ﬁ‘g rixis
derived f ronpauhﬂlmwvsr piaﬁﬁz[@roteﬁﬁGﬂﬁrdéﬂ?@mh@m@lﬂ@kﬂ@hr@tﬁé@vﬁéhﬂ@ﬂ@73

PCT/ 1L02/ 00589 enbodi msnt of the |, nvegtl on all of Iasrrath?r oteins are

derived fronFttedragbsised 35 Xehas cngiineire Proteinspgplifes paving IRy

i mrunol ogi cakd s upeh RN i1Midnh Bnd O XBI, AYashe pkbtdifl cloB Thetd  as
engi neered proteins_ or ﬁ@tl des_ havi n? the cap abl lity to form upon
8 ( a

reaction Wit Ang $kadinent fiygptinn, she p smapmteaw lﬁ?%méhf‘npr&?eé’t Thus, in 5

one enbodi MeRve@font 1H@uderh\ffe@§t'fﬁ?moée|ﬁ%n@ ERRIKIN TS Sinpbhbits £8 bé n_the
present invention include at |east fibrinogen and factor Xl These

conponent s nayrifird frqswiphﬁl@@lsqurr@rﬁrawﬁlbaypn&lfsqmuaé@nmprcwﬂyam-}lahbed froma
comer ci al |y .avai &Edﬁgﬁﬂ%&%ecohﬁ%aﬂﬂér&gl Q8ative or reconbi nant proteins.
0

I n one enbodi nent e present Invention the plasma protein matrix is a

sponge 10 hﬁ{/bﬂ%%rﬁb% ﬁﬁén?o g{gg%hgg%] ntidh e %g&?'n %r&mﬁ%?au%{'ﬂ a%p (?T%Eteri « of the

def ormat i on, rreasure erein e sponge
i nventi o0 rraiaa\hlw@nsﬂmse‘q&g‘ﬂa@f at frostds2 ke and Bawm defoanitiony mgasueed apores. I n the

spec 11 cat! 00cantld feif bALIETI ol e SUARL AOL:Bh iy sQU ALy BT €5 reans

that the maj € pores fore prefera ly all the
pores are i npbﬂaeombﬂamiaﬂgraga]agpored\/ﬂn meppeeffe:anwnduhwlmas tlidiemcor ding to

t he i nvention hav ores of a e of crons.

oo ent 1y o SybS RS el BoreS afenl Tl e o tiP oy MRIer 2 pRBLERENS ot on ar e

pl asma pr ot esmbs&ﬁﬁzﬂgzeﬂlrmé pareseﬁemﬂmsmﬁze&aﬂgeswofe lirh(érrécamgmce‘sf 100- 200 m

The pl as protej.n rix t he S fied structural and
oo P heebl Tk cmigh btk et ah s gimsity B FEe PSR | he

currently prehuféatBonost re&aieh@dlbb@maﬂtsfaédaﬁmg @rié fesedt BYagioRaRr ot ei n clot.

I n one enbodi nent of .the invention the plasm matri x |s%¢)repared by m xi ng

pl asma pr ot ePREMGHPIOEIR FROJBEHMATICE WiEPqse dgesr thegpneg 8f L9 2% M or i de under
condi tions itable for ac ving clotting; _casting or nolding the m xture
of plasma pr Jheplasma giotein wafa'ﬁ@?wng ﬂle&b%"ﬁlSP%f’l@fiS’psﬁ‘BF‘Prab?l?do‘Pe%m&%hi evi ng
clotting; frefRpbiigs BEbEbKhih&rby 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
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. Alternatively, the thrombin solution
may be poured into a mold, the fibrinogen solution added and mixed to blend; the

clotted mixture frozen and lyophilized.

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



25 m xture; and |yophilizing the clotted m xture. Aternatively, the
thronmbin solution may be poured into a nold, the fibrinogen solution added
and m xedwD®3bd®mil; the clotted m xture frozen and | yophiPCiraee/003$se net hod
for preparing a matrix of plasma proteins useful as a scaffold for grow ng
cells, as a scaffol,d.for. I.nplantation in vivo.or in situ conprises the 30
fol l owi ng steps: nI¥ERg nbihgss],@st%lﬁ%ltagf%ge | PR ASIEPH 285 B pr esence of
cal ciumions and @ftiohsiBsiddingeat aaxt ond ddaillanodomipoierdgent under conditions
suitable for achieving 7 WO 03/007873 PCT/1L02/00589 <clotting, in the
substanti al absencestidg the géxtire of plesnad progind gadihsomisin th O@ilidem@bitypriaddi ng at

| east one auxiliary ca onelnt.' casting the mxture of plasma proteins and
thronbin in a soli a&%}%%?O‘BPS’or to achieving clotting; 5 freezing the
clotted ni.xture; and | hi.lizing the clotted m xture, to obtain a sponge
havi ng no’nore tha eez@é%%e@?&féé’i“ W5 8%Ure. In one particul ar exenpl ary
enbodi nent pl asma prqtei.ns_ at oncentration of 30- 50 /m _are m xed
with at least 0.5 WHYEZREHE plofefIRreLo Shipha spmacryREPR s BAG 10 (ot al
pl asma protein, am¥tdehatheistiiexture is frozen at -70C for approxi mately 16
hours and | yophilized for at |east 16 hours, preferably 24 hours. Inits
final form pli@fe pagticule exdniplerg einbasdithbi@ phema @otdiss & dleshantratanlof 3dry and

contains le t han 10% r.esj dual j st.ure, e preferably | ess than 5%
resi dual noi gﬁﬂ}g@f’%ﬂmvﬁﬂé’f‘thﬁtgqﬂgwoagoﬁ}tsi @%@H’B#aﬂng wolsoE Syl PROMEt ure. 15
I'n anothep peglplasee pesidintindeith thd\@ixaRORIRZM atl NE°Pfo aHRbximAME/ N ON
contains auxili ar%lﬁcorrponent S nodi fy certain properties of the

] whi ch may
sponge i ncl ubPHgyandortiilized forpb last o havrs.anelersblyiddioBsi cal properties. The
addition of the auxiliary conponents, inparts superior characteristics to
the sponge. ¥hits gl fqrmaripr tosayatherilsthe srongeiigsubstantialiedny pad santaiisot ei ns
prior to thejdkomamiogRestiuaPmbis@be, mbredRefErblydils kivnBoSleSitn g thoRodhdrent in
accordance with the Bresent invention i s a- sponge conprising dextran
sul fate. A ciosignefeipblydess thandf/erepidml apiiererent in  accordance with the

present invention is a sponge conprising hyaluronic acid. A
15 In another preferred embodiment the sponge 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
components are added to the plasma proteins prior to the formation of a clot. A

20 currently preferred embodiment in accordance with the present invention is a
sponge comprising dextran sulfate. A currently more preferred embodiment in
accordance with the present invention is a sponge comprising hyaluronic acid. A
currently most preferred embodiment in accordance with the present invention is a

sponge comprising hyaluronic acid and glycerol.

25 Inyet another preferred embodiment, the additives which impart beneficial
proioerties 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 embodiment
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-

lyophilized to remove residual moisture.



currently nost preferred enbodi ment in accordance with the present
invention is a sponge conprising hyaluronic acid and glycerol. 25 In yet
anot her pwefoanomd enbodi ment, the additives which inpart remaioxioas9
properties to the sponge are renoved and the sponge Iyophilized to renove

all  noistur Mce. the s e i s, cast. and o hi ditives are
no | onger rZ}duPrF%eéltng t’r‘?g)?ﬁgé’mrvédr%%&heﬂ%?ﬁ %@ﬁ&ﬁﬁ‘ ha l,ﬁ\ Fently
preferred enpalginemiito tH Pungdeurig SROfIER a0 Pedcedirs. Ok ﬂulyﬂ&rﬁﬁlai' east one as

descri bed aboyve, ei.n_the 30 shed fo

freezi ng- |yo§WPE?§QPF calmpgshapice gﬁ@ggﬁﬂﬂﬁéﬁ @meﬁﬁ%ﬁﬁﬁ?ﬂ? & t'8%r enove
resi dual noi pélyners nihy\¥o 3 bHAEGL bRl bl ddeZh QDR Bxanlfles ddhRGRdableNVeNt i ON
al so provgdes for th i ntroduction of additional synthetic polyners into

the spong ¢ prlxisarorastylsee pediupanatedmelymeponghesfioppdied change
t he physi cal eth&‘[@ﬁ‘el’}ﬁ b@%&pghhé PbREthFIRke, pélpaﬁﬁéﬂe%&aaﬁam%ﬂﬁwge The

pol ymers may be non- blode radabl e or blodegra ﬁgg es non-degradabl e

5 materials Flh%ﬂnéél‘g’bﬁ‘bl’%’%‘lf?n&fR%‘F‘?ﬂé@lhwoéﬁéga%]remolmmb asei 0Pyl yer s such
as fluorinat @é@w@ﬂ@ﬁ&ﬁ%&ﬁ@pﬂ&% ad B oﬁ&e&wgapub 1ROl yet hyl ene,

pol yet hyl ene terapt ate, silico 11 con pol ysuf one,

pol yur et hanePOIYimerm@P@MNé, m&z{n}aﬂwﬂm@tha,méate po}}'emdede@raadabl e
pol ycar bgnat
bol yhydr oy nﬁ‘%l%%%?ay“?at aRSG RO, UGS Rpor PO MRS 51X%d3f°§tahﬁ1a‘a°eve%aé%‘aas 10

| t b
ot LT B BT SRR B RO B
pol yest ers saahamipotyplypbliccacid polpaitdesiors) dpgrh@ayleymbilcmboadﬁt@ dqgcddylﬂct hoest ers,

polycapr of acPOyERoRaEY vah B CAIAR s BRHERUAR R Rro UBERE: < ang
bl ends of theopalymeea amﬂﬂamndssdfshe dbbVremhaterdaiy) Oiesn t@nponehisi theludeisurachant s 15

includin?SIecifgin The plasnma protein matrix of the invention is useful,
inter alia &W ectedly advantageous support for cellular grow h.

The natrix’o resent inveption is bi ible surfa useful for
tissue cul tu %@ ?HPB?néPE&FHG@W§§HﬁBﬁ§ﬁBWP?a@TF%angﬁ%ﬂﬁfgbytes
ost eocyt es amﬁmﬁﬁg@mbhﬁ@bﬁﬁn&ﬁmnhﬂﬁbﬁm.rmhhanxBeﬂkQRth&akM&mJZQ hepati c,

renal , pancrgatic L oth cell t pes MhICQ is desired to culture
within a thr @c%?w%ﬁ sBp %% F ssue c re, 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 a cell bearing implant for transplanting
cells in vivo. According to one currently preferred embodiment of the present
invention the matrix is a sponge comprising plasma proteins able to support the

25  proliferation of a variety of 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.



Further provided by the present invention is a cell bearing inplant for
transplanting cells in vivo. According to one currently preferred
enbodi mrerwO®B/001823 present invention the matrix is a Spon®@ETADIRNVSI Ng
pl asma proteins able to support the 25 proliferation of a variety of cel

types. Preferably, the sponge is inoculgted with c¢e|lls an he cells

al | owed to pﬁﬁ? F%a?tafﬁég?lﬁs’ gffgftef&@nﬂm P RO PR IR T

Al ternativel yre adidht£He6Ma6 chdourieh @ WRRe fapidaksanlr arldkss witidh thamplahgen _
cultured or harvested and_ the, spgnge conprising the cells is inplanted in

vivo. Furt hePhdPare repidvasquiarization of fieigaledt t he i ntroduction into the sponge
of an auxili . 30 conponent which is a bioactive agent selected from
growt h fact ofke 11@@%*3»99%%% of agiasneegotein feaiioly beang ealls 2t ademsily Rt iaAhat ory
agents. 95O/ 100787 BoiEld) cbihe? 058 PrefFiily PhRAAS h SmrPIRNL Srefdsbly exanpl e,
grow h factors, angiogenic factors, and the |ike, are advantageous to
encour age a rBreglly Bgica gngwen ligttingexamale; an igplant fortmesplasipaint,  or a nore

rapi d vascul ardraglchRB o sild® chiiR @%agl@&s&s%ﬁ%ﬂﬁ%&hﬁ? h a plasm
protein scaffold bearing cells at a density that is at ?east 104 (ten

. . 3 . 4
t housand) ceptagfopidravinggn apprexigiatehiojunicod Ockéh'shgying Wnghondracptepsesflet ably 106
cells per c : |4 - . 7o) 0 nti ng
chondr ocyt egﬁ;te(r)éngplg?r? gggf jc% tlﬁ%ggﬁe%ﬁlg%hg%g{fgﬂﬁs ’s?@tdsor%a é{foggl%?g%+lgsm
prot ei n 18cafdrdtadsptenting ghendragptes cotiprising aviolagmes mésnt. [RotemBandhavi ng 104
chondr ocyt es Ln.prior to a 2. = day _jncubation peri od.
Preferably, 3&%%&@%&:%&%%%%ls%sggﬁ%%ndlmf&fm{‘ o F?Sgﬁgfﬂglﬁt?ﬁé)a%lﬁl@ﬁrdrocyt es
conpri si ng aeambbdimentf|theaiavemtipn @ plaims prateth scaffold fagemsplatimpdr ocytes i s used

as an inplant, fqr transplantatjon. In a particular. enhodi nent of the
Chvention a BrSIEYISs SuBRTOLE BT imane i e BB RN Gk es
conprises a gi)bod) prnsal;ndla@ez_rlt}&vmitgp'l lasnsa (a6t mthatak bﬁ/théﬁg'uﬁf tﬁfrr]uﬂ@rlﬂ cat ze of o
50- 300 pmand a 0,.2 kPa. .The, pl a rofein trix of, the invention may be
cut 15 into SEeECHARS %ﬁeﬂﬁgiwgamiﬁ;@g farﬁi t%%‘é‘te@ 8rep POt tReediedtithed ar ea
prior to seeginR®r\pribito iwpPlahttiéd. prior to inplantation. The plasma protein

scaffol d may also be used as an inplant per se, for providing mechanical
support to amﬁﬁl_eﬁm it schfTblmey alolhR ubdl a8 iah imBIBAY RS s &r pRivditigli Ng a
matri x within ich cells fromthe defective or injured site proliferate
and 20 di f f ePERRaRLRbSUPRYE toadeisstize o igjured site i iy end/epier provilings asma protein

mat ri X My Dgairix 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 procedures including chondral shaving,

laser or abrasion chondroplasty, drilling 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
tissue, 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 protein matrix may be used as a coating
on synthetic or other implants such as pins and plates, 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.

10



used in conjunction with other therapeutic procedures including chondral
shaving, |aser or abrasion chondroplasty, drilling or mcrofracture
t echni quewo 03le7spd asma protein matrix of the invention, becmgLenosssf ective
scaffold supporting cell growh, may further be utilized in vivo in
reconstructive surgery, for exanple as 25 a matrix for regenerating cells
and tissue including neuronal cells, cardiovascular tissue, urothelial
cell's and br gashriDERu4arTIOREOF M RlGEeRkgopedi ¢ applications include
joint resurfacing, meniscus repair, craniofacial reconstruction or repair
of an invertebral disc., Furthernore, the plasma protein matrix may be used
as a coat i ng Thgpressphinyention will bepisrstqodand apneecigiedmars fpilniom ¢ pl at es, for
exanpl e, in HiRwi} dpRbREQEENonRAIRE BHttnfimctidd With the BRuRE 8S@RiEL: nvention
further provides inplants or nedical devices coated with the conprising
the plasia_praheh 1A Hiok Ofdf\Pondd pGiiiddaBeordifl Wa AR EABoAGI | LO2/ 00589
BRI EF DESCRI PTI ON OF THE FI GURES The present invention wil| be understood
and appr eci aindentipgmaior t9|beingriicsza dried, aftep fiprpidping ercapicd 4STBRO® i pt i on t aken
i n conj unct i aBrNdebh ciddEnthatigh b Bigh Hip¥hb gel comefit4Hdh 88d ddinpardd 930w a fibrin
sponge prepared according to an enbodinhent of the 1nvention prior to being
freeze dri edcomapersially cellagen shopgaag, prepared using | ow fibrinogen
concentration or high fibrinogen concentration and conpared to a
commer ci al | yFigatel 2fyand Hhesntgeent mechanisalpoperiéps 2Bthespengssnt nechani cal
properties of the sponges; 10 Figure 3A and 3B shows the dissolution rate
of fi bri h0 spBigges3A andAteshows Riegligselytignyate ab fibhpwpangemineagyt es grown on t he
plasma protein matrix in accordance with an enbodi nent of the invention;
Figure 5 is Biggieagh -dhewivnehondrecyitsyeresmen tho glajioaprofeBnBptrEdnt ent of cel | s
grown on a i i.ng.to an enbodi nent of the

RSB A8 R BRREoSE ek

i nvention conp grown on a fibrin clot and on a

comer ci al | Vrsuald 80 fucfi b A0E e IRANGGnGE A F5. A5 DA bIBIPERWAT er at on of

articular chondrocytés in t ence o _ asma protein sponge and
col | agenase; ofp glasma Protdiwsponghascondinglte an erhbadireens ofithadnvsnidenedompgrsdnge

I pl ant atlg 0 nvﬁtﬂrbgllsgﬁm ona %grin clot and on a commercially available collagen sponge;

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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11 WD 03/007873 PCT/1L02/ 00589 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention relates to a freeze-dried, bioconpatible, biodegradable
matri x oWopBaersas deri ved proteins. The matrix accordi ng POTAN2HRYi ment
of the invention is useful in nmethods for regenerating and/ or repairing

various tissues in 5 vivo, for exanple in tissue engineering nethods, and

for growi ng DEIAALED BESCRIPTION OFTHEANVENTIONI €sent invention can be
utilized in reconstructive surgery nethods for regenerating and/ or

repairing tissue that have heen ed.for. e by tr urglca
procedur es OﬁﬁﬁF§§>ggW6 W@“%W@%@ﬁ@%%%V&WF$EWC %%@E@B 4 use as
an i npl ant abbgplagaf-deived pleten&em@mthks&mmmememwmm Fabor d| ng 10 to a
currently preferred e %g% t he i nvent the matri x serves both as
a physical SUFHERS 4 é.‘hmafg‘ﬂ VEBITHERE At °fff81?a“i1%‘faélf"é§j“sé‘éfisll% during in
vitro cul §ur @iva ®r e@muﬂﬂk chiRéanb aletidds, a8 fdrfovingpsiRlianted cel |

popul ati ons grom/and the cells functlon normal |y, they begin to secrete

their own extThég@iixWiaHe predehid ifvenEbManeRBArdd. in réEbﬁstﬁlGﬁiifefs%gérypO' ymer is
sel ected to degrade as the need for an artificial nscgort 15 di m ni shes.

Scaf f ol d appricles P seepprrtingsnd/ perepagan syt thahhaye begndemagedioen as neur onal |
nuscul oskel et@impl&8Y LidndQ5RGHSL pr&c%&%@&l{ﬁseaéée AL bfese? AVehtil fr6viadsenal

ocul ar, arteriovenous, urinary % other tissue formng solid or hol I ow
organs. In aa@@mwor\usee%maemﬂembleﬁcaf lsl not esstontisspategparationspeaerdieg | s
derived fléon}@e[‘é{b ﬁfﬁ%fe%d 'eﬁhﬁbkﬁ ?gntto?ﬂ%Qnﬂén i ﬂf‘e’}hétﬁk‘éerb&tb%ﬂﬁag%pec' fic

tissue type may I zed erab e cél are derived from

aut ol ogous t physigel supjnrt m&lanpdl‘@swct mbsimiﬁ forisplatgd eellstdintingyo vitrolroleeoed/t es  or
mesenchymnal X c enbodi nents
of the inven%Igghgcﬁ%ﬁ%rocIfggﬁﬁﬁgeﬂm& 9%%@?%3%53%3%+$3§9@§F1k can be
seeded on t hémnctiet normaljy thay begin ﬁormiraeltlmir bwn exiraceltuldr metrsi (EEM)fsuppop]! ant at i on
in vivo. Addition ineered to express

. | he.
a gene product® %ﬁ%ff%lﬁ%%ﬁegls éé&‘&ffe‘{ kS de%r?l 508 td I%g%f @'g{mgﬁ@?p Ly anpl e

ant i - i nf lamdinghigheggept i des or prot ei ns, gromﬁh factors havi ng angi ogeni c,

chenotactic, osteogenic or proliferative effects. A non- limtative exanple
of geneticalSyﬁﬁmgﬁmﬁembmgmmﬂdﬁmﬁ@mﬁnhamaﬂmhmahkhgsh&mﬁhsclosed in US
Pat reln E( can g@?ﬁgc?uﬂq%%egga?’ggtlﬂg e f:ﬂ.f%}lguesrheggtﬁoge{ngr%gﬁcs re%];l E)cm ar,I nvention, the

arteriovenous, urinary or any other tissue forming solid or hollow organs. In a certain
embodiment of the present invention stem cells derived from any tissue or induced to
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
matrix 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 would exert a
therapeutic effect, for example anti-inflammatory peptides or proteins, growth
factors having angiogenic, 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



of synthetic or other inplants or nedical devices. The matrix of the
invention may be applied to inplants such as pins or plates by coating or
adheri ng wetohoas7known 12 WO 03/ 007873 PCT/|1L02/ 00589 t @cpareonsssskill ed
in the art. The matrix coating, which is capable of supporting and
faC|I|tat|ng ceIIuI owt h, nthus be usef royi ding a favorable
envi r onment S"Pﬁg“l%F‘wﬁﬁ ?n@mﬁ%ﬁ’ wﬁﬂﬁfaev ¥ Py SPPR ’t‘%ﬁ“’rﬁi t erms
enpl oyed in H&ﬁltﬁﬁfg%fhhlﬁﬁérb@th; caXBulYe@SefubnPphslidih@i oRAbR ed@sdihicRed herei n.
"Plasma" as used hereln refers to the fluid, non-cellular portion of the

bl ood of humétidhe Bwlanhi nal s as found prior to coagul ation. "Plasnma protein"
as used herein refers to the sol ubl e proteins found iin the plasnma of

nor mal  hunman§oTpionseishss and elprify gertyin fegaserprlpyedin ﬂWéPeqlﬁ“r?PP’é&X%@Pl% agul ati on

proteins, s 1Q,alBWER ddstmRrAhelgl NS and conpl enment proteins. A "matrix" as
used hereln refers to a porous structure, solid or sem-solid

bi odegr adabl &Plawss pansed herainiteigrs jothe Suigrnoarsslar pertionioé the oo of lymsss t o al | ow
cells to pogfﬁrﬁhﬁgaéjfouﬁ %cora?ﬁatﬂ;ﬁt“ X. Matrix-formng materials may

require addition o pol ymeri zing agent to forma matrix, such as

addi ti on of by (Y Brch afusS@hitbineferd o OB @Q#awslfafnu@@&@ Blalila HOT ™M 2
fibrin matrix. The plasnma protein matrix o resent vention nmay be
denot ed her ehermabhumang af ndejs. 6'?116@5111%111@@?1@9notflmllteﬂhecoagmlhmqmmwtgn%f cells,
as a tisg e#e Bl‘BHﬂnﬁlC %te]hém{ E#g%e@‘spf&elﬂsel | -bearing tissue replacenent

i npl ant . heterm oco as ‘used herein refers to materials which
have | ow t oxi,Gi » the living
body, and af r??a)t‘mx %%%%gﬁﬁq%eﬁgégggfoqpﬁg%% Sgﬁcﬁ; e%ﬁ 661{8.21“ ng" as used
herein refer blwcgradablecsabsimce iﬁa\mhg pdres OT&]?&I‘CES(SLﬁﬁCIeﬂﬂydee tedllosy detls toe

mai nt ai ned w th b yet n red.t.o. Prefer t-he cells
are able tof 8 ulla[qe’foé‘r?na e ;hn § nvg\z mg foml%grmaten?ls fnﬁ%reﬁa{re ag’dﬂdﬁh{ifsa term

"i mpl ant at i opdlymefizing agent toffern mmatrtxl, mh@é a@iﬂsqrmfgl&ombmttbe solmmntl on into a

25 patien r.eb he i rves to ace fuI artially,
tissue tﬂgt %fgalﬁlé%ﬁlb ng%g’ f%é’ﬂﬁ’%‘ax T&ﬁﬁi ?i’QﬁB‘é lantation is
al so taken t gres@dinveitonuisy beQfendtB&hapiaRg e s@Sor el b Gpdhgt ot ﬂhans port

t herapeutic drugs t certain site in a patient Inthls aspect there is
al'so | ncl udefuiFRBEohedliscRct st rﬁﬂﬁ%?n%eﬁ@"?%aﬁabas&rce Hbearing tissugr y

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 matrix to allow
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, tissue that has been
damaged or removed. Another aspect of implantation is also taken to mean the use
of the sponge as a vehicle to transport therapeutic drugs to a certain site in a patient.
In this aspect there is also included the introduction into the sponge of an auxiliary
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,
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conponent which is a bioactive agent selected fromgrowh factors,

cytoki nes, 30 enzynes, anti-mcrobials, anti-inflammtory agents. The

bi oacti vewageanoms;3 f or exanple, growth factors, angi ogeni c PCagrLey®ss%and t he

| i ke, are advantageous to encourage a nore rapid growh of the cells
within the inplant, 13 WO 03/007873 PCT/11L02/00589 or a nore rapid

vascul ari zatFrrinese 1anik vaspipgation of theinplant-Stueh fagiproieay botog sl 14 Rs pe
effectively éffetcﬁmyefétamédmlﬂume sﬁ&%@gﬁl?éﬁﬁ'e He R AR ih Hetadigatbv-n the form
of slow release or controlled-rel ease nicrocapsules into the sponge to
provi de for meleaseror cantradledrelpasy migocppanlesypip dhesiporge toproxiqsdpidheif t hi n a pl asm
protein spo disipdet erm ned by using the equation: P=(L x H)112 wherein,

L and H are the average | ength and height of the pores, respectlvely, as
det er mi ned b%mmopf@pmam}m %plwnatm@temapvmssmn@@ by ugingthepor e wal |
Lhickness | g RRpaiel ALt RARAGH &6 iR ohbelR LATLSREEHESN  he

pores within spong is Indicative o ReSm cTostructure of the
sponges. It p(geslfbsphthlmaﬂddtem}anmwmmc aalysisof theopnesepinges.evel .
"Surfactant” refers t ub,s ance tha ters.en rel n p at
interfaces, sUck s Walpt%]g}m e%éﬁ%?%ramgter {hﬁ h?rgc%?ﬁegﬁh%ﬁ%%nr?ﬁ%w sﬁs‘ﬁspl ayi ng
surface acti pﬁrésywlthm asputigagnd is ididativadd the mivedstrucigreafdint spongietleisgent s,

t d di t f t Pr ef bl
vl oo & e Ez?nng ST o G Fﬁ%&ﬁ?@giw%.ﬁi‘?n??onangQ 15 hydr ophobi ¢

d I fact Th

Corm " ary* antgaSErene ahasr oS prdty AR Ahef R (o

dehydr at ed ofor exaip¥e] Eittetic brgdnic c@nﬂaﬁh@rﬂispaalying stk hetiyitl, ifidlading, Tk pl asma
protein matrlpes of the ylnventlon pr ef e ra? é having | ess t an .10% r esi dual
eT1]

moi sture, otk BREREILSBISyAciIgrSPenptEaATts: § BPESTEAR B SPHBE nost
preferably h@g\éh@g)rb@ﬁmetekaﬁhplés%frs@f%cau@luseﬂﬂlnsméqoeaser@@waitﬁmta&r ns "lyophilize"

or freeze dryi refer to the preparation of a conmposition in dry form
by rapidl¥r Wg"lﬁﬁﬁmﬁ@ﬁ‘?@ﬁs aid ig¢iuderphogplolinidsy eifs, adfuerqsedackismes ref erred

to as subli ITB.tI on% Thi s process may take place under vacuum at reduced

ai r pressur elheteEy @Y"nad’dl"ﬁ“%ip’y“i theref; fefpr foanlpysical sty thatis dehydated Plequi red at

full pressurghydBus, a@I QBktsntRRY M@l@ﬁgﬁf@ﬁd dfe pﬁﬁné'ﬁr@fémhﬁétﬁée@ of fhé a
pol ysaccharide, including non- 25 fied as as chem cal derivatives

t her eof , t halvessian are’ﬁasahbh@vn@g}%sﬁ iﬂ’@é i 94 r@srﬁaﬁlg@@stgﬁedagre(p@f@fably baigoxyl groups
at pH Val ues g% SoRGH a1 ﬂm%}uré Rchsd ﬂ}gljellalgl?%awng less that 5% residual moisture.

20  The terms "lyophilize" or “freeze drying” refer to the preparation of a composition in
dry form by rapid freezing 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, including non-
25  modified as well as chemical derivatives thereof, that contains 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 earth metal salts such as
calcium or magnesium salts. Examples of anionic polysaccharides include 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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salts thereof, such as sodiumor potassiumsalts, alkaline earth netal
salts such as calciumor magnesiumsalts. Exanples of anionic

pol ysacchaipiodeersihcl ude pectin, alginate, gal actans, gal CTADENISSYS,

gl ucomannans and pol yuronic acids. 30 Exanpl es of sulfated pol ysacchari des
i nclude heparin, chondroitin sulfate dextran sulfate, dernmatan sul fate,

hepar an sul fagxesandepsiycan sufts. dogitol hesasylfis Fucrese\neiagdfatn Peretisesiand 02/ 00589

hexosam nogl yaafics Ht‘tfh@taﬁ‘ove aRORlch@d 6 8& B tiiE PinShe r“n%i{ti%ﬁe octasul fate.
Derivatives and mnetics of the above are intended to be included in the

invention. Tig {tR% Rarifasd iab B8 heRfh, HEGHi1ERERizel R 0T coihe@ivdRBSIal | zed
type of connective tissue that cont ai ns chondrocytes enbedded in an

ext racel | ul athatfenieins chandsodytes embeddedin o exBpgsulor mawixoThecipdemicgl differs
accordings t o JTA%QHQHM%AMQ%’}%H&JS 2GRN t%‘?y}e%‘&t %@ﬁé}al Go ggég%ﬁ'a?g@ﬁ' y type Il

col l agen along wth or types,
pr ot eog| ycanﬁedmlnmﬂytmmléPﬁbgelaaimg/mlewthermmelrmest ygeb'p@erXcmdt)ﬂl age are

recogni zed i t
articular cart tet’gg"a% cdéléétrgfoltcaf W&{t&r S ?ag%gssofgéﬂ-{ldéé %re%&o}% ﬁ?cg@al
cartil age, ethasttjiocloding, fblaegcamphuhyahué aartﬂager, artica]get;arnalagb, yedtdl owvtila@e,carti | age.

The producti t e 1s.lntende hin the
scope of thlggﬁo%sv%%px%e Héxﬁﬁca a ﬂ ragt:la < aumlelt%r ﬁasrteﬂageher e¥etuowr efers to

cells whikh earﬂagfaﬂhbbmdmduonmfa@tmpmfoamtagemsemteadmtocfaalttmﬂlnage scosue. A
"subst anti aI gsence of organic chelating agents” refers to a concentration
| ess t han ntogy exanpl e |l ess than 1mm EDTA. I n one currently
preferred e dlne

provi ded. Th |‘5P°8%r°{’3ﬂ?s§%%§e}% hF(gi}ir% erf)i g%gg 1c§ E?bﬁ%&i A mat rixis

i nvention byp@amﬁg ddthpandtasivartiteatiedus. sol ution cont a| ning an
anti-fibrinolytic agent to a thronbin solution, subjecting said mxture to

freezing andAl“yaptantidl absehc@vf o@nit Ohdliting Ugehtst @O REcdntdoraticatleds XhanUS  Pat ent

No. 6,31 26 di scl oses cjfi rocess for preparing a biodegradabl e
f1 exi bl e i Z iFxp1gpL e?ﬁﬁﬁﬁﬁ“h@‘ﬁ‘cﬁ - The process necessitates dialyzing a

flbrlnogenslutlon th a solytio ct) ai ni ng. chel ators and formng the
flexible C’t“f‘i‘énmfé(d’ﬁ? Flir‘iﬁlne“gto h?fg P‘i’?seélgtnﬁ?ritﬁﬁapﬁars@é?épwﬁr yi ng and
| yophi i zi ngmbtﬂi@ i¥\pRvidé® The nfe@id ¢fakik tyipe nfaly BE pfodweddsacedrdihh® fAackgr ound art

the present |nventors have
invention by exposing a plasma protein solution containing an anti-fibrinolytic

agent to a thrombin solution, subjecting said mixture to freezing and lyophilization

20  to produce a sponge-like matrix.

US Patent No. 6,310,267 discloses a specific 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 protein
scaffold or sponge with advantageous properties including adherence to tissue, pore
size and biocompatibility is obtained following dialyzing out any organic

30 complexing agents. According to one currently preferred embodiment of the present
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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unexpectedly di scovered that a bioconpatible, three-dinensional (3D)
sponge-like matrix may be prepared froma crude plasnma protein solution. A
pl asma prwDeBno78sxaf f ol d or sponge with advant ageous prop@CTile&/ (0589 udi ng
adherence to ti ssue pore size and bi ocorrpati bility is obtained follow ng
di al yzing ou an |c 3 exi n nts.. Accordi to.one currently
prefgrreg e P{eFFéq’&glggkﬁ %?ﬁ ?%%P&%ﬁ%%a?%@ n sol ution
derives fro nudlx}eagﬁmeatﬁomgm ﬁﬁsmf@&‘d@bﬂlﬂ@@o hbth® REbEdieRIGTthe presest preferred
enbodi nent of the present invention, | east one of 15 WO 03/ 007873

PCT/ | LO2/ oosggenﬁt%a%%%eﬁm%mw@ﬂé? B‘I?P%F“’tgﬁhe PR pEe PegothsThe sed for
preparing th@la@iﬁ&?i&fmﬁsﬁnaﬁ%&bdﬂ@c@dw PArt 6 RERMR &'@ﬁﬁﬁmﬁ@ﬁﬁ%ﬂd ng to

anot her enbodi ment_ of the present  invention, all t he conponents used in
pr epar i ng>t hexrelitied herein bfﬁl% resylbigs in almsmqowra@mnwé thayipg subsientisdlyi sol at ed
by a vari et YSﬁHﬂaffﬁtoBélqés aRedSBRWBY bbrelsE, MsticiB)) Sompredsiiink béiEgtalifg €1 N

bel ow, resul t| n In"a plasma protein matrix havin (? substantrally “simlar
properties, Eid) P‘*eﬁahi‘;/thmlén 9¢m@0ne%ﬂla@tbed$qlﬂ,te gompntetngoesplasmd. cel |
bearing cap Péohhﬁé E)Smetrfbdg k@x GAIPRABS Y cﬁ}%},{d B‘U% pALANd from
aut ol ogous plasma,~ accordi ng to rre own i the art 1or exanpl e those
di scl osed i n612%4,090 et Haigch ct &l (M4, Hi@(EngrQbmmt 3689, 28D0X Med Bi ol Eng Conput
38:686-9, 2000). 10 The resulting plasna protein nmatrix exhibits

advant agdus Tpe lfpelﬁn’g pbsmmp:doteiﬁ mgtrikahib'mmdaaﬂthgebilsBrppqmaséndﬁcﬁ@ conpati bl e
e et nSaEb AR AL LR A0 AN ki BB Ry o7 cast Tnte
i nvention, bbblhtytosbedroﬂxindofca:smnmdepﬁmitedmpes.n need of tissue repair or
regener ati on, plasma proteins are isolated fromthe 15 autol ogous plasm
and a matri xIpz epsemdg ptelﬁ@*red@mbodihantrm‘tﬂnd preseht ihhmtipn ddedtis drawe fitonoa Mmay
serve as a su t or affo d as. a cell -beari aff ld for in
Vo't ol ant SRRk R §ERks el rgopt PG Hrolany s PR ¢ heory

t he substiant aatblogbhsgiamatchd a diagdnprepLaimbrext. ngheagemsfﬂaxpr@émw de the

brol i fer ati oM BHPTBUASBIOS frgrboRer eeaf LB P T agel RN ORORIA Mt ne

exanpl es her @i vivo itifladt®idnl X of the present invention supports the
proliferation of cartilage cells in both in vivo and in vitro systens. The
presence of G#hilediodwBhihghé be BUAR be ¥hyEhra@id iifeolytha subsRAgEal @bsedcd f 20 MM

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 web disclosed in US 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 growth and proliferation, in vivo or in
vitro, has not been disclosed. Nevertheless, 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 a 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. In another aspect the fibrin

16



necessary for the production of a flexible fibrin web disclosed in US

6, 310, 267 for 25 wound healing, may in itself have a detrinental effect on
t he prol iwertaniomsm of certain cell types. The use of a fi bPca/muenossyr cel l
growt h and proliferation invivo or in vitro, has not been disclosed.
Neverthel ess, it ossible to_culture certa of cell types
usi ng the weB&° n@?m%é lg'tEWPPB %H’I%l?lﬁﬁ? ut1gh 8#%[3;‘?% SHesTur rent I y
preferred enpeldiiseaa sQlf)seEpEEﬁhﬂ? G5 EHd tb lﬁ‘é@i%tdrﬁﬂg an%fedel}n the¥brinppage produced
froma fibrinogen sol uti wherein bringgen solution is subjected

to dialysis WA egwaﬁpeﬂgtthq@Hapquw& ta proyfrte sndhife SRAB8E | serves as a

scaffold for cbllﬁ i, Bell%fl Rihled at Dsidéi1h hebdDTisdub rdfak Qr rdgBneddiPhher aspect
the fibrin 16 03 007873 CT/IL02/ 00589 sponge is forned by the action

of a throfbi Myspisferaiy e cebreare pesisdethe sponpe Byembingdon, with hioagtere

subsequent | yaga@&ggggaltfgrﬁlgﬁﬁggﬂg{owo@%d Bigferably, the fibrin sponge is
seeded with desired cel |'s allowed to proliferate and the sponge

conpri sing t heue @bdofsthidRbAN Blctial ﬁssﬁéstlﬁ(e IoBrtilBE SnPhork] BIMEsHa/PRI I Or
regeneration. 5 More preferably the cells are seeded on the sponge in

conmbi nati on Witegialtp Suetion cequisiparihesmpldingfaf dleanatfivmte theeeslimensioarlat i on of sai d
cells. In th%oﬁf?g%ﬁa@i%h%ﬂféfe‘s%?vﬁlngrt HiMGEH TR st §SAE%§1F11 ﬂgj% "‘}ﬁ&shlaage and bone,

ti ssue shape Is ~Integra tiron, requl of the matrix
into thréé dimméirsfoomed candempiadycrddtd msﬂunlaratSpwhmshape melnghnngg splierec kwiess and

shape.  Acoor haald o L0 PHA3 MRl L BRI bOLIRHLEAT AEIELALHERE Lo assure a

specific shape’inclu The shape
is determ nedvhlughrhdyebeshaie&faﬁymenmiatbnaranslumydjetmcmwhmhmbemmmzmnle of any

inert materia n_cont act th tr| al | es, as for
a sphere or &ufey %T?%ﬁsehqr??ﬁ‘igﬁoﬁﬁ% 1%%“%‘?%% esfaérforaa%“ﬁeete The
matri x may bmaﬁhaﬁeydbe ﬂlapdsaﬁnﬁlwmbfmgwrgahgmﬂ@ancparnbtstuarpd)sﬁ@mtl tute

pr ost hesga} 5 Renovi n, g%{fi‘l ons, of, the matri i ssors, scal pel, a
| aser CHRYINg RN GXIHE ISR 5 pelcs st SR YT PAHFE et s
required in thigng ﬁfsﬁ@n@hﬂ&@rﬂ&bﬁé\@ﬁy refihdnbbitsHe Quired Mt AhryYd1BimeA@bAal X MUSt be
configured to provide both adequate sites for attachnent and adequate

di f f usi on of SB¥¥Pents fromthe cell culture to maintain cell 20 viability

and growt h un the matrix is inplanted and vascul ari zati on has occurred.
Cel | ul ar invggi:eﬂymgr%%.wa ”Eélrrﬁ‘%twmwe@?%adeawﬁﬁm fothe tissue to

replace the attachment and adequate diffusion of nuirients 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 implant 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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i npl ant and thus repair any defect which the inplant is intended to repair.
Failure to invade the structure of the inplant in an efficient manner
prevents wals0bmri zation which is required for new ti ssueCraLiossyl e t o
sustain its life. 25 The plasma protein matri x according to further

enbodi nment s the invention can used as a matrix f rowi ng cells or
ti ssue cul tu&%eP 1AsT2 profyin Rt ipyits g@’ @H&ﬁ%h‘?rﬁs ?W@“°8%§%$L@qﬁﬁeow t he
mat ri x of theurfade Alet@Bink $o helnddiincat SR PreScROMIEhtioh,h drly Spotgé of f orm
before drying, the matrix is a clot. In a dried formthe matrix is a

sponge. The HsdeYentiensispfacedien thegtea Mheis tispuseasactationds desiigd| 4 secghde surf ace

area for celkgy %@ oﬂfo%lgpparéf&lé%@gllsawé’f@%ﬁﬂé&:Pslﬂlééeﬂ HM@\&%&%HO' d for
i npl ant ati on. he matrices of the invention are useful products

for in vi#roskonge Ihewevt@d SnOPEA @féhqmmlonmﬁww@/tedmmSm@fu@/ 00589 The
pl asma pr ot eiﬂ%eﬁiﬁahrbﬁmng {Rle héating g%cés@mggge&ﬁ@?%g%ﬁte% dnfpel | to

tissue surfaces. According to one e present Invention, a
dry sponge ofelistwere emgingliyonltired pligrete dnto fhetshengg adkering directlyite thaaraaegener at i on

i s desired. t d, i
bl aced on i oot SEIEensPRBROR: ARk bl Rld RbLAIRE| Lo MRRGuR | T 1S
adher es wel | wheretthmewelted spgrpageesafot adhere welent i on. During the healing

process, the cells fromthe sponge onto which the <cells were originally
cul turedlfn gAac@dihgttQ)cdﬂam mﬂmd@mnadﬁ@reiin@ndbmelwtplg/sma@mthia naatexais of tissue

regeneration, This s bvi a ed for | ogi l ue in
i nst ances erdeasflﬁlé‘y t?r 31011&1‘86 egr8oes ng a5t ffolPdf%m‘% f@—lt%g%Accordl ng to
certai n enbodirmetiérs Hofwetdrethe plaanﬁ matrix dfftle 1p€rmsmam|aybétmeﬂ amtsurfwcel s used as

For matton. | ORP: St R B S e e e R B od 2 a

surface usetisue f&mlﬁg st difftrbitnevelsf paiicys Bort cxBinple cellk @puﬁmya h as
mesenchy fissue formn celﬂs$ at di fferenhpl evel s of

| cells or other
pot ency. qgor reé?eaqﬁlﬁpésg P%Hst O pesepepymal st gglis's gre pjutipotentor lineagey s+ or

"nmesenchymal yadoRimiged bsils, wﬁEEa@?erhm&%ﬂf)ablecﬁf ah HBAAS nusePbTftdied cel |'s,
whi ch are potentially capab an unlimted nunber of mtotic divisions

to either reA&iioste ﬁ@lebfen%aﬁmean@@%g@rﬁgerwﬂl%ww the ceppsiteBpacity to
di fferentiat alffe%ﬁa@%{to %1%;{ Lell fREcab BB gRFv AR m@Rix o the TRYlidn. @ L e

invention. In dition i neage-commtted "progenitor cells" can be grown
on the matri gdd;’floq, lipeage- commltted ‘progenitor cells” can be grown on the matrix of the

20  invention. A lineage-committed 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 invention 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 cm®, more preferably 10° cells per cm’.
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20 invention. A lineage-commtted progenitor cell is generally considered
to be incapable of an unlimted nunber of mtotic divisions and wl |

event ual Iwo odiod7f8e3 entiate only into a specific cell type. PCu/iu2d/dossse
appreciated that the matrix of the invention can support the growth and/or
i npl antation of any type of cartilage or other suitable tissue.
Furthernore, although 25 the invention is directed predomnantly to

met hods for growh and/or inplantation of tissue in humans, the invention
may al so include nmethods for growmh and/or inplantation of tissues in any
manmal . The KE'?OdS for seeding cells on the matrix are manifold. In a
non-Iiniting*-@%%ﬁble, the cells are adsorbed by placing the cells on the
surface of t mat ri x .or. 30 absorped i.nt.o the rjix.b | aci ng the sponge
in a solutio %%ﬁ%“&i"ﬁiﬂ??dn‘éeé‘fq?% m “e%bé’ldwetn%én%g’?t‘#’%{ inQudb. 8880 wi t h t he
desired cgl | mobyansidphias suches didiglenablud, 4@/sohyor Mbre B0ds Giddsmgper cnB, nore
preferably 105.cells. per, cn8. .18 WO 03/ 007873 PCT/1L02/ 00589 Additives The
matrix of t h&mHGreRRissHch ¢spnfibipticsiand antivialagenis shomgiherapeptiraecity @plide one or
5 nmore anti sepcti6SagefitdCahaligssid¥RhiylaBR8c BdritinatRAE ARI-inPRRmAfory Eefts A0S
including anptimcrohials such as antibiotics and antiviral agents;

chenot her apehenesach a5:stexids: - rej ection agents; anal gesics and anal gesic
conbi nations; anti-inflamaiory agents and hornones such as steroids. In

ot her enbodi <& egpodipents pithe Riesnhpgs ity fhe plremp Prtmais iludesmt r i

i ncl udes 10 10c&RIpRGRIERhRh YolielRe MRAHEBAfcal, PRy IREARAVi A8 ical BRYSIER! and

bi ol ogi cal properties .including elasticity, pore size, surface adhesion
and abi |ty imshugiegslaicy.qor sizgs Ber ahesionsng phitittempiginin cellesevth ed ude
material s b_eblgﬁﬁkd%ﬁn.t"ﬂlegehﬁclﬁ&rﬂlété{ria@beﬂ)ﬂkﬁﬁg?tﬂﬁ@?ahﬁﬂl%?’pol oRdHdEs .

pol ysacchari des, gl ycosam noglycans, or~synthetic polyrers, I nél udi ng

hyal uroni c agmiehic pelpsareharidds gilyresamineghicans; ensynthefix pelymenwmebading gl ucomannans,
15 pol yuroni i . i e chondrojti , sul f at e,

dor it an sul FREbAE pid8aL BeioGoaRcRhl biladitharfbdt bbb Ale T

hexosani hdgl paanosicbdidd, bgpaiinebbidpditin hiftesddxiran silfasudarosten adfbgsul f at e and
PEG Prefera n i repared with suc auxi |i.ar onponent s such
as dextran s%% %@gaﬁﬁggﬁggP?@S@%ﬁggﬁﬁWHF“ﬁ?gF?ﬁ@ﬁ?ﬁmg%Fd@°¥?ﬁ addi tion,
anti - fi bri nobensutfatgertose onashilige agl REG Pestanbly thecpehgaispréparddwdthuded i n

auxiliary components such as dextran sulfate, PEG, glycerol and/or hyaluronic acid.

In addition, anti-fibrinogenic agents including tranexamic acid may be included in

20  the matrix of the invention. 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 the
matrix for example, in order to enhance a therapeutic effect. Incorporation of such
agents into the sponge of the present invention provides a slow-release or sustained-
release mechanism. For example, growth factors, structural proteins or cytokines
which enhance the temporal sequence of wound repair, 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 FGF2, FGF9 and FGF18
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20 the matrix of the invention. These conpounds prevent fibrinolysis and
thus can be wused for controlling the rate of degradation of fibrin in
vivo. Trawexanims7acid may be added to a final concentr at iPGR/ILE@AYSSYY

bet ween 1%to 10% pref erably pref erably 5% Bioactive agents, such as

cyt oki nes, ctors nd. t heir acti ors etc 25 included in
the matrix o‘” W@ P eg' » GREftiesg & h@“%gﬂwg«¥@gaiﬁﬂﬁéﬁéd on the
matrix for e%aiﬁﬂ@éﬁiealuf%]ﬁérd@gromﬁ b@%%ﬁ@@@b%d&ﬂﬁkiﬁﬂ*‘@ﬁf&%&e | ncor poration
of such agents into e present _inventjon prOV|des a

sl ow r el easehging gad gﬁnﬁ@hgrow@ fagters syabap Blatelgtndenpsd geowahfictor @R h f act or s,

structural p%&ﬁéﬂé’ﬁd&ﬁelﬁl@@%{h%&or (‘ME'G@B" iR RS b fﬁcﬁm}ah sequence of
wound repair, alter the rate of }Sro iferation or 30 increase the netabolic

synt hesi s of kestinogyte BlowinfactentGE), evdefhelishderivederowir wpplement(FRGE). t 0  t he

matrix of th one

grom h fact g%lggrﬁl&%&wq ?l?t(E@@ a]p B@mglﬁﬁag%@g}rugl\?wnﬁ§ ?hﬁitl‘%r%gé E[a:ﬁlﬁlj(r:lﬁlél ng FGF2,
FGF9 and FGFengtifctnoisdidbaierampdlys porogpseoHIP6s) henmimetids sishes | age

heal i ng, Car& SﬂﬂfeOMcH)s% ?Ilfa%ﬁﬁlﬁ%} %lal ndﬁr& rgtéﬁ'lelfegf Ohf act!o ge heal i ng,

nerve growt h factor génes nerve healing, and
gener al gr owshowhaec baos cellsdbrnesg ipinatoattiddge deomar@dn@mwtttssdeﬂnalude ( PDGF) ,

vascul ar ndo heli al wt h f (VE factor
(a1 1", eyt Rt Db OGRS ot H dmaGr owe
suppl enent (EEEH@carule@gewﬂiﬁhct@r(GGFhFGmhmT((}IEG:) and ot her proteins which
may enhance the action of the growth factors including heparin sulfate

pr ot eogl yc an:ﬂlc( ﬂ:ﬂStEﬁﬁ)ofthehvenﬁbr[m‘e ipolspeptidés @<leriveives @rvasant§ texeof, sucr ose oct a

sul fate or ari nts thereof. O her fact 0 act on
Sel 1 o f orr it Lo A A By & S A i TR 11
retinoids, gstﬁnﬁlhte mmmaﬁﬂae(si@alhd céndivikibA RBViRd bf@varBtyO(BEUenﬁ iePRkdgf 1 C for

cartil ag air ude cartilage gromh facto GFs and TG--f 3.
The prot g? nsPgpany %Wé“n?}io(‘j‘ﬁmﬁ}‘tés’ ﬁC%%%CG%aWd%? iazlré“t‘l Sves or variants

thereof, obpatdb@isf mPEBING, Whédth maydlé R deGrodhl deREOMDI nant sources, which
exhibit the ability to stinulate DNA synthesis and cell division in vitro

of a vari ety Agéitie®i ?'Soellé glﬁleﬁtiillij' engﬁéeﬂ@a kd@pdesd m@a&k&nﬁﬁ&edﬁh%ﬁrae@yt es,

vascul ar and corneal endotheli al Ils, osteoblasts | asts, snpoth
nuscl e and nBGlugign e pregent mmt{ond’ﬁaﬁelrrgﬂ eXe@PlegfogéafakagwpmuSéﬁgu neered to

express the giPRLRARBEY HRAGAR SkASI & chondrocytes per se or transfected with
20  cartilage growth factor genes selected from a group including transforming growth
factor-p (TGF-P), 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 repair 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
cartilage. Without wishing 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, chymotrypsin, chondroitinase of the
various types, degrade the ECM of the surface of the joint, thereby releasing
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including in the present invention. Preferred exanples for cartilage repair
uses periosteal cells, nmesenchymal stemcells or chondrocytes per se or
transf ectwo 03/0018720 cartil age grow h factor genes sel ect e@Cirpev@sgyr oup
including transformng growh factor-(3 (TGF (3) certain FGFs or CGF;
bone repair use erigsteal or er nmesen stemcells 0{

ost eocyt es/ o§€%‘1§{f{)§t§f afpaé‘?alg‘étodw ¢ th Spange WW"BBF%PIO’QP%ﬁlﬂaE%Ctor genes
sel ected fromgengstap | ncl udi ng bone norphogenetic protein (BWP) famly
genes or fibroblast growh factor fam |y genes; for nerve repair uses 25

neural cel | s Thoglaf@y trixSeRROhentith is&leﬁ@ﬁsh%@:d%a&i‘bﬁﬂ%& Qupp¥d Fdd genes
selected froma ., group including nerve growh factor ) gene or specific

FGFs. Furthelg%‘fl’égvaéjﬁét%?ﬂ‘ﬁp"érf‘ir)ﬂf?ég‘nﬁﬁ?bétaaﬂﬁloﬁé’éewciﬁt{aﬁ@ag%?énge of the

i nventi onsi Ntis@k d@Swdver, REOHREE 1@@@6@%&1‘@{3&9& oﬁlgﬁplmﬁ&gﬁl’ﬁm %nd / or

pr ot ei ns present inthe cartilage t hout Wi shing to be bound by theory,
chondr ocyt es befsedmpsr seaps 41 lawnﬁidécﬁﬁl‘b%@dﬂﬁﬁl praximgbedliyinxivesoey acel | ul ar
at i x (ECV oy B 1br oo AR 5000 Qi | | agenase,
hyal ur oni dase tsry5|%1% hg/ar?Dtr s;&n ngﬂb&gﬁﬁgse gmﬁ gﬁt?/tg)r fogus types,
degrade the Ecliv to n ub@reé tissie.coe tcoanytomr puifable site nevied Thng keasomskilkal WO

03/ 007873 P he sponge
of the i nvegﬁ{glﬁgﬁogggﬁﬁ% t}%%g%(ré?&?%%%ﬁlpfrl@g&e%g‘ﬁ ?%%&%n%e I“ﬁ%%ﬁénftﬁatr i x of
the i nvedfi okissus radwirements.at ed as a fibrin sponge support for grow ng
various cell types for inplantation at a site of diseased or traumatized 5
ti ssue. Howeltbe follolangreamples as intesied tylee memiyrillsstmgvecin meturgdndsorbe pr ot ei ns
and may be se. n. koplanted scaffold on to which proximal
cells in vi Vg&%g-ué%ﬁﬁl rﬁm I%taﬁﬁe%niﬁw or as a scaffold for cell growth that
is used for ﬁgtatlon of cells to an injured tissue, or to any other
suitable site in vivo. Thus, a person skilled in the art can adjust the

procedures e i, 0 n.aGeorda ¢ eC|f|c 10 tissue
requi renment sﬁ le1: kﬁ?no\yﬂasm Tagte nsr}%‘.’lﬁ\ﬁﬁf ef,P 26%2%be merely illustrative

in natur an as hi 0 LES

Exanpl e gra%ﬂfr?%eﬁl pg %ﬂ%lt‘%alsé ?n’%ce r % 8?%@6 l?l(r)(r)(;ﬁn? f\?%éfﬁ }E nrf?EléAi@T'n frozen

pl asma vvas r ey @20fmlpwas thewdl inadt°bandubétdedvetaighy fttowed $yael ). The
centrifugation at 4°C at approximately 1900g for 30 min. The pellet was

resuspended in 2.5ml PBS with gentle rolling until a homogenized solution 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/ml 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 proteins are known in the
25  art and are useful in the preparation of the matrix of the present invention. An

example of a protocol for the preparation of a fibrinogen-enriched solution is given

by Sims, et al. (Plastic & Recon. Surg. 101:1580-85, 1998).
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plasma (220 m) was thawed in a 4C incubator over night, followed by
centrifugation at 4C at approximately 1900g for 30 mn. The pellet was
resuspencwo o3/00B75nl PBS with gentle rolling until a hono@emikzedossyl uti on
was seen. Tranexamic acid (anti-fibrinolytic; final 10% and arginine
(final 299 were 20 optlonall added to the pI asma proteln fraction. The

total proteiBXadpec RlasparateimBxastiony/fromillogengic s est j mat ed by
Br adf or d assgxtog%q%!g@l% AGE (corrparl ng to a standard). Although detailed
nmet hods are QIv e preparation of the plasna protein, it is to be

under st ood th@lrigiher nethods of preparing plasma proteins are known in the
25 art and are useful in the preparation of the matrix of the present
i nvention. Ah Mmpm@a@ﬁ &‘er@me@m Ifharmztcmetw@}he peeepiable antgroagulant

fibri nogen r| ched, sol n |s 8)@%@)}; et al. (Plastic & Recon.
Surg. 102 15 04183101“?9’9%‘ o ‘6%% CT/ | L02/ 00589 Exanpl e 2:
Extraction of Plasna Protein Fr actl ons from Al'l ogenei c or Autol ogous Bl ood
Materials:  DAmpaniym gifpte fE9250820%%0r any ot her phar maceutical |y

acceptable a a 23~ Anponi H4 26%04 sat ur at ed
(500g/ 1) 3) &r#rmr%’%u%%sﬁféb’c‘é“ nﬂ%ﬁ%ﬁ H@EE (Igpﬁiélte EDTA buffer: 50 nM
phosphat e, mmlﬁmmufMSGnMTﬁ), 150 neM NaCl, plif.4der: 50 nM Tris, 150 nM
NaCl, pH 7. ﬁ% P ; oI ute 4C 10 7) Wol e bl ood (Israel Blood Bank,
Tel Hashoner OHEERObE Socl)‘ie m patient) Methods: One bag of blood fromthe
bl ood bank cunNBbleed)oéiSﬁram BlaodiBek) Teéli i borAcrdiodpital of fromtpatienfo t he 450 ni
aut ol ogous blood, 50 m of a 3.8%sodiumcitrate solution was added and

t he sol uti onMegedgni xed gently. 15 The bl ood-sodiumcitrate was distributed
to 50 m tubes (40 m/tube) and centrifuged at 2,100g for 20 m n. The
super nat ant Qhabdgeof\biddninl e bRdd bitkaobfined 150 mbasl watkined sednhr i f uged at

5000g for 1501trgltg To ’&16 ﬁ?o mTauetol%)chu% E)PooEi aﬂ)tmlocl)f%%r.@% sodium citrate solution

was added and the solution was mixed gently.

15  The blood-sodium citrate was distributed to 50 ml tubes (40 ml/tube) and
centrifuged at 2,100g for 20 min. The supernatant plasma was collected into 50
ml 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 to
225 ml plasma. The solution was kept at 4°C for 1.5 hrs with occasional mild

shaking (magnetic stirring is not allowed).

The supernatant plasma was divided into 50 ml tubes (40 ml/tube) 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 dissolved).

Each pellet was dissolved in 6-7 ml of the phosphate-EDTA buffer. A sample,
typically 100 pl of the solution, 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 to achieve

30 al:3 volume ratio (Typically, 25 ml ammonium sulfate to 75 ml plasma). The
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was collected into a flask, put on ice, and saturated amoni um sul fate
solution was added at a ratio of one volune ammonium sul fate to 3 vol unes
of 20 supworaverst (1: 3 volune ratio). A typical anmount wa®CTBLeR/0088ONI UM
sulfate to 225 m plasma. The solution was kept at 4C for 1.5 hrs with

occasional mld, shaking (pagnetic stirring is not allowe

super nat ant PG W%Ptcﬁtgl(ag)a? P WElR o¢fasipRal guld sheking, /ﬂ%%é)mta ﬁg
centrifuged gﬂu{bggggid‘e%ﬂ%%dmmoggf&%nﬁﬂe supernatant was discarded and
each 25 pellet washed with 10 m 25% ammoni um sul fate sol ution (pellet not

di ssol ved). Eﬁ&&hp@ﬁl'aiaﬁttwé@aﬁscﬁiﬂd%ﬁl&&ﬁ@pélféts@ve?e fiksoBled i vanas piade- EDTA
buffer. A sa typically 100 of the solution, was kept for SDS-PAGE

and clotting aﬁhwgeé@at WA tg%]eﬁ%@arb@ls velpme pé phosplaie-ER TA¥fehe ammoni um

sul fate ps echgwtagg‘;e(_)gty%@al tgtgg%hﬂc{vgﬁbgg%m saturated anmmoni um sul fate to
the plasnma sanple to achieve 30 a 1:3 volunme ratio (Typically, 25 m

anmoni um sul frad @il W mlywmmmmla@gs 40300 Gloir BT k92! 00589

sol ution was kept 'at 4C fo hrs with occasional mld shaking, divided

into 50 m téﬁé@uﬁmowhw&g@w b lisgoefglrisgaCl buffera Therdielygesber nat ant  was

di scarded an I L, Cl buffer

t hat was equgiIﬁI{Tgwgé?éePessge?ﬁgﬁlgghée%ﬁ S%?raélltgl \f% %EG% fik I]E%fflk&g er 5 used

above. A typlocainoveanylinssinblamater. HMupemzﬁanﬂwaS ?ﬂbilaecwdmpdl kephesicdi al yzed

(SnakeSki nTM di al ysi s tubes, 3.5 kD cutoff, Pierce) for 3-4 hours or

over ni ght0 at ThGupprnatast Hlimar\’mdividadiistorﬂé@hlMf@ﬁlledr(ﬂié)ld) whsyaddetl sanpl e was

centrifuged tant fu 1R at 4C to
{%@%PO&Q foh %f‘z%T@% ex f%%oﬁ%’% {nﬂu&% 3{%2 q

remove any inso er| a lper na Was co kept on
ice. 10 The saddephat amfor[?o[)ammit MSsedﬁalItldﬂamelsuhmofsﬂ)emﬂledlﬁﬁshe Chilled (EtOH)
was added toellt go concentration of 7% (for exanple: 3.7 m EtOH to 49
m supernata}r)\]ifp f?gﬁ‘t on ice for 30 mn. It is essential that the

sol utions be l.ed for itate to form Th
centri fuged He %%%m a8 peritfige Pl bF LEpird e P B AR A 15° e
pel | et dilSsothe@ellletmssdﬂeeds&nﬂae vehe oburfd &@m:aﬂtrlamoanmunﬁl) Yfﬁs-mhojl Tris-Nad -

O

buffer. The sq di al yzed over iter of Tris-NaC
Buf fer. The g‘ftjg @5’ Og@f’wﬁ%ﬁg&é%’ %’Sﬂ‘l‘éfﬁt gh‘gggn&:% fir 4C for 15 nin,
to 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 to 0.6
mg per ml of full blood, with typical results of 0.4 to 0.5 mg/ml.

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

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

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

hours.
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el i mnate any non-di ssolved material. Protein concentrations were

determ ned using the Bradford nethod (Bradford 20 (1976) Anal. Bi ochem
72: 248- 25%p.03/0bm87protein yields ranged fromO0.2 to 0.6 nypcparoxdosssf f ul |

bl ood, with typical results of 0.4 to 0.5 ng/m. Cot formation ability was
determ ned by adding 30 | thronbin (100 Um; Onrix) to 70 | plasma
product (10 M3ample 3: Plasma Bratein Matvix BreparatignMethodo' sec. Protein purity
was determ ned by el ectrophoretic analysis of 50 g of the sanple 25 on a
5% SDS- pol yaMﬂ@%de gel and staining using Coommassi e blue. The remai nder
of the superpatant was _collected, frozen and |yophilized until dry, 48
hours. 30 231ltApF¥saripecid Yo Baal) | L2/ 00589 Exanple 3: Plasnma Protein Matrix
Preparati on WelhedcMeties 5al\g: Tranexam c acid (5% final) Calcium Chloride

5 mMM5 Thgompjn (10 ni.ts/m, Omwix) Methods 1: The nmethod for the

prepar at i n%“?’ﬁ?&lggg\(g%m{sﬁlgb&n%nmtri X was optimzed for protein and
t hronbi n consemiodati on as shown in Table 1 below. Sanples prefixed with
"1" tested optimsation of concentration of clottable protein. Sanples

prefixed "2" Tﬁ@m%b&fdr&ﬁd;ﬁépafrﬂfon@lﬂﬂie@ia‘élgh b@fbhﬁﬁm’@i@%ﬁﬂﬁﬁrﬁ&éﬂﬂr Or t hr onbi :’l
in sponge. All experjnents were carried.out in triplicate. Taple 1 Sanple
# Plasma Pr oPBQign %ﬁrd@fﬁﬁlgw copgsHERHMN A% thowH | ??H’ﬂo‘ﬁ'r%f”@?‘?% pref‘l‘@db‘?)lﬂm rnl 1.5
| U 1-10 10 noimebsted Sptilnkibatidn &Qor@nii@ioflor alo@ablé-f)mﬂain3§dnﬁﬁesrwéfﬂ&d 251U 2-0.5

20 mg/mM 0.5 U ) o )
10 were tested for optimisation of concentration of thrombin in sponge. All experiments

were carried out in triplicate.

Table 1
Sample # Plasma Protein | Thrombin
Concentration Conc./mg protein
1-5 5 mg/ml 1.510
1-10 10 mg/ml 1.51U
1-20 20 mg/ml 1.5TU
1-30 30 mg/ml 1.51U
2-0.5 20 mg/ml 0.51U
2-4.5 20 mg/ml 4510

Results-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 significantly upon
freeze-drying. The sponges made with 10 or 20 mg/ml protein kept their structure
after 24 hours in tissue culture medium, whereas the others were slightly 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 enough time to mix thoroughly before the reaction
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2-4.5 20 ng/mM 4.5 1U Results-1 15 Sponges were anal yzed by conpari son of
dry and wet physical properties. The sponge nade with 5 ng/m protein
(sanpl e wB)o3mbtmsanhk significantly upon freeze-drying. The@CTpbexg®ssomade
with 10 or 20 ng/m protein kept their structure after 24 hours in tissue
culture HEdiW%hl ereas the others were in?htIy defornmed. This does not
interfere w PHMRIFESbufether copeepiaiqug Ate@rtspipbledaT htaing 8 A Witk er i nes t he
reaction tinmputs@htidlyeimPdrpidpeitat i on of the fibrin nononmers. The
concentration of 0.5 U thronbin/ng plasma proteins vyielded a sponge with
good physi calMegadds-Di ol ogi cal properties. The concentration of 1.5 U
thronmbi n/ ng plasma proteins was chosen because it gave a fast reaction but
al | oned the BpengsOkett HRBSHEMBGEY SlasiR prdleilkdlutidhCrigOitombaedtiient he reaction
24 WO 03/ 007873 Pg;/LL02/00589 . conpl etes, but other concentrations are
accept abl @ f §SUBhiseansapddyophilizing Himpn playmssiretaing Alom dilferenysayrcss; oper t i es.
Met hods- 2 SRQBEES oMo gBBE §ith WariBu 196ls 8f PAARPRothin bRtd hssPhdtideQn Wi th a
thrombin solution, 5 casting, freezing and |yophilizing. Human pl asma
proteins, frBiped omesndptionsketivesa s20-3) mefad nepremerelabiiprblostio@amrixheh var i ous

| evel s of pl agi®. AL LN SoonEfEidAS H%)’H:'l.”g a protein concentration
bet ween 20-50 ng/m . Sommerci a df’ltlg(r:hlon gen (Onmrix) was tested, as well, at

a_concent ¥ at ingiduiBin EOITRN ) wRIRER' Mo il DA dathuln fRiP iR Ik gty 1 7 @ ST

cal ciumchl oride sol ution. 10 sponge fornulation included
t ranexaml@ agnosgaformulatmmdagieded tiapxamic ashabe cagentratieelitdh aglodh t he pl asna

protein sour : ions (plasma protein and thronbin) were
b en nﬂgo@ag}éfés&%\?m%?{ %HCQ.

m xed t oget he r at respectively (for exanple 210 | plasma
protein and ' ' o : P : 8 wel |

ELI SA pl ate \%g?sébgggt e \l}\i[ﬁ v ﬂ%%%gg%ne%drng %&ﬁb]%g&érg%%qﬁge%gﬁ aﬁﬁt{elo‘pl asma
pr ot ei n sol ubf2ird segEctirdtie(dor eXimapla Ki pirptasma proteie atdeftogd tlabdbmbin eclntidn®mper at ur e
(-25C) for 10 mputes or until t |l ot forned, foqllowed by freezing at
-70 C overni H‘rFFé ﬁowgméeﬂa%‘&g W?/]EEH%IAWJ%W WS%COGWG@FthQPﬁPf@OE@HUi tions, -85
C until 18rysdi@ondénd tRAsAsmbrétem sSlufdtvasRdidd. 2hE miMaE §at BRlbatdagt f i nal

concentration of o . .
room temperature (~25°C) for 10 minutes or until the clot formed, followed 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 isolated from the different sources,
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 preparation of a
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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thrombin was 1.5 U ng plasma proteins. The anmount of thronbin may be varied
20 depending on the desired polynerization rate of the matrix. Results-2:
Sponges haoviopmosabst antially sim | ar bi onechani cal featur @€TaNe/00589

bi oconpatibility were obtained fromplasma protein solutions isolated from
the different sources, allogeneic or _autol, gious bl ood, whol e plasma or
comer ci al fExmpledScaffoldMarphwlazy and Mechanical Prgperdies, sij ze, surface
adherence, ability to maintain cell

gr and . proliferation and

bi oconpat i bi Mpiiges fontissus engipepdngsin SRR 35 COPBFteriFY A5PRRRR AR T¥H20f a  pl asma
protei n sponggerfaf jﬂcﬁﬁingrcﬁ&ﬁiaﬁl rlath¥e& Pbioify, adhekidRModdmpaBBitgdadf or preparing
the plasma protein and a range of protein concentrations nmay be utilized.
30 25 WD 03/ 0013 apersst pibors ddwgder Betaopit- k. 18432 16P20Rk bkl 84 and
Mechani ca) Rpopefdicfoddalbfeffics Bl sebdrlti reSREHeNRE hhd the HLIGEAEbALs ar e
characterized according to several «criteria, including chemcal nature,
porosity, adMdkdsppropgrtiotonpati bility and elasticity, anongst others

(Hunzi ker, GOsteoart. Cart., 10:432-465, 2002). Table Il of 5 the

af or enent i orladhe lab ef dadwventoss; spveraladithg propertigsdapy basa measned RerosiHe bi ol ogi cal
basis of t [ : f ' . of the
properties Eg@gﬂﬁggﬁqﬁgggéﬁg%%ﬂﬁégﬁgig by}é%p&g%t?ig%?ﬁ %(%l?rerggr&t ﬁﬁ‘l@gr ation was
i nvest i gat edhbliglyerimesqope by sertiomng breentldigtorthick sprsirhinghipesiinenoscope by
sectioni g LG SEALESLE dl ud BEEKRRE Bl EAR0x TRRGLIEAR opith Wer € mounted on
slides and were stal ne y ema?oxy I'n/eosin. “An optical” mcrometer
measur ed t hempametsinzaasaadltht peredizs taadthe dxétneebatwer gpipghboeringpopsr es.  Fi gure
1 A shows the plasma protein clot (10 ng plasma protein/m) before drying.
The pore si ZEigurs 1Arshowethp plagmb provei) clet (@6 mgpigpma gdroteinhel) péfasntryipg.ot ei n
sponge (Fig.., 1B) (.10 r | asma pr.ot ei n/ m fter dryin t he_pores are in
The 900" prn sTrote e Tl v e B8 et o i Bbo e SER0E 3 D 2o
protein spong® (06 mgPld¥tha ppsteib/eilndfeet dfyirigd the bBes aredn ehepllo@suresiprratgei N sponge
of 10 ng_ fibringgen/ m. (Fig, 113) . is not notahle and di fference was
found in heﬁlf’é?&?ﬂe’é‘?e bﬁ?"%ﬁfﬁﬂle&‘?r‘%% ‘%M?asgléﬁfoft?}’f‘(ﬁ%‘).ng‘f Ppgoalﬂg be seen that the
pl asma pr ot epbeEPANFEs 10§ atdeplhdiveitbiedspbéaf 20 nipgibiRbienthl EFighsBanti al Iy

regul ar pores conpared wth a collagen_gel (Fig. 1
g P is not nrgt)able and no difference was found ?n the (celiu?ar grovx%m on the two

scaffolds. It can be seen that the plasma protein sponges of the invention have a

network of substantially 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

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

Deformation represents the elasticity of the sponge, i.e. 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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20 Inits final formprior to use with cells the sponge is substantially
dry and contains |ess than 10% residual noisture, nore preferably |ess

t han 5% rweiodweds7aoi sture and nost preferably | ess than P@rneey/ sl

noi sture. This feature is neasured by mnethods known in the art. Mechani cal
property neagurenents were perforned using a Chatillon TCD200. 25 machi ne

with a digi t BEYFSAEPEsRdheiensile Sﬁfﬁ‘%gﬂaingﬁsér?éelnﬂ‘é?ﬁv%éwnlgﬁ%coﬂpé‘ﬁ‘ﬁ‘g was set
to 1.2 cm aﬂﬁ@dﬁfélréntﬁlﬂﬁ \6@1§ o?f‘eﬁtstIQgLiJ@Zﬁ PR EhiS defERRANOR A BRBamE Ot €1 N

sponge was 5 cmlong cmw de; and was fully Iyophilized.

Def or mat i on Wé?)?%%’émf@ $h@émem§tarwwablﬁ of trating e porieese The pllageibunt  of
pull as %901‘(1#3 1&6&11&1@2%&11{/ §va<ﬂam (@)R&B HEUuBSpIBNRS {pofled(Bhid) the sponge
tears. Force IS cal culated 1 n kPa and represents t he amount’ of energy

requi red 1o Wesirenanul @pmnglée plesmi pesordiigdo thei netpedd én exeniplcbtlfavgimbd in to

the cal cul at 1%% ]ﬁﬁw resents the

tensile gtrengt rg%@asurg & &ﬁgﬁh?ﬂéﬁg%{é §glaPFd OEC %irg?ferent

auxi liar ysﬁ oprppmehérﬁn cEmgmoeallzth)lkipbei}ﬂnmoyndw%aiewodibmheen% Erre Itlype of

sponges. ShOMIhE HACANEHAGEY T bE AL shERbAMkE DARRAER e col | agen
ep

(Col ) sponge rrerci ar y av |1a asfne_sponge
(crude) 5 Wr%édl%fmﬂ@n@&am@mamsd@ (1g5% dindlvengenodtim®l |1 n

exanpl e /m | I, sponges shown herein containing
auxi | i ar§1/O ﬁpgﬁ%%?léokﬁ‘?é{nag %{Wéﬁ ©Pr om comerci al |y available fibrinogen
(appr oxi mat eThe sponges lpfdpaﬁg@i’(bm p’@rff gl Yibritdden (Bba) dnd liise prephdd frofh ER4% f i nal

PEG <PEC S00M A REBPY P Paialh ertes rtaion PRBersEog P nal -

concentrat i Oghbn emem§ﬁg e&hm@mrmd}é;ﬂlwﬁmsﬂeﬁmefmbﬁ% agen (Fbr) and
t hose prepared romcru | asma proteins crude) exhj bi t substantl ally

i dent i cal m@ﬁ*&lﬁl%ﬁheﬁP%%%%@@?Slnﬁ@ma&ﬁ friedonsiiYs an Imgreptstin topileand PEG

exhibit g eaéh%ﬁéth ®iSho ﬁlcl%faéeﬁiﬁgiabu%dEacﬁ|aéﬁh&19'a§éht %ﬁb@rs&@ﬁﬂ&@ts conpri sing
dextran sul fate al one shows an increase in tensrl 5 strength, with no

i ncrease i n edrtagtnrenertes ttEﬁ@rspmm Mrcmsyom‘gew!ysrﬁpb@af@n@cbtq %&amne theer t ai n
properties t émgﬁg et erm ne
the pore si er<1é gi%% regtllfr%l% Pﬁpb@ ?%ch S 161%5 E‘e%ﬁ&%{tgﬁns&gﬂg di fferent
conponent s. Plpch@eedﬁgrBreparmgrw@mmwﬁlga@bmwg@sprwenﬂqdhd?dmthelﬁers is presented

herei n bel ow.
Example S: Procedure for Preparing Sponges comprising Auxiliar

20 Components

In a preferred 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 biological properties.

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

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

All additives were filtered (0.2 um) 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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Exanpl e 5: Procedure for Preparing Sponges conprising Auxiliary 20
Conmponents In a preferred enbodi nent of the present invention the matrix of
t he presew0D osioomsenti on nmay be prepared with certai n additiPee#gLo2omssuxiliary
conponents. Additives including dextran sulfate, glycerol and hyal uronate
(hyal uronic acid) were added to the sponges to alter certain nmechanical and
bi ol ogi cal propertles 25 NbchanlcaITabﬁgghyS|cal paraneters were shown to
be control | ed DQ 0

addi tives y be rquﬁﬁgvafter
t he bi ol ogi dal_prope eS _Q

m and were |gdded to the plasma gro e additives
and concent rlatYSH tested are shmﬂrposn&?]r@o%a%i’é)% Bei bw 30 27
03/007873 PCT/JL 02700589 Table gltlv oncentration (% Final)
dycerol 0.06%%70.01; 0.05; 0.1; 5’ s LPEGF 0.005; 0.05; 0 5; 1;
1.5 Hyaluronic acrq 0, 00024; 0. UL Ulz2 0.0Z24 Dextran suffate 0.1; 1,
5. 10 d ycer|diyalpropic | uronic aC|0000©243@2)9 4@(&13&%’44 + 0.5 Hyalurpnic acid
0.0024 dygerol + 0,25 Hyaluronic acid 0.0024 PEG ¥ 1.5 Hyalurpnic acid
0.0024 PEG|LDextrap s WI uronic_acild-L1p5dB24 @ ycerol Q0 25 Dextran sulfate
+ 1 Glycerol + 1

Hyaluronic acid 0.0024

Glycerol + 0.5

Hyaluronic acid 0.0024

Glycerol + 0.25

Hyaluronic acid 0.0024

PEG + 1.5

Hyaluronic acid 0.0024

PEG+ 1.5

Hyaluronic acid + 0.0024

Glycerol 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

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

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

The additives impart beneficial properties, including surface, mechanical and/or
10  biological properties, to the sponge during its preparation. A currently most
preferred embodiment in accordance with the present invention is a sponge

comprising dextran sulfate.

Certain additives may be detrimental to cell 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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Hyal uronic acid 0.0024 * PEG = pol yethyl ene glycol 300 Optim zation
experinments were carried out to determne the optiml concentration of the
addi ti veswprspensns of matrix flexibility, elasticity, por®C3ilze/mssd cel
gromh 5 capacity. The concentrations of the auxiliary conponents yielding

good physical properties_.in ter f .pore si.ze, tensile strenath and

o ast] ol ty whPlREe A pariony Bretiried SpoasgpGrovtS 8 shone PPARO AT IIEEG or 196
dextran sul f aheor ridte a@diftfed faf ehcritdriboveaivhedinahe $poBgeOis wiakHed fellR@RNENt s i s
listed in tahle 2.. The ditives ipmpart beneficjal. properties,. . including
surf ace, oo RsieEAPS HBRbratoRgen Abf Bgreaes m?wﬁﬂlﬁ?de‘g,re Bveﬂl}ée%%ﬂge duri ng
its preparat ppturd currently nost preferred enbodi nent in accordance with
the present invention is a sponge canprising dextran sulfate. Certain

addi ti vess mayxhapled: Didseintigh rdte cell growh and may therefore be renoved
follow ng the freeze drying step. The sponge is rehydrated by washing in

sterile, 15THi sitd dfl sp6hoiseoluidn HESuRHthe 16elSTREbsHIRKirRAhA thd Fl¥snide

rel yophilized to renove all 28 WD 03/007873 PCT/1L02/ 00589 noisture. A
currently prBioln BCURESEMSent provi des a sponge prepared containing one
or nore additives as descri bed above, wherein the sponge i s washed

fol | owi ng t hé&W™PrERermegts %ﬁﬁwiﬂfﬁ%&ti Ereéftlwaawri%@nw@ﬁé@@ POPEFShi | i zed to
renove all r ggjeddftoom Bnpériuf anélz. bih 61d spbispe @ btbfel @RadralRrie rate of

sponge di ssol ution neasures the | evel of crosslinking that the plasna
protein h@vecendii®ngone. Two experinents were carried out: 1-Freshly made
versus one nmonth old sponges stored at roomtenperature and 2: two nonth
ol d sponges $tBrddy wadreandgne moptbpged spongesyigre pleged inte 0.76mb i¢Y\Wredade and one

month aged spNERRy Weiken PA 354RSle bitliBa Rasmith cvel Y, 15,89, 30, 30 thi@idl Tie Shaken. A
sanpl e of urea Was taken every 5, 15, 20, 30, 40 ninutés. The amount of

protein in th@oytefprofeirin the wesligt dissalutign tateef fhryrspengepwagdetermineddet er mi ned

by the Bradfg%gwqggggghnégxfigure 3A shows that a freshly made sponge
di ssolved in urea at a rate of 0.085

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 cross-linked than the fresh sponge.
2. Sponges were stored for two months under two different conditions:
a. Inert atmosphere N (g)
20 b. Open air (standard atmosphere).
Following two months, the sponges were tested as above.

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

rates 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 cell 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 placing a drop of

liquid containing cells on the sponge and allowing the cells to adsorb into the
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ng/ mn while the ol der sponges dissolved at a rate of 0.025 ng/mn. This
suggests that the aged sponge is nore cross-linked than the fresh sponge.
2. Sponge’owatersss ored for two nonths under two different PCONUIZG068YS: a.
I nert atnosphere N2 (g) 20 b. Open air (standard atnosphere). Follow ng two
nont hs, the spong were. testeq as ove. Fjgure. 3B.shows thai the sponges
exposed to a‘iangfng‘th@G“Y??yo A Ry 1"&‘1“&*&%&"8%“@8&@3" R dEe stored
under inert il the efthge ExAEEAlMer holdRk| a ueRMbidE oP&IR f f erent et hods of
seeding cells onto the sponge may be used. Inportant to seeding is cell
adherence, nvgfeailobid PRARE4:ty and proliferation of cells within the
matrix. Cells may be suspended in nedium PBS, or any bioconpatible buffer
al one or i nCllhgeddcls aRGRepafed i GRGAN Medidg EMEDM), el plscety tdpofaceded by
placing a drop of I|iquid contai ni2386 cells on the sponge and allow ng the

cel I s to dswepes aiadensiy of betyes 1518 pEctandad 3000 pisma PRvtige

Al ternativel t cel.ls. | hes\l.l qui. f | R e sponge by
pl aci ng the 88 Y pl?nr)lménagegm'%f}% r1h%%}1%9%%’%9%&%%@%%?%%11%@ C%IFIFS. Mat eri al s
and Met hods: valurhéswifeebwik hediaareadded palrthelcdlls aliowend th gravdfarvaridvElne and pl aced
on top of a _b. n t densi.ty.of between 102-106 cells.per standard
300ul pl asrrape&pg{?i'ilg?o@eplgﬁarétof’ib’ﬁi/@ﬁf?f’é‘ﬁ%f’ W%e e Sézeﬁ’isé%betsi ter plate
havi ng 48 wedddshickiek§.erent volunmes of growth nedia are added and the cells
allowed to grow for various tinme periods. It is to be understood that the
sponge of0 meollesvim thiearduis) gwedkzamd thredrapeksincubatior for thi Reisd spbigdsptheowi ng

t hree-days, 1 week and.three ek Jncubation for.the see sponges, the
sponges are ?eegﬁS&mcmdﬁ%eﬁgéé} anWnﬁﬁr%ﬁa%%F%?dgﬁg%n observed.

Cel I prol i fgoRictation isdetRinglodbi@dodeddeBeigled. i n Exanple 9. Exanple 8:
Cell Isolation and Culturing Reagents: 15 Coll agenase Type 2; Worthington

Bi ochem cal Ep4riple 8CBEH Isblativh4hd Cultugial sol ution: 1700 units/nl in medium
(in MEM

Reagents:

15  Collagenase Type 2; Worthington Biochemical Corp. (Cat. #: 4147)
Stock solution: 1700 units/m] 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 100pg/ml

streptomycin

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 sponge is seeded with cells

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

vivo.
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M ni mal Essential Medium (MEM G bco BRL (cat: 21090-022) Fetal Bovine
Serum (FBS); G bco BRL (cat: 16000-044) L- dutam ne Solution; G bco BRL
(cat: 25080-0324)8720 Conpl ete nedium M nimal Essential MeaiCum.¢2vmkgo

suppl emented with 10% fetal calf serum (FCS), 2nM L-d utam ne and 100U/ m
penicillin, and 100g/m streptanycin Preparation of Inplants for Articular
Cartil age Th@a@%ﬁb’éﬂ’%ﬁ fropa figphoig Rertilags wateisetioned InfespllRiecss a cel | beari ng

scaffol d foraﬁpko%c%ﬁaely%%3r4elﬁﬁltﬁlc@m¢asn&%aﬁfcamy Rt PBY aANBladilB e hewt he cel |'s
are cultured on the spggge invitro prior to inplantation. In a preferred

aspect, the &P ?)?fg’éalil@g M@M@Q@%Jﬁ%aﬂﬂWé’F@Pﬁ?l%éiﬁ@ﬁ@Wnpl ant ati on

and the cell g @b, V@Qmé@axﬁf@‘ﬁ&e@&&‘ol%lﬁlg’eﬁ&é éxtaﬁltdlé'goué“ vo. 30 WD 03/007873
PCT/1L02/ 00589 Cartfilage biopsies'fromfresh pig cartilage were sectioned

into smal{ pC@lﬁ%@nase ﬁ@@ﬁl%ds@lhﬁehﬁ :fnd3- rﬂ1mahﬁemthéf@&h b AgePhical |y with
PBS and placed i'n a riew tube containing 3 M nedium ™ The cartil age may
be obt ai ned the mtawvaswbzﬂteelgmiyengéécﬁi @@ubaécprcpvprsmghte%mampgx ohltheogenei ¢ or
aut ol ogous. Was -added to the
cartilage pi ecgg andﬁge?%g’ m X %%smwas s?hﬁﬂé&ﬁﬁ%@h% eﬁnﬁ a%mmg‘} i°ncubat or
over night. Mhien debrst andfuntligestedsmatptiad. Vmsﬁlmtgws emmﬁlg@i adopelesli on was
poured throu steri to renove nmatrix debris and undi gested

mat eri al . Th%g |q°tr?%+vé3rg\s/:§uza§%n?r I'fuged and washed tw ce to renove residual
enzyne. T [0 Wﬁ? t h%ﬁﬂ ter and

vi abi | t3‘/6)\/\/ajis]1;?ergl ?%cﬁ@a%géh ? ed Iaﬁi{éemé’ gugtfg%%d ﬁ% were pl ated
in 150 cn? tdeﬁ&nmadtﬂytttypm blﬁdz a;s:hslannTl&(beﬂt were ptaidd iarl 60 mnﬁhasm atltuse

o6 00D ot mosHBY I D on R Aty et SRS de b ed cvery

three to fouplagkdys a 3TP@ieebdiG a0 69eC® aAmosphere an® 9% hamitdidyUEind cuftotel owi ng one
week incubation. At cgnfl ence, the cell rrﬁlth u ¥ S re ved and 3ni

t rypsi n- EDTAMEHPR 357 hsheed everyfhuss to fow desps- “Yfted, the

sol uti onwvasc(ﬁﬂagﬂtlf&ugﬁﬂg ade WM GnduBstionl0 M nut es. The super nat ant was
removed, the pellet dispersed and the cells were

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 0.2
cm®). The matrices were placed in a 37 °C incubator for 1 hour and 1ml of fresh
medium was added to each. The medium was replaced with fresh medium and every

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

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 initial
state (Fig. 4A) up to cell confluence (Figs. 4B through 4D). A histological section
of a one month 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 resembles 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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counted. To create a cell-bearing matrix, 102 -106 cells were seeded on a
pl asma 20 protein scaffold of 9nmin dianeter and a thickness of 2mm

(appr oxi maDeBYoB72 cnB). The matrices were placed in a 3PCUILennob%t or for
1 hour and I ml of fresh nediumwas added to each. The medi um was repl aced

with fresh di nd, eve ew da trlces en.to cell
proliferati g&‘ﬂ#&' g ‘?]Fléﬁr“éﬂy?egfla ’i’i‘aﬁ%ﬁ‘é?ﬁf’é" eﬁé%‘lﬂdtcg Hﬁréﬁ%’é"a A -D show
that the pl aspmatigd a{meﬁnarschaﬁdr&;yte@ SthIPIgtets o@@étém&dhﬂj}mrdeﬁmh@ratdomel i feration.

A 3 to 5 fold increase in cel nunber was observedfroman itial state

(Fig. 4A) upc°igcigerfth %«?ﬂwmetelmbg%w awn fhe etk aedspplege hivd ol ogi cal
section of eaﬁmgeﬂmahﬂusplrh@e%unmggéai th&tqne hieb&t exidshlir @A) showed
that the cells on the surface of ol | agen sponge are snaller and
retain théir isyHerseagly dppepds QfsﬂéésﬁGlﬂElC@%‘m mpfgrig Dihe fikyinispengent eri or part
of the col | ageR:ARPRYA fifbblitichPorAhORMASHid dlowh ISRHEa G i RAD! €5
fibro-cartilage, whereas in the plasma protein sponge (Fig. 4A - D) cells
are wel | di spambscésﬁuaﬁun@pm@dn@paplﬂagwwmch ot her, enbedded in a 31 WO
03/007873 PCT/11L02/00589 thick hyaline |ike extracel I ular matrix and
retain thei r Faghadbagtedfithewstpapilesipn argyp emihe abdvemeatiiges oxpressed gexeral
chondrocytes f apacity of
the cel |5 o sanap ity A fentBhe kRS, DR MRS e ]

cartil agéﬁouslumcrhondrod')heééfereasatidnss slyegaminoglyiean (GiA€y) powivetia. dhe t i ssue- 1 i ke

formati on, Vt&otnro S%Zi%}rs %)vg d%ntl ngEO? glcaps‘%?.%ﬁ{ﬁg 1si I gcﬁlﬁ Ibtuﬁ rix

mat eri al . Thé’ B9 Keeh e &% nvention is
shown to be Quaa:uqaed ughiig e DM (3, M1meﬂa3x§ri>dna]gmeﬂmsém&ﬂd’>mﬂemﬁye mwathbhan t he

col I agen sponge, art. o he ce |on rown an the above
matrices expr%&gégo"%se Efeeﬂﬂ? fthet(f%bccﬂ Efr%&@?@i F%t?se%f’mf)? “rar kers. One
O}‘ sever al plfdﬁfb@émfﬁ%%gjeﬁgmbﬂﬁg&ﬁ@poné& dbiin 19t (Qh@{gli‘hl)ﬁﬂc%ﬂgﬁbi\hafﬁlefeﬁnt ijati pP_ i 3

g ycosam_ nogl ycan roducti on producti on Q identifie
in histoldgi cBAmees Pma@aﬁu@ﬂsr@p%ﬁtéwnbﬁa regd Qﬁeiﬁﬂ%‘?eﬁé the DMVB

(3, 3" - di net hgowedizthel pRsm s hldwsk %ﬁé@iﬂdﬂi’)@hbﬁﬂ@lof@bﬁf%@mﬁdaﬁﬂy highdiows the

results of the GAG content in calf chondrocytes grown on three different
matri ces; colGAfgeontaydrwgesslls growp pmtheicgllagen sdorge wRlixa hs SXRSES DY ot ei n 15

sponges ( 20 BhBhstratel Ehe'aﬁlﬁ;pPlsJeﬁMo Unf&agd Hﬂﬁreﬂﬁ%ﬁtynﬁﬁ@ﬁl@ﬂﬁ@ﬂoﬂeﬂl Fig. 5 that

cells grown on the plasnma protein sponge and/or fibrin clot show a
si gni fi cant | yrdiggher

20 Example 9: Cell Proliferation Assay

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
cells were grown overnight in MEM, 34 U collagenase was added and the cells or
cells+sponge incubated for four hours. XTT reagent was added 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 not impaired by the presence

of the sponge nor by the addition of the collagenase.
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GAG content than cells grown on the coll agen sponge matrix. This experinment
denonstrates the ability of cells to undergo differentiation on the plasm
protein wWpoanes720 Exanple 9: Cell Proliferation Assay Prolriif.evmssoon of
the cartilage cells on the matrix of the invention was quantitated by one
of two net hods, (3 (Mol ecul ar Probes) or XTT reagent (Biological

| ndustries, ¥Exmple H:Goatfutigular Cagfilage Renaix Model i 550l ved i n col | agenase or
other enzynes and the cells collected _by centrifugatjon.and subjected to
anal ysi s accorompgjativestydy t?rﬁ‘f?ﬁi‘i?cfgﬁ}’sé’r"f ?}F‘HF%%’P%".% & #eSr}@“‘%?fdgri nent ,
human arti culqts vwdipedb@edt es (106 cel | s/100 ul) were grown in the presence
of the matrix of the invention and coll agenase in mcrowel|l plates. The

cel I's were gripudaR\ee @iy were tVeMnp@d flkitphlepgedanagsas agiddpsheand the cel |'s
or cells+sponge incubated for four hours. XIT reagent- was.added for 3-4
hours and 30AndReopmargal Gallpgen Mt nferg)y of INigmIpiory dpsPgRse fin Results
are shown i nydrb@yh the ifjurelSudRR, B85 A8 RaglRy B 196 kfcabatth ddutathe of the cells
was not inpaired by the presence of the sponge nor by the addition of the
col | agenase.grswfhﬂlglw@wﬂﬂ@ePCT/ | LO2/ 00589 Exanple 10: Goat Articul ar
Cartil age Repair Mdel A conparative study to evaluate the use of inplanted
sponges in kﬁﬂe@ﬂﬂaj@&m goats was performed. The goals of the study
were to conpare freshly prepared sponges to aged, spones 5 and a commerci al
col | agen mat ¢ Bsets veteselpgiedfor fhertrial pad pereyandoappassignedigions p{the o adhere to
the inj u;@d suihakeronh® test the capacity of the sponges to induce the
grom h of hyaline Cartilage. Materials and Methods: 6 goats were sel ected

for the tria fredBf &ohA0 PRt iYesh RSk NRAgE0 one of the 10 treatnent
groups. The 451?f e?ents%gp%cnglgs (erfgtrices) tested include: 1. freshly

prepared pl a?:%sﬂ?%}ﬁaﬁd%%ﬂg%%tahsﬁﬂg&ge i ncubated at 60C (incubated at 60
C for 24 hours foll'owm ng 'casting) '3: aged sponges (4-6 nonths old, room

tenperature §:t8951?§@icubated at 60°C (incubated at 60 OC for 24 hours following casting)

'

AL —

3: aged sponges (4-6 months old, room temperature storage).
15 4: collagen (Ortec).
Antibiotics:

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 was administered IM.
Induction: Once the goats were dazed an I.V. venflon was inserted.

Formulation of 1ml valium (1mg) + 2ml Ketamine (100mg/ml) 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, intubations 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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15 4: collagen (Ortec). Antibiotics: 2ml of anmoxycillin was injected | M

i mredi ately before the procedure and once a day for 4 days after the

pr ocedur ewoMaeesshesi a: 20 Pre-medi cation: 0.2nml xyl azi ne PR¥Iper002® kg body
wei ght was admi nistered IM Induction: Once the goats were dazed an |.V.
venflon was inserted. Formulation of Im valium/(1 + 2m  Ketam ne
(100my/ m ) | FiRpesavare emapedsm the laigad sidg michihe patellaiwasgi %q*Pdtlhféfavéﬁ\‘q on. An
addi tional Ogpih AR Rfos@dlded as needed. For procedures |onger than 30

m nut es, intubations and gas (Hal oten, or 25 isofloran) anesthesia was

adm ni ster edFoﬁrﬁa&faﬂﬂﬁ&éer%fea@(én%mae c%le%d‘ﬁPﬂ&Q mt%ﬂffﬁ‘”c%'o?tﬁ@%ﬁoﬁhaved in
bot h knees and were washed di s1 nfectant. 7873

PCT/ | LO2/ 0058@1le¢§eégie\lsefreeusesgm@aeldﬁthph@en%tfaénathewbiﬁhml bore. Bbg el | a was
di sl ocat egl I ﬁéf@ét%éaXve%%s%J&%sﬁl thiide2ge exposed. Four partial thickness

defects (6mm) were create he Jjoint surface of the fenoral condyles of

t he knee usi Bgcansec ) RehspMnbiPtL sRgBet rating the sub-chondral bone. The 5
def ect area was washed usSing sallne. Procedure for transplanting the

sponge: The II'M@BIB ﬁlllﬁ%éfﬁéés'v&?élnﬁﬁn?ed'amla@rf&é?iqo %%e?f%b@lpﬁgnéllg 4 he defect.
Optionally a f|br|n based bi ol ogical glue may be use he patella was

rel ocat ed andbrimbassi hiplagical gluelmak beyussd oBecbatedla s Yalegaterd|and thesinesia The ski n
was cl eaned bupr enor phi ne
was i nj ect edmééc& s écegslgl% }%ﬁ%ﬁ%{g@g& Sléﬁlwa ﬁﬁéﬂpggte?{%gg&ﬁd at the end of
t he sanel@ayofmghémbw up and hi st ol ogi cal eval uation: At the end of the
follow up period (6 or 10 weeks) goats were sacrificed and tissue 15 taken
for hi st ol ogitnalgesiu 8l Qfatglkgtupiknerphise wes ijeted|SCafsedufaocousiostibefoys  and

appear ance. repared fromthe injured area and
from2- 3mm meiﬁ‘&e&g‘le%ﬁé ats[E énd I%%heW% gdgc)%l cified and slides prepared in a
standard

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 injured area and from 2-
3mm margins. The tissue was de-calcified and slides prepared in a standard

procedure.

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

probes.

Histological evaluation was performed to measure the following parameters:
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.
Results:

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

analysis.

30
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procedure.

stai ning. 20 | mmunohi st ol ogi cal
anti bodies to cell
DNA probes.

i mmunohi swoaheisss r

hybri di zati on usi ng RNA or
performed to nmeasure the foll ow ng paraneters:
neo-forned tissue, regularity of theTablet surface of the

y using

eval uati on
Characteristics

Slides were stained with hemat oxylin-eosin and al ci an-bl ue
anal yses are performed, including
type mar kePSTALO2/00589i t u RNA

Hi st ol ogi cal

was
of the

25 regenerated

tissue, structurat [integrity and thi ¢RkNess off the regenerated U] ssue,
endochondr al ([d9@3tf j|cErea@renind st at e pfimte celBesulih the renai ni g
cartil age. T e e T T T T ey | Nent  and
the results of2the |lF&hepagys anal ysi6wedks 34 Mk ikidabdatioCT/ | LO2/ 00589
Tabl e 3 Goat [Treatrment Tinme Results 2 Fresh 9pea@ges fibroaedisse M ni mal
i nfl ammati on, ni fibrous tissué_ 943 6 onges 6 weeks | nflammation
as seen by pre%‘gnce fC fo0gsSocyt es: | PiMSFISUS &Pé‘g{‘fﬁg‘ A8 FBPYsponges. 6
weeks M nimal|inflanmation, m nimal |fibrous |Preerss of high hymal cel |
proliferationin and around wound 945 FresH @W@éﬂlmﬂ weeks No
i nflammation;| j4¥esencyiipingse! | prol sheert | aviih8 Galdnagednsponges 10
weeks Massive| i nfl gmmation 930 60C sponges 1Qnweeksiviudtigsms. 1 ntl ammati on;
Mesenchymal cell
proliferation in and around
wound.
945 Fresh sponges 10 weeks | No inflammation;
mesenchymal cell
proliferation
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 Treating Damaged Cartilage: Suitable

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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Mesenchymal cell proliferation. Figure 7 shows the knee joints of the
goats followi ng the experinent. Exanple 11: One-Step Procedure for Treating
Danaged Gaotosloerses Suitable 5 For Arthroscopy or Hem - Ar POTAL@0p589

Aut ol ogous chondrocyte inplantation has proven clinically effective in
restoring hyaline-like cartilage, to isolated chondral defects of the knee.
The present g’i‘?é‘?’é‘iﬂil}@ n,vhereipyibe Ppiiesbundgyeses %il%%?urﬁl?ﬁlﬁr%?@ﬂlggﬁ Ic Arthroscopy
and bi opsy otafiRgétpyircartilage. 10 2. Cultivation of cells. 3. Injection
of cultured chondrocytes into the |esion under a periosteal flap, which is
taken fromthgectddt a and sutured over the lesion. A variation of this
techni que provides incorporation of cells into a biodegradable material,

i ncl udi ng t he gaBktiwith cattllgpeic@R R calldd\te MelpBsicidn’k 6FRe ForalboBdultisiet hod i s
35 WD 03/007873 PCT/1L02/ 00589 presented herein, wherein the patient

under goes® a &R days prigy todhe Phueseenyrw hewi-arthrofprny Blged (approximately ocedure A
patient w thi-847 hl)id@ewHaheFhshSpro@dlnk 8 ildattd1A PRYS HbRh Batfk fdrce for a
consultation 5 several days prior to the arthroscopy or hemni -arthrotony.

Bl ood (appr osavel slatrices de mrarad, Jabeled endsprehargptinally wetllghcodagiofthear e i sol at ed.
A plasma pr oglg'g(ﬁ,_rratri X, or several matrices, is prepared, |abeled and
stored aseptic y until the day of the surgery. On the day of the
surgery, a Sgplde @iye&l?llue%fu_rééﬁé‘h%mﬂé ﬁi%Eééf*l%Qliﬁlgtéaﬁila%ttheeﬂtiéﬁt’d Oinfls is 10

removed, cut into sma pieces and pl ace a test tube contalning

col | agend@e, rentyad.subimicaendl riecenuridalaced it 4 testdebechoytatinanyllagengaves, or _
conbi nat i ons h§%ﬁ§%ﬁ1@£i§, flr Bm%b&nﬁggemgg{ﬁxg% %H%n%ﬁ,Lo%?B@F%ﬁéns £k the defective

regi on of the renovi n eansi ng and preparing

th f ' T Var : . 5 tai
and out to f 1 op IRYRR, el GRPLAH e TRkl ik SERY R e 20 o
mnutes of edayagatiitissues deansipgtnd prijeriog Heswrarfdr anmiplanpiThe pepaed carti | age

are spun down, i 2,4 2RkEEIR KO halb S cul bR BY defbcRR g FoRYFRENded 10 a

15  approximately 20-30 minutes of enzymatic treatment, the cells and small pieces of

cartilage are spun down in a tabletop centrifuge, rinsed in PBS and resuspended in a
small amount (50ul-1000ul) of PBS. The surgeon seeds the cells onto the sponge, in
situ. Alternatively the cells are absorbed into the sponge and the cell-bearing sponge
implanted into the defective joint region. Optionally, extracellular matrix degrading
20  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 injured area, optionally add enzyme
solution to said sponge and place a second, cell-bearing sponge on top of the first
sponge. The joint is closed and is treated as customary for an arthroscopic or hemi-

25  arthrotomy procedure and the patient is released to recover.
Kit
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 embodiment, a kit of the invention will provide sterile

30  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 to be implanted into an articular joint surface
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smal | amount (50ul -1000ul) of PBS. The surgeon seeds the cells onto the
sponge, in situ. Alternatively the cells are absorbed into the sponge and
t he cel | -weapioomg7sponge inplanted into the defective | oi RCTARW/®H]9
Optionally, extracellular matrix degrading 20 enzynes and or ot her

bi oactive agents ipcludin rowth faciqrs and/or_anfi inflanmpatory

conmpounds arier}%a mF‘H“‘CFH% fgbﬁst‘?g‘élthquﬁltl ﬁ@r"?aﬁ?’ﬁmiaﬁ]é’? ﬁéfd’é{@att%%?ﬁeon will
place a dry sipeigftible! fitinnu@biid 48 hadihy BBl iyAb @mint&iR CelIDpalyanddd enzyne
solution to sai.d sponge and place _a second, cell-bearjng sponge on top of
the first sprelifsetion e mafrivs prefezgbbsrapasstiiion alogsneie alaga. e orary for an

art hroscopi Cp@ferdbNrord auldebisims. procedure and the patient is released to
recover. Kilt) A kit conprising the conponents useful for practicing the

met hod of 5 t hpxd Mgl Raeasew'fhioa@ﬁ%o#efngr t he conveni ent practice of the
method of the Tnvention rn a surglcal _ setti ng. In a preferred enbodi nent,
a kit of theOnnipeior whishwpay fagilitalpiteredeyelepmend ofBsseesRadhemeticeyis thebl e for easy
use | n the SHISLGAl oRMMh ERRAP AL Glottbicageis Bitd 1 loaPelibrofiian (AR} | ne.

1 I"e, “cell-t

enzynes) a ster . ree matrix material suitable for supporting
aut ol ogous cineemieratign ars! release of erowitlofaplers figah thesecatiipesds agsessed ingiffaar | oi nt
surface 36 . 02/ i .Qns for use.
At hough t heo Py ediaicedle i dondihip, ARG LR o

non- i muih®gehbded ntkalimsphosghatalsé lab¢lyd orchomseiadishiperosidhde-lghvadas growathd

proliferatiop,, t trix i.s preferahl repared.tr l.] ogenei ¢ pl asnma,
nor e prefer%ﬁfoflhﬁ?g?aﬁcéﬁ%’ld&%tgﬁgmg %elsar?é?rgés '%(aastlrlfﬁflie)y%gi:(’%weq tg%se of Bi oactive
Agent s One fadioactividy] fhborésaghct amizymdtiataetitityeor ddechtaibuesobf te tdig ssues on t he
matrices is the deljvery of growh factors or other biological agents into
The | ocal enVTRBHHRECAtEZyriE SPiadhedr o gete e By ST A BT Ract or s
from these nadtivitg@fo the nEiGHEHE@AMER ity b Ivitr®ér ih Riveiav@ayusi ng radi ol abel ed or
tagged grow h factors, for exanple fluorescent 10 | abel ed, al kaline
phosphat ase | abel ed or horseradi sh peroxi dase-| abel ed growth factor. The
fraction and rate of rel eased agent is nmeasured by follow ng the

radi oact i vi t Whilk kheqiressaisiivetio® s \bed patticalirly dedcyibed, pershisrskiditd fn thedres of t he
tag. Simlarly, release of enzynes f omﬁijhe.natri%e]iﬂs dﬁlthgrrtn' ned by

anal yzi ng en¥¥heRpreciate thatmeny vagpiions gad mogifisaiaps FuhbRmadd nthgteie® % tro or in

Vi Vo assay. invention 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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15 While the present invention has been particularly described, persons
skilled in the art wll appreciate that many variations and nodifications
can be nemie.03/0bmrefore, the invention is not to be const PogdLesossstri ct ed
to the particularly described enbodinents, rather the scope, spirit and
concept of t iLhvention will be nore 20 readily understood by reference
to the clai follow. 37 WO 03/007873 PCT/1L02/00589 CLAIMS 1. A
freeze dried bioconpatible porous matri x conprising plasnma proteins, the

pl asma pr ot ei nA fresrpdiisd bigcdnipatible pgmns mhhixawmiprisiag plabag pwoteind] the, wher ei n at
| east 50% by me%ﬁht of .the toIaIﬁ@Loteiq?%PQ}ent 1S f%@ﬁi and at | east
one anti 5 fi bPIABR I EnS eSO PHOQET PO 26 ioF ’MWL?B%%,

substanti gl : y dexpiods e% vsqe@h@c&ﬂh&to&hﬁoﬁb}i% él%lteﬁigﬁ MibSin 2did ahﬁui;tmgeZ ﬁﬁBL dual

nmoi sture bel ow 3% useful as a  scaffo or grow ng C S..2.. The matrix
according®to clibripelytiGpzent withshkstagfialbyniiors pey Frsg%"é‘t‘ﬁ]i?&@ﬂ’olﬂi h at | east
0.5 units of tReanRidheRBhg 48nthAd Rivihg rddidudl mbRArdBdl6w 30 a6BidsAY to claim 1
wherein at | east one of the plasma proteins is autologous. 4. The matrix
accordi ng to clseaffald fogmewingcells the pl asma proteins are autol ogous. 5.
The matrix according.to claim1l wherein the anti-fibrinolytic agent is
tranexani ¢ ack dbe myigx acepdingde claim 4 sdgrel the Plagme picisAre BRSE PdthRg at | east
5% tranexam ¢ agisf.5 udkits FMEroRBin JeX m@pesttidi Ng to claim 1 further conprising
at |l east one auxiliary conponent selected fromthe group consisting of

pol ysacch@r i desSphe Ri@NAcordRiRty SREE N AhbAESat 19kYEHR DR HePRInY GRiISins BT Synt hetic
polynmers. 8. The matrix according to claim7 whereinthe auxiliary
conponent i s saép@dageds. 20 froma group including hyal uronic acid, pectin,

al gi nate, gal actans, gal act omannans, gl ucomannans, polyuronic acids,
heparin, chorfiriFiematrisageprding to claix{ vderein alf the plasge proEnS AR It9lagds. hepar an
sul fate, keratan sulfate, hexuronyl hexosam noglycan sulfate, inositol
hexasul f at e, Suldeawiripeccastingte cleinhwhern the antiFfbrigpdyticiagenidt or di ng to claim

8 wherein the whaLehhic 1ig auxiliary conponent is

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 auxiliary
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, pectin, alginate, galactans,
galactomannans, glucomannans, polyuronic acids, heparin, chondroitin sulfate,
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 component is

25 dextran sulfate,

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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25 dextran sulfate. 10. The matrix according to claim8 wherein the wherein
the auxiliary conponent s hyaluronic acid. 11. The matrix according to
clai m 1 verogioorsthe cells are stemcells or progenitor Cc@CraLo23®s580
03/007873 PCT/1L02/00589 12. The matrix according to claim1l wherein the

cells are sel ed from chondrocytes, osteocytes, hepatocytes, nesenchynal,
epithelial, d?@%‘ﬁé‘?ﬁtﬂ’f?cco tBﬁQ/“,l? E?F‘é&f’l‘%ﬁsaf%ﬁ’ CPegrfm ul ar cell types.
13. The matri X chAekd@bélitddJostedc ks hBFatokted mebenchip@iiCtpithelid, @othblsalat t ain a
density of at 5 least 104 cells per cm%. 14. The matrix according to claim
1 further conpric¥ioRgl Bancreatic fergher a5 Bhedli t¥ReSagent, sel ected from growt h
factors, cytaokines, enzynes, anti-mcrohials, anti- inflammtory agents.

15. The mat r ikt Heckr i"f‘@o’fd&)“géf’éfaiﬁ“l”h‘&\}iz e e Pl atigm asé%tyrfgry%@e of
50-300 18 m crefs10*kens pRemPmt ri x according to claim15 wherein the pores
are in the size range of 100-200 mcrons. 17. A nethod for preparing a

porous nat ri X40fheRhAGHBccBf gl RRnirk 3 Fhrer 88mishipadt iakihne bactBeayésng cells in
vitro, the nmethod conprising the steps of: 15 m xing plasm proteins with

thronbi n in t heelsried nmerovhdagton. friokass capamesgantirigrabiaks, anti-
anti-fibrinol ytihf.A08Bty 4¢eter conditions suitable for clotting, in the
subst anti al absence of “organic chel ating agents, and optionally adding at

| east one auxisliRyatGORREREN to chdf U iHaGing Predinthd i Bhod BB Pr Ot €i NS and
thrombin in a solid support prior 20 to clotting; freezing the clotted

m xture; 18nd | y®igtonki zing the clotted mixture, to obtain a sponge having no
nore than 3% residual noisture. 18. The_ nethod according to claim 17

wherei n t he pPeBwangiripeesorkingte slsim 46 whereindhe porepage i1} the sigpepage ahd f act or
Xl 100-200 microns.

17. A method for preparing a porous 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 agents, and optionally adding

at least one auxiliary component;

casting the mixture of plasma proteins and thrombin in a solid support prior

20 to clotting;
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 XIIL

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

autologous.

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

autologous.
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19. The nethod according to claim17 wherein at |east one of the plasm
proteins is autologous. 20. The nethod according to claim17 wherein all

t he pl asmsiopBOOBINS are aut ol ogous. 39 WO 03/007873 PCT/ PCOAL@OBE® 21.
The net hod according to claim 17 wherein the plasma proteins are mxed with

at least 0.5 units of thronbin per ng protein, 22. The method according to
cl ai m 17 whertilhe msghodaesording o ‘iFi‘BH“ylgi"El{‘)”éF@’éﬁ‘F Plagma prosginsate e EYIECE‘ 5 23. The

met hod accor di @Bleﬁ&O@@ﬁt%?&r&W?&r&ﬁ ofdtn. | east 5% tranexam c acid. 24.

The net hod according to claim 17 further conprising at |east one auxiliary

conponent i s28athealetddfat@RUhd R IHIRUY wiRRsSh Bbilafg-fidfindlphyspanahar i des, anionic

pol ysacchari des, glycosam noglycans, or synthetic polyners. 25. The net hod

accordi ng to clapeRapUC Wikrein the auxili ary conponent is selected 10 from

a group including hyal uronic acid, pectin, alginate, galactans,

gal act onahnar3: Thgmeehodwarradiag i Paemprisieg gdeash e dPReremitasilr oi ti n

sul fate, dextran sul fate, dermatan sulfate, heparziln sul fat.e, keratan

sul fate, hexdf-dkgmethodageonding ilaiegy futiher somprisgatileas ong @Rt at e, sucrose

octasul fate andoREGhentf seldtted H#5h RIROraGLnstbthg Jf Qol‘gka@bﬁﬁﬁaés, whisigi n the

auxiliary conponent is dextran 15 sulfate. 2Z27. The nethod according to

cl ai m 24" wher eipalysasehaziges. |glvgpspnirnghisaesner systhetig RAlYIRSHi ¢ aci d. 28. A net hod

for prepari na a porous scaffold useful faor inplantation in vivo,

conprisi ng t R& Teasthodraccardingioglai 24 veherein fregisilipy campensphis seeet i n t he

presenceq9f calgy j : Aandihi- ik Mhipahyti ¢ agent under

condi ti orllog sui t@gfjge%;ogﬁﬁlglﬂigﬁgi}ﬁél}l{o?lﬁ%%dgg&élg’%%lg%%’?g}aeggés{ence of organic

chel ati ng agentgslactopaiams glycomeaiang patyuranisasids drepariy shandegitin sufsisonent ;

casting the m x| I i Lo dasupport

prior 25 to ci&t&%aﬁlnsgéfa T%%giaﬁlggﬁﬁ%’ 13%3%9 g‘éﬁ%’% Irtagl;sluﬂat@; }E%ﬂoﬁlyl
hexosaminoglycan sulfate, inositol hexasulfate, sucrose octasulfate and PEG.

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

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 of:

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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| yophilizing the clotted m xture, thereby obtaining a sponge; cutting the
sponge into sections of desired shape; seeding the sections with cells; 40
WO 03/ 0080338783 LO2/ 00589 growing the cells on said se®Cirane/wsdi | the
cells reach the density of at least 104 cells per cn8B; and inplanting the
seeded sections in vivo. 29. The nmethod according to claim?28 wherein the
pl asma proteins coffpVingdhegellp gnsaid sestignsymiilfhe esils z5agh thedepiity of pyleasgo.  The
met hod accordi ng tm*chad s é8%wherein at |east one of the plasnma proteins is
aut ol ogous. 31. The method according to claim28 wherein all the plasna

proteins are aut O}RRRMSe thbQeRid sebiSnsBiied according to claim 28 wherein
the plasna proteins are mxed with at least 0.5 units of thronbin per ny

protein. 33. 2§hﬁ1erﬁ§étmcace&ﬁﬂ§@d Q8int 1 WheRdin iR P1RE DRI tfind &Rt hr1bdsbr i nol ytic
agent is tranexamc acid. 34. The nethod according to claim 33 conprising
at | east 8% tr dHwinagincangdacgpr XIH. 35, The net hod according to claim 28
wherein the matrix further conprises at |east one auxiliary conponent

sel ect ed fr orfPtHe mgtndnceding 4e ¢laig Tt Whrseip ableesh ang ofdhe rlagps prafetns is

pol ysacchari desdmg(g%)ggsam nogl ycans, or synthetic polymers. 36. The net hod
according to claim35 wherein the auxiliary conponent is selected fromthe
group consi sty NeheQfietBHcHEAME fo Afintl28 WRGEh AN 1R MAsARlRoteigh@Ct ans, 20

gal act omannans, gl uconmannans, pol yuronic acids, heparin, chondroitin

sul fate, dext ragfplegops.at e, dernmatan sul fate, heparan sul fate, keratan

sul fate, hexuronyl hexosam noglycan sulfate, inositol hexasulfate, sucrose
oct asul f dfe SRdPE&thaiaccading heelhou2tbwhaeiditeplasmagieteins a8 mied with t he

auxi liary COW%%&M.%&%&&R&@&%@% ot 38- The method according to

claim 36 wherein the auxilrary co t 1s hyaluronic acid. 39. The

met hod accor ainghetiefd lcldrafe WBHE! 58 HRGeiftthd ABSHbriABE NNt fsar y conponent

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

hyaluronic 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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is a bioactive agent selected fromgrowh factors, cytokines, enzynes,
anti- mcrobials, anti-inflanmmtory agents. 41 WO 03/007873 PCT/1L02/ 00589
40. The nwohedomczordi ng to claim 28 wherein the cells ar@CsaLessd from
chondr ocyt es, hepat ocytes, osteocytes, nesenchynmal, epithelial, urothelial,

neur onal , pan atic enal.. or. o ul el | s. 41 A nethod for
preparing a p r@ﬁ? @%‘i‘l‘%%h‘l%t&c fm%ﬁ”g ’ﬁ'ﬁ%‘%/?e?lﬁﬁr eFte{f;%thh after 5

i npl antation i mlﬁhﬂwcyte@ﬁﬂfahﬁ'yﬁg oktd6cyids Slssefliynddl, xhite1inl, afRLP ot ei ns with
thronbin in the resgnce of, cal ciumions and at |east one

anti-fibrinol yt}€rogh REnEsierer AHPRHB A W8S abl e for clotting, in the

subst anti al nce of organj c chel ati a ptio y addi_ng at
| east one aux‘ﬁl Znehod i prRAtng af@“’é‘%‘i"‘%ﬁ@‘gﬁ’g ﬁ’?ﬁ‘fﬂﬁ’ﬁ”é gFGILWQW fist ot ei ns
and thromzin i nmq,las@iﬁoﬁusgiﬁ;p@érhpr&[ﬂg%e stéga ofl ot ting; freezing the clotted
m xture; |lyophilizing the clotted m xture, thereby obtaining a sponge

having no nore thanxindphasi ﬁu@insrmth&mumm ihFhebdeasadfl clchmpiohoand he
sponge, thereby renDV|ng solubl e auxiliary conponents; optlonally

re-1yophilizing the ﬁﬁt?@%@mﬁ&f@wﬂ%bseatmdﬁ@coadwaﬁw ablg JonirdptiRe: thor e t han

3% residual noi st Ufl‘l%suﬁ‘s‘tﬁtﬁh%sén@@oﬁ&gﬂﬂ@cﬂemnﬁg 5%&&5' Qﬁﬁmﬁ’ﬁ gRlred shape;
20 inplanting the sections in situ 2. The nethod accor i ng to claimi4l

wherein the pl asnal%ﬁt@ﬁléﬁ%h%ﬁ@m’%mat | east fibrinogen and factor XiI1I.
43. The net hod according to claim41l wherein at | east one of the plasna
proteins 0s aut ol eassngthe agxtyre of phempproteies and dispabingn e solid sypparipriofher ei n
all the plasma projgiifgn@re autologous. 45. The nethod according to claim
41 wherein the plasma proteins are mixed with at least 0.5 units of

thronbin per ng pr@L&idk the clotted mixture;

lyophilizing the clotted mixture, thereby obtaining a sponge having no

more than 3% residual moisture;

15 optionally washing the sponge, thereby removing soluble auxiliary

components;

optionally re-lyophilizing the matrix thereby obtaining a sponge having no

more than 3% residual moisture;
cutting the sponge into sections of desired shape;
20 implanting the sections in situ.

42.The method according to claim 41 wherein the plasma proteins comprise at least

fibrinogen and factor XIII.

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

autologous.

25  44.The method according 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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42 WD 03/007873 PCT/1L02/00589 46. The nethod according to claim4l
wherein the anti-fibrinolytic agent is tranexamc acid. 47. The nethod
accor di ngwD®300m7In 46 conprising at | east 5% tranexam ¢ a®CU/IL02AB589The

met hod according to claim41 further conprising at |east one auxiliary 5
conponent sel ected fromthe, group, consjstjng of, polysaccharides, anionic
pol ysacchar i aﬂésihegm?;@%cg]w%’@ﬂs}%m?l Wiiefelyﬁgwéwﬁbn&afwﬁé@? 1549, The net hod
according to cl@inexfABlicwb@rein the auxiliary conponent is selected froma
group including hyaluronic acid, pectin, alginate, gal actans,

gal act omannang, Ti MERs@RANIGHARg 1 Blaihh! 1O B Bprsfiigds leafiSPAfraRxarkio@pid! Oi ti N
sul fate, 10 dextran sulfate, dermatan sulfate, heparan sulfate, keratan

sul fate, hexusoTh methek aadingag timan fithédomprising 8 ek ofteRBldhf at e, sucrose
octasul fate and PEG 50. The nethod accarding to claim 48 wherein the

auxi | i ary Sconpotferonem selesied iom the greup onsiging of pelyfigeieidesademi@li ng to claim
48 wherein the @;ﬁakdhaﬁaespg;m@ﬁﬁi%gu(&ns, b skt bepmersaci d. 52. The net hod
according to claim4l wherein the at |east” one auxiliary conponent is a

bi oact i ve agestTieahebEsbchbldnii 8 crMM b8 HRGER R aslapKidGoneR IZHBRd anti -

m crobials, anti-inflammtory agents. 53. The nethod according to claim4l
wherein the celfremaesoupdpdedivgimiusonio 20d. prefind rlgipicesalacdiseocyt es, .

hepat ocytes, epiiedmahansUEIRldiehals; pdbRHERORids, hEBRARNHBYIBin sRRAST eat i C,
renal or ocul ar” cel lafpes. 54, The nethod of claim4l further conprising
seedi ng tlRe secdaxirarsuljaten derplatag selfede, hgpasan saifatehierdan sudfatenhesmiodykect i ons
until the cell I . | | 5 55. The
met hod of cIaiﬁ?%?éﬁﬁ?@%ggﬂggﬁ%??%ﬁ%gh%%%a%%a%gﬁggggcgﬁgﬁgﬁﬁﬁ)CgcelIs in
vivo at the sig . . ! . r i to any one
of clains 17?*55?9%?5§§%%§@Q@A9ﬁ@?ﬁ@% %?ﬁﬁgig fﬁ§§fﬁﬁﬂgggﬁ%?§§%3, t he

met hod conpri siswfatthe step of inplanting to the site of injury an inplant
according to claim56. 30 58. The nethod according to claim57 wherein the
ti ssue i s skdilefTh¢ methwdaecording to claim 48 wherein the auxiliary component is

15 hyaluronic acid.

52.The method according to claim 41 wherein the at least 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
20 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’.

25  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.

57. A method for treating injured tissue, the method comprising the step of

implanting to the site of injury an implant according to claim 56.

30 58.The method according to claim 57 wherein the tissue is skeletal tissue.

43



43 WD 03/007873 PCT/1L02/00589 59. The nethod according to claimb58
wherein the skeletal tissue is cartilage. 60. A porous coating for an
i npl ant cwopPBieisny the matri x according to any one of cl CFEALA70588, or
41. 61. A kit conprising the porous matrix according to any one of clains

1-16 and 5 i ructjons for use. nprising, the matrix prepared
according to S[Lhtherﬁ%? cgprding jo ¢laim B%Wh‘?fFlalthf%&i}?tal begue Eﬁa@lagand

|nstruct|ons6f01§x 4
porous coating for an implant comprising the matrix according to any one of
claims 17, 28, or 41.

61. A kit comprising the porous matrix according to any one of claims 1-16 and

5 instructions for use.

62. A kit comprising the matrix prepared according to the method of any one of

claims 17, 28, or 41 and instructions for use.
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