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METHODS FOR THEI R PREPARATI ON FI ELD OF THE | NVENTI ON The present | nvention
concerns biomatrices conprising freeze-dried plasnma proteins 5 useful for
clinical a¥plos@emsioons i ncluding as inplants for tissue engiaraeni/egsias wel |
as in biotechnology. The matrices according to the presentinvention may be
used clinically, per se or as cell bearing inplants. BACKGROUND OF TEE

| NVENTI ON Ti ssue engPiadiMA @ROTEIDEMAGRICES AND MIETHODSEHOR §ERIR! r uct i ng

manmal i an tissues, 10 both struct lﬁ qﬁ& functionally (Hunziker, 2002).
In vitro tissue engineering genera Bs the del i very of a polyneric

scaffold thatP.iﬁ chitectural support onto which-cells may
attach, prolifera g&iﬁ@wg@ie new tissue to repair a wound or
defect. An exanple of a tissue that is prone to damage by di sease and
trauma i s theTae piesut mventidh coremi biagetricenenpfisiag freszaldritdplesnofroemet i | age in

* the body, fou t. the. articul.ar .syrf.aces o nes. Danmge.to cartilage may
result f ro%n aﬁgﬁﬁ‘ﬁff Pai c?‘ o 9ﬁ%ﬁhglésé§§u‘§ﬁ%ﬁ Iangﬁ%ﬁﬁﬂ{eﬂl@n%ﬂnﬁﬁ? W?]i, froma
degener ati ve psindésehaciogy. The aatreasdctbiting itsthe prefdndiverition winy bswedd as

intraarticul ar,.f.racture or f ow ng liganment injuries. *Cartilage |esions
are often assS%T‘é@&PW??faﬁﬁ?H’?ﬁ’Bgﬂﬂﬂﬁ‘g%d function and general Iy do not

20 heal w thouyt j i i rrent therapeutic strategies for
repairing dan&&gg&ggﬁﬁhﬂagkefﬁmﬁwgﬁedur es which induce a spontaneous
repair response .and those which reconstruct the tissue in a structural and
functional naifisgr.engihesring mmuayibe defiwddud ihegrisd rgomsehctingaivmirgtlRg tisssgh as :
‘abr asi on th’gr | ast m.cr of.ract ure Qr g ndral. mcro-dcilling"expose
25 the su choncc’fﬁg G?"Eéfyoar?dﬁ?ncf)‘S lytfﬁnggl@& gﬁo i AP H95° FSISERE N of a bl ood
clot and IO?I 'géuh{aﬁsriimmdgsfthega:qe@qifaqjo1y@1eﬁ?k@dﬁbid§?meﬂvgvatsiﬁatel the h:aal ing
response. en the .induced tissue is not durable an e clinica

i mpr ovenent s %FP%“%WWF“HWV@B‘?“ vHchells my pifagh. nreliferatenand sypthesitedi¥of  chondr al

or ost eochondighe ol rE5eiken WD R UEBA/r aut ol ogous or al |l ogeneic sources. The
rational e behind transplantation lies in the 30 notion that the ’

proliferativeAasthniplestietisdhd fgyiepohddol i@Ma@ty ddehde@fid Blub B HR £@lulss wWoul d
' | 15  cartilage, one of several types of cartilage in the body, found at the articular surfaces

of bones. Damage to cartilage may result fiom an inflammatory disease such as
' theumatoid arthritis, from a degenerative process such as osteoarthritis or from

trauma such as intraarticular fracture or following ligament injuries. Cartilage

lesions are often associated with pain and reduced function and generally do not

20 heal without medical intervention.

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

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

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

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




for tissue in-growth while healing progresses

1 18 January 2006 WD 03/007873 PCT/ 1 L02/00589 result in !%”fdo'e' on of
neocartilage. In fact, this techni que shows high vari abi ?Elbtg?/rr&and 'imted
cli ni cal - success. Matrices useful for tissue regenerati on and/ or as

bi oconpat i Wod398TIaces useful for tissue culture are wel | pdgIR\Whodsgo t he
art. These matri ces may therefore be considered 5 as substrates for cell
growm h either: in vivo. Suitable matrices for tissue growth
and/ or regenera g W&‘?deWaHﬂWe@rf&ﬂdblséwému%ﬂ@%MﬁhemmMMies,.
Armong t he rranynd:mndedjainemgda@gss_rmy serve as useful nmatrices clained to
support tissue growth or regeneration, are included geI s, foans, sheets,

and nuner ous hm&&uﬁsmrﬁﬂﬁ%&%ﬁn%ﬁwéﬁfﬁﬁs@% Ja ﬁkﬁc@?ﬁé@ﬁl?&}d shapes.
ura

10 Porous materials formed from synthetic an y OCcurring
bi odegr adabl e ST CEME g “P?Q\)‘@“‘E’eléﬁhmle&hmmﬂmcepa@y thescfoneba domsidesdi Ngs or

ol ant s, e apaibtitos SRR Ah B bfAo B 4515 By BUBRSL, «iiy2 r amewor k

material is g MW‘&%B‘FIB@WE@H erhoth hipdegradatde andridostdbde mﬂmﬂ regenerates.
Typi cal bi Oab%%oﬁélﬂle%d‘ﬁ?ﬁc@ﬁdl&'te% tlflag!}nag§§'ﬂé ik us%ﬁ]%é%lf %gqufli;ﬁ;gﬁtll Oty POrOUS

wound dressings or inplants 1nclu syn
bi opol yrer s s titsHe gepwilh erregeneration pwtindlwied geisl, ﬂmhay skeahaid Idﬂfemu}'he

bi opol yners Yu e or ted in ways that affect
their physi coB%heﬁq uial%e%t%lg@%e?%% “ ogﬁsa Isgapﬁ? ‘opol yners may be cross

| i nked ei tfer p§HgY,; or ther . t her eby

provi ding greater %%E#ag‘?é)ﬁw (ggr}e e?f Orfqag%@qcpwn%sogm‘ﬁ]ﬁ bility to
degr adat i on. W#isrigls bave hmusfecbhﬂhelpﬁsuamomﬂldwaﬁﬁ§ odinplant oM pheey di scl osed
to be useful erin r culture, Qne can enunerate various"?
constituents Ié]?{enﬂfglr&zé(égrg%%fﬁ’n{eﬁ‘ pisemeyrerk far tisgus nprewdaris, various
types of col m@mpmmssmmfmuy,aae Ms'mai&alf%rﬁéduﬂll ius%wasamg fibrinogen,
hyal uroni c aCﬁ(‘slﬁe roitin 25 sulfate and ot hers.

| f at d
"Fibrinis a najore tﬁg S#‘B‘tr%eﬁeﬂﬂﬁﬁ %B’Pﬁélrttl‘i’aéﬁ%h%b&mmﬁﬂ%lﬁ@Tbﬁmdhe

coagul ati bh plabriasien of ﬁﬂmmﬂﬁlhﬂs opﬁnﬂ?aln%oiﬂclh& l?otl‘f eﬁép&&fﬂg ss
I ncl udi ng than% enti al |nteract|on f nunber - proteins,
particul ar of E’%}P(’H&féﬁfuﬁ } agsiyptural Pfofe&éta@fi pqusacffbaud@r Tha/blolﬁqiymﬁm VI,
factor VII1, Iﬁ@CEdJé” ithbPSelct @8 oPfnanfpuihid tOWaythat ;@&E erezr)]ghjisu%-c g or X .
' properties. For example biopolymers may be cross lmked either enzymahcally, '
chemically or by other means, thereby prov1d1ng greater or lesser degrees of

20 flexibility or susceptibility to degradation.

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

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

Fibrin is a major pié,sma protéin which participates in the blood coegulaﬁon lgrocess
The coagulation of blood is a complex process including the sequential interaction |
of a number of plasma protems, in pattlcula: of fibrinogen (factor I), factor I, factor |
V, factor VII, facf:or V1, factor IX, factor X, factor X1, factor XII and factor XIIL.

30  Other plasma protems such as Von Willebrand factor (vWE), albumin,
immunoglobulin, coagulation factors, and complement components may also play a

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



30 O her pI asma prot eins such as Von WI Il ebrand factor ( Vy:ah afi'!z?)
i nmunogl obul i n, coagul ation factors, and conpl enent corrponen%l nay aI

play a part in the formation of protein networks or clots in the bl ood 18
January 209 8033 007873 PCT/ 1 L02/ 00589 Fibrin is known i PCET/H®2a088%9as a

ti ssue adhesive nedi cal device and can be used in wound healing and tissue

repair. Lyophi llze Ias -derived protein c trate i.ni ng Fact or
X1, fi bronegfl n, IG5 8 Sugiaﬁ’ef“l’f'émﬁ 3’8"6‘? ft‘ﬁ?’ M and

cal ci um f or s vannd njabiegt ;&iﬁltﬁs&l rqiaﬁgLﬁ:@hﬂﬂéd@asn&&dﬁ&é&ﬂbteﬁ%on&n&ﬂt& 885

dlsclose55arrehod d andc | turing tissue errploylngflbrln
gl ue. US Pat efR éfc%’ﬁ%i 5‘31 6%§ bringgen)sig e presepss AEYRAPEI ue i n

: conbi nat i on Waﬁdbaw;iix@hﬁﬁ@'dﬁ injERSRIGEEBA ofile. OB PRRAQGY 15143 1 883 disc1des Pr onot e
repair of art ge and tone defects.  US Patent No. 5,260,420, discloses a

met hod f or pré iob Fmbgsidingand enliyring figsue giplaying e gonks PaierdNe.i brin f or
injection at #fze md(ﬁs&éseé.%ugélofﬂi;%n&’g%%lfelﬁ\'e mﬁn&%ﬂuﬁﬁ%&hﬁ) gﬁéc' oses a

cross-1inked flbrln sheet -1i ke material for t reventlon adhesi on
formation. USMSHnehmaler cl@ﬂ@!?afimvﬂsdb @cqn@s@@pars ilffegmg borsatefeofsor

preparing a bygdeghadal z%o ARb etfﬁciﬂs{slabrh?cﬁtkﬂfoi‘\ﬁg%e{r&’t{on%&'ﬂggggfrll&lg cal;rgﬁ

process necessitates dialyzing a rinogen sol ution a sofu
cont ai ni ng che&laseprismedittisrfof injsctidnest fesite bf wiutH WthDhéomt ion of a

Lhr onbi 0 361 Uls@Bes b oREE it ALY RALIL 8 'tﬂél% B adpgsin 2t ML M.

5,972,385 discloses a cross-1Ii a en-p ar| that is
adni ni st ered &ma@oror in conbination wit h ot her therapeut| cs, such as '
growh factors, for tissue repair. The invention al so discloses the
cross- | i nked ESPategeNe. Gii0y267 disblascs depewiﬁdljmceismfocmebirﬂ@tajmegﬁaﬂdma‘i brin,

e X, P BB A R R At 1o e ke Ry 220 01 20 el
freeze-dried ﬁbﬂnmgm mﬂamohomh/mhtﬂmhecaitimigg hmm:&eaﬁd ﬂirﬁﬁig@ﬁee[@bxime US Pat ent
No. 6, 310,267 pr, f di scI sed ui

si ngl e- o? Fblgjf&‘ﬁgd(%g %@?’T@’P °P1' 6P‘”F‘h P?‘Bﬁngg?&’é‘f?gdl ng to

F?ﬁ?iﬁbéé'n"iii PR Bl 2 Bang st B “S@@a% 8 sagﬁlanﬁﬁﬁfatr&he

concentrati onthmfms&hm&mmlalaﬁa dién aﬁmlﬁﬁatﬁﬂ%mlm{et {i¢rapaticaist@chsighovth are
consi derably redu?ed The di arried out in an aqueous sol ution

sis.is
of a physi ol oLy fQF issus Aypatr; ﬁl‘%““’%?‘b%??ﬁ discloges the grqgs-ukedeeMagghy an or gani ¢
conpl exi ng agpslysasihalidematib kdkdmbination 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, reguires a single- or multistage
dialysis of the fibrinogen solution. According to that disclosure, the single-stage or

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

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

30 A fibrin sponge containing a blood clotting activator for hemostasis, tissue
adhesion, wound healing and cell culture support is disclosed in WO 99/152009.




‘met él ~sal ts__,Qf‘ EDTA, of oxal i‘_:cl acid or ofi_ci tric agi d. quﬁakhglgiéﬁgépqnge o
containing a blood clotting activator for henostasi's, tissue adhesion,
wound healing and cell culture support is disclosed in WO 99/15209. 3 .18
January 200863793/ 007873 PCT/ |1 L02100589 Accordi ng to thatpcadiiged/sussy €, the
restorati-on of noisture or water content following |yophilization is
~crucial for obtaining a soft, adaptable, highly absorbent sponge. US _

Pat ent Nos. %cemding tgthaiisclosuretheBstogition pHmeistus dranpén chrtewdolloatng ces cross-
i nked by SUGRBEiliAHBRT MG for dbRTiGL § SIEAELAOR: 5, 700, 476
provides a 'Sgg?oabsor Batﬁlel i (r)rpl ant %atgcgglga'pﬁggeﬁ?r%#?ﬁgﬁ%ﬁg#ﬁa ol ogical l'y
active agent &is it A, 895558 Mt 37 IR AAGobERRhdon HENR AR ErodlgsCr | bes t he

m xture of two biopolyner ~conponenf’s, freeze I'ed to Torma heteronorphic
sponge, t hat lipkeddxesugass, peefoldfor tissus reganeratipn. I PPatentNoS| 706 4Za bioyidest | ve agent ..
US Pat ent 5 NOy;ahsh | b bl.e het | 0 ric
fibrous 10 nn!tﬁrgt?sx_ﬁ%g%tz%}j%#ﬁghg%g%o r ol%}g gg%ggoq?%ca\l}?é%&ﬁ ' %%PESC ‘f’%ﬁggf a B
functional cforusd mgvoved sepairt Theanaihed describes the edxtume of divobiopolpherg. US Pat ent

No. 5,948, 42 ' net.hod of. prepari.ng a biopolynmer foam conprising
formng a bi g%%%%@%%%‘%ﬁ%?ﬁ? 905?1 c?shs?g) T %Pﬁ&g%"é‘ﬁ%r ﬂg"g thf{"i@ }Wet%h

ul travi ol et redesaoi ophaamatobglsiyoacting hgenf r eeze-drying to forma lattice. 15
US-Patent No. 5,443,950 relates to a nethod for inplantation of a variety

of cell typt$§ RgteotiNogh, 16,392 tlisclesesdibiclagiadabid syatklic padmdric fidush has been

I nocul at wi.th. stromal .cells tq forma three dinensional stromal matriXx.
Fur t her g?scfngg-'é(cfofl{? ¢ gﬁrltcs;%%".mg’,"g@?dg?t’f’r‘i aﬁﬁﬂ?%ﬂ“ﬂ‘ﬂg’iﬂﬂ“s\/i Vo

cartil age repaicurdio benBedintjbiatlinnd)i oconpati bl e three di nensional scaffold
in conmbination with 20 periosteal/perichondrial tissue and stromal cells,. .
with or wit hUStPatenbie19,948,429 @itisses afn@dthdd N pRip@EICd biopblaherToun carti | age at
the site of inplantatian. The scaffold used |s. selected froma group

consi sti ng o'f’or%?rbq PaYEs R 108?13”?%‘6‘%?9&“8&6"@?3&&‘&5‘%S%F‘é‘l‘?"&l‘@h There is an
unmet need f Gitraviolet RdialiBMind Wbschhcniy GredRIRGLS to foRk b Blideg but not linited
to those found in diseased or injured cartilage and bone. Nowhere in the

backgrounsi 25S@atent No.i 4443050 idlated to SUBIRSE BFinlhiatidR 6hAVAHR) ofted Physi cal
paranmeters of.freeze-dried nmtrices conposed of plasnma proteins can be

control | ed byPEREOBMELE;Hreadimensiena srlbmesix griicides beeparcculafsdctitiay be
- removed af t etrdnid cARLS form Sthie ARG siohdl sR6HS matrix. Further disclosed in US

Patent No. 5,842,477 is a method of in vivo cartilage repair by implanting a

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

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

There is aﬁ unmet need for a treatment for tissue defects, including but not limited
to those found in diseased or injured cartilage and bone. Nowhere in the background
25 artisit taught or suggested that mechanical and physical parameters of _freczc‘a-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 implémt

30  suitable for transplantation.



to inprove the biological properties of the matrix. The 1@th5§/ézoﬂé t he
invention are wuseful for cellular growth, as an inplant per-s [or as a

cell-bearing inplant 30 suitable for transplantation. 4 18 January 2006
SUMVARY OF_THE I NVENTION It is an object of the present invention to

provi de DPIMARY PETHEINYENTIQN yseful as a support for growth of cells,
both in vitro and in vivo. It is another object of the present invention to
provide a matrix that is biodegradabl e and non-j munogenic. It is yet

anot her - dbjs &8 pbigat of the Prepenia@ysition \QPERidedPorYs BRER b 358 A &uPREE ri x that is
usef ul  asfoPgow ik 8dlls, HOBY in $#ro aBdl indGvoA Tt GLdnbthe i $Tohe padakm Mvehtin t6 €pai ri ng

ti ssue damaged by disease or trauma. It is a further opject of the present

i nvent i orPTPRIsABAIGMats hadegrdabls androndimprpeghie it in vel Aretha saiest obtecar ti | age
in vivo. présentiiSved@in tdpoviné HedroithR61 hatfis bR Y MS@PhntipBVRéria@R célR provi de
met hods for preparing said matrix. These and ot her objects are t by the
i nvent i orPeRfgdmBlREfotaraing tisug dgmaged Oy disgase,pr tiapma. It iga éﬁﬁmﬁ MSHLi T there is
pr OYi ded lﬁ?sﬁﬁt%&iéﬂtidﬂrté ﬁdw?é DERIPEbT RbifotHg rgmmf _ bh arfiBrbgaivof teagma%db i8vivg. 113' alsé m':lt ’
rotel ns,, e ash protelrns co rrsing rliorin en, ro n an act or
X H, wherie¥e & Sirbegohiet @@%Hﬁ?ﬁe%‘i“’gﬁ‘ﬂmdf’ DRyl fsibaps B RSERSTRE SHERRE i s 11 br i n,
and at least one anti fibrinolytic agent, with substantially uniform

pores, substantially, devoid of organic . chelating agents and havi ng
resi dual ‘510G PEY J%‘iﬁ/a@%etg%@f: © té‘méh%@éqdﬁ’ﬁqeﬂl'for growing cells. In

anot her aspect of the present invention there is provided a nethod for
preparing a porous, matrix of plasma proteins useful. as a _scaffold for
growi ng dRPRaspest of the preseptipventignhigre 18@69??)‘{‘33& eFerf P‘@Bg’attﬁ? PHPYi ng pl asma
pr ot ei NS ndtdiNcdntpriGfP plaschd prétbias, P RRE roddinCodnpiihg fildhs g Whrodibid #dst one
anti-fi brPi no%%trLc ag,ent ung@ condjtions suitable for clotti n‘gl, in the
subst ant i*&fto Wogrein gt least sy by welght of the fpfalpsoteip contegh 15 ﬁg’ﬁ‘ﬁa&‘ﬂé fPt addi ng at
Iﬁas tnrb ON&na kit ﬂiﬂrfﬁbhgtiﬁﬁgmg)ﬂﬂlﬁl&ub_staﬁﬁﬂ& hﬂgalrﬁﬂpeyeaisms?maalgfdemiaﬁfmga}m@t eijns and
thrombin |n a soli ort prior.to ofting, free the clotte
i Xt ur e HFEFBRI 70 BGE R PGS BPeT e br 8ot 4 o S Bl OB B ge havi ng no
nore thare® residual noisture. In another aspect of the present invention
rovi ded nethod for, preparing a 8rous scaffold useful for

there is . )
i npl ant R Bty a%PP%,% the Brepset ’§|B‘?P§‘°’E‘ Fgreds @ﬁ@ ka method for preparing a porous

matrix of plasma proteins useful as a scaffold for growing cells in vitro, the method
comprising the steps of: _
mixing plasma proteins with thrombin in the presence of calcium ions and at least one
anti-fibrinolytic agent under conditions suitable for clotting, in the substantial absence
of organic chelating agents, and optionally adding at least one auxiliary component;
casting the mixture of plasma proteins and thrombin in a solid support prior to
clotting;
freezing the clotted mixture; and
lyophilizing the clotted mixture, to obtain a sponge having no more than 3% residual
moisture.
In another aspect of the present invention there is provided method for preparing a porous
scaffold useful for implantation in vivo, comprising the steps of®
mixing plasma proteins with thrombin in the presence of calcium ions and at least one
anti-fibrinolytic agent under conditions suitable for clotting, in the substantial absence
of organic cheating agents, optionally adding at least one auxiliary component;
casting the mixture of plasma proteins and thrombin in a solid support prior to

clotting;




m xi ng plasma proteins with thrombin in the presence of 1:%&1#29 »geS and at
| east one anti-fibrinolytic agent under conditions suita ]J r clotting,
in the substantial absence of organic cheating agents, optionally adding
at | east one auxiliary corrponent casting the m xture of plasma proteins
and t hronbi n i Fe4ngBe Pt iBBYE prior to clotting; 5 18 January 2006

freezing the gléhiiehgMeddie®mitweRiirtlyzbithidgiapsigel t ed m xture, thereby
obtai ning a spon cutting the s aEonge into sectlons of desired shape;

e
seedi ng the séé‘f‘%éﬂ@sﬂﬁqgﬁmé‘éqef’%‘m 55142 cells on said sections until

the cells reacshecﬁﬁgaha@aﬁngymﬁtelgt Ieast 104 cells per cnB; and inplanting
the seeded sectiaons _in Vvivo. not her aspect of the pregent invention

there is provideyathaeeiion S?%F“’B?‘EH&? th“gceéls rep OB s Aot U%é‘Fllfl f or

support of celder ganwhd after inplantation in situ, conprising the steps
of . m xing plas ‘g’ﬁt#‘ vmththronbln in the presence of calciumions
and at |east dffg=n tes\"’F BOFEPRM ¥i¥9gent under conditions suitable for

cl ?t ti nlglmly&dagbtﬁeribﬁé&to&itﬁelpadserﬁbﬁ/&ﬂfbiﬁ theidf is gfogia@d :ilm?tlﬁéﬁ ok %Jﬂ&ﬂarﬁ‘xgﬁnt s, t f
opti ona a one .ayxil i nen casti e mxture o
ploasma pr%’f @H%‘Eﬁ?ﬁ?‘ﬁ’“ﬂﬁ ‘gf(@B\”&‘d}g‘ n@?@“‘ﬁ’rlflé‘rm P‘EP‘P’%F“@ {th ng;
freezing stdj)@oicl otted m xture | yophi I'i zi ng the clotted m xture; thereby
obt ai ni ng a span avi n m ethan % moi sture; optionall
washi ng the sﬁ?}ﬁﬁépgfw fﬁww PHYD &Y ciBFRn 9&1& aFlawor@ et e ’
optionally r e-ahb(-(ﬁbﬂildlﬁislag@t uhdRr E@Hﬁioﬁs stuhﬂﬂeeﬂayczethhglnmmembataﬁmmmbaw ng no
nore than 3% residu m)lsture s on ejnto sections of :
desired shape; foﬁgﬁ‘ﬂ?%ﬂai'ﬂ%aﬁeﬂté °§8 1 ’itﬁne‘i“ﬁ’f‘%“t?FPﬂ%ﬁn’aspect of the
present |nventchmﬂgtﬁa@xﬁﬁuje%fpl’aﬁﬂdﬁeﬂu@%dtmhﬂﬂltmﬁﬁﬁmhﬁﬁm&}ﬁ@ﬂfodl ng to the
met hods di scl o el, n a . still further aspect of the present

i nventi on ther° Sf ?F%egn&‘m'& porous scaffold for preparing an

i npl ant accor dyd’pgllltzlﬁg tH&QldtIed Mogse, dhedebly @5RRINRIPore hdfind Hoaddrt AGna% i nj ured
tissue.

residual moisture;
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;
implanting the sections in situ.
In a further aspect of the present invention there is provided an implant prepared according to
the methods disclosed herein. ‘ ‘
In a still further aspect of the present invention there is provided use of a porous scaffold for
preparing an implant according to the methods disclosed herein for treating an injured tissue.
In a still further aspect of the present invention there is provided a kit comprising the porous -
matrix prepared according to the methods disclosed herein and instructions for use.
Though numerous biomatrices comprising various plasma or tissue proteins are known in the
background art, none has proven entirely satisfactory in meeting the criteria required for
successful tissue engineering. The porous matrix disclosed herein, also referred to as a
sponge, has attributes that make it particularly advantageous for supporting and promoting
. cell growth both in vivo and in vitro.

Among the advantageous properﬁes of the matrices of the invention:

5a



In a still further aspect of the present invention thereH%f g éggsd a kit
conprising the porous matrix prepared according to the o3 cl osed,
herein and instructions for use. Though nunerous biomatrices conpri sing
various plasma or tissue proteins are known in the background art, none
has proven entl-l&¢ pakigesican befoonsd sueressfidly wigy paitielbopurified pretems gushyasd for
successf ul t|ssggdgﬁgﬁﬁﬁgﬁbﬂgmaﬁg%ngorous matri x disclosed herein, also
referred to as a sponge, has a put es that nmake it Eartlcularly

advant ageous f%r’l‘hsnlpwnrotwgs eandpe prinyed {rerg autelepous gragspiethereyrebivigting vo and in
vitro. Amng thenadypal aRRHoALARGE Wifi edliedddfl rBRlrskes of the invention:
5a 18 January 2006 1. matrices can be formed successfully with

partial |y puri¥ iTeemafrigesdiayessupeips meghanicy progerties, gentioleksbyofaryingpariiagyr ot ei ns.

2. The pl asma ProhsiRss 628 upcﬁe Ec%&ﬂohﬁ&?@eélfagf@p?dﬂsﬁleé)ﬁauée BRkELdeabm! her eby
obviating the need for pool ed sources wth the attendant health
risks. 3. The nﬁlaﬁtl%tééioﬁaﬂ?’és@kméﬁﬁl%ﬁm%@@h@ﬁ|Ué‘ﬁ‘llabﬂll%pert| es, controlled by
varying auxiligfye m%@&%%ﬁeﬁb%ﬁﬂrsieﬂ SO TBRRIE BvariBShukallye Properti es
include tensile strength asticit ressibility,” resistance to

shear, nol dabi | F@ryponants T infhe m%@@tl%%mg&ﬁ@mp@mem%d@amsmﬁert i es,
controlled by VéﬁyhﬂﬂmﬁH%mﬂkﬁ?&esgﬂﬂﬁgﬂ@ahﬁm uh&lmgﬁuQQMEQS't'on -
Desirabl e properties include texture, pore size and unifornity of pores,
charge and char gdegipateighiityon, hydrophilicity, adhesion, wettability. S.
The matrices MayRe SkpeLHNe hHoP Blofopical hdpRRTS, 'c@ﬁroll@@ﬁ}t &a?}:ﬂ%xﬂi}ﬁyvar ying '
auxiliary components used in the conposition. Desirable properties include
bi odegr adabi | i t yFompeneRts ysediinibg peorprasitien-esirabieprenggice inclpde o mai nt ai n and

promote cell gnfladdlinl ikRbAintRosdlicl Heapical | AupaR ot fobieon. Sb VIO

03/ 007873 PCT/1L02/ 00589 1t is now disclosed for the first me that the
attributes and d&beiont) aroffestiendiffaengiationqpd migiationces can be control | ed by
the use of auxiliary conponents, some of which nmight be considered
detrinmental to the subsequent support of cell growh and proliferation. It
is therefore explicitly intended to be understood that these conponents be
utilized 5 in the processes of generating and formation of the freeze dried
matrices, and then
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removed as necessary. The |yophilized matrices may be re d washed -
to reove any such additivesat are deleterious to cell gf%'\?wérﬁ]taﬁﬂzm ' -
t her eby' provi di n optim zed plasna protein matrices with the desired
nechani cal M“aﬁﬁ@"égi cal properties for the intended use,PGIEEATe0SEd | v
free of the conponents detrimental to cell 10 growth. The washed matrices

can be used di reghb¥ d@kids L i : . use. .The essenti
constituents of the natcriﬁfeﬂgy%? E%s#el&ligﬁl\?ﬁﬁ% %(E)Iﬁ)h%rsgmfﬁleﬁlﬁb%pr%@ef ﬂgél}e by the
interaction of M4HAGSSseyearcoatolledby drebisnof durilintyeompasatcemefof whick might i ons and

Factor XII1; a&aRGhaddnlq ' e as_are wel | known jin_ the.art, -

sel ected from ser F?\%dep%lrdgtﬂlé%(eklh?ﬁﬁlﬂ%|u%%epg?n%%‘§)ﬁ%%\f‘\§ieslﬁr°ﬁ‘&%@?im° HRIBY t or s,

parti cul ?rtr)l y t _rIbJﬁéhqmﬁ)m egpiiodﬂyiﬁbﬁtb;lt@!ie mdéﬂ;ifob&)ﬂiaﬂméslbéfcbﬁ _ﬂ&ﬂybbgﬁﬁ&i@@d, ~al one

or in conbirat i i aprotinin, a-2- _macrogl ohulin, a-2-plasnin

i nhi bitor, §| as‘%ﬁ‘ﬁs’éf‘&%ésé%?ﬁ"g% e g R %HHN%WWEHW%PH%ﬁe%ym hetic

agents. These egserdiaahecesayoTie:lyaphilised Mawicesthiyteuthyanved aﬁ&’ﬁvhﬁi%&ko , -
e. matrix,

additives, are f eveze-dr'beg 1.0 %al H a resilient sponge-like. _

substantial Iy It REShREAAaditys St s deleterions to pelhgrowthethesby ovidingo ni i nal

-20 requir ement optirizedplastad profinahatfeR Wi ihe dbBSiRedaRechhdiH Xndgﬂémg{:}ﬁ”t s include
etalle

various polyners that impart the desired properties as de! d above. The
preferred pol VIfRFLCH thdntended preeessentially frosnf jhecompencnigdstrimeniat toell y ror-e

preferred 10yaktidiThe R@bltd niebm b@%éﬁstﬂt%(iﬁ}?&rirg-ﬁép AR th%sém re

preferred being sulfated pol ysacchari des, current nost “preterfred being

dextran sul f at €he Berfial SRSRTHTRNAERSS ofth ?}vjé'@{ HiHn"
pol yet hyl ene gl %col-_s or .. conbi nations thgr eg ) uorn!t%géer mf%ﬁﬂgﬁl})ﬁ%l may

added in conju nf fibrinogen and thrgmbinoin the presshenvf celoipiGomind Fadlte pr esent.
~invention provke8Snabins: ' [Wole < Tols nop nogeni c

t hr ee-di nensional . matrix g?@%%g%’%}%evgl vega‘gr%géglgﬁﬂn’ssgﬁftﬁgggu?llﬁ 9 y preferred
30 embodi nent sPrgtein wbibjerasaspacially plasmindnhibitdrs; pasitulacly £amexamiis esd fhhama

proteins f{om % ' | : re.preferably fram autol ogqous plasna.
According to one gﬁ@gﬁ%s%]eaﬁtbgég%t %IQP epofé'g‘éoﬁ?b’? &1‘?‘?1'6‘?011,’8%1’?0&%8?2'0%' of the
pl asma pr ot ei nawregldbutioy a-2plasmin inhigitérplasimihogden attirathe inhibaer nd@meaut ol ogous
pl asma. Accor dj t other |ft. 6 18 January 2006 ., WO Q3/ 007873

PCT/ 1 LO2/ 00589% Io%isﬁ{e}ﬁ?“‘?é‘#e‘}tﬁnih‘?sﬁ\%‘ﬁ‘ﬁagw endf, Withos wathot @i ns ar e

- derived from aeptichagdditives, are freeze-dried to obtain a resilient sponge-like matrix,

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

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

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

or more- of the above components.

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

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




pl asma: However, plasma proteins fromany i munol ogi--c-al._-l1yé,"%rnu§)rty%b | se
suitable source nmaybe used, as well as engineered proteins or peptides .
havi ng t he lobd-kY to form upon reaction with thronbi ctor -
X, a pl agﬁg&gjrozgt%i n clot. Thus, in 5 one enbodi nent of &t@%{/@ﬁ%‘ﬁ on,
the plasma proteins utilized in the present invention include at |east
fibrinogen and embedimentXif e invBhisealoufpiemne pioteinstye defivedfisrh biteBgdusom a pl asma
source or-nay S Oﬁ;eromla comer ci.al | y avail abl.e. souyce, incLudi ng
native or reconbi hanto BT gt RFAE PR famany amialesioally preiigwise sHabenvent i on
the plasma proteirce may bid used, as el posngiicerdDprldiis YpdpHaiHafing tHeR@blio! at

| east 0.2 kPa ang 2 nmm deformation, ~peasured_as escri bed herein_bel ow
The sponge mat ?? %r%’fupf’ﬂéea?tfﬂ?é’ﬂh tﬁﬁ‘?’l’r‘?ﬁlﬂ“ﬁg 2T psgpa profeipatot. hus, n
substanti al by oegehbodinat 6fhe Infertiog, tiPFlainkd $ing BiildRd i € pebk ™ the term
substantial ly r.evgu&ﬂ%]ri%q?o es rre?iﬁs that the rrﬂ;[ority of the pores or nore
preferably - subSTH ‘F‘{‘/‘aéqef‘s" Euggsn and factar XUL These gemponsnts may bege. Mor e
preferred matriptfediffondgpiasmh ek Or BPbd M%E Rbin' AR Ssiple @ di ameter
in the range 01!) 50- 300 m crons. ’ Cer rb%ntly ms%%gﬁéé%@?ﬁ%%%di ments

according to tFGs BESdng nafveor respmbinant ppiteiRS e prot ei n sponge matrices with
pore sizes in the range of 100-200 hun. The plasma protein matrix having
the above spect%egmbpdimentpf the prpsentinvention theplasmy prpleintmaitx irgspiiegeobt ai ned

by any appngpr hﬁ@t@ﬁﬁl@@ffﬁngﬁﬂb@rﬂ%s’i6.@%%318{%&%{&2&#{1%% peLhed Jbeing freeze

drying a'plasma protein clot. In one enb e’'1'nvention the plasnma

matrix i s prepdgsedbadherginbeiny- The enonge watoixof the iwientfontthaychaise iregwlat he pr esence
cal ci um chl gebAg sHRMGHaRABL! i . Vi cl otting;

&ti ng or nol Igirng the mﬁxturéjl%rfp%%?'alg%éSggcg%%?élg&dzﬁ%a?ﬁsg%otewi na solid

support pri or substartialli vignigr pires meamg thaf the emjanity dftike et dr esbr@refekablyur €;  and

| yophilizing t ' re.. Alternativel the fhronbjn solution may
be poured int OQ%S%'%B?gﬁyeppﬁegraﬁ%r%gdgﬁa?%%??B#y@%e%ﬁﬁgma@tgﬁﬁ to bl end;
the cl ot t el i adeondingfto the énveativa: Hayopited dfackhnidie it Rade HO50-B00aARIINAT 2
matri x of plas roteins useful as a scaffold for rowmng cells, as a
scaffold for i%ﬁoﬂﬁefﬁe‘{ﬁwgwmfsﬁc@r@ﬂg E’dhi)l"if’%eg‘émf"??@‘msw fol | owi ng
steps: m xi ng plhasiRopinGheigs Mmanddelwith peralaizBs ih MheligeRE S6RISELR] cal ciumions
and- at |east one anti-fibrinolytic agent under conditions suitable for

achi eving 18 JHieydasyma2ddéin WaBHORE We2bBeTdpbdifad #RABBR1 and mechanical
properties may be obtained by any appropriate method, the currently preferred
20  method being freeze drying a plasma protein clot.

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

’{‘he 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




clotting, in the substantial absence of organi c chel at i %néfz 0§ ‘
optionally adding at |l east one auxiliary conponent; castl n%*’qlﬁ r% ture of

pl asma proteins and thronmbin in a solid support prior to achieving
clotting, SVPIO¥YBHy the clotted mixture; and |yophilizing rdwiLod/msssed
m xture, to obtain a sponge having no nore than 3% residual noisture. .In

one ‘particul ar exe rote| at a concentration of
30- 50 ngy/nl are m'rr%lédé tﬁﬂm @h%asi%g%g% {gsmcﬁgiqtgﬂggg? 5 units of -
t hronbi n per ng 10 t&ptlaiaﬂmla&hn@atmastcmeraumhmlcebxh@ixeﬁtbe m xture is frozen at
-70C for approximately 16 hours and |yophilized for at |east 16 hours,
preferably 24 hoursGastmglﬂtesmﬂmmﬁpﬂz{smmpmtwmanﬂdimmmn\MEbolme;hb}ﬁ)rttﬂitﬁr sponge
is substantially dry; g@ge %Q: 3 | ess than 10% resi dual noisture, nore
preferably |ess than re ual® nmoi sture and nost preferably |l ess than 3%

resi dual no§sture. eferred enbodi nent the sponge of the
present invention con %ﬁggg‘ﬁgﬁi?‘& rrponents whiich may nodify certain

properties of the s nmechani cal and/ or, bi ol ogi cal
properties. The add?gﬁ&%ﬁzﬁ?ﬁi g&{aégfgm&[%ré? %%Fﬂ)%ﬂ’@ﬁ% Vg Rg maze ke j or
characteristics to Bheresipmig®istikbe auxiliary corrponents are added to the
pl asma proteins prior to the formation of a clot. A 20 currently preferred
enbodi nent in Ta@ebpm;mda exemplatylembpdiematyilasn\peettin® it d GnéentrBRGINFS0CONPr i Si ng
dextran sul f at 11 nor.e erred_ enbodinent in accordance with
t he present m@en I On @x%‘i%ﬁlbﬁtd%asg%ﬁﬁwssﬂ‘i& o} -0 PR of trembin AT Mg ur rent | y
most pr ef elr edowehlaiaprotein] md&hagﬁdﬁmct&e\m ﬁr&e? BE-7D7CRR Bbp rbﬂﬂﬁ@%} @ |sf a .
sponge conpri ni c. aci.d an ycerol. 25 In yet another preferre
embodi ment , %‘é’“’%&ﬂ%@m%&%f%ﬂi?aﬁﬂéﬂwgﬁeWéﬁ@WaMhop#sopert|es to the sponge
are rermvedadt onge | hilized to renpve all _noisture. Once the
sponge is cas'z1n atﬁg‘“ﬁﬂ? {%de “f‘ﬂ’eccﬁﬂwﬁp‘%?é%lséﬂ@%ambﬁyéhdcqﬂé@%ﬁ red and
may be reanedesfsltmmlt)%ﬂ'eﬁmmmlshfe Gbid refekabiy éﬁfﬂﬁﬁs‘%jlg@iﬁgﬁ and! OVi des
‘a sponge prepar P ]g at | east one as descri be ov er ein the
30 sponge is "s?ﬁ%r& ef’&ﬂiﬂ heesidadanqisterel yophi |i zati on step and t he
sponge re- Inghll zed to renove residual noisture. 8 18 January 2006

}5 another preferred embodiment the sponge of the present invention contains

auxﬂlary 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 2 clot. A

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

sponge comprising hyaluronic acid and glycerol.

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

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

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




WO 03/007873 PCT/I11 02/ 00589 The present i.nvention al so ' r the

I ntraduction of additional synthetic polyners into the égp‘ga\r%g&szgérgi ng the
preparatio r e. These polynmers may change the physical.. mechani cal
and or bi or\ggiogéﬁ% operties of the sponge. The polyners i/ R200589

non- bi odegr adabl e or bi odegradabl e. Exanpl es non-degradable materials

i ncl ude pol yt eThegrksent inedrhigh alse propided forihe iim:@tiﬁdioﬁ@lf Xd&?}o’ixlalssglﬁﬂietﬁzsl -
fluorinated ethylene propylene, polypropyl.ene, polyethylene, polyethylene
t er apt hal at e, %‘?%‘%‘8 Hﬁg the; ?f{&&rf’élﬂﬁ%@ﬁ@ﬁpg%mwaffeéﬁ@; These pRlyaem ane,

non- degr adabl eclzagymaphaiod, dechanftelNmd dLHORGRA HofRict GRIHIGHHEE The

non- degr adabl e (@ol %/est erb, po%cryl I c, . polyhydroxynmet hacqrjg at e,

pol ymet hyl met WBEYFS TaY bpgvn uieficseadable gr biedegindable Jaamplenponalepradable |
copol yrer s, 5 bl gelkrisloReh EElorBLENER, RhfidRRaB PR ndBbRh bMhbrinatkd @RI €S
of degradabl e terials ?ﬁjé)l&zde hydt;ﬂ%l yz%gtr)flle pol e-sf'grs sucﬁﬁggn%ba(yl actic
aci d and pol yg%ﬂ?ﬂeiPEOPX@P@POWOPﬂ?@hMF@% nebigihsleaienpalripodiconxy| at es,
degradabl e  poiiNdas Rppat 888 aRIEn o%ﬁg&%&r |_yanhydri de, '
and copol yners, bl ock cﬁ(;%%s}lyrrg’rps and be’ends ofig%lﬁg&g‘%%\%ﬂ%gﬁ%?i als. O her
conponent s i nclegdatiepelyeathenate, non-Gegrasble olyestarqolyatrvtic, The pl asma protei n

matrix of the le k‘?ﬂ il :};ﬁﬁ% ! .2, unexpect edl y
advant ageous s%ppozrﬁ:o .ortha(%: I %gl&mﬁ?g%#%%’?@?apﬁxe%&?sﬁe pr esent
i nvention 1& apolyshtevanvidsatnidsiopolgmers, bek vepelymers amd blendsof¢hembbieuniaterialbuch as

for growi ng nesenchymal cells, chondrocytes, osteocytes and osteobl asts,
epi t hel i al cellixamples of degridableinhaterialancludp hydrelyzablepalyestpa sehaapalylactiod any

other cell t ' L 4d. S .desi cul tur it hin thre i mensi onal
support. Fur %/%rﬁj' %@gg&gg%olfgéc Iﬁ’rpzoh{())ﬁg%e%f(ﬁ)ﬁs’ |°§{7§"hb§? %ﬁﬂrﬁa&oyl%%ﬁ, pegﬁaggﬁf: ng
inplant far t rmﬂwplbamatisn@pﬁraddﬂé paljroapmlamnesﬁﬁﬂ,}ahhbﬁﬁ@e,faﬂd copblytidss| 86dk Y
preferred enbodi nent of .t sent inpvention the matrix IS a sponge
conpri sing pl acgﬁ%q%pn?rgpgqWgn%g@f@e?%ovgwgggl@ (#tﬁg cowponeRts inclyds fyripians o

vari ety oflicelihclodipelcithiy.ef erably, the sponge is inoculated with cells and
the cells allowed tojroliferate in vitro prior to in vivo inplantation. '
Al ternativel y, THelptastia@Rgéin nfatrdl dfoheidvinbioRR50ehl, Gdrlafia,lh ah uiRperdaBen

cultured or harvested and the sponge conprising the cells is inplanted in
vi vo. Furt her ,?aﬁeﬂ‘é“rsé}pﬁ’%" W%lﬁ}aﬁ%‘longeg:g? metrxnf thegresenidnvenfienisehe sponge

of an auxi| i arjocodPafloReREs kst fsillishu cAInkE, Q064 As\Br SO0 rRBbRRAH from
grom h factors, _cytokines, enzynes, anti-mcrobials, anti-inflammtory
agent s. cells, chondrocytes, osteoCytes and osteoblasts, epithelial cells, neuronal cells,

20 hepatic, renal, pancreatic and any other cell types which it is desired to culture
within a three dimensional support.

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

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

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

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

enzymes, anti-microbials, anti-inflammatory agents.




18 January 2006 WO 03/007873 PCT/1L02/ 00589 The bi oact.i veg 3ga %& r
exanpl e, growth factors, angiogenic factors, and the Iikgz,3 are 20060
advant ageous to encourage a nore rapid gromh of the cells within the

i mpl ant,  @&¥oooh®@e rapi d vascul ari zati on of the inplant. p@haLizepisant
consists of a plasma protein scaffold bearing cells at a density that is at
5 least 104 (ten thousand) cells per cnB, preferably 105 cells per cn8,

mor e pr ef er ablThe biwetivecdgenis, ferrexample, growth fagiers) angiogemigyfagipmnnddhe ke, ; 1) ant

for transpl ant&@@ﬁﬂ@@%ﬁ%}%&%@/ _a?]no%é faBiddrow ok ieR81Es WiiRaR iGORa] sts of a

300pl plasma protein Sc d having an”approxi mate vaol unme of cnB'
havi ng 104 chdéndmeuy rapil weadmidationnéitheiimplypt.or to a 2 - 3 day .i ncubati on
period. Preferably, a plasma protein scaffold 10 for transpl anting

chondrocyt es cBwimplinepnsisis of mpjeurs pidiainaatfndbering cdls gt adnnsitoleiisat
chondrocyt gs '1?%?(?%@%@%1%& ésr #Iéf",r rétéﬁﬂi%%p%é[rgﬂn;, midie gre&%tw cul ar

enbodi nent “of on ‘a rotern sca or transplanting
chondr ocyt es cidfipalispescra’. i dmdndirsitioneraniples aminplars dirsengplanting y reqgul ar pore

size of 50-30 r-and .a 0.2 kPa. :The pl [0t £y [ t he :
i nvention nay %gggﬁ?ﬁfégﬁ ﬁltt?oo‘l;?g%g‘algg ﬁ%mg%c%§g§slt$%% @PEI éﬂ%;ﬁ%pé%t%%e to fit the
af fected ar ea spsffeld hivingeedproginité Yolumebf G2 om™ paving 10F chindpicges ssefioh. The

pl asma protein, scaffol y.al so he .used. Lpl ant _per. se

provi di ng rre?‘h%fﬁ%? t or 333{ 18‘“2’&8%9 %e(':'io?\slfggféfabgﬁf Eﬁ%‘%ﬂogrﬂeél gic?lff@?t u and/ or
for providiong for trimplahtingWhbitirstyi icediprisitd Al plagnadadieint ane or inj ured
site proliferate and 20 differentiate.. Fqor exanple, for cartilage repair
the pl asma pr AUEA1eE0HS Elon OﬁﬂV%BSd&géﬂ@ﬁa%g?ﬁ%%ﬁqngﬂowl?ﬁPWﬁ T

therapeutic ProoRENEES of tAS invElitdE a PRRMAE pRteif BaYfolidor trindFi@itingr abr asi on.
chondropl asty, drilling or mcrofracture technlaue_s. The plasnma protein .

matri x of the dhandrpeytescomprises g fhrn spange having swhpiansially waplsopars fige okcel |

growth, may f uget QR nDend4 6.5 LAk Plalthy Brotdin RS te Wilehtich sy sy, O
exanple as 25 a matrix for regenerating cells and tissue including neuronal

cel I's, cardi ovia®oastioms of desedsizeiand shapk itefit theaffectedpraipriontoseeding il  Sone
typical ort hoP%ﬂLSﬁP&%&ﬁﬁ%ﬂ% I ncl ude joint resurfacing, neniscus
[ onstruc

repair, craniofacl rec fon or repair of an invertebral disc.

Furt hernore, t j ' : | el

; 1 % lafPped s& P Profding . :
synt hetic or o@%ﬁésﬁ%‘gﬁgﬁpg&gﬁg%ﬁg}g&%%%s a‘lril)gs %ﬁgges?pe?gr ex é_rrpl nég in hip 30
repl acement prmoedshdnicaisuppbhis a defeetiveroe iured siteve sit ad/of fortpraviding dvi des .
IrranPlr ?Qt 2]: O,[ he ntggt}i%%ﬂlgnev\éﬂigﬁgell% (Er%gne e %fgcgivté Q? in_%:u(}gg) sritle%{'orl]@eryg %ncPl asma protein
‘ 20  differentiate. For example, for cartilage repair the plasma protein matrix may be

used in conjunction with other therapeutic procedureé including chondral shaving,

laser or abrasion chondroplasty, dﬁlling or microfracture techniques.

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

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

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

invention.
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i

i nvention. 10 18 January 2006 WD 03/ 007873 PCT/|L02/ 0055198§ﬂg§5,r%§m PTION

OF THE FI GURES The present invention will be understood an ecl at ed

~nore fully fromthe follow ng detailed description taken in conjunction -

with the fWQYH8YSTH which: 5 Figures 1A - D show a fi bri n PEganeEoosssepar ed

-according to an enbodi nent of the invention prior to being freeze dried,

after freeze drying, prepared using |low fibrinogen concentration or high
fibrinogen concentration and conpared to a commercially collagen sponge;

Fi gure 2A andBRECF DPSEREPTION OFEIHEHIGURE®Eti es of the sponges; 10 Figure
3A and 3B shows the dissolution rate of fibrin sponges in urea; Figures 4A

- D show cho ocyte r QwWn th | a rotein matrjx_in . accordance
with, an enbodi I% en%‘? Pﬁ%Wﬁ@é’ﬁ'{‘ﬁ% t?oé%%tfggre‘ﬁa?@m&mgé‘%ﬁo@ﬁlﬂﬁm ng the

gl ycosam nogl fptlawing Géeiledatesdriptitn @kerCiilchbSu@tionwith @R aswhicR Ot ei n sponge
according to an enbodi nent of the invention conpare 15 with cells grown

“on a fibrif cFigtreahdl - Drshew adibtie singé bigpavdidcading 1wl drigRAMmaPoN@s; Figure 6

shows the proliferati.o f. a*:rti cyl. t(%ho drocytes in the presence of the

pl asma protei R epohy Org‘ﬁge“&% ?eéﬁgﬂ%é,er SR B DFPRSI MBS ¥ ul t s of the

pl asma pr ot ei fibritpgeig@néeiphtivitonthigh fibrioferiRatchraid abd cdfipaiagar y 2006 WO
03/007873 PCT/1L02/.00589 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention r el SERergiailycoflagen spongei og. bi oconpati bl e, bi odegradabl e matri x

of pl asna-der]%jved Rro&g%'gs.The ma%lri,x according to an enbodi nent of the

i nvention is USEEAM 3 Bremesga mes aﬂ“@bEW@?@?ﬁQﬁgE&ﬁﬁﬂ%ﬁ repairing various
tissues i 5. vivo fo‘i gﬁ"irrpl i.n ti ssue engi neering nethods, and for

growi ng cH | FIEHE 3apd 3B $haws the disspludion raigo SPAZPTIER% on can be utilized

in reconstrug;.i ve urgefi%y nmet hods for regenerating and/or repairing tissue
H- = S C

that have been®d houdropesergyym op Higlesma grofie BRUiBcedur es or
di sease. The fetadfidk with¥e Bibemeit QY itd8Svention;

Figure 5 is a graph showing the glycosaminoglycan (GAG) conient of cells grown
on a plasma protein sponge according to an embodiment of the invention compared

15 with cells grown on 2 fibrin 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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a matrix for use as an inplantable scaffold per se for t} _ eration
According 10 to a currently preferred enbodi ment of thékf%#@ﬁﬁﬁ%ﬁ? the - -
matrix serves both as a physical support and an adhesive substrate for

i sol ated oedbzowdsmsing in vitro culture and subsequent inplcani@ldossd As the
transpl anted cell populations grow and the cells function normally, they
begin to secrete their own extracellular matrix (ECM support. The :
scaf fol d_pol ypETAISED DIRIASTIONGE RSN AN TNeed for an artificial
support 15 dim nishes. Scaffold applications include the regeneration of

ti ssues such as neurqnal nuscul oskel etal , cartil agi nous, tendenous,

hepatic, pancHEXRFFSEnt inyeption refgies fo freezgdried. biggempaiible, hiofemmpdpblemmaiiy ot her

tissue form ngf phignb deVed PRdtbiadV TRE SRR acbdidifly Rl AYddInRAPOShyENt of the
present invention stemcells derived from %;3} tissue or induced to 20

di fferenti at SnyeRion i ugsialdpmeghods £ rreenayatiag gnd/onyepaiting vazieus ﬁﬂm@}‘ier ably the
|1 degd : ' E turing
celI's are 5 dejjo/ et ki %@ﬁ@&@ﬁ%ﬁﬂ%ﬁ&ﬁ@tﬂg 288 fwaé%gc%fsq{i vi

cartilage, chondrocytes or. mesenc stem cel'I's T e seeded on.the
matri x. |I'n speginkdngx SMROPSRMSentidh ol d@!%'r%&m@%@u?%ﬁ es or =
chondrocyte progenitor cells can be seeded on the matrirX prior to

i mpl ant at i on B¢theds faregespmingyndfonpipaiting tissun thahhavie been d&dx;lged fonallh I y,h theI (215
cell of inter ' S c L.ch wou
cel | of 1Tt eresbpiBBy i E NGRS SR FXRLARS eSS ARATSIpIRIED "oU
proteins, gr cﬁfwwmfcmlsmssunhmplargbl_grsgpﬁ_iug@wsq fmrmgmtmﬂngsf%é ;:nce)(ra ring
_proliferafgv = ] ve ex of . ' e
cells to fednhgt?lg%&ﬁ%rg?ﬁ%ﬁ?eg%g}bg%mgé@g th 1ﬁvel5§gig§feelﬂfm%l5‘?w%s,b§§8ﬁs_§16. 30 In
yet further oo impmamlfantr?ﬂbasivamml tratofor ist:lbt'e‘gli patslrdnﬁdng:igﬁithﬂm_ruﬁm lahd ted_ asO?'_
coating of syntheti.c or other i ants .or.ne al devices. e matrix

t he inventioﬁﬁﬁé?wmﬂgmgﬂ B?ég“@ﬁ“ﬁﬁﬁ?%%#§e%ﬂﬁﬁhégmﬁ¥ﬁ§aﬁfaﬁﬁﬂges by coeating
or -adher i ng_tfaickosisorkbythd Begid sl il oRAQRM K UATATENDGRok0 2/ 00589
to persons skilled.jn the art. The yatri x coating, ich is capable of
suppor ting aﬁ%‘e S‘fag@di H"i’?ﬁr ﬁj@'&@?$ﬁ9|da$fa<&raém%ee%@ﬁaq wiScieupRot ul in
providi ngisa fagaishl e environnent for the inplant. For convenience and
clarity certain terns enployed in the specification, exanples ‘5 and clains

are descri bedchftsl®applications include the regeneration of tissues such as neuronal,

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

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

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

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

be -applied to implants such as pins or plates by coating or adhering methods known
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~addition of t

~matrix. The asne _pr ot ei trix of the esent_invention nma e denot ed
herein as a E (érfﬁpgvegu%‘?eig@%‘?%%‘ﬂaﬁte?ﬁrﬁ ed m fhe WP’%‘@*‘W’ %%P]g? as a

"Plasma" as used. herein refers to the fluid, non-cellul afg %Pg %ng t he

bl ood of humans or aninmals as found prior to coagul ation. asna protein”
as used herein refers to the soluble proteins found in the plasnma of

nor mal hurMR938978%hi mal s. These include but are not |initEWBOEWAYUI at i on
proteins, .10 al bumn, |ipoproteins and conplenent proteins. A "matrix" as

used herein, .pgr ousstruct ure., sal.i,.d. or m.- sol i.d

bi odegr adabl eiog%gsrso? %%@éeadh]gwcnagt ’ %%er%%{r%”ag%g’c@?c}bﬁf ?Raﬁﬁé’ﬁf"fwo’fnﬁg ﬁréd to al l ow

cells to popficattaingeelhilangacieth, dah éhusbé ndeful idMploviding fadhvordble dmb@medt S nay

require addit'ocr)q}ﬁc)xf a pol ymeri zing agent to forma matrix, such as
FEROFRIE a sol ution 15 cont ai ni ng fibrinogen to forma fibrin

ti ssue rep$ acemendimsap ®@siribed hasina cel | -bearing tissue repl acenent

I npl ant. The f.erm | bi oc atible" as ysed herein refers to materials which
have | ow toxi cityre 35ge ﬁ%@ﬂfﬂ[ﬁf@tﬁ%ﬂ'ﬁ ’Q‘ﬂn'ﬁé r poation ofdhrcbload of Banans i ng ‘

“body, and affbﬁﬁnhyam\gsf’ibuﬂdiﬁﬂoﬂgcbags@u@@. The term "cel | -bearing" as used
‘herein refers to the capacity of the matrix to allow cells to be :

_mai ntai ned wi tHistalpieein? dsitkdeReiR RifRoto RS SubRGrdiéins ik B idmabhe cells

are able to proljferate apd . invade the pores of the matrix. This term

"i npl ant at i on® ]EP?“%”_E’%&I‘?- e t1oBide Bitt aze nop Bmiged teroagyblipnRretiofon into a
25 patienty WiBKLARYlifopftcinsHAD 3RthplSBEnY Bk,  epl ace, fully or partially,
tissue that has been damaged or renpved. Another aspect of inplantation is
al so taken t OANBARPNS ubtSerdd, (SIS (CPRNGR BictireV Ml 6f &nliQofid ansport _
therapeutic drugs to a certai.n site in-a patient. In this aspect there is
al so i ncl udedbipfreradable sehstancebavingtpgros wespsprsnyiicisatlnisrssix pilevase)ls &omponent

which is a bi g3l 6r RISRL e Glaahl ui;{.fmglg%éﬁafsgﬁy%@mg%&iﬁ& fgs. 30

enzynes, ant I-m Cr(_)b,l al S, anti-1n _arma. or Qgent | | oac_t lve agent S,
for exanpl e, PRlvRetzifsazenite formmgheigersnch dsaddition of thrranbithte 4 soluion ar e

rant 55 1RAERGEE AR AR B e B Fe B T § 10

vascul ari zat i pesenf invéndion mysly e denoBidierdimast aoseaffotd pr o dpongesfomkde t o be

effectively r B Mat hin .t he spon an ence are introduced in the form

of slow rel e‘gé@hgg g%écgg%’r 8Flnté%l-gFﬁaé’glggntW&a’ﬁcoéﬁiﬁfeégbﬁaﬂ?%gﬁsﬂee sponge to

provi de for tieplacenient implant. -
The term "biocompatible” as used herein refers to materials which have low toxicity,

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

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

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

25  patient, whereby the implant serves to replacé, fully. or partially, tissne that has been
damaged or removed. Another aspect of implantation is also taken to mean the use.
of the sponge as a vehi@:le to transport therapeutic drugs to a certain site in a patient.
In this aspect there is also included the introduction into the sponge ‘ofan auxiliary
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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effectivity. 5 The "pore size" of a pore within a plas r ot ej n,.sponge i s |
determned by using the equation: P=(L x H"2 wherei rifml_é)‘éaﬁ'cﬁ'%ﬁr%r t he o
average | ength and height of the pores, respectively, as determ ned by
m cr oscopi Woa&d?si s of the vari ous sponges. The "pore waldymh/edpess’ 1S
a paraneter that characterizes the distance between the pores within a
sponge and is indicative of the mcrostructure of the sponges. It is 10

det ermi ned by’ A&¥EEF@EEcuiarizetiv affherimplentpSuch facies may Batdogoelabe refers to
a substance {ebity @lafed Wahind Sofld AFRAUR ol ink U ELd BERTomP o2 T of
exanpl e, synthetic ‘organi c conpounds displaying surface activity,

i ncl udi ng, i rftlesse ogpendroligiereldaseymistpernstles v e gempsto poendst foetheis,  spreader s,
di spersi ng ag.gﬂg&tg,ityand foam ng agents. Preferable exanples of surfactants
useful in the presént invention are . 15 hydrophobi c conpounds, and include
phosphol i gi dsThespors sizeihef affonowitsn r phshapiotein spbhge it deterndinkidyby uaing thear i at i ons

thereof, refey S\ ate that is dehydrated . anhydrous, i.e.,
substanti al | yq]’%%fg‘?% %@uﬁﬁr&lﬁ’eﬁﬁ asﬁraet%er%‘ieﬁaéﬁieﬁﬁ‘graflfgﬁ?g%f)? e invention
preferably haeiengeipestivetyhandelddfined by thitrbscofit siialiysts, of HRraripistheigakl y havi ng
oo duar ot s R SguTRUSHE: fia rRPssR Sieeisfioa i oree et er 1 o

t he prepar at ipores ofithin cpom@sint isdnditative 6f the hasrRtR¥FATIkb SHbRRZITPE and

dehydratilca’n idn thJecI< ozen state (sonetines referred to as sublimtion).
This process “HE{MPEk Y BFEEmGPAL fegaierosrePsdewebduced air pressure resul ting

in drying at ,a_lLowey, t erature than required at full pressure. An

"ani oni ¢ pol yglérgafﬁg{ ir%fgg%a"ésuﬁimeﬂﬁ‘gfeﬁ,m?rgyE#%P%e?é%f@?fe%“chﬁ%l uding

non- 25 nodi ffiredample Whthetd Sr@hie Rb&pduntedisVaidg\s8Fack BOFAP inch 2, aft@Nt ai ns one
., carboxyl gro val ues above about

.negatively charged group (e.g ups at p ]
4,0) and incFEﬁ@%“mggB%, @ﬁ('i%rg%'é‘*f Pengig, gpge %i&w@mgp@p&smddmt s,

al kal i ne ear afeniepaferbal éxﬁm*%!é&&'fsﬁﬁactaﬁﬁlﬁé%ﬁ{eg%gﬂ%ﬁ/ieﬁ{{@nsa?el ts. Exanples of
ani oni ¢ pol ysaccharjdes include pectin, alginate, galactans,

i ude Al gi n;
gal act omdRnafEdropfiopic saupenads apdhigclpdn shosrbolipdsaoilsiand BoroBwdeephss of sul fat ed
pol ysacchari des include heparin, chondroitin sulfate, dextran sulfate,
der mat an sul L5t Brmpagyasdvasaionsthareof, rfes tamphysicalstate, that ésdehpdgted a4 1 8

January 2006@@%&9@2%&@“&@3&%@ tggfeégﬁzg%pa{gﬂl%&?o%{gfate, i nosi tol

hexasul fate, sucrose octasulfate. vat | _ mrnetics of the above
are i nt ended Hvention preferpkly bavingress than | B aenidughmoisture, more preferably having

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

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

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

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

alginate, galactans, galactomannans, glucomannans and polyuronic acids.

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

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

The term"cartilage” as used herein, refers to a specialjzed L o8f _
connective tissue that contains chondrocytes enbedded in an extracel | ular
matri x. The biochenical 5 conposition of cartilage differs according to
type but i‘HOYEMERE conprises collagen, predoninantly tyRETHLERESgEN
along with other mnor types, e.g., types I X and X, proteoglycans, other

proteins, an er. Sever types of cartilage are recogni zed i the art,

i ncl udi ng, fg}&%é%nn% %?awgﬁeﬁé&étgﬁe?‘?s& e, S&F‘%Fec?ﬁa&?lf%%&?eﬁ]"%fﬂés, 2’“’@ost al

cartilage, frinretcsofdisr dholage intésd maRlind@lel il @gaweloasti c cartil age,

auricular cartilage, and yellow 10 cartilage. The production of any type of

cartil age i s Thetendeakilagef &l Usedhidréth,tefehao 5 sgpRIizEA tye T chitiéeieitRite The term
s_which are capabl e of

"chondrocytes; ,as .usedq herein, refers to cell I

pr oduci ng coﬁﬁfﬁ%‘ﬁ?’gs %ﬂ@&?ﬁﬁ%&@fﬁ%&%@%@%%ﬁ e bigghemitab of or gani c
chel at i ng 5ageninpositi@f Ecsriilage difeANHeERHnatd 9P bRt §Szchbial combrisek BiRgeh O €xanpl e
| ess than 1nm EDTA. In one currently preferred enbodi nent of the present

i nvention a pF WEPEBT‘IY)W?F H _""Hﬁ&_‘?ﬁ?ﬂg W%PB\‘/’T BT typefec-FalirexDomdd s type may
be produced agaedoliicash, bifierd g¥6ieins, ANE WailcP eial 8ROST ALl e%k%éng%&%’ ern '

solution containing an anti-fibrinolytic agent to a I'n sol ution,
subj ecting sdhcprhicudime, fos exqrands: hyeling certilage articulay earfiloge, cogal cartitigaduce a
sponge- | i ke Mibedus $artildSe. RadnRiah 1008, ' VL rocess
for preparing a_bi odgg?’adabl ech?lllaeg% égflgsgc_ﬁlﬁ%ﬁ%@ﬁ?%&%ﬁ%&%&e@ ing. The
process néce$3itilage cEhedireduptionef agy tybk bf ¢antdlageris Binded torfalivivithin shessobpst i on

cont ai ni ng c@ghﬁtﬂ;‘;@?ﬁ@jd formng the flexible web by the addition of a

t hronbin solution, freeze. drying and |yophilizing the web. 25 In contrast

to fibrin welgeqf cigﬁo SO : I, i pvent or.s. have ,

unexpect edl y d?sggver é’g?ofczg%% .ag%%geééfggﬁe{gB(Fée%gﬁvmcgéqed?a bﬁ%?%nal (3D)
sponge- | i ke prdueing coragonbuss pf expdeagedistueom a crude pl asma protein solution. A
pl asma protein scaffold or sponge with advantageous properties including

adher ence t o4 Isybsiantialzbsence of zganweliclingagentd réfiais kd 4 goncentratidndesa etenf ol | owi ng
di al yzi ngsout; yfopg}gg]pieqﬁsgsgmgqm?ﬁfgg agents. According to one currently
1 of the p i1

5
pr ef erreg enbodi nment resen i'nvention the plasma protein solution
derives from Llheo(gﬂggﬂ Qf%ﬁ*ﬁi C i to .one currentl re preferred
enbodi ment ofIﬁ‘t e pr egéﬁt 4 nven]fq%if)lﬁh(,%gtmggﬁeg?m@H@ntbof'a Sf’g%ﬁog%ﬁary 2006 WO
03/ 007873 PCTaiizOR pé¥58E. The matrix of this type may be produced according to the :
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 speciﬁé process for preparing a biodegradable
flexible fibrin web for wound healing. The process necessitates dialyzing a
fibrinogen solution with a solution containing chelators and forming the flexible

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

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

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

one currently more preferred embodiment of the present invention, at least one of
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t he conponents, preferably the plasm proteins, used for prepari he
matrix is derived from autol ogous plasma. According to a1- ‘%ﬁﬁ?wgﬁg%di ment
of the present invention, all of the conponents used in preparing the
matrix arevewesei7egous. The plasma proteins may be isol at gdRyoA¥Rriety of
met hods, as known in the art and 5 exenplified herein below, resulting in a
pl asma protein matrix having substantially simlar properties, as neasured
by pore size, MgrgEpenenisyprefewhlytesniaon ravieing ebdd foeprepanyg teapatit si es.  Ast abl e
t hr onbi n conpgrge | . | ogous .pl.as according to

met hods known, i ngf% ﬁgﬁéﬁ)l@% Igisgr%bﬁé&g %%%Hg@%ﬁe bgglqeﬁpﬁ&qjg?sgﬁt[ No.

6, 274, 090 andnpgHtstellanf the cofripenenBi wd iEpgpaonmiie n3GixG86xRelo@AO0The 10 The

resul ting pl [ C i_hits advant agequs properties including
bi oconpat i bi ?@%‘f%ﬁ%@kg}aﬁgggg%egﬁpﬁlvén%’?ﬂn%g?& ?ﬁ?ﬁ?ﬁé‘h@ﬁﬁﬁa oliferation
and abilily exempbfieiietenl belowmatitiigrih @ phiehi piotsin MBGIRSSving Substagiisliyent | y
preferred emb hﬁ?"% egggestag?n res‘fbnt I nventi on, blood i s drawn froma
patient in need of t e B Porea i nelastieitn ompressignang et bearug ar e

S IEpa '
i sol ated fromapitalitichSA atabblingnbih phnpsieat BitbAisdikd FymRLBRAbEDIRE! eof . The

matrix of the present ipvention, serve as a support er scaffold per se
or as a cell _aggcggﬁn%o E‘E@P‘?Sg?’ﬂwf‘b‘fnﬁgF‘f‘i?‘lﬂeﬁnﬂlﬁﬂ!"éﬁfgﬁ"!‘ﬁ%m WihPatentNet wi shi ng
to-be bound mwomﬂi&mﬁwﬂmMMmﬁ&ﬁmgggg_g,lzog@sence of organic
conpl exi ng agents may provide the matrix of the present” invention with 20

proper ti et beNefresultig pladmia peotéth SlairhxBibitOAtivaRntbt! ARG Rdager tai n cel |

types. As shown in._the exanples herein, the matrix ‘of the préesent
i nventi on supPYPrR2ibility. pore pize eqmpafiblp vith celhinvasionpnd pedliferaion andt h i n vi vo
and in vitro by &6 mIB& Rt SN efRfite Lai n organi c conpl exing agents in:
a range of 1 to 20 mMM necessary for the production of a flexible fibrin -
web di scl osedn aRuldntl phdOaedfomtoRimentsr MOMBL n 8 A iDY bIqHs drdwh h%ﬁ:'af have a
detrinmental effect on.the proliferation of certain cell sfypes. he use of a
fibrin web fdRUgH M nesd glhfisfuersgaippropgenerien, plasma proteing@raisolated fromtidieo, has not
been di scis0seadio] md ity I b e ture certain types
of cell types us%ggﬁlﬁggﬁv@g?ncljéftﬁ)%@aéﬁpgﬁt%en@ﬁﬁéfgﬁpm% cording to one
currently pr dFEREEHMEN$RET aversuppoit or heaffoldgwe se oriaswesli-beating sdaiffold for 30
sponge. pr odq,qegofhﬁ?%d@ﬁgd.bri nogen sol ution, wherein the fibrinogen
solution is subjected to dialysis with a solution not requiring a
conpl exing a for the gromh of cells_.in vitro
and in vivo. g?ﬂifanr%%%ﬁatgggg?mta %gfang%a?ﬁx%%igf oty the S“\%mhaﬁ absence of

organic complexing agents may provide the matrix of the present invention with

20 properties beneficial to the proliferation and metabolism of certain cell types. As
shown in the examples herein, the matrix of the present invention supports the

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

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

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

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

scaffold for the growth of cells in vitro and in vivo. n another aspect the fibrin
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18 January 2006 WO 03/ 007873 PCT/ | L02/ 00581 sponge is fo,rgwyaq]ugtyyéda% action
2 A

of a thronbin solution on the dialyzed fibrinogen solution a

subsequentlg subjected to freeze-drying. Preferably, the fibrin sponge is
seeded wi tthO4¥8YFEd cells, the cells allowed to proliferaPETAhepeM® sponge
conprising the cells inplanted at a site in need of tissue repair or
regeneration. 15 8ol i t - - Qr Fﬁ ge in

conbi nati on V\ﬁ%ﬁ%iso%ctel&vgE&%ée{orﬁ%%g%%eu#)lﬁlcﬁ%gl Oligéraﬁll[gﬁlea%%?% I z)g%?i on of said
celI's. In thesol@ionnad subsequenthiofubjstteditftread-diyings Reeferlilk shecfiininispaigee and b &w,
ti ssue shape [(Seed ryal: upct i requiri the.pol ding of the matrix
into three di ﬁeﬁ%dlegna dg%%%??ﬁgstj@gfgélggngvgﬁgIpé%}ﬁ%ftte\?ﬁ?gjigﬁ%cmlg i ckness and
shape. Accor déagiisingttheecelis asplantdiit auite ivnetdofithsheaepnile rpemdativad t 0 assune a

speci fic shapg.lncl udi a her e ube, rod, tube ar a.sheet, The shape
is deter m%edﬁgbygr fémsﬁ%g%c%lgarg Sﬁéodfzéoﬁﬁ’essﬁ?PﬁSHco H“W&@E’S@c%de of any
i nert nat eri aigeaisdemsfigiabforithe pealifératidn ofishid cklpe matrix on all sides, as for
a sphere or cupe, or on a limted nunber of sides as for a sheet. The
matrix may belighamechsiructiohef fthicmra tisdnediikeanghng a0d biir] isuaddpcenst itut e

pr ost heses. 11§1,[6Re5rgv¢"fn%i plorti.onsthof H;mri x W .th scissors, a scalpel, a
| aser beam or"amy ot HEF O FHY P AE e TpafRx gpe thres digonstosel nenment s
required in tdafighnten dictendivenily thiskdestCind sRape TAG oRBIGlY e PRIl X Nust be
confi gureﬂ)to gtgi%\{,i de ,both adequate sites fqr _attachnent and adequate

di ffusi on" of ifrmed onn Biwrpsed o assume a speeific ehape ingluding a gehere, owboyi abi | i ty

and growt h uniol] mbd\ér Bkt Fhol shape TPHAH ALY the BRRWI AT AR sﬁﬁpd?fi_s occurred.
Cel | ul ar mvasHé{s is required by cells which can |ay down the tissue to

repl ace the YHpHEAY bamads shpay megapaterahgndresicerin apiteds withéhemastiane | s
intended to raPAdds; ashad 4 dphére bPcubk W 3AS HnllRd SlfubG ot ERePs f&}’hesék%.ph?ent In-an
efficient manner, prevents vascul arization which is required Tor new tissue
to be abl e t dnaHsomyhe shaped jrrthe fops of hedypirgassrar parte ed eonstittieiprostiesssr di ng t o
further epgpody, : fidnR 6r i i .0 d rix f.or grow ng
cells or tissue cul I%r e&ﬂI n gﬁgﬁ%V%s%%%??lp%escéﬁegh%ﬁ?eﬁ%?ﬁ&aé‘%é)ftrpﬁr es bel ow,
the matrix ofcutthg istpmaeni con ciegte anpiefinerenty wipwied is the tigee-diendiomml wet f or m
before dryingg.,t matrix is a clot. In a dried formthe matrix is a
sponge. The matrices of the invention provide a relatively |arge surface
area for cells, hani.cal Ly i nproved_scaffold for

i npl antati on. 'Ighﬁg%{e? #g&%a?%?g%g&gg“ r{gﬁgo fﬂ‘&é%{’?‘%%&eﬁﬁ%m f}%&f?ﬂ as products
for in vitro atpchoaent gideglequate diffusion of nutrients from the cell culture to maintain cell

20  viability and growth until the matrix is implanted and vascularization has occurred.

Cellular invasion is required by cells which can lay down the tissue to replace the
implant and thus repair any defect which the 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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applications. .17 .18 January 2006 WO 03/ 007873 PCT/1L02/.Q0 _ | asma
protein matrix, inits dry form adheres exceptionally \A%'%%B%&?l%ggue T
surfaces. According to one enbodi nent of the present invention, a dry
sponge of W@ hxoorsmenti on i s placed on the area where tissperieganesati on is
desired. A second sponge, onto which particular cells were cultured, is

pl aced on top.of the dry 5 sponge. The wetted sponge of the invention

Bdher es wel | TG Plama g 13 RglEelngts donrm; adbesss exsaptionellsi wejl ©HSseal i ng
process, the saffhdes AdcOMirizh otRPNBRinRRE OF b &kt BSentbh! d Gy WdnBe 8F | 9i nal 1y
cultured mgrate into the sponge adhering directly to the area of tissue
regener at i on.therigyentien isnlaced pr thaeees vhsee tissusdegcmeraidrok deiedd A gécord i n

i nstances wh t : . I 0;, According to
certain errbodls&rrggreft@ﬁo%%%g&?ﬁggﬁgﬁsoﬂ%?ﬁ%ﬂ%q’gsggrir%re%?%\?) iortl‘ﬂilr?aﬁi X Is used as
a support 3f orspeiigenbhicorsfed spengawithaindeniion adlerefoiadl td tHeairy spmogeaithé | age

formation. HoWeY&sH DLRE, ' f | pvention nmay . used as a
surface .useful %(K)ur t|s%@éﬁgﬁggﬁgé%@ggﬁ%%m@ggqoélg%%lft g‘%‘“‘%‘ﬁ% as
mesenchynal ¢elld wero prigindibyrcultvsied sugate dutiitlegparesk ladheting dirddilgrethe ataavel s of
pot ency. For typical Ly. 15 referred. t 0. as="stemcells" or
"nmesenchymal ogi em (L:‘%F eg%OL':Irl?ay%IS%wi Oﬁ%lageﬁlﬁfe DSP‘E fofﬁ'(?k’&é’gﬁ"e}ﬁ%@rﬁﬁt?"f’% cell's,
whi ch ar e potvdwteithd Wyitalapalge doefnoandhisrd well. t ed nunmber of mitotic divisions

to either renew a line or to produce progeny cells with the capacity to
di f f er entli0at e\ccortimgangeriam dmbiiinencaf thdangntiog depiise pmtininendf ist he

I nvention. In ddition,.lineage-comm.tted "pr |tor cells" can be grown

on the matri X astaﬁgpp?%ff’%@gﬁ%g%? grﬂwﬁ"ﬁ‘gé@éf*@g%ﬁ*nflf’{’éﬁ? BrUREni tor cell is

g_en_er ally codlf&trd' _ Fmd{mvéaglhf blﬁﬁig:pfﬁl?frﬁ d?fmeélﬂvelﬂﬂbl%ﬁh)t wlugaalap@gurﬁ][cem t0|t : c
I vi sions an ' event ua ifferentiate only into a specific ce

type. It wil Iuse\t,i{é1 tjﬁ’b'bgrs‘éet:‘?“g"t‘@d%’iar‘l’ﬁt“"ﬁ%ée ‘i?ialﬁerP‘i@ aymesenshymaleptls gpthean support

the growt h anigdue formingeBOktakifif@ont WveRMY pb¥RS. Pér kARDIE| RASLBIca) her suitable

tissue. Furthernore, alt ho%g,h 25 the invention is directfed predoni nant |y

to methods f&HRRIIRAR el prmespReymelsiest calls’s steepliripotannen bneagpre
| nventi on mayim@hniRitkd\6di APnitPird fekently cgﬁaﬂlég_td?aﬁﬁ fied dulblARLAfdRN Of
I

ti ssues in any mamal. The met hods fof seeding cells on the matrix are
mani f ol d. | nd&yisieng 19 sifhier fepeyv 2 dreppip @roduprprogdnly sellsrvittetiis oataeity by pl aci ng t he

cell's on the affrdeR ifh aby QU dak b8 rown on the matrix of the invention. In

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

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

differentiate only into a specific cell type, -

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

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

implantation of tissues in any mammal.

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

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

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

of 10* cells per cmB, more preferably 10° cells percm’.
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" inositol hexasu

30 absorbed into the matrix by placihg,the sponge in a sg

éﬁegtaining

cells. 'Preferably the matrix is seeded with the desired dgﬁpggby surface
seeding, at a density of 104 cells per cnB, nore preferably 105 cells per
cnB. 18 1§“3$ﬁ%5§? 2006 WD 03/ 007873 PCT/1L02/ 00589 Addi PCYaR2BhEsImat ri x
of thé invention, in certain enbodinents may further include one or 5 nore
antiseptics, such as nethylene blue, and/or one or nore drugs including
antimcrobiall such as antibiotics and antiviral agents; chenotherapeutic
agents; anti -- rejection agents; anal gesics and anal gesi c conbi nati ons;
anti-inflammtory agents and hornmones such as steroids. |In other

enbodi nents ddithes present invention the plasma protein matrix includes 10
conponent s whi ch nodul ate t he nechani cal, physical and biol ogi cal

properties i ngkugdi e naLe rf adhesjon and ability to

nai ntain cel | gro&?ﬁﬁgﬁﬁﬁy%ﬁ%ﬁ¥?grat|%ﬁy&ﬁﬁﬁéﬁnﬁﬁ@&ﬁﬁgmﬁﬁkéw?gﬁs bel ongi ng

to the fani| yoqse ansisentisa cuehusi mishylenedhicomidior pud oramme dags Hehiding

gl ycosam nogl.yg : ' S, includi hyal uroni c, aci d,
iR Robiaf susl A D&bi cs%?xh Yk aganis; ﬁ%@%&?ﬁé}‘@ﬁe@% 2| yur oni ¢

pectin, alginate, galfactans, galactonau va

~aci ds, hepar ireiection egetitspinelgrsissind atabgesid eattibisanions; hiftirinBamletorigais sl T at e,

heparan sul f gt sul.fate, hexuronyl hexosam noglycan sulfate,
ﬁh]*%ﬁéﬁﬁﬁﬂ%?%%e octasul fate and PEG Preferably the sponge

IS prepared w . I bhary c onents such as.dextran sulfate, PEG
gl ycerol and oéﬂ%r}gh%%%#% og%?#sﬁng&gﬂ’aﬂﬁ‘ﬁﬁ:ﬁs’ﬁﬂrﬂeﬂ PR GG, agent s
i ncl udi nd0t r sempaeits which chodelpiclie: thevhbrieh® Fhysival a0 bidbidiBroperidl t he

invention. T . compounds pr.event fibrinolysis and thus can be used for
control ling .%§E¥§F%E%%yﬂ5’ %ﬁ%f?%ﬁ? eﬁqﬁmgﬂmm%“VPWB@ﬂqﬁﬂﬂKN@HWG acid may
be added to ardlifaretion Chhieecinélndd n@eialSt@nBits RahdBeMNy dPHbRstOhiaR! ef erably
preferably 5%. Bio s, such as cytokines, growh factors and

ctive.agent | _ .
their activaf@Pye B‘?[_ acgi’ﬁ’é%% cosasninqphicansedy syhatis @olyaers; iaclyding he i nventi on,
or added to hjuur6eit héid,ipRothe aIpRee SR1RRRY) Baikdnark Qi alRg. 1 n order to

enhance ?gthera eutic,effect. Incorporation of suc agents into the sponge

of the p seRt ARE ATl henariaahenddsoitin siliain destrasesyliate,deguatareduifeid.
heparan sulfate, keratan sulfate, hexuronyl hexosaminoglycan sulfate, inositol

hexasu[fatg, sucrose octasulfate and PEG. Preferably the sponge is prepared with such
auxiliary components such as dextran suifate, PEG,. glycerol and/or hyaluronic acid.

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

be _added to a final concentration ranging between 1% to 10%, preferably preferably
5%. '
Bioactive agents, such as cytokines, growth factors and their activators etc., may be
25  included in the matrix of the invention, or added to.the cells to be seeded on fhe
matrix for example, in order to enhance a therapeuﬁc effect. Incorporation of such
agents into the gpbnge of the present invention provides a slow-release or sustained- -
release mechanisin. For example, growth factors, struciiuaﬁ_ proteins or cytokines
which en]:_tancg the temporal sequence of wound repéir, alter the rate of proliferation or
30  increase the metabolic synthesis of extracellular matrix proteins are useful additives to
the matrix of the present invention. Representative proteins include bone growth

factors (BMPs, IGF) and fibroblast growth factors, including FGF?2, FGF9 and FGF18
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rel ease nmechani sm For exanple, growth factors, structur
cyt oki nes which enhance the tenporal sequence of wound féepag‘w}yeioﬁ?er th
rate of proliferation or 30 increase the metabolic synthesis of

extracel | uvarosmensri x proteins are useful additives to thepdBilohsosé the
pr esent invention Representative proteins include bone growh factors
(BMPs, | GF) P brobl ast growth factors, including FGF2, FGF9 and FGF18
19 18 January™® ag0 Pertine.mertilags grovBofseor geaes ( eT@'Iﬁ-tﬂ) fartil age
heal i ng, cartw@@lﬁmgm@gmw%&eg@@?am&m or il || age

heal i ng, nerve growth factor genes G-) and certaln nerve
heal i ng, and PféHes and gfpﬁﬁﬁkﬁo WISS‘@@@&PIQISIGNWQWWM&QW&HD@F};M h factor

(POG) . | vas Clallu iRt i @‘Jvth%c?a&méﬁ%gﬁmﬁiﬁgg%m EIRYIER ! ke growt f

factor (I1G--1 kerati1 nocyte gro actor derived
growt h supbl OQ}EE[@‘)Vﬂl fa@m(&@ﬁhahdo@mhwdhnfﬁcgr@vtheﬁﬁ)neaﬂEMer proteins

Sl Tht o pr of canr Mo RERR i bRFou U S RGIR Sob i P e GTR o”

sucrose octa M@@mmché%hemmmmfm@mim(HBBEsaﬂfeunﬁdaﬁ‘d’ssﬁ@&&or s shown
to act on cel er Y tlssue I ncl ude
10 retinoids, &%F%nvéug?nﬁgsr“%ﬁeem{‘ﬁ# %’gﬂ r'}'ﬁfeﬁfé? WHEEi fic for
cartil age rep&ilbwntqaccblucwscﬁcamﬁnglba@cgﬁlag‘dchoﬂ&ﬁ&cﬁmedﬁ@@ﬁésue fnclnge and TGF- 0.

The prote t| on pt | or derivatives or variants

t her eof , iobtrgm}?é% a@iﬁs"g‘ﬁﬁfgf g’wt?@éa?%ﬁ%@ﬁﬁa@%ﬁﬁféw ‘whi ch
exhi bit the ahalhdetdﬁrtnagegﬁdwmwAcﬁﬁ:@’)lﬁF@é%@QG!FSﬁ and cell divisionin vitro
of a variety of cells, including 15 primary fibroblasts, chondrocytes,

vascul ar and ”ﬂrerpmauhs enﬁeiﬂ%ehﬁoalar@;ﬁﬂ}ip‘épudeé)ﬁi &Qi%t@@k S VAR kkadog, snooth
,. cells genetically englneered to

muscl e and neLero cells. Add| tionally
express the df Bar“é%ém“? Biwal: symsacge ﬁgrea%bmmﬁémweﬁswghwemt e alylifytto

i nvent i on. ProailateONeXGy RS ardQiell 8T dul iR Ufro RBAuFery SPEIISARGI AL ca! cel I's,
mesenchyr sfem Is or chondrocytes per se or transfected with 20

cartil age grde“H’Ilf Blastyeherdracytesciaanlar paheunegt endothielidicalli: ng t r ansf ormi ng
growth fact QfsteBblﬁé’E%yb%PastsCs‘r‘:{o‘bﬁfﬁusglg;aﬁdﬂéur&ﬁfyelﬁone repair uses periosteal

or other nesenchymal stemcells or osteocytes/osteoblasts per se or

transfected viddtidagme cemrgea@u@alkgﬁgﬂéa&% résgkh%%%ﬁgn%{rugg%@scg&ﬁé‘ﬁe' ncl udi ng

bone rmrphogenetlc protein enes or rowt h factor
fam [y genes;ng Wﬁéﬁ@@f?@mwﬂm&eﬁﬁeﬁmeﬁ@lm]@ndepamuseal suppor t

cell's per se ﬁéﬁo&éamlg,%ﬁés%h%glategle&ﬁssorscﬁlyfcﬁéc%s ];)ér%e of transfected with

20 cartilage growth factor genes selected from a group including transforming growih
- factor-B (TGF-f3), certain FGFs or CGF; bone repair uses periosteal or other

mesenchymal stem cells or osteocytes/osteoblasts per se or transfected with bone
growth factor genes selected from a group including bone morphogenetic protein
(BMP) family genes or fibroblast growth factor family genes; for nerve repaﬁ uses

25  neural cells and neural support cells per se or transfected with genes selected from a
group including nerve growth‘factof (NGF) gene or specific FGFs. ,

- Furthermore, specific enzymes maybe admixed with the sponge of the invention in

order to promote degredation of the proteoglycans and /or proteins present in the
carﬁlage. Without wmhmg to be bound by theory, chondrocytes of the cartilage are -

30 embedded in the thick extracellular matrix (ECM) of the joint. Enzymes known in the
art including collagenase, hyaluronidase, trysin, chymoirypsin, chondroitinase of the
various types degrade the ECM of the surface of the jomt, thereby releasing -
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group includi.ng nerve -_gr owt h factor (NG-) gene or specifig
Furthernore, specific enzynmes naybe adm xed. with the spioér:fgjg%gé@%%g

i nvention | der. to pronote degredation of the proteoglycans and. /or
prot ei ns p‘b’@é’é’ﬁﬁmﬁ the cartilage. Wthout wishing to be%&%zf’?f&?s% heory,
chondrocytes of the cartilage are 30 enbedded in the thick extracellul ar
matri x (ECM)  ehonkift@ytePihiare 8020 TRIdKAOWn LI bl 3 W I Ngqcal | agenase,
hyal ur oni dase, trysin, chynotrypsin, c%ﬁ%ﬁboi tﬁ?l‘ggggnoéfgﬁbhggéé\%gl}{ggus types,
degrade the EU39F¥fatioRe surface of the joint, thereby releasing 20 18
January 2006 . WO 03/007873 PCT/1L02/ 00589 chondrocytes that are able to :
i nvade ™t he spdheplagna makx|of theitvention i demenstated s fibtinesgengersegertdoat i on The
pl asma mat ri X o@fxit dogy&mtd',&gﬁj Eﬁg@- t i brin sponge support
for grow ng égri oét}ssad cel type_s.r?n& I rr%?%agr.tltgtgﬁj%ﬁﬁ? egogﬁuéna ech]i seased or
traumati zed 5tigsuediaveveiptheveatrix isheperge comprisngotisg phgea potgitsiand agy ot her

" plasma proteigs,a y S.a i{n | anted scaffold on to

whi ch proxi mal ‘éeﬁ?g‘%l%h“vﬁg\?‘gﬂﬁgtgd Q%Effﬁdélﬁa"#&“@’f ~€v‘*"§8?‘?fd§ VYOt £ ol d f or
cell grow h tberfustandigrew, é1ows atseadfolbfoandibgrowih thift iuekd for transpRniatigisred ti ssue, -

or to any oth J ife invive. T .2 .persop skilled in the art
can adjust t hgéuﬁr%(g%% i‘lrrgds%es%l(%ﬁrptf)iawgﬁ%sélﬂﬁﬁf f‘% ‘gc‘ﬂf’Br opskilledbcific 10
tissue requir anbais canldiust (b poobdugesexanplifed balo® ih AEBRERGE with Hecilier el y
illustratiye j.n nature and to be construed in a non-(imtative fashion.
EXAMPLES gan%?‘"’geff’gmf"’%‘?“ésfi on of Plasma Proteins from Wole Plasm 15 Fresh
frozen pl as received fromth | god bank (Tel] - Hashoner, |srael). The
bl e (220 mTe R B SRR e mirtoed o0 Y QR ey 614 Bded by
centrifugat i otonstiuedGn ahodfipitotsiefdhedny 1900g for 30 min. The pellet was
resuspended in 2.5nl PBS with gentle rolling until a honopgeni zed sol ution
was seen. Tr aREAMPIKESCcid (anti-fibrinolytic; final 10% and arginine
(final 299 were 20 optionally added to the plasma protein fraction. The

total protei nExomslent Isalation oPPissia® PE6tsindWosl Whéik- 1/ N1 as estimated by
Bradf ord assay and SDS- PAGE (conparing to a standard). Although detailed

met hods at% gFregnfrézen plakiea paeResiaid fodin G bidoa bRAGERRHAhGHS!, Drach)! Ths
plasma (220 ml) was thawed in a 4°C incubator over night, followed by

centrifugation at 4°C at approximately 1900g for 30 min. The pellet was

U

resuspended i 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/m] as estimated by
Bradford assay and SDS-PAGE (comparing to-a standard).

Although detailed methods are given for the preparation of the plasma protein, it is

to be understood that other methods of preparing plasma ptoteins are known in the
25  artand are useful in the preparation of the matrix of the present invention. An

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

by Sims, ot al. (Plastic & Recon. Surg. 101:1580-85, 1998).

30
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to be understood that other nethods of preparing plasma Rrtein e known
in the 25 art and are useful in the preparation of the 1%&“%&'??@%0% '
present invention. An exanple of a protocol for the. preparation of a
fibri nogemw@p¥gocsvad solution is given by Sins, et al. (Pkasul@oéssecon.
Surg. 101:1580-85, 1998). 30 21 18 January 2006 WO 03/007873 PCT/|L02/ 00589
Examle 2: Extraction of Plasma Protein Fractions from Al |l ogeneic or

Aut ol ogous BREampled: Exfraction of Plasgranotein Fractipes AIxgeneicory ot her

phar maceut i calgidfo bl e anti-coagulant 5 2) Amoni um sul fate (NH4) 2S04,
saturated (5009 mroni um sul fate (NH4) 2S04, 25% 4) | hosphat e- EDTA
buffer: 50 nmiiphpgphate, 10 nM EDTA, pH 6.6 5) Tris-NaCl buffer: 50 nM
Tris,.150 MM Nad, pH 7.4 6) Ethanol, absolute 4C 10 7) \Wol e bl ood (Israel
Bl ood Bank, teBodiim eibmiss 3.Bi%s pi augtlother plfarrosnepiicallp adcypthti¢ motsuagdme bag of

bl ood fro ;Ee bl ood bank contained 450 nl and contained sodium citrate.

To the 45 ) ApEnpgbivdats (Y2 SGp seratsd (3008189 sodi um citrate sol ution

was added and the solution was m xed gently. 15 The bl.ood-sodiumcitrate

‘was di stri butbémmensyrsplfate (NH28Q0 2599 t ube) and centrifuged at 2, 100g for

re- cent i 1 oS RPPBUOR TR BROTs R Siprigee b ER s Bl ‘orasmn  vas

“col | ect ed i ntpTids-Nh@iHuffep 50 niM Tiis,el,50 aiM Nagt, pHat.£d anmoni um sul fate sol ution

was added at atio,of o vol une anmmonium sul fate to 3 vol unmes of 20
super nat ant Eiﬁ@a%ﬁﬂﬁ’é“t?gf%). A typical ampunt was 75 m ammonium sul fate

to 225 nb phpwiele bldde (RRLLBIONBIRS TKISRshaherdfoshifl orlfro Phtfentyl t h OCcasi onal
mld shaking (nmagnetic stirring is not allowed). The supernatant plasna

was divided pMetidd§0 m tubes (40 ni/tube) and centrifuged at 5000g for 15
m-n at 4C. The supernatant was di scarded and each 25 pellet washed with 10

m . 25% amonOuebagbiibidod foal #e bROd bRkl dofhine@h s aRl¥aFhed sodium
citrate. To the 450 ml autologous blood, 50 ml of a 3.8% sodium citrate solution

was added and the solution was mixed gently.

15  The blood-sodium citrate was distributed to 50 ml tubes (40 mi/tube) and
_ centrifuged at 2,100g for 20 min. The superhatant plasma was collected info 50
m! tubes and re-centrifuged at 5000g for 15 min. at 4°C. The supernatant plasma
was collected into a flask, put on ice, and saturated ammonium sulfate solution
was added at a ratio of one volume ammonium sulfate to 3 volumes of
20 supernatant (1:3 volume ratio). A typical amount was 75 ml ammonium sulfate fo
225 mil plasma. The solution was kept at 4°C for 1.5 hrs with occasional mild |
- shaking (magnetic stirring is not élloﬁed).

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

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

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

30 a 1:3 volume ratio (Typically, 25 ml ammonium sulfate to 75 ml plasma). The
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Each pellet was dissolved in 6-7 ml of the phosphat e-EDT, ffer 0 @ sarrpl e,
typically 100 p.l of the solution, was kept for SDS-PA 8Icﬁp -
anal yses. nggé_lsjsol ved pellets were pool ed and the. ammnl um sul f at e

preci pi t at BN repeated by adding saturated amoni um $ETIE20088 ¢ he

pl asma sanple to achieve 30 a 1:3 volune ratio (Typically,.25 m ammoni um
sul fate to 750ftioR P 2 YA / ‘
PCT/ | L02/ 00589 sol ﬁ%%@hqﬁsﬁwﬁ%%&%ﬁﬁ%ﬁﬁi rS vﬁ?’ ﬁ%g%egééf’g%al Ml d
shaki ng, di vi@adgbssend caurifuged at 50 fanid misnt ri f uged at 5000g for 15 min. The
supernat ant was di scarded and the pellets were dissolved in a vol une

-of Tris- NaCl Bsfspeymatans wandiscagdgdand the peliety were distrdredtihe velome nBTis

phosphat e- ED about 45
m . The sarrp?iﬁadvz\gg t)%agg&%g Ye%ﬁﬂﬁ‘fk%g" %soffgﬁfg@g%g%@%b cutoff,.
Pierce) for Isedlah@@@rﬁs%waldvbtmntghtwastab¢&I45m111 5 1liters of Tris-NaCl

. buffer. The S&hal yzed e was centrifuged in high-speed resistant tubes
at 21, 000g f orhergmple Waaldl {SpaleSkinVedialyyis uben BUiIRcutelf chiéred) forThe :

D uod ot o ThhaR bERERL ?;E‘dﬁ F‘?ﬁt‘f&?ﬁéﬁﬂslﬁ%%%s&s L ba, ©' o e

concentrat i omamplem cérftofugedkinighespedl rédsisthnt Bb&d-ht2a, 009g for 1Supestadtant) and

kept f | _that th be.chilled f
the preci pi (arEite SpOpRltukE %ﬁ?ﬁ%ﬁp&mar&m%ﬁ idandRE056 for 15 m n

t he supergpat and 3.1 pel | t he sanme vol une
(typicall {(/5 a?rlg%n?ﬂe%g?an? ?ﬁ ﬁ\‘é&feéglﬁ’fof@ @%Rfﬁ/&bﬂh\{;ﬂ ea“flyzed |
overni ght at té#&fina cilm@nﬁaﬁcmrofd% ®oi amm@ﬁtwﬁufﬁteﬁ to A&l ipdha@ag Sol ution
was centrifuged, at 2 at 4C for m._nate any

non- di ssol ve% ?rﬁ Ppéqec%ﬂ'iiaroo?lé'r ‘%@F@E#ttm{ﬁeﬁﬁfé‘t‘%@ Hated Brthed using the
Bradf ord net pedigiBcadfamd 20 (1976) Anal. Biochem 72:248-254). The
protein yields ranged from0.2 to 0.6 ng per m of full blood, with

t ypi cal resuITlhs smﬁn&lmstoen@lﬁfgeﬁrwfmoo farcpsnﬁlortﬁ%paﬁa@hldﬁcmem det erm ned
by addln | ﬂ'ﬁﬁb]{’}% 813 ; Orrrlx to 70 Al_ plasma roduct (10
ng/ m ), tﬂi‘etﬁf SHOTP YD L B stipe Yﬁlﬁm%@yﬁﬁ-f’&ly ampla@t‘éml) puFNeyl was det er mi ned
by el ectr oph(bﬁﬁéﬂ Thasddtiohivas @faly2fd 6@nffht GHYPCSRTY Bter of Tris-NaCl

Buffer. The dialyzed solution was centrifuged at 21,000, at _4°C for 15 min, to

eliminate any non-dissolved material,

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

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

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

4

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

hours
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25 on a 5% SDS- pol yacryl anmi de gel and staining using Coo {/‘grgai]ﬁ? We. The -

remai nder of the supernatant was col |l ected, frozen and | untiI
dry, 48 hours. 30 23 18 January 2006 WO 03/ 007873 PCT/ | LO2/ 00589 Exanpl e
3: " Pl asma BPYPEIE Vat ri x Preparation Method Materials: Tregmaxamiossecid (5%
final) CalciumChloride 5 MM 5 Thronbin (1000 units/m, Owix) Methods 1:
The nmet hod fog,4he prot ei n matrlx was optim zed
for protein @nc e tign Mgthod, Tapl e 1 bel ow. Sanpl es
prefixed W t hpgaredinis!t est ed opt| m sation of concentration of clottable

pr ot ei n. SamWf I xed "2" 10 were tested for optimsation of

concentrati onT Salo o onge experinents were carried out in
triplicate. fle 1pmd{§A§ﬁ§asm Pr ot e| n Thronbi n Concentrati onConc./ng

protein 1-55 ﬁ@lmvmfgﬂwlelimmoﬁg/m 1. 5N 1- 2020 rrg/m 1.51U 1-3030 ng/ m 1. 51U

2-0.520 mog M Prygmbid (Zodbh dﬁ‘%g’t'ﬁ% .5 IU Results-1 15 Sponges were anal yzed

by conparison of dr physi cal properties. The sponge made with 5

my/ Ml protei nM@éa.%{e 1-5) shrank signifi cantly upon . freeze-drying. The
sponges made with 10 or 20 ng/m protein kept their structure after 24
hours in ti sstie methed foetheweripartiomplaheeasntaheotein neitrix walopthaizbdifot | y def or med.

 protein and thrombin concentration as shown in Table 1 below. Samples prefixed with
“1” tested optimisation of concentration of clottable protein. Samples prefixed “2”
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

|15 5 mg/ml 151U
1-10 10 mg/ml 1.51U
120 20 mg/ml 1.51U
| 1-30 30 mg/ml 1.510
2-0.5 20 mg/ml 0.51U
2-4.5 20 mg/ml 4510

Resulis-1

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

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

This does not interfere with their use.

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

allowed the two solutions enongh time to mix thoroughly before the reaction
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This does not interfere with their use. 20 The concent.r n_of onbi n
determines the reaction time for the pol ynerization a{éhz '}Lﬁaﬁ?#@fe
nononers. The concentration of 0.5 U thronbin/ng pl asrra proteins vyielded a
sponge w t WOB®8783hysi cal and bi ol ogi cal properties. The ceemHmROe$on of
1.5 U thronmbin/ng plasma proteins was chosen because it gave a fast
reaction but wo_sol utions eno time to m X thqoroughly
before the react‘)on %’H %erfgﬁﬁﬁ?@%ﬁrgaﬁﬁp @gg ARty iy 539

conpl et es, bubulstabBsllychnitepidpaiticans are acceptable for obtaining a natrix
with substantially simlar properties. Methods-2: Sponges were nmade by

m xi ng a pl asietipdelei n solution with a thrombin solution, 5 casting,
freezing and lyophilizing. Human plasma proteins, fromdifferent sources:

al | ogenei c or Smugbﬂgmumadw)trhm@ralmmabex@hgohﬂfonmhtﬁami&oxabﬁtsﬁhﬁtﬁg wer e used

having a protei.n - oncentr ti .bet 0 50 ng/ m . Conmerci al
fibri nogeng( OErraS#m i"f @P %P %lsf“aé’r‘{f‘?iﬁse@ﬂ‘fltdﬁqf%swc@mrg/ m .

Thr onbi n ( 100@11dgé1ﬁ1c) onwﬁ)ldiblhsuﬁvﬁﬁlv&mﬁﬁ)lebéls & priiivh HRhirls RS méa%ﬁﬁgw ution.
The fi nal 10 s on e f rrrul ation jincluded tranexanmic acid at a

concent r at i onPOFIERET i‘éf%%@}’?@%c%or?& g {compagadibsregea(@mevwase. The

above two sol tekte® & wdll A3PBndRh@4tRh Bf 208g/dlr OTbi N) were m xed together in a
ratio of 21:9 respectlvely (for exanplé 210 | plasnma protein and 90 |

t hr onbi n sol U'I['hIGﬂme (1000 U/ w:0 dilawd D0 Rladedv czﬁmﬂﬁ Cm‘l!‘l(!le Bhubi{ 1R fhff Vs

coat ed vvlw f thronbin 15 solution, and pl asma protein solution
was added:’ Th¥9 %< H?'Ea%aénqlqﬁ’e%wéﬁmamdﬁtﬁﬂm@m@fﬁﬂ’o@rmﬁq for 10

m nutes or ungdpen d@oﬁg%lagnggﬂ;&gmsg&gé owed by freezing at -70 C overni ght
(- 16 h), and lyophilization under sterile condltlons -85 C until dry for

at least 16 hvw&omo%muh&as%ﬂﬁbm%&t@mfaﬂéﬁhr&nkb%)fdc?@ i gﬁg&ﬁﬁf o

thrombin was 1.5 U ng plasma proteins. The anount o I'n maybe varled
20 dependi ng Qﬁ?li%%@gﬁbé@f@@mwmzéphmpmbm amﬂ o bbtlmﬂom saolunmsul ts-2:

Snggrer;aP?\tl): P@t@%\%‘%@éoﬁ 43&"?’%%#5&’ Cag%fr’“ C g(b‘ﬁ ﬁE?ﬁ’gblPsol ated from
t he di f f et’ent sohgioncemd the plasma protein solution was added. The mixture was incubated at

room temperature (~25°C) for 10 minutes or until the clot formed, foltowed by

freezing at -70 °C overnight (~ 16 h), and lyophilization under sterile conditions, -85 °C

until dry for at least 16 hours and up to 24h. Note that the final concentration of |

‘thrombin was 1.5 U/mg plasma proteins. The amount of thrombin may be varied

>-<

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

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

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

plasma protein and a range of protein concentrations may be utilized.
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al | ogenei ¢ or autol ogous bl ood, whole plasma or comrerci ?éo % L{%
These 25 features include pore size, surface adherence, b}
cell growth and proliferation and bioconpatibility. This resul ts shovvs :
that for wagopeeparation of a plasma protein sponge of the.

invention, a range of nethods for preparing the plasma prote| n an a range
of protein concentrations maybe utilized. 30 25 18 January 2006 WO

03/ 007873 P CExhipPR/40 Sl dEMaurph@logh: adcMEdianidal®ropaglepgy and Mechani cal
Properties Matrices for tissue engineering in general are characterized
accor di ng t o Matwes &r tisgwriehginéesing imgeinerdi a1 ciekhe trical acn@rtlimgeo segpambsi ty,

adhesi on, bi at | | el asticit anongst o Hunzi ker,
Ost eoart . %ﬁgnyfbd%gﬁg 4% lcag%[ff %@Y’@ﬁﬁl‘:‘im&f bx ‘ﬂf nti oned
reference |i shstciigyvaionpstofheksEnprkapOittag. Gat, Iohmb;sej z:mp :rbblsasdfs of

t hese proper In.the Lab of. the i tors ral roperties
have - bgenlg"J %}?@?% enigpesLrefegence Lﬁfb?ﬁv{’ ﬂf "oﬁ‘mP,"’éF‘TS 8’#‘35’%‘? ‘Eﬁﬁc p P

i nvesti gat edobme@qﬁmfﬁdgcal measurenents using the light m croscope by
sectioning the#scaffold into tdi ck speci nens. Speci mens =10 were nounted on

slides and weise mfﬂ@dnﬁmda@aafe@wfﬂx@b@g&h&haé@b&ﬂtm&ﬁfemafo@ﬁt er
nmeasured the tgﬂ?re ze _and t he di stanc et ween neighboring pores. Figure

1A shows t he!l ongedhRigFRtien Hies {uyestigyedbgcamesicak oA TSN, BTIRG o dryi ng.

The pore si zmeu%m xﬂlcidﬂé'o;i@fb"y(séﬁtﬁhﬁg}hessbifﬁﬂd fi‘lﬂﬂﬁwk'sﬁbciﬂ?&spépéénﬂﬁn?r otein
sponge (Fig 10 asma protein/nm, after drying) the pores are in

the 100 phh sﬁ”f@m%&é 011SE@S'PH@Wéﬁweélwélemmmoﬁne‘\lp@mt@als| ze of a plasma
protein Spon%r%et%é@u@&%&%o%ﬂe aQ'lEIﬂ‘%OdtLﬂE&}}e an k%ﬁ?@n ofds€i n sponge of

10 ng fibrinogen/m (Fig, 'S not rence, was found"
in the cellug gmo%@,% gggl S t the

pl asma protei %[lrsepongesso l%lhealtp\rﬁé\?%uﬁt }nglb%@ﬁasn&atpﬁet m'pgba? rhﬁ% ‘antially
regul a{ pore?h‘tmél?%f lwthehma(nmionbwnawl hl(%]gj@ljﬂl@tate@&pd)g;el(ﬁg fi naI }‘or m
prior to use SR I n ain ess
than 10% res}%jugpnr%ﬁjllsst&uﬁ&emréglgerrd?y“?gzgﬁf% 63%1?#53“0 &g]resei g‘?é rml sture
and nostS pr Ehedifiisteycd tetweeniibarp@ssired a(plminalpmtanapcmge b"m(smgeature i's

wor o por f o e URn Gl 1PN Apd P Bl 5et 216 T Ab-RBEIaN GRTHY o

is not notable and no difference was found in the cellular growth on the two

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

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

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

methods known in the art.

Mechanical property measurements were performed using a Chatillon TCD200

25  machine with a digital force gauge DF12. The distance between the clamps was set
to 1.2 cm, and pull speed was set to 12.7 mm/min. Each plasma protein sponge was
2.5cm long, 0.5 cm wide; and was fully lyophilized.

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

strips. The thickness is incorporated in to the calculation.
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25 machine with a digi t_arl force gauge DF12. The distance, e cl anps
was set to 1.2 cm and pull. speed was set to 12.7 mﬂn‘i@%'ﬁ%@ﬂz%q%asrm
protein s 2.5cmlong, 0.5 cmwde; and was fully |yophilized. -
Def or mat i gﬁggg?)(wgi}ents the elasticity of the sponge, i.e. ‘f‘ﬁ'ﬁlﬁﬁﬂ'@?ﬂ of
pull as neasured in mllimeters (mm that may be exerted until the sponge

tears. Force figure @% r&ptbSohits MeRbhship slﬁﬁ@th%sv.ﬁ&p g ﬁfsg%x{i%s g{r’%%{?intg()f ener gy

required to tear the sponge- strips. The thickness hc ated in to
t he cal cul at itehditfopntBixjianieomponges Fiamre(dy BORsTE de@Tmiadfins8meri gure 2A

represents t t i £ i Pa i n n o rising the
di fferent auglﬁfei Oggéédggﬁ%%ﬁt& tstﬂe %?g%ggﬁg%wr}ee%%]ggherﬁet%gg%e%‘gﬁlﬁﬁ ' of the
sane type of(Cepepapgs is Showenciilly avadable/@rtagle the atude phbmb eginga@ridey ee sponges.

The col | agen | rci.al avalil aple (Ot -t crude

pl asma sp%nggv a%??égéxee? %g)g:gv%gae;?l%spélraé’%m?h%ﬁﬂ@? Bﬁ’é""@ﬁ&?ﬁ%“%‘&iﬁ”&?f&?t o the

prot ocol in dibanpgen). Alf §Ongasghovn hefréib comaigie huxiid capeingas welkown her ei n
contai ni ng auxiliary conponents wer repar edrfrom nercially available -
1 brinogen ( SEErsiinl STRg5aR rifitls gBHORR AP Py Y BPEEH ¢ acid (

0. 0024% f i nalmg/mhcHAEgalumsnjc acldpO. 0044 fa] Sonbémiaton) DW=deRu@DRifa % f i nal
concentration),.,, PEG. = 00 (1.5% final caoncentration): 10 G=gl ycerol
(0.25% fi nal EEQGTPQ(EE%%aRc @%%&Gﬁpgﬁéro&ﬁl'?"f/"cﬁﬁa})‘éﬂ*’i"ﬂt’@g‘”gi bri nogen
(Fbr) andot hasgiwrep a2 fihelWofdettidionp! asma proteins (crude) exhibit ‘
substantially identical mechanical properties. The sponges conprising both

HA and PEG exXfif Bransgtespased frem pustiied fthrnageg (Rbrh ardl theasepsenatedifipm aride sponges

conpri sing deldsid Proidthd RHRCPEAM: SR ARPIdEREEAS BakiBa bRPRIdee The Strength,
with no increase in elasticity. Each auxXiliary agent appears to inpart
certai n prop&PBEESCARPTISHIE be énd REG elibib greetes tasiessteength apér f ormed to
det erm ne t hgasiRefyeTR gfgl?{- ' ' i sing the
di fferent com;l(s)nents_. S%’I‘g)’.lrlg(??:eoy eﬁ?%.ir&%@{e%t%ﬁ%%%ﬂgﬁgég%%?ge%8%;?@41 ves i s

pr esent edShes@ngthh alidvc ilteasp ineelSticiny. GedaridiafymeeRappars togmiponges
coni nri si ng Al | " ept. a pheferred enbodinent of the”
present inventi %\bltq’h%mﬁ%@r@&g?&f E%&B%cegglgﬁﬁalyﬁlsnl\s} ?1'?? ngﬁﬁ@et%@"ﬁ%éepar ed with
- certain addi Prieetze and penguiniformity of themporeat sompribitgithe diffsrehinolipdidng. dext r an

sulfate, . gy $gfOhurBRY Pkl QAL Wit RO SrefShhellS! Sotow.

Example 5: Procedure for Preparing Sponges comprising Anuxiliary

20 Components

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

25  Mechanical and physical parameters were shown to bé controlled By incorporating
auxiliary components or additives. The additives may be removed after the n:natrix is

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

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

30
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added to the

- 25 Mechani cal

i ncor por at [ ng

renoved afwemwsmdre7amtrix i s

properties of
added to the

concentrations tested are shown in t
WD 03/ 007873 PCT/ 1102/ 00589 TabI e 2 A

sponges to alter certain mechani cal .and bi pertles
and phyS| cal paranmeters were shown to be (C:){ogg‘?ar g?{y;_gfog

auxiliary conponents or additives. The additives nay be
formed in order to inprove thgbjiglas
addi tives wereflltered(OZrlr% dywere
A list of the additives and
e 2 below 30 27 18 January 2006

t| veOoncent ration (% Final)

the matrix. Al
pl asma protein solution.

G ycerol 0. 00%; 0. 01; 0{ 25; 05 lPEG"QOS 0.05; 0.57]1;, 1.5
Hyal uroni ¢ a¢1dQ,00024; 0. oooﬁ‘%"ﬂg 0024 0{012; 0. o‘é%‘%‘ﬁ‘?ﬁ&&{ oBinalli e0. 1: 1{ 5: 10
G ycerol +1 I ur oni ¢ _acl do. IT“‘ Erol TU. o ryararomreaeroo.op24
d ycerol +0. 257998 uroni c aci d0.0 Q-ﬁﬁ:@@l 0.95; slmas WHni ¢ aci do. 00 D4
PEG+1. 5 Hyal J N1, c acl d 00024 G ycerott—25PDBextran—sutHate—+I—Hyal uronic
‘aci-d0. 0024 * = pol yethyl ene g w,ogamm;m zation experinent§ were
carried out tg determ ne tne optTrat——concentratton—of—the—additives in
terms of matf - Hyalmopigiagid) ity el as|9-0002¢; 0.02450.8122 0020 d ceII ~growt h :

Dextran sulfate ' 0.1; 1; 5; 10

Glycerol + 1

Hyaluronic acid 0.0024

Glycerol + - 105

Hyaluronic acid 0.0024

Glycerol + 0.25

Hyaluronic acid . 0.0024

PEG + : . 15

Hyaluronic acid | 0.0024

PEG+ 1.5 :

Hyaluronic acid + | 0.0024

Glycerol 0.25

Dextransu_lfate+ 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 .
capacity. The concentrations of the auxiliary components yielding good physical

properties in terms of pore size, tensile strength and elasticity were 0.25% glycerol,

10

1.5% PEG, 0.0024% hyaluromc acid or 1% dextran sulfate. One preferred

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

The additives impart beneﬁclal properties, including surface, mechanical and/or
biological properties, to the sponge during its preparation. A currently most

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

comprising dexiran sulfate.

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

15

following the freeze drying step. The sponge is rehydrated by washing in sterile,

distilled water or PBS and is used per se or may be relyophilized to remove all
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5 capacity.The concentrations of the auxiliary _conponeqt8s aﬁi‘g'{\’?()a? good .
physi cal properties in terns of pore size, tensile streng‘l[ a elasticity
were O. 25(&@0 ﬁgr,gllr 1. 5% PEG 0.0024% hyal uroni c acid or_ 1% dextran.

sul f at e. %%18 red conbination of two or nore conpondfiKILPY00%t ed in
table 2. The additives inpart beneficial properties, including surface,
mechani cal anslb@fure. BQubblyqabeatd ShiRRBhLH: ﬁl%ﬁél&éja {3 SHONGS bl | ¢S

preparation. A current]y nost preferred enbodi ment Tn accordance W th the
present i nvertleoR ML aldidyeiasdescibadabove,mhomithe spongeistwashed fodewiag n

addi tives mayhb@esgiLr : P;:‘.ﬁ,_ldl : r . renmoved
following the fr eezeé: g%@%h%‘% g%. Tﬁ%%%%%?&ﬁ?@“ﬁ%@% gltogédﬂ[)%m@\gasl hing in
sterile, 15 dPS¥WS ed water or PBS and is used per se or may be
relyophilized to renove all 28 18 January 2006 WD 03/ 007873 PCT/1L02/ 00589
noi sture. A cixamyle 63 Dissobtionmate enbodi nent provi des a sponge prepar ed
containing one or nore additives as described above, wherein the sponge is
washed fol | onthegateofgopgedissohigion pepyrasithedeved of eosshinkingithet the ploomge -
rel yophili zeq,rg@inrlﬁme%[) e.residual noisture. 5 Exanple 6: Dissolution
rate The rate of sponge dissolution neasures the |evel of crosslinking that
the plasma prd 8ipRri ; e K i t r rried out: 1
Freshly made versus %ﬁ%@%ﬁﬁg%ﬁ%ﬁgﬁgé%g%ﬁ@%g%031{3‘95;061%”@?%9% Fat ure and
2: two nont h S§refl abpeniy tempstagire and it dwe monthfold sponges t@redomdertdifferant 1. Freshly
made and @ne Jgpimtiba.a9ed sponges were placed into 0.75nl 1 OM Urea, and
gently shaken. A sanple of urea was taken every 5, 15, 20, 30, 40 m nutes.

The anount of pRER j €, ' | uti.on rat i brin sponges |
was det erm ned l%ysrl‘:aﬁge @aa%?%%&r%e %(S)%P%gisgl'%?glﬁ?eg lﬁtﬂosﬁgl\%sl% %a freshl y
made sponge dind geritlysbiekien Arsemplatof aren sitae tabén &veQEH, 15,29/ B9, 40 whindtes. The ol der -

| di rate of .0 025 mm/min. . Thi ts_ that th d
Sponge 15 moreer BB Boa. 4 e Ruieed gt o3 EER fueige ot or o

for two nont iy teBedfordwettiod.f erent conditions: a. Inert atnosphere N2 (g)

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

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

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

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

raies than those stored under inert conditions.

Example 7: Cell Seeding - | !

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

liquid contaming cells on the sponge and allowing the cells to adsorb into the
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20. b. Open air (standard atnosphere). Follow ng two nonths,,.the ges
were tested as above. Figure 3B shows that the sponges eQ%dJsaélcjla g%a%?r
undergo cross-linking at faster rates than those stored under inert

condi ti onSWOBXBIPI3e 7: Cel|l Seeding 25 Different methods ofcredisg cells
onto the sponge may be used. Inportant to seeding is cell adherence,

m gratory capacity,and proljferatign of cells within the mtrix. Cells my
be suspended SP%HMW Vﬁ‘% ,68?1%% ciapid Ry deiabsabadunte &he sEBHYY or in the
presence of hilebgthe/oageintasont@ibl MldRY ak&spe@asiest b, pl acing a drop of
liquid containing cells on the sponge and allowng the cells to adsorb into
the 29 18 Jamstenal2BQ0MMEdE3/ 007873 PCT/ |1 L02/ 00989 sponge. Alternatively,
the cells in the liquid my be absorbed.into the sponge by placing the
sponge in a Cuiedoells dop@hirgd i HorsheRaa N (MEMS,ahl placdddtbh 8f # and Met hods:
Cultured cells are prepared in growth medium (MEM, and placed on top of a
5 sponge at &PYEAEL3 Jensty efdelwssn 1960 talb neestandapki00ut plasgsarfot8®0ul pl asna

protein spon ' I 2.cm.in.a mcrotiter pl havi ng 48

hel | o, D P or Eree CEREHIRNE 08 Ot skt P E e BT EegR | 0%l | owed
to grow f 6t walimesief growth mediz arodddedland the ctils AMewod eegek doivatibwttithdre sponge
of may be of i Sk zes h and thi.ckness,. 10 Fol |l owi ng three-days,
1 week and tﬁ%@%c%\/\fé%goi ﬁgﬁ%eﬁst?oglﬁﬁ'fstg?e PhRee oL gy eQBW&B%,S‘Z?%gaP%’ponges are
secti oned andnd thiekaeds] i nvasi on and proliferation observed. Cell
proliferation is determ ned as described in Exanple 9. Exanple 8: Cell

| sol at i orl@andollutihg) ttiree-ddye,dl vegk Bidthret e Inb @GEBRA SR theydeeed spoiied, fengt on _
Bi ochemi cal C%B Cat .. #: a%éér?) Stock solutjon: 1700 units/m in medium
(in MEM M niPREcsEe &qetipnad apd deisrll ovemyn adgeeimriion ebgerved {¢0- 022)  Fetal
Bovi ne Ser umpfdfifstition( Beterafiinld 4 @adciibddR@Rakdd . L- G ut ami ne Sol ution; G bco
BRL (cat: 25030-024) 20 Conplete nedium M ninmal Essential Medium (MEM
suppl enent ed Exhiable ) Gell Isclation and Culturing

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

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

Preparation of Implants for Articular Cartilage \

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

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

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

vivo,
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‘fetal calf serum (FCS), 2nmM L-d utam ne and 100U/ mi pem I lin 2@%
Efa age The

100}tg/mM  streptonycin Preparation of inplants for Al’tl

sponge of ent invention nay be used as a cell bearln scaffold for
tissue %?f’z({ﬁgsénd regeneration. In one aspect, the cel IP§%5 PR ur ed
on the sponge invitro prior to inplantation. In a preferred aspect, the
sponge i s seedgdi L2 and the cells
al l onwed to grow aérllgg p lﬁé %grpaf%egﬁrﬁg C%ﬁgé(&%&gﬁt& ég}r%uar ya%fjd%g WD 03/ 007873
PCT/ CL02/ 00: 18@rwmtelyag°é -pingpbickswashalnstptesly wlt@PBSIand placgd imenew sect i oned
into small pigges I _'-E'P t hi septically with
PBS and pl aced | no%mlﬁgl%?’%]b@%@h{déﬁlﬁlg% ik I@E&I e um g'!nf’f!i‘e'?’1 garti | age may
be obt ai ned fW@Imbmﬁngpemes,ﬂecbm@ttﬁ‘crshﬂgaﬂmnelanrhwtcﬂogmef erably all ogeneic or
aut ol ogous. 5 Col | agenase type 11 was diluted 1:5 and 1 ml was added to the
cartil age pi e€elagenabe typedl wasdiluted 1viamdd hakess agdet toythd a‘ariﬂag'ﬂn&ieé agubat or

over night. f.lhe s I s _dj gest ed |on was
poured thr ou\é\ﬂfeg? er fiwgs shalea gterg%rﬁgﬁég\é@nwg{m??r)gvarerggl?tg% 8‘€st ed

mat eri al . Thesdople wat agm, the Rtispérisiogeths poskedvashRl stekil géﬁzdtﬁ ré&RdReve residual
enzyme. 10 The nu r. of. cell S deternined b onet er and
viability was™ ﬁ@‘?‘%ﬁﬂf "?Péidmgige‘%?%wz& ﬁ@%%@f’ ﬂ’é‘%/%‘ﬂ’mi%ﬁ"élc%el“laéh%r e pl ated
in 150 cn? ti seidetoatinbi esidddl agdymel N 30 M of culture nediumat a

concentration of 5x106 cells/m . Flasks were placed in a 37C incubator at

5% CO2 at i0s pia¢ euming oD&Hs mwaemedw@ Iﬁﬁio&ﬁﬁﬁetef@ﬂlwmmﬁﬁza&hanged every
three to four .days. | ceI I S ere ﬁecome 15 confl ugnt fol | owi ng one
{l GX e|ce

week i ncubat i 87K ustone WG plaRdsn 1 ey cipsug i

trypsi n- EDTA Sadir mnvmﬁlm@%aﬁm aifalcbhaénﬁhnd}{l%%xﬁﬁ%emm aadadyerdt he
sol ution was centrlfu gd_at 8032 for 10 m nutes, The supernatant was

renoved, the B‘é?ﬁldétlaé s%g}cgléeﬂor #otGe a@e@ﬂpbermmb%%ém Thpgulivieat e a cel |
bearing mat ri #edit@vas gl bhety ileSo ﬁﬁ?@é‘ﬁ %&1195&%%&%8&?@ ein scaffold

of 9mMm i n_dianeter and a thickness of 2mm (approxi mat el cnB). The
mat ri ces Wwer ecyifleridoliowing are weekinsubatioor for 1 hour and Iml of fresh -

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

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

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

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 1n1t1a1
state (Fig. 4A) up to cell confluence (Figs. 4B through 4D). A histological section
of aone monfh collagen implant for hematoxylin and eosin showed that the cells on -
the surface of the collagen sponge are smaller and retain their spherical shape (see

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

4A - D) cells are well distributed and spaced apart from each other, embedded in a
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nmedi um was added to each. The nmediumwas replaced wth fgéeﬁh gEd' and
every - few days the matrices were taken to cell prolifer YW -
differentiation analysis. Results: 25 Figures 4A -D show that the plasma

‘matrix i s VE®PEWE3support cal f chondrocyte proliferation.pcXnBetass fol d

i ncrease in cell nunber was observed froman initial state (Fig. 4A) up to

cell conflue Ej 11,48 t hr h 4D). A histological section. of a one
nmont h col I.aggfril& F%g%lg%thk'f’ S cee]?r"g%(ﬁ'i’al}lﬁ”% ?Pdéﬁtamé%éﬁ rﬂggﬁmm%?gqu _t%ca&m I's on
the surface off mdvereenichhgeivndpoyige Sankk istdd ﬂr_elﬁinadlﬁbﬁ:edefﬁidtﬁaﬁdﬁ@thlal spheri cal
shape (see 30 _Figs. .4C and 4D).. |In the interior part o he col | agen sponge
cells re-or ga%%%é! OFﬁ‘e @%@ﬁg%ﬁhfe@h‘éf?‘&s@m %mf"iﬂgﬁaé@ahﬁ F&@é‘, “whereas in
the pl asma preititigenopangex. nh&egresumalgge@}hamk lsgecads@f wahb-1Rd Srhdyst €d and
spaced apart fromeach other, enbedded in a 31 18 January 2006 WO 03/007873
G056 YiHh SRR AP oF RS sesiificeedipatiamategiek The Hbén 900086 n t hei r
round cel | MDicpB@In@@y ad dtbddidthent f thERivektfonds §Ho%|t@15e£§h?9§ﬂqﬁéﬁi€ ¢ Smal |
islets of retaiped fibrin denonstrate the capacity of the cells to ) _
conpl et el'y brgREsasdttrerirEnaver firn therollagepisernee t wi t h® cartil agenous fmtrix.
These results_suggest that the success of tissue-like formation, 5 in .
vitro, st rong‘f".g‘?:ﬂ B@ﬁﬂ%m%Fquu%‘B@tWW& og ghejabpp matsiceraxitessed sevgmab fibrin
sponge  accor eHugbtoRdae EHeRhARIbh sfikdd) Onk BY ALk hehdiy i fled0s e a

superior nmatrix for cartilage tissue formation t e’‘col'l’'agen” sponge.
Further, Iar tdugpg ehpadgasyte difEssentiatiorois glycesaminoglycane(GaisH\peodvation. Jes  expr essed

I L

phenot ypes expressed 1 ocy I'on

gl ycosani nogl gpetiated @y thelPdi €3.3'slimethivrybenzidin ittydoohladdelgs medwdi dentified ©

in hi | ogi Lnj | ' b a atitated using the DVB
10 1 stoloat ool LA SN e SR B A5 1l 1,
results of t hbifE&G ndntestollagencpdges ibria bbcMUellsgr/ﬂmr)Qnmplamné Priotén dE[ ffer igt

[ X l fibri I 10 angd. sma_protein
Sponges. (50 GRS CORRHRE® 1 it srpaicht fFord e lfaphtpesiniec it Eigbm BRLSR Bi g 5 ¢ hat
cell's grown growi teethp lphsiim pptdd giongs fNG Eiban dlobshok ANignifi&hay hphaw a

significantly.higher GAG content than cells grown, on the coll agen sponge
mairix. This %%Q{Bgf’?%ﬁleaﬂ GEnRYT Prthecollagen spaner pptrixs This pxRetimsntinder go

di fferenti at i defoddiratdd EncdbARTBS 1O tirAeZD @fftfentiation on the plasma protein

sponge.

20  Example 9: Cell Proliferation Assa

Proliferation of the cartilage cells on the matrix of the invention was quantitated by
one of two methods, CyQUANT® (Molecular Probes) or XTT reagent (Biological
Industries, Co.). The plasma protein matrix was dissolved in collagenase or other
enzymes and the cells collected by centrifugation and subjected to analysis according

25 to manufacturer’s protocols.

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

of the sponge nor by the addition of the collagenase.
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20 Exanple 9: Cell Proliferation Assay Proliferation of rtil.age cells -
on the matrix of the invention was quantitated by one o#g]‘fawg'g%ﬂ[drqus,'
QIQJANT(:T&V Mol ecul ar Probes) or XTT reagent (Biological Industries, Co.).
The pl as é)?%‘f“é?"ﬁ matri x was di ssolved in col | agenase or PETHER 00 zynes
and the cells collected by centrifugation and subjected to analysis

accordi ng 25g nef &G cufr RaPhREORSoail Mol8€ €Xperiment, human

articul ar chﬁ%ﬁ%ﬁ%%grom, in the presence of
the matrix ofy LRGaLAYVERdyAD eMMchiSAL WAARRASEbdspThsds BRlce ifindds@s- -The cells
wer e grown ov.eroﬁaat eien. y(I\)C/Els/l 34 U coll aglznase p\IE/\Fh/a%ersaddedugnd the cells or
cel | s+sponge gpaiewaspeddmiesk f our hours. XTT reagent was added for 3-4 hours
and 30 the plates were read in an ELI SA reader at A490 mm Results are

shown i n Fi gilbegoad of fke sturdy wrse ecomppisdicgy Prepasedanongss fagedsporehe cel | s was

not i npai ed Q@ h E%‘["ﬂ tDSoaddiviien of the

col | agenaée. ag(gaﬁ %éﬁﬁ%%gef%%ﬂv\%%gﬁg%? Eig"?(l {%{é{ 0’0589t9ExarrpI e 10:
Goat Arti cul adhe@atotthd injyecdrmpfader tolbd €ie capasiiyrplthasiongesse indycatbe eval uate the
use of inplante PR "ees in knee injuries in goats was performed. The

[
goal s of the S\ udy were (fa@% 6rrpare freshly prepared sponges to aged spones

and a commrtijlz%lﬁa?soalnhiﬂagﬂ dg,atri x in terns of inflammtory response, ability

to adhere t Tface, to test the capacity of the sponges to

i nduce the gr.owth ! 4 i S: 6 goats were
sel ected for 6tgrv1(\’%ts £ %feasg%%% ?ﬁeﬂ?‘%ﬁélaar?gg‘% eyﬂ@%ﬁt%%%%n?%ﬂgﬁ%%@@gt he 10

t r eat nentlogr esepmentidrenpdi f f erent sponges (matrices) tested include: 1:
freshly prepared plasma protein sponges 2: sponge incubated at 60C

(i ncubat ed atThé@ifferdnospofigest{matrises) tdstedwichigecast i ng) 3: aged sponges (4-6
nmont hs ol d, roomtenperature storage). 15 4: collagen (Otec).

Ant i bi oti cs: 12fidshtyf pregrapedypdasniaiproteiasponggsect ed | M i mmedi ately before the
~procedure and once a : : '

2: sponge incubated at 60°C (incubated at 60 OC for 24 hours following casting)

3: aged sponges (4-6 months bld, rdom‘temperature storage). |

15  4:collagen (Oﬁec). |
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 Vwa_s administered TM.
Induction: Once the goats were dazed an L.V. venﬂop was iﬁéerted.

Formulation of 1ml valium (1mg) + 2ml Ketamine (100mg/ml) 1m1/25 kg BW

bolus was administered through the venflon. An gdditional 0.5ml can be added as

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

Procedures for performing the wound:

| Animals were shaved in both knees and were washed with disinfectant.
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day for 4 days after the procedure. Anesthesia: 20 Pre- | o 0. 2ml
xyl azi neé 2% per 25 kg body wei ght was adninistered | M Iﬁ%@??@n@&ce t he
goats were dazed an |.V. venflon was inserted. Fornulation of Im valium
(l'ing) + X¥0o3ersmi ne (100ng/ M) 1nl125 kg BW bol us was adninagdeessed
through the venflon. An additional 0.5nl can be added as needed. For
procedures |l onger than 30 m nutes, intubations and gas (Haloten, or 25

i sof | oran) arleSEhwer sxpesed enithe faterelsideand the peistluwesditlosatpblaestiyandy t he

wound: Ani naltﬁemlg%gkg%%gbi n both knees and were washed with disinfectant.

33 18 January 2006 WO 7873 PCT/1L02/ 00589 Knees were exposed on the
| ateral si de RpLA4H8 tRakEld REVRT6H l : tﬁ? tilage
exposed. Four gﬂl?ti al thi gkngssiﬁgkgg%%%%ﬁjﬁ&gﬁ%%}iea cejoétl%e%%%fj oi nt
surface of t fendydassdf e kneoving assalpél withoulqrepeiraiiw thy sab-sbaridpd bonwi Thout
penetrating R sk whandna ChnelN€ 5 defect area was washed using
saline. Procedure for transplaliiting the sponge: The |lyophilized matrices

wer e inplant %C@&Iﬁe@&%&ﬁﬂa#@g E%% slgbect. Optionally a fibrin based

bi ol ogi cal glue nay be used. atella was relocated and the sinovia and
skin closed u$kR@oNiicddihhirs Ski e Av.t hoan iodine 10
oi ntment. Anal ggg)ipa: 0. 05@%&%&"{%[1&1%%??% f@g%g%en%g%ggmn%n?saubcut aneous)
just bef or e. fibrindaged biddetivad ghinthagbe véed. Erecpatdilatwae redamedday theaeinbow u and

hi st ol ogi cal . LOM: At nd the follow.up. periaod (6 or 10 weeks)
goats were sggéll Illllgﬁe)é %%ﬁgb’i-“térglﬁgﬁmf% ﬁﬁlgﬂ“%f’fe egt“gihc?&lﬁcﬁ?‘? eval uati on:
Knee's wdfe eimsthersit ed for nobility, and appearance. Hi stol ogical sections
were prepared fromthe injured area and from 2- 3mm margi ns. The tissue was

de- cal ci f i ed Asalgesid.i0dbmefiedpareactphine &asinfrtdST (silicontchusustSefostes were
stained wi thgonRl QL SRSL B Sheisgp- bl ue stai ni ng.

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
antibodiesl to cell type markers or in situ RNA hybridization using RNA or DNA

probes.

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

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

Resuits;

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

analysis.
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20 | mrunohi st.ol ogi cal anal yses. are perfornmed, including 18January 200
I mmunohi st ochem stry using antibodies to cell type mar Ker's or Situ RNA
hybri di zati on using RNA or DNA probes. Histol ogical evaluation vvas
per f or med W@ O¥M{8Tre the fol | owing paraneters: Charact er PETiibe/00f8ot he
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*™4d cells in the remaini ng
cartil age. Res% -{ Jabl e 3 presents|a_descrijption of Thé €xperjnent and
the results of i FERROYy  anal ysi|d™80 34 Beulinnuary 2006 WO 03/ 007873
Tabl e 3 PCT/ | LUZTO0UP0Y oat ITCat et [T ERCS Ut S e eSS P oo oSt '
- weeksM ni mal i ﬁf | am slospongwnl mal fi|lorvoagks t i 56
weeks!| nfl ammatli gn _ap seen by presence of hi st{iminimha®Sbrolit figs@els t| ssue
143Aged sponggs,f we I nfl anitnation nimal fi1br [ i ssue.
I\/Esegchyngl gel I§ E&?%&H’on in and ®arSthd V%@ arg’&ﬁ??"éa‘gﬁfyspangeslo
weeksNo i nflafgmatiop; mesenchymal cel|l proli f%?f"i‘c&? Fgiesyissageh sponges10
weeksMassi ve imftanfrati-on—93060C-spengesliow USHEEI | nflanmht i on;
Mesenchymal cell#i3 Aged sponges. 6 weeks Minimal inflanithation,
‘ ' ' minimal fibrous tissue.

~

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 Treafing Damaged Cartilage: Suitable

5  For Arthroscopy or Hemi-Arthrotomy

Autologous chondrocyte implantation has proven clinically effective in restoring
hyaline-like cartilage to isolated chondral defects of the knee. The present therapies

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

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

taken from the tibia and sutured over the lesion.

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

material, including the matrix of the present invention. A less traumatic method is

35




roliferation. Figure 7 shows t he knee joints of the goatgs, ] t he
experinment. Exanple 11:  One-Step Procedure for Treating 1%21%3‘8%&%?“ | age:

Suitable 5 For Arthroscapy or Hem -Arthrotomy Autol ogous.chondrocyte

i npl ant at i wo oB@s7spy oven clinically effective in restoring P@Mﬁk&/ﬁ @i ke
cartilage to isolated chondral ‘defects of the knee. The present therapies

I ncl ude three major steps:. 1. Diagnostic Arthroscopy and bi opsy of heal thy
cartil age. 10ppsen@d|beieunwheminghe patihtaindGgods ajsingleisongicaf procdduterford
chondrocytes [ptR é:tégai} esion under a periosteal flap, which is taken from
the tibia and suttired over the lesion. A variation of this techni gue

provides incopparatd oh of cells int o a biodegradable material, includi ng'
the matrix ofT‘fgre—p‘resent invention. A less traumatic nethod is 35 18

January 2006 73 ,.PCT/ ) resented herein, wherein the
patient underg g@%&%@@%gﬁrgﬁ% & %#egtéé Qaglrg%%ég% SFEPse é‘fﬁtefllmf %&0&3\5&‘(&%.
Procedure A psevérehdaysptidr tathearthiokage otiehdaithicongaBloed (ipprédi@atelysi ci an' s
office for a ver al o, t he arthroscopy or

| [ 5 d '
hemi - art hr ot ony. In%) %I%Q%%%?ng?e%‘? %é%%h1‘§‘1’}a§mﬁp’§\m“5’ﬁﬂ1"p9 sma

proteins are sesahbbaticesNs prepard, Ipelbddeind stdFed akopticaly unf) thsaxeshe Mat ri ces, is
prepared, |abeled and stored aseptically until the day of the surgery. On
t he day of thsélr%eﬁ‘gery, a small piece of healthy cartilage the patient's

joint is 10 penoved, .cut into small pieces and placed in a test tube
cont ai ni ng co{)f1 e‘ﬁﬁ%,&e B ¥ bt é’é@eBEﬁ?ﬁf%?ar@éﬁ ¢ By ng enzynes,
or combi na i oRmotéE t@dito bRall PRed¥RAN IR in b Rt GHE SRGMME bdilE&Bad, the

defective reglliopléof. the joint by renoving danmaged tissue, cleansing and
preparing t he™alEepifase ougiher catilage degrafing smayasseer combiniations therpefoved from it $
cont ai ner anglluc t to fit the defective domain. Follow ng 15 approxinmately

20- 30 ni nut es™dFC BRAATMS: the syreeen il feat thedeiective weeion of thedpint by remeying f
damaged tissue, cleansing and preparing the area for an implant. The prepared
matrix is removed from its container and cut to fit the defective domain. Following

15 approximatelyi 20-30 minutes of enzymatic treatment, the cells and small pieces of
cartilage are spun down in a tabletop cchtrifuge, rinsed in PBS and resuspended in a
small amount (50ul-1000ul} of PBS. The surgeon seeds ﬂle cells onto the sponge, tn
situ. Alternatively the cells are absorbed into the sponge and the cell-bearing sponge
implanted into the defective joint region. Opﬁonaﬂy, extracellular matrix degrading

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 irjured area, opﬁona;lly add enzyme
solution to said sponge and place a second, celi-bearing sponge on top of thé first
sponge. The joint is closed and is treated as customary for an arthi‘oscopic or hemi-

25  arthrotomy procedure and the patient is released to recover.

. .
A kit comprising the components useful for practicing the method of the invention,
will allow for the convenient practice of the method of the invention in a surgical
setting. In a preferred embodinient, a lat of the invention will provide sterile

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 fo be implanted into an articular joint surface
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cartilage are spun down in a tabletop centrifuge, rinsed jn PBS
resuspended in a small anmount (50ul-1000ul)- of -PBS. The1és‘r?r” g%?%ggeds t he
cells onto the sponge, in situ. Alternatively the cells are absorbed into
t he spongé’vgl‘ﬁﬂ"FE@ cel | -bearing sponge inplanted into th®CTELENOF8 e | oi nt
region.” Qptionally, extracellular mtrix degrading 20 enzymes and or ot her
bi oactive ag L RGhUALE : / . ANPBLRTY
conpounds ar gdégegfjiedg to %‘E{glsg%gl\r%%lg\.l{hﬁéhgfew??g@%n%&&'?gﬁ%ngslﬂ%t%e surlgeon Wil |

pl ?ce_ a dry shi@trgieaiiﬁl‘t,elomilymurnggnit lamd hasjtlwrabﬂitjatolemagntain_tcb}b graiwithyangld d enzymsf
solution to s nge ang a on cell - bearing sponge on top o
the first s o‘lﬁg"é‘%‘g“%hg‘ﬁ'ﬁ lr?Pﬁpégfgﬁaglgéch %rﬁ%ﬁf)%lakl%egfﬂgé’aﬁ a’clgoé:%onary for an
art hr oscopi ¢ pyefedablyifrodbawaslognueplasya.pr ocedure and the patient is released to
recover. Kit A kit conprising the conponents useful for practicing the

met hod of & hdizampdntd: Releasewd Biosdiivowgéms t he conveni ent practice of the

nmet hod of the.i nt. i in rghcagl .setting. In a preferred enbodi nent, .
a kit of t heqi)nri\%%?ﬁ %]%&V\FFY ?aﬁﬁl@%}‘%%%%‘fegpﬂmét cggssggﬂ%ﬁgma EUFthbl e for easy
use in the suleliviepbf growil factom ol othatiolodicul agehtsatitoltie Io&D battidotment (Bl i nE,
enzynes) a sterile,.cell-free matrix material suitable for supporting

aut ol ogous CHB??H?O(SW@B&{% e%étéowtb?%@ﬁﬁﬁpgﬁﬁ%@am?%‘séﬁesé ’i“é'ﬁToar j oi nt
surface 36 1 o3 inlviveladivg rRORGLVIEN Bh QR Bbd il fadiblsl 2 R083On6RERE:- and -
instructigns for use. Al though the natrix rgn;% be of any material that is-

bi oconpat 1%l dabelignalkativg Rberehtese dabgled gsharsreadigyiperoxidassolabrled grav® cell growth -

and  prol i f eradehiOThe £iioNBAd fate dfSelRbE] HEARS MeRURBRY FIWiRMME| | ogenei ¢
pl asma, nore ref erably from autol ogous plasma. 5 Exanple 12: Rel ease of

‘Bi oacti ve Agdpdieactinidy. flyprcenengn pramptiactiviéy ¢riother attiwes@étheltagorent of ti ssues
on the matri aeSiiidy, tdiise Ihniyifdrod thd hihds SIAGHRR 1Y fanalizi é}.kﬁh agi cal
agents into the _Irg(’:al (Sa%yi ron.mégnt. _ he_ﬂ%_(nséor_po[ati gr?n%%zci&re ease of growth
fact ors fromachdyaniedhe miseeenyisonmegtig 9o éh Yimo o vévo agsayi n vi vo usi ng

radi ol abel ed or tagged growth factors, for exanple fluorescent 10 | abel ed,
al kal i ne hosphat ase | abel ed or horseradi sh peroxi dase-| abel ed growth” '

factor. The fraction and rate of released agent is neasured by follow ng
t he radi oactWhilethe prepand inventiondes beemparienldrly dgerribed, pyrsons skillaém tha att i but es of

the tag. i ihahiliad: Ghf Ay lriaROAAIR SuckRGNBad BE fbdke. | Pucklfhg /e ned by
anal yzi ng enzymatic : ' :
inv;:ntion is not to be construed as restricted to the particularly described

1D

embodiments, rather the scope, spirit and concept of the invention will be more

20 readily understood by reference to the claims which follow.
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" The matrix accofibinpivticaesmtayih substrntially pnifeyem noresswhistantiolle devsidofe i xed wit h

activity inta the mcroenvironnment in an in vitro or in yg! _ 15
Wil e the present invention has been particularly d'escri'\gégfgn&ﬁg%%s '
skilfedin the art w1l appreciate that nany variations and nodifications
can be madE0 0Ihwsef ore, the invention is not to be const rp¢qeasedsgstri cted
to the particularly described enbodinments, rather the scope, spirit and -
concept of th& i nvention will be nore 20 readily understood by reference
to the clains follow. 37 18. January 2006 WO 03/007873 PCT/|L02/ 00589
CLAIMS 1. A freeze dried bioconpatible porous nmatrix conprising plasna
proteins, the l. AlfB@MBIRAUiRonGatbR o kit EMprRAEPhsmb BFAEN theand Factor X
M wherein at |east 50% by weight of the total protein content is fibrin,
and at | east onBlasig ProinsichmpRiNa fibrmogens fwrombin prd Bagkos kM whareip auni f or m

por es, substant1eaétlswod@v@éi§ht@ftheﬂ%tﬂ%mtanﬁ&ﬁérﬁtéﬁ!ﬂina Fealfle BAYI NG

resi dual npisture below 3-7n, useful as a scaffold for growmng cells. .2.

at least 0.5 upjghsic @lfleléﬂ?léQﬁéﬁitsrhnl@ﬁﬁ\{iﬁ%reg]ﬁﬁéﬁﬁo%mégeﬁw 33}({}%5&5@ Li;x according

to claim1l wherein at |east one of asma proterns r's autol ogous. 4.
The matrix accotdffpld o5 seawangrelis.wherein all the plasnma proteins are

autol ogous. 5. The matrix according to claiml| wherein the *
anti - fibrinol gt Tee BafEaceosding fosipimd ivhereie the plasBa groteimenemizedwitietor ding to |

claim4 conpri sjewoguﬁgg%%%g&%ﬁ%ﬁme& acid. 7. The matrix according to

claim1l further conprising a S e auxiliary conmponent selected from
the grou onsi gkd -0f ; fy . LQNI ol .ysacchar.i des, '

gl ycosamplr?ggl ?/bglﬁlés@&g? a%@ﬁﬁ@??@g&@%@%ﬁ%@%%@ f%ﬁt‘%{a]sgl%%o%% Sdsng to claim
7 wherein the aaselpgaasy conponent is selected 20 froma group including
hyal uroni ¢ acid, pectin, alginate, gal actans, gal actomannans, gl uconannans,
pol yur oni ¢ acfd8he haipaetqerdingto st il twheregniali tht plasmal proteirsrarsatitdlagans. der mat an
sul fate, heparan sulfate, keratan sulfate, hexuronyl hexosam noglycan

sul fat e, i nos#Pt Bie hexkagedotdingto chirg l oderaprctha auti-FibtimlpiitchgBHG

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

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

polysaccharides, glycosaminoglycans, or synthetic polymers.

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

hexosaminoglycan sulfate, inositol hexasulfate, sucrose octasulfate and PEG.

9. The matrix according to claim 8 wherein the wherein the auxiliary compenent is

25 dextran sulfate,

- 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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cnB. 14. The matrix &

9. The matrix according to claim8 wherein the wherein the, auxl!|i-ary
conponent is 25 dextran sulfate. 10. The matrix aCcordi%g‘Jat%ga@IéglﬁrénS
wherein the wherein the auxiliary conponent is hyaluronic acid. 11. The
matri x acCOP@g3Bo claim 1 wherein the cells are stem celPCI/Ib2/495geni t or
cells. 38 18 January 2006 WO 03/007873 PCT/1L02/00589 12. The matrix .
according to ¢} aj g el chondr ocyt es,
ost eocyt es, hg%%%%%%%@%%?% %Vﬁcerpl tﬁ}%%!lgﬁ,&g%?%e?%qn? al, neuronal,
pancreatic, renghondrociieslosteoaytes) hepstoesdes, hBsendHymalympittiekialawothelitilng to cl ai ns
11 or 12 wherei ﬂe&gﬁlgyﬁﬁ&%ﬁ@fﬂe 13 cu?a?%%l!l% of at 5 least 104 cells per

[

cording to clarm 7t her conprising at |east one
bi oacti ve agemy ; . or.s.. Cyiokjnes, enz S,
anti m crobi al ?%%?’?ﬁr&%%%q%m{g é@%lgg%te;%{%%?gpmfah%ﬁsrﬁa 483 H A ng to
claim| haVving Jeestd§” ¢alis ptrensi ze range of 50-300 10 nicrons. 16. The

X

" matrix according to claim 15 wherein the pores are in the size range of

100- 200 i cr ok’ Tha matria apesrdiogl tof aaimplr fegbericogpasignat deast ona bidaxtivefaggitas ma

pr ot ei ns usef ul d. for growi ng cells in.vitro, the nethod
conprising the Séf?%oﬁe? %0%?%% faoiet %ﬁ%]%l%’ %(ZEEP%S? HE-Rerbialy pBffi n in t he
presence of cal oiflammaonpagentd. at | east one anti- fibrinolytic agent under
conditions suitable for clotting, in the substantial absence of organic
chel ati ng ageht $he maiixapdordingitol oJaimddhanipg pates irehs sizonegaanHsolloar y conponent;
casting tfHHe mxture of plasma proteins and thronbin in a solid support
prior 20 to clg’t“ir?nﬁg; freezing the clotted m xture; and | yophilizing the

clotted m xtu t 0 _obtai n,.a n havi ng,no nore.than, 3% resi dual
noi sture. 18. {@ﬁ%e ’3%%?‘?%8%%%‘%%%%?%’3&%“%@?%f?femﬂ%ﬂlﬁ S'Fﬁg‘“og? ma proteins

conprise. at | ed¥®t200 microns.

17. A method for preparing a porous mairix of plasma proteins useful és a scaffold

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

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

at least one auxiliary component;

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

| freezing the clotted mixture; and

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

- 3% residual moisture.

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

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

autologous.

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

autologous.
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25 fibrinogen and factor XiI1. 19. The nethod according 4JC| ai IEPQE
wherein at |east one of the plasma proteins is autol ogois:2gY net hod
according to claim 17 wherein all the plasma proteins are autol ogous. 39
18 Januar ywaof@7si0 03/ 007873 PCT/1L02/00589 21. The net hq-1agsikiong to

claim 17 wherein the plasma proteins are mxed with at |least 0.5 units of
thronbin per ng_protein. 22. The nethod according to claim 17 wherein the

anti - fi bri nol ¥ Tee mefhed adearding e plaioa i whereindhe asa@ profties srethixed vdthcor di ng t o

clai m 22 conpri siing; @ u}ﬁmhrg%%ﬁrp@pﬁgwgmaci d. 24. The nethod according
i si I ea

to claim 17 further conprising at one auxiliary conponent is

sel ected fromg ioSE | ; Fhldes,: L.oni c

pol ysacchari des?ﬁegllgfltggtgz&mgﬁgiggﬁ @lélg%éﬁ‘é’?&é‘éﬂfeﬁagw{é’hg@??@ gﬁQZS. The net hod
according to cl#&necaucapidr ein the auxiliary conponent is selected 10 from
a group including hyaluronic acid, pectin, alginate, galactans,

gal act omarnan®’. T methebaraending tpolhim2 bedmpriaing deleash 8%aranexandhandir oi t i n
sulfate,. dextran sulfate, dermatan sulfate, heparan sulfate, keratan

sul fate, hexutoRy methedarsendingdetlpiont’ Suthérapmprisimpatiltasi oneaxsitiatyf at e, sucrose

auxi 11 ary comporamoner s poleof Bbh 16 wBfif Qb i Bol s Rries 858 i ng 1t o
cl ai m 24 wher ei pplyshechanides] ghpgogantivogiymaes br systhetiypdlymeni ¢ aci d. 28. A net hod

for preparing a porous scaffold useful for inplantation in vivo,
conpri si ng t h. Ereapethest aceordingxe elginplwhaeip fhetapkilisrywompoidat Betledted n t he

presence @f calgi I | east .one anti.-fibrjnolytic agent under
condi ti on@ sui tg%l#g]gjfoglpﬁ%i ot?ﬁ%l,urﬁmﬁc acf{ﬁgecgﬂb %lﬁﬁ?ﬁg&acaﬂgence of organic
chel ati ng agent glactypianoams) giycoatdhang, plyurdn@asids trpard) ¥hdndaditn &0@RONeNt ;

Cas NG e Mt Qe 8RR LS, BBt YRt sufeed, meRuronyt> PP

hexosaminoglycan sulfate, inositol hexasulfate, sucrose octasulfate and PEG.

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

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

hyaluronic acid. -

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

comprising the steps oft

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

least one auxiliary component;

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

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

seeding the sections with cells;
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freezing.the clotted m xture; |yophilizing the clotted mxture r eby
obtaining a sponge; cutting the sponge into sections omgcj‘iea@fj?fé{c?togﬁape;
seeding the sections with cells; 40 18 January 2006 WO 03/007873
PCT/ | L02/ OWY8$85/%483%i ng the cell.s on said sections until thBCEHEORGBRach t he
density of at least 104 cells per cnB; and inplanting the seeded sections
in vivo. 29. The ne i -to claim. erein.the pla roteins
conprise at |east %1]8 | ﬁﬁ%%glgﬁg%ﬁ%sefcg% Sé‘%ﬁ%‘f § regph the: @Sﬁ%?‘?f’ggea ccor di ng
to clains. 28 wher el® cells peeamt; 2ade of t he pl asma proteins is autol ogous.

31. The nethod according to claim?28 wherein all the plasnma proteins are
aut ol ogous. 10 32. ihipdanteg Hedeaied ssctomdn vivocl ai m 28 wherein the plasma _
proteins are mxed with at least 0.5 units of thronbin per ng protein. 33.
The net hod ac@8ritiengethml actailing BSclaihed8aiterdihihe dhikina pioksinstolyptisent Rgant i s
tranexam ccaci d.;,34. The h according to claim 33 conprising at |east
5% t ranexa% C acflib .noge@agg?;c%‘ﬁ thod according to claim 28 wherein the

matri x furt her DY 1.S.E ] east, . ane .auxiliary conponent selected from
the group cond st hgét%pfaﬁ‘%%r%ﬁgocﬁgﬁo%e hierem 4 lﬁﬁr@eﬁgﬁféﬁmé’i"?tﬂﬁ%{s |
gl ycosani nogl ycamtlogons.synt heti ¢ pol yners. 36. The nethoed according to
cl-aim 35 wherein the auxiliary conponent is selected fromthe group
consi sting of 3fhyklemetimdacandidg tqxditn 28, ik flhihe plagmh pRidRSare 20

gal act omannans, aglo commnnans, pol yuroni ¢ acids, heparin, chondroitin

sul fate, dextrdn s rate, dermatan sulfate, heparan sul fate, keratan

sul fate, Xur, I exosar ni nogl y.c ul fate, inositol hexasulfate,
sucrose 02 as&?‘fr%'ﬁgleg}? a%m%g’.d&ll‘wgﬁﬁ’a{emt PRSPPI A8 wher ei n
the auxiliary carRen®munis ofiidnitdmpersad frafel. 25 38. The nethod according to
claim 36 wherein the auxiliary conponent is hyaluronic acid.

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

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

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

anionic polysaccharides, glycosaminoglycans, or synthetic polymers.

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

hexosaminoglycan sulfate, inositol hexasulfate, sucrose octasulfate and PEG.

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

sulfate. . .

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

- hyaluronié acid.

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

microbials, anti-inflammatory agents.
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39.. The nethod according to claim28 wherein the at |eas hA ary
conponent is a bioactive agent selected fromgrowth fac@%?gﬁlﬁgdg)ﬁ nes,
enzynmes, anti- mcrobials, anti-inflammtory agents. 41 18 January 2006 WO
03/ 007873 wWOMB/0B23 00589 40. The nethod accordi ng to cl ai ne@Binokvesses n t he
cells are selected from chondrocytes, hepatocytes, osteocytes,

mesenchymal , epithelial, urqgthelial,__neuronal, pancreatic, renal or ocul ar
cell types. 414.%[ enné?tﬁ%‘{fcf%ramﬁ far 2 vherpip lsare pelenied fmef ul for support
of cell grow h aftivedrocyies, HgpaRBited, b&BodyRRs, ShdstnchGRMPEHBEING, rhtBelmi eps of

m xi ng pl asma pr.ot ei with . thropbin jn the presence of calciumions and

at | east one antTUF9Bk PHETPES engheiiculgherlityReSndi ti ons suitable for
clotting, in cﬁtlh n%ﬁ;b%tfanti al., absence O‘itf Qrgani ¢ chel ati ng agents,
optionally ad rfg od lrprepagpa Rofeps seaifold ussd fpresypporef cell gravtlyafigie i xt ur e
of plasma prot eiifplaatiion B MiPdompriing tikQtdpdopUppOrt prior to clotting;
freezing the clotted m xture; lyophilizing the clotted m xture, thereby

obtai ning a sponge g \fasid pro@ibs with @b e $ainclBE SidHhif ions An@Pt i ONal |y
washi ng the sponge, thereby removing sol ubl e auXiliary conmponents;

optional |y re-I|yophttl$ast ofg aptiEbraelyticeseramdenroptitions siitplefos glotiga iavi ng no
nore than 3% resi dugb giRi AN aTabI | ﬁ%qgﬁsi . i of desired
shape; 20 inplanting th?ﬁ%éﬁegﬁg%@%ctégau . e’oﬁg‘%}ﬁggﬁgdcug%%di ng to

cl ai m 41 wherein t h6ashpasalispteompenentonpri se at | east fibri nogen and
factor Xlll. 43. The nethod according to claim4l wherein at | east one of
the pl asmdpr ot ei nscasting theminteg efiplasmmpratgins Tadthrmmbio asobdswpogptiar ¢l ai m 41
wherein all the pl agiifgot ei ns are autol ogous.

freezing the clotted mixture;

Iyophilizing the clotted mixture, thereby obtaining a sponge having no

~ more than 3% residual moisture;

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

components;

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

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

fibrinogen and factor X111,

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

4

autologous.

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

autologous.

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

- at least 0.5 units of thrombin per mg protein
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45. The net hod according to claim41l wherein the plasma i e m xed
with at least 0.5 units of thronmbin per ng protein 42 1@%&%3%(%5006 6.
The net hod according to claim41 wherein the anti-fibrinolytic agent is

t ranexami i 7.. The net.ho ccordin 0. claim46 conpri.sing at | east
5% tr anex(gir%?l {g:mgt(‘l:lf)édl?cc%gl.ngﬂn(ga%ﬁrw 3@;{%@% ffthbémglﬁ%ﬁ‘gﬁ?tﬁ? YPEFERE 2% conpri si ng
at least one auxiliary conponent selected fromthe group consisting of

pol ysacchay ide ani oni.c_pol ysacchari des osam nogl.ycans, or synthetic
pol yner s.%gge ﬁéoc{r%é:f%o %&l‘:%?g? ﬁ%mqrﬁmgla%llﬁﬁggl%(f\%eé‘?l@cﬁg’tdhe auxiliary
conponent is selected froma group including hyaluronic acid, pectin,

al gi nate, t ona n | ucomannans, pal yuroni c_aci ds,
hepari n, 40%??1%?% |aﬁc°gu ?%tcgﬁmggx rgrncosgp?ué%n%le &r% L;ng?}ly%ompfnﬁn , heparan
sul fate, kesetctad fionl thagreyp dvexistingof polhexbsrides, noighiy palysasctafiddse, i nosi t ol

hexasul fate ggﬁ . te and PEG 50. The nethod according to
cl ai 8 \Aheglg?ér# gggﬁ%’??%&%@ r???'o"?]eésht is dextran sulfate. 51. The net hod
according to claim48 wherein the auxiliary conmponent is hyal uronic acid.

52. The r.di cl apm.4l whereh.n the at |.east e auxiliary
conpone n[‘@} Eﬂegna%?%g‘g%{ %‘to%%ﬁta 8 ‘s%é 6C \t%(;eaa “ﬁ%%cﬁ?%%mﬁt ¥ 8¢ th?g gr > mca‘yt_ oki nes,
enzynes, angiouprinciudibg byabyromaedid, peatih] dginae, galyctangagatastondiansThe met hod
according t M i.n. el : (@ cﬂgn ocyt es,

ost eocyt es, girl1ngdpat oc?f’t]pé) , %%atgﬁgéﬁ'?%aﬁs’ J&?%Cﬁﬁg??uya%’ %egﬁ?%{]ug?’e, neséeé%nchyrral ,
pancr eat i ¢, su@aeahepamn subfaig] kerataedulfate,hemsonybiexosdnagtycioail fak, indsitoim 41 f urt her
conprising g } S QNS t.1h cells and growwng the cells on said
sections untﬁqgftl%%’SE:%ETCSO%%E%%%%d‘gEﬁSity of at least 104 cells per cnB. 55.
The nethod of claim4l further conprising seeding the sections with cells

oneof o g T edzfeoRlind SRR nercme Aot Mo Bt FRBKER RS O 00 10 7

scaffold for preparing an inplant according to any one of clains 17, 28 or

41 f t ' 1 1 ' . foe il ant. ' t | ai m 57
aner oi n (o i SaklalieRld bRl RRchfT i) on il ARERER RS, 0 00" o

claimb58 wherein the skeletal tissue is cartilage.

52. The method according to claim 41 wherein the at Ieast one auxiliary component is a
bioactive agent selected from growth factors, cytokines, enzymes, anti-microbials, anti-

-inflammatory agents.
53. The method according to claim 41 wherein the cells are selected from chondrocytes,
osteocytes, hepatocytes, epithelial, urothelial, neuronal, mesenchymal, pancreatic, renal or

ocular cell types.

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

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

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

site of treatment.

56. An implant prepared according to any one of claims 17, 28, or 41.

43



60. A porous coating for an inplant conprising the matrixgaea@sgioagsto any

one of clains 17, 28, or 41. 61. A kit conprising the porous nmatrix

according to any one of claims 1-16 and instructions for use. 62. AKkit

S M o o A A o aocrdife 5y orb of it 1 R4, OF 1 1 1B
41 for treating injured tissue.

58. Use of an implant according to claim 57 wherein the tissue is skeletal tissue.
59. Use of an implant according to claim 58 wherein the skeletal tissue is cartilage.

60. A porous coating for an implant comprising the matrix according to any one of claims 17,

28, or41.

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