WO 03/ 026689 PCT/ US02/30343 Title Autol ogous G owth Factor Cocktai l
Conposi tion, Method of Production and Use Background Like nost cells,
chondr ocywesloasees a |ife cycle that involves stages of 5 matrursat/amm and
differentiation. Chondrocytes can start |life as nmesenchymal stem cells,
whi ch during proliferation becone pre-chondroblasts. These

pre-chondr obl asts becone chondrobl ast Titdeiri ng differentiati on/ matri x
production. The chondroblasts can then undergo hypertrophy or maturation

to become chamisgReay GeswthIWTRICHcREil tienpositn] Methollbf Phedueties emt Usevent i on
is directed to a conposition including, but not limted to at |east one
growth factor suitable for the treatgRRbrdfndst eogenesi s, tenogenesis, -
and/ or chondrogenesi s, wherein the growh factor is obtained fromcultured

chondr ocyt es. The pr eBRNdMUAN LRG3k HEELRIL A ivdIoishedbr ki ng

a growh factor 15 conposition’ i ncludi'ng the of culturing
chondr ocyt emafurgtionaand differentiziod. Chondenytesicamggaratifel asasesenciyngt siemwh f act or

fromthe culture of chondrocytes.. Additionall t he present .invention is
directed tocsnihl dugng P?Oi‘%‘%/r P B??H@_,e pr?'@ﬁ%‘%f’#’lgﬁsq% aﬁfeisl3 QEéCth’P\Cllﬁo_bila@%ect
thereof | ”%é&%ﬁ% {bhG o8ISR d8fing BFtcRGHiaNOn Mt hodtic THRhSsdroMaith at

| east one growt actor, wherein the growth factor is obtained from 20
cul tured cheadthecydesgo Brreetfopbysr matuaton tof bechme Phendragyies.g. 1 represents
nol ecul ar control of cartilage repair using autol ogous chondrocyte

i npl antation. Fig. 2 represent Suysmarespthedaventiof grow h factors and
transcription 25 factors in chondrocytes. Fig. 3 represents gene
expressi®n of gr gué Prebaf iBiehtion Bt ditestedt® b @bmPosiandinchalivgs butaiot timifeddd or s in
chondrocytes. Fig. 4 represents gene expression of growmh factors, matrix
proteins agideast ane giomh fagtprfsu%qﬂg@ forjthe wepmERIR PS8 BenABISOISNREEERYY

PCT/ US02/ 39%‘11 or c'ﬂogdrogeﬂe%ﬁ[ %ﬁ%‘%ﬁﬁh@%ﬂﬁmﬁ@&&sﬁ ioBﬁiﬂ?:ti RANKhHeREH 1t

receptors |
chondrocytes.

The present inverition is also directed to a method of making a growth factor
15  composition including the steps of culturing chondrocytes from a subject and

concentrating at least one growth factor from the culture of chondrocytes.

Additionally, the present invention is directed to a method of treating bone,
tendon or cartilage or a defect thereof including the step of contacting the tissue or
defect with at least one growth factor, wherein the growth factor is obtained from

20  cultured chondrocytes.
Brief Description of the Drawing

Fig. 1 represents molecular control of cartilage repair using autologous

" chondrocyte implantation.

Fig. 2 represents gene expression of growth factors and transcription

25  factors in chondrocytes.

Fig. 3 represents gene expression of growth factors, matrix proteins

and transcription factors in chondrocytes.

Fig. 4 represents gene expression of growth factors, matrix proteins

and transcription factors in chondrocytes.



chondrocytes. Fig. 6 represents gene expression of steroid hornone
receptors in chondrocytes. 5 Fig. 7 represents a Western bl ot conpari son
of growt wbashais9 bet ween a non-concentrated control sanmpCe/usnz3ms43
concentrated sanple. Fig. 8 represents a conparison of the concentration of
grow h factors between a non-concentrated control sanple and a
concentrated sanpl e. Fggs r@resepisesant:prassohafRANKLendélsireasptorsine af t er
application of the 10 growh factors of the present invention to human
chondr ocyt echonfltagy€s. Det ai | ed Description As used herein, the term "about"
refers to a range of values 10%of a specifjed value. For exanple, "about
20" includes 10% of Big; 6 sapreseninaene pxpression qf stereidingEmoneregePiQrS &Y her ei n,
the term" s%%tgoraﬁl " or "substantially" neans approximting to a great
extent or degrge. 'ondr ocyt es have been cultivated using a nunber of

techni ques. A nonol ayercul ture f ch rocvt ture
for chomdrocyt es, ana%ﬁréir??é?sgn @I%ﬁ??@%?@%a@%%% r%gﬁlg%?{agg@éhg%ﬂagarose
gel cul tur e, hok-c6RRALAEE ¥oiftfol mple\vad aaehcddeerddesple bed. These cells were
found to produce extracellular protein during cultivation in agarose gel.

In one enbodi ment of fhegpeRseits 4 dnRALkNof thh Bodshirbtid@SofGabwikaferors P! ating
density of about 1 m I on Fgel I's per 751 cn2. The chondrocytes can be grown

in a 10% tbet®06h anowkogensated contrad sampletand gconesingratedisamplen one enbodi nent ,
suitable growh 25 conditions for chondrocytes for use with the present
invention are set forFiy Poepi@enBt ddhdDcpaded cOl@@e 260 apphieatenmtdfitee cont ent s
of which are hereby incorporated by. reference. See Ex | es 6 through 10,
whi ch sHbw 8WE£QC¥Q¥§Pfth€LPF?SGWi 1H631%@pﬁ%ggm%phoq§1§%pyit%cﬁﬁgespr esent

invention. It is difficult to determ ne what type of extra cellular protein
or growth 30 factor, if any, a dPefadedPgsintionyr oduci ng fromthe

nor phol ogi cal appearance of the 2 WO 03/026689 PCT/ US02/ 30343 cell in
these culture systens.AsTused heteimeitlee team Sabpsggrefass eaeAngp of walbesiZy L& oind

et hods a specified value. For example, “about 20” includes + 10% of 20, or from 18 to 22,

inclusive.

15 As used herein, the term “substantial” or “substantially” means

approximating to a great extent or degree.

Chondrocytes have been cultivated using a number of techniques. A
monolayer culture for chondrocytes, a collagen gel culture for chondrocytes, an
alginate gel culture for chondrocytes, and an agarose gel culture for chondrocytes

20  have each been described. These cells were found to produce extracellular protein

during cultivation in agarose gel.

In one embodiment of the present invention, the cultures can have a plating
density of about 1 million cells per 75 cm?. The chondrocytes can be grown in a 10%
to 20% autologous solution with ascorbic acid. In one embodiment, suitable growth
25  conditions for chondrocytes for use with the present invention are set forth in WO
00/09179 and 5,989,269, the entire contents of which are hereby incorporated by
reference. See Examples 6 through 10, which show typical cell culturing methods for

use in the present invention.

It is difficult to determine what type of extra cellular protein or growth

30 factor, if any, a chondrocyte is producing from the morphological appearance of the

2



to pronote chondrocyte production of extracellular matrix proteins and
gromh factors. Furthernore, it is necessary to identify the profile of
growt h f awbDmB®2gs80duced by a cell population which is as®otiwsborsh3wsth t he
i nducti on of chondrogenesis, 5 tenogenesis and osteogenesis. Many .

bi ol ogi cal compounds control chondrocyte devel opnent. These conpounds can
be extract ecklpindh@e cobteeyystens e Thiig, dare sanded ¢y tesloparchriquesand nethads a

nonol ayer culture of chondrocytes, tg for growt h factor co sition, a
so-cal | ed &Hﬁknﬁtef“é@iﬁa?"c?’@dﬁ ugiipn Q?Wfa&gﬁ‘g%‘ﬁnﬁté‘xtm%tfag‘ﬁé‘ﬂ@ gﬁogfﬁﬁy used in

the treat m@cto?é.e%g%%?ﬁﬁgfnéf ﬁ%%&e&ﬂ% id8RE) e ROAR dfigseWA BRsGRbARLE. For

exanpl e, in one e priesent 1 nvention includes the use of.
extract ed abylAcell pomdetidr whietl igassedidted adthahsindotticai ofeiondrogengsisonposi ti on
of the present invention in orthopedic surgery. Furthernore, the growh
factor conpBUPETISHS 2BE OFERESSFESent i nvention can have therapeutic val ue in
reconstructive procedures and devices, incl udj&? 215 Ef{gfegﬁilgr es a devi ces
for use in the spine, Many biglagical compeiads confip} diondeericleypgPmgnty i keses wel |

as fractur ec%ﬂlﬁ@(ﬁdﬁ Ra? B et dd £RITRBhcAraRd RO &{Hn_@fbcyeé,%ﬁriﬁ pardifat N

ot her products®such as cenents, including but not limfted to bone cenents,
cal ci um phaspnetays:; culaire bfichondidegtes,go fivyda groyeh fitctarammpasition,onto-¢crliedons

t hereof, and other agutol ogQus.growth factors.. The congpqsition of the
present invé’iﬂ"ftg%acé‘ﬁd chekt é"’%é ¢ eéga%@gcﬂ%aep%ﬂgﬁgaﬁgw&_ 1. Gowh
Factorsjt @ﬁﬁla%@,et@n&cﬁﬂ BHd/bPBEneGRORMURICKERSs. IBREximplRamldneehdodiRae) ayer

cul tured chondrocytes,

have the capacity for the production of a nunber of
growt h f actlermesentniniventionginblutestbe usd ofi xtrdcted and/einesmeeniiatesl grovih fctoatt or

TGF-(33), bg h . tein (BVP-2),.PTH P tegri A
g S Rt SRR e AL
one enbodi nent, the ngowhh fact or corr]g%(sci tions accor H% to the ﬁresent
i nvention, as well as Fyfthenmore.dapen FOI COROTHERS o ORGPy &VepliPR ure of
chondr ocyt eg, Ra\;ecfﬁéfhuﬁéﬂﬁfé%lfeiiﬁ R&oRtrdchiGe PFoRs@REs diVRRIdeS Indllbdihgcan be used

for 30 therapeutic purposes, as described bel ow. Additi Onalwigi I n anot her
enmbodi néft , ptdvedurgs awt devicestforuse dnfhespineohip, e oshaikigr, it Eraé@ent

i nvention cgn.be ex rateglﬁf 0 co sitions that inclu i e growh
factors to &ltmaégl (?gi%falc %hé%[]mnaqnﬁ?ﬁegﬁ?tment of a non—un%n &gct&rlé, él‘ﬁplh
other products such as cements, including but not limited to bone cements, calcium
phosphates, calcium sulfates, hydroxyapatites, and combinations thereof, and other
autologous growth factors. The composition of the present invention and methods of

20  use are described hereafter.
1. Growth Factors

It has been found that chondrocytes, and in particular monolayer
cultured chondrocytes, have the capacity for the production of a number of growth
factors, including but not limited to transforming growth factor (TGF-B3), bone

25  morphogenic protein (BMP-2), PTHrP, osteoprotegrin (OPG), Indian Hedgehog,
RANKL, and insulin-like growth factor (IgF1).

In one embodiment, the growth factor compositions according to the
present invention, as well as others, can be extracted from a monolayer culture of
chondrocytes to form compositions of the present invention that can be used for

30 therapeutic purposes, as described below. Additionally, in another embodiment, the
growth factor compositions according to the present invention can be extracted from

compositions that include suitable growth factors to form compositions containing
3



WO 03/ 026689 PCT/ US02/ 30343 one or nore substantially enriched and/ or
concentrated growh factors that can be wused for therapeutic purposes, as
descri bedwpDro3nedees det ai | bel ow. A) Derivation of G owth FaCrarss2/se4dne
enbodi ment, the growth factor conpositions of the present 5 invention are
derived fromcells including, but not imted to autol ogous chondrocytes.
In this mammelbr niddesybseiiibiey africhedmdiof @ntentstaiegrowddfattoomthatran bgut ol ogous
chondrocytes can substgntially co for.,én t.0 the sugjbeft' s natural profile of
growt h f actu5ed for herapeyiia BHIROS S & FrSAEOCdiRaUE AFBYPFIOSh of the growth
factors of a 10 subject are initially characterized using techni ques
described in PCT ApplAk&eriyatioqpot GroptiyFagters) 02752, the entire content of
which is hereby incorporated by reference, and in particular using the

t echni ques descri bed InonEembpiliencnt, the giewtis fagtorchmppgitonsgfhe prgesén, and

reiterated .here as aml.e 2 an rl chni ques

i ncl udefs devei&@nﬁBe[Ea( T i ‘Eeils “‘g't‘éelﬁﬂ%c%’lk]gét lgfﬁﬁ%@. &é‘?&lg%og’g

i munof | uor@ga@dtyeS Bhalsasimel, Ziad profileasf srowththetots derigedfibin thact or profile.
Once the subject's growh factor profile i s approprjatel ch?r aﬁe%qi zed,
the profil ewtelogays chondraexes ¢ sebyiantially sonigpgito thessy ECH%%“H& S e
grom h factor. .c gsition that has a profile which substantially conforns
to the subj%8whsﬁg%r%(r)s\?vth factor profile for the cells or tissue to be

treated. In one enbodj nent, the t.est profile 2 b om
characterizing grow nfaéilf,’fhﬁf gmﬁ?%megs, a’rﬁeocﬁfné’g)f‘lglggéguﬁlsebﬁg%ﬁga@% Jf%‘ut ol ogous
cel I's rgmovemidt aeitifigly skiratdrizl uwinditddhaiqued déscribed A OApplicatiut dloagous
cells that are of a different norpho ogy t han t he subj ecct' s c¢hondrocyte
cells. Al tRCHABD/B2IH2, theeengiraotanient eAWhigh At hereRHINGRIPRERS RS

t echni ques,. i e, usi n ] r ei ns and
then mx ngnitgioplp S dh s ERGS di el BRatsIg 2 b8 ettt Pl o
profile thajpplivhisdnanid RitetateidiosdBxdnmple Re3 amidj Otiter sppyopridthtechuigoes profi | e
for the cells or tissue to be treated. In yet anather embodi nent, a growth

factor conp@siude.dmt aternoibgifed & wegrn tler anghysis; Y YDt one or nore
growt h fRCt Gl REQLEHSof SUHEES SrvindRIBASLELON whi ch has a custom profile
ic rm Subs

or a profile can con tantially 30 to the subject's profile or

another desired profi b%CG th@suﬁgcqcst ér8@tlpifact§§ Bf’gfﬁe Fsaa‘f)b%ﬁately characterized,

the profile can be compared to other test profiles to find a suitable growth factor
composition that has a profile which substantially conforms to the subject’s growth
factor profile for the cells or tissue to be treated. In one embodiment, the test profile

20  can be derived from characterizing growth factors from a) non-autologous cells, b)
autologous cells removed from the subject at a different time, and/or ¢) autologous
cells that are of a different morphology than the subject’s chondrocyte cells.
Alternatively, the profile can generated using recombinant DNA techniques, i.e.,
using microbes to produce growth factor proteins and then mixing the proteins.to

25  produce a blend of proteins which has a profile that substantially conforms to the

subject’s growth factor profile for the cells or tissue to be treated.

In yet another embodiment, a growth factor composition can modified
by the addition or removal of one or more growth factor proteins to create a
composition which has a custom profile or a profile which can conform substantially

30 to the subject’s profile or another desired profile.

B) Function of Growth Factors

4



4 WD 03/026689 PCT/ US02/ 30343 The above-described growh factors are
inportant in cartilage, tendon, and bone regeneration. Initially, during
cel | prolwbesatdsen of cul tured chondrocytes, TG (33, BMPCZ/USPYH3H3 | ndi an
Hedgehog, OPG RANKL as well as IGF1l are present. It is believed that
these factors, as well as others, can control the extent of 5 proliferation
and differentiation dheabongdecsibasgroméntcioreareampoatt dbpartilge, terdra,

t hereby influence the chondrogenesis, tenogenesis and. 0s j

e ey SRR b BSARRATYS of M CRHBRENES ot or
described hegeRy homan prlplRtha¥ibl eRbe VU, RERKING Wi 1CRIGHE Tes the
participation >’chondrocyt és, tenocytes, and osteoblasts can be

augnent ed, prbreneyisérbevd thet these daorg, dsrwetl @oth@s, danjcantyoldhe efitedase. Duri ng
matri x production, type Jll col.la , agnd/ or aggrecan.and .qt her .matri X

mat eri aPs @&‘Pﬂlfé@ﬁf)}aép‘? sﬁ@?r"éﬁi&@ﬁ’? gg‘?n qcﬂ?sﬁlg%é’ﬁetsiai}ﬂ .(’Qtf:?ﬁ?%s’ﬁ% i eved t hat
such contr REn B O LR faRsheRYsi S BrodbRkisla8 dbR6 kene B pedghimal | y, the
growt h facttg%rg an cyt ogi nes%rjgggus!late' he transcri%e'ii on factors, which in
turn regul aAeotdirglpy mdappromintay adbinasteringtbe lgraveth fastersidrsqsibed Besi togdich as
type Il, I X and, Xl. coll age aggr.ecan P-68. . i.ch in turn can
regul ate tH& €k 2BY gaqug\.%t‘%%?}éﬁeﬂw%sqgﬁgalglﬂp%ﬂlg%éf?}%%g?og_. ,eg’by r educi ng
the extracebhddyfs, £RNERBbLAEICRNDO hughaidd) tieaedyunbandity fybodty fem afi g. 1
shows a characterization of chondrocyte |ineage and nol ecular controls of
cartil dfe riepay or dif¢age. aut ol ogous chondrocyte inplantation. In the 20
proliferation stage in vitro, chondrocytes produce growh factors and

cyt oki nes, i ncl udi ngDuintg matrix producticons typd Breollag:n, woragererap d pihgr an
Hedgehog, OPG . NKL. After |pplantation .into,a.subj . tes
precede matPARXIRY ?F%‘?Oﬂtrg&ggfipe?g én?tpx(%?qugaéﬁ., @%%erhe“’%g‘ﬁ&%% ot her

extra cel | Y@t MBliomBAhRLRidy Rllflatfeaback! Sgedaeally fHeairowtt faétsrszmdduct i on,
many factors, including vitamin D3, may regulate 25 nmaturati

. n or
nodi fi cat i osytaingstregwlhio il wansedptinn fapters, phgph ip t@ﬁdwlﬁtﬁéhed%[é&é%‘@{‘(?ﬁ of

wt h fact t i.pti | I X
Chondr ok corread AR preBys et AEGBG P ok ARTXTRORAHSARN A COE 0 5 v

expressed ighdahPndrwki¢h @sturAt&oeghlae the presaick pf pomwth datas andyolings
expressed. 30 Fig. 3 shows that as SOX-9 s ?xlpr eﬁied, th }5{912-” X protein
CEP-68 is e.g. by reducing the extracellular concentration of gro actors and cytokines.

Fig. 1 shows a characterization of chondrocyte lineage and molecular
controls of cartilage repair after autologous chondrocyte implantation. In the
20  proliferation stage in vitro, chondrocytes produce growth factors and cytokines,
including but not limited to TGF-B3, BMP-2, PTH1P, Indian Hedgehog, OPG,
RANKL. After implantation into a subject, chondrocytes precede matrix production.
SOX-9, Type II collagen, aggrecan and other extra cellular matrix proteins are also
produced. After matrix production, many factors, including vitamin D3, may regulate

25  maturation or modification of the chondrocyte matrix.

Fig. 2 shows the expression of growth factors and transcription factors
from monolayered cultured chondrocytes. As shown in Fig. 2, the growth factors
TGF-p3 and BMP-2 are expressed in chondrocytes. Also, the transcription factor
SOX-9 is expressed.

30 Fig. 3 shows that as SOX-9 is expressed, the matrix protein CEP-68 is

also expressed, indicating that the examined chondrocytes are capable of producing

matrix and growth factors.



al so expressed, indicating that the exam ned chondrocytes are capabl e of
producing matrix and growh factors. 5 WO 03/026689 PCT/US02/ 30343 Fig. 4
shows t hawoOas/oedses growmt h factor TGF- (33 is expressed, thePeatusox3Eudt ei ns
aggrecan and Type Il collagen are al so expressed by the chondrocytes.

Usi ng reverse transcriptase PCR, at 30 cycles of gene anplification, Fig.

5 shows that RANKL exprigss kil that¥atthélgiodeh ttortiuepe s edpréded Yied @trixRANKL
5 nRNA can be found, thereby indicating RANKL expression rmay be occurring.

Fur t her nor e, prPieis aggessamend hepe H wellagsh|agd alpo exnsessedby thefch tytehanel y
GADPH (d ycer al dehyde- 3- phosphat e dehydr ogenase), and OPG are al so
expressed i n chondr ocysieg revEtresmneaipgiass P§ds st 30 hptlesRAN<he amyplibeationpor t ant

for chondrocyte rowt h. ig. 6 shows that the steroid hor eptors
ISR (AT M ISR el R S T S A b
suggest thatmRRe\ EAPRAGARY [Bereh ERRARARRg RANIE cQprebibEmaY BE 8L .mones nay
present a pathway to the regulation of - chondrocyte production o row h

factors. PosBurtieemsrgi Fighb shewsthei the lsellwarnssertons lol BANKL1 nagredy GHDFH mi ted to
vitamn D3 a I cortjcoid. 15 Thus. in,on odi rent . chondrocytes in
2 onol ayer QIR > HRbM S st SRR R R oot not

limted to, ¢HoaBkCOlHI mﬁeﬁrdﬁws!ﬂggés@ﬂiaﬁR%NI‘QDﬁﬁtﬁrfﬁériﬁl?@ﬁﬁﬂlf& Mopl®icpe, PTHrP,
osteoprotegrin, RANKL, and Indian Hedgehog. These factors formthe growth

factor "cockgaWir. which can be extracted by the method of the present
i nvention and subsequently delivered into subjects. As 20 descri bed
herei n, tthese growt h fEgt 6sloowsthatibe stet@ad henhdneaneeptas bjAGRH SGRWGRP,

aut ol ogous cho cytes and,used for the_treatnment of .tissue ipcluding but
not |i %1 t ed ar{do%ﬁﬁé? e%@?ﬁ:‘f%‘ﬁl ‘ﬁ“@flé@FﬁeF'a@té‘?sﬁzlfi@cﬁuggesﬁﬁ’im é@éﬁ‘b‘?‘gf’c)ﬁgi ng t he
aut ol ogous %%Hi%@ﬁ%ﬂ% dridra Rieadill ABrmd RS My%@s%nf Qﬁathﬂfﬁy i ﬁétré’@'iﬁtioﬁfof

cartil age defects, chondrocytes proliferatéin vitro and 25 produce growth
factors. Aftéondmeytemrediction phgroval bicews.sPosstde shahidrstayiddwrmaneshinae/ide t o

The ehonar dutagsrd BriERe iy PLS Ao BGPEtEh Be Char act er  zed by the
pres encel 50]c transcri p'hin?s?in]c c?n%te%bo %(éngt,' chondrocytes in a monolayer culture can
produce many growth factors, including but not limited to, transforming growth
factors, bone morphogenic proteins, PTHrP, osteoprotegrin, RANKL, and Indian
Hedgehog. These factors form the growth factor “cocktail” which can be extracted by
the method of the present invention and subsequently delivered into subjects. As
20  described herein, these growth factors can be obtained from a subject’s own

autologous chondrocytes and used for the treatment of tissue including but not limited

to bone, tendon and cartilage defects.

For example, using the autologous chondrocyte implantation
techniques for the treatment of cartilage defects, chondrocytes proliferate in vitro and
25  produce growth factors. After implantation into subjects, the chondrocytes can begin
to generate extracellular matrix proteins during the matrix production stage. The
chondrogenesis process by chondrocytes can be characterized by the presence of

transcription factor SOX-9.

Accordingly, from the above described information, it has been found
30 thatthere is a causal relationship between the expression and/or presence of growth

factors and the expression of transcription factors which leads to the expression and



Accordingly, fromthe above described information, it has been found 30
that there is a causal relationship between the expression and/or presence
of growt hwoftaoe@ss and t he expression of transcription faeCorssonsizeh | eads
to the expression and 6 WD 03/026689 PCT/ US02/ 30343 generation of matrix
proteins suitable for regeneration and/or healing of bone, tendon and
cartil age tiS&gEtignaf guimee proteins sudeblgfer iegencoftionhad/r bedlmgRdbbne, serfdoam

Chondr ocyt esmﬁ%a&tﬂﬁge"ﬁ&ﬁ@%c}&é}‘éﬁg'“ on, one or nore of the growmh factors

described 5 herern; as we as Ot hers, can be extracted and/or purified
froma nedia of cultured chondrocytes to form conpositions of the present
i nvention that can be Tsed ?%‘iﬂfa“toﬂéﬁﬁeﬁwﬁﬁaﬁ%?éem Glapdeqeyiesl 1y, in

anot her enbodi ment, t bove described growh factors can be cencentrated
froma media of cul t ur@d?eREEeHGRNFOEIN.105¢ PHmere eldhp xiwthdestorstdesdniber esent
inventi o t hakeif AR vAHIER RBerd i S 8iedmdr Q0

enbodi nent, the extracti one p’ﬁfbiggg?%%ﬁ anﬁ}ﬂgﬁﬁgg%@gﬁ?rﬁlgﬂa&fCBmereghe

growt h f act sthendrocyiesiinfgrmeonipesifiveseithe prevan inventicathabendeasspkirshed by
dialysis filtration, which n be used to repoye small nol ecul ar wei ght
mol ecul es f rt%?’ﬁage_’e%ﬁ P'ug??&e%ttﬁé&lg?%ﬁy@g} arher prapexdiment theybope dessribed nvent i on,
dialysis fildrbatt fbtorsXanBeBn&ARA! Hom H(ﬁ}{crd?éc 6f{c§,1[tﬁlte'dc?:ﬂoﬁ(%r8§ﬁ§s {ygrgstatic
pressure instead of concentration 15 gradients to extract, concentr at e

and/ or puri fopmpRaitigaHek the prasentrisvedition thabeah abobeuseflfontharapeyaierigpass. of a
chondrocyte culture, preferably a human chondrocyte culture. 1In one

embodi méAt, a super natlamne embbdintentghgeomictior patfasiohSndk 2bRRdrod df St

| oadi ng a ce | culture into centrifugal filter device, such as a
Cont 11 51 s 15 EHR Hefart afcopfing B thpavssea intenipa exubaereBypRad bkt con,
to cause thaiialdn, MHiditaf RGsEPloRehBlS sholl AERALA ﬁegﬂ% RoRRARS fronf ¥ 2 1Y 2

liquid and solid phase. After renoval of c ypicalrry solid
phase), the a8dothgr biolegiesd fividsadn thegmetset iveattionf dighdisdijaitiod, br segh one or

| d Ve« 1.N hi,l i c, MI. nenb i | abl fr
e o S AR AT e, (O LIS TS
of bet wt&n abalidntStoasktradt) chddRntrat® Elﬁd/gﬁflzltﬂff?rﬂ%’ #8lh ?a@fb‘r'é dekBriby AQykDa. The
|

supernat ant .can be first passed throu a | arger ter, typically about
70 to 30 kDAonpg sgeamaiate! achendseqyteieture, moefetehly 4 lumgar chiontitoeyte cnktarebe

passed t hr oygh,deRpRilht, faishlse?ﬁataﬁ%eh& lirllg gr%a%llj Factord & ojb?ailil(e%aﬁy 1r2‘%a growth

loading a cell culture into a centrifugal filter device, such as a Centriplus®

Centrifugal Filter Device manufactured by Millipore/Amicon, to cause the cell culture

20  materials to separate into phases, typically a liquid and solid phase.

After removal of cell debris (typically the solid phase), the culture
supernatant can be centrifuged again through one or more low-adsorptive,
hydrophilic, YMT membranes (available from Millipore/Amicon), or molecular
sieves, which preferably have a pore size of between about 5 and 70 kDa, more

25  preferably about 10 to 30 kDa. The supernatant can be first passed through a larger
filter, typically about 70 to 30 kDa. Accordingly, the effluent from the larger filter
can be passed through a smaller filter, typically about 5 to 10 kDa. The growth
factors of the present invention typically pass through the large filter (70 to 30 kDa)
and are typically retained by the smaller (5 to 10 kDa) filter, and therefore

30 compositions of the present invention can include molecules having a size between

about 70 to 30 kDa and about 5 to 10 kDa, preferably about 30 kDa to about 10 kDa.



factors of the present invention typically pass through the large filter
(70 to 30 kDa) and are typically retained by the smaller (5 to 10 kDa)
filter, awo oBlozwsed ore 30 conpositions of the present inveRCIrarsorans4d ncl ude
nol ecul es having a size between about 70 to 30 kDa and about 5 to 10 kDa,
preferably about 30 k to about 10 kDa. 7 WD 03/026689 PCT/US02/30343 It
shoul d be noted that sbieousd Bonpted shat spre growth éagpore obthe preseerinveamioaan bi nd

bresont | nveop bt AU Bt BT ME 0D B R HoTRpieF 4Rt SPMBORAPAL i | tor
and the retmeseat veitian whibl egubtinahidrhelie éfflub@ioraasgbNGhdtdad Rl ecul es

havi ng a sizre I 98 tu?)an 5 the pore size of the larger filter. In
particul ar, ﬁef@f ‘?ﬁ'r;ﬁ SRGuEH sypallgr éﬁ?fé%aﬂé@%*ﬁe melspitles hravimg osiee argemtian
growt h f3act ahepék siROIMELRRRE filtBY qﬂ#}%ﬂi’aufahra%gﬁlt}ﬁ%nro% laé&é%?aéd scr i bed

above, conpositions of the present inventi'on can inclu | es havi ng

a size bet wSentaiBogOnGer Dk guonatthSaktbes, ofithe resant diveatiBAiEhIRS MRGS about 70

kDa and 5 ribzlsg The sol ute retogi ned by the smaller pore size filter can
or

be col |l ecte PRP {5 EPmPRSItions of fhrdupsenb iy antinngaeingudy melegdenbavimpwt h

factors of tahtreceS@taboivEItDOEnd 5 BYaltili . entrati of
gromh factors, e.g., aTGF-(33, whi ch ﬁ’alg ngﬁﬂgg?&@%%%%ﬁgﬁg 4when

conpar ed t 0 28d e &kl ol (non-concentrated supernatants), as shown by the
results of a Western blot in Fig. 7. In Fig. 7, the two filters used to

filter 18 the super natBmtsoluscretrimedrtey the 2altdr pbee KEBKNEAA be 2H10L:RR Pa
(YK30). Typl I,?tllelr%l t he ceqt ri fuaati on élor extraction and/or concentration
can occur fOriABETS CRETHS RS vding grpwiheigriprsafdbe presant itvention. at

about | ess ByanisHithéd, R &heakhi n%Pg{b%nﬁga&?r?,tf.%gg%iﬁ:«;gg,%fcfgﬂgeds- of

greater than about 2,000xg, preferably abou NAZIEHnat i ve
enbodi ment , 13 kbemmeregiaivhér amegarédbio a@ntrbE(ndsnédhiraRasufshathit§), gyl ture

nmedi um ext t and/or concentrate the gromh factors to forma

CoNnposi t i onglg(?%“} ﬁ}éﬂjﬁrrg%@ﬁto F%ﬁﬁmbiﬂt "’Sﬁkgh7-ahbflﬂr édbe bro filiers weasitoditecr i bed
in a pidvi geGupérmpPRhEd ARRE kisabi oH Vich §fandBloRGs: Wit h Expandabl e
Surface Area folraé3 Cul turia‘?\%?Cell l's,” 1rﬁgelhr%llserlda nufr@ﬁélg%O/ 406224, filed

August 27, 2002, the : b 1 reby ipcorporated b
reference. In one errbgg?ltrcrgl% t %B%eg{rbﬁﬁgértfebgcf{?%?ﬂ%icﬁ%’? ﬁrbdg%r ﬁ&*‘aﬁ&aﬁf’% l a
carrier w tbéour fdraboutrivwai taeight hours,riréferblyeaboatfduk B¥irs SAAbER less than 15°

C, preferably about 4° C, at centrifuge speeds of greater than about 2,000xg,
preferably about 3,000xg.

20 In an alternative embodiment, a commercial bioreactor can be used to
harvest the culture medium, extract and/or concentrate the growth factors to form a
composition of the present invention. Such a bioreactor has been described in a
provisional patent application entitled “Bioreactor with Expandable Surface Area for
Culturing Cells,” having serial number 60/406224, filed August 27, 2002, the content

25 of which is hereby incorporated by reference. In one embodiment, the bioreactor
includes a container, a carrier within the container, an inflow, an outflow, and an

agitation mechanism. The carrier can include an expandable surface area upon which

cells are cultured.

In one embodiment of the bioreactor, the surface area of the carrier is

30  reversibly expandable, i.e., the surface area is expanded and then reduced back to the

original surface area.



agi tation nmechanism The carrier can include an expandabl e surface area
upon which <cells are cultured. In one enbodi nent of the bioreactor, the
surface aweasmiesBhe carrier is 30 reversibly expandabl e, PCTaISp2/803¢3 sur f ace
area i s expanded and then reduced back to the original surface area. 8 WD
03/ 026689 PCT/ US02/ 30343 |In one aspect of the bioreactor, the reversibly
expandabl e carrier i sindreiaggateofthk bioreacpirathe révavsibly cappidabkelcatrier ¢f a

renovabl e boundari es, which optlonall are cent.ri c .bqundari such
that the suisaceilBrenlasrhaving 3 plushly %blf)ga‘t“épaflgs %‘g ﬁ‘f’@r rermovi ng

boundaries ag. ér{?ﬁc B d%ﬁ@sdgﬁﬁﬂthgﬁ‘ﬁg Y&Face Mﬂt]?@ issHe! @ulftlﬁe Gfkd isS

proliferation. ape e boundaries can be any regular or irregular
shape, for menemrllb@' remqumgégounmteaagﬂﬂeam;faqerar%@womes sahaptiglabdue tojqgBar , or

nonl i near extragte r.concentrated in the nmanne ed above
or by énotméff%é?ﬁ’ﬁpogﬁl a?g%perfgjﬁﬁeewu“gﬁréesc 83?”%‘?35351?6 ggp ; i s not
limted to,g le QWG ueﬁ@rr@ctglfl uldietrfaf ﬁl%ii‘éhlélf Onéd, drafonOh&ar. TGF (33 BVP- 2,
PTHr P, CPG |an 10 "Hedg %109, , “and RANKL, The grow h factors can be

concent r at ed t o any ©hes @ﬁ@g‘ted@agﬂoy casfoprizated i the meanerdeseidhed ahgve Qe d

herein, "t apeutical ly effecti ref Froefective
in growi nghl? %‘Pg?ee'gl APRGP ié?tgéﬁaémelf”ﬁbe N 131%&&‘? (ﬁ%{} % rsléﬂgﬁlté hdl o &{

reduci ng, e&ﬂrﬁbﬂa%tfltﬁegfonb%?gtgraﬁwh RERYLMTGMP3, (BM@ODYPITQIrPl 0BG, hﬁhz&wrmtoms of
her ei n-described di seases and conditions associated with the particul ar

t i ssue ox J.Hed@heg,tIgFl,randdbi\bélﬁbod"ﬁhmwthcfﬁ@oﬁrcambﬁ eongentraledde &t h f act ors,

TG resent in ampunpts great.er. .M, nore
pr ef erabl y é?@ﬁ?léﬂca lﬁﬁﬁgah‘ffc?ﬁpc%r ﬁ&l} r’rﬁS elréortl%ete} g? 8§;esf§eﬁggénat ant. In
sone embodi RO & art B0 Wt s effs%ﬁi/@frﬁgtﬁﬁrﬁlghﬁe Aegeanissizetaparingabduiéct In ng/ n
and 15 ng/nl, nore preferably between 20 about 5 ng/m and 15 ng/m . For

conpar at i vethsuc,md@s reduginge dﬁ@@ﬁtm&ttieéhn%Pquﬁ@tlngg?WFf"* wetths & nilIPfO’Enﬁe
super nat ant ee}%%e SFCH Cg‘pﬁs{egste‘s 111?0%5%9 at%i Rk Hle Iﬁhlé SissSr Shown in

Fig. 8. 3. I'ca n one e ment, ‘use growt h factor
conposi 1y ongefadt. t he present 25 |nvent| on includes cont actl ng a growmh
factor conposition of the present invention

In one embodiment, one or more of the growth factors, e.g., TGF-B3,
can be present in amounts greater than about 5 ng/ml, more preferably greater than
about 15 ng/ml in the concentrated supernatant. In some embodiments, the growth
factors can be present between about 1 ng/ml and 15 ng/ml, more preferably between

20 about 5 ng/ml and 15 ng/ml. For comparative purposes, the concentration of the
growth factors in the supernatant before concentration can be about 1 ng/ml or less, as

shown in Fig. 8.
3. Therapeutic Application

In one embodiment, use of growth factor compositions of the present
25  invention includes contacting a growth factor composition of the present invention
with an injured body organ, tissue or structure, and in particular contacting a
composition of the present invention with tissue including, but not limited to bone,

tendon or cartilage.

In another embodiment, growth factor therapy involves contacting a
30  composition of the present invention with a defect in tissue including, but not limited
to bone, tendon or cartilage. The defect can have resulted from injury or other

trauma, as well as degeneration due to aging. Through application of the present
9



with an injured body organ, tissue or structure, and in particular
contacting a conposition of the present invention with tissue including,
but not I|WwoioBezkes®d bone, tendon or cartilage. |In anot her Pertsdl/smsms
grow h factor therapy involves contacting a 30 conposition of the present
invention with a defect in tissue including, but not limted to bone,

t endon or Cciakéitioagthe riteef edlaptoftienddfent ean bs ehitanded byindiicipg py inwreas¢cher

trauma, as well _ as degeneration due tg aging. Thr h.applicati on of the
present 9 QA BoBEBECTSSH/ @S@%ﬂgﬁ%?‘éﬁoﬁ : Pﬁif’,é%?]%eswﬁé’?éheo‘?etf?fgal ing of
the defect g£ahpenSRRAMEhIRatHIGhEILoRREalINEbRRAREed BAIVRN Fctors to
chondrogenesi's, tenogenesi's and/ or osteogenesis at the site of the defect.

Furt her, i nhwhanr chontiveyppltineahaoshowin anhiscreasedk chpndroessn edhprolifeaatiogs owt h
factors 1o huyman .chondrocyte cul tures, has, sh .an ingre i n chondrocyte
cel | pr if%srsi’f’lwaﬁ? §§sﬁ%¥f’6ﬂﬂ'ﬁ?rn ilgiqfe?qnﬁ&f)gﬁﬁil%‘fv%sr@u?‘?g’ 50 retentate
di | ution vwas,fioady t@edfe aRef ddouthRhbits aliterdshace tabdth thePRUD aABYRBOr s, Wi th
respect to both the YKIO and YK30 filter retentates. The use of growth

f act or conpbiénretsntatasf the present invention can be wth reconstructive
devi ces, bone substitutes, fracture fixation and the induction of 10 bone,
tendon and cartil age Thegeseosfarowth factowermpositians ofi tpguesentiomelitiongasg be

Furt hernore, .growth factar comnpositions, of.the esent jnvention can have

t her apeut i cWHAIFEROPPRIGIYE GRYLTR PRI SLpieseackyrg e{a‘ﬁﬁ%a‘tﬂt@% 19&8@%%& n the
spine, fjp, ?oﬂ‘e’,‘?eﬁdoﬁ Rt A8 Tage WokSdratic ikl Ririd B¢ ofhdpetife cohdi@ighdir e fixation and
treatment of non-union fracture, and other bone, tendon and cartilage

def ects. 15F@Ethermbee, groveth fastor eoimposisions ofbe pressutdpvendiodcan havst ect s, an

aut ol ogous romh factor "cocktail: of th re te | NV Ion. cap. be
partially oﬂl%f?@ﬁlbtfce‘f%il?mrﬁe%% "“%}Vter%‘e&“’%%%‘%‘f%‘ﬁae dzlg%rfp{egfeqﬁtrtlﬂé 5%8% hglpbut not
limted to khQnehoutdepontist, afdesdaligits, Gatidfikatiphomp hetenae af dak-ason

hydr oxyapatite, calciumsulfate or a collagen conposite. The growh factor
"cocktai | " fastuienandethprobanes snden andrrartiaghdefeeihchondral conmpartnent, 20 as
conpared to other conventional treatnents such as Matrix | nduced Autol ogous
Chondr otyt e Tr anspl anFat thetregtionxat Tigneaaranoraiosico¢handral/defegierprmuiglagiuant at i on

ST AR QR SR gy SRRl LD SR e
with a scaffold carrier, including but not limited to “bone support” materials, calcium
phosphate scaffolds, hydroxyapatite, calcium sulfate or a collagen composite. The
growth factor “cocktail” can induce bone formation in the subchondral compartment,

20  as compared to other conventional treatments such as Matrix Induced Autologous
Chondrocyte Transplantation (MACI™) available from Verigen Transplantation
Services International, of Leverkusen, Germany, which can restore a cartilage defect

above subchondral bone.

~ For the treatment of bone defects, the growth factor “cocktail” can be
25  loaded into a scaffold as described above and implanted to the site of the defect by
using technology, including but not limited to balloon technology in the case of a

defect located on or near the spine.

In addition, the present invention can be used in combination with a
collagen scaffold for cartilage, bone or tendon repair, including but not limited to

30 articular cartilage or rotator cuff tendon repair.

In one embodiment, growth factor compositions of the present

invention can be used with biomaterial scaffolds such as Chondro-Gide (Geistlich,
10 '



For the treatnent of bone defects, the growh factor "cocktail" can be 25
| oaded into a scaffold as descri bed above and inplanted to the site of the
def ect bywouwsiozgst echnol ogy, including but not |imted toPoalusonsn343
technology in the case of a defect |ocated on or near the spine. In
addition, the present invention can be used in conbination with a collagen
scaffol d f%wﬁﬂlahdl)agﬁlallﬂﬁﬂ&aimrSdb&nﬁosh (rSé$))aMEmbiramei; (I%kPuy Mrttiopaedicd)jasi t ed t o

30 articul ar cartllilfe or rotat.or ndo odi nent
¢ § e drplirsiopr e T T o R s hBaowE
glr gmrrg?e]; ?glt Zlger%?gziﬁﬁh%%’ S?fln%;g&é&@ A bfRl stlich, 10 WO 03/ 026289

PCT/ US02/ 30%3: tzer I nt"est 1 ne Subrrucosa (SI'S) Menbranes

(DePuy Ot hopaedi cs), igl%%ggt%??%ﬂ{% ofl%r?ﬁ P@ﬁ%&érﬁ%\}eﬁﬂ Muo

10/ 121, 449 (filed Apr| con Whi ch lher eby

i ncor porsat egh dayhehsf memﬂﬁg b@hbelﬁmpe@dmdns cbmelhtu cind @tleer aunasmux gmmbf t he
present invention, such as cenents, including but not linmted té)r&b)one
cenents, an@c@ﬁh@iﬂ aEQtW}F%QX?SSC@FE‘(ﬁ/ﬁthe DresRht éﬂ‘@n%{?’é P SORPORLIANS FrL pe of

the pres en é’lﬁﬂtdsg Bor e%?iﬁﬁbllg%gg%@oséehés?@ gen%g Bhdsisnghd cﬂféh@lﬂo%éﬂe@fs use for

enhanci ng ogene5| S enogenesis rogene5| Ss. 4. Dosage  Anpunt
The quantities of the grov@h factor (%orrp05| tion according to the 10 present
i nvention necessary f tr 8?%8&“1 depend upon many different factors,

i ncluding means of admjnistratio e si ol ogi.cal ate of the
subj ect, and ot her gﬂ?) W‘Hﬁ%&ge ﬁ& Ci%ra‘i PH’E’@%PE a%ﬁ%{ g‘%%‘?ed Thus,
treat %?ﬁaveﬁ@&yﬁé@e%r}l fok E@étﬁﬁnﬁ RilPPdpend %lﬁor&@f@i@i YifRrsht efctdreacy.

Typi cal osages used in vitro provi de useful guidance in the

anount s u s efngludingrméamns if admanhﬁanps,ttamet g, pliysitiegieal F.Bltq elzhe mbjectxaidnal

R LTS RPN S TR

consi der at | gidsl@EkLtitrAes &y dptesze §af@y,and Bff@abﬁﬁﬂyplﬁllyaﬂosag&i@:d iaadman and
G I man's: The Pharnacol ogical Basis of Therapeutics, 8th ed., Perganon

Press. ( 1690)AY anyiRaMEAY EBitasce ipfibe HAPRUE Helll IeieiisadminystFatieh of ole k
UL, 05 i LTRSS FOBESohBasper o
present i nvermiiderfualie pisdétitle indication of human dosage. Various considerations are
described, e.g., in Gilman, et al. (eds), Goodman and Gilman's: The Pharmacological
Basis of Therapeutics, 8th ed., Pergamon Press (1990); and Remington's
Pharmaceutical Sciences, 7th Ed., Mack Publishing Co., Easton, Pa. (1985); the entire

20  contents of each are hereby incorporated by reference.

The growth factor compositions of the present invention are useful
when administered at a dosage range of from about 0.001 mg to about 10 mg/kg of
body weight per day. Alternatively, in some instances 0.0001 mg/kg to about 10
mg/kg may also be administered. The specific dose employed is regulated by the
25  particular tissue condition being treated, the route of administration and/or as well as
by the judgement of the attending clinician depending upon factors such as the

severity of the condition, the age and general condition of the subject, and the like.
5. Subjects and Indications

As used herein, a subject is anyone who suffers from orthopedic
30 conditions, including but not limited to bone, cartilage, and/or tendon injury or

defects.

11



when adm ni stered at a dosage range of from about 0.001 ng to about 10
ng/ kg of body wei ght per day. Alternatively, in sone instances 0.0001
ng/ kg t o wbean26k89 ng/ kg may al so be adm ni stered. The spe@ciTfliSo2/sBse

enpl oyed is regulated by the 25 particular tissue condition being treated,
the route of adm nistration and/or as well as by the judgenent of the
attendi ng clinician dependi ng upon factd¥s such as the severity of the
condition, the age and general condition of the subject, and the |ike. 5.

Subj ects and | ndfieabilonmeAkampRE ahegioémto iHlusitdl 86 rdsntdnyetien Witahsuifif er s
fromorthopedic 30 conditions, including but not |[imted to _bone,

cartil age, tenderstaodnlrevienjthatyheinverfionds nat tobe lipgiedde taswselipCT/ US02/ 30343

The fol |l ow ng .exanmpl ar bV ' t 4 tiQn. It
shoul d  be SHEEEE B fifadind e itst HES Brb AR RLBESPLAMBRART. ' (o
the speai fimdedindictdmestodr pubichi dvailalsts dodunesht i inclhdias buenc dinitd to ZRF.8ughout
the specification, any 5 and all references to a publicly available
docunent, ipRNGGrRepesiiicalpincornarated by seferepees.  patent, are specifically
incorporated by reference. Exanple 1- Bone Substitutes_in Conbination Wth
the G owt h Ewcime 1 eddqesiubsiitttes i Combinapes éith the (rewth Basto{Caprastionge
anount of afﬁgnﬁentrit edt.growth factor of the present invention 10 can be
conbi ned wi PHPGIRSFE S 8 Bscri bed bel ow by mxing in a mxer of a type

that is appropriate for the material prior t dm ni.stration of .the

mat erial and gr ﬁ%e?tﬁ’éta&%mf%%%\c%ﬁtéa&?&grﬂ“%? f%?grﬁ’gﬁée TS lflf/%l}t}émrrat eri al
i ncl udegy Endabaniihine@Bitt AftattRddbiBOpasw blehiging\h binikbeofadgdpesat
Fruiteniersstraat 23, Postbus 1138, 3330 CC Zw j ndrecht, The 15

Net her | andsis appiopdateXymihaniataiat priemtoadmimsisasioant dhe matesnl and gty cul arl y

sui tabl e f0f51 t he usgj aé a bone graft substitute. The material is of

bi ol ogi cal GFiGi ] 2HPE5t eoconducti ve. Upon inpl antati on, new bone can grow

directly into th eram c . due to intercaonngctingepore St . the
cerani c. Endobongé.‘éﬁE hoge é‘él@&t‘lt%n@#tﬂaﬁa%fu%ﬁ%ﬁﬁ ‘&’é’ﬁe’c‘?@r’uﬁé{%@g?ygl%%?t bone
cysts, art h&%ﬁ&%ﬁh ARG IBREEF iRk Rstral 24 BRanrRd 13813380 00 BwilRdiethtaThe
i ncl udes Bi obon(r), also manufactured by Bionet Merck, a resorbable and

synt hetix nNethedandst ahydroxyapalitsicaranpn 03 Arraramielsvhigh ispardeplarly suitable for

the use as a bone graft substitute. The material is of biological origin and

osteoconductive. Upon implantation, new bone can grow directly into the ceramic
due to interconnecting pore system of the ceramic. Endobon® can be used to enclose

bone defects of fractures, bone cysts, arthrodeses and bone tumors.

20 A second substitute material includes Biobon®, also manufactured by Biomet
Merck, a resorbable and synthetic microcrystalline calcium phosphate cement which
hardens endothermically at body temperature. It can be used for filling or
reconstruction of bone defects. After appropriate mixing of calcium phosphate
powder and saline the resulting paste can allow application to a subject, and Biobon®

25  can harden in the shape of the bone defect. After setting, its chemical composition
and crystalline structure can appear essentially identical to the calcium phosphate

component of natural bone.
Example 2 - Characterization Of Chondrocytes Using RT-PCR

RT-PCR was performed for several markers for chondrocyte
30 differentiation, and PCR primers were developed using the nucleotide sequences of

these markers, including collagen I (GenBank Accession No. XM 012651), collagen
12



har dens endotherm cally at body tenperature. It can be used for filling or
reconstruction of bone defects. After appropriate m xing of cal cium
phosphat ewopomet®s9 and saline the resulting paste can al |l owCapsb/sstd on to a
subj ect, and Biobon(r) 25 can harden in the shape of the bone defect. After
setting, its chemcal conposition and crystalline structure can appear
essenti al | YT {G@Mank Mcctssidnido.dal 6340 qrpesph @GenBaok fpoessivn 196. XMt ur al bone.

Exanple 2 - Characterization OF Chondrocyte I.n - - PCR was
performed f4795vepPar? Hasniank /esess HW@@@ g%ﬁ'ef&%tngr on, and PCR
priners wer MJ@O 88 106, N3z esgmr ker s,

i ncl udi ng c% P%gglnﬁ GenB 12%@ /@%E@%ﬁgbﬁoﬁﬁaﬁ@ﬁb@éggﬁ) col | agengl)alz V\D

03/ 026689 RIBIEAUSB"EH&D@&BM A(c@essBarNosAM 632930 M B740), alb@mmphomj@teé@ an

GenBan Acce No. XM - 0O No.

(()39094) sﬁflg%ﬂﬁé?ﬁ%"f% Rl ﬁp%@ﬁ@c?geﬁo ssflt“ﬁgrﬁa(‘ ank
Accessi on l\éfa Gt OB3Nm in Chi1e 1 hnd TEHR, (GpatEaly. Accession Nos. M 57203, M
32740), al kafll ne phosphatase 5 (GenBank Accession No. XM 001826), and

| ndi an hedgehog. The TotaliRNA waasdseard fr@nn@homﬂmyteaguau@ﬁ@@mguwﬁr&ﬂl e 1 and

Tabl e 2, resp .Ctl ve was .l $0 dr res

usi ng RNAzoPIY ’é’Blaﬁ‘fqr%nggilberIB?Rrhl}@actt%ref ﬁénshﬁgt? ur é(?d]fs?ﬁl r‘f&g‘}% e{ o?tgij( Anbi on
Inc., Austipr pDR), singR-strRied RN ASWROh8p&Ed ﬁeﬂlezipg BRdIERN ReRgreerés om 2 g
of tot al RNA using reverse 10 transcriptase (Pronega, Sydney Australi a)

wi t h arl0ol i igmsetiptisei(FEmmegiyBydneyiAustialin) valing eligo-¢libfimet.eBwp ¢l 8beaghc| es of
PCR using 1.Q unit of Ta as rane ustra a with 0.4
bl /0 of s staiscERAR F CERVROT Fotts ! B g Ve R o
total volu \[ L of 135 igBl/L QF INGP i ngrpfcm ned in a
DNA t her rralr]@yd;,}é}( Zxﬁst%al(aZ%ﬁthz(g%%rﬁ\/I%l)ér l(()l ir}ll‘zt‘rE@%P\i:r 15 Sﬁem fi cmprl mer sequences

wer e sel ectiadfef ermanattetabminme@f 26 ka(segé"abls ZCMT eamphfcationovass t o avoi d
cont am nat i on of eno n Pr i gned using the

sof t war e pr_ %n% %@ @F Fmd%%b@ 1&‘8 ]?lbryei)g bi n/ pri mer 3. cgi
and synthesi zed by fﬁc%ﬁrﬁélsse&ﬁ@-ﬂﬁﬁ \%ﬂe%ﬂeé‘t‘éd from separate exons of the
http://ww. gensetol i gos. comlaustralia (see Tab an internal

control, then2fofintegise sotasamaedd cmnmgop@@@mlﬁ Ny siizael. PringsfE WEE usi ng
specific prclies1gned uglng the software program at http://genzi.virus.kyoto-u.ac.jp/cgi-

bin/primer3.cgi and synthesized by Genset Oligos (Australia) at
http://www.gensetoligos.com/australia (see Table 1). As an internal control, the

20  single stranded cDNA was PCR-amplified for 25 cycles using specific primers of a
housekeeping gene, glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The PCR
products were electrophoresed on 1.5% of agarose gel, stained with ethidium

bromide.

13



housekeepi ng gene, gl yceral dehyde 3-phosphate dehydrogenase (GAPDH). The
PCR products were el ectrophoresed on 1.5% of agarose gel, stained with

et hi di umwbrostz@e? 13 WO 03/ 026689 PCT/ US02/ 30343 TABLE PCPRISNERB4BSEQUENCE
ANNEAL FRAGVENT TEMP. LENGTH COLI F GGTGCTAAAGGCGAACCTGG (SEQ I D NO 1)
60C 750bp COL1R ACCAGCAGGACCAGICTCAC (SEQ I D NO 2) COL2F
GITCATTTCCTTGTGCTCTCC (SEQ I D NG 3) 58@\BBEBHp COL2R ATGGGCAGCAGTGTTTCTCC

(SEQ I D Wm@ ( SEQ-+HB-NO-5}595492n—ACER
AGGTTAGCT TG (SEQ | D NPRQUBNESF GacoeaceAGGhERRER oC (ERGTRNG: 7)
58C 320bp__Sox9R GGIGGICCITCTTGIGCTIGC (SEQ | D NO-8)  BvIFMP. GIH
AACGGACAT OBET CCT TS TEERAMAGIE HACTESG 6 D BPHR GTEXEAAACT O RGTGS
EI MR S st Lol R RO AT o
13) 52C OBBBRF CBHRG G(SBSED NO:NO. | 1458FTF 384bp
(SEO 1D WOty Ane T ERAAG A e R o | 7). 5c batbp. APR|
TCTTCCAGERGHPAACGAGT A BECI GOANDIC 1635 A CHH SEQUBINGG) COGTCARGTC] ( SEQ@bD
P ot obol | ABRY enct| SRCH A0CT O BER AR B0 BLORTP (5 1 2 61

Sox9F GAGCGAGGAGGACAAGTTCC (SEQ ID NO:7) 58°C 320bp

Sox9R GGTGGTCCTTCTTGTGCTGC (SEQ ID NO:8)

BMP2F AACGGACATTCGGTCCITGC (SEQ ID NO:9) 57°C 557bp

BMP2R GGTGATAAACTCCTCCGTGG (SEQ ID NO:10)

TGF3F ACCGAGTCGGAATACTATGC (SEQ ID NO:11) 58°C 691bp

TGF3R GTCGGAAGTCAATGTAGAGG (SEQID NO:12)

CBFF GACTGTGGTTACTGTCATGG (SEQ ID NO:13) 52°C 958bp

CBFR GGTGGCAGTGTCATCATCTG (SEQ ID NO:14)

PTF CCTCCCATTTGCTAAGGTGC (SEQIDNO:15) 58°C 1597bp

PTR CAATCCTGCTGGTAGGGTTC (SEQ ID NO:16) ’

APF GAAGCTCAACACCAACGTGG (SEQIDNO:17) 55°C 641bp

APR TCTTCCAGGTGTCAACGAGG (SEQID NO:18)

TEF TGCATTGCTCCGTCAAGTCC (SEQ ID NO:19) 55°C 657bp

THR AGTACAGCAGTTCCAGGAGG (SEQ ID NO:20)

TABLE 2

5  Protocol, 1X reaction mix:

10X PCR buffer 2.5ul

dNTP (5 mM) 2.0ul

sense primer (~15-25uM) 0.5ul (final concentration of
10 0.3-0.5 pM)

antisense primer (~15-25 uM) 0.5pul

ddH,O 17.0ul

DNA Pol. 0.5ul

14



sense primer (-15-25M 0.5l

anti sense
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Example 3 - Characterization of Chondrocytes Using Western Blot Analysis

Several markers for chondrocytes including type II collagen, aggrecan

and S-100 protein, and other proteins, can be used to characterize cultured

chondrocytes using Western blot analysis. Antibodies against such markers are

commercially available, for example from Sigma (St. Louis, MO), Dako
(AUSTRALIA) and R&D Systems (Minneapolis, MN).

The materials and methods for Western blot analysis of chondrocytes

is now described in detail.

Cells were lysed by collec

ting about 10% -10* cultured chondrocytes

and centrifuging them into a pellet. The supernatant was drawn off and the pellet was

resuspended in 250 microliters of NET-gel Lysis Buffer (Quagen GmbH, Germany)

and incubated 20 minutes on ice. Using a pipette, the cell debris and lysis buffer were

transferred to a 1.5 milliliter Eppendorf™ tube and centrifuged at 12000g for 2

minutes at 4 degrees Celsius. The supernatant was removed to a new tube and an

SDS-PAGE gel was run on the supernatant. The gel was transferred to a Hybond TM-

C 0.45 pm nitrocellulose membrane (Amersham, Piscataway, NJ) using the Mini
Trans-blot electrophoretic transfer cell (Bio-Rad, California, USA) at 30V (40mA) for

overnight. The transfer is carried out in the presence of transfer buffer containing 7.57

grams of glycine, 369 grams of Tris and 400 milliliters of methanol in 2 liters of water

(Sambrook et al. 1989, In: Molecular Cloning: A Laboratory Manual, Cold Spring

Harbor Laboratory Press, New York). St

andard protocols for Western blot are
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20 SDS- PAGE gel was run on the supernatant. The gel was transferred to a
Hybond TM C 0.45 mnitrocel | ul ose nenbrane (Amersham Piscataway, NJ)

usi ng t hewbloaio2668r ans- bl ot el ectrophoretic transfer cell @EBIraSRA3N343
California, USA) at 30V (40m\) for overnight. The transfer is carried out
in the presence of transfer buffer containing 7.57 grans of glycine, 369
grams of Trawmilabld id(or exanild,iSaebsoakf et b H2§% In: |M0120111a1t©1|091n@f Awat er 25

gﬁ??ﬁéooﬁare}aeboria{ygﬁg{w @12@@?1%5 @W@&@Eyr %Y?ﬁ%_fg’r Wh o(ir%)ca%? Iubel st ern

bl ot are 15, V\F?9@3/ ﬁZQ%&t%I{ob@@% R3Rlar Bislobattieen & Wik, ree«arrwﬂe;

Sanbrook et a In: Molecular Cloning: A Laboratory Manual, Cold
Spring Har bwhldhab@hqcbbrmcmwedwewfe(mqe) and Ausubel et al. (1997, In:
Current Protocols in Ie[cu 1ar 1 0 0, & Wley, New York), which
are hereby incor por at €63 & T ati on and Renaturation Step

Four sol utions of guapbgh d@ﬁrtidﬁé-éﬁgddﬁil&n@}l(nQGCHGI)raat:cmeﬁtraﬁonﬁM61311§/BM 1M
and 0.1 Mwere prepared. Table 3 prOV| des details for prepar au]té 8‘&{[& t he
G HO  sol ulMoard Odwers nrapaseds t Eable Swevidnselstails Aoy nrprarationf t al |
i ngredients ul d ar ed fresh. M|k powder was dissolved in wat er
prior to adf’]‘?slﬁgonsusg&nﬁglspsli ingredients to create a final
concentration in the Wﬁdﬁlprs@hugiﬂmﬁdﬂcmmdnk alrl‘llngredimtsmhamdbwas washed

four tines, thirty minutes per was each with 6M.G . HC| GHCI, 1M
G HCl, Hhd ompmedfigeh. Milknosyder @/ﬁbglrsgﬁw’gl n Veater R adiing S Hepderwas hed

with affini [ﬁéﬁ@éﬂ%@%&%?%ﬂ@%ﬁ&tﬁ%ﬁ% fin THeWS-H0sBhukibn QPM%HI@5T§@| ution

over ni ght at e rees Si us er Is prepared as | ows: 50 niL
gl ycerol (f mmibrér@%g;lwashe@fc)ur tifr@s nthirGmaiGls pef wadi om@@wvhmath OMA® 10 nmL 1

Y096 Teeen 26 1A 1 SV Beg 01 ot e obon st RS Ghe
Sol utions fQfs BrRRAAIA4haL WRRLREREEGHb18Braph? PAC) buffer plus 2% milk powder

15  solution overnight at 4 degrees Celsius.

AC buffer is prepared as follows:
50 mL glycerol (final 10% glycerol)
10 mL 5M NaCl (final 100mM NaCl)
20 10 mL 1M Tris, pH 7.6 (final 20mM Tris)
1 mL 0.5M EDTA (final 0.5mM EDTA)
5 mL 10% Tween-20 (final 0.1% Tween-20)

put on ice

25  Table 3: Guanidine-HCI Solutions for Denaturation/Renaturation Step

6M 3M 1M 0.1M 2% Milk Powder
Glycerol 2.5mL 2.5 mL 2.5mL 2.5 mL 2.5 mL
SM NaCl 0.5 mL 0.5mL 0.5 mL 0.5mL 0.5 mL
1M Tris (pH 7.5) | 0.5 mL 0.5 mL 0.5mL 0.5 mL 0.5 mL
0.SM EDTA 0.05mL | 0.05mL | 0.05mL | 0.05mL 0.05 mL
10% Tween-20 | 0.25mL | 025mL | 025mL | 025mL 0.25mL
8M Guanidine | 18.75mL | 930mL | 3.13mL 0.31mL -
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6M 3M 1M 0. 1M 2% M | k Powder dycerol 2.5 nL 2.5 nL 2.5 nL 2.5 nL 2.5 nL
5MNaCl 0.5 nL 0.5 nL 0.5 nL 0.5 L 0.5 L 1IMTris (pH 7.5 0.5 nL 0.5 nL
0.5 nL 0.Worms/02:68 m. 0. 5M EDTA 0.05 nL 0.05 i 0. 05 niL OPOF/USR2/BN3@D Ml 10%
Tween-20 0.25 nL 0.25 nL 0.25 nmL 0.25 nL 0.25 nL 8M Quani di ne 18.75 nL
9.30 m. 3.13 m._ 0.31 nm. ---- 16 WD 03/026689 PCT/US02/30343 _M |k Powder
0.5 g 0.5 g OMillgPOwBerg (. 50 HAH2OMR 45 Pl A2g82 |l 01Bg07 [nL 20.08Bg nlL

21.20 nL 1IM-DBFFf astr—25-—25pL 265+ 25251 Total—Valure-25—m—25
25 i 25 m] 25mP hi ng %-?fé“ﬂl'ocig'%ngt 3]58‘-9?@%3%@{%%@%3 t e ihed
two tines W R PIT BSisfVEE [ Nyt 8%, (1 O 10 pby Jone Ny W Th JAC
Buf fer for fiveb)ni% nﬁfess). Thnzeg%nbra%g“% /va?§ ]'H“en ingﬁ {it ed for\,\%H}dur at

room t enper|(at Woml Woldin@ Bl @skuhg S023iIoN| p2epdr e V23 mI2%|ski m 2éhk and [1X
TBS- Tween, followed by two five-mnute washes with 1X TBS-ITween. Probing

for the Protein of Interest The Probing Reaction Mxture (2% skimm |k

powder in 20 1X TBS- 172 e i&k% LStQ Protein Probe and 20L of 1M DTT)
e g%ﬂ“llg i\

was added to the for 2 hours at 4 degrees Cel sius,

fol l owed by two washesThevntibiaXe WRStHeneemhédtwd tines WithuDETBeaBcendsh at 4
degrees Celsius., The Protein Probe is the anti boofly agai nst_the protein of
VB

interest. |nitHpuiessolloprd bpoge siash prigHeC Brdsr ldiveoupuies Tegrmsebegng. The
menbr ane swasyLdya, YRENAU AYY 3%1‘ 1]3011'1(}8%6&%&@g%é’tggm%@%dhgﬁdng%%%%ﬁ%d wash

TBS- Tween for 15 mnutes at egrees Si us,

with 1X TBS-witke2% skon n2ilk aidlX €EBS{I'weedefptlewsd Betwd fise-miniate twashesobitiPr i mar y
Ant i body The %r ne was washed two nore tines, five mnutes each wash in
1X TBS—Tweean& etWe& ng a rocking machine. 20 A 20 nlL tube containing 1X

TBS-Tween and 1% ski m pfobing (8r e Protein of Interest
The Probing Reaction Mixture (2% skim milk powder in 20 1X TBS-
10  Tween with 50pL of Protein Probe and 20pL of 1M DTT) was added to the

membrane and incubated for 2 hours at 4 degrees Celsius, followed by two washes
with 1X TBS-Tween for five minutes each wash at 4 degrees Celsius. The Protein
Probe is the antibody against the protein of interest. In this case, the Protein Probe
was antibody to TGF-beta-3. The membrane was then washed again with 10 mL of
15 2% skim milk in 1X TBS-Tween for 15 minutes at 4 degrees Celsius, followed by a
second wash with 1X TBS-Tween for 20 minutes at 4 degrees Celsius.
Addition of Primary Antibody

The membrane was washed two more times, five minutes each wash in

1X TBS-Tween buffer using a rocking machine.

20 A 20 mL tube containing 1X TBS-Tween and 1% skim milk (0.2
grams) was prepared and aliquotted into two 10 mL tubes, for primary and secondary
antibody. One pL of anti-V5 antibody was pipetted into the primary antibody tube for
a final antibody dilution of 1/10000, and gently mixed. The primary antibody
solution was poured onto the membrane and incubated on a rocking machine for 2

25  hours at room temperature. Alternatively, the antibody solution can be incubated
overnight at 4 degrees Celsius.

Addition of Secondary Antibody

After incubation, three washes with 1xTBS-Tween, 5 minutes per

wash were performed.
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grans) was prepared and aliquotted into two 10 nL tubes, for primary and
secondary antibody. One L of anti-V5 antibody was pipetted into the
primary awoDioBozhsst ube for a final antibody dilution of 1PCOAB0/3@m gently
m xed. The primary anti body solution was poured onto the nmenbrane and

i ncubated on a rocking machine for 2 25 hours at roomtenperature.

Al ternatively, the antHizogdl ofsdcohdan antbodygantdaitnad BxG-Fayerasi pijtted intd

degrees Cel sius. Addition of Secondary Antibody After inc) batl Pgﬁ%wee
washes with th&mdpméwlboﬁywlﬂﬂ%@fﬁeg al gl utpon Rl secondarAntipgC Y9

03/ 026689 P 3 if}ng)%ﬁ rH%H?%n gG Fab)
was pipette ?@g&{%g‘%?egéﬁég‘?’?ha tl gg& SO ﬁ%n?‘g%é‘%g?%a&%ﬁﬂg ut%on of
secondary anhibhatbated fdv4500hutesancbom teathecpdmtloy.a rotieng exohider y ant i body

sol ution_was poured over .the rrbrane and incubated for 45 m nutes at room
t emper atdre on a rockifdditienof L on of Detection Solution After

incubation with the secnqath \%HWPL ‘i‘E{e s%%ﬁﬁak?éhuﬁo\ﬂ? SYREHE SwoWRisEesper f or ned

with | XTBS- Tween, for 5 ninutes each wash on a rocking machine. Two nore
washes, eaclwdre peﬁonneldumﬂs 1xEB % Tiveeef,don® chiniiteheabX WeBIS omilrycking miaghing.ocki ng

machi ne. 10 The detec on uti on repared .b of Lum gen
Det ecti on Sol ¥R PO KA & lf‘_oréfm’l_ lf,ﬁvad‘éeg Eﬁ?%@t Féﬁt}gﬁaﬁoﬁl\lﬁ( b us,
Sydney, Austr{)ailh%a\}na@mge.added to the nenbrane, nmaking sure the menbrane was

evenly coated wiith the detection solution. The excess detection solution
was shalén off, and tFie detsrbiomselutiensweepticpared Ry prisingiZon{uod pUmigsti ng sure

o ko e bR BIBA SRt B WS BBen RS AR B EePLIRRE o0 2 Lo
will vary), dyaggy daxehepedd aH&édﬂ@ tﬁ@ﬁleﬁ%da@dmmaﬁ%rsu@% ABRwbFane ksl t S

denonstr at ed det éction of TG--beta-3 in culture chondrocytes. 20 Exanple
4 - | munohieveuylvented with thﬁdetbmrﬁ@iut@@r éfbgemesm@twmnseomtwnms shakepgst er n

bl I I Kk f
col | agen, * gy &R0l canm Shas g p0t 1 MARE B, S bl SRSt o

15  present in the wrap. The membrane was placed on a piece of film in a film frame and

exposed for about 30 minutes (exposure time will vary), then developed.
Using the method described above, results demonstrated detection of

TGF-beta-3 in cultured chondrocytes.

20  Example 4 - Immunohistochemistry and Immunofluorescent Analysis

Similar to Western blot analysis, several markers for chondrocytes
including type II collagen, aggrecan and S-100 protein can be used to characterize the
cultured chondrocytes using immunohistochemistry and immunoflurorescence. These
methods can be used directly on chondrocytes of MACI® (matrix induced autologous

25  chondrocyte implantation).

The materials and methods are now described.

Chondrocytes on a MACI® membrane are fixed with 5%
paraformaldehyde solution and were subject to direct immunoflurorescence.
Alternatively, the chondrocytes may be paraffin-embedded after fixation. The

30  chondrocytes were then washed in 0.2M Tris-buffered saline (IBS), and blocked for
endogenous peroxidase by incubation in 35% hydrogen peroxide (H,O3). The cells
were then pre-incubated with 20% normal horse serum, and incubated with a first

antibody. The cells were washed with TBS and incubated with a second antibody
18



cul tured chondrocytes using i nmunohi stochem stry and i mmunof | urorescence.
These nethods can be used directly on chondrocytes of MACI(r) (matrix

i nduced awpDaeBowes 25 chondrocyte inplantation). The mat @Craiss2/ane net hods
are now descri bed. Chondrocytes on a MACI(r) nenbrane are fixed with 5%
par af or mal dehyde sol uti on and were subject to direct immunofl urorescence.

Al ternati vel(whichhna}cbmmhjuga;etdes Am;loheacptmnadetdctiomajwmmlewbhadst%?’ fixation.

The 30 chon en washed Tris- fered.saling (TBS),

And bl ocked o BTGin s SR B fo Rt AN B S Ry igen

peroxi de ( HBRYt th BBokRbdyEe miidets. t hen pre-incubated wi th 20% nor rral hor se
serum and incubated with a first antibody. The cells were washed with TBS

and incubated with a m@emﬁtﬁlmmbﬁé apoy ©derRBE8Es PATLBOY 30343

(which nay be con ated olo tlondtectlo temsuch as 3'3' -
di am noggnz:% J?aﬁ’glr# glgngré’f%tgt Culé‘“%e?%x n(%iﬁn r%[éetag etec%/ Q’t reptavidin is
used to detigaiunbhigorebeaey. ocyte markers. Using the nethod descri bed above

denonstrates expression of TG 5 beta-3 in chondrocytes cultured on a
col | agen nenbrane as detected by i fAMELBPescence. EXAMPLE 5 In order

for the Surgicel (r) tg,Be ?&Qh%"‘gﬁrgfc%imtg t}eqls&i‘ﬁcc ?%%5) iy x{v%{morpfo?"e”“ ng

devel opnent of bl ood vessel s into &autol ogous | np age or
chondr ocyt epreveutigg dele{opmenast blood t/es@ele atte dumidgbu@rﬁplxﬁéd vz&tllaga oh as
glutarlc al dehyde. Briefly, Surgicel ( wastreated wthOGf&g@Jtarlc

al dehyde? forchqnth%G%SeSutgéq oWéaﬁb*tﬂre%t%%fma fieptine-riysh apeltarigi Qlutaric
al dehyde reg i t ly,

t he Surgi cel (r g;q vas treat e ?J\?mat%ﬂ%%% %@?@%ﬂlgglﬁél@ﬁ%eﬁigﬁ%@é 'If'lglgés\gé yf

prior to tr eatanain»tzashmghtcgélunmlatecghahﬂehﬂylellwchsesiéﬁslthdfoathyla’uheﬁwmﬂieeoﬁc It was
15 found that the |ce i xat for ins Wi a.fixative such as
o utari e al doHgHE, AtaTER-ihs BERer v e B ofecnadhiiee ¢Bledss and
stored in rqfi§sbc§l@ﬁtﬁb9fo trét@e@nmth gldia$ie AldeBydds desdribed lﬂesatﬂaﬁle anesal 1y,
urglcegg is resorbed in peri od between 7 and 14 days. This tinme would

or

be too foundetbatithe Surgiephgixated, fer instameecuisala finathresspehes alytariciagdehyde,

gt(:a\rlﬁlct?ﬁrg nt vx%fshebci WRH stERRS ﬁqysm?orgléfa geﬁme% bz/% q%ofe 1nlfgi£r]1gera?or c&oes no? ne

dissolve for 1 to 2 months. Generally, Surgicel® is resorbed in a period between 7 and
14 days. This time would be too short, because a longer time is needed in preventing
the development of blood vessels or vascularization as such from the bone structure
20  into the implanted cartilage before the implanted chondrocytes have grown into a
solid cartilage layer. In other words sufficient inhibition of the vascularization is
needed for a longer time such as, for instance, one month. Therefore, the product
should not be absorbed significantly prior to that time. On the other hand, resorption
is needed eventually. Hence, the organic material used as an inhibiting barrier shall
25  have these capabilities, and it has been found that the Surgicel® treated in this manner

provides that function.
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20 into the inplanted cartilage before the inplanted chondrocytes have
growmn into a solid cartilage layer. In other words sufficient inhibition
of the vawouBardésati on is needed for a longer tine such &E€T/S02/303mBt ance,
one nonth. Therefore, the product should not be absorbed significantly
prior to that tine. On the other hand, resorption is needed eventually.
Hence, the organic material used as BXAMPLIBOti ng barrier shall 25 have

these capabilities, a id hasebeen. found.that the Surgicel () treated in
this manner provi _desrﬁﬁ§mgﬁ%ctwa8ﬁ!sofga%vﬂ%%%g%? /E%g’é; 3%
EXAVPLE 6 Thie Qut @bdtielasmBisseal™ butahére dayhlkd bafsear mnialp@ocﬁicueogsmrwhs _
exanple, the glue ysed was Tisseel (r), but others can also be used. This

product, todee hagiogl tproduqes aggeabletaryien fopthsdatiicslas pusesp pethsaryentenf or t he
particular p 8L | OR: - E . e t I | ar

i nhi biti gg Py otge }%%lu‘ﬁ%%‘? Bfégaﬁg‘%} f"%’éé“ﬁ%s%%%{ J(Zﬁd %‘g%a'm@eeﬁs%e\séﬁg‘ggsc ri bed

bel ow. The Swixgd aeddseiibateiseldeTheciagied “Widshihdi cesl with ThyeetDbaypraging it on
the Surgicel (r) materigl on both sides until soaked, Thg Tisseel (r) (fibrin
gl ue) was mé?\e algiske goptsTialen both yidgs unty sarleedble Aissecd. (hwmedlnadtedsy pri or

0. 656 g ut ar LA Saf o SR phOi AR W BRI bt cpiiglldl 2720 1
physi ol o_g: c ablidific&dn, gl&ldoa’ed Sﬁk@'cqﬂ‘?i;mgﬁxdnmtmﬂced&dpﬁ% g]aitanic’:}aﬁdeﬁﬁ& ﬁumdél or with
Sur gi collPr ) Tiadiend iagia it U astateqire (hau ahbsesThe 28 WS
essenti al modj iRl biy/ASwitYNAeReSndYIH Ghs shBlcHENLI979d Aridts pRxanpl e
we have used Tisseel(r) as the fibrin 15 adhesive to coat the Surgicel (r).
Fur t her nor e thusdrdaiddrSungiaeln egasveenowashed & tissye atlswe peedivp phdhed ndinitean| y on

t he bottom of t | esi oR..t.owar bone...on which the Surgicel(r) 1is

gl ued. The ieﬁse\l}lglr ecﬁ%&é?}%@g‘?ﬂ?ﬁegﬁsn%qffﬁrn vivo testing consisted of a
NUNCLONTM Del ta 6- wel |Asshesitidned i SROSaRIpE Wb ahee (el TeRk®heaRaTHh Wor K
(NUNC, InterMed, Roskilde, Dergrark). Each wel| nmeasures approximately 4 cm

in di amdber adbgivatornat thaduigiqebn Furfbermase the fiuineasihodve anglbe masiplsadicesi ve
I
396). The i nygntd.oFhedh siro HRtentuged irHemofinolitetestiigiconsBtegdefant that can be
used in |1 eLIJ\I[?IiICi%?\ITU lgél‘ican@ev%ﬁ %tseiri\l/eedisllaor;able plate for cell research work (NUNC,
InterMed, Roskilde, Denmark). Each well measures approximately 4 cm in diameter.
20 In the invention the fibrin adhesive can be any adhesive which,
together with the fibrin component, will produce a glue that can be tolerated in
humans (Thara, N, et al., Burns Incl. Therm. Inj., 1984, 10, 396). The invention also
anticipates any other glue component that can be used in lieu of the fibrin adhesive. In
this invention we used Tisseel® or Tissucol® (Immuno AG, Vienna, Austria). The
25  Tisseel® kit consists of the following components:
Tisseel®, a lyophilized, virus-inactivated Sealer, containing clottable
protein, thereof: fibrinogen, Plasma fibronectin (CIG) and Factor XIII, and
Plasminogen.
Aprotinin Solution (bovine)
30 Thrombin 4 (bovine)
Thrombin 500 (bovine)

Calcium Chloride solution

20



this invention we used Tisseel (r) or Tissucol (r) (Imuno AG Vienna,
Austria). The 25 Tisseel (r) kit consists of the follow ng conponents:

Ti sseel (rwp oa/obesephi | i zed, virus-inactivated Seal er, cont @Cmiusg2/ai3ast abl e
protein, thereof: fibrinogen, Plasma fibronectin (CIG and Factor XiIl, and
Pl asm nogen. Aprotinin Sol uti Qn (bovine) 30 Thronbin 4 (bovine) Thronbin
500 (bovi ne) Cal ci umTielTGsseele kdtotontdinra RUPNOIES/ I 2Zemdgatearpsgae/ Be343  The

Ti sseel (r) ki.t. cantai ns PLQIECT( 1 | i.cation.®ystem The tihrin
adhesi ve or %bﬁ]él %-l%eo?fﬁgﬁgﬁ?'cggg?%eﬁ ge@iq%ﬁﬂﬂ?g Eﬁésé%efl( it lﬁic?mlbglegél}r%ened in
the fol | owifpigowRE ARnBCARbAIMDottRe IhRuhs M profimtineeisbtett NSert sheet:
EXAMPLE 7 5 Chondrocytes were grown in mninmal essential culture nmedium

contai ni ng HAM F12 and 15 nM Hepes bBKAMPlAd 5 to 7.5% aut ol ogous serumin
a CO2 igcubator at 37 Ln - : t t Verigen
Eur ope S, Synbion &:}%%élﬁg)gy%g%?g%gg%ﬁﬁggéﬁﬁaBegs%grgélicgﬁ&%h@%&{%%nposi tions
of culture refiatindHANIE1038d 15 aiMdidpesibufiig dnde toVaivd aawidgess scta inal | s

were trypsinized using 10 trypsin EDTA for 5 to 10 m nutes d co ed

usi ng Trypar- @ Beukatosist Byt ¢ & lpdyiny ahCIaéS HQQ],@E?EWY RL ¥ EE u.”ﬂ%‘g/rgel I
count was adjMsf : : &IW%, was
uncover ed i?T;J})%{ﬁog&%g%&C%%éﬁsg%%%%%Pwénfh%gk'sﬁhgf%e r e%glklg%r?c barrier
was cut to anealiirhakdyebesiszé fori cultirnng thetochondrheyteo tThe welts werk drypeinized msinge
NUNCLONTM ti ssue re tray..Iln this case a circle of 15 roxi mtely 4
cm i andnecorspsiet o ate B windemgsenet st Jepaadduc vEb iR DR |
condi ti ons angpliarGt ABmbBie TRELLPERR was Hehbted By ASMIVCLANTY R ©- wel |

sterile disposable plate for cell research™work (NUNC, |nterMed, Roskilde,
Denmar k). THENR&ADEMaplate vimsnmceveredinibe plags &00 borakigybot t om of the wel |

was pre-treated as descrd bed mn Exanple 1. This treatnent .delays .the
absorption of the Sur g]iﬁ‘@eéfglfelgéleg’ioéﬁﬁ? E%]ﬁ{ P93 Cultﬁ?gsﬂlg%&%?é? #@Xlgé?tlp ier was
t hen washed (g&¥&tcH of iHEBFLl i the NUNCEBONWAtiSue cultireltraf ORr thRaatedcircle of

gl utaral dehyde was washed out. A small anmount of the cell culture
15 Tapproximately 4 cm in diameter (but could be of any possible size) was cut under

aseptic conditions and placed on the bottom of a well in a NUNCLON™ Delta 6-well
sterile disposable plate for cell research work (NUNC, InterMed, Roskilde, Denmark).
The hemostatic barrier to be placed on the bottom of the well was pre-treated as
described in Example 1. This treatment delays the absorption of the Surgicel®

20  significantly. This hemostatic barrier was then washed several times in distilled water
until non-reacted glutaraldehyde was washed out. A small amount of the cell culture
medium containing serum was applied to be absorbed into the hemostatic barrier to
keep the hemostatic barrier wet at the bottom of the well.

Approximately 10° cells in 1 ml culture medium were placed directly

25  on top of the hemostatic barrier, dispersed over the surface of the hemostatic barrier
pre-treated with 0.4% glutaraldehyde as described above. The plate was then
incubated in a CO, incubator at 37° C for 60 minutes. An amount of 2 to 5 ml of
tissue culture medium containing 5 to 7.5% serum was carefully added to the well
containing the cells, avoiding splashing the cells by holding the pipette tip tangential

30 to the side of the well when expelling the medium. It appeared that the pH of the
medium was too low (pH .about.6.8). The pH was then adjusted to 7.4 to 7.5. The

next day some chondrocytes started to grow on the hemostatic barrier, arranged in
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medi um cont ai ning serumwas applied to be absorbed into the henostatic
barrier to keep the henostatic barrier wet at the bottom of the well.

Appr oxi mewelog/0dd889 cel ls in 1 m cul ture medi um were pl ace@cCaiusersdsys 25 on
top of the henostatic barrier, dispersed over the surface of the henbstatic
barrier pre-treated with 0.4% gl utaral dehyde as descri bed above. The pl ate
was t hen i nclistereGoine of t1ECR11s dizdishie ¢o thetlo® pH:Fposure @ript touthe sdjugimeatolint  of

2 to5mM of tissue culture di.um.co ining 5 t.0 7.5% serum,was

careful Iy adtf f@l%@_@%ﬁm _ﬁtr’?fli?rrﬁc tr?&‘ %%’8“6&1@%‘?1%3’13%%% dé‘g?ashi ng the
celI's by holding the pitped &R dfitRe IREBRIVhIRN 0 thelBediie wWwdsdRcalted &R Wel | when
expelling the medium It appeared that the pH of the nediumwas too |ow

(pH. about . 6 réfyigernted 2p1Yo\ghgatatdshydaigontainite Od M sadipe saltof dippeshylarsivic ¢ddy some

chondr ocytes ,starfed t.o t he. hen j i , in._21 WO
o7 026005 platr SisfSed s e dile B BB HRES 7 80 L ARER ke 2! T
PH exposur e f@pf proparktiont dfeh@edlUaidepporedr (héhestdtld baffie) fraleetronmicrosavpgt ed for

3 to 7 days with nmedi um change at dag 3. At _the end of the incubation
period the mediumwas decanted and RF3AME: 8t ed 2. 5% gl ut ar al dehyde

cacodylat e, pH 1 s ad) GuPadrosPies HefFlp¥hI Jiftf BGchiipl k@R F odl um
prepar at i on cohtainiigy HAM FaRdnd Up povi tHepeg heffshdSite 71586 pitelogotiswer@haéctr on

m croscopy.  EXAMPLE 8 Chondrocytes wer ro in mninmal  essential, culture
medi um 1BontGEPninaEPaigawt lezcgﬁg%&lyﬁ?ﬁ\ﬁ% f rafé’%a%r@?r&ge?%@% &% ogous

serumin a I; I BaEhhR ' i | abor at ory
at Verigen ﬁ&&g@%é@%@i&%&m%éegnce P%?@h%dgﬁb%g@g?%%g%%ger k. O her

conposi t i onsnafium mdyheaisad firwudtuzyg the chemttodydes. The tellsiwage tiypsivizehusiog yt es.

Th |1 I | ni zed i t i DTA 5 10, .m . d
counted st TPRIATA B ot ey BRHrR Itk I PR T n R DR The
cel | count vwasy R PSkeHathBer! ThXdQPcsit Wvas BBUstE to THEL 0L 2cINNINDME pl at e was

uncovered in the G ass 100 | aboratory. The Surgicel(r) (for use as the
henost atlbc BEVNCEONWedate g iaep waradninghesGlasy 1 Ot laboretosy.dehyde for one minute

as described in Exanpl andevwashed w 9 } I . i de
sol ution or, prefer abﬂ?’,eJW%IHe a ‘bl ee?svﬁg%gﬁlggsga/f)éc %E@éﬂgb}é}s zr(rgg[(%(?jwé&mé%t ure
nedi um such ghsalEMiEhyHR foSoritaRinatd @fdesiritetién Bkathpleilcamd Wadhedevithreoonent i s

sterile sodium chloride solution or, preferably, with a buffer such as a PBS buffer or a

culture medium such as MEM/F12, since pH after the glutaric aldehyde treatment is

20 6.8 and should preferably be 7.0 to 7.5. The Tisseel® was applied on both side of the
Surgicel® using the DUPLOJECT® system, thus coating both sides of the Surgicel®,
the patch intended to be used, with fibrin adhesive. The glue was left to dry under
aseptic condition for at least 3 to 5 minutes. The "coated" hemostatic barrier was
placed on the bottom of the well in a NUNCLONT™ Delta 6-well sterile disposable

25  plate for cell research work. A small amount of tissue culture medium containing
serum was applied to be absorbed into the hemostatic barrier. Approximately 10° cells
in 1 ml tissue culture medium containing serum was placed directly on top of the
Hemostat, dispersed over the surface of the hemostatic barrier. The plate was then
incubated in a CO; incubator at 37° C for 60 minutes. An amount of 2 to 5 ml of

30 tissue culture medium containing 5 to 7.5% serum was carefully added to the well
containing the cells, avoiding splashing the cells by holding the pipette tip tangential
to the side of the well when expelling the medium. After 3 to 6 days, microscopic

examination showed that the cells were adhering to and growing into the Surgicel® in
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20 6.8 and should preferably be 7.0 to 7.5. The Tisseel (r) was applied on
both side of the Surgicel(r) using the DUPLOIECT(r) system thus coating
bot h si dewOomB/oedse9 Sur gi cel (r), the patch intended to be w®egdaiSomsa3ms fi brin
adhesive. The glue was left to dry under aseptic condition for at |east 3
to 5 mnutes. The "coated"” henostatic barrier was placed on the bottom of
the wel | in asatilfNOLONTAY Dejoesing-thas| Surgical? didenodisbpa seritity @3hethamdrdeytescel |

research work. A small anount of tiss cul ture nedi umgont apni Ng  serum
has appl | ed aib U3 TRLeRSERY Predw ina RS mPemL o B SRBAER hat ety 106
cells in 1 nl tissue udldiae§aiBibubited B30T digs SethumRMaS chhdsead ddy sect | y
on top of the Henostat, dispersed over the surface of the henostatic

barrier. Thetgheaens afibe tneubationmeniod theomediva vapdlecentebandeltigeraed £5¢or 60

m nut es. cAn u of 2 tQ . f ti . . I C ining 5to
7.5% ser tSJm \%er%{gr@g&reyéj ‘f"ﬁaé‘a%%@ ltl\g S?(ﬁgmm%ﬁl%%%%%%g%?lﬁ%@ @fgm (:Oe%lné(?I avoi di ng
spl ashi ng t Rediagl dasodylate Opd iisviljiidieal witpeld] €o 7 dpwaandRdtak dilkativedfot he si de of
the well when expelling the nedium After 3 to 6 days, m croscopic

exani nat i on PEFREIONIH A1e qolleand sHPROTiGE (hemastadie ibAiarbioh ARCEPHIHHRSRY-0 t he
Surgicel (r) in 22 WD 03/026689 PCI/ UsQ2h#934g a satisfactory way suggesting
that Surgicel(r) did not show toxicity to the chondrocytes and that the
chondrocytes grew i n Lwadiceles ety groannie mininiab etdeatiBenliiveahddigm The pl ate

was incybated for 3 to 7. days wth di change at_da . At the end of
the 1| nouBat conapers BAM Fad R Srvlalras Bitkdad ane i AgbiaS e dng 5
gl utaral dehygs, ig%ﬁr% B9 ©-ahd el 14 8RLS 100 1aBoARE ¥ VESIAIFurGS Als, al so

call ed sodium®™ ate, pH1s adjusted wth HO to 7.4, was added as
fixative forSymbi@epSeiendediarlofCapeehageh) Denmhrk.ifiporelle wefdeypsstizad usitgar ri er)

for electron mcrQse . VPLE 9 ondr ocyt es, wer rown..i n_mni nal
essenti al cﬁTyﬁ’ﬁ’PéﬂﬁlE@%ﬁ &b%@mtg‘?srﬁn%o\&&ﬁﬁﬁ%ﬁg H@aﬁ?lﬁﬁwl\é@%@é“ﬁ‘ﬂ%? and 5
to 7.5% aut Q| GRUSTERHAMbEr. The 6P cdune WaRh@hstad 1037561 A6l 2kpotellRGel mla C ass
100 | aboratory at Verl}gen Europe A/'S, Synbion Science Park, Copenhagen,

Denmar k.15 ThéOnsdNUNGIEM™ plaesias unsavared inghe Clagpd P labomtoryor 5 to 10 ni nutes

The coll count s  auBeaitf AT ke bR QAL M us BURSIGIIES charper
NUNCLONTM plhilagerwaembiag®©waichovillrbetuzed &3 s paithOr bakihpatoveyinglitie defsctiveen

found that the Bio-G de(r) can_be used as a resor b%b_l e
area of the joint into which the cultured chondrocytes are being transplanted as well as

the hemostatic barrier. The Bio-Gide® is a pure collagen membrane obtained by

20  standardized, controlled manufacturing processes (by E. D. Geistlich Sohne AG, CH-
6110 Wolhusen). The collagen is extracted from veterinary certified pigs and is
carefully purified to avoid antigenic reactions, and sterilized in double blisters by
gamma irradiation. The bilayer membrane has a porous surface and a dense surface.
The membrane is made of collagen type I and type III without further cross-linking or

25  chemical treatment. The collagen is resorbed within 24 weeks. The membrane retains
its structural integrity even when wet and it can be fixed by sutures or nails. The
membrane may also be "glued" using fibrin adhesive such as Tisseel® to the
neighboring cartilage or tissue either instead of sutures or together with sutures.

The Bio-Gide® was uncovered in a class 100 laboratory and placed

30  under aseptic conditions on the bottom of the wells in a NUNCLON™ Delta 6-well
sterile disposable plate for cell research work, either with the porous surface of the
bilayer membrane facing up or with the dense surface facing up. Approximately 10°

cells in 1 ml tissue culture medium containing serum was placed directly on top of the
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bi | ayer nmenbrane which will be used as the patch or bandage covering the
defective area of the joint into which the cultured chondrocytes are being
transpl arwed3aseesel | as the henostatic barrier. The Bi o- BCOHA[SNY/30383 a pure
col | agen menbrane obtai ned by 20 standardi zed, controll ed nmanufacturing
processes (by E. D, Geistlich Sohne AG CH 6110 Wl husen). The cqllagen is
extracted fAimGidesdisparsyd eisharioveie porgus antheidensecarfateibf the Bio-Gideld t o

avoi d anti geni c,reacti.ons nd.sterili.zed in blisters a

¥ adi at | on 1 PeipkaE Ms VR S A TR S ek B8Rl 3L e Furckd BB B aeBT ace.
The nmenbr anefigo Faslieofafsswcnddlmeeediecontaaielg S g.3% bervint W dardfully Added
cross-linking or 25 chenical treatnment. The collagen is resorbed within 24
weeks. The rethsraglbconsaipingghe ¢ells ayeiding spraghingribeealisthy holding theadpsisttivand i t
can be fixe S.: O ' al so be "glued"” using
fibrin aéheg?@éng%igﬁ%aesm |%@§'I°él lrl)“Hégef(ﬁ%HR%g{%gﬁ orinhg cartilage or tissue

ei ther instead of sutudeday? afieghé biemndvddytessitirelpRsed ihithe Bl -cohtdifig thaas
uncovered in . a class 100 | aboratory and g{l)aoed 30 .under aseptic,canditions

on the. bot t dHPSHE Rt ely wererexampasicn eRkpUTERebmgPIcops Lo s Botifedposabl e
|l ate for c i 1 K .

bi Fayer mentrtsoE SAo ot iihaddlah el i Lah DB BREANTIALT 168 loobftE no

Appr oxi mat elppssiblé to behbls to ook thdough e RiodtideVitsel e g thicroivr@scopeng  ser um was

pl aced directly on top.of .the 23 03/.0266 PCT/.US02/,30343 Bi o- G de(r),

di sper 538 ei ther over %I}’?@ITTSP"G%“%‘ atF‘i_gorgae‘i?sedas}’ﬁl’“f@c‘@e ’f‘mt‘%énﬁ %-d_@’c?fe( r).

The plate wag dhbhem M‘cﬁ?’ﬁﬁh@ﬂidn’be?ilo@@?e BGURANS dRintdd ndrdi®erfBd F1sWt €S.  An

anount of 2 to 5 m of tissue culture nediumcontaining 5 to 7.5% serum

was car ef ul Igutactietyde contdiningél IM soditiai saltreg dithethylatsinic avdi(ameplisdl ashi ng
the cells by holding.the pi.petfe tjp. ial t he. si.de.of the well
when expel | is%lu{rh%acﬁ%ﬂﬁ,rﬁl{l&acﬁgi}edz&ggﬁe(ﬁqgﬁe%mgﬁgﬁﬁ)@%;&@%%fog pl aced in
the wel | conjéiafition offiie cdl RdGheIB(d-Gidef@upsirtes Wit Be BXRIBitEL ultirall i kon
Inverted m croscope. It was noticed that sone chondrocytes had adhered to

t he edgdSof thhporBppsutfage OF the depsestass. ThelFie€idet patphpssyass then seidombl e t o

| ook through,t 1.0- G de( I J i ] () Jhe plate was
i ncubat ed f%}ecgg{lo 1&0%03)3 a&ma%eh&%n‘g‘léﬁ&l?ﬁjéﬁ%%% EIF H%\%B%_ﬁ%ﬂi?en%r%reﬁend of the

i ncubation period the Thedil¢omonasicaecmytshdwadthat éferdhgrdratyeds cilfu¥ed on the

gl ut ar al dehyde con% aining Q.1 ?I}{I%®s(§di umsalt of dipethylarsinic acid (also

called sodidshs &R PLihE Bioskpi dpakeed Wiq the cpilageg strudiyre pfdheRipsd  as

fixative forGide® whereas the cells cultured on the porous surface did indeed grow into the

20  collagen structure and furthermore, showed presence of proteoglycans and no signs of
fibroblast structures. This result shows that when the collagen patch, as for instance a
Bio-Gide® patch, is sewn as a patch covering a cartilage defect the porous surface
shall be facing down towards the defect in which the cultured chondrocytes are to be
injected. They will then be able to penetrate the collagen and produce a smooth

25  cartilage surface in line with the intact surface, and in this area a smooth layer of
proteoglycans will be built up. Whereas, if the dense surface of the collagen is facing
down into the defect, the chondrocytes to be implanted will not integrate with the
collagen, and the cells will not produce the same smooth surface as described above.

EXAMPLE 10

30 Chondrocytes were grown in minimal essential culture medium
containing HAM F12 and 15 mM Hepes buffer and 5 to 7.5% autologous serum in a
CO; incubator at 37° C and handled in a Class 100 laboratory at Verigen Europe A/S,

Symbion Science Park, Copenhagen, Denmark. The cells were trypsinized using
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preparation of the cell and the Bio-G de(r) supporter with the cells either
cultured on 15 the porous surface or the dense surface. The Bio-G de(r)

pat ches vwoa3bb@so sent for electron mcroscopy at Depart memtusot/3Bas hol ogy,
Herl ev Hospital, Denmark. The el ectron m croscopy showed-that the
chondrocytes cultured on the dense surface of the Bio-Gde(r) did not grow

into the coltagRIERTAUGE 8t& 10 Mhitkes Bidcoufded @icing, TrnperBias vidbdite elatBnginl t ur ed
on the porous_surface did_ indeed grow into the 20 _col l.agen structure and

f ur t her nor e, 2 Badwedupy duethee Toe cpll spws gray adivstedie 7ns! S?t@%l%fcellﬁ PEiBbI ast
structures. d g Iﬁgﬁ?fﬁ\f@WEMCO‘%&%&ﬁﬁﬁl@(ﬁQésll@@qeqbo?e?cBﬁh’ as for instance

a Bio-Gde(r) pa ) ewn as a patch covering a carti'lage defect the
porous surface shall e BaeGig® deshastaessrtisble baybe frentbrime miy alko bhe

cul tured chondrocytes are to be injected., Thgy wll then be able to
penetrat € t e fEctgan g %gmg@éau%ﬁweg]s il a4 el stiiieelyn | i ne
with the i ntmgﬁer%e%ﬂ@&mﬁlaﬁ?h%mérnﬁnﬁqolﬁld%m%see@ ay&les@fbed B Blee0gl ycans

will be built~up. er eas, e dense’surface of the collagen is facing
down i nto t heodieft écsert. Bhénordrsimgrtoe gargent tod Alpeotimimpiceabtoeti2 )00 KHdimlj theegr at e

with the collagen, d the. cel i1l not produce t sane snoot h surface
as descri beoreécﬁg(}%t? oéﬁgwﬁ@ai@/ﬂgge &8%%?%‘9’?@? lgé?aéi %&%%Orfnr"i‘f ?Raﬁi“%al
essenti al cuﬁal;yg.re medi um contai ning HAM F12 and 15 mM Hepes buffer and 5

to 7.5% autol ogous serumin a CO2 incubator at 37 C and handled in a C ass
100 | abdiOat ory at Veri GetesBbisdpetury i, vitrGyhdhTisseebcisappliedrartke battspe afithgen,

Denmar k. The | K ini.zed .usin 4 .03/ 026689 PCT/ LSO02/ 30343
Crypat n Eprafiop B MSELONES i ng e Busalim dnch AR i R 1y
stai ning in paactBuick as a BisGisdPagtaasn. apphed 6@ the Didsdel sl daidistteebstony ofx 105
to 2x106 cells per_nm. One NUNCLONIM pl ate wasguncovered in the Cass 100

| abor at ory. thpaved; Bhi@‘iﬂ@@iﬂ)ati%@ﬁBﬁsG@erB%SJE)?émle ipdasigped s hemestsisy al so
be 5 used t ot i As Tis i L
085 050 ARG LA PRI IR BT PSP M
in Tissdél (rghondscoesransplastation drbe Thiy loywhuiit collagar atchRyaninoer isased bothlea

content of Aprotinin to aboyt 25 000 KIUmM, the resorption_of the
material w |415%%0%Pé1cakgﬁé%er@§rﬁwé@ﬁ§m e %%loﬁf(n‘f’ﬁ%prﬂ’é‘m?gp é‘ﬁéﬂrf%‘? to gﬁys. 10

tTﬁet est thi sehfaldibfd hla MigpbR fof BftiThbS BRRIaI6A béRudPRb uRth ka-fid3&aRBE M of

porous side of the collagen patch and thus encourage infiltration of chondrocytes and
cartilage matrix. Thus this hybrid collagen patch can also be used to cover the top of

20  the implant with the collagen porous surface directed down towards the implanted
chondrocytes and the barrier forming the top. The hybrid collagen patch with elevated
Aprotinin component may also be used without any organic glue such as Tisseel® and
placed within the defect directly, adhering by natural forces. Thus the collagen patch
can be used both as the hemostatic barrier, and the cell-free covering of the

25  repair/transplant site, with the porous surfaces of the patches oriented towards the
transplanted chondrocytes/cartilage. Another variant would use a collagen patch
which consists of type II collagen (ie. from Geistlich Sohne AG, CH-6110
Wolhusen). |

Thus the instant invention provides for a hybrid collagen patch where

30 the patch is a collagen matrix with elevated levels of aprotinin component, preferably
about 25,000 KIU/ml, in association with an organic matrix glue, where the collagen
component is similar to the Bio-Gide® resorbable bilayer material or Type II collagen,

and the organic glue is similar to the Tisseel® material. In another embodiment, the
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wel | of the NUNCLONTM pl ate, and allowed to solidify inconpletely. A
col l agen patch such as a Bio-Gde(r) is then applied over the Tisseel (r)
and gl uedwbw®3pb@sbott om of the well. This conbination of PBrase/ss4and
Tisseel (r) is designed to be a henostatic barrier that will inhibit or
prevent developnment or infiltration of blood vessels into the 15

chondr ocyt e hytaidspllaganaiatdndees @at usthang olgehid glue tl ddagerto it site of die repair.be
used both as a henostatic barrier at the bottom of the |esion (nopst
proximal to the surface to be repaired) and as a support for cartil age
formation because the gjg&dh i pAEBuISEMIRRITBRSs oPHeIbeenfibA Grelbedifi€ally
col I agen patch and thus encourage infiltration of chondrocytes and

cartil age nadasesibedmbase.tihivil beappretiaed thatpmndifisattdnsead vatigmnsef theed t o cover
the top 2 e inplant w th t col | agen, por.ous surface directed down
Loar da_ the Tt anP oSt bt Bl Eeithe ARRLe B3 P S HicER R8T . “The
hybri d col | ageentfpat ch with el evated Aprotinin conponent nay al so be used
wi t hout any organic glue such as Tisseel(r) and placed within the defect
directly, adhering by natural forces. Thus the collagen patch can be used
both as the henostatic barrier, and the cell-free covering of the 25
repair/transplant site, with the porous surfaces of the patches oriented
towards the transplanted chondrocytes/cartilage. Another variant woul d use
a collagen patch which consists of type Il collagen (ie. fromGeistlich
Sohne AG CH 61 10 Wl husen). Thus the instant invention provides for a
hybrid col | agen patch where 30 the patch is a collagen matrix with

el evated | evel s of aprotinin conponent, preferably about 25,000 KIUmM, in
association with an organic matrix glue, where the collagen conponent is
simlar to the Bio-G de(r) resorbable bilayer material or Type Il coll agen,
and the organic glue is simlar to the Tisseel(r) material. |In another

enbodi ment, the 25 WD 03/026689 PCT/ US02/ 30343 hybrid coll agen patch does
not use any organic glue to adhere to the site of the repair. Al though only
particul ar enbodi nents of the invention are specifically described above,
it wll be appreciated that nodifications and variations of the 5 invention
are possible without departing fromthe spirit and intended scope of the

i nvention. 26 WD 03/026689 PCT/ US02/ 30343
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What is Clainmed is: 1. A conposition conprising at |east one extracted
gromh factor suitable for a treatnent of selected fromthe group

consi st i /yoaB/oasBEOgENesi s, tenogenesi s, chondrogenesi s &od/usoxndidmati ons

t hereof, wherein the growth factor is obtained from5 cul tured chondrocytes
and i s between about 70 kDa and 10 kDa in size and the concentration of
the growth f Whatgs Glaimsdiifieen about 5 ng/m and 15 ng/m 2. The conposition
of claim1, wherein the growth factor is one or re growmh factors

sel ect ed from t heA gpappsipn geropriing aldeast gn@:@ﬁgnc@dugn faqt@fsx(ltableaivpa PTHr P,
RANKL, | FI, 0S| erei.n the growh
factor 19 oniaMtorsinsd toplfe BRI Bhit GRSt ortoBb it e PEats, ' The

conposi ti on dibnélogénssik, mﬂh@ﬁ@iﬂ&tlbﬁﬁhgfeﬁﬂﬂ%efaﬁﬂiUgrbﬁ't}piraeﬁ)eMobtaﬂn@d from
t herapeutically effective concentration. The conposition of claim1,

further o m#@r%gh@a@roswewdew R@ﬁ&‘@enab@u@@lké&@d 101eDg ingwgerand the oup
consi sting npaﬁ%ugﬁgfﬁ{esgr &tﬂms%%e%ﬂ%%&?taclt?%’#lg'aﬂ@§ﬂh tes,

hydr oxyapatites ogous gr owt #et hod of maki ng

a grow h facjor 05|t| nc t he.ste rovidin ol ayer
culture of ¢ ond?@‘c %Oé‘%POSﬁW& Oggfaf'lﬁit ?vﬂareg{th Wthco%%o 8%?8@@5?%@ n]?omthe
nonol ayer C%@t@fs%eﬁ:f:ted%%rﬁ ﬂ@?é&}%ﬁt @dwth/ factbaecomBisiad o Pt GF{F'B’M? , DT her
conprising the step of concentrati ng the growth factor The’ met hdd of

claim6, whaét&NKIt heFlgrodOPG.actor is one or nore growth factors sel ected
fromthe group of growh factors consisting of TG~ (3, BMP, PTHrh, 25
RANKL, [1§FI ,3.and TRGontpositiva ofelaind , oheeimithmgfowthtfaster is obtanedtfegm af

cul turing chondroc tes co i Ses culturlng aut ol ogous chondrocytes in a
monol ayer. THONOMH HEIF‘HSQ%OI@F%E YifiS7, wherein the growth factors are
concentrated to a t herapeutically effectl ve concentration. 27 WO 03/ 026689
PCT/ US02/ 30343 1hhe cpmpasitionsd clgim d} wheser the grawibfagiomis Prasemignghe step of

combi ni NGt Rferapeutically effective concentration.

5. The composition of claim 1, further comprising one or more materials selected
15  from the group consisting of bone cements, calcium phosphates, calcium sulfates,

hydroxyapatites, and other autologous growth factors.
6. A method of making a growth factor composition comprising the steps of
providing a monolayer culture of chondrocytes; and

extracting at least one growth factor from the monolayer culture of
20  chondrocytes.

7. The method of claim 6, further comprising the step of concentrating the
growth factor.
8. The method of claim 6, wherein the growth factor is one or more growth

factors selected from the group of growth factors consisting of TGF-3, BMP, PTHrh,
25 RANKI, IgF1, and OPG.

9. The method of claim 6, wherein the step of culturing chondrocytes comprises

culturing autologous chondrocytes in a monolayer.

10.  The method of claim 7, wherein the growth factors are concentrated to a

therapeutically effective concentration.
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concentrating growh factor with one or nore materials selected fromthe
group consisting of bone cenents, cal cium phosphates, cal cium sul fates,
hydr oxyapaDi®24689 and ot her aut ol ogous growth factors. 5 PRT/USozeBadd of
treating a bone, tendon or cartilage defect conprising the step of
contacting a bone, tendon, or cartilage defect with at |east one growh
factor, wherldi n Theenethodwhcliiae 6. otrther eoptraisimgdhe sigpo€ edmbingg thhrondr ocyt es.
13. The et 0 | ai m erein the growh.factor is o or more growth
factors sel Soredhupfind i el ) Ont SiipfteribiPap Sodind Romhe Bpofers 3

BMP, PTHrh, coaéistRiNlhont @ethentandiitfephd¢phaithecattiih adlfats, GlyddoRyabatitewher ei n
the gromh factor i1s conbined with one or nore materials selected fromthe

group consi s eihesputplngeus sipayih §acterdl ci um phosphates, cal ci um sul f at es,

hydr oxyapatites, and ot her autol ogous growmh factors. 28
5 12. A method of treating a bone, tendon or cartilage defect comprising the step of

contacting a bone, tendon, or cartilage defect with at least one growth factor, wherein

the growth factor is obtained from cultured chondrocytes.

13.  The method of claim 12, wherein the growth factor is one or more growth
factors selected from the group of growth factors consisting of TGF-§, BMP, PTHrh,
10 RANKL, IgF1, and OPG.

14.  The method of claim 12, wherein the growth factor is combined with one or
more materials selected from the group consisting of bone cements, calcium

phosphates, calcium sulfates, hydroxyapatites, and other autologous growth factors.
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