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BACKGROUND OF THE | NVENTI ON 100011 Field of the Invention: qpigber 2006
present invention relates to using a mxture of cells for sorratlc cell gene
t herapy. The present invention also relates to a mxture of cells that

i ncl ude co 08380 t i ssue cells transfected or transducd®TH0H?320gene
encodi ng a nenber of the transformng growh factor R superfamly and
connective tissue cells that have not been transfected or transduced wth a
gene encodi ng a nenber of the transformng gromh factor 0 superfamly. The
present invention also relates to a nmethod of regenerating cartilage by
injecting the cell mxture to_a__mamralian connective tissue. In addition,
the present invention rel at MIXED Gyl GENE HEMFXQ osteoarthritis by
injecting the cell mxture to a mammalian connective tissue. [00031 Bri ef
Description of the Related Art: [00041 In the orthopedic field, degenerative
arthritis or osteoarthritis is the nmost frequently encountered disease

associ ated w j . very joint in the body, such as
t he knee, twﬁgﬁéﬁmﬁmlwﬁﬁgﬁt he wist, is affected. The

pat hogenesi s [gb1]t hi E;eﬁi&ﬂﬁsmdnﬁoi he degeneration of hyaline articular

cartil age (N?q% Bane Joi nt Surg S52A: 46 66, 1982 The

hyal i ne cart 3@ het‘?‘fésejl ‘i“Yﬁ""?)’bEf’ 40 Jup% A pglure 9f; 9 3 o spragiic cgfh gene

event ual | ydemammd prebdnt mh@mdfgmeraﬁi @ch Bidfuld 2GS th icthds CoMm&ave tE]‘s@ue
regenerate ents u able to enjoy. t S Wt

Gebi 1t at  nge PR RIOS o aRgp (G e Blsp el B ePEIg ) TP ME B as or ol
i Nt ravenous @ctot ptsﬁ;amnwrarcom&dlmems@e icéllsitkhii havleqoClRes YrarsRetedl biigantdacddne j ol nt
are inefficient. The half-life of drugs injected intra-artjcularly is
general |y shdfta 8%?61“??@%*’86|“seal?9ra9§t‘*§d’@n%§?m]i“}$t&"amhﬁcf°6Bls‘a‘ﬁerfi‘lﬁi%ér{‘? Eed  dr ugs

i's that frequRBioh 8RS 1AM tb RiRGbi ONSgALRINERATARLY i@ AP &l ﬁﬁﬁﬁe%%b' e drug
|l evel s at the joint spaces for treating a chronic condition such

arthritis. BE@EEelan; ¢papecHy tijsye- aé‘éﬁ‘idé“°“h€‘Fé¥‘E§F‘6r‘E"eéb‘m Eplaifstto aem%frdeeft ively
targeted to h@dtﬁﬁ&steobt&hr%@ﬁy MR RSESRE 3611 iIxte pOS Maih Melianomzal v @gublost t o
systemcally nc ratl ons of druygs in order to achieve a sustained,
intro-arti cuﬁogbﬂt hePHt ?rl?"aﬁggtheéﬁlﬁffé%’& of non-target organs in this
manner exacefisadjed Int the drehopkeinc Yieldf degehératbvet dithiritis Sor dostegathiicis psr Oldautﬂﬁstserl ous

side effects st,roi ntesti.na ) d _chapges, in
hemat ol ogi cafrequen[r} ng?/‘%ge{:e& |Qrase assocrﬂ AW“ ganela%e %ma%t[gﬁn};‘)sr efw—lyﬂomt "rlréhmml i an
host . body, such as the knee, the hlp, the shoulder, and even the wrst, is affected. The

pathogenesis of this disease is the degeneration of hyaline articular cartilage (Mankin et al., J
Bone Joint Surg, 52A: 460-466, 1982). The hyaline cartilage of the joint becomes deformed,
fibrillated, and eventually excavated. If the degenerated cartilage could somehow be
regenerated, most patients would be able to enjoy their lives without debilitating pain.

[0005] Traditional routes of drug delivery, such as oral, intravenous or intramuscular
administration, to carry the drug to the joint are inefficient. The half-life of drugs injected
intra-articularly is generally short. Another disadvantage of intra-articular injection of drugs
1s that frequent repeated injections are necessary to obtain acceptable drug levels at the joint
spaces for treating a chronic condition such as arthritis. Because therapeutic agents
heretofore could not be selectively targeted to joints, it was necessary to expose the
mammalian host 1o systemically high concentrations of drugs in order to achieve a sustained,
intra-articular therapeutic dose. Exposure of non-target organs in this manner exacerbated
the tendency of anti-arthritis drugs to produce serious side effects, such as gastrointestinal
upset and changes in the hematological, cardiovascular, hepatic and renal systems of the

mammalian host.
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field, some cytokines have been considered as candidates for thaeptembsy Z00fh
of orthopedlc di seases. Bone norphogeni c protein has been considered to be
an effective stinulator of bone formation (Ozkaynak et al., EMBO J,

9: 2085- 20930 3938080 Sanpat h and Rueger, Conplications i n RGI{Y$E3/0978]1- 107,
1994), and TGF-P has been reported a2 a stinulator of osteogenesis and
chondr ogenesi s (Joyce et al., J Cell Biology, 110:2195- 2207,1990). 100071
Transformng gromh factor-13 (TG--(3) is considered to be a nultifunctional
cyt oki ne (Sporn and Roberts, Nature (London) 332: 217-219, 1988), and pI ays

a regul atory nceIIu tlatlo ndetra

matrix prot e|[060§Lnt b ¢ h(’Rfé’?f’r efo 05 ytoq(mjs %ef B %rfsbﬁv aﬁﬁéglcd?i?% f384
1988) . TGF- 13rehtimanthiftosthdpbdic gisenstsh Bune epifhbgdnicairoteiallhs b«ﬁaﬂdonsﬁﬁteﬁﬂkﬁ bast -1 i ke
cells invitr ?fec(lwe spmlcljlato al’ bbnepfo% t%lg:{bzlﬁc aq( G§C 0§6§%0? —I’ }9%%8) but

it stinmulates éench ossificati o event ua bone ’t| on’in vivo
(Critchl ow eTSaﬁlbatl;l andBasRgEr, (;fnmph&%ns ih @Rtho, W0INA7,8094) and TAFQ hiabbpenSaeiey 64(5) :
553-556, 1993;: a Mat s

T8 131 nduc i BURENPLT HRPPEASS a“ﬁé&‘i"ﬂf°§8’ef3§/8f’¥°§ ot i el ey, (07108

subper i ost eal22¢, ugg0pot ent i al cel I's, mhlch eventually differentiate into
cartilage-for ells Jo ce e I.I Bi ol ogy, .110: 95- 2207, .
1990: and M éﬁ"gﬂen%@f‘”%ﬁ“ ng grophy ac'Bf BI@é{}% ‘iﬁ‘?“sk‘?‘”egd%l besd g “%i’%‘zf)a 10008]
Tlhe bi cc)ii Iogl ;:a%maf‘é @%meﬁd i@%né :thtﬂe (Lohhtmpesdz CH7hes 1be©narqu1m9§h%§umeﬂdr ew et
a ci i ssu gue et a

37:573-579, fYgHpcel ‘&%{rgf‘l“ﬁ'gt"é “‘é’f’a%ﬂ“ and'g ?J’“’E‘J?ﬁ? a'Bf‘%f{”ng?‘e‘“l%?'ﬂiS@éle%g?‘s"l 1988:

Li nd et8 glls, 21/2%@311818% $@e|arld75 1534( 5988}55365561111134&9186 gNWt}SbWQﬁtﬁblﬁt ceenh and In
Vi vo, n nou st ai ni_ng_shows is
closel y assolriagelag IQilﬁetcﬁnst’i’ §’é’8é§hﬁ'éref ﬁ’/]e%“?r% A9 Sﬁeéﬁﬁé%ﬁéw '9§§1)c H“td%

connecti ve tisGSulates é‘rﬁﬁdnkl&aﬁ%tﬁ%ﬂd)nmaﬁlevenhlall}aﬁdietibxﬁﬂh&xouﬁﬂm mdhgiwcetfan ndi ngs,

TG--(3 is prese ite b formation. It
can fatl so enhgr?B% }"g}c’/t Eﬁ;}g E‘ﬁ‘iﬁtl "\? Cﬁﬁ“’? %5%4{59 522%96 R@éi ri‘f“?&ﬁ‘st“ﬂ%“’ et

t her apeuti c \ab) Meivafs: TG220319b4)s memmﬁﬁpmbdredom@@n ik aladiiovad B itsestimplaBane,
521-527, 1995; .and Lind et al., A (rthop Scand, 64(5).: 553- 1993), but
its short- t&fHeey ’&%%§8'5M'Pﬂﬁeaw’ e S (Rt TG re gromne

appl i cati on. cElGQRYde dt ait, 11 &al Bictagyarioi 19622070 990§ and Glheiderfen nl., U Idell Biokalyrent  of

arthritis is because the injected TG-- 13 has a short
duration of agflgozﬂ%%(gsﬂ]l&gﬂls is degraded into inactive

[0008] The biological effect of TGF-B in orthopedics has been reported (Andrew et al.,
Calcif Tissue In. 52: 74-78, 1993; Borque et al., Int J Dev Biol, 37:573-579, 1993;
Carrington et al., J Cell Biology, 107:1969-1975, 1988; Lind et al., A Orthop Scand.
64(5):553-556, 1993; Matsumoto. et al.,, In vivo, 8:215-220, 1994). In mouse embryos,
staining shows that TGF-f is closely associated with tissues derived from the mesenchyme,
such as connective tissue, cartilage and bone. 1n addition to embryologic findings, TGF-§ is
present at the site of bone formation and cartilage formation. It can also enhance fracture
healing in rabbit tibiae. Recently, the therapeutic value of TGF-B has been reported
(Critchlow et al., Bone, 521-527, 1995; and Lind et al., A Orthop Scand, 64(5): 553-556,
1993), but its short- term effects and high cost have limited wide clinical application.

{0009]  Intraarticular injection of TGF-f for the treatment of arthritis is not desirable,
because the injected TGF-P has a short duration of action, as TGF-$ is degraded into inactive
form in vivo. Therefore, a new method for long-term release of TGF-B is necessary for the
regeneration of hyaline cartilage.

10010] There have been reports of regeneration of articular cartilage with

autotransplantation of cartilage cells (Brittberg et al., New Engl J Med 331: 889-895, 1994),



formin vivo. Therefore, a new nethod for long-terns release of TG-13 is
necessary for the regeneration of hyaline cartilage. 100101 D8eSeptdmlye 2006n
reports of regeneration of articular cartilage with autotransplantation of
cartilage cells (Brittberg et al., New Engl J Med 331: 889-895, 1994), 28
Sept enber 29063/08868003/ 083080 PCT/ US03/ 09720 3 but this ppepessoeentail s
two operations with wi de excision of soft tissues. If intraarticular
injection is enough for the treatnent of degenerative arthritis, it will be
of great economi c and physical benefit to the patients. 100111 Cene

t herapy, which is a nethod of transferring a specific protein to a specific
site, may be the answer to this problem (Wl ff and Lederberg, GCene

Ther apeut i cs butithisJueredure enfgils frdo oBrapigns wiowide gradsidertlostt tisuedatlf inCaantiostar | NSt ,
89(16): 1182- . t.

5. 766, 585 di Sé%&gég ls]nqgg g)lfor;f.l%\c}%gél]e“rb'fh ncijatﬁrkgﬁluf) i@ xﬁvotlﬁ)e%f ?’gq?ﬁgb%?rpﬁﬂnd
(|nterleuklnme%@t@pwbmaénwaQGN|st proteln) gene transfectlng synovi al

cel s (5, 858,53) aunDRBETRHAM §5hia 6B FARTA) HhiED okl BAFREHEL: and

injecting the transfecte S int rabbrt joint 'S no
di scl osure oﬁ“ﬂ§ﬁﬁ@e§mg@ﬁ@”b@h@mgﬁh@(M@UfW@IJ$@PﬂB,%ﬂwéﬁﬂﬁwvmyeédbmégenerate

connect i ve Uiaies 249053 biks SR AhEF 1IRRSATY 51 S5 93 and S, 700, 774

di scl ose |nject|n a conposition hat i ncludes a boné nDrpho enesi s protein

(BVWP), which [Q%angyntt%‘ 3es Priepts @858 Baped ﬁééﬁ p8prdiscloprymakingra vifal pr plasmidincat ed

par at hyroi d hgiaRaes 'E}félIﬁk?glnﬁﬁafkindﬁretz&)t&faﬁﬁﬁns; teldy%brﬂ:t @.’ﬂ@f@@tﬁlggilnovm]
cartil aginous tissue formation, and i nduction o cartllaglnous tissue.

However , t hercells §.8383%) erd bensrmarsp ¢elly Ento6;58ex Wiy theeonsctuandnigieetng tBvP gene.
[00141 Un' t eGramifted SeIRAhE @trabgrtw vt thediSEd R R3urk BPhsHAta gagk lﬁlo?n?iﬂplorlﬁ& ion of

a scaffold|Q%id?e|ostea perichondrial tissue, and stronal , 1 ncluding
chondr ocyt es, Fob siperfagyly i reggaergiesaspecis tiiU8a. Since this patent disclosure

requires thagopbl thLhRQ Red HRFR sH4608NLJ Hooo, ﬂﬁQﬁs%BEe lnfecﬁdgea o R d
system the reference fails to disclose or sgg%est he sinpl e gene -therapy

met hod of t héhat nodvrer on bard etprRdoeanesioratels BM )t I’Té“%hnb?l%ﬂﬁ dei bn BFF the
scaf fol di ng ey, é)elIf %lyp%h% %ﬁ] apt?JnL Qé?p&q{thﬁénd thb§1$dﬁ@ Telaté@%g?ée iadieot at es

Pat ent 6,315,992 di scl oSes that hyaline cartilage is generated in defected
mammal i an j olMNGARRSS Pf lsPElspiaeus BERY dormpters fwdt wdudiipr el Tapilginous rtissien; ect ed

into the defiRGled, dsa@@nbaisassureldw@éf@rmeratpb%n@a@m;g #oBsipete. di scl ose the
advant ages of u3|ng ed
[0014] Umted States Patent 5,842,477 discloses implanting a combination of a
scaffolding, periosteal/perichondrial tissue, and stromal cells, including chondrocytes, to a
cartilage defected area. Since this patent disclosure requires that all three of these elements be
present in the implanted system, the reference fails to discloée or suggest the simple gene
therapy method of the invention which does not require the implantation of the scaffolding or
the periosteal/perichondrial tissue.
[06015] United States Patent 6,315,992 discloses that hyaline cartilage is generated in
defected mammalian joint when fibroblast cells transfected with TGF-$1 are injected into the
defected knee joint. However, the patent does not disclose the advantages of using a mixed
cell composition as in the present invention.
16016] Lee et al. Human Gene Therapy, 12; 1085-1813, 2001 discloses that hyaline
cartilage is generated in defected mammalian joint when fibroblast cells transfected with
TGF-B1 are injected into the defected knee joint. However, Lee et al. does not disclose using
a mixed cell composition as in the present invention.
[0017]  In spite of these prior art disclosures, there remains a very real and substantial

need for a more effective and potent treatment method to not only regenerate connective



cell conposition as in the present invention. [00161 Lee et al _Human nge
Therapy, 12: 1085-1813, 2001 discloses that hyaline cartil ag%8§§Pt§BW§F PGy
in defected manmal i an joint when fibroblast cells Iransfected with TG (il
are injected into the defected knee joint. However, Lee et al. does not

di scl ose u3Yep/0838%i xed cel | conposition as in the preserRCYRI¥PA7ON. [00171
In spite of these prior art disclosurds, there remains a very real and
substantial need for a more effective and potent treatnent nmethod to not
only regenerate connective 28 Septenber 2006 WO 031083080 PCTfUS03/09720 4
tissue in the mammal i an host, but al so better and nore effective somatic
cell gene therapy . nethod E .1 NVENT [00 81 The
present mver’f'f‘slugt'l'1 ﬂ‘&é"ﬁ’f’é’iaﬁf”ﬂ}éosmg}"eailsﬁ%ﬁmg“H’é%%lj_%%@dsoﬁ’é% EBLEErhe
presently cl aiefRds dsmeintion is directed to a mxed cell conposition that is
used to generate a therapeutic protein at a target site, conprising: a) a
first population of manmalian cells transfected or transduced with a gene
that i s sougSUMMARY QN EHEINVENEIONecond popul ati on of manmalian cells
t hat have not been transfected or transduced with the gene, wherein
endogenous! y [@PIst i Hap gresertanventiop has me dishgrepdisiaradesabediecdammal i an cel Is are
decreased at (07§ t afRhresthiiyPelainid u%lrﬁfoﬁlxﬁdi%ﬁﬁrtélfa'n%ecpcfeutclaﬁ ShaRgyd i c
protein by the first population of mammalian cells at the Farget site-
stinul at es t HEddeeoieeriod Hisraneytio Praian pka fasset sitf) Geraprsingh ar & fstiporulagpd ekt :  and

c) a phar macgiiiagdn %ll@ﬁ%@h@@hﬁtr&@du"cécﬁ%nﬁ E‘%E&Qfm il Q2R ko bdelfiGsea! & am%d
i nvention, the m xed cell conposition may in an injectable conposition.

100211 The cPsPifERPPRIAGRIR{msFNalar Geilg H’é’rhaéi? F‘éé’F“é’dr‘t“bfe%{edrﬁr%@EFdE@IdIWIE‘dhﬁpos| tion

that incl udegenepwhitdh tiBgdndisly dxa@fs GaACIFAhd S26bna ipbAMtdtiod 6f AR ManQEils a7 @
first popul ation of fjibroblast or chondr Océ‘tgfgﬁm‘ s transfected or
r

transduced witHEasedft ibe BREELHengdt HhSHFLY 8RN herapetic protein by Feg-tinsy  of

bone nor phoggsatatién pf eagindlidn AW at the tafges eitOARhuR@R Uk wipulbiidar @t ast or
chondrocyte ¢ | 1s t r ansf cted transduced with a gene

{’hat ha¥ not. been r
encodi ng TGFHAfee adpergggpys.© tgﬂda"é)c) q‘ﬁﬂ%ﬁ‘é&ﬂ talc%eB'IaFl?c%[E%ré gl e carrier
t her eof (0022}1)201n alnnhe elaﬂmalﬁdnﬁorﬁm’iwdlxﬂdaméll ccﬁdmmbmlmmwenm\aenﬁjhmbld S
directed to a ? cell conposition that conprises hyaline
cartil age- gefiBMRETAY ef fective anount of: a) a first

[0021) The claimed invention is further directed to a mixed cell composition that includes

a hyaline cartilage-generating effective amount of: a) a first population of fibroblast or
chondrocyte cells transfected or transduced with a gene encoding transforming growth factor
B (TGF-B) or bone morphogenetic protein (BMP); b) a second population of fibroblast or
chondrocyte cells that have not been transfected or transduced with a gene encoding TGF-§§
or BMP; and c) a pharmaceutically acceptable carrier thereof.

[0022] In a more specific embodiment, the claimed invention is directed to a mixed cell
composition that comprises hyaline cartilage-generaling effective amount of: a) a first
population of fibroblast cells transfected or transduced with a gene encoding TGF- or BMP;
b) a second population of chondrocyte cells that have not been transfected or transduced with
a gene encoding TGF-B or BMP; and c) a pharmaceutically acceptable carrier thereof.

[6023] In the composition above, the composition may comprise a hyaline cartilage-
generating effective amount of: a) a first population of chondrocyte cells transfected or
transduced with a gene encoding TGF-B or BMP; b) a second population of chondrocyte cells
that have not been transfected or transduced with a gene encoding TGF-B or BMP; and c) a

pharmaceutically acceptable carrier thereof.



popul ation of fibroblast cells transfected or transduced with 3 gfne
encoding TG--[i or BMP; b) a second popul ation of chondrocyt% September 2006
have not been transfected or transduced with a gene encoding TG--[i or BMP;
and c) a pharmaceutically acceptable carrier thereof. 100231 In the
conposi ti oNVABIFI80 t he conposition may conprise a hyal i n@CTAISOII9Ye-
generating effective anmount of: a) a glrst popul ati on of chondrocyte cells
transfected or transduced with a gene encoding TG--[i or BMP; b) a second
popul ati on of chondrocyte cells that have not been transfected or
transduced with a gene encoding TG~ (i or BNP and c) a pharmaceutically
acceptabl e carrier hereof ept nber 3/.0830 PCT] US03/ 09720 5
[00241 In t hi‘{oe‘gnpo ithy ‘i?ﬁlpa%‘ERPe’E Yo é%lﬁéna % bb‘bm‘gﬁ‘fte‘ﬁt&lsﬁgﬁ Bl ¥, Te-
pl, TG [i 2TGFRGBMB3, BRVR, BMPBYBMP-5, BIVIP-6, BNSNMP-0b BMBMP115partthRr, theQlend3MP- 9.

In particular e be TGF-(3 | or BWMP-2. [00251. Furthernore, in
t he conposi t%ﬁgpfﬂg'ﬁp‘&‘tl?g&%f t he second popul ati on of fibroblast or

chondrocyt e ¢mié)s t]hﬁlﬂwﬂﬂﬁbb@mﬂﬂécohfpesl’iudn[taélﬁlileﬁfﬁidsdbﬁndﬁoﬁﬂﬁtd)ﬂ@ﬁﬂb:%]&éﬂora gene
encodi ng TG~

o the fir ation, of, fibroblast or drocyte
ol 1 s that natRIBSancas bt paipet reoRRRRL SRR WU GBR S eHBR TR Tar: L 3
or BMP is froensrdpeauthe ﬂirst?ﬁbphﬁtldn of lfibropRstior Clld)hétbcyte’ &dlls that lx@e/bebe trinsfettedbrout 1- 10
to 1, and furth |t|on above, . the
rst popul alPiiel MHRF e epuibedArIingMe il TR0 L PR e
i rradi at ed. Avagbé frorpalicut GUd t@rl, mﬂhﬁﬂkrammtpomulatlon of fibroblast or
chondrocyte S tr sfected or, trans ced e coding TG=-P or
BWP is irragﬁ)&% Woﬁlﬁoen i(':beolv e 1? %ogl'l\rlr\gl%eo ] S P ) ‘lgo(ﬁorot duf'fds may be
derived fronwithe geaxﬁrenayobﬁ oeadnamdgam'l smpattinulga rthei ﬁut aopulatmn oéfibeibfast or

ranst oct ed et SRR 3P (Bhedich 8 Bbeppenc SHANSGRE ARV < ccona

popul ati on ofrrafliated.obl ast or chondrocyte cells not transfected or transduced

with a gene 5{%5@Odlﬂg c ﬁ:of{ﬁe xﬁgm:ﬁuﬁ\'ﬁ%l gpgeil%/ﬁgy be Qéavgyﬁ?xﬁmar%gg&ﬁ%e” ved

organism [O The cells of popul ation o S may
from di f f er entganisiur e parbeulpsn ins gertain gmpediments | the  firstnpapelptici pf diebdstnemt s, t he

first popul at»;noqmoafre LR aRliagk ertlansgquﬁmqyl\%e%e feﬁéohﬁlgtﬁ@%&esmqm@nhe ,
transduced with a gene encodi ng TG second popul ati on of

fi brobl ast ofeceddaBiigiopobfibrablpst offhpn ?%ﬁﬁ'@c‘l"é@“"éﬁ“‘t"f‘aﬁ%ﬁﬂé‘é’d wihplgene gene

encoding TGF-B or BMP are derived from the same source organism.

[0028] The cells of the mixed population of cells may be derived from different source
organisms. In particular, in certain embodiments, the first population of fibroblast or
chondrocyte cells transfected or transduced with a gene encoding TGF- or BMP and the
second population of fibroblast or chondrocyte cells not transfected or transduced with a gene
encoding TGF-f or BMP are derived [rom ditferent source organisms. The first population of
cells and the second population of cells may be derived from different source mammals. And
in particular, the first population of fibroblast or chondrocyte cells transfected or transduced
with a gene encoding TGF-f or BMP and the second population of fibroblast or chondrocyte
cells not transfected or transduced with a gene encoding TGF-f or BMP are derived from
different source mammals.

[0029] The presently claimed invention is also directed to a method of generating a
therapeutic protein at a target site in a mammal comprising: a) generating a recombinant
vector comprising a DNA sequence encoding the therapeutic protein operatively linked to a
promoter; b) transfecting or transducing a population of cells in vitro with said recombinant
vector; and c) injecting a mixed cell composition comprising protein generating effective
amount of (i) a first population of cells transfected or transduced with the gene; (ii) a second

population of cells that have not been transfected or transduced with the gene; and (iii) a



encoding TGF-(3 or BWP are derived fromdifferent source organlsns

first population of cells and the second popul ation of cells §§9P%§“H5990@d
fromdifferent source mammals. And in particular, the first popul ation of
fibroblast or chondrocyte cells transfected or transduced wth a gene
encodi ng TWQEH8HB0 BMP and t he second popul ation of fi br GETARS3/9720
chondrocyte cells not transfected or®transduced with a gene encoding TGF-P
or BWP are derived from different source mammals. [00291 The presently
clainmed invention is also directed to a nmethod of generating a therapeutic
protein at ‘a target site in a mammal conprising: a) generating a recombi nant
vector conprising a DNA sequence encodi ng the therapeutic protein
operatively IPhHRaguigiy “CCﬁPB‘h‘BtCéF‘er thereep a!ﬁ@f et 'pisgt et rharsederdpergously

popul ation ofexxaﬁlglrmsre,f WelsERndvpdghlabiah 6F el BaRtare #ERERY at 1BO@rgR) sileNj ecti ng
a m xed cell osition conprising protein generating effective armunt of

(i) a first ﬁﬂf’pw 7 GFPeHion Gl hesihermntla by dhe frppoptitiionat HerRakaneetiene

(i) a second:thpQipyel st btmmésmeedeéoidmﬁtan sfbﬁxdub@@ﬂhckﬁé&ﬂ§éfﬁ@tt ed or
transduced wi th the_ gene; and ngﬁ‘&ééﬁ% rrber 2006 _V\D 03/ 083080

PCT/ US03/ 0973438 ph'amﬁﬁe'é'uf‘ice@rw 3 GolPrhas PR I&bier SPRREE he
target site, hyigé Girfllag it QGEMRLS I:anremgsd)lgag:ra‘uﬁg A%ecOinbibiie veG@Bdpmafawl at i on
of manmal i an i\ﬁl | s are decreas d at theh 8ﬁt ﬂ§]i_(.)he, b and erei n generation
of the thera At?'e&“eﬂ?"o“t"&‘?dr‘f‘gﬁvni?fé‘ FELRNE b* SEPGH ShovaRmmegHe Rafls  at

t he target siBMPsbperatively dinkédhe s@mmbr,pmpmdrﬁfe'ctmg @}edrdnsdubmgianphpmen@ of

t herapeutic fect. 10030] In par bove.net hod, a
net hod is pr ng Pgléﬁ %B“gé"]ﬁé‘? &P V“ﬁ%/g% 5%36%{??‘?1“5'8 Veftﬂr 3"‘11%? 18 Wor i si ng:
a) gener at i nghjeatable anirdali dtarcbmp@ﬁioﬁrcomprmmgn@amg camld@b&gemmqn@éfﬁaememmﬁinmg

transform ng h,fa act or ﬁ bone nor. tel n BWP)
operativel y P?{])kwgrs{ BopY a?lq L of brob a }og%rg ells ttgns?c%fr ac‘)rrlé UCLlCﬁd w1th(a

popul ati on o&enefendodmblrﬁﬁtﬂ aanMPr;l(lr)drSmoyd pppckatldnsof ﬁbroblastroochundlhcmeds that
nbi t t i J it
reconbi nant et of bee?’?r%’n{féaed”dr ‘?r%éd{x‘c%d Ah 4 gblgé’%&c%ﬁi'ng T‘Elfﬁfgr g@bz?r@qgr}gis'r s't on

conprising hyaline cart -generating effective
popul ati on obhaﬁrnmemtvhf&saccswtaldh@mdprowyneef awdd | as jolint sapsrfeedt ® dnapymat seghstletced wi t h

a gene encogWsJ@Ef fik [ggvg@@m@'ehéom SO d: BRAULAhih Ak }3 t shaE QRhgSt or

chondr ocyt e ot been transfected or transduced with a gene
encodi ng TGFres@tingrin HigrRencstign efHYral}neaambaamr%Pdemt fpesst |y acceptable carrier

thereof, i ntgogy O'Récon%l?&% R atRvATRETE], (RUEA ?tbe ﬁ&i%?ﬁ:ﬁ!téﬁntoof(}?-*ﬁ? DNA
seqguence encg%;;trég TGF-§ or BMP within the ] 0| nf space occurs resulting in

the generati hGEP?.nEMB R¥ ?MpabeBMPn“:tWP]%?MP P4 EMP-T7. Tn patticular, the
gene may be TGF-B1 or BMP-2.

[0032} Furthermore, the method may encompass mixing the cells in a ratio according to
the following: the second population of fibrobliast or chondrocyte cells that have not been
transfected or transduced with a gene encoding TGF- or BMP to the first population of
fibroblast or chondrocyte cells that have been transfected or transduced with a gene encoding
TGF-p or BMP may be from about 3-20 to 1. The ratio may be from about 3-10 to 1. Still
further, the ratio may be from about 10 to 1.

10033} The claimed invention also provides that in the above method, the first population
of fibroblast or chondrocyte cells transfected or transduced with a gene encoding TGF-j or
BMP is irradiated.

[0034] With regard to the source of the cells in the method described above, the first
population of fibroblast or chondrocyte cells transfected or transduced with the gene
encoding TGF-B or BMP and the second population of fibroblast or chondrocyte cells not
transfected or transduced with a gene encoding TGF-f or BMP are syngeneic, allogeneic, or

xenogeneic with respect to the host recipient.



10031) According to the above nethod, the gene may be, but not limted to,
TGF-01, TGF-J32, TGF-133, BMWP-2, BWP-3, BMP-4, BMP-5, BMP- 6, 28 Bemrmber 2000
particular, the gene may be TGF- 131 or BMP-2. 100321 Furthernore, the

met hod may enconpass mxing the cells in a ratio according to the

fol | owi ng: Whes/sam8end popul ati on of fibroblast or chondr ®GIVES0yed7s t hat
have not been transfected or transduded with a gene encodi ng TGF-13 or BMP
to the first population of fibroblast or chondrocyte cells that have been
transfected or transduced with a gene encoding TG--1 or BMP may be from
about 3-20 to 1. The ratio nmay be fromabout 3-10 to 1 StiII further, t he
rati o may be 00331 The i on rovi des
Chat it he. ARESE naBibeiod deterfeg LPVBBFRE rERAb B b sase vBE YEnBhar ocyt e
cells transfemée&ommmmﬂanaduoﬁﬁkmabh1angmﬁedemcndhﬂgdﬁ@ﬁoaanQﬂmuabﬁhds

i re adl at Ed [gIQS ecf‘ 1] 0 tran %9(.‘%]’ d &]O %D%CCSO(I:‘I) [1%:: %f #)O m C'\ SU[’!I [Teun
described above “IHe agiection Mitva Pt SAO8P ITED Py bIPeeme, ‘ﬁond?% “€cel I s

t ransfect ed @hosbhmmdmmanhtmm tel‘ectrdaﬁregem@EAfEdemhnn@d‘E(ﬁr ¢r3iros mBM?ioand t he
second popul flbrob ast C ndroc te cel S not, t sfect d or

t ransduced vﬁédﬁ'gg ge"néhee m f?‘[’ﬁF %ﬂ’ %Gr & ILSyngén%? c[mr}l Jerei ¢, or
xenogenei ¢ wittatsplaatafierc And me tdile nhmbc stmretlnpalcaropresez&nﬁaptoetmansp%@ﬁon.V\D .
03/ 083080 P 3/ S yse a
reconbinantcﬁé%?ﬁr ghcﬁgermm%gnwg%UEEE?gﬁgﬁgghg?s& cggg%g %majnﬁ%?Hﬂhy be,
but not lim toetdoattty,ltlsapopbasm d) gerctatng a ragombidint vestor comprising raﬁgfﬁﬁe@mitemp or
transducti on . I o

phosphat e coﬁg§%P€ﬁ¥g éﬁg@?#%%%r%??%ﬁﬁF5EZ§E§§¥%$%% k gn or virus
medi at i on. D@@@B&Iyllmkqdﬁe amrcamwrc@ teghsfedting el teanpduding mpemtlatron of glebblsst pmy he
stored prior o 8ok e 0o i it did ARG iR F&lok:S, LR bl ixed
cryopreservaf?vemﬁ??oH to rraﬁggTanta]?ont f@ong?ym é%gtﬁg terrbo |nent
the present iceleampogtion comgiisiehyating Gridageeerreiing ind esegarihnigs trepting offactiver i ti s
conprising: ahgfeeiHLIMmd péﬂﬁﬁﬁﬁ%?h%ﬂ%st\éﬁ%%omm fhiRGcRd DNAnSRRsENCe
encodi ng transform’'ng growm h factor (fGF-13) bone nor phogeni c protein

(BMP)  oper atiié|spng ?nﬁm TEF-8 op BiyHo (i0ra seepnd ppritkdipa of [ibfgblast °t shendieryd ng a
popul ation ofcelfsitkik Qe ASit bef trarfs ROBE bOEMERCEIBL IS dele ¥ichdify w;l:Jr; o$mvd> and

reconbi nant vector; and c) injecting an injectable m xed el l corrp05| tion
conpri si ng hy) p Reangaeytiontyyaccepiahle cafien frerntihpis é?fa?r‘mr‘l"f“igsﬂ“ﬁ dimepsigpal
effective structure into a joint space of a mammal such that expression of the DNA sequence encoding

TGF-$ or BMP within the joint space occurs resulting in the generation of bone and cartilage
tissue in the joint space.

[0038]  The present invention is further directed to an injectable mixed cell composition
comprising hyaline cartilage-generating effective and osteoarthritis treating amount of: a) a
first population of fibroblast or chondrocyte cells transfected or transduced with a gene
encoding transforming growth factor B (TGF-B) or bone morphogenic protein (BMP); b) a
second population of fibroblast or chondrocyle cells that have not been transfected or
transduced with a gene encoding TGF-f or BMP; and c) a pharmaceutically acceptable
carrier thereof,

[0039] In a another embodiment of the claimed invention, the presently claimed invention
provides for a storage container for storing cells at a temperature of about -70 ° C to about -
196 ° C, comprising a mixed cell composition to generate a protein at a site of interest,
comprising: a) a first population of mammalian cells transfected or transduced with a gene
that is sought to be expressed; b) a second population of mammalian cells that have not been
transfected or transduced with the gene, wherein endogenously existing forms of the second

population of mammalian cells are decreased at the target site, and wherein generation of the



anmount of, (i) a first population of fibroblast or chondrocyte cells
transfected or transduced w th a gene encodi ng TGF-13 or BMRS8 Pentymier2(iing
popul ati on of fibroblast or chondrocyte cells that have not been
transfected or transduced with a gene encoding TG~ 13 or BMP, and (iii) a
phar maceut WsH3[0§308& cept abl e carrier thereof that is not &XCHE§II0ng t hree
di mensional structure into a joint space of a mammual such that expression
of the DNA sequence encoding TG--p or BMP within the joint space occurs
resulting in the generation of bone and cartilage tissue in the joint
space. [0038J The present invention is further directed to an injectable

m xed cell conposition conprising hyaline cartil age-generating effective
and ost eoar t KPSraPPeicprodedd byite Srsbpapplaiin of gyammalign ¢ells at Shaaest site pHngatesithy opl ast
or chondr ocytsecofi®pdpalatioriden RCha&e Qrtheﬁa?&ft‘iﬁ QErECanWich B pRarBBdRBtica By G260 A
transform ng r,O\L/\fth factor 13 (TGF-J3) or bone inorphogenic protein (BW);
b) a secondC%HE)r 4t%fon of fibroblast or chondrocyte cells that have not

been transfeqsgad) or in faiR0BE WkSHesthilPplRa@RNBoedS Fet NgorksdcoitaPer BMRorigNd C) a
pharmaceutical |y acceptable carrier thereof, 100391 In a anaqther enbodi nment

of the claij néEI"Si“hi‘/l@PPP%O’EfH'F"F rRoubYR s &ip PRPUENIES nEocorpiEing ioticctbln g eclk or a

storage cont %j)xﬂﬁfsitit)ﬁ)!sorﬁ;r@fn.k ﬂ%lﬁ@héﬁla t—geﬂerstﬁlgré%&{vyﬁﬁomt o@QPyPop'UYagon g'} t 0
about 196. C, conprising a m xed cell conposition to generate a protein at

a site of i ntfiBroblast orgghondgepieicsilntpnsiggtedyort fransqueedhpyith at geae eespding HP&HA em cel | s

transfected @i RSP/ W FiBroBlag R ehdnlRkytt SR Havd ot RerEXRERGSE: D) a
second popul ation of mammalian cells that %ave not been transfected or

transduced witRPsdrgsd Witbme gengfareding EoigB ga AONR | 4pd s Phappeceyically #centavle second
popul ati on ofaameddran cells are decreased at the target site, and wherein
generation of the 28 Septenber 2006 WO 03/ 083080 PCT/US03/ 09720 8

therapeutic pH8tki nTlisye tnderther pleciHRJA BYergpn Bl heaﬁﬂ‘ﬁl'{”&'n“’@é‘lstf’%d g{?mtﬂf‘i’e t ar get
site stimil at@pwindCdes@PEHNGS PR eAtidn) MheCrtdrdcddodiaRMUE auRhéd Rerapanl ing ef f ect ;
and c) a pharpaceutically acceptable carrier thereof. 100401 In particul ar,
t he present ﬁﬁb’?s’l@%ﬁ“ﬁ%ﬁ’e%?"ovi des for a storage container for storing cells
at a tenperature of about -70 C to about -196 C, conprising an injectable

amount of : P DR AABIN R B BRI ondr ooyt e cel | 5 t ranst ect ed
or transduceqeosb)t h BhedpRRne AR vill Fecdnie Rore RN unldrsiBodd @b ! @ idemildf
fi broblast or chondrocyte cells that have not been transfected or
description given herein below, and the accompanying drawings which are given by way of
tllustration only, and thus are not limitative of the present invention, and wherein;
[0043] Figure | shows expression of TGF-f1 mRNA. Total RNA was isolated from NtH
373 cells or NIH 3T3 cells stably transfected with pmTp!, a TGF-B1 expression vector,
which were grown in the absence or presence of zinc. Total RNA (15 mg) was probed with
either the TGF-B1 cDNA or B actin cDNA as a control.
[0044]  Figures 2A and 2B show expression of BMP2 in NIH3T3-BMP2 cells. Figures 2A
and 2B show control NIH3T3-methallothionein (A) and NIH3T3-BMP2 cells (B). Blue color
in panel (B) shows expression of BMP2 protein.
[6045] Figures 3A-3D show regeneration of cartilage with mixed-cell (human
chondrocytes and NIH3T3-TGF-B1 cells) injection in rabbits with a partial defect. Figures
3A and 3C show pictures of the femoral condyles 6 weeks 'post injection with either a mixture
of hChon (human chondrocytes) and NIH3T3-TGF-B1 cells (A) or hChon alone (C). Figures
3B and 3D show Mason’s trichrome staining of sections from the femora! condyle injected

with either a mixture of hChon and NIH3T3-TGF-B1 cells (B) or hChon alone (D). Original
magnification: (B & D) x12.5].



transduced with a gene encoding TG~-0 or BMP, and c) a pharmaceutically
acceptabl e carrier thereof. 100411 These and ot her objects OZSSPIEGWEQWQ)n
will be nore fully understood fromthe follow ng description of the
invention, the referenced drawings attached hereto and the clains appended
hereto. BRWIOSBSSRI PTI ON OF THE DRAW NGS 100421 The pr e RATUSOFHPIM i on wi | |
beconme nore fully understood fromthe?etailed description given herein

bel ow, and the acconpanyi ng drawi ngs which are given by way of illustration
only, and thus are not limtative of the present invention, and wherein;

[ 00431 Figure | shows expression of TGF- (3l nmRNA. Total RNA was isol at ed

fromNH 3T3 cells _or J—| 3T3 cells stably ?ran fected wtg ng(g
TGF- 01 expr es¥i¥h vEBWSEY  *A-Hhi ?!ﬁwmé?f’é"eé"fttﬁ’\ﬂmo captiage o WeB n eregeelh ‘é‘@ﬁbe of

zinc. Total BMidfobRed H2)NIBS:- ﬂrcpged:em)t,ﬂect@htlm%bmwﬁr Grull-HickrdNe Rl [ 3
actin cDNA as_a control. [00441 res 2A and 2B show expression of BMP2 in

NI H3T3- BMP2 Eighres 4A ppdyd @?WZWUYM gerapralgopdiasr & Iverlis oSt BUsrHeh¥ith ¢ithei onei n

(A) and NI HSI%.ﬁMP%fﬁ@LAnsanﬁ@ﬁmﬁJr@Fgplcars (A} Br IRGBE hiohB)D) SEIRNEs AX@egSi on of
BMP2 protein [00451hgrlﬁgur es Oow regeneration o cartl | age wth

m xed- cel | ( Bowerason Foseystandnga sy Hgurp4@ shpe Saffanie |steining 9if aqstions dropm
rabbits wth ﬂfé faﬁcrrsllcaﬁ yﬂ%@&éd witH &M&%%mx?a?e @“5*11 nd 'M\é‘éﬁ ?@P‘g?&lgf(%g::

fenoral condyl e s post 1 njection wt m xt ur
(human chondﬁb@%}ﬂ!@)HIMENIQWFF@QCB&ODC@ Ics&@)\}lzo? hChon al one (CO).

Figures 3B gjgr3D EES}\% W%‘ Sholv' Ir&GIARQARNSbAT Qi otmﬁeﬁme@eal Agam& he
fenoral condyle injected th either a mxture of hChon and T3 TGF 13I

cells (B) or clwm#@?wt%ﬂ d@%ﬂféﬁﬁ BN gelishiniectiengn |’”°fbibt§%a‘f’iﬂtha“(ﬂBd§e%)F‘&'Iez 5 .
Sept ember 2006 56@06)%{&5&%% E’&T&M%Q&(yﬂ%mexa pokiQY4&bn FitgLifHRSa A&nﬂgois hOW

regeneration of cartil a ed-c (human_ chondrocytes and

NI H3T3- TGF- 0¥Chanapd NI e‘%l‘(iFaﬁe‘?*r{AP a'bhﬁhpg algng §6) ieyres) SByand Slerfhers Maesmesct .

Fi gures 4A a&@hﬂﬁaessta%gomcgewo% tr@ah ttl@?en‘fmf)ﬁd yleCiajetéd @5h bAherRBKSROSH
injection with either on and NI113T3 TG 01 cells A) or

hChon al one PEjen apd 6@1‘?‘%@ %@P‘&rﬁﬁ“%@) 0% HGW“I\?A%‘S APy Qriginghinegpiication; | &P and

Fi gure 4C shewss.Saf rani n- O stai ning of sections from the fenoral condyl e

Injected wit H)O%.]t heﬁigual‘esmgx-gg eshg\]:v rr]ecgflt;lr(ljerr]atl%lrll doP‘ | cartn]%e T»Cv;!:th ( x:i))]:xl'xe IJ hlgman
chondrocytes and NIH3T3-BMP-2 cells) injection in rabbits with a full-thickness defect.
Figures 6A and 6D show pictures of the femoral condyles 12 weeks post injection with either
a mixture of hChon and NIH3T3-BMP-2 cells (A) or hChon alone (D). Figures 6B and 6E
show Mason’s trichrome staining and Figure 6C shows Safranin-O staining of sections from
the femoral condyle injected with either mixture of hChon and NIH3T3-BMP-2 cells (B & C)
or hClion alone (E). Original magnification: (B, C & E) x12.5.
[6049] Figures 7A-7D show regeneration of cartilage with mixed-cell (buman
chondrocytes and human chondrocyte-TGF-1 cells) injection in rabbits with a full-thickness
defect. Figures 7A and 7C show pictures of the femoral condyles 6 weeks post injection with
either a mixture of hChon and hChon-TGF-B! cells (A) or hChon alone (C). Figures 7B and
7D show Mason’s trichrome staining of sections from the femoral condyle injected with
either mixture of hChon and hChon-TGF-B1 cells (B) or hChon alone (D). [Original
magnification: (B& D) x12.5].
[0050)  Figures 8A-8D show regeneration of cartilage with mixed-cell (human
chondrocytes and human chondrocyte-TGF-f1 Cells) injection in rabbits with a partial
defect. Figures 8A and 8C show pictures of the femoral condyles 6 weeks post injection with

a mixture of hChon and hChon-TGF-f1 cells (3:1 ratio) (A) or a mixture of hChon and
hChon-TGF-f1 cells (5:1 ratio) (C). Figures 8B and 8D show Mason’s trichrome staining of



C) or hChon alone (E). Original magnification: (B, C & E) x12,.5. 100471

Fi gures 5A-5D show regeneration of cartilage with m xed-cell %%§ﬁ%?ﬁmbe"2‘m6
chondrocytes and NI H3T3-BWP-2 cells) injection in rabbits with a parti al

def ect . ures 5A and 5C show pictures of the fenoral condyles 6 weeks
post inj ec&‘b?i”%’?“?‘h either a mxture of hChon and NI H3TROBUSOIF0%RMW | s (A) or
hChon alone (C). Figures 5B and 5D sh¥w Mason's trichrone staini ng of
sections fromthe fenoral condyle injected with either a m xture of hChon
and NI H3T3-BMP-2 cells (B) or hChon alone (D). Oiginal magnification: (B &
D) x 12.5. [00481 Figures 6A-6E show regeneration of cartilage with

m xed-cel | (human rocytes and NLH3T3-BMP-2 cells in rabbits
with a full- Fﬁue'ksrfé%@a 3% °°"d¥i'F¢fﬂﬁ9§§W£ é‘HH“'@BfB‘Ht?\R/a{&‘? ﬁ%f‘g‘l@" el
fenoral condyi@s: 1h2tioNdgkss: PAS! [Oriyiee mh@ivicalidnn (2% Dherz.sja mi xture of hChon and

Nl H3T3-BMP-2 cells (A) or hChon alone (D). Figures 68 and 6E show Mason's
trichrome staining and Figure 6C shows Safranin-O staining of sections from

the feenoral @EIKIEEDDESCRIPHION OF T8IE INVBNEIQON hChon and NI H3T3- BMP- 2
cells (B & C or hChon alone (E). Oiginal magnification: (B, C & E) x

12.5. [0049[ 14858r eds paed7iRrashghe ﬁeégemétreat 'i igpludss resabers| ofgle wnipl kingdan cel |

(human chonql,;cm Lﬁggt,@pﬂm@dmn%(ggiq%socyte TGF-01 cells) injection in
rabbits with a | -thickness defec Fi gures 7A and 7C show pictures of

the fenoral d%%ﬂyl e4s gsedeliskedn, b tenp nmagalian hgst"hinclades Hagmbsgrspetythe apimgf  hChon

and hChon- TGgingdfm ﬁeﬂublﬁgﬁl{r\)mo.m@mqmmaﬁQa@gs(C) Figures 7B and 7D show
Mason's trichrone stain sections fromthe fenoral condyle injected

with either (053 urés (b‘fedh'GFFcb'h ther e ClaeRNestiee - thguec d) Py pesye gt ROwsTs awbne (D).

[Original ”ﬁﬂ?bfftd &Rdritiefles drBéuaky, avd AicRfles thORSOLIikAUS 83igShenBd ah
regeneration cartl | age with m_xed- ceLaé]H,ghuman chondrocytes an human

chondr ocyt e- 16@#233 beas; gnd p synqyiurof g prapppa ts with a partial defect.

Fi gures SA amghs$iC sAowephatinistends "tdiRedtioanisad ceaomﬂyhasofa coRkiSve piesk"
injection with a nixture af hChon and hCh 31rat| (A or
WXt ure of kB APl Hestund Teathe TrCRTE CrRerurher G5repey et el ahd
8D show Masoihsndrédytzklt o4 Sbigei ruensg (eitecib&st%mcﬁwﬁsr VARG seddde 034108380

PCTI US03/ 09720 1 t t t
of hChon and ﬁ&ﬁoﬂlmﬁ?}g—’gﬁ"}"?ﬂgg"é’{ s “enf ﬁd'gocfe aa["8 m‘f%% 'I’S?CPf'JSCeq e[%jte'alflh& 'mn)a(ll e

rragm ficati ononnécB&e msue( cell2 a&]ﬁbroblasts cartilage cells, and bone cells. It will be recognized
that the invention can be practiced with a mixed culture of connective lissue cells, as well as
cells of a single type. It is also recognized that the tissue cells may be pretreated with
chemical compounds or radiation before injecting them into the joint space so that the cells
stably express the gene of interest within the host organism. Preferably, the connective tissue
cell does not cause a negative jiminune response when injected into the host organism. It is
understood that allogeneic cells may be used in this regard, as well as autologous cells for
cell-mediated gene therapy or somatic cell therapy. |
[0055] As used herein, "connective tissue cell line" includes a plurality of connective
tissue cells originating from a common parent cell.
[0056] As used herein, “decrease” of cells refers to a lessening of a population of cells
compared with the amount that would normally be found at the site. This may mean a
percentage reduction of a population of cells, such as at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, or 90% compared with the normal cell population at the locus, or may mean :
damage or depletion of the cells at the locus.
[0057] As used herein, “helper cells” refer to those cells that are mixed with cells that are
transfected or transduced with a gene of interest. The helper cells themselves are not

transfected or transduced with the gene of inferest. In particular, the cells transfected or



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100511 As used herein, the term
"patient” includes nmenbers of the animal kingdom including b&$Septembieri2fd
to human beings. [0052] As used herein, the term "nmanmalian host" includes
menbers of the animal kingdomincluding but not limted to human bei ngs.

[ 00531 As (Y6@0p/088088i n, the term "connective tissue" is arBCTWUSHY02¢ hat
connects and supports other tissues & organs, and includes but is not
limted to a |iganment, a cartilage, a tendon, a bone, and a synovium of a
mammal i an host. 100541 As used herein, the terns "connective tissue cell”
and "cell of a connective tissue" include cells that are found in the
connective tissye, such as fibroblasts, cartilage cells (chondrocytes), and

bone cel |'s. (BAwEH Ml Lheogte oRfy intesst 2HIFFA PISET dhad activares b dglper cells.

extracel | ul a'AdHEi)Jtﬂaﬁen SSth¥RliktudSo b dfie @ﬁhdeﬁst(\aﬁtdomgmg&)cem@k SRBhbususcl e
cells. Preferably, the connective tissue cells are br obl ast s, cartllage

cells, and b8REs cbé‘F dich) gre \fpqreasqdeat, the, G| o AdMipiation, fesuiish (Pedfvanizgcpusly be

practiced MA%Haﬁva&mﬁdcgﬂkﬂﬂﬁﬁyﬂﬁmﬁﬂﬂﬂﬂﬂ£kye tissue cells, as well as cells
of a single is also re ni z that t he tissue cel may. be
pretreated w‘iﬁﬁﬁ c hEANE §1POR ﬁ‘g%er BHIST HaY B9 feagagehyed t'sﬁq'?jcélistlfaﬁ%/fect‘%m into
the joint spae@ass@udedakith Regdhel dnbodingt @ FhemtRX PE @BS trhiter@faerOfthi NEGF Gst

wi thin the host organism Preferably, the connective tissue cell does not
cause a negafyPEamibig et aaigHe af e SurthiiedrRer eqllsimdy dncfude amoORNESHERESEM 1t i s

under st ood t bak. @énk:@gﬁmﬁkls&ceﬂehr{eﬁotrfﬁysf@ﬁ:dllﬁ&ﬁhsthﬂ:e&l mtsaga@aﬁdadmgs mieibkr as
aut ol ogous cells for cell-nediated g&ne t her apy somatic cel | therapy.

(00551 As us&4thhEprsfoming gepia taptor B sypecanly. Ebli’al“"iulahéhes‘? 5if gt tensedisdal ity of

connective bi §&l@uc@Mi MY iggiieNakd Mgsel deNiThd LATIBNHANETH the Rbkilagd QRES1 As
used herein, "de reﬁse" of _cells reLers to a | essening of a popul ati on of
cells conpaF@Hc the elds afhsehiast ¢RSroNERGY'E normal |y be found at the site.

This may meamoasn pPeAs astt dgRin( adu@domgn.bﬂfty’a)fraoambmdlqad dciptel hdst refdic b as at

| east 10% a} OW OW(TSOW 0% h700 QW or 90% mpar e wi.th.t

normal cel | P6B4 %PﬁS L S BPC%QV gﬁ%ﬂaﬁﬁhég Wmﬂ’ﬂW@P?Bh of t he
cells at thekaﬂuSmmhﬁﬁﬁﬂﬂmASmuﬂ@dmeDQHMmuzhdhp&hmﬂﬁlmsdmmeﬁﬁiﬁimwBMOse

cells that are X at.are ran ted or ed with a
gene of intePes %uﬁ re‘@?’ ce']“?n Fs %Q”Elée']sgl ho‘iCh % lr—]%‘{\l g't'gld W
t ransduced mﬁﬂﬁm&ﬁewgdﬁe\0®eDRK@h33DH In particular, the cells transfected

or 28 Sept enJﬂ)POEt)[ZOO/Qs ué{a@ hgl%{n(,)%gﬁr% g%zlgléjspe%érg 907319 connective tissue covering the
joint surface. By way of example only, hyaline cartilage includes, but is not limited to,
articular cartilage, costal cartilage, and nose cartilage.
[0061} In particular, hyaline cartilage is known to be self-renewing, responds to
alterations, and provides stable movement with less friction. Hyaline cartilage found even
within the same joint or among joints varies in thickness, cell density, matrix composition
and mechanical properties, yet retains the same general structure and function. Some of the
functions of hyaline cartilage include surprising stiffness to compression, resilience, and
exceptional ability to distribute weight loads, ability to minimize peak stress on subchondral
bone, and great durability.
[0062] Grossly and histologically, hyaline cartilage appears as a slick, firm surface that
resists deformation. The extracellular matrix of the cartilage comprises chondrocytes, but
lacks blood vessels, lymphatic vessels or nerves. An elaborate, highly ordered structure that
maintains interaction between chondrocytes and the matrix serves to maintain the structure
and function of the hyaline cartilage, while maintaining a low level of metabolic activity.

The reference O’Driscoll, J. Bone Joint Surg., 80A: 1795-1812, 1998 describes the structuré
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hel per cells. Admnistration of this mxture to a site of i €@ Peptemiigr 2006

t he hel per cells are endogenously made, but which are decreased at the tine
of adm nistration, results in advantageously effective somatic gene therapy
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serves to maintain the structure and functjon of the hyaline cartilage,

whi l e mai nt aitli tﬁgsfanqneﬁ,\grp\étg dactos £ spreffamdy-iTapisatly gmptnvlo of cells that have not been

transfected or transduced with a gene encoding a member of the transforming growth factor
superfamily to cells that have been transfected or transduced with a TGF superfamily gene
may be in the range of about 3-20 to 1. The range may include about 3-10 to 1. In particular,
the range may be about 10 to 1 in terms of the number of cells. However, it is understood that
the ratio of these cells should not be necessarily fixed to any particular range so long as the
combination of these cells is effective to produce hyaline cartilage in partially and fully
defected joints.

[0066] As used herein, “pharmaceutically acceptable carrier” refers to any carrier that is
known in the art to promote the efficiency of transport of the composition of the invention
and prolong the effectiveness of the composition.

[0067] As used herein, “somatic cell” or “celi” in general refers to the cell of the body
other than egg or sperm.

[0068] As used herein, “stored” cells refer to a composition of mixed celis that have been
either stored individually or together before they are administered to the joint space: The cells

may be stored in a refrigeration unit. Alternatively, the cells may be frozen at about -70° to



The reference O Driscoll, J. Bone Joint Surg., 80A: 1795-1812 998
describes the structure 2& September 2006 WO 03/ 083080 PCTI U%%%iﬂ@'?‘?ﬁrﬂ%
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Typically, the ratio of | s that have not been transfected or transduced
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[ nhpartl al | Y(l&?fin[fdthbh )procdsg'ése&mgl emaryaﬁls d}gdﬁ@d}ﬁ@i& Ashdisefly hﬁﬂldﬂbﬂ Miillerian ’

parmaceutlca accepta e carril.er ers to an carrirer that 1s nown
inthe art td& B&*ﬁ*ﬁﬁ?@ e (MIP) .W&?Cédwq‘afeﬁ f?famga%ir"eal%?ex?ﬁ@‘%@ﬁﬁé@f‘ﬁ“% of the
i nvention awedalpNahpe) 345:067, aD9BLCDINGNES SedaperitdptegOMPOP génke @ioduct, which is

required for dorsal-ventral axis formation and morphogenesis of the imaginal disks (Padgett,
et al.,, Nature, 325:81-84, 1987), the Xenopus Vg-1 gene product, which localizes to the
vegetal pole of eggs (Weeks, et al., Cell, 51:861-867, 1987), the activins (Mason et al,
Biochem, Biophys. Res. Commun., 135:957-964, 1986), which can induce the formatlon of
mesoderm and anterior structures in Xenopus embryos (Thomsen, et al., Cell, 63:485, 1990),
and the bone morphogenetic proteins (BMP’s, such as BMP-2, 3, 4, 5, 6 and 7, osteogenin,
OP-1) which can induce de novo cartilage and bone formation (Sampath, et al., J. Biol.
Chem., 265:13198, 1990). The TGF-P gene products can influence a variety of differentiation
processes, including adipogenesis, myogenesis, chondrogenesis, hematopoiesis, and epithelial
cell differentiation. For a review, see Massague, Cell 49:437, 1987, which is incorporated
herein by reference in its entirety.

[0071) The proteins of the TGF-B family are initially synthesized as a large precursor
protein, which subsequently undergoes proteolytic cleavage at a cluster of basic residues
approximately 110-140 amino acids from the C-terminus. The C-terminal regions of the
proteins are all structurally related and the different family members can be classified into

distinct subgroups based on the extent of their homology. Although the homologies within
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i ndividually or together before they are adm nistered to the joint space.
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may be frozen at about -70 to 28 Sept #nber 2006 WD 031083080 PCTI US03/ 09720
13 about -196Cin a liquid nitrogen tank or in an equival ent storage unit
so that the cells are preserved for later admnistration into the joint
space. The cells may be thawed usi ng known protocols. The duration of
freezing and thaw ng may be carried O%‘é%f a%idnunber of ways, so long as
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viral nedi at heflodiéls.so on. [ 00701 As used herein, the "transform ng growth
factor-fJ (TGF 0) superfa ncorrpasseqsga group of structurally related
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Bi ophys. Resiloog!ﬁ BQZES %%53%?7&§g4&qfié9§§g§}§d%2ﬁ@ga[ﬁéﬁ %Iduch t Se}ﬁpg\?} mat i on of

mesoder m andl\@mrecfpl@blysm wenberas TGP KEKTPREs TERPSy BRIP(ZT Bdifse BMRed, BMP-,  Cel |,
53: 495, 1950k puyPRc Khfy PO NN bR AL ST oL BT FEPS, BUP-2,
bone formati M974ISanpatsed hatindielgctable nBirlek”. includes a gene product that is expressed by a
cell that stably maintains the introduced DNA, and causes the cell to express an altered
phenotype such as morphological transformation, or an enzymatic activity. Isolation of cells
that express a transfected or transduced gene is achieved by optional introduction into the
same cells a second gene that encodes a selectable marker, such as one having an enzymatic
activity that confers resistance to an antibiotic or other drug. Examples of selectable markers
include, but are not Limited to, thymidine kinase, dihydrofolate reductase, aminoglycoside
phosphotransferase, which confers resistance to aminoglycoside antibiotics such as
kanamycin, neomycin and geneticin, hygromycin B phosphotransferasc, xanthine-guanine
phosphoribosyl transferase, CAD (a singleA protein that possesses the first three enzymatic
activities of de novo uridine biosynthesis - carbamyl phosphate synthetase, aspartate
transcarbamylase and dihydroorotase), adenosine deaminase, and asparagine synthetase
(Sambrook et al. Molecular Cloning, Chapter 16. 1989), incorporated herein by reference in
its entirety. It is understood that using a selectable marker is not a requirement to practice the
claimed invention. In fact, in one embodiment, a selectable marker is not incorporated into

the genetic construct of the claimed invention.
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undergoes proteolytic cleavage at a cluster of basic residues approxinmately
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detected, and these appear to have erent bl ol ogi cal properti’es an the
respective hlisprouitrabiranscrip(@ry oan hyendsdeds ingsf the RRIAsYgpler ¢anptinicl apd uspdmith3hegenes

i ncl ude TG-- (:(?ig'bmc?g: J‘ffgsent-{génti]o‘?’xz}o er(hgnlxye Qll%ee%ress;gﬁ;gf tilxéé’%ene I%t’eljcgﬁ (Xenopus),
BWP- 2, BMP- 4, Drosop MP-7, Drosophila

60A, GDF-1, J9R@IpusAsprd hamim.tis terva-?Cblel" Bsqnswh?rm hposqmgonqawmgtspwnee and

MS. These genfigted Gerflafied SBRIDAHYRSRAGYR inchiEs a BRYry BlLREHEIP, a n@ZmXﬁ?’ 791,
1998, which is |ncorporated herein by reference in its entirety. 100731

Preferably, {eReh easeiam pvoraiuns arst sashAmoy! ipkerreond {Gaogt AloBipchemcdiionlysand BIVP.
Mor e preferahlgyc(,,;,mennp;@hgaj_zgsslg'ﬁ(ﬁf 131 TG-- 132, TGF- 133, BMP-2, BMP- 3,
BWP- 4, BMP- %referabl . the menber is human or
por ci ne TGF- ?‘@V”or We‘ﬁhere"ioﬁﬁﬂlf Aéd Wedias Ay RS of catoRiG IRSPRG| & nar ker

i ncl udes a g@AeEs|pPr oAldIGbedt vaxdin, i the @RI 'BSB@Gkcally adtiveC@bdd inh@fatiGt abliyostésnt ai ns
t he introduced ess.an, a tere phenot ype

such as nor pﬁ%\oggﬁigﬁﬁﬂgrt%ﬁg?s@% é"??tl‘)’ﬁﬁ d&l W?O)éﬁ?fﬂﬁt"}l%thﬁéaﬁ . Isolation of
cells that ¢@op?jessAa uteddreinegciccdmar bi)rogmslmjmde"gmneferesceamha euddc hyid,opt i onal
I ntroduction pli'o%n? p;[obe(lan fragment or derivative thereof is defined as an ability of the nucleic acid or
amino acid sequence to mimic a known biological function elicited by the wild type form of
the nucleic acid or protein.

[0080] As used herein, the term "maintenance”, when used in the context of liposome
delivery, denotes the ability of the introduced DNA to remain present in the cell. When used
in other contexts, it means the ability of targeted DNA to remain present in the targeted cell
or tissue so as to impart a therapeutic effect.

[0081] The present invention encompasses administering a mixture of cells to a site in
need thereof in a mammal, wherein the first population of cells is transfected or transduced
with a gene of interest to be expressed at the site of intererest in a mammal. As somatic gene
therapy is attempted, the present invention provides for including a second population of cells
that are not transfected or transduced with the gene of interest, and which cells are
endogenously decreased at the wounded or diseased or otherwise debilitated site of interest,
thus requiring activation by expression of the gene of interest at the site of interest together

with the second population of cells to thus activate and grow the cells of the second

population type that are either endogenously made or exogenously administered.
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cells. Pref erlgggugt,ofFlpeq:espronot er is active in mammualian cells. The pronoter
may be constitutively expressed or inducible. Preferably, the pronoter is
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used with the construct of thé present invention to enhance the expression
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cationic |i pogjediig & poufditith S¥drabAEct@ Gans@RAl @HHRI tisHRIckNAD 1H¢§Sint spdee so
"DC-chol ™ nol ecul e i ncludes a tersl ary am no group, a nedium |ength spacer
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used herein, tcr(])renbltngxqtm'e;tgll' 1osI t?lg] %saf':ldltx n egtlo\{etransln ctl raeI)oepEJE ug:neo in vztro quturecF acid,
connective tissue cells, resulting in a population of connective cells containing the vector.
These connective tissue cells are then transplanted to a target joint space of a mammalian
host either as a mixture or separately into the joint space so as to cause a mixture inside the
joint, thus effecting subsequent expression of the protein or protein fragment within the joint
space. Expression of this DNA sequence of interest is useful in substantially reducing at least
one deleterious joint pathology associated with a connective tissue disorder.
[0085] It will be understood by the artisan of ordinary skill that the source of cells for
treating a human patient may be the patient’s own connective tissue cells, such as autologous
fibroblast or chondrocyte cells, but that allogeneic cells as well as xenogeneic cells may also
be used without regard to the histocompatibility of the cells. Alternatively, in one
embodiment of the invention, -allogeneic cells may be used having matching
histocompatibility to the mammalian host. To describe in further detail, the histocompatibility
of the donor and the patient are determined so that histocompatible cells are administered to
the mammalian host.

[0086] More specifically, this method includes employing as the gene a gene capable of

encoding a member of the transforming growth factor B superfamily, or a biologically active



protein; protein fragnment or derivative thereof is defined as g abi | i ¥(?J
the nucleic acid or amno acid sequence to mmc a known bi of gF ber 0
function elicited by the wild type formof the nucleic acid or protel n.
100801 As used herein, the term "maintenance", when used in the context of
| i posone P P3/e8p4B0 denotes the ability of the introduced®CHUSIBEIRemai n
present in the cell. Wen used in other contexts, it means the ability of
targeted DNA to rermain present in the targeted cell or tissue so as to
inpart a therapeutic effect. [00811 The present invention enconpasses

adm nistering a m xture of ceIIs to a site in need thereof in a mammal,

e | e ordeifiD SPHeRh UerBf 4 LfeclaBle ARRLP § nefbull SADPAYSET 01 11 0

gene of i nt erést e “express e Of As
somati ¢ gene fraghmentapyeof.s attenpted, the present |nvent| on prow des f or

't[‘g'ngghgg dawﬁﬁl@‘?[‘d %Odgnﬁfée?g de.{‘%im% {h? pres dl?%elﬁ.ﬁﬁ mcf,}Jesteﬁna osyfingcé % egeu 3y
decreased at gele cmblladﬂdemdsdmy semadonar mechlmrcwl the tdxehbdrmm,at,wﬂsmtc&roﬁ

interest, thus uiri actjvatio SSI on, of e .of t er est
it the site gtoermpdy obp MuGERL P SRR S EREIE hsen A S Pl o

t hus acti vat GDM(]blaghidWebthEalquNA ;ﬂsiszmdwemdmndn tchLFHJd)fairﬂlDﬂytsylﬂenttli’Eaﬁrt are
ei t her endogeno or__exo adm nj stered. 2 r 06 WO
031 083080 POTPIT &S HBY Sy P SRRSHR TR &l R pp el SRR 30T on
di scl oses ex tha mahogrod délivery iutilizet.ec hni ques for delivery of a DNA sequence of
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t echni que i nJoldks curtura connective tissue ce
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transpl antation o connectl | Ssue ce get J oi nt
of the manmalcpding fothe prodest o thecanhgetivg tissye ogll VMOWB‘?CJSPSH)OWWCWWGHWE

product of i ptgfeshe edddR8Reon Calbfimt &o%aﬁ%ﬁfe@ﬁ;ﬁf?Gntaéﬁmm%l oﬁ bt pEAEPOSSi bl e
t hat substances such as a scaffol di or a franework as well as various

ext raneous t |d§’§{i‘é§‘eﬁ*ﬁ\y°rb§‘dl‘Pﬁd)‘}dﬁh‘t@do)t"éfgaétﬂﬁeﬂcn? heenp eapginel eneqfieagyeent ocol

of the presenrf uaif&HidgOftowiht faktSr flpeAarPiBS st BloRglchBl atVE Redaald B dhdigenpr
tissue not be included in the injection systemof the invention. In a

preferred ent¥Hiomand 2 seegtable marker °ht§%lP&%*’é‘d a@}é’ﬁéertvﬁ%‘fed’ﬁﬁa%‘r‘ené@ﬁ‘ﬁ?ﬁ c cell
t herapy, the jegsyent iAAGhdrS erfhodBShE Gf L i AinSériDh SrévededOsh @dditidndl @fethbd dfor

oDl At o o L Lk LAY OIS S ol 2P SShLE Gl 101 7

space so
for use in treating the mammalian host. This additional method includes employing the
biologic means of utilizing a virus to deliver the DNA vector molecule to the target cell or
tissue. Preferably, the virus is a pseudo-virus, the genome having been altered such that the
pseudovirus is capable only of delivery and stable maintenance within the target cell, but not
retaining an ability to replicate within the target cell or tissue. The altered viral genome is
further manipulated by recombinant DNA techniques such that the viral genome acts as a
DNA vector molecule which contains the heterologous gene of interest to be expressed
within the target cell or tissue.
{0090} A preferred embodiment of the invention is a method of delivering TGF-f or
BMP to a target joint space by delivering the TGF-f or BMP gene to the connective tissue of
a mammalian host through use of a retroviral vector with the ex vivo technique disclosed
within this specification. In other words, a DNA sequence of interest encoding a functional
TGF-B or BMP protein or protein fragment is subcloned into a retroviral transfer vector of

choice. The recombinant retroviruses are produced in packaging cells and then grown to

adequate titer and used lo infect in vitro cultured connective tissue cells. The transduced



t hat the exogenous TGF superfam | rotein is expressed in th oint ' s
[ 0084] One eg Vi vo nethodpof trea?igg a connectiee tissue disg§gﬁPmBﬂ§EE§@%d
t hroughout this specification conprises initially generating a reconbi nant
viral or plasm d vector which contains a DNA sequence encoding a protein or
bi ol ogi cal WO BB30F fragment thereof. This recombi nant \REATUSP3/R9320t hen used
to infect or transfect a popul ation o¥ invitro cultured connective tissue
cells, resulting in a population of connective cells containing the vector.
These connective tissue cells are then transplanted to a target joint space
of a mammalian host either as a m xture or separately into the j oi nt space
so as to cause

us & fecti ng s
oxpr 655t on of VRENS GUE T Y Rnert R et SRR ST b e R SF L
Expr essi on ofcoﬂnhmed DA a seatredsteeted for i- tmnsmzeezi santplelsfododhective sasimsteﬂalrﬂublabé y
reduci ng at E St one. e{gleger ko_uii xiflpi'ﬁ“e {())at hol ogy associated with a
connective tiS¥GEYFLBYHarY BT W' " be understood by the artisan of
ordi nary ski l[¢69that AnbtBerpeikned mothod ef thsptfmnt 1nlvméatihv19veadh@mwixpaibiiem may be
t he patient’ connecti.ve tissue cel suc as auto fibroplast or
chonbrocyte SLRICTIDAPeTRY st Bbineshieatts (SUCE (Rrimaln 1ol JGarebig® b1 1 may
al so be usedxtmhhatmtnnnergnao"rpbdb@vtrhsevebuoshMGmhmbd VirdsYAAN) véveor @Lhdrses-
Alternatively, in ane gg? nltn F thedl nv E]tlon allg eneic cells may be
used having NP RS dﬁcé‘f‘rpa e YY9b ¢ PRE FRAMGPET CLAMHEE roorBE descri be
in further ddimtidnal Tﬂaﬁmm;ﬁérpmtorbtoltdut ﬁragnmhttshﬂ:cdﬂémrntcﬁmdrdsﬂsbemmaﬁment are
determ ned so that atible cells are adm nistered to he mammal i an

host. 100861 YfHi¥e éﬁ@‘gf °6§pﬁpf°“?'ﬂin§ ’??B‘PH'B‘H“V'r'i‘bsl'%@@égfe?wao%?‘F%’@‘eé?'f‘We gene a
gene capabl edﬁéctedemsmUagspacé@PdmblptBy mea&wlﬁmﬁjwm ng growh factor O

superfamly, or a bj i cal I activ e 006 WD 03/ 083080

PCTI US03/ 00738917 kfé S psenge f‘}ea@ﬁéﬁ?"?"tcﬁ@r‘gq?e gl SonuesveHsg & Brar ker

or a bi ol ogi ¢ahtl wcladds] me idebi Waledy &, thapimangﬁmﬁtthd barse afolecdl® GRS keavoniour t her
enbodi nent of. t he nyention |nc udes ene gene
capabl e of eﬁfg%sai“ﬁ s‘gi;%f"gég‘?\bg\ﬁrf\eseﬁ’é%‘é? Btf:refth%atretr ¥'§‘?§r ﬁ]isﬂ’ﬂgg?c ‘ﬁ Cctor J3
superfam |y ﬂrre@ainbhcdém(githna[bmy @iy @rsaisiniowiat joine The ﬁmmgmuletnb@rmi of and

enpl oyi ng as 11 q\le‘esaxt%lomoqhe Ct ?oru%t is ¥regl%lyﬁpéesemecpas aeISTtJR Vchor m(%l 10 one of

ordi nary ski N e ar capa tenance Wi €1 ar get ed
cell or ti sswheup@mcdrebmmqul Dl*é'gazpdbremsle@ﬂe ot ineccombihant LA dlbbmiv evestor
utilized, molecule. Expression of the heterologous gene of interest is ensured by inserting a promoter
fragment active in eukaryotic cells directly upstream of the coding region of the heterologous
gene. One of ordinary skill in the art may utilize known strategies and techniques of vector
consiruction to ensure appropriate levels of expression subsequent to entry of the DNA
molecule into the connective tissue.

[0093] In a preferred embodiment, fibroblasts and chondrocytes are cultured in vitro for
subsequent utilization as a delivery system for gene therapy. It will be apparent that
Applicants are not limited to the use of the specific connective tissue disclosed. Tt would be
possible to utilize other tissue sources for in vitro culture techniques. The method of using
the gene of this invention may be employed both prophylactically and in the therapeutic
treatment of osteoarthritis and wound healing. It will also be apparent that the invention is
not limited to prophylactic or therapeutic applications for treating only the knee joint. It
would be possible to utilize the present invention either prophylactically or therapeutically to

treat osteoarthritis in any susceptible joint or any damage resulting from an injury caused by a

tear or degradation of the cartilage.



[ 0088) Anot her enbodi nent of this invention provides a nethod for '
introducing at |east one gene encoding a product into at |eaZ SsRterahar 2096
a connective tissue for use in treating the nmanmalian host. This nethod

i ncl udes enpl oyi ng non-viral neans for introducing the gene coding for the
product i nt 09%@3@8nnecti ve tissue cell. Mre specifical IRCT/¥H3/97et hod
includes a liposone encapsul ati on, cdl cium phosphat e coprecipitation,

el ectroporation, or DEAE- dextran nediation, and includes enploying as the
gene a gene capable of encoding a nenber of transform ng growmh factor
superfam |y or biologically active derivative or fragnment thereof; and a
sel ectabl e , L@l ogi : acki pvative a eof .
100891 Anot Hgé(bg{rbog{ n@h"‘tﬂkro% Hr{%ﬁ{hls']x?tn\(éléntt\ﬁ?oﬁ%#%\?’i escoalqo‘%@dig({?%rg#grgr{ﬂ hod
for i ntroduefimipistitionde gtpatime ingetherapaytiesdly sHectivpproolut is riromidsd shat caadts one cel |
of a connecti, X D e ' ] .an_host. This

addi tional mét 5&1&"?’?%’%?’%%2’5 &\ g’?“é"‘;}‘?rﬁ’é&%ﬁ%ﬁrj"%’%‘%{ﬂ%d’:ﬁg"m“ﬁ%‘!é'%%' 8‘?'%3'ti lizing a
virus to del ilo096] t han®dhek endodiowenina]tiss urivention prdnades dorgretongmhuibd for padentesle.
Preferably, VI I S eudo- vi ke ne ing . n altered such
that the pstgg'ﬁgl{?lh?tt@ ﬂlosa @gggtbpjeg)@mpi}ﬂ g‘ftm%lgl f%gr?‘% an %}s/tﬂg'?l I"%Eﬁ%si %tggﬁeance

wi thin the tangdinge&GIF;f dopdrfamily protedt anid aismgblapharnadentionl daoier.epl i cate wit hin

the target ce r fissue. The.al d.viral .genpnme is ..further . mani pul ated
by r econbi nanf B PRt el SRSt o SRR oot i B

vect or nol ectd ehenfriie hspeantThe nsansfbaedh et eruddogd usilgahee ohayi bd eloed; ot dhebe
expressed w thin t cell or . .tissue. 100901 A preferred e di ment
of the i nventubggaﬁ]s%é&ghdné{r%ggs (25‘;?)Led'ellla \?Egrs?oﬁ%h?fét}e\]%'%urre "%&/Pget %&ggtbél?g‘gtt j oi nt
space by del ingagssanly sinhdtaneGisly] B giditiBi/Fheyhmasion of tdvegeqesimet bd fpethe sastneof  a
mammal i an host, . th : Ik c M e A echni que
di scl osed w? %rﬁoltdh}f@ﬁ%ge }sﬁggg@{l}ygsé{rﬁcﬁﬁ%:n nﬂ())et lﬁlgr_& %rr !psﬁ]ﬁ ggomﬁ%ég\é&ééﬁé% of

i nt er est encaeelismepy &e ftared padonigsted SERTat¢ly taofornBp/Mmixtyre pldchs withiphejaait apake- dgnent i s

subcl oned i ntygy Be LigrEcANdd Y thbicARFlef in URCHrOMhatCthese COR M8y bel Bbred o0ABH NANT
retroviruses are produced’in packaging cells and then grown to adequate

titer and us&@OPESEMARECcIuch As Pyttnop ligiled (fr & dorerosee of 9Rout 1 G setieeng BMSO, inThe
transduced 2836 RGeSk iR aleMRP3L BRAAA0 PCTI USO3/ 09720 18 connective
tissue cells, preferably autqografted cells, are transgl anted into the joint

of interest @fbi nlePtWr CROEH. of fniayBlph Holes- 4 Pehlrl cuE ettt deat
connective t bfSgae 6RbAinSaIFOARSintoCH) RAA AL OS5 a PirdédtiveiNsye dTY maftifallarftiokd cul ar
i N Jecti on. [ 0%1 'n{At\not het[)e Bgrgrfnael[;at;l 1gstrzrx.§¥lehr8gbe?gre Elpsgri e5 ?nscﬁjg'l[n ie gc%plt iinovrx]voi nvol ves
direct in vi i tratng & J
the infection of the cell by introducing the viral vector containing the gene encoding for the
product directly into the mammalian host. Preferably, this method includes effecting the
direct introduction into the mammalian host by intra-ariicular injection. This method
includes employing the method to substantially prevent a development of arthritis in a
mammalian host having a high susceptibility of developing arthritis. This method also
includes employing the method on an arthritic mammalian host for therapeutic use. Further,
this method also includes employing the method to repair and regenerate the connective
tissue as hereinbefore defined.
[0098] It will be appreciated by those skilled in the art, that the viral vectors employing a
liposome are not limited by cell division as is required for the retroviruses to effect infection
and integration of connective lissue cells. This method employing non-viral means as
heréinbefore described includes employing as the gene a gene capable of encoding a member
belonging to the TGF-B superfamily and optionally with a selectable marker gene, such as an

antibiotic resistance gene. And it is also understood that a selectable marker gene is not a

requirement to practicing the claimed invention.



of a TG0 superfam |y gene to the connective tissue of a nma n host
through use of either a retroviral vector, adenovirus vectom}% §e femiSes 2006
adeno- associ ated virus (AAV) vector or herpes- sinplex virus (HSV) vector.
In other words, a DNA sequence of interest encoding a functional TG--p or
BMP pr ot ei ﬁV@ﬂi‘/ﬁﬂé*QﬁOel n fragment is subcloned into the resfEE¥s0RI7N I al
vector. The TGF-(3 or BMP containing P&conbinant virus is then grown to
adequate titer and directed into the joint space, preferably by
infra-articular injection. [0092) Methods of presenting the DNA nolecule to
the target connective tissue of the joint includes, but is not limted to,
encapsul at i ong t he, DA allin i DR ni.ng the
DNA sequence o?g |]nt e'AFlest gﬁ&ogﬁ%gf?{)v%%aig l Plgosnm(fg isﬂ or '?‘lhqe Qi r ect
i njection of ¢noediighimembeeolithe TOFPesbiperfamilp tot tﬂleccyxmemve tniheoltal\malmodtlfanmbe
L?gg‘reg![ 2zsagftg T}t Khjegf Ihg rghgcis slc%§e% lf}ﬁn tgls sé}eglﬁcgl%nlgg gs tﬁ%l?flccl i Vi e‘(gresesf & ?‘ele%:/t or
nol ecul e or acoﬂlmomlegmnmemdhequlvasmmlswbes@rtllagtml ecul e. ExpreSS| on of the
het er ol ogous of . i nt IS ur.ed nser meter fragment
active in euk@?&gll ccocr:"éc vetdsures ?:rte %Qﬁw“ 32%/1}% ta?gett hem odi aHﬁ reg‘l'egcr)lus gt he

het er ol ogous orgemees dﬂdelgcdéhvmydh'maneymm inlthe axt prinedegpoor aagss it thése zennkdtiven
strategies a WORS hate
evel o of o el AaTtbRE ookt e RRr e Wil fosCBRYFHARRNTR b
connecti ve tithgamutiq wgelMlow eqiicellsrimedn enbodioran injectiph pb blotegis do aeiaks
chondrocyt es easﬁdegtuutewa%gesg By ik HB%eves qp@?gﬁ%t mjél':tk+ 'dzug; 10 he et oqle' lvery
system for ne thera P apparent t nts are not

limted to tr@cm@atcﬁ prtﬂhles wgeﬁhonent@drm@@r hajglife; §§mesantsweat§@dolvwhmul d be
possible to %bdlé:ﬁﬁbﬁ&h&fuuhg 3R fhe IOMERS thQe dfR I?Hn‘irﬁé?mﬂlbstt Eﬂ%s E&Eltg‘foﬂues

The net hod of usi nﬂﬁ gene of this invention may be enp

prophyl act i catptgingHygt mpy P‘hésetlH‘éff%é‘lﬁlin@ﬂm%‘%aéé’f’?feH‘t’l(’féfsp‘t‘igtcé‘b’arﬂtlhmvﬂt@ﬂ and
wound heal i NGyodidiesW thbthcd f%p.,med@p,@aﬁ@nﬁe Edatetitd Bssud ¥ E B lobMinalign hé¥Pedel M ted
to prophylactic or therapeutic applications for treating only the knee

joint. It wdrefige fa piGésivih ant-thiic PlopatiesShe present i nvention either

prophyl acti cgobso1pr 14 er %ﬁulﬂkk %Eﬂv]d}éd th@remt maimﬁct;mparatm INTH3 - mmn&eus
susceptible joint or any resulting froman I n{i@y caused by a tear

or degr adat i JRA*®} W’t“h\é‘“@a%“t"ief‘a Birosge et Eetlistmyliss colinespanbg B e Joint.

PCTI US03/ 09724 tﬂegExaﬁ@Q94ﬂe met anohfReed eRodi MERENsERI dohdetrdtiol 0N4 inliure Af
conmpound for parent nistration to a patient in a therapeutically

effective andiiBT3-d" Gﬁrﬂd\ﬁr%H3T%5MP(?O?ﬂ“§PH§UT&mnSdUCCd chondrocyte helper cells at a

1:10 ratio of transfected cells to helper cells. The specimens were harvested from 6 weeks to
12 weeks after injection. The cells move freely within the joint, and move to the area with
specific affinity for these cells. The synovium, meniscus and cartilage defect areas may be
possible sites for cellular adhesion. At six and twelve weeks after injection, the regenerated
tissues were observed in both the partially and completely damaged cartilage defect areas.
This specific affinity for the damaged area is another advantage of using mixed cells for
clinical application. [f degenerative arthritis can be cured with just injection of cells into the
joint without including various physical apparatuses such as scaffolding or any other three-
dimensional structure, the patients can be treated conveniently without major surgery.

[00102] Whatever the mechanism of action is, and without being bound to any particular
theory regarding the mechantisin of action, the finding of hyaline cartilage synthesis by using
the mixed cell composition of the invention indicates that a long duration of high TGF-§ or
BMP concentration can stimulate hyaline cartilage regeneration. The properties of newly

formed tissue were determined by histological methods. Thfough Mason’s trichrome staining



gene encoding a TG0 superfam |y protein and a suitable phar n?ceuti cal
carrier. 100951 Anot her enbodi nent of this invention provi des? §F&teem%39%
for parenteral administration to a patient in a prophylactically effective
anount that includes a gene encoding a TG~ 13 superfamly protein and a

sui t abl e pe® p#8880i cal carrier. 100961 In a further enbodiTesed/ossto t his
invention the cells are stored before2adninistration to the joint space.
The transfected or transduced cells alone may be stored, or the
untransfected hel per cells alone may be stored, or the mxture may be
stored, but not necessarily simultaneously. In addition, the duration of
storage need n e . for. the sa tinme eriod, Thus, the jndividually stored
cells may he Wﬁ%@fg’“ﬁfq?&w?sd“q“iﬁrggé'{af GRne oné’PﬁéTSFVFeW%?,“I“P'I‘Fél t°§@ls1"§°“ﬁﬂ93 be
stored and i njygakegtibep@igtsbBynrbzhf7prm a mixture of cells within the joint
space. It w/l e reciated by those skilled in the art that these cells
may be stored0+w%zeﬁB€£§°W‘% §615‘¥Pée§e?r€}a‘{f§’ d éé’hé‘ﬁ‘ya%f ﬂlﬂf”aﬂﬁ"[ OPiﬂﬁﬁ PEFto a
conposi ti on dhveatsaind¥dt pevsitimoe in 1iquid nitrogen or an equival ent
storage nedium [0097] Another enbodi nent of this invention includes a

met hod of introducing at |east one gene encoding a product into at |east
one cell of eEXAMPLESve tissue of a manmmalian host for use in treating.the
manmal i an host as herei nbefore described including effecting in vivo the

i nfection of [PHE4ce EXAWPLE-NATIRIALS A MELHPDPect or cont ai ni ng the gene

encodi ng for bies) PrREMEtcHLFLREA Y 1 nto the mammalian host. Preferably, this
nmet hod i ncl ucjes effecting the direct introduction into the manmal i an host

by intra-artiléUP8r iThe plespid AMTIH; 1 rveas igersratqdry) sybrdeningpl-5b Bgl i fraemast hod t o
substanti al | £ v, ¢ htHoSnd N havi n
oRfifE tmye RyFIGVSlaR giaﬂ%n O {rAn'bofindnd ity ATREHRKE $1Lnfd 374 g

a high suscepti / arthritis. This nmethod also 1ncludes
enpl oyi ng t hehaRanhdisiteef pMTMILVh Fhe plasmirbiBBYIBA whossnerfited bit subqlenat i Tkluse.

Further, thigg M9 Gaghef c'%,mhmg% i) Qé’ciir{bkgseﬁ&‘ﬁcc”ﬁohlﬂg sk NePRkifes 3R

regenerate the connectrve tissué as hereinbefore defined. 10098J It will be
appreci at ed PMIMgEMRYLY egctorivasiienved diom thefetroyieal yectos MEfebyt drlesingediroyi ng a

l'i posone ar e fpindlehMidg@chchs Gt bs Sh¥ by BRk&Snd SqlchGui red for the
retroviruses to effect infection and integration of connective tissue
cells. This rfe1BUd €| @yfiregemioArapidueionmedns TEF-B rmad tBMDf SA gloged ibed

bel ongi ng-t 0 Te P SoRE PR SofRRR, G BN R M e ker
gene, such asNIHBT3-BMIPiY)iand ichondesyted hiben-GEREL). Aftley wene subrgb inubdbecse'ood t hat
?nighffgﬁ?' gé\@é& ;Eﬁgg:s]q\ﬁ%lg;gp%IB%O-éI@Ig,LﬂoE:EvWethIS)OwM 3% GBSk oAl TEd

bovine serum.

[00188] To select the cells with the transduced gene sequence, neomycin (300 ;iyml) was

added into the medium. The cells with TGF-Bl and BMP-2 expression were sometimes

stored in liquid nitrogen and cultured just before the injection.

100109] TGF-B gene transfection was carried out by using the calcium phosphate

coprecipitation method (Fig. 1). About 80% of the surviving colonies expressed the

transgene mRNA. These selected TGF-B1-producing cells were incubated in a zinc sulfate

solution. When the cells were cultured in 100 mM zinc sulfate solution, they produced

mRNA. The TGF-f secretion rate was about 32 ng/ 105 cells/24 hr.

[00110] To test and confirm the production of biologically active BMP2 proteins by

NIH3T3 fibroblast cells infected with retroviral vectors containing BMP2 ¢cDNAs, alkaline

phosphatase (ALP) activity assays were carried out with control NIH3T3-methallothionein

(Fig. 2A) and NIH3T3-BMP2 cells (Fig. 2B). Blue color in Fig. 2B shows expression of

BMP2 protein.



WO 03/ 083080 PCTI US03/ 09720 20 10099) Anot her enbodi nent of E e eng006
invention is delivery of a DNA sequence encoding a menber of “¥R 53
superfam |y to the connective tissue of a mammal i an host by any of the

met hods dlsclosed Wi thin this specification so as to effect in vivo

expr essi on 0P 983 agen to regenerate_connective tissue, EFPOHORY(ti| age.
[ 00100) Connective tissues are diffictit organs to target therapeutically.

I ntravenous and oral routes of drug delivery that are known in the art
provi de poor access to these connective tissues and have the di sadvant age
of exposing the mammalian host body systemically to the therapeutic agent.
More specifiqadthyy KBQWO® INTHE RS @I1§ W6 lg@fvni RERIGH iRA 6QfelRis@e @LIASe fifte] 3 Nt 'S
provides direct,access to a joint. However, nost of the injected drugs in
the form of %*eifcapstieting whs wéﬁéﬁstem%w}@eéJrs%vqcuiwmmméwﬂ gigraeveraight- | fe.

The present 'Cfﬁ“@r@%e@i’ﬁn%s\é%a{e@ G5 theuRik &R A theﬂ&mteﬁuﬁsm HarlsRn8d fnlea
connective tissue of a manmal i an host genes coding f proteins that may be

used to treatd vilepliinarraingubpted, fos 18-73/Boss. SHEEE fpedpin yas qswrased froprethe icelfure

provides a meiBed skPbr iX0pHoQSHEE bIGrdd Yafnel(PBS)GRR RGN ity Rash iR 2EIR. A1 & 379ymal i an
host genes coding for proteins with anti-arthritic properties. 1001011 In

t he Exanpl es f‘ﬁ'f"@\?‘F@éﬁlKé’PélS?ﬂ““?QlW“B'Féde'l*@:eafhlmsﬁhdnwhﬂ&q*@ vegipieed for 20gin ni xed

wi th untransdugeg. @amd&pcvysih@d PG 18IS mlomtﬁkﬁﬁlm?%nh%%sﬁma*fbes' s in
the joint. 1In the Exanples, the joint was injected with 2 x 106 cell s/ n

concent r at i ogaahf culfumyiinseyr and Glfte cufiulel3 M@t F@EF -G kbated fr RFTB 22BN B Hwlak sooand
unt s ansduced GHRAGEORY b & BPRE besochbiohend” AP Bl Qhuoh 3064 SYGH Cc! !
eks

to hel per cel e specl mens were harv ted rom
af ter i nj ect inehthoTAS- M&Ph@pwxélgmpéép‘}ﬁ)w i%\mirdtrlrréllﬂf@mmtnldee(ﬁlémpr@@éﬁt),d t he

area wth WM c@z,@‘ﬁfrdgﬂﬁltf«‘){sth‘ﬂfe oE G 1&&4#3’%78)@61%’@%’}1@%% ni scus and

cartil age de t areas may be possible sites for cellular hesion. At six
and twel ve weeks after injection, the regenerated tissues were observed in

both the par t[étﬁ}ii]y ARAMPRER et ek¥efmeed. CRTHOPAMNYRESGETRr €as.  This
specific afflnlt% or the dammged area is another advant§$? of using m xed
al

cells for IR Yal Regsprrvicoatd Srbbin 4riigdgeretites Peleeirt M Leakind athitpeabbily ed wi t h

just injecti QRigfing2®l Ist ntg\me tdRLed Jf&lﬂ:etanman byt Thexe ngtsrRGeré/ﬁeﬁthQ%d Rhysi cal
apparatuses such as scaffol ding or any other three- dinensional structure,

the pati ent s adidemask if?eelalfw"wﬁw&apsgﬁf'rf&ﬁ parta sutilagtagieict Samyepym. w21

What ever t he 46y biefil-siekéss aerbdt Qinrh & 6mad) d-30ink Bep) whrerhddg ofd thd Mgkl in® cailiye
particul ar Hheo

par 1 cular | LRceny L SR 00, oIl SR el O S LR

invention i nghCHeh)ESr Idatre &f hORGh £HdrIHI0RTGF-P1i @, WENIAIBTIBMP-2 cells were
injected into the rabbit knee joint with the defect. These cells (15-20ul of 2 x 10° cells/ml)
were loaded to the top of the defect and then left in the defect for 15-20 min to allow the cells
to permeate the wound before suturing. In the experiment in which mixtures of hChon and
NIH3T3-BMP-2 cells were injected into rabbits with full-thickness defect, these mixed cell
compositions were injected into the defect 3 weeks after making the defect. The femoral
condyles were harvested at 6 or 12 weeks post injection of the cells and examined.
[00114]  Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes And NIH3T3-
TGF-BI Cells) Injection In Rabbits With A Partial Defect - Either control hChon or a
composition comprising a mixture of hChon and NIH3T3-TGF-f1 cells was injected into the
rabbit knee joint containing a partial cartilage defect (3mm x 5mm, 1-2mm deep) on the
femoral condyle. The mixture of cells (15-20pl of 2 x 108 cells/ml, 10:1 ratio of hChon and
NIH3T3-TGF-f1) was loaded to the top of the defect and then left in the defect for 15-20 min
to allow the cells to permeate the wound before suturing. The specimens were harvested at 6

weeks after injection and observed microscopically. Figures 3A and 3C show pictures of the



BMP concentration can stinulate hyaline cartil age regeneratio
properties of newy fornmed tissue were determ ned by hi stol o%ﬁ §5?qu3% %036
Through Mason's trichronme staining 28 Septenber 2006 WD 03/083080

PCTI US03109720 21 and Safranin-O, it was indicated that the newy forned
tissue was WHEMSI®AI to the surrounding hyaline cartil ageT(USOYWes 3
through 7). 1001031 The foll ow ng exaffpl es are offered by way of
illustration of the present invention, and not by way of limtation.
EXAMPLES 1001041 EXAMPLE | - MATERI ALS AND METHODS 1001051 Pl astnid
Construction 1001061 The plasm d pMIM.V(3l was generated by subcl oning a

1.2-kb Bgl 1 ne cont ai ni.n COdI eqL grow h
hor none pol yjfﬁmgzlﬂ% 8"‘5463 t6hweee%g' pos“ cuoqqmg[géﬁééarlﬁm 3 g‘? %E’/ﬂﬁﬁﬁﬁme
pl asm d pI\/ﬂ'BNZI?ZeMs@(&) @eh@mataebdlemy) SEigok0lB agl 3D hod- MbsonSaﬂlchl‘omel\kntmlhg bf agnent

cont ai ni ng t he BM n to, the pMIMLV.

pMIMLV vectorseci}\ﬁrés ‘ﬁ%léa‘%fa?%"%ﬁﬁ émerde? (l)t{}f":]“a qm'"@f%?%@ ?3"3 ]ﬁﬁﬁfﬁﬁs entire
gag and env $eqelRBRS h@Boridnk (B [Ofigital afagdificatiar KB @ Digk1g88fjuence. 1001071 Cel |
Cul ture and dugtion - T oned i roviral

vectors wer e-l—éoﬁgﬁvi f?ﬁ?‘i"f/“{'%dﬁé%?ﬁ”h%e‘?wﬁl gﬁ‘l”ﬁ?&"’ }y\RCHgsré” % and

NI H3T3- BVP- 2)rGams) cdngmieion 18 Ratbhswan A Fali=Thizkiess Déjay - Eﬂfeﬁcdﬁublt}ﬂ]h&doﬂd?

Dul becco's Modified Eagle's Medium (G BCO BRL, Rockville, MD) with 10%
concent rat | ofPigRref &t hFhon i NEd TG loodls gasTiiestst dete the dabbl] nge Jpiph t he

transduced g%&ﬁau&guemmm@s@rmﬁme (déﬂg @%r Q'S}nrﬁ\’aﬁmﬁd&@ﬂ dine ftRGrarmedi UM
The cells with T nes storedlnllqwd

ni trogen and C@lﬁilylleu?'@d“efld%‘t““f?e(fz&zé“'tq‘i@ ’i H] ééltlﬁ/’Bln To: iG@JTOﬁI‘C*F@:a“JﬁV LYy

transfection T‘G@%}l?@ﬁsﬁbﬁféd Rithe QP okt Bleck B tﬁé’h‘l@ﬁ HWhRasPBAL L0 nﬁlﬁl%l{ém'wp' tation
met hod (Fig. 1). About 80% of the survivi ngﬂco oni es ex

res
transgene R celvie permenr Sevayndriziors siureo die FrsgmeRs Y gﬁ\‘"étei‘ ﬁd@b‘é?ﬁ’é“d in a

zi nc sul f at e aa§0hjdtiion nd Wﬁ%eﬁhﬁncfb@obﬁal?ﬂrﬂgﬁxﬁi Upr£d 400 shbQ0piBiMeg iohGhesul f at e
sol ution, they produced nRNA. Th secretion rate was_about 32 ng/

106 cel | s/ 24 foral sonslylen 12 yerke pet '"éﬁ‘iﬂfmc‘ﬁ‘m‘ §ithen A SIS Sdthen A N b BF%gi cal 1y
active BMP2 pii Bk AforM¥hon alone (D). Figures 4B, 4C and 4E show Mason’s trichrome staining (B

and E) and Safranin-O staining (C) of sections from the femoral condyle injecied with either
mixture of hChon and NIH3T3-TGF-p1 cells (B and C) or hChon alone (E). [Original
magnification: (B, C & E) x12.5].

|00116]  Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes Am.i NIH3T3-
BMP-2 Celis) Injection In Rabbits With A Partial Defect - Either control hChon or a mixture
of hChon and NIH3T3-BMP-2 cells were injected into the rabbit knee joint containing a
partial cartilage defect (3mm x Smm, 1-2mm deep) on the femoral condyle. The cell mixture
(15-20ul of 2 x 10° cells/ml, 10:1 ratio of hChon and NIH3T3-BMP-2) was loaded to the top
of the defect and then left in the defect for 15-20 min to allow the cells to permeate the
wound before suturing. The specimens were harvested at 6 weeks after injection and
observed microscopically. Figures SA and 5C show pictures of the femoral condyles 6 weeks
post injection with either mixture of hChon and NIH3T3-BMP-2 cells (A) or hChon alone
(C). Figures 5B and 5D show Mason’s trichrome staining of sections from the femeoral
condyle injected with either mixture of hChon and NIH3T3-BMP-2 cells (B) or hChon alone
(D). [Original magnification: (B and D) x12.5].

[00117]  Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes And NIH3T3-
BMP-2 Cells) Injection In Rabbits With A Full-Thickness Defect - Either control hChon or a
mixture of hChon and NIH3T3-BMP-2 cells was injected into the rabbit knee joint éontaining

a full-thickness cartilage defect (3mm x Smm, 2-3mm deep) on the femoral condyle. In this



NI H3T3 fi broblast cells infected with retroviral vectors contz%gigé}?n\%w 006
cDNAs, al kaline phosphatase (ALP) activity assays were carri t
control N H3T3-methallothionein (Fig. 2A) and NI H3T3-BWP2 cells (Fig. 2B).
Bl ue col or | 2B shows expression of BMP2 protein t ember 2006
WO 03/ 0830816’%@%%6’503/ 09720 22 1001111 1.5 x 106 NI I-BTSPEEMSQ:PWe gr own
overnight in a 6 well tissue culture Plate- 0.5 x 105 indicating cells
(MC3T3El) were placed in tissue culture inserts and grown overni ght.
Culture nmediumwas aspirated fromthe culture insert and the culture insert
transferred into a 6 well plate and incubated for 48-72 hours. Culture

medi um was agpt, ru@etc%ﬂs leemjéctza 3%&&%@; mamfg%é &fec‘énﬁle%u thp@%aﬁ&zbuf fered
sal i ne (PBS) to wash the cells % formal dehyde/ 1 X PBS

sol ution wasxdaoréus/%l%ééﬁwuoﬁéﬁhom an&h’éﬁﬂTﬁeBMBm s/aw@?ctedfq &b@@pf%ﬁheziefwtn at 4

C. Cells vergdashre il WeCRfed b 15-% RESt 0% B cMsfo Shakitt i wRhlbiRR Was
added to each culture insert, and the culture insert was |ncubat ed for

about 20 mi nSHEnEhr TRE SPEMENSt WerpehayestEd At o trekyARKr frrctiss) gad bsesyed

devel opnent . mﬁJﬁEéc Al PGursPS A LALED klﬁu“ﬂpl&mﬁgéme fé]ﬁmltcbﬁﬂ 10832 Wel&%&phat e
(Si gma N5000), % , N-di met hylf onnam 0.3

my/ M Fast Bl"dFé“‘B’B”’éha?‘ther(aSP@‘Hﬁe P he andergBIg M3 ge“ﬂé‘b ordlﬁhgﬂ @0"81(@6112)

EXAMPLE || - rlaaRERS, W%EN&IH%%N&]RE&JM mind 09 dr5d) aﬂegmmblstanu f Rabbi t
Articul ar Cartllage Def New Zeal and white rabbits - 2.5

kg were sel efPedf Feffons ﬁ@"‘aﬂ’F femoral; qpagyle THested ity sithes a\/\%‘f"@"’ﬁﬁ? Fg"“a?fﬁf had a

tidemar k. ThRIKITBEBNMPL REIWBSn@KPHSEThoR Bdna(a[drighlal Sagdifidagge (Blef a@te)( 3nm X
6mm 1-2mm deep) or full-thickness defect (3mmx 6nm 2-3mm deep) was nade
on the hyallf‘nle2 artilage |layer of the fenoral condyle with a surgical

kni fe. Eithe[ooctspt r Rdgetrnmn O tandigaoyiie stixefATel @H}man0Chomiinetpiésed malf Hipkdaon and

NI H3T3- TGF- ( cells t ed to t r abbi t
knee j oi nt % dt‘ﬁ%fegg?e@t }“elighgﬁ"é”?,’bﬂ )(bi’S %Aofulg}‘%giﬁé f s/ER‘fe‘Sr wer e
| oaded to th&mﬁ@ﬂnﬂfan%h&xdfb@it@ﬁ%Cﬁcﬂﬁi ot BedixthRfd hChod 41 m&ewcpfp@rcenisava%o mnto
allow the cells to perneate the wound before suturing. In the experinment in

whi ch mi xt ur Béectst e Frbbikinee QIMugerg g Bl dhigkness garti @8? ‘i‘ﬁf“é&P&'P X M- +abbi t s

with full-thsakress oﬂﬁl%@éiﬂoral'&dﬂﬂ?le mexadm&ahé(20Qempﬂalxtmbmsmna ratly &Ct ed
into the defect 3 weeks after enpral = condyl es were

har vest ed at "g"ganq BChgaditF -y wps 'ioi’ﬂegé‘t e H’p(ﬂ[ ‘hF I‘?&feﬁté‘f“i’ g’e’élr?g inedelsddor 100114]
Regener at i on1$$o Ga foi 41186 SheWellhtoMexfshteGaE wolddustidie Gan@!r oty spinfyns whleH3 T3-

harvested at 6 weeks after injection and observed microscopically. Figures 7A and 7C show
pictures of the femoral condyles 6 weeks post injection with either a mixture of hChon and
hChon-TGF-$1 cells (A) or hChon alone (C). Figures 7B and 7D show Mason’s trichrome
staining of sections from the femoral condyle injected with either mixture of hChon and
hChon-TGF-$1 cells (B) or hChon alone (D). [Original magnification: (B& D) x12.5].

[00119]  Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes And Human
Chondrocyte-TGF-f1 Cells) Injection In Rabbits With A Partial Defect - A mixture of hChon
and hChon-TGF-p1 cells was injected into the rabbit knee joint containing a partial cartilage
defect (3mm x 5mm, 1-2mm deep) on the femoral condyle. The cell mixture (15-20pl of 2 x
10® cells/ml, 3:1 or 5:1 ratio of hChon and hChon-TGF-B1) was loaded to the top of the
defect and then left in the defect for 15-20 min to allow the cells to permeate the wound
before suturing. The specimens were harvested at 6 weeks after injection and observed
microscopically. Figures 8A and 8C show pictures of the femoral condyles 6 weeks post

injection with a mixture of hChon and hChon-TGF-B1 cells (3:1 ratio) (A) or a mixture of
hChon and hChon-TGF-B1 cells (5:1 ratio) (C). Figures 8B and 8D show Mason’s trichrome



TGF-fJ Cells) Injection In Rabbits Wth A Partial Defect - Ei traql
hChon or a conposition conprising a mxture of hChon and N HéQge ri(""§I3006
cells was injected into the rabbit knee joint containing a parti al
cartilage defect (3mmx 5nm 1-2nmm deep) on the fenoral condyle. The

m xture of W@P¥E3Ep5-201 of 2 x 106 cells/m, 10:1 rati o BET/¥RCHHN2GNd

Nl H3T3- TGF- (31) was | oaded to the top2»f the defect and then left in the
defect for 15-20 min to allowthe cells to perneate the wound before
suturing. The specinens were harvested at 6 weeks after injection and
observed m croscopically. Figures 3A and 3C show pictures of the 28

Sept enber 200 083080 P | US03/ 09720 2 f enor al weeks
post injecti oga"b\?gt ° (ijhtoﬁs Onéﬁ}?l SeU? CODCB'? SR iy 'W?QFW a@‘i&&éé’fl s (A
or hChon al onEGH- B:l)cequgluB esatiB@)aﬂd 13D). s[@ﬂgin&l&mgmﬁsattom(e&rmrmz si ai n| ng of

sections fro ond iLnjected wt r-am

o N 1o, TaRois) K P Rtk St 4F el yed by Bl A AR cart on:
(B & D) x 12.51. [001151 Regeneration O Cartilage Wth Mred-Cell (Human
Chondrocytes And NI H3T3- TG--fit Cells),knjection In Rabbits Wth A

Ful | - Thi ckness Defect - Either control hChon or a mxture of hChon and
NI H3T3- TGF- 131 cel | s Was injected into the rabbit knee joint cont aining a

fuII-thickne rt ge def ect em) al
condyl e. The ﬁﬁ uF’Sep %égr" 5? d"?enﬁ %ﬁéve" 1 S7ve%2:enlc§scint3 ove Sf hchon
and NI H3T3- Tmﬁoﬁeﬂb) 1limstmnbmadwdl lteoevidam to dpse)berstolnesldI&fdecttheamdthathametoeit in
the defect f 2 Il o efore
sut uring. Thcevaga]ng’ésl %%tﬁls Hﬁeg@lir%eoqyﬁﬁe ese{’t gve%?(l %){/\ge E]%emﬁ()%t &%Eﬁne on and
observed m crlm@umlasdetﬂnydmF‘e'hegappedeckMalmnd 4D show pictures of the fenoral
condyl es 12 weeks post injection with either a m xture of hChon and

Nl H3T3-TGF- 31 cells (A orhChon alone (D). Figures 4B, 4C and 4E show
Mason's trichrone staining (B and E) and Safranin-O staining (C of
sections fromthe fenoral condyle injected with either m xture of hChon and
NI H3T3- TGF-01 cells (B and C) or hChon alone (E). [Original magnification:
(B, C& E) x12.5]. 1001161 Regeneration O Cartilage Wth M xed-Cell (Human
Chondrocytes And NI H3T3- BMP-2 Cells) Injection In Rabbits Wth A Parti al
Defect - Either control hChon or a m xture of hChon and NLH3T3-BMWP-2 cells
were injected into the rabbit knee joint containing a partial cartil age
defect (3mm x 5nun, 1-2mm deep) on the fenoral condyle. The cell m xture
(15-201 of 2 x 106 cells/m, 10:1 ratio of hChon and Nl H3T3-BMP-2) was

| oaded to the top



of the defect and then left in the defect for 15-20 mn to abh%\é@feﬂ‘g’e?%b@
to perneate the wound before suturing. The specinens were harveSted at 6
weeks after injection and observed mcroscopically. Figures 5A and SC show
pictures of the fenoral condyles 6 weeks post injection with either m xture
of hChon and NI H3T3-BMP-2 cells (A) or hChon alone (C). Figures 5B and SD
show Mason's trichrone staining of sectdbons fromthe fenoral condyle
injected with either mxture of hChon and NI H3T3-BMP-2 cells (B) or hChon
alone (D). V{"QO,,{I}isg%iaﬂﬁ,ldigragni fication: (B and D) x12.5]. [001171 Regeneration
O Cartil age P MKed- Cel | (Human Chondrocytes And N H3T3- BMP-2 Cel | s)
Injection In Rabbits Wth A Full-Thickness Defect - Either control hChon or
a nixture qf hChopandn MdfdiRoBM ederfChiahnd Gtilid¥aes a tgn@,tdamwﬁgg abbit knee
joint containing a full-thickness cartilage defect (3mm x 5mm 2-3nmm deep)
on the fenoral condyle. In this 28 Septenber 2006 WO 03/083080

PCT/ US03/ 09720 24y cadkst pbfifatiof bl Sibublag of tHoadroede Cellvaisfecrl betansdiséd it he
defect. The cell mxture (20-251 of 2 x 106 cells/m, 10:1 ratio of hChon
and NI H3T3- BVpne entwding| teinstosinih® gtoneh fepr @i (TGE-AIRbedbne MmoPhédeadicl @btkinin t he
defect for 15-20 min to allow the cells to perneate the wound before

suturing. s Themppeci mens were harvested at 6 weeks after injection and
observed mcroscopically. Figures 6A and 6D show pictures of the fenoral
condyl es 12 weeks post injection with either a m xture of hChon and

NI H3T3- BMVP-2 cel S (4) s@bnd {olhtiah R &hérdlocyte RS 3G _n@tpbéHQragﬁeﬁ%pW
Mason's trichrone’ staining and E) and Safranin-O staining (C o

sections fr f idH-AC SVt bhedid BiRioe@h ol Elidt on
and | N T3 R e O ek g o H e i1

magni fi cati QfondrByteCed e Bdcrea¥clidt Bk tarkdd Gide] Sl WARGSM BérRfatiofOTGERI b BRGE Wt h
M xed- Cel | (Human™ Chondrocytes And Human Chondrocyte-TG-/31 Cells) h

jection I'n Rahhi st WphRatidh &fUkibrodiadt 6k aREGEo e @A ar théiakdaesite stMilafe®lhe BoLBRN
chondrocytes "(hChon) or a m xture of hChon and hChon-TGF-[3l cells was

i nj ect ed 1pnt gyphiRon X BRIntirokyte Gells & gehertto RyalihOtangage; &idl | - t hi ckness cartil age
defect (3mm x 5mm 2- 3nmm deep) on the fenoral condyle. The cell m xture
(20-251 of 2 x 106 cellshnl, 1: 1 ratio of hChon and hChon-TGF-(3 1) was

| oaded to the top, of fhe d eft 1@ the defect for 15-20 mn
to allow the cel IQ% toa%er ngglﬁlg&lltyﬁagg\g%eggﬂh%f%er&e&’suturi ng. The speci nens were
harvested at 6 weeks after injection and observed m croscopically. Figures

7A and 7C show
’ ' wherein the ratio of the second population of chondrocyte cells that have not been

transfected or transduced with the gene encoding TGF-31 or BMP-2 to the first population of
fibroblast or chondrocyte cells that have been transfected or transduced with a gene encoding

15 TGF-A1 or BMP-2 in the composition is about 3-20 to 1.

2. A mixed cell composition according to claim 1 in which the ratio is about 3-10 to 1.
3. A mixed cell composition according to claim 1 in which the ratio is about 10 to 1.
4. The mixed cell composition according to claim 1, wherein said composition is an

injectable composition.

20 5. A mixed cell composition comprising hyaline cartilage-generating effective amount of,



pi ctures of the fenoral condyles 6 weeks post injection with gjther
m xture of hChon and hChon-TGF-P | cells (A or hChon al one ? ?P@FG’SF@Q:O‘SIB
and 7D show Mason's trichronme staining of sections fromthe fenoral condyle
injected with either mxture of hChon and hChon-TGF- (31 cells (B) or hChon
alone (D). [Oiginal magnification: (B&,D) x12.5]. 1001191 Regeneration O
Cartilage Wth M xed-Cell (Human Chondfocytes And Hunan Chondrocyte- TG--f |
Cells) I'njection In Rabbits Wth A Partial Defect - A mxture of hChon and
hChon- TGF- [ 31 ce) | s avdisst ipapudatioscbfi chomdrodyte ¢edlb iransféctedeorj wansducedmithi ngeng a
partial cartilage defect (3nmmx 5mm 1-2mm deep) on the fenoral condyle.
The cel |l m icodigg TAB-ALOIBMP-22 x 106 cells/m, 3:1 or 5:1 ratio of hChon and
hChon- TG--PI) was | oaded to the top of the defect and then left in the
defect for 15-20 min to allow the cells to perneate the wound before

suturing. The sp ic' n?@?ﬁo}ﬁ\@rpﬁpﬁﬂfoﬁe&ftsﬁfémﬂmgec@gﬁktﬁatalfxe{v@rnoit Ve yat%%c?@dor

observed m cros opi ca gures and oW pi ctures o em)ral

condyl es 6 &%g[i ﬁ@gﬁa

cells (3:1 r S’(P?% thé @39%{%&2@95 Pﬂ%h@/ﬁ’n ané’%(ﬁ (ﬁB'CLé% TrJq(?S
ratio) ( I plt@{@ L R WO
03/ 08308 P@FP%@%%?%eg%%rbggg gcf'gﬁir%"%%ép%ﬁ segt“%hg%{sn %r%%%t fenor al cogdyl e
injected w 3@&51 0 pTal gV io (B)
or 5:1 (D). g?%?iﬁg%t ﬁ%ﬂ*‘aﬁaﬁﬁf ?ﬁgéug?? on: “? B& D argg%tc é@“l%géo%‘gééi&%]‘fo%“% i
references g § R Rh&atk [afaTar:} da,;ay reference in their entirety. r
Ss** 100121%0{%%%?}2‘2%6%&% C?JI I;qu}lenbom%\ents of this invention have been
descri bed above for purposes of illustration, it will be evident to those
Dreaent nventi di g PHEMHEHEAlY FROU TP CFRED  rom Che Tnvention s
defined in the appended claims. 28 Septenber 2006 26 Wat is clained is: 1.
A m xed cell conposition to generate hyaline cartil age at target site
conprising a) a Wherdn tisoptie of itemnsesend pappistiem et chandie ﬁGFlb‘cW‘eh%’éWEbccn

transfected or transduced with a gene encaodi g{ﬂ transform ng growt h factor
$1 (TGF-H) trawsfastshor #HPB%@é‘htéttb%gﬁﬁFGP@Flﬁgf (BNAME-2; to the first population of

fibroblast or chondrocyte cells that have been transfected or transduced with a gene encoding

TGF-81 or BMP-2 in the composition is about 3-20 to 1.

6. The composition according to claim 5, wherein the ratio is about 3-10to 1.
7. The composition according to claim 5, wherein the ratio is about 10 to 1.
15 8. The composition according to any one of claims 1 to 7, wherein the first population of

fibroblast or chondrocyte cells transfected or transduced with a gene encoding TGF-$1 or BMP-

2 1s irradiated.

9. The composition according to any one of claims 1 to 8, wherein the first population of
fibroblast or chondrocyte cells transfected or transduced with a gene encoding TGF-81 or BMP-
20 2 and the second population of chondrocyte cells not transfected or transduced with the gene

encoding TGF-B1 or BMP-2 are obtained from the same source mammal.



b) a second popul ati on of chondrocyte cells that have not be ran

or transduced with the gene encoding TG~ 01 or BMP-2, \/\/nere;air}g %‘ﬁgg’%ég'g%s y
existing forns of chondrocyte cells are decreased at the target site, and
wherein generation of TG--fl or BMP-2 by the first popul ation of fibrobl ast
or chondrocyte cells at the target si t? stinmul ates the second 10 popul ation
of chondrocyte cells to generate hyali (§ cartilage; and c) a
pharmaceutically acceptable carrier thereof, wherein the ratio of the second
popul ati on ab. chmedompyditionceetdrding hainyhaw ef claimshiewers, wheminsthe 6tse fopatation of
transduced with the gene encoding TGF-$1 or BMP-2 to the first popul ati on of
fibrobl ast @problagied ERmdtoRyte €élls Irahdicted bauansheed with a pedeamt@lhOTGE-pRASBMECd
with a gene encoding 15 TG~ $1 or BMP-2 in the conposition is about 3-20 to
1. 2. A mi xedng@hd secstansepulbticdnofaneistyREelOndt| tAhdfected ot tyisdubed With fhetgesk 1 S
about 3-10 to 1. 3. A mxed cell conposition according to claiml in which
the ratio i en@BRptrGFQItee BMP-% are bhigined @l diffeteht P aRintian according to claim
1, wherein said conposition is an injectable conposition. 20 5. A m xed
cell conposition conprising hyaline cartil age-generating effective anount

L

second populag\ttohﬁra of chondrocyte cells that have not been transfected or
transduced w tﬁe gene encoding TG~-/31 or BMP-2, wherein endogenously
existing forns of 5 chondrocyte cells are decreased at the target site, and
wherei n generati the first i,on of chondrocyte

n of TGF-01 or -2 b opul at
cells at the tar éet &firgt pQP‘fJI?ﬁﬁ’FQF g@ﬁ?ﬁé&@&ﬁ?{&%‘-’oﬁ?ﬂ? g%sgﬁte%f)r traopdycet Wity ¢ e
cells to generate hyal,;j art.i e;, and c) a pharnaceutically acceptable
carrier ther%??e’\ﬁﬂ*%’?ge—*@gpﬁgrélﬁ%%gm’gf t he second popul ati on of chondrocyte
cells that have not been 10 transfected or transduced with the gene
encoding TG~/il or BMP-2 to the first population of fibroblast or
chondrocyt e cel | B t hat sasendeperulation of Fhendeacylg GsHs thah havp aetdbesn t trangfegieder
encoding TGF-01 or BMP-2 in the conposition is about 3-20 to 1. 6. The

conposi t i18n tererdyeediwith theoeens gicading TRHSE &1 BMPHeandat i 0 is about 3-10 to 1. 7.

The conposition according to claim5, wherein the ratio is about 10 to 1. 15
8. The conposition according to any one of clains | to 7, wherein the first
popul ati on of c) a pharmaceutically acceptable carrier thereof,

wherein the ratio of the second population of chondrocyte cells that have not been
transfected or transduced with the gene encoding TGF-81 or BMP-2 to the first population of
fibroblast or chondrocyte cells that have been transfected or transduced with a gene encoding

15 TGF-B1 or BMP-2 in the composition is about 3-20 to 1.
12. A mixed cell composition according to claim 11 in which the ratio is about 3-10 to 1.
13. A mixed cell composition according to claim 11 in which the ratio is about 10 to 1.

14. A storage container for storing cells at a temperature of about -70°C to about -196°C,

comprising the mixed cell composition according to any one of claims 1 to 10.



fibroblast or chondrocyte cells transfected or transduced wt

encoding TGF-01 or BMP- 2 is irradiated. 9. The conposition é%gﬁ?gﬁﬂgeﬁ%?qgny
one of clainms | to 8, wherein the first population of fibroblast or
chondrocyte cells transfected or transduced with a gene encoding TG--fll or
BMP- 20 2 and the second popul ati on of chondrocyte cells not transfected or
transduced with the gene encoding TGF-#1L or BMP-2 are obtained fromthe
same source nmanmal . 28 Septenber 2006 28 10. The conposition according to
any one of qbkai NB slorige dBntaitvbrefoe stdrihdeell il 5 tempefmirabf soupi70°C s a94°Cor
chondrocyte cells transfected or transduced with a gene encoding TGF- 01 or
BMP- 2 and tfhg ﬁﬁ%ﬂ@in}é@ﬁblk%iiie@!&el%onggﬁﬂ&f&w&iﬂ tRdnly ndS cldihashast ed or

t ransduced mntﬁ the gene encoding TG--01 or BMP-2 are obtained from
different source mammals. 5 11. An injectable m xed cell conposition

conpri sing hyal,i ne cartil - gener ati ng_ef { iye. a t-of,, a Jul I St
popul ati on 3116 fi ﬁrséod?ggsc[onfg‘p%lgﬁ%g@p@%%lé ageéﬁqn%p%faﬁl%gf 3@@%& ?O[ ?bé)ﬁé'c]g%gd wth
a gene encodihg.TGﬁ£$1 or.ENP—Z' angn%% 3 second popul ati on of chondrocyte
cell's that HAPRTITRR heEmposinenaceddingle d¥m 210 ¢ r ansduced with the gene
encoding TG~ fl or BMP-2; and c) a pharmaceutically acceptable carrier
thereof, wherein the ratio of the second popul ation of chondrocyte cells

t hat haveSnot7- bedrstoragegpatinet g storing Fells abia dapperatyrs of pouleleC énalout 1§6°FGr- 01
or BMP-2 to the first population of fibroblast or chondrocyte cells that
have been trempriges be cQmpopitighaerding 164 3a gene encoding 15 TGF-01 or BMP-2
in the conposition is about 3-20 to 1. 12. A m xed cell conposition-
according to claim11l in which the ratio is about 3-10 to 1. 13, A m xed
cel | conposi 18. on Aagtaragedéontpinteo for Istoiing tdlsian awempehatirh of atatut 670G tabwut -126C 0 1.
14. A storage container for storing cells at a tenperature of about -70C to
about - 196C, compdsipg fhs cemypositien pdcardibgdetlbimdonposi ti on according to any one of
claims | to 10. 28 Septenber 1,006 29 15. A storage container for storing
cells at a tenperature of about -70C to about -196C, conprising the

i nj ectabl e moged AC@brhgecmpafet tor Qbriag cellstht AJerherabity o BBLUOL700t & MBoulldobe, 13 .
16. A storage container for storing cells at a tenperature of about 70C to

about - 19QC, comprising the composition according to claim 8.

20. A storage container for storing cells at a temperature of about -70°C to about -196°C,

comprising the composition according to claim 9.

21. A storage container for storing cells at a temperature of about -70°C to about -196°C,

comprising the composition according to claim 10.

15 22. A storage container for storing cells at a temperature of about -70°C to about -196°C,

comprising the composition according to claim 11.

23. A mixed cell composition to generate hyaline cartilage at a target site substantjally as

herein described with reference to the examples.

24. A storage container for storing cells substantially as herein described with reference to

20 the examples.



conprising the conposition according to claim2. 5 17. A stor g% gﬁtalggb
for storing cells at a tenperature of about -70C to about €p ﬁg
t he conposition according to claim3. 18. A storage container for storing
cells at a tenperature of about -70C to about -196C, conprising the
conposition according to claim5. 19. sbstorage container for storing cells
at a tenperature of about -70C to about -196C, 10 conprising the
conposition according to claim8. 20. A storage container for storing cells
at a tenper2t ur Anofijecdbbennixed 0l ¢compasitient subst@gially ascherain destrihgd twhith referepesdo t i on
accordi ng t C|alg19 21. A storage container for storing cells at a
tenperature %t -70C to about -196C, conprising the conposition
according to claim10. 15 22. A storage container for storing cells at a
tenperature of about -70C to about -196C, conprising the conposition
according to claim1l. 23. A m xed cell conposition to generate hyaline
cartilage at a target site substantially as herein described with reference
to the exanples. 24. A storage container for storing cells substantially as
herein described with reference to 20 the exanples. 28 Septenber 2006 30
25. An injectable m xed cell conp03|t|on substantially as herein described
wth reference to the exanples.





