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SOVATI C CELL THERAPY BACKGROUND OF THE | NVENTI ON 100011 Field of the

I nvention: [0002( The present invention relates to a bi oadhesive directed
gene ther ition for localized expression of nt er est,
includin &8§r"f38’323%2yt0k| nes. The present invention al 2'6 /Q&Qﬂég‘”flg a net hod
of using the conposition to regenerate cartilage. In addition, the present
invention relates to a nethod of treating osteoartlritis by injecting the
conposi tion t oBAORHESIHE RIeCTER SONAEIC(CBOIITBEBARYscri pti on of
the Related Art: 100041 In the orthopedic field, degenerative arthritis or
osteoarthritis is the nost frequently encount ered di sease associated with
cartilage danage. Al npbst every joint in the body, such as the knee, the

hi p, the shoul der, and even the wist, is affected. The pathogenesis of
this di sSEKGROENDQINELHL INVIONTAQN i ne articular cartilage (Mankin et
at., J Bone Joint Surg, 52A. 460-466, 1982). The hyaline cartilage of the
joi nt bedWbls d&ied akthie Inveption:| | at ed, and eventual |y excavated. If the
degenera ar fonwoul d be
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repeated injections are pecessary to obtain acceptable drug levels at the

j oi nt sﬁ%.‘E%%s‘tTOBrm?P’é‘&f‘}aﬁ@“%&mﬁwgﬁ@u%ondl tion such as arthritis. Because

t her apeufjgazpoeBiries DeRL PO of hedRMUtl ARt be selectively targeted to joints,
it was necessary to expose the nmanmalian host to systemically high

concent r #0%8hs & the dﬁ%‘oﬁ’eﬁhcoﬁ@@r degengeiv e Asthetiss 5t esteeardhritisi #t the- a0 cul ar
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as gastr (boam, ewth raal the dcpscetﬂladnp,ctﬂlarﬁgels\dfrrn andhevere it ofroyiic alffectedir dT iovascul ar,
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1994), angedédited, Ind3agatibatewotldpeabled erfoy 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
is 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
mamumalian host to 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 gastromtestinal
upset and changes in the hematological, cardiovascular, hepatic and renal sysiems of the
mamimalian host.
[0006] In the orthopedic field, some cytokines have been considered as candidates for the
treatment of orthopedic diseases. Bone morphogenetic protein has been considered to be an

effective stimulator of bone formation (Ozkaynak et al., EMBO J, 9:2085-2093, 1990;
Sampath and Rueger, Complications in Ortho, 101-107, 1994), and TGF-p has been reported
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ost eogenesi s and chondrogenesis (Joyce et al., J Cell Biology, 110:2195-
2207, 1990). (0007( Transform ng growth factor-(3 (TG~ 0) is considered to
be a nultifunctional cytokine (Sporn and Roberts, Nature (London), 332:
217-219, weesjsesazwd pl ays a regulatory role in cellul apegg9%5o0971e
differentiation and extracellular matrix protein synt hes?s ?I\/ac{rl) 7Ea)t al

N
Cell Biology, 106; 1375-1384, 1988). TG- (3 inhibits the growth of
epithelial cells and osteoclast-like cells in vitro (Chenu et al., Proc
Nat | Acai§ astimulagey: ofwgigazengusand gigngrogqygss (Jpycesttiafn] Ge'd Bicdpgynd e HiS-
ossi fi cabihpnogmd eventual Iy bone formation in vivo (Critchlow et al., Bone,

521-527, 1995; Lind et al., A Othop Scand, 64(5): 553-556, 1993; and
Mat sunot @06  alrapsfarming gowtls:fagars ZPGE-P1 99 4pnsideGR- ((3b¢ ndmabdutstome! f or mat i on

is nediated. by _its stinul atj.on f th lhper.i Qs | uripotential cells,
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J Cel | BbRlipedliulat tdwtk HFerédBiion &Qi%ﬂtm@ﬂﬁlaMn%i&ipﬂﬂﬂn§§vntl§’ésisél\:/}$d1(i:_@‘Al., Bi ol ogy,
127-6: 2021-2036, 1994). (00081 The biol ogical effect” of TGF-g in

or t hopedi €¢ll BidogyedPb:rldpon 3% 103N dr EW-Btinkibits thegrewth ofiepdhpdial ¢ells3pd  74- 78,
1993; Bor gu - al | nt J i.9l N 32l 9,0:1993; < o Lngton et al .,
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64(5) : 55Binules chOlBdraMatssinaboo awt e@hiually bonei wopat®nZt 31 22Critch@BS4 ¥t all, N nouse
enbryos,  stgj.ning 0 that TG (3.1S.C e .ate ith tissues
deri ved ??’Bn?jtléggnéi‘bgnigﬁwgﬁé?l" Aégg%g%gcaé’g’néﬁg%t %%ﬁééf@ igd e?“‘g%‘;flﬁ“g@ee and bone.
| n addi tijon, §ik, 85y wea). f TERIENSuced 63melfSmiafion RNB&RINd Blid gwsiibe of bone

formation and cartilage formation. It can also enhance fracture healing in
rabbit téfBheambpeissentnlyripotantialiasly, aphadht gventyally differentin@grntorapdageiesming epor t ed

l i . - o i . g )
a(5) - sl Bhute glodBMmidoly 180. 31870507, B, et Bl B Te

limted @7ee2021-20136a19%ppl i cation. [00091 Intraarticular injection of TG--[3

for the eatnmepnt of arthritis. ] ot sirable, because the injected

Ter- 15 hR" ShBhe ot Sttt i Poh o 4R b pert R AT R LT nact f ve
formin wiwe Tikhenel o27:e74-a8,new3Eohad §todl., | 1ang- ber Mislgl esms-1d, TH3;[3 is
necessary for the regeneration of hgal ine cartilage. [00101 There have been
reports etmipggesbrht | dreloBiolegn dAVAP% ki I18%% ind it 2hutoQrthaR picait at i on of
cartil 89@4(%%555556,5159%35 Wtﬂmﬁfgo al al, Neré:;n%blSIZﬁPQ9§l§)l3 1888u&dembd894) .  but

this procedure entails two operations with wi de excision of soft "tissues. If

i ntr aar t staoibgshowsthatCRGHA i slosﬂh‘oaﬂgbpiét_@i thheissuﬁsaéetr:rvemfroof the egemehyand, ve
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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., Boue, 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-B for the treatment of arthritis is not desirable,
because the injected TGF- has a short duration of action, as TGF-f is degraded into inactive
form in vivo. Therefore, a new method for long-term release of TGF-§ is necessary for the
regeneration of hyaline cartilage.

[0010] There have been reports of regeneration of articular cartitage with
autotransplantation of cartilage cells (Brittberg et al., New Engl J Med 331: 889-895, 1994),
but this procedure entails two operations with wide excision of soft tissues. If intraarticular

injection is enough for the treatment of degenerative arthritis, it will be of great economic and

physical benefit to the patients.
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which is a nmethod of transferring a specific protein to a specific site,
may be the ansvver to this problem (Wl ff and Lederberg, Gene Therapeutics
ed. Jon A 3-25, 1994; and Jenks, J Natl Cancer_] nst

)
1182- 1182?0&‘@@/‘7‘323“’2[ 00121 United States Patents 5, 858, 3§§Té(f§3m§”’?é7d,)585
di scl ose making a viral or plasmd construct of the IRAP (interledkin-1

receptor antagoni st protein) gene; transfecting synovial cells (5,858, 355)
and bone[06at]r onGend therapp, WiG6l) 58binethiod hof tiassferang tirspedtific protkin nj eepdcifg t he

transfected cells into a rabbit |oi b ere di sc osur e of using a
gene. bel Sy ot Betevefedioratighair apt et cope fBertishicl 1 £ sove.
[0013] UnidifEch-5, ab®s alkileary, $ Natl 846D Rikt, 30doh 17@0117871419@r7§scl ose inj ecti ng a
conposi tion that .includes a bone rmnph‘(l)a%enem s protein (BWP), which bel ongs

to the TEH  Ysiigbiipisntaispis 588y REH SWPPASAdissidiscazkens wradtow}aéw hor none
rel at ed Q&BH%%HI{% ﬁﬁp%heltenﬁn-mb R IARGE R GBRL gén@%mrééuﬁ %ﬁUﬁal

formation I nduction of cart gl nous t1ssue. However , re 1s no
di scl osur@lsdf.8as, g‘?eﬁieanﬂ rb@napx,arrnwmad (300TP5H WathBWP costract; imbchhl.gutlteed St at es

Patent 5 84@65477 l OS&{ it J'm”P lb%p 1the QS ?o gxgﬂbslupcatfl Qpng%fﬂeﬁe ldﬂ%n&mé’ﬁ ([Lé'ng’

peri ost ed79s A%t i8she’ Tocyt es,

to a canGrlm sﬁxﬁm%ﬁ@%ﬁd@enﬁh@oom&cﬁﬁﬂls&ms patent d| scl osure requires that
all three of these elene Eaesent in the inplanted system .the

ref er enc@Ui3) | s Unedyplates alentyd.86big b and PHQO*g?%ﬂlS%loﬁe‘r‘?@C URghd capposithod of
e | nveqll aLCh faesnBRhofREN ol fGHIPLaRIRLT QS LIRS TE ol ding or

t he periosteal /perichondrial Tissue. nited States Patent 6,315, 992
di scl oseéwphﬁnubyatqgmaercmtm altalgeal¢<isngethmoait kadmpne redriddepiptrde manﬂfwtltl&n j oi nt
when fi brobl ast cet Sljran sfected w m{ :

d
def ect ed "RHEE2PSi R Caﬁb%é’%?é‘? U$We f?)%fanﬁ? 8oesn?1u6:£m%i°rs} fa@e ’P?n‘és gﬁs\}lﬁ‘nt ages of

using a wae\%ﬂhﬁ&’e%ﬁl(ﬁﬁiﬂlﬁﬁﬂebf @@erﬁ&hdrﬁpytthﬁhcﬂh%&tgnhe Bmpgphd.on. [0016] Lee et
al ., Human Gene Thera 3,,.2001 discloses that hyaline

12: 1
carti| agd®dl gehmjted Xtre% d’éq“éc% g‘%} %&nﬂﬁfﬂp%ﬁﬁ FBrARtIngh R ncenHRsP ask el IS

t ransf ect@@olidd) perléstenl/gelicBéRribiNG86d, @dd isibRalt &8s, def186EE dndagR yieQ B ta
However, Lee et al. does not disclose using  a bi oadhesi ve conposition as in

the pr ese‘?fillagﬁd%,fmt?cbﬁea Sooq tr1s meteghlisclosufe wguires Hlapglhthige|of shesqvleraenty es|  and
Di seases g ni%at grfe iRplanted Wster NS e RrenfOBAL 1 s&&ege%esuggsl %%ﬂﬁ‘ﬁlé G,d Mpr oved

buffy co concentrates. However, M ow ec does not di scl ose
m xi ng t Iﬂ@rm rmeﬁhOéd)fﬁlﬁlfl‘gﬂnt!@awhwl doesaet fequifeothe irnplerdationref di sgaffpdding ot her apy
composi t i’tl%rl)'eriosteal/pr:riclrxondrial tissue.
[0015] United States Patent 6,315,992 discloses that hyaline cartilage is generated in
defected mammalian joint when fibroblast cells transfected with TGF-f1 are injected into the
defected knee joint. However, the patent does not disclose the advantages of using a
( bioadhesive composition as in the present invention.
[0016] Lee et al.,, Human Gene Therapy, 12: 1085-1813, 200} discloses that hyaline
cartilage is generated in defected mammalian joint when fibroblast cells transfected with
TGF-P1 are injected into the defected knee joint. However, Lee et al. does not disclose using
a bioadhesive composition as in the present invention.
[0017) Mrowiec et al., Blood Cells, Molecules, and Diseases 21(3):25-33, 1995, shows a
novel technique for preparing improved buffy coat platelet concentrates. However, Mrowiec
et al. does not disclose mixing the purified buffy coat with cells for injection as a gene
therapy composition.
[0018]  In spite of these prior art disclosures, there remains a very real and substantial

need for localized delivery of therapeutic gene products at the site in need thereof In



[00181 In spite of these prior art disclosures, there remifSeptensher 2006l
and substantial need for localized delivery of therapeutic gene products at
the site in need thereof. In 3 29 Septenber 2006 WO 20413/082302 PCTAI
S2903/ 009719 particular, there is a need to devel op nore effective and

pot ent tneabalak23aet hod to regenerate connective tissuget/Psiohfodsnyymal i an
host. SUMVARY OF THE | NVENTI ON [ 00191 The present invention has net the

her ei nbef ore descri bed need. [00201 The present invention is directed to a
conposi ti on corrp{\'e si.ng a treatnent- effe&tlve anount of a popul ation of

marmal | aRSEEH: ihere dF 12 "¢salfs fevetoBamsre £itentive and Palgnt Hreatmet“hé’t‘eébﬁf@ufq c gene,

and an aql&@@lﬁ,fgcﬁfnfzg%|“y§ma,mgmanmahm psglhesi ve material for admnistration
into a mammal i an site in need thereof. The bi oadhesive nmaterial nay be

purified buoy coat And the gene may encode a cytokine. Further, the

cyt oki ne famly. Even further, cytokine may be,
wi t hout ﬁ'@"%‘? %ﬁ@{?ﬁﬂ(f@&@'{@@ TG--[33, BWP-2, BWMP-3, BWP-4, BMP-5,
BMVP- 6, BMu19} Ofrh@ 2séht inPbitioh hhdhbhRE hel&hﬁ‘ef&'@ﬂ@scuﬂ@%e@@COde TGF-131 or
BW-2. 1 0211 In the conposition described above, the cell may be a
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chondrocyte cef rans or trans uce erapeu i c gene,
i ncl udi ngteaapewttcolgene, agdic hn asdltekmegﬁmﬁse eanodit ngf abunmﬂlbsaVe ofmatetid - [ 3
superfam | uri fi eé buf f ) as t bi oadhesi ve, the
Tarto of atHEnr s DrE i £ Boieed (iR i N5V RS s To |

i n terms pefifiddPudiyRoatl Rn@.ﬂidlgétid}ﬂay dnb&iel’a&iytdkuﬁ‘&&urthbﬂ tielgtokink ntayt@lohg tAnd sti | |
further, the rati i

bout | {
above, tASF C)%F‘I‘P:?rfﬁ‘ﬁi}a b]"rs‘"eln P‘Etgﬁrpa?%&g“%ﬁﬁyt ethht’thﬁ“W&y% Fﬁgrfig'dn?&sfv:ﬁg’lrlO(r:]eI l's
that ar e Tgips Banss eoved, BirLe aMAYCBRPY, HMETYorBe- oTtstﬁt ﬁﬁthtxs ¥nde

hi stocorrpatlble wi th each other, in which case the cells may be derived from
the same mayeresde T&FgHrHMP-The cell's may be al so derived fromdifferent

source ot Sy oAA0AHTCIRLARE ol ERL ARy b8s BhafliiiBlall gup Stor age

cont ai nett storin ove- descri s at a fenperature of about
-70 C t(nheatmuetctwciﬁfsué cdl mif)(DQ,B&itthelhpinnﬁbriohlvﬂm|cmmdr®yal Emlt;tr,rtm:t ed to a

met hod of %?aq{ é‘réclzhggdrg d')ﬁee SRl g?? 2 1st@éted & Ms&e%d %1%1ean§3tr1|er%p ?’F&t eri al

conpri si r% esive- tive amoun

wi t h t hengmelidg £cysakimey, such aethk getied pﬁdmﬁmga e sf the DGF- [iasﬁﬁer&ﬁlrﬁ‘Iynl stering the
ﬁg?g?ls;f Ilﬁ(,)lquit g etVt/]Eensputngeé Quiji%receogt 1Is rtllg'\erdea(gfthe tll(?ad Qslwse the uptl%dof tltnehaei\no?llnp afdQeSI ve
buffy coat to cells may be from about 1-5 to 1 in terms of volume. In addition, the ratio may

be about 1-3 to 1. And still further, the ratio may be from about | to 1.

[0023] In the composition above, the cells may be irradiated. And the cells may be mixed

with cells that are not transfected or transduced with any DNA. The cells may be
histocompatible with each other, in which case the cells may be derived from the same source
organism. The cells may be also derived from different source organisms.

[0024]  The present invention is also directed to a storage container for storing the above-
described cells at a temperature of about -70 ° C to about -196 ° C.

[0025]  The present invention is also directed to a method of localizing gene expression at

a target site in a mammal, comprising mixing an adhesive-effective amount of a bioadhesive
material with therapeutic somatic cells to form a composition, and administering the
composition to the site in need thereof. In this method, the bioadhesive material may be
purified buffy coat. And in this method, the somatic cells may be transfected or transduced

with a recombinant vector comprising a therapeutic gene. The therapeutic gene may be a

cytokine, such as, but not limited to, the genes encoding a member of the TGF-p superfamily.



purified buffy coat. And in this method, the somatic cells

transfected or transduced w th a reconbi nant vector conpri |ned’t2§mber2006

t herapeutic gene. The therapeutic gene nay be a cytokine, such as, but not
limted to, the genes encoding a nenber of the TG--[3 superfamly. 4 29

Sept enber, 2093/ 082302 PCT/ US20113/ 009719 1002 hod
descri be gg’g/éméé%]e target site may be tinme joint spa%ﬁlg%zhuﬁ”%gene

encode TG--01, TG+ (32, TG-[33, BwW-2, BW-3, BwWP-4, BW-5, BMWP-6, or BI\/P-
7. In particular, (he gene may encode TG~ 13l or BMP-2. 100271 In the nethod
descri bej@ozdoveln thhmeihed Hescitred abeve] ﬁue&dj,tatsie@may%esm;e jdimt spve, andttheogkne descr i bed

ool pi erfty SEOSBIFRlal O S2aret PivEle 2o S R b RS E D i, ShBMIS "above,
and in pan,tp&udnﬂémhte@a]clﬁ@rmbddem[BBommvmmse a mxture of a first type of

cells that are transfect ed or transduced w DNA encodi ng a therapeutic
gene, and0%lseckirife mpgwdsesceierd omdhe &?’l@ ‘WB‘[ bec {rgfiafedcplser rthe pepd duced

Wi th DNAie@&ﬁ)gﬁl'af@/eathE P&l 30 X%E'sfnggﬁé?@m B4R agg{[{a%q%a);/ € hS&rbSpi Ry be stored

prior to transplantation. And in particufar, e stored in a
cryoper siépi8t i v”éhqowm@mt tn@)enhpn ahe gheamtpasses e thadhadwbonsraed it preticulantt ect i on or

transducgl malle (r:nﬁé comPn eONR l &eadﬁr@/tggé (%f%gﬁq tH%éng&a Qfset'ﬁeé{([)rl t(r)'1r1]1’sd ce&{ d‘lm

phosphaté) coprecip ion, T ect rop 1'on or viral
medi at i ODNA1&288ihg anthaapxtuhergemﬂamﬂlammlxd mrb@obccélsethmt armmemnmmh:cted odi rect ed

to a nethod, of al.ine cartil co isin a)
gener at i tﬁf@‘s%llcfs%é‘gﬁ&?]ﬁgneﬂm&é@% Fherapg s, §e2F- ?1‘8 tge gma ﬂ@é“fgp‘éeoﬂf“ﬁg

transf or padgo eh@plaitafies taid iR pﬁfﬁaﬁal( 3éllsQﬁaybl&n§ore(ﬂrm @mgﬁﬁ'@waﬁv@ﬁx%ﬂb n (BMVP)
operatively linked to a pronpte b) transfecting or transducing

popul at | ErnsHantatigs: JHrheTmog t&*hdwa#e‘eweorcgmsguqnﬁnvlm Geviceqmrdighed rbzécorm. nant
vect or; ﬁﬂb@mﬁ% elléagbﬁﬁkhn&lﬁﬁl]'ﬂlbﬁ)‘ﬁ?ﬂ@tb'oﬁre%?fﬁ@nC&Létroﬁ@ﬂﬁ&ﬁ'ﬁﬁ!@ﬁq dOQART 1 sing

hyaline cartil age-generating effective amount of (i) a popul ation of
fi br obl amtdigfonghomdimaslatencel | s transfected or transduced with a gene

encodi nglowrj d<31n°ra51§l¥£, ﬁmdxman agh feey% S6&868 1Y eqmyng, fmetmcp%?h%' ve

mat eri al (1 armaceuti ca acce tale carrrer there into a
j oi nt spgaaneratmg hyalmarmﬂilagsunh mhamaleomnmsmgom) ginetaheg Bicosdbiueneetoencodi ng

h?; I[ ne %OéleﬂSlné %q?l@nA t?‘?@uj O(I: r?léodlsrp at ansfcc%]s g1|r ﬁ?h;et ogﬁ%t(ﬁgybi rfﬁ %Kﬁgf’llt ng of
carti PéS‘é“".pﬁ“%"‘“ﬁi@pm“ﬁW? ?2"‘5“‘“’” gonor At na A T ecanbiaant vectar o
conpri si fORLIAHA o ?e@[?@ﬁi’é‘gg ‘Bﬁﬁg‘?@f %ﬁugﬁk’f"gf’ il ‘H]gsa&'%%& IRARE VeRorpaNdEdF- (3) or
bone nopphagengt jnfecRbR fiited (EMPLoRRAITRL MRhpfishk NKalnd Qafilde 3AMdAhgy b)

transfecting or transduci ng
effective amount of (i) a populatlon of fibroblast or chondrocyte cells transfected or

transduced with a gene encoding TGF-f or BMP; (ii) an adhesive effective amount of
bioadhesive material; and (iii) a pharmaceutically acceptable cartrier thereof, into a joint space
of a mammal such that expression of the DNA sequence encoding TGF-f or BMP within the
joint space occurs resulting in the generation of hyaline cartilage in the joint space.

[0030] In yet another embodiment of the invention, the invention is directed to a method
of generating hyaline cartilage in a mammal comprising: a) generating a recombinant vector
comprising a DNA sequence encoding transforming growth factor B (TGF-B) or bone
morphogenetic protein (BMP) operatively linked to a promoter; b) transfecting or transducing
a population of fibroblast or chondrocyte cells in vitro with said recombinant vector; and ¢)
injecting an injectable mixed cell composition comprising hyaline cartilage-generating
effective amount of (1) a population of fibroblast or chondrocyte cells transfected or
transduced with a gene encoding TGF-$ or BMP; (ii) a population of fibroblast or
chondrocyte cells that have not been transfected or transduced with a gene encoding TGF-$

or BMP; (iii) an adhesive effective amount of bioadhesive material; and (iv) a



a popul ation of fibroblast or chondrocyte cells in vitro wygepinther 2006
reconbi nant vector, and c¢c) injecting an injectable m xed cell conposition
conprising hyaline cartil age-generating effective anount of (i) a

popul ati on of fibroblast or chondrocyte cells transfected or transduced
W th a gewe %eReiong TG-- (3 or BMP; (ii) a population OI’CJUQE( @;3?])
chondrocyte cells that have not been transfected or trans uce a gene
encoding TG--[3 or BMP; (iii) an adhesive effective anpbunt of bi oadhesive
material; and (i v@a)ca 5 29 Septenber 2006 WO 2003/082302 PCT/ US2003/ 009719
phar mac eplrimeaztuticallic @egsplableecasagr thetieof hetp e fioin prage #fj pinmmagd aweh dhata  mammal
such thal, xR 68 fl R emc%oaﬁg 28 Sa8!0hi] ,,,Tﬁf e fon GadlMcfit NI N the
joint spaeoccurs resul ting in rat|ono art|c1°ae|nthe
j oi nt speedting{if 08 kendrationatf haaimt:lqatllagmmhh Jvantpaoé. the i nvention, the

inventio di edtoa of. treating osteoarthitis co i.Sing: a)
gener at i @35‘3 eIE’ r?%?'}?él gg;ﬁlgfm oM ERHYn Ahe emlg‘é Ifreigd é%%B’gB

transf or o tR@ti &\Mobrtlﬁlﬁ%tdbinﬁsﬁlg%‘g@@atfh@ e BTRAnR PRI hipisiRE Qt[ﬁ{l)&‘ (BMVP)
operatively linked to a pronoter; 3) transfectin /transdum ng a popul ation

of fi broteesee exedtHdfdFroE)ne gsevthofaster Bi(TEB-Rhior osaiIERItHE masitinvect or ;
and c) g;wg gagmaeﬁy ;fmeeg% QEJO%otép%%g?ﬁ&klglg/ﬁgﬁmgéh% p&bu&?gpe ﬁlg Gafione- and

hyal i ne- ting e t1ve anmount a popuf ation ast or
chondr ocytt éondbéyde mH;nmﬁet:@ edtlmaxd reambima:néd/evﬁat, rand c@emectegamdmm:gmwa: p or

BMP; (ii). D pater iii) a
phar maceﬁlf 581?00“1 Cﬁb a%’@“&’i rb |°Ieer aP %é?/a““f“‘ ge“eﬁnbm’aefjﬁcc)lﬁ"’?fb"ét@t g? ?a nmanmmal

such t hapopulsp eSﬁbrobiaslfor bhmldfdklﬁtesel@umefectemoodmmgxcﬁmm aOgenBMitodingghi n t he

j oi nt space occ sultjn t he gener at bone an rt.i.l age

L or i 1 a0 ROFa SN GiF S8 e Bseede Foute ot BRadenat et HERt) fne

ilnvent i Oﬁhahﬁac@htfc@ﬂj? edcdpable BRIiBOMeRbS, tintoas |jﬂl@t s@ﬁ:éecﬁa.i trknhihdISsuGR R4t Si ng:  a)
generating a reconbi nant vector conprisi sequence encoding

t r ansf or FAPESSIR Shlls PHé: augnep prgedip B go%&%rma@éweﬂ"é PGt ‘é‘icHrS( BVP)
operat| VPést}g p'ﬁgedgemaaorpmepé §ld catblagh E@fneg@ﬁltm@gmﬁrq?;ceansdum ng a

popul ation o blast or chondrocyte cells in vitro with said
r econmbi ni82]veclnostill almhee)embmi!e@m,nlg‘: aneritioneis tdatstled o remethedbf tredmgosi ti on

corpr ! RS SRR U AUESARPELR0IR,! Lo LB AR bl oo .,

popul at i I"bro ocyte ce rans dor fr
a gene eanmdinggranélf@ﬁqnpg Cg|O\BNPEact(>t iB) (T@Fp@pui ameomomogénbn@h»hasn (BMP)
chondroc te cel | s.t t have q)h 2 sfected or trans th a gene

ra

encodi ng Ay Jink fmfnio fets E%eecéli“ & EFPEY PR A PORNDIRC 93‘5 O@I gadhesi ve
materi al cho%ﬂﬂcﬁtb v3llsain ey wisic e1id reeahbxyarm@eece@t ail © 1ﬁﬁétiﬂgei’n ihjeanionixddnt 0 a
joint space of a _manmmal such_ t hat expr e133| on of t he sequence .encodi ng
TGF-p or cgl)\jeomposition comprising bone- and cartilage-generating effective amount of (i) a

population of fibroblast or chondrocyte cells transfected or transduced with a gene encoding

TGF-B or BMP; (ii) a population of fibroblast or chondrocyte cells that have not been

transfected or transduced with a gene encoding TGEF-f§ or BMP; (iii) an adhesive effective

amount of bioadliesive material; and (iv) a pharmaceutically acceptable carrier thereof, into a

joint space of a mammal such that expression of the DNA sequence encoding TGF-f or BMP

within the joint space occurs resulting in the generation of bone and cartilage in the joint

space.

[0033] These and other objects of the invention will be more fully understood from the

following description of the invention, the referenced drawings attached hereto and the *

claims appended hereto.



within the joint space occurs resulting in the generation 0 n
cartilage in the joint space. 100331 These and ot her objec 9s§%¥qg?1§892006
invention will be nore fully understood fromthe follow ng description of
the invention, the referenced drawi ngs attached hereto and the clains
appended 29 September 2006 WO 2003/0823102 09719

BRI EF DE Izg&f??ﬁz\ﬁ THE DRAW NGS [ 0034 The present %ﬁﬁﬁ%%b\ﬁg becone
nore fully understood fromthe detailed description g| ven herein bel ow, and
the acconpanying draw ngs which are given by way of illustration only, and
thus ar e gIIEF DESERIPTION R THEBRAWINEGS i on, and wherein; [0035)
Figures I A-1C show expression of TG--j31 nRNA (A) and BMP2 (B and Q In

Fi gure | /034t aﬂ"hRI‘;Wemsinivcxbibat\eidi lﬁercomm Nhdde 3By ambérstood fidnH tiBT8eteidddl s st abl y
transfected. with eSS| on_vecto in the
tboence. dreppiamed THe byife, 5 oS RAY s P e B PRt WOe e "t he
TG [ 31 qlid\WaiRh o(ﬂv iﬂﬁitlhlﬂ; KONA Liaktadve (ﬂ(ﬂfétlﬁ&"ent 1E\l’eﬁbi61€$nd|-\]vﬁcr€4|ﬂd | C show
expression of BMP2 in N 143T3-BWMP2 cells. ]g[__ | C show cont r ol

NI H3T3- 038 | of Hiussditnl € BlovasidrosipB TR @RS ! @NMA@ e)d BMPGe(Bd@Id&) " n panel
(C) shovg gf%%eor@stafapﬁmf wﬁl\{E@a@a abRi Ny 0391 onnrﬁ% c*fts 4Bb1S fﬁqmr&ﬁ&ss
findings of regenerated cartilage. Figure 2A shows a rectangular partial
cartil agevmheﬁléﬂll ad & Mfbldexpmssiph ecdternphigh Vo dgw e inathd abjeack prerrejeotnel was

i njected wlt T _ ( S fect was not
cover ed. t}ﬁrl\IwE%\ éﬁd‘&g @%‘é‘{'{éﬁa&w&m tﬁé FFg?fnu"fnﬁ’%‘:t"? “C‘Tp @Rﬁﬁ §t3 TG 131
cells, themdﬁf}agxtres/\m and O€ eh@d equess‘mx,ioy Bfr\wmdNﬂ{mmPI lellsc BignresdB t he

TR 1B B BB B o) Bu IR PR G MR, o
cartil agen faheR@9howskeixpheéstonIABMED F8emhow hemat oxi | in-eosin (H&E) anal ysis

df defect area 4 and 6 weeks after injection with control cells. No tissue
covered t¥6] ni Fimpes B shawr goss Apdjpesedd regengrted sprtilags oliesret 830Wsim- eosi ne

(H&E) an ?‘!:c)(a%'gﬁap}gargaqfcgl%ia&,@'a@@ct‘]wa%r}ﬁjadg o\’ﬁl?ekﬁm%fall €bndyl RO RTjdiF was
Ol -transfectéd cel weeks artial defect area was cover ed by hyaline

carti | agenjedtedewithiiedts spllsovitiar JGE1R k fransértion. e The alefest wag nat opseted. and 6
weeks al tffud 25 865 Othag %tmeweék%gm@ref fihfish ¢ RAHSTOSERIR LllisChElucRBfy L S hel oht

was al nost”© Ical to normal car age at stologically, the
regener atcetzhrerhlu)t ndvdg éorfnad tiswp. bscdldantthecmienemtadiassieuwasalnaokt idgnticay & | ne

cartil ag%ﬂat of the surrounding cartilage.

[0037] Figures 3A-3D show microscopic findings of regenerated cartilage (X 200).
Figure 3A and 3B show hematoxilin-eosine (H&E) analysis of defect area 4 and 6 weeks
after injection with control cells. No tissue covered the initial defect area. Figures 3C and 3D
show hematoxilin-eosine (H&E) analysis of defect area 4 and 6 weeks after injection of TGF-
f1-transfected cells. At 4 weeks, partial defect area was covered by hyaline cartilage after
( injection of TGEF-Pl-transfected cells. At 4 weeks and 6 weeks after injection, the
regenerated tissue became thicker and its height was almost identical to normal cartilage at 6
weeks. Histologically, the regenerated cartilage (arrow) was identical to the surrounding
hyaline cartilage.
[0038] Figures 4A-4B show immunohistochemical analysis for TGF-B1 expression in
rabbit joint x 200. Brown immunoperoxidase reaction product indicates high levels of
recombinant TGF-$1 expression in the NIH 3T3-TGF-B1 cells (Figure 4B). Figure 4A shows
hyaline cartilage in a rabbit joint injected with control cells.
{0039] Figures 5A-5B show microscopic findings (X 200) of regenerated tissues with
H&E staining (A) and Safranin-O staining (B). Figure 5A shows that in the partially damaged

area, the regenerated hyaline cartilage is shown by H&E staining (black arrow). Figure 5B



10033) Fi gures 4A-4B show unmunohi st ocheni cal anal ysi s f or29r&#ptpinber 2006
expression in rabbit joint x 200. Brown imunoperoxi dase reaction product

i ndi cates high levels of reconbinant TGF-j 31 expression in the NIH
3T3-TG--01 cells (Figure 4B). Figure 4A shows hyaline cartilage in a rabbit
joi nt injvestedoydsbh control cells. 100391 Fi gures 5A- 5BEHOYoiE/abSCOPI C
findings (X 200) of regenerated tissues wwth H&E staining (A and
Safranin-O staining (B). Figure 5A shows that in the partially damaged

, th nerat ed hyal i til i s, shown by H&E stai nj bl ack
arron . Bruura e P gEnRRe e ool seesthit 50057805710

shows t hgdrodsitolidpenconpl etel y denuded cartil age area, the regenerated tissue
(white arrow) was fibrous collagen. 100401 Figures 6A-6F and 6A -6F show
regener afPh of Mgy iGaBe APt AT adpyt exgeneption gf Fartjage- wEh FRBRBE| ast

cells. ALl Eigun =/, how regeneration of cartilage with human
f or eski nllgﬁlég)rr%oﬁsg tﬁ@%ﬁ%ﬁgc%srsoduci ng TG--pl. 10042E Fi gures SA-8li show

r egener ap4in of Figwes TA-dgehow tdgeNkHiDH DL THHEIapt wilk hbsah forakinddgomtedlls 100431
Fi gures 9A-9C show i ummmohi st ochenrical staining of regenerated cartil age
with Tarodusibediti-Bbdy at 3 weeks after injection of TGF-(31 producing

fibrobl el I s, QA< L QU = . : 4R Qf riil age with
human cﬁ@plﬁocy?ém%%?#?{ Ek(%d{Je??%%g@nl&%§ﬁng%¥o%@gﬁ§g§u?gﬁI Ac-eﬁgl E)as how
regener addgomdel. cartilage with m xed-cell (human chondrocytes and

NI H3T3-TGE- (31 cells). injecti.on in .rabbits. wth a partial defect. . .Figures |
A . 100w BET Hl St RGP B e s PesanRlen 580 RER vt Ton wi t b
ei ther arGrigxhatdPht DEBAS afidtumBdicnhe TAFOTY & ki Thrddiddddels TGF- (31 cel s (A)
or hChon al oneoéf_g). Fi %r es 11B and 1 | D show Mason's trichrone staining
of secti @A¥If r obgtme | Eahowdagrprmtion Af extilge wilthnhuganrdendogits eglise of
RChon angmb\ych%‘ﬁg;‘[ - (31 cells (B) or hChon alone (D). Original

magni fi cation:” ( D) x12.5]. 100461 Figures 12A-12E show regenerati on of
cartil ag@o#d|t h Figwed t4HIID( kbovanregairzorton oof teagilaged wWilhH38ed el - (1Bimagel | S)

et on Rt SEPL S ot bl Lol Bl chness, delety, Flautese128,and 120 show
110 P A S O o L SO B 5 1
Saf r ani nm@hgt af kChog (biman chondrocytes) and NIH3T3-TGF-1 cells (A) or hChon alone (C).
Figures 11B and 11D show Mason’s trichrome staining of sections from the femoral condyle
injected with either a mixture of hChon and NIH3T3-TGF-B1 cells (B) or hChon alone (D).
Original magnification: (B & D) x12.5].
[0046]  Figures 12A-12E show regeneration of cartilage with mixed-cell (human
chondrocytes and NIH3T3-TGF-B1 cells) injection in rabbits with a full-thickness defect.
Figures 12A and 12D show pictures of the femoral condyles 12 weeks post injection with
{ either a mixture of hChon and NIH3T3-TGF-31 cells (A) or hChon alone (D). Figures 12B
and 12E show Mason’s trichrome staining, and Figure 12C shows Safranin-O staining of
sections from the femoral condyle injected with either a mixture of hChon and NIH3T3-TGF-
B1 cells (B & C) or hChon alone (E). Orniginal magnification: (B, C & E) x12.5.
[0047] Figures 13A-13D show regeneration of cartilage with mixed-cell (human
chondrocytes and NIH3T3-BMP-2 cells) injection in rabbits with a partial defect. Figures
13A and 13C show pictures of the femoral condyles 6 weeks post injection with either a
mixture of hChon and NIH3T3-BMP-2 cells (A) or hChon alone (C). Figures 13B and 13D
show Mason’s trichrome staining of sections from the femoral condyle injected with either a
mixture of hChon and NIH3T3-BMP-2 cells (B) or hChon alone (D). Original magnification:
(B & D) x12.5.



sections fromthe fenoral condyle injected with either a Mg gdReRbelEd08"
and NI H3T3-TGF (31 cells (B & © or hChon alone (E). Oiginal

magni fication: (B, C & E) x12.5. [00471 Figures 13A-13D show regeneration of
cartilage with m xed-cell (human chondrocytes and NI H3T3-BMP-2 cell s)

injection. in r (s wth a partial defect. Figures 1 nd 13C show
pi ct ures%‘%’ 2‘f°ﬁgpzslgmral condyl es 6 weeks post injection w %"'@%’["Hﬁl’ a
m xture of hChon and NI H3T3-BMP-2 cells (A) or hChon alone (C). Figures 13B

and 13D show Mason's triclironme staining of sections fromthe fenoral
condyl e jon4s3ct eRfgivied hldi-14Fershaw ragriematenobf hahidgeandth NInkiddeBMBuidiagel | s ( B)-

or hChon al one (D). i.gi,nal i fication: B&D).x12. 8. .29 Sept enber 2006
WD 2003/ 98 8@‘%&#&%%@%’7’%39%}%%?“% g’&:ﬂ'@i’“i&‘)&-"ﬁéﬁkﬂ‘&ﬁﬁl?sé et ation of
carti| ageigited M ATiax@d4D ahbw piiniraof BbaaEsCYheseR N wWIEIPL3r Bridh wahl S)
injection in rabbits with a full-thickness defect Figures 14A and 14D show

pi ct ur eseithr a ixthigrad hghow a1 31BMR2eteds pser liGijor elone fDni Figurepilder a
m xture of n L H3T3- = 2o el ~ one~(D). . Fi gures 14B
and 14E %’ﬁo%gﬁllgggﬁpgsiﬂr Jl_@-}gﬁg)rieﬁgpss}‘t glﬁgiahg Pg%de EF% lr} r%ej‘gﬁﬁ@aglﬁqbgs@égp? e?% in-0
st ai ni ngseofions $wat the fesnofral condyleeinfeetrdwih etten dyttereiof hEbdneohd MIHATR2BMRR2 m xt ur e

of hChon and. N H3T3-BMP- 2 | ls. & C). or | one. (E)- Original

magni f i c%@? &1& @%’r%'gﬁ%f‘ %)mex(%i'f.k’Bg.ugafﬁ)ﬁ%ﬁc'%?&[}gggrkigkf 5D show regenerat i on
of cartijopeg W Figuls Xedk-C5D | sholun@pneraiandrl copilge an@l Fitareell (human
chondrocyte-TGF-0 | cells) injection in rabbits with a full-thickness

def ect. Fiogdireres and hywan sipadwrpy T5iFcR Lipdle) Breciandn rabidy ¥1h e SHlifickecss weeks
post 1nj @&%&.O@igu}@stl@/\_ednﬁh% shoWpichELorGhe RERRN BRAHIRGQR] Ghst iljdaioR! | S (A)
or hChon alone (C). Figures 15§ and 15D show Mason's trichronme staining of
sect i onswfth either henixam® pHhClyormid b hpmiTeE't Edcellpi(Ahoeh€ varalenexCur EigefeshChon and

hChon- TGF-( 3 |l r .h l.one (D).. [Qrigjnal ificatjgn: (B& D
x12 51 TSOREHE v tsef A Rty SRR shrkrar s bF R fePae GRS ot on
of a m X{uk itkdr mikapRSE KTHokene d&ho@MAF N IHRTS (T 1{GHon @®Ink ID). N[Grigighbi t knee

joint with a partial defect. [00511 Figures 17A-17D show pictures of the
feror al wegrifitaiendBieldl®l2pdst injection with a mixture of hChon and

hChon- TG@%& Cei:ﬂfﬁreétmﬁi.lfahesﬁm@ regernuaaéﬁn 6f\tarRlagd With‘iﬁﬁ%tﬂﬁnﬁsas mpdetegt (0.

Fi gures and I/D show Mason's trichronme staining of sections fromthe
fenoral hanchulyicopteotd SIHITY-RGE-flicriune rafitk@boindwith h Ghidial de@et.( 31 cel | s at

4 2! ol ens LA AL LB (5%
with a mixture of hChon and hChon-TGF-f1 cells at either a partial (A) or full-thickness
defect (C). Figures 7B and 17D show Mason’s trichrome staining of sections from the
femoral condyle injected with a mixture of hChon and hChon-TGF-B1 cells at a partial (B) or
full-thickness defect (D). [Original magnification: (B& D) x12.5].

“ DETAILED DESCRIPTION OF THE INVENTION

[0052] As used herein, “bioadhesive” or “bio-adhesive” composition, formulation,
material and so on refer to a naturally occurring or synthetic compound that adheres, binds or
interacts with a biological tissue, including, but not limited to, connective tissue, and in
particular, bone and cartilage. The bioadhesive used with the invention results in prolonging
the residence time of the therapeutic somatic cell at the site of contact. Typically, the
bioadhesive material is mixed with the somatic cells to produce an adhesive effective
mixture.

[0053] As used herein, “biologically derived carrier molecule” refers to molecules that

are naturally found in a mammal, which is useful as a carrier. Examples of it include albumin,



[ 00521 As used herein, "bioadhesive" or "bio-adhesive" con2oSeptemher 2006
formulation, nmaterial and so on refer to a naturally occurring or synthetic
conpound that adheres, binds or interacts with a biological tissue,
including, but not limted to, connective tissue, and in particular, bone
and cartiwegeoswshu2bi oadhesi ve used with the invention pepukissid-pro! ongi ng
the residence tinme of the therapeutic somatic cell at the site ot contact-
Typically, the bioadhesive material is mxed with the somatic cells to
produce an adhesive effective mxture. (00531 As used herein, "biologically
deri ved %WF‘!'@FO&W% ’Fpé‘““rlg'ialé’f@“‘_’t %Fl‘{rﬁ?lé‘géﬁfseg‘%%%ﬂaf a"éﬂ_r‘léellﬁk&t'ﬁ?ea?"l"}?“found in a
mamal , Wi 5By bSmhee bith URSe eurG@imdi&@ulesExanpl es of it include albumn, . 9
29 Septenber 2006 WO 2903/082302 PCT/ 1152003/909719 gl ycosami nogl ycans,
hepar i n, 005441 urdmised deiety, theoemaganly, coatifor yoeldaeruaii defetsdo laj ke yelforsisk omat i ¢
cells be, M xed. Wi S rLi.er ecyl es, ;100541 used herein, the
Db D Raigf iR hE° o bl IR RE I Dokt o i ST

term

y coat ' yel'Tow
cont ai nshldeiukocytes and platel ets overlying the packed red cells in
centri fuggsd blgod. 00551 As used herein, the term"connective tissue" is
any tissUSY hat tSfletTeraly CeuppYPELE TR (1P LY dESr At GANESS ZAd i ncl udes

but i's nQppdristieedsduds & dri:GRMBRAL incladed diut isldYBmItdd td £0GMbat, & AANSge, AND
synovi um of a manmal i an host. 100561 As used herein, the terns "connective
tissue cerdon mhpperandpsyRoyvivm eimhmaRipiad Roslssue” i nclude cells that are found

in the Cmﬂﬂgct | XEudeli BOHE, the Yaths BSonhi R ORLBS LA a@F 2P0kl i<% tissue”

(chondrocytes), and bone cells (osteobl asts/osteocytes), wni secrete
col | ageniocigde eglisrthetettt Ubend mathei sonnestivgusisjuegguchags blebblasts, aditpegsytadls) and
snoot h cl l's, JPr r Y, I lve kit ssue. cell s, ar

1 br obl &8 %‘,d%égtr%%)i | e B gé,%isa G los SBARRGILY S k> bt edudbefony |
tthe i nventiatiubamatoe, prveditasdadelld tatipecytdsxad sowothungsciefceltorinefetablyethti ssue

cells, as well as cells single type. 1t,.is also.re ni zed.that the
tissue c%ﬁnr'?“?’r%ia)sss%°§|ﬁea€? g’!i‘iogﬁ's\iﬂ %ﬁtﬁa%eh%:ﬁ%’@é{% bg%errcb%s'né{s“’gl(r)ger F6784°0n before
i nj ect i ngatthemvention chhee pradtred sp@canised ate dfhontelivestissed @ik yasaxfiragss t he
gene of interest wthin the host organism Preferably, the connective tissue
cel | doe¥linof acHipde M@endhat AR PRRtIAY! asHEHseanwln ay) RcPisteast ¥itihe host

or gani SMpefrical SompoRAES stirafistidnhilorahdj Qa8 Gicth B& I8 jSTRYspRR 4SRAt thdcdilRi S
regard, as well as autologous cells for cell-nediated gene therapy or

somati ¢ #elily exprese thepenelTfOHEstagithia bg b cEFapis Eatipablyi ecqnsive iswk| | i ne”
i ncl Udesceﬁ%l BLURG dahdl OfeoGANEHL LY Gespbihst SHR GEbLS Abd Bk Bbd RGnfshPR & conmon

parent ¢ .
understood that allogeneic cells may be used in this regard, as well as autologous cells for

cell-mediated gene therapy or somatic cell therapy.

f[0057]  As used herein, "connective tissue cell line” includes a plurality of connective
tissue cells originating from a common parent cell.

10058] As used herein, “helper cells” refer to somatic ceils that are not transfected or
transduced with the therapeutic gene. In one embodiment, these cells are not transfected or
transduced with any therapeutic gene. Helper cells are mixed with therapeutic somatic cells
that produce the therapeutic gene product. Such helper cells may include any cell at all,
including connective tissue cells, such as fibroblasts and chondrocytes.

[0059] As used herein, "hyaline cartilage" refers to the 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.

[0060] 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

10



[ 00501 As used herein, "helper cells" refer to somatic cel lﬁ)gﬁ%& 208t
transfected or transduced with the therapeutic gene. In one '3. nment,
these cells are not transfected or transduced with any therapeutic gene.
Hel per cells are mxed with therapeutic somatic cells that produce the

t her apeutvw (ggng?g{ oduct. Such hel per cells may i ncl UdeP(.al[?MSZSh‘i@/(gi9ﬂt9 all,

i ncl udi ng connecti ve tlssue cells, such as fibroblasts and rocytes
[00591 As used herein, "hyaline cartllage refers to the connective tissue
covering the joint surface By way of exanple only, hyaline cartil age

i ncl udesfundsigns p§ hyadine| Gagilaggdinglnde sigprsing, ptffneswnta ForaRfessiogo saslienceampd | age, and

nose care%gp%g@a, aﬂ@%n 31541{\)699{5‘/{3 %ﬁqgﬁ{s’ alﬂ}/t?llé %ux?@zretp' L@Q%Sg %‘r &émglmdﬁ? be

sel f-renew ng, res erations, provi des st novenent wth

| ess frltmhecand gidyedurzrbﬁily,arti | age found even wi thin the sane joint or anong

joints varies in cel | 1 glnSI t mat ri x conﬁ lS(I {,ﬁl on _and nechani cal
]é H‘,

propertllgg“]yetGrroéstba?’r‘FQ Lf'tﬂ@’%élr% s caftilage Appeary 3 me e t8bne of the
10 29 SepligvhehrmtiRh. ™ME 2082011482302 G Ut RS LOhIREd Snonldaglet ang  Of

hyaline cartilage include surprising stiffness to conpression, resilience,
and exdegksibiped|vepis] ymphatis vasss's OF B e- il gpitoraiedughly endpieil sijuatere thati mi ze

peak stress, Quﬁﬁgamw@mfeﬂaﬁw@m afld @@tmglmalvég toxn?lﬂr&%ﬂr&s ARe! y and

hlstologlca aline cartilage appears as a slick, firmsurface that
resi st s ahdffongmaniodnhe l’menemrhhee|\1f1ulearlalntatnmgxa &fw {dvel @famctialmigeacwtyprl ses
chondr ocyt es but k$ Phoed | o S e
el abor at fie lﬁfereﬁfe %'% o8 b?r ujé) nﬁ?é f}ggfs‘ ’ ané?r?]é{lgi ]r%’%ld%h célr%%sctgle nt(f:‘Jc\t{)uegwe
chondr OCaﬁHeFEnoalbd off h\gzalnﬁtcaﬂokags an detsil twhinmisninedrporhteé hsieinlint tefe@encand itk unct i on
of the hyaline cartilage, while maintaining a |ow | evel of netabolic

actl vi t yS"%he reference O Driscoll, J. Bone Joint Surg., 80A: 1795-1812,

1998 despédpes Ahaset Neasih,Uigectabiet édﬂﬂﬁ)ﬁxh@rﬂ réfers iy al dogosias ladeeclides det ai »
which is incorporated herein by reference in its entirety. 100621 As used

her ei n, mﬁ}@&wmlewswﬁpﬁfgff?1fiofﬁar?em§¥ smesh of felb sisesdyre ey bermdecdi@ntides

various hheg oﬁlsmesma@taﬂéwsseaﬁ ft@mchftcr ﬁ%ﬁ&‘@fl&vs s Blowf ﬁlxﬁorémau%ere may be
made of any material or shape that allows cells to attach to it and all ows

cells t ola}gﬁfowd Whieh rserugtiignis cﬁﬁ’éﬁmllYawlam%‘m aoivkiesteds The drieatien jis tpigaly al | y
' rrpl ant e tut \){;'Ja @%ﬁr&g Ié 'ahyeﬁltohfpgf ﬁl cttlﬁ/gpt'hg @&h?’osltﬁﬁrof *n é?es?%gﬂx a

syringe. mever injecting the Tco tiron of Interest may be
used. Foused. ri‘siramsms:e ccathhtetsemaye&p pateapsatuoe dqsm!mt ptlymer ghdpamdaay bpol yner
gel s al SO Ay be wused. 10063) As used herein, the term "mammlian host"

i ncl udes®%&nbers of the ani nal '

[0063]  As used herein, the term "mammalian host" includes members of the animal
kingdom including but not limited to human beings.

[0064] As used herein, “mixed cell” or a “mixture of cells” or “cell mixture” refers to a
combination of a plurality of different cell types. Preferably, the cells are used in cell-
mediated gene therapy. More preferably, the cells are connective tissue cell that include cells
that have been transfected or transduced with a gene or DNA encoding any therapeutic gene
product. In particular, this gene product is a member of the transforming growth factor f3
superfamily. In addition, the mixture includes helper cells that have not been transfected or
transduced with the therapeutic gene.

[0065] Using the transforming growth factor § superfamily of genes as an example of the
type of therapeutic gene that may be used in the practice of the invention, and not by way of
limiting the invention to any particular gene, typically, the ratio of cells that have not been
transfected or transduced with a gene encoding a member of the transforming growth factor 3
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,
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ki ngdom i ncluding but not limted to human beings. 10064] A9 Sépesiniia 2000,

"mxed cell"” or a "mxture of cells" or "cell mxture" refers to a
conbination of a plurality of different cell types. Preferably, the cells
are used in cell- nmediated gene therapy. Mire preferably, the cells are

connect i weotnsagesoecel | that include cells that have be?@nh%ﬁﬂi;@? ed or
transduced with a gene or DNA encodi ng any therapeutic gene
particular, this gene product is a nmenber of the transformng grovvth factor

[ superfam ly. Inp agdl tion, the mxture fl ncl udes hel per cells that have
not beenthf raEErRBt B 2Bt 1O ndkgtt &dnviFRl Phhiberabapalierlls. Slomever #085] Usi ng

the trangfsefsbolthadihe Mt Jf%@peeue s%&?ﬁ&t@%&%sé&fﬂﬂ@:&@% aaalﬂ&lmﬁﬁgalse of the
type of therapeutic gene that may be used in the practice of the invention,

and not loyg esipe efmbination of hgsetaghls isglfesiive tnproducarhyalpercnitidagk ar payeaily,andypi cal | y,
t he ratlp Oﬁﬁfcﬁ’ﬁ({' hat have not been transfected or transduced with a gene
encodi ng H €18 thetransformng gromh factor p superfamly to cells

that havpobgen As ansf patiadier teini apaiicelcMidshmamB&E oS UREBAIRA Ibhggene may be
in the range of about 3-20 to 1. The range may include about fO to 1. In

par t i cul WFluding putygt kpiteddmbuman bejes- Wo 2003/ 082302 PCT/ US21103 /0119 7109

the rangfoggy bAs alaWerelD “GpRardlRticalyl dtcd R R trd¥6rs nyrmeear% &8l &S
However, it is understood that the ratio of these cells should not be

necessar Moymflil Sesart 9 propaietthe affigiengyapigieanseprt poikg campesiwncdrily mseition of t hese
cells i Salﬁ‘i SlSJig M%%&gggngg ‘?heg%ﬂrlé)bﬂﬁorpa”' | age | n partially and fully
J

def ect ed Ints. use rern, the term"patient" includes nenbers
of the amOﬁmI kAmgsbdmerqlrnébmnhtmg:eb oriiwtl” n pereed réfers el erceh @if igsbod¥ 09671 As
used here |l h ma%eutl cally accepted carrier” refers to any carrier that
is  knowh fr a[“heggg PYS pronote the efficiency of transport of the

éorrp05| t [mm]of Ah&seﬂ i, ‘ored agells m‘fﬂltmm901t1j5|mslt&>ﬁ1fo€ﬁﬁxed&lﬂ§$atﬂfavé ben

CONpPOoSi th 681 .As us eg) lsomat dc cell" or"" ab ' neral
ofbrs t BEHUOCRG NG DSty HITe Fof Heh AGUGS 670 4P Ao bt e s
herein, cakaa9be s@ofdd ib alrefi@érafich @hiC ORRBSEdlls AhyHe FI-6L4L abB|-30°tibato-bave been
either stored individually or together before they are admnistered to a
manmmal i afP hedle celtpare pe’éwed fonptes @dmingstralien iftoghe eﬁmmgb%nah%ﬁhwllﬁ magy |t he

cel I's may. figwid MG kfvndRlols. Zl%etdgratlglpopﬁeéfh LRkt K&y be A& pieser ved

for later agw nisttation into the manmal i an hdst. Tece%{s may be thawed
usi ng knbmypmoﬁet@]@ys,‘ﬁh@nﬁ@ﬁ&telvmﬂwalfdr}eélelcngf%mdeltsrampﬁgn?m;w be carried

oul gﬁ%g %Rerlésed K\e@"&n e "ltrgrqlsgon%lllé[ hger'\o“vtha?ackor-tﬁy (%P—Bbmsuper%}{m J" the

cells ar
encompasses a group of structurally related proteins, which affect a wide range of

differentiation processes during embryonic development. The family includes, Miillerian
inhibiting substance (MIS), which is required for normal male sex development (Behringer,
et al., Nature, 345:167, 1990), Drosophila decapentaplegic (DPP) gene product, which is
; required for dorsal-ventral axis formation and morphogenesis of the imaginal disks (Padgett,
et al., Nature, 325:81-84, 1987), the Xencpus 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 formation of
mesoderm and anterior structures in Xencopus 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-B 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.
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[ 00701 As used herein, the "transform ng growth factor-p ( ﬁ:Se[e‘ﬁlmber 006
superfam |ly" enconpasses a group of structurally related prot V\%’l
affect a wide range of differentiation processes during enbryonic

devel opment. The famly includes, Millerian inhibiting substance (MYS),

which is normal nal e sex devel opnent (Behrj et_al.,

Nat ur e, 3;5@9@%1})?931%90) Drosophi | a decapent apl egi c (DPF’%@'gﬁ#(goﬁ?"daﬁct , wWhi ch
is required for dorsal-ventral axis formation and norphogenesis of the

i mgi nal disks (Padgett, et al., Nature, 325:81-84, 1987), the Xenopus Vg-1
gene pro)et], wihe prokeirsadfi the I GFep fdmely meg’m‘tialy mllllesimcfd &gy farfeVgrekgsoret al .
Cell, 51:861-867, 1987) }he activins é, Bi ochem gl ophys.

Res. Confraiein, viieh @@?ﬂf@sw HEEHPeS MHCHUES aku%éa Elert o e Toridese

mesoder m, %ﬂ%@rn@rm@taﬁm& BEieS b HETORHRInEIDTYOS- t@mﬂﬂsr@@onse%]f Be- Oell
63:485, 1 bone nor phogenetic proteins (BMP' s, such as B

3, 4, 5, prﬁtmchre? all @tm@érglénrehited aE-thy diffsrenh famaily mnlajbmecajebmdwsalfrcdrmml age and

bone for b&u 2 1 1990 The
TGF-j 3 g “lc crs ?:Sgcrilof]n uédr%éf Bhgl\ygl?mo Og;l ?2 1o @lrleeirgl‘ mq%les W1t?rocesses

i ncl udi ngaxadjlzﬁcsgegrewssrangnmmem%its 90% reanioy argdeﬂ&@ens:,e it ﬂmdioeﬁ)ﬂcscuesand
epi theli al ceIL di fferent] For a review see Mass 49: 437,
1587w P bERgE SRR e Raich S BB, 85T b Bl ey ety 20
Sept emeEas@Qﬁ@actM@ feb hpy AR A3 bd 3 dRGTHdeBakddLdighed Bf O-t&minal (r9gh&s! 180 The

proteins of the TG--J3 fam |y are initially synthesjzed as a |arge precursor
pr ot ei n, ekl (tfﬁhesfa&?i‘&ééﬂ?éﬁﬁllsﬁhaﬁh%rkﬁﬁé%‘“%?%t“t?d}o}"toidbnf’dlcéav&@éasa'feea foundst er of

basi c reﬁJ M@ogt@ﬁ@r afamém&t%b’ oti}é‘r%r%ﬂ@ﬂﬁﬂi’oa@ l%'t%uﬁﬁbﬁ@(@ﬂf epalt ?\famrQus The
C-terminal regions of the proteins are all structurally Ffelated and the

?I ff er enB2I: %%, ﬂ%@@mﬂa@ngfd}b Gacidttastalf,iCel, 43109, 1%ﬁ7$tllet¢mdnwbgmw|lﬁs based on
he exte t m)lo tho th onn articular
subgr oup 4?&8&? 1 %rﬁll Efpggaédg/ havs ('rillgfgrggtl %OP bcﬁe%'%%ensﬁwh%n lhﬁ e ool ogi es
bet ween Eubgdxmuns are significantly I ower, generally ranging fromonly 20%

to 50% In each case, the activ. s s appears to he a disulfide-linked
di eter of00%2k er Memberstaf Rfwine @amlf%’o?fp %gtgeg s ‘f‘ﬂl‘-ﬁq L6F Py TeFhér ECF 4t have

been st ughfilen! HERIHNTY gfbrsetxkﬁgﬁn@eﬁm’sz hivip e 8, &, pMRcDPE, B sbhghﬂ@' cal l'y

active, ers, l'ike the |n$r|b|ns Ung;
Nat ur e, Vgl .OPFFYBMIS36H: oadi}dultz HOATGPFLB' L‘en()ﬁhe\/g@ﬂiMP -81 Inhlbin-BALelnhibid8: 409

1987), heterodltnets have been det ect nd these appear to have
di f f er enPBpilBNYyice apd Mlépe?{“‘?qésgef“ﬁaﬂe dﬁéuﬁsﬁ‘gﬁbéﬁs%‘w HYfo dietrePchno 72

Menber s gf.7541¢0 S ypsy, halkh liyin@drpdiided ﬂgtelg%g‘?&eﬂeﬂ&llﬂqfi@el{%/ 03, TG--J32, TG--J34
(chi cken), TGF-J31, TGF-135 SJ eno MP-2, BMP-4, Drosophila DPP, BMP-5,
BVP- 6, [0073] Preferably, the member of the superfamlly of TGF- B genes is TGF-B and BMP.

More preferably, the member is TGF-B1, TGF-B2, TGF-B3, BMP-2, BMP-3, BMP-4, BMP-
5, BMP-6, or BMP-7. Most preferably, the member is human or porcine TGF-1 or BMP-2.

[0074] As used herein, "selectable marker” 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 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 phosphotransferase, xanthine-guanine
phosphoribosyl transferase, CAD (a single protein that possesses the first three enzymatic
activities of de novo uridine biosynthesis - carbamyl phosphate synthetase, aspariate

transcarbamylase and dihydroorotase), adenosine deaminase, and asparagine synthetase
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Vgrl, OP-1/BMP-7, Drosophila 60A, GDF-1, Xenopus Vgf, BMP-39 Selpkﬂlﬁ)l')e’i-M6
hilribin- 13B, Inhibin-a, and MS. These genes are discussed in Massague,
Ann. Rev. Biochem 67:753-791, 1998, which is incorporated herein by
reference inits entirety. [0073J Preferably, the nenber of the superfam |y

of TGF- ( 3weResush 52 TGF-1i and BMP.  More preferably, th Lol S G- 131,
TGF-132, TG 133, BWP-2, BMVP-3, BWP-4, BMP- 5, BWP-6, of CHRRIBS el R

preferably, the nenber is human or porcine TG--131 or BWP-2. [0074J As used

herein, "se|ectable rker” includes g g product that is expressed by a
cel | t haﬁsa%‘L’QBlF §t %Mgﬁaﬁﬁlﬁﬁrsqoﬂé‘gi ﬁ&p&dﬁ@e@@g\l&w?ﬁ&“@;‘ﬂﬁ%g by pidererie g o
express ﬁ’sﬂenﬂle?ﬁ!lﬁgundéF!ﬁ‘dUétthTt%siﬁ]?vlﬁ@el@&aﬂ]@ﬁl@lm@ﬂ 19@bCAleqhifdnt RIRLLOMe Or an

enzymatic activity. lsolation of cells that express a transfected gene is
achi evedclpmedprvieaiiral I Fck gy aeg sbpdimens, 1 srkectableamuken is ngt inserperaigd detpe t hat

encodes t%eg‘aelleﬁggoa}lggl ectgﬂ%gglra{m SUSNL.LAS, one having an enzymatic activity that
confers resTstance to an antibiotic or other drug. Exanpl es of sel ectable

mar ker s j00TdjudeAs sdd heaaig ndirombtei't @d Yeunytdayuencd oEDikindme s atkiby,dnof ol at e
reduct ase, am noﬁg?lf,gcosi de LEhoslohot{ajgﬁé;le_rase, whi ch confers res'k)s ance to
am nogl ytBEPEBTRTPBIbIN PsCEHRIAES K AR ECKET "HE RTINS AheyEREPPE n,

hygr ony céaBot s pheth s tarsase ferabd) ik fiemadaR abeve i MAHRREHD BORKY IThe
transferase, CAD (a single protein that Bossesses the first three enzymatic

acti vit i eemgter gay hpsansiipiRhhexprisers it Prederpl it PORGSH iandiciint het ase,

aspart at frepl AN AR R9R1EBA i MG AR! AATS) MBASHAS08. despase. and
asparagi ne synthetase 13 29 September 2006 WO 2003/ 082302

PCT/ US2033ddddib e by dorni@esror welklse St morapselewblyaihe Gfammitergs indhailpe &y bdagy 1989) ,

i ncorporated h in r ef n LNl hlety. i derst o t hat
using a rs’“gflfé%!‘ct S{? teprr?ge)rlzfgle)g rﬁés %rrl(%ﬁm!ép }Seéﬁﬁ]eﬁégﬁglﬁ\%e%{]o g%#eag[t%lmg %Lt h%&(e“gl?%i med
i‘nvent i otenhdnderf dahents" nwhink alnisontialentscriptios kacbainkatedantoghe DN ANdctor

i ncor porated int t he. l?ﬁneti c.construct pf vgl}e (il ai 1mad {lnventi on. 100751 As
used her &HRTUCk a0 MRS PEFIRC COISTRET QD BISEILRYER SR IDRARRE S and
cont r ol stk gaesEhdgtdton in an eucaryotic cell. The pronoter nmay be active in
either or both eucaryoti g and ,ﬁréocar,yoti c cells. Pref erabl.%/,, t he pronoter
is acti vBOH nafiiied dhree federmraC-chal sREIns A CARRMIGLIPOSYRE QARG AYMEX pr essed
or i nduciRiderdtdedRiiddl Yihet"De-HoPTmRb1duld BcludeiicCteRi g amikb gfoag,aebchnuﬂ]he
pronoter is inducible by an external stinulus. Mre preferably, the pronoter
i s i nduclength spAFehaPnibiie dtogrs) At & Farbanepy] lipkegbprd (fya0red ahpBipchenh Bigthgtot er i s

i nduci bl g by NEAKY 17d®iAIsS. 19§t preferably, the promoter is a
met al t ot hidnei n gene pronoter. Li kewi se, "enhancer elenents", which al so

control {00&Ascr AptsedmereganShehal'nis defined ai dtype pheatipnia lipessmsr  construct, and
used Wt fhohfje CROSLLHGER] hdGerhl GREBEicAIY SR EO UseCin® IR S B SHAT esST on

denotes the ability to introduce functional DNA and/or proteins into the target cell.

[0079] As used herein, the term "biologically active" in reference to a nucleic acid,

protein, protein 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 i 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] Bioadhesive Material

[0082)  The therapeutic somatic cell may be fully or partially surrounded by bio-adhesive

material. The bioadhesive material may affect the release profile of the therapeutic substance,

and therefore the amount of the admixed bioadhesive material should not hinder or adversely

alter the desired release profile of the therapeutic substance.
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cationic |liposone containing cationic cholesterol derivatiVes:

"DC-chol™ nolecule includes a tertiary am no group, a nedium |ength spacer

the gene of interest. 100761 As used herein, the term"DC ciy)é"pt%gglszﬁm

arm (two atons) and a carbanoyl |inker bond (Gan et al., Biochem Biophys.
Res, Cor 79:.280-285, 1991). 100771 As used herei F-cliol" is
defi ned arIngngﬂ?%%}%%f cationic |liposone. 100781 As used p&eTll'é% H‘,’ﬁ‘{"Wé% erm

"biologically active" used in relation to |iposonmes denotes the ability to
i ntroduce functional DNA and/or proteins into the target cell. [00791 As
used her{edgs] t He atidition tohavirggidbesideypraptriieseluitale bef athenvembterias shoelldi ¢ aci d,
protein, protein ‘g{eagment or derivatjve E'herq%]gf is defined as an ability of
the nuci¥i%o-smRptigie: M HE0 4R Y "AkEATE Ty HPHRULY RSB8P By PRAI

functi oq,eﬁ,lolcgmp@lq,lpm thdnotinls@nipydyed.f orm of  the nucleic acid or protein.
100801 As used herein, the term "maintenance", when used in the context of

| i posond00&#| i ipydhesivg pragesialsisan siffier havg ngp-spasHici o spesHisird ENEOPBUsSe nai n
present 4. . L. [=Yo Y 0 10} B . ility of
o gor e ERUNE ERitera KGR S ec AW RINE oL EWA eplib PRI S ARSI 11

i npart aantihtke amepdnents ef ftiecextraf D81 Inddino dchh dgiy the Nistuer atahe 10QBR1At Sitee
therapeutic somatic cell may. be fully or partially surrounded.by

bi o aghdeioveh Rhesmalr. ke plRosies Cot ne of Rrodieg L PREBR T o case
profil e @bcitih®indhgr ppgiidsCinsluds thanae, notahsitddhe] CARBOMIIR #BP Wdodsith t he

adm xed bi oadhesive material should not hi pdeMr adverse[&(é alti the
desi r ed Fesiomnae gYigenals Geveland r BYBTERc PUPRRONAMES and £OBYYIRESt er 2006

WO 2003/ @&ﬁﬁ@ﬁoE@g fw&%@l@&‘)&@&”i%hm&%ﬁﬂarl ReigRtdickdsQiktR farNicniaehesi ve
e

properties, suita i 0- adhesi ve materials should be bio-conpatible, that

IS non- trokireets. (R BAPPbRamerglymsisHatete rodymsrs AbRRY iemasitberermliakedntyith
ﬁe”D-COVQ?@E LRI &e loP afif1GenBRRMIH S EARBORA @ %&Q%Jerﬁ*n@mé@%%lg@ Eﬁﬁ& al s can

ei ther have non-specific or specific binding properties. i 0- adhesi ve

mat er i al sidy tedified- dpedingi chiinndE HYCPopden | exrylaies,| aadheressligheterwithy to t he
cells and,the conmpgonentsg, of th rac |ar rix, that formthe tissue
at the t gﬁ’teﬁt@%?&g?@e, t&tlllf(r?oug ’?"ﬁ‘)(gérs elelrﬁh:) 8’, c%%bgo Oll'é]otk@(%gg iorf%e.h]s’ Exanpl es
of bi o- aglldesdymepytaietiylcallulysef fsodiom- cabexinidtityl bietidiorsgy Gnapeumj golyvivgt ude, but

are not limted t CARB(PDaO__1 ( Bc'i:d orcgci,crtg) 1Per1 rmance Nhterial

3 evel arm bR, SRS PRSI e e B Y o1 RGP AL CAREIPER  +

pol ymer sstirdie | dindelakd, Glginand, emid| theirwixglits and/es sdponiets, RCWHL ias mikhdedased
copolymers or graft constructs with polyethylene glycol.
[0085]  Bio-adhesive materials with specific binding properties adhere to tissue through
specific intermolecular interactions with molecules exposed on the surface of the cells and
matrix of the tissue at the treatment site. Examples of bio-adhesive materials with specific
binding properties include, but are not limited to, lectins, ligands and antibodies to receptor

( proteins such as cell adhesion molecules and integrins, and albumin.
[0086]  The particular bio-adhesive material will depend on the intended use and
placement of the somatic cells, and in particular, the characteristics of the treatment site to
which the cells need to adhere. For example, in cartilaginous or bony areas, buffy coat may
be effectively used as an adhesive material, which may preferentially bind to such a solid or
semi-solid surface. It is also contemplated that if the target tissue area has a positive charge,
then a negatively charged polymeric molecule may be used to aid in the adhesiveness of the
therapeutic somatic cells to the target tissue, and vice versa.
[0087) If a more specific and directed attachment of the somatic cells to a particular
treatment site is desired, a bio-adhesive material with specific binding properties can be
chosen for use in the carrier composition. For instance, a bio-adhesive material that binds to

molecules exposed only on tissues in specific regions of the body can be used, thus directing
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pol yners. CARBOPOL(c) honopol ynmers include polyners of acrgbiSeptailr 2006
crosslinked with alkyl sucrose or allylpentaerythritol. CARBOPOL(r)

copol ymers include polyners of acrylic acid, nodified by |ong chain

(GO0 C30) alkyl acrylates, and crosslinked with allylpentaerythritol. O her
exanpl es wpcheiRzssear bopol - pol oxamer gels,  hydroXxypr opyb{ek 963/3(%'7{ ul ose,
sodi um car boxynet hyl cel |l ul ose, Guar gum polyvinyl pyrrolidone, Chl t osan,
pol yacrylic aci d, hydroxypropyl cel l ul ose, polycarbophil, sodium starch

gl ycol at e, an 8 eir m xt;}wes an%or copol yners, as well as

mi xt ur esthe 5%‘8 6|“3F151‘é|‘% Bf Qe CEAS Y ITERE VRt h o I‘%?H’Eer\’strls'é“nlé Hiopsiof 100851
Bi 0- adhegdsyeaPis@idedded oMijtire8 PRE isbrhsiichicN§ Db i dttbQEe fERRER sl byl ssue
through specific internolecular interactions with nolecules exposed on the

sur f ace ‘@ingaiuo-gdhasive Aiaterialihatbinds i mplseules thataee exposed onitihad sagiarf tissuee

Exanpl es, of materials wth specific binding properties
i ncl ude,dl%t? mgﬁlﬁg%?ﬂ :{ﬁ't ed to, lectins, Iigands and anti bodies to receptor

pr ot ei ns{0§88jh aMaﬁyechmgd’rwsi@ncﬂblsawbsameaglglcdsplra&grzinﬂsl;avaruilp@debwnj,ﬂ [ 0086]

The particul ar  bi o-adhesive rrat erial wll qd pn t he i ntended use and
pl acenenfoisHies; ECIS fEG PRI qrElycgrpotel “ﬁ&i“ﬁ‘tgﬁ fhg} bind o sugan mpigtiss Wi cs of

the treafBRRre, SbdtRs BRI b l‘éhg!% dvey16l lcsll haedet Qf ﬁQh@fg@t rEdhe® %A fhe 1N
cartil agi nous or bony areas uffy coat may be effectively used as an

adhesi vehmﬂﬁegliyacrsylamcevﬁ #P&ynspcfaéft@rt@?ﬁ 54 'P'9 agheséyeripaterip fhah wilbpdhgregle
sem - sol yid {Ul 3CEtins! xre'ﬁsoaémn&ge%@%péaage %hﬁé g’erflerzrilnexl(gxﬁfn%% 0 élﬁfue area

has a positive charge, then a negativel rge neric no e may be
used t o Brahples of lestinindudes brleasenajfiintiigd to, m@pezp@m r?@llcswnmggiutmei, mwedto t he

target tig r%u?g&lﬂgl(?11§\é%/‘i}f ay @Rt o S;,Ig[%’%?l ppefn%u? {Ir},%fu%nﬁap%ﬁ]% Cle?tnd " eed

at t achnefit E Te 'S"desi red,

a Dbi o- adhespaees wedgglutiain. Wi t h speci fic binding properties can be chosen for
use int arr si tion. erial that

by nds t ol RS ec BFEEOLRBIRdogRR 9 Slheti L RBSTes e PP AP Rl FOMEs O ne. body
can be usad, Adieeisn Giolealek ﬂ@dxaﬂe&ez&eﬁamdﬁn@b@rspz&ﬁ&uy\d\&o%@ieﬁéJawzﬁﬁ&g

PCT/ US2003/ 009719 the sgmatic cells to bind to those tissues. Alternatively,

i f the toaplaRHES oy the syriace of aegellsf Thup, I%ﬁ‘& FrreaRbqddes fhat bipdelg aghesion ur ed,

the somapjecoel E@oseanoxbamt RHBEL 609 at BSalticBRt RMMnesi §iR QN beUsiedds @
bi o- adhesive material that binds to nolecules that are exposed on that

regi on ofperifis bipeadhegiee megerad & Hireabmew st i njury. 100881 Many conponents on
cel | Surmﬁﬁs Lol % yﬁ&%}i}@fte@b@@qh&mqn%gl nlgg;l be YR ofrmdssmﬁgsn&?ct' ns are

proteins of 'glyco-protein conjugates that to sugar noietle

t her ef or qqecilﬁecbmdmgv\pﬂoperbpmdnd othg$ey bixsydbetiesd mat¢rial shavirgc epecific tindirtgar get

treat ”en{xo%é 1€5S. S%ch aennxture may improve adhesion of therapeutic somatic cell-bioadhesive
mixture to a particular treatment site by using, for example, both non-specific charge
interactions and specific intermolecular interactions between the bio-adhesive materials and
the tissue at the treatment site.
[0091] In accordance with an embodiment of the present invention, the above-described
bioadhesive-somatic cell mixture may be delivered to a desired treatment site, which is
typically an internal body tissue including, but not limited to, a joint space. The bioadhesive-
somatic cell may be delivered using any apparatus or technique, such as by injection, so long
as the contents are effectively delivered to or near the target tissue.
[0092]  In another aspect, the invention is directed to using a composition comprised of
fibrinogen and thrombin, preferably from a human blood serum. The composition may act
like a liquid-type glue when fibrinogen and thrombin solutions are mixed. Further, if the
fibrinogen and thrombin are isolated from human serum, the composition should be non-

toxic. Such a composition may be commercially available through for example Greenplast™
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heavily glycosylated cells, lectins can be used as a bi o- adfeSéptembes 20062l
that will adhere to the tissue. Lectins are al so advant ageous because they
are general ly non-i mmunogeni c. Exanples of lectins include, but are not
limted to, Lycopersicon ecul anhan aggl utinin, wheat germ agglutinin,
Urtica digpessagedyytinin, peanut agglutinin, tomato | ec,téﬂtsﬁ,ng(,(}()l,@x

eur opacus isoagglutinin. [00891 Receptor protelns known as adhesi on

nol ecul es are al so exposed on the surface of cells. Adhesi on nol ecul es

nmedi ate cell -cel | i.ng b cificall n|2| and bi n

nol ecul efSBHT%AR I%"u?“?a@’ég‘B‘l’tyb&“ﬁZ’r‘mE?gltT §“>y SPRU rIOF"ﬁ&ngg‘%'r‘ bejpg %‘glbéfs t hat

bi nd to adhasicanR: p/dBése eEpBfurY BRIBGHpOHtid)8n @@Hp@qﬁaﬁea@%xlmat a particular
treatment site can be used as a specific bio-adhesive material to a

t r eat ment0083lt e. || Wdobbrinagen pewestdh-deme) vathhipsotamsdlpten o bplypeingdy be made

of thoseyq%gkqg%non specific binding properties and those bi o-adhesive

mat eri al “havi Specific binding properties. Such a m xture may i nprove
adhesi on[@94]t heﬁapﬁuﬁhmmhmnmwder ¢el Imgp)i wakl Nkl selution Xx&.8ink dstmgaa plarilei cul ar
treatment site by using, for exanple, both non-specific charge interactions
and specP¥1"%€%i nt er nol ecul ar i nteracti ons between the bi o-adhesive materials

and  t he ggossue 3ah fith@sdolviigd Thitogsh bt @A lin kithaeaMibdameesoMuols ar -
enbodlnent of the present invention, the above- descri bed

b|oadhesﬂv§ﬂ§6ﬁﬁ®9@lcbﬁﬂoHi&ﬂﬁﬁ@cﬁﬁvo%@ﬁﬂel|vered to a desired treatnent
site, WhigRe) S Uphbl El%ﬁilébcﬂf't‘a'ir‘ltogrdrl%oxp&q}{e Edlﬁﬁﬂﬁ’ioh RGS WikdadyinPLdis gt |im ted

to, a joint spac i oadhesi ve- somatic cell nmay be delivered using any
appar at usjetion eldbmu@gﬁe effeuichrtitage mgeqxqqglt@@tqr@nesugqﬁ inedlesivaress.he contents are
effectiv i elbv %% jo or near the target tissue. [0092] In another
aspect, nven Ponis directed to using a conposition conprised of

f1 bri nog¢se9snd Blnffpm:batnnaymeeﬁﬁecabhty tharapeutd dounda cdllsdethrs ediinistefihg the
conposition ma e,a.li u en fibrinogen and thromnbin
solutloné‘“’éﬁ"ét f@ﬁ“lﬁﬁh?ﬁ%Pmt lgﬁ8%3$ﬁgP\ﬁ8§@ﬂ“§WBQEHFtﬁﬂFng?émFsolated
from humppdagmdde ffokethe Qli’é?d’p‘&utid @masheulsdsbey B8 pods€psésCthe Pri@leaPpredAROSi ti on
may be connerC|aIIy avai |l .abl e throlgg faor exanple G eenplastTM 16 29

Sept enbe Pt Popg adhgyngoaoHS FEbsralseTs ?édé’ﬁifi‘ié?‘i‘éage(@éféﬂcﬁso%@‘ 5o ea) .

W thout Rgisited biBht fsdmt.&xeama 5MECHiishE MAORES fray Wel Nodito BRivi@ Daprdoy any
particul ar process of Earln t he conp05|t|on an exanpl e may be as

fol | ows: tepamomy “glug] 1R bpldd ¢ thSHRFRtS SARIatC qellin PRoBaghe siietoh agministiatiemsos ol ut i on
(LI m) u%a?ﬁ)cﬁz«.&@&(ﬁ{%llyeot%th&%uh& Q&giv}od%ct iMcniel by onbi n powder (5-11nmg) with

NaCl sol ution using a ster
[0099] In a particular embodiment of the mvention, buffy coat may be mixed with

connective tissue cells that are then injected into the joint space so that a therapeutic gene,
such as a cytokine is expressed resulting in a prolonged and effective delivery of the gene
product to regenerate cartilage or bone. Such a method is effective for treating osteoarthritis.
[00100] Buffy coat is the nuddle layer in the centrifuge tube when a sample of blood is
centrifuged. Top layer is plasma, and the bottom layer contains erythrocytes. However, buffy
coat contains leukocytes and platelets. There are various methods of purifying the contents of
the buffy coat layer. According to the present invention, this layer may be extracted from a
blood sample and mixed with cells that are used in somatic cell therapy protocols. Without
being bound by any theory or mechanism of action, it is believed that the inclusion of
purified buffy coat with the cells that are administered to a mammalian host results in greater
efficiency of expression of the genes at the site of administration because buffy coat assists in
binding, fixing or detaining the cells to physiological structure within the mammalian host
such as a bone or cartilage so that these cells are expressed.

[00101] There are no limits as to how much of the purified buffy coat may be added to the

cells before administration of the composition to a mammalian host, so long as the amount is
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syringe. [00951 3. After dissolving fibrinogen and thronbi 29iSepamdier 2006
solution, two solutions are mxed wth about 1:1 ratio to formthe
conposition. 100961 Up to at | east about a 1:100 dilution of the conposition
was mxed with cells for injection or loading to effect cartil age

regener atwonosddspesul ted i n adhesi veness. [00971 Buff),;C §500L/ﬁ ii} Buf fy
coat may be m xed with therapeutic somatic cells before admni's ng the

m xture to a site in the body that would benefit fromthe expression of the
t herapeutic gene product nmade fromthe therapeutic somatic cells. Buffy
coat pos%féﬁ%&totsh'@‘%%@)gi inceasg sl feefyvengss OBQICA%rﬁa’hB’r?'}ﬁ‘g?"’tl\?d@tﬂ‘lf @ $8bst r at es,

such as Pe%%reamatg@i& u,ﬂgge g@ﬁelmln ufasalﬁ(ﬁm o%%ny' coaupo%tea b AR TMEhas nuscl e

and ot her tissue, hus nmay be used to provid type o tenporary
"glue" t cffdaomtOtgqeer@th emabgmﬂilws Shereatip of cmbmntuonﬁ quifyamt ot cefli maslbben tk

S achi et S PED0dE 1 & Gt EGreal L BEBlncoBPoLHE THOBHDY B Ty Coa

may be ”h%ﬁdxc‘md‘éhbmﬁqnm@@ﬁl WepdriGadretheahhge hiabe abdut then injepss edent 0 t he
joint space so that a therapeutic gene, such as a cytokine is expressed

resul ti n¥elime af Pfiyicosgedicdisgvesisdect i ve delivery of the gene product to
regener aL 1637 thi@ga Mnftl%?ed 15%9 why rﬂ?tﬂnﬂqcﬁﬁatﬁﬁ n%fﬁddvi%r Her )F_lt:(l;a%ansﬂeng

osteoarthritis. [0010 Buffy coat i's the mddle [ayer int ecentrlfugé
t ube \Ahewasathsdmﬁﬁy@o@fmayﬂm@dﬁ§ byceentrifidingyibe aan@pgulakyébIOpé iipd eegTeRy, testnd t he

bot t om l grthe%o Le?lhl&siexgg‘yﬁ SOGYEER po W l;he Bplyr{l% Xnthglﬁ%i] uﬁﬁ}q%t e ﬂl eukocyt es

and plate ets. are rious uri e Co 'sYof the
buf fy coedat.lBayfered ZP((:Gm[amkildEglydd)istlm veryegeaty layered ot 1oq)rand theitsbel lafy @rstamdy be

extracted ood sa xed vvlt cells.that ar sed_in somatic
ol | 1 oy HHEB fuaPg = G R aLESUH IMisat i drit Ty ety B SPPe Gl R ini o of
action, plasthbattebdneéadmbiat frdhend Mot wsthae Blp opurthihiwshdbrkfick &rOhilwd th t he
cells that are admnistered to a manunal jan host results in greater

ef fi ci eneYieadfThepreayidsk cat thenge fanmed ard hpgiegssEosrscaimichp erute dh because

buf fy coglApedssd Thid) tllel%le'ﬂgér'?ﬂae 15 b vt aofraz&%ia@e BbdVe am@el&e kkeSoulf§ coat
physi ol ogi cal structure within the mamual i an host such as a bone or

carti| agéonsopiepgpf Pirallan)cepkiag gr thot lpg agtheepen [epdst Then, Twidk @ rape dip i ni ts as

to how ny llceﬂf)r sttPE {Cﬁg& dﬁﬂ thyﬁfa}ﬁe&P@F th nnzﬁ %ggﬁg bhﬂy tc&lef 18 Oﬁgllédsoul? efore

admnlstr tion o osition to a ma ost,”  so | as the anount
is 17 29%%4:}tee|argmns @G@ﬁmea\/ﬁetmﬂ&é@szwﬂlelam USE@G3EE1®TQ®SS€§]‘ f ective to

bt ) Lo 5 LU YRR BERERY R BB RS T
added t oidvbRioa@htdinpasses the middle layer of a centrifuged blood sample.

[00103] Gene Therapy

[00104] The bioadhesive material of the invention may be mixed with any cell that may be
administered to a mammalian host for somatic cell gene therapy. In particular, the buffy coat
may be used with connective tissue cells, and in particular cartilage generating cells, such as
fibroblasts and chondrocytes. The bioadhesive material of the invention may be mixed with a
further mixture of cells that have been transfected or transduced with a gene encoding a
cytokine and cells that have not been so engineered.

[00105] In the context that the buffy coat is used with cytokine producing cells in treating
a cartilaginous defect, the combination is more adhesive to the defect than with cells alone.
Thus, the buffy coat method provides greater independence between the location of
administration of the cell-buffy coat combination and the location of the defect.

[00106] The cell-buffy coat combination also provides a higher success rate for the
generation of cartilage in animal tests. Moreover, the average quality of newly generated

cartilage is substantially better than from injecting cells alone. In other words, the percentage

of normal-like cartilage generated was greater when the cell-buffy coat combination
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effective to generate cartilage. Thus, the ratio of armunt gi huf%ﬁcg%(sto
cells may be in the range of about 1-5 to | by volune perc pe

i njectabl e conmposition. Typically, the range may include about 1-3 to 1. In
particular, the range nmay be about 1 tot in ternms of the volune of buffy
coat and cells injected. 1001021 Wthout being limted in any way to the
prepar at iYW 290808302 f or buffy coat, one way that buffy RIFAVSHEIBEYade i s
by centrifuging the anti-coagulated blood in a narrow test tube, then
carefully renoving as nmuch as possible of the plasma w thout disturbing the
buf fy  coabesifi fansel. 2% Hitaatoahdipeas icstilage bbsepiel wae Rivley fdrakedeid on t op
and the tube left to stand in the fridge for about a couple of hours. This
gi ves a byfly £9atcoraposilitnchaniusing sBlsRPE i n solid plasma and can be renoved
fromth 96]&9@ \’l*hte rés@@( 1“?\4119019&139!0&'9'6@ ‘:Y\Ja%er)n %fﬂoqgchm ue:Q'SI mgéfveqppﬂ §Ct The
resulta Kk then be trimmed and the pieces processed toresin for use
W th ndmmmlsequlescsau;é intdiaging thelvensctveddssud eelbie of the ouauwdliah hastr Ahoex bhade above
and bel ow t he bu Par maki hart, log with
open enci%"hmﬂH‘éW"o(MgT ﬁ"?téfrep‘gr}%ﬁgetcclog'becg?’e ?Sﬁﬁ‘fﬁ?lga‘f’d’r’ &p i"bqiﬁ P‘g'b?a)}elﬁﬁ:b on the

di anet erseQfentd)®NAIREK0rt i tiRAGKREDUEHiYe 6D akterést i SkechnBtttive tidsde BB en agar

is sometines used to keep it together. The pellet is then processed. The
conponerff’%o"t‘ﬁd by %’FW‘?‘“%’&Wfé]r‘ee“‘ﬁ‘é‘@eﬁ’/\é‘l"}l’e‘c‘:tl‘i’értﬁﬁieé%eil% tythe figetgoiet ¢ubey coat of
the preslﬁ%,(tﬁ Htéooa@ t@&ﬁ%m%%%ﬁp&&%n@f@@g%né Fr68ict Of iner&gnt ri fuged bl ood
sanpl e ne Therapy 1001041 The bi oadhesi ve material of the

i nvent i dAoIo&y tielsrw kedndMSEdwdalmy whét fit is peasibledlat sebstaachyisnélstsarseaffldng

manmal i an i e buffy coat
may be dRedr it anAaLe oS cuditEe gt Ret RRBidd Bl in iRt e

gener at i thighapeirb®col i Al p@@entfm\bmdﬂ asd slscalndsmnamm gmwtaﬁ%ldlffm thhwamhesi ve
material_of the .inventian m.xture of cells that
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ove. bodt Pty BAVEm It PRFSUAEE TerHon T e Beba g Re oy coielihe. and
cel I s t hatdidiaygnd alerdd§ 8Pschiatic BEll MEAHE dhe hOLOH]s dildctbd® LaApIeXietoddE t he
buffy coat is used with cytokine producing cells in treating a
carti | aghiseling apopelation Qfﬁ’é‘“%,f%fﬂ HrryhcedcoRpicliva tisus falle tq e foirt SBRSEERt t han
with Celti tﬁé &lagenougr'héﬁ su;;ep‘ﬁmhy{fooYen?QQ;q)rgﬁE(hf?mlepfogx\fE}Sja‘ég greater independence
betweent e |l ocation of dmnistration of the cel fy coat conbination
and the [08UR1 i oPnaéx Y'Wemeltéf)@@f treatig 2 @eneTHee idssnd dlbuﬂffryil@l@a@d browghowat i on al so
provi des, a _hi 4 anl mal
tests. I\}BIS S ecgfhc%{lgrﬁyo%gﬁ'ggsamgfaﬂ{l g?ﬁe{&ti}ﬂg Ta r%%\?ﬂ% r%“e ﬁgarl g{ Iﬁg{nd \Je?tgll' wlu@h
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cel | - buf‘%f/or%bd%“p ’il #1’3. :e(lgﬁl(s:eaélg) Q'@&geg%éer tteag@% aton ot 7 vi o ltureg

connective tissue cells, resulting in a population of connective cells containing the vector.

These connective tissue cells together with buffy coat are then transplanted to a target joint
space of a mammalian host either as a mixture of transfected and untransfected cells or
separately into the joint space so as to cause a mixture of cell types inside the joint, thus
effecting subsequent expression of the protein or protein fragment within the joinl 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.

[00110] 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.

[00111] 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
derivative or fragment thereof and a selectable marker, or a biologically active derivative or

fragment thereof.
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WO 2003/ 082302 PCT/ 1152003/ 009719 conposition was used- ThoSeptehitber 20061t Of
fibrous cartilage observed was | ower for the cell buffy coat conposition
than using cells alone. 1001071 The present invention discloses ex vivo and
in vivo techniques for delivery of a DNA sequence of interest to the

connect i Wgoldoesigeseel | s of the manmmal i an host. The ex VW?/USWB)(WE e
i nvol ves culture of target connective tissue cells, in vitro transfee(ion of

(l'ie DNA sequence, DNA vector or other delivery vehicle of interest into
the connective tissue cells, followed by transplantation of the nodified
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effect | Neyd YQaREPLERRIAMOL. 108 SRNGRLENIFOlahHhBHES o ROLORE gt 15 O
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i npl anted together in theéﬁgne th&rapy rotocol of the present invention,
it is al $8Vpaksmul geataanyeh Rigsar spetm P b asue HELayLEIH At hFdRl i n the
i nj ection, SYRLEMBle hilRtchde WihRthe {alragegedpéeﬂfo%@&g BRI begaldlesd of € | -

medi at ed gene therapy or somatic cel herapy, the inventidonis directed to
a si npl e tiwendibatl ffdeliveny eldlizedg a popul ati on of transfected or transduced

connecti Lssue gells. to the.}olnt ace s t ha he. exqgenous, T

super f am}fﬁﬁ?ﬁ olljg\oﬁ]ef gn c)’(‘%P%As}so élgn? rllwf"ﬁgmjpé et d p“é%féth ‘F’bﬁﬁ’g%l%%ﬁgﬁ?g\ji VO
met hod ofoné p@Rtehevdig qRodiecinto/ ldabisme eeltlo Svodadctidt sshofedsd ineb@ghous this
specification conprises initiall enerating a reconmbinant virgl or plasmd
vect or wiRaHNalEBAPY; i SR lgﬁh‘i}égﬁ’eﬁ’ REIETHY 2P HPD B T EciBE SieogPeal |y
active fr8gaen;r tlRb&eRt intolhé Sonnk@E e Abjubadll. Metspdcifically, BB ni¢aRd ikudedf ect or
transfect a population of in vitro cultured_ connective tissue cells,

resul ting lippsemp peAPat izt Grlcksn AkePhafe cerpiittiont elFfiiongratiote ePEGE:  These
connect i v, L1 SedieaoR! dnd ifcRgiel E&ﬁ?lg%ﬁ:%gs !BH%&Ye £84t cﬁf’aﬁle&)'@%{boﬁ&g'&%ﬁén%F ed to a

target joint space of a mammal host €ither as a mxture of transfected
and unt r afigfapsforaing egréethofactos eprmerfamdy yori nologicdlly pdivatdegipatoe @ofragmdnd cause a

m xture of cell types .i,nside the |aoi hus . effecting suybsequent

expr essi 5&”6?’ 148 S@F%‘?‘éf oy gF @P lé’iglr(fgl#)l}' i?fé‘ﬁ%?ﬁm\?\}”feh rrgratgﬁgnt}%g ’%C}'us pace.

Expr essi qooiaf] t hstifaNlesiediteent eofothis nhentet providesehuladiitiosalbsietioti fok | y
reduci ng .at ] east one del eterious joint.pathol assqciated wit.h a

Connect Pvard €8 at e spfsne o Piifty =08t A PO da e i) san o
ordi nary fsKidel int théating e s@mmaRarOhost.elthss Additionkl @athbd gncdudes BRpI@Paig @Bt my be
the patient's own connective tissye cells, such as autol ogous fibhroblast or
chondr ocyli@logie means of tiliziga s iy delivee the N4 Vaetoymplecule t%(&‘ﬁd@‘éﬁéieg %ell's may

al so  be ysed pudhont meegas & ag;ggﬁdaeviﬁis,,sm@gam_tﬂabingibteem Merddh@cie bl e [001111
More specifically, this method includes enploying as the gene a gene capabl e

of  encodisaglosiryserbapablgfontyaf dehivans fush siblyymaintpanise palbinghe gpreaypelh bahmdty, or a
bi ol ogi cal |y, ack] A glir{q(ﬂép};;%é WS md LAGYEOE of ASEEOTnA @ with GElAR § marker,

or a biologic y active derivative or
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.

[00115] A preferred embodiment of the invention 1s a method of delivering TGF-$ or
BMP to a target joint space by delivering the TGF-f3 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 vector of choice.
The recombinant viral vector is then grown to adequate titer and used to infect in vitro
cultured connective tissue cells, and the transduced connective tissue cells, preferably

autografted cells, are mixed with buffy coat and are transplanted into the joint of interest with
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genome is ni pul at ed by reconbi nant chni ques such that the
viral gemnwdmg aéHJFaB s@l\dﬁfamd}ap@ﬂelmmdmuitéalmma@ha@omamamelt he het erol ogous
gene of expr ess within the target ce tissue. [001151
2 or ot or AL o Bar Berr SEROGE SF s veBich LOGahEle Geeciiboll Tl Bt [ 3 or
BVP t 0 aadniin@@itidnOiond papét &nhy petphyluaiching effb@ivd GmoanOthaBiRIgRHQ Edct he
connective tissue of a mammalian host through use of a retroviral vector
with theera@pdmge@@&wpﬁﬂ@wrg@%@éa suifgbiephgmeaepuicalsagieri cati on. I n ot her

wor ds, !)r f [J S eﬂ-]-{? ﬁﬁer%inbbﬁ'ﬁrﬁﬁ@tﬁ{ﬂg? Q/qug)ﬂgheaceil’s’&%ts{o%%leforff fglzm[ngtrzﬂfon BMVP

pr ot ei n oteln ragrrent IS SU oned into a retroviral vector of choice.
The r ecotvothegomt spacealhovtgansiseted or trinsducgd ools aleneavkycheatiaed, ior epticaaldy thsed t o

infect | Qntrangf'éaed helper cells alone may be stored, or the mixture may be stored, but not

necessarily simultaneously. In addition, the duration of storage need not be for the same time
period. Thus, the individually stored cells may be optionally mixed prior to injection.
Altemnatively, the cells may be stored and injected separately to form a mixture of cells within
the joint space. It will be appreciated by those skilled in the art that these cells may be stored
frozen in about 10 percent DMSOQ in liquid nitrogen. In another embodiment, the buffy coat
may be included in the storage composition.

[00120] Another embodiment of this invention includes a method of introducing at least
one gene encoding a product into at least one cell of a connective tissue.of a mammalian host
for use in treating the mammalian host as hereinbefore described including effecting in vivo
the infection of the cell by introducing the viral vector containing the gene coding for the
product directly into the mammalian host. Preferably, this method includes effecting the
direct introduction into the mammalian host by intra-articular injection. This method
includes employing the method to substantially prevent the development of arthritis in a

mammalian host having a high susceptibility of developing arthritis. This method also
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cultured connective tissue cells, and the transduced conneQbiSépteniss 2006
cells, preferably autografted cells, are mxed wth buffy coat and are
transplanted into the joint of interest with 20 29 Septenber 2006 WO
203/ 1182302 PCT/US21103 /909 7 1 9 optionally an untransfected sanpl e of
connect i woohlssagespsel | such as chondrocytes preferably ' ~acticul ar
injection. 1001161 In a preferred enbodi nent, Fi brobl as?éslwgrg%a‘ﬁ)%&(ﬁ?t)r ed in
vitro for subsequent utilization as a delivery systemfor gene therapy. It
wi |l be apparent that Applicants are not |imted to the use of the specific
connect iivgudei swpleyidg st roeikadl onl an agthitid nisennpdigs hipt éorttoeragenti¢ use. Towther ti ssue
sources for in . \Vvitro | ture t.echni ques. The method of using the .gene of
this: ot e B e PelethBoube i MeRY an SRl ar el Rt RE Ther apeut i ¢
t r eat menissuefas Berkibdfbicslefinddt Wi | 1 al so be apparent that Applicants are not
limted to E)rophy,l actic or therapeutjc  applications in treating only the
knee j oild121} ¢ Thistl b aperepigied by those skilled injtheeart Hist e audlntectorsRpgley et e t her
pr ophyl 6}%;&?& Ay nQMinkiRALIREY biviRld 3 if Rqlit@Bbr Ak tdlol frhss kdle(BRY inFalaiGEPL i bl e
joint. 01171 I'n anothér enbodiment of this invention, a conpound for
par ent eraafl intaghafion sf conriedivet igssee pelis edhisi method hmplpwgt iaatita) refaheet i ve
anmount i,s _provided t.hat_ cont ai a n codin - (3. superfamly
protein hﬁﬁep]bg%'seu(? & qegmﬁlflugf Sth%{&@ﬁ)flﬁéggﬁgg?n%{]ﬂe‘?e.m i%ﬁ@i§%%&§¥]ﬁé’rm%n Sodi ment of
this i NRRhLAR tPHRVIARS fupérfaniBOoMRONDNAIDL, apalcenble mrker a@dne, Busl bakh ON to a
patient in a prophylactically effective amount that includes a gene
encodi ngnabiysrepisansspeng Anl s plse paterstonddhal vaipg g stlsctabiapiaicesae iso®l carrier.
[001191 al@qﬁ.cf]]gﬁlttgsfacmg BRiMedQfivdafibs | Nnvention the cells are stored
before adm nistration to the joint space. The transfected or transduced
;/el | s alBHE2hayAisghes teprbedimen ogéﬁ oesEnt {pvemiien i delivens PeetlRYAhsslapaxce cel | s

| one may bg store r, t i xture . be stor.ed,. but.not necessarily
g1 v arsgsiireg SRS BiE MR B TS R PSS it R LR meBRERRET (e
same ti gy anpor theGuetilods disclbded withii iiscipadifivatish 60 &cto @Ebdtsn MRY chfePhiopnal | y
m xed prior to injection. Alternatively, the cells may be stored and
i nj ect ecrOHRITA I UREEFIFIHCCONBTHY QU SUFSSRMEE s within the joi nt space. It
will be @pRBEC @IREHRY tiﬁﬁ@§§re§ﬂfﬂﬁkbl@%r€éﬁ's foher, arth¢r%§mgicaﬁlpesﬁtr%h$@ J®y be
stored frozen in about 10 percent DVMSO in FI_QUI ni trogen. I n anot her
enbodi mearel routpreofisintg deliveryithat gepykngeniip dle ggfauovide Rogpacsessrta dese enmpessive i on.
(001201 foqkhes Fzﬁ)@t{f?@&i@ﬁ%nt&ge th:kﬁos‘irfgvtﬁ@iﬂaﬁ’lﬁlal'E}Pﬁdégﬁédyasy%{nﬂgﬂ ®f the
introducing at least one gene encoding a product Into at east one cell of
a connecth¢regeuti¢ ggend, Mérespeaierdllyi ko viro wira-aftignlag sigedtinn tof quieteimg to hentsanmal i an
host as her.ei nbef pr escy i i J ti i Y t i nf.ection of
the cel I”* \ﬂ/l ?Sn@%Sgﬂgﬁe%g%t%ég\ﬁ/gr glw\?ggljt g’g)sﬁéﬁ %i fﬁllgtﬁh ﬁ]rbéésgglngleggg? r?é for the

encapsulated proteins have a short intra-articular half-life. The present invention solves these

problems by introducing into the connective tissue of a mammalian host genes coding for
proteins that may be used to treat the mammalian host. More specifically, this invention
( provides a method for introducing into the connective tissue of a mammalian host genes
| coding for proteins with anti-arthritic properties.
[00124] In the Examples provided herein, various cytokine producing cells such as
fibroblasts and chondrocytes as well as mixtures of various cell types stimulated collagen
synthesis in the joint. Compositions that included buffy coat also showed stimulation of
collagen synthesis. In the Examples, the joint was generally injected with about 10° cells/ml
concentration. The specimens were harvested from 2 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 two to twelve weeks afier injection, thé regenerated tissues were observed in

both the partially and completely damaged cartilage defect areas. This specific affinity for
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product directly into the manmmalian host. Preferably, this20&epcanber006es
effecting the direct introduction into the mammali an host by
intra-articular injection. This nmethod includes enploying the method to
substantially prevent the devel opnent of arthritis in a nmamralian host

havi ng a geptibility of developing arthritis. SudBsitg9l so 21
29 Septer%%rg&’f@koj% WD 20113/ 882302 PCT/ US21103/ 009719 Fr?g?lusggs/errg oying the
met hod on an arthritic mammalian host for therapeutic use. Further, this
met hod al so i ncludes, enpl oying the thod to repair and regenerate_.the
connect itheedanideed geaas Rahe] ?‘fﬁ’é’f"ﬁ?eOgg‘f‘i’é_héTH’.‘edlffglfZ‘JTZLCII"i'C"\}\/iaP?“CBBO’bng eci at ed
by thos%egéﬁuah@. difitit Bn B dured DAL jubMBjeMidhdE MRGHRMSe BIRMWIKbRInAudihg POSONE
are not Irmted by cell division as is required for the retroviruses to

ef fect ivafiestphysical ayppdratuseegches ssalfolfiing onavcetherdhres-dmisasierd! bsucturpitie met hod
enpl oyi ng..non-viral ans as .. hereinbefore described includes enploying as

t he gené%ﬁelﬁse‘ﬁ@H’Eg[ﬁaéfr)qa%on(\ﬂ?m%’ﬁlé(‘)’vd{i]ﬁlét s bel onging to the TGF-(3

super f anpd izspndy e iRl hacharfiss ef eaibald, andruitient tgRpebousdivhangpaiculaant i bi otic
resi stance gene. And it is also undg?ri,_t od thaﬁ, usi nlg a_sel ect abl.e marker
gene is thesty regargingdhe waErpisp 91 6‘%‘5’8t‘i“&"ﬂg‘“¥ﬁ hyaling FAEHAEHYENET DAY V1B 122)

Anot her gbodi RNt RificihPecdi €SBRLd | BYEBSH R itlons dfldl \bafry &dat acdabdniggquence
encodi ngtﬁgbﬁenglgr tp(r)(f %lhg ngg-(S_ superfarrli]l&gS to the co,nfynecti ve ti ss%e of a
mamral i aompostonsbyf ey ingentioheindisathodat dilont clvendioni afhhigh t Hils-Pspe&ME cati on so

as to effect in vivo.expressi.on of, col| to, r >rate conk jve
tissue, QRRHONEPSHINREE E}f‘ 661%{113%%%5?3?@8' ??esgﬁg%ggroeﬁgiw ?Ogﬁl% or gans
t 0 t ar geissichasr@paerinigal dyhistdlogicavietods Enoughdt & E stauvingsMadondritichralaé i very
that are known jn the ar i j

t pravj.de poor_ access.to these connectjve tissues
and havetipeg gk RfRIRr G Y6 B3 ‘ﬁﬁf Q‘T’l@e‘ﬁ‘g'rﬁ‘fﬁ'l“?datﬁs‘l‘?oﬁs SIHVafsS?sql‘ém cally
t'o the &h@&;ﬂﬂ%%hﬁne&gﬂnige. More specifically, known intra-articular
injection of profeins to joints provides direct access to a joint. However,

nost of WOKER6] nj et Edloringgsxamplesharer aHercd by &1y afs tHusiaign pelotlsi Pssthve a
short intra-arti | fe1ilih€on. THe Present invention solves these

pr obl errgﬁlg%u%%lrl%g(ﬁ??r%@iont%ﬁthé] connective tissue of a manmal i an host genes
coding for proteins that may be used to treat the mammal i an host More

speci fi call LS invention provides a nethod for introducing into the
connecti@é“%ﬁ%’ﬁof a manmal i an host genes coding for proteins with

anti - art fypids C PXARETH EMATBRIAN AND NrherBpapl es provi ded herein, various
cyt oki ne producing cells such as fibroblasts and chondrocytes as well as

m xt ur esl08F2% ar Platigid Coppiricfiles stinul ated col l agen synthesis in the joint.
Composi t & Eéleltaréathe hﬂpalllUﬁ%eiﬁ%&B%ss%%n@u%P(pﬁ/ﬁ?ﬂY@ CheBdiibIHnin! I%onﬁ’éter -

660/+63) was generated by polymerase chain amplification using genomic DNA using Xba I
and Bam HI restriction sites built into the oligonucieotides used for amplification. The
amplified fragment was subcloned into Xba I-Bam HI sites of pBluescript (Stratagene, La
( Jolla, CA). The plasmid pmT Bl was generated by subcloning a 1.2-kb Bgl II fragment
containing the TGF- Bl coding sequence and a growth hormone poly A site at the 3’ end into
the Bam HI-Sal I sites of pM. The plasmid pMTBMP2 was generated by subcloning a 1.2-kb
Sal I -Not I fragment containing the BMP2 coding sequence into the Sal 1 -Not 1 sites of
pMTMLV. pMTMLYV vector was derived from the retroviral vector MFG by deleting entire
gag and env sequences as well as some of y packaging sequence.
[00129] Cell Culture and Transfections - The TGF-Bl cDNA was transfected into
fibroblasts (NIH 3T3-TGF-B1), human foreskin fibroblasts (human foreskin-TGF-BI), and
6h0ndrocytes (hChon-TGF-f1). They were cultured in Dulbecco's Modified Eagle's Medium
(GIBCO-BRL, Rockville, MD) with 10% concentration of fetal bovine serum. The TGF- Bl
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coll agen synthesis. In the Exanples, the joint was general hy SeBt&&E&ChOMt h
about 106 cells/mM concentration. The speci nens were harvested from 2 weeks
to 12 weeks after injection. The <cells nove freely within the joint, and
nove to the area with specific affinity for these cells. The synovium

nMeni scus woGogsakiohage defect areas may be possible sitgsy {0505l ar
adhesion. At two to twelve weeks after injection, the regenerat ecf ti ssues
were observed in both the partially and corrpl etel y damaged cartil age defect
areas. This specific affl nity for__ 22 29 pt enber 2006 WD 2003/1182392
PCT/ 11 S288% 660715 ¥ & éFé?rfﬁ@éW BIPER e§t°éir\‘6§r?e’?’e‘é'g‘i}'éﬁ'fed‘gée’lffPrEfEP‘ﬁ‘g i xed

cel I's o Gtk an@@mnbga#bmwakslso deaeRsh @M@t hritis can be cured with
just injectron o celTs into the joint wthout including various physical
appar at uper30$ ucﬁaea@lostmﬂafwﬂpuatﬁ glethod amynsertt tiles V(:dhtwelewdilﬂ'eﬁl§| wasalsedt fact ur e,

w:t eegf,sl eﬁ%t%ﬁ,gegﬁ gﬁﬁ%t et%f}lts ecﬁte eﬁ}{a:asgcllu%ﬁt Xem e J?B%ré]lg r{rcﬂ %s(lj%] ?Ynto {he0125}
parti cul aedimhheey, thegaviding@olohies memmrecs:ma@d theGdxpr@Bsiort dsrermmajmng\lm hyal i ne

cartilage synthesis by using fhe roducin I ls, mxed cell

Conpos, LHE AR B REHeR TR BdSBGST I Brid CoRsiersM SUsibon

i ndi cat ey G F® | leQRPssibiavidrd QBre@fn ffudNnit6EenQng Euzl%M% U PBRRIhE Blidcfibn.can

stimulate hyaline cartil age regeneration. The p ﬁertl es of nevvl% f or ned
it

tissue \A@ﬂ@ldiet/é‘@/rﬁen'ed?kﬂyf"w{)ﬂsm ES@thBNAT@tahcméatedT pRuels Hvith Buapi@imi ng,
Mason's tr n f 1.ndicated, he newy
forned t PebEer gLt SRR e e risRELF LT ot Bkodk G0 50
The f ol | gahicogaiging ripiods fmmldglfl)fder MSf@yredvaya SUHAL QN {UNamieothrak, arfdecrpnsesent

inventio nd...not i L 00127 I\/PLE

NATER! AL BUER %?F&SS%B%LE{I STkRRAGEN F k’eﬁ"‘opmé}ﬁ Aised e

rfet al | ot Rybeidaed 1@>§p§cﬁnﬁ83|n0d5f C%nlsd\dim’éenﬁrﬁl\@lbumlh,e7%8¢vﬂbj GDB; orsevn sbdipmonot er (-
660/ +63) vvas ene ol chajn anplification u nom ¢ DNA
si ng. XDRBePDan HELPHL P AGLECe GHIGHS GBI Yo & € hs TPSdondeteot  des
used for fo@rmlnhlmtefg,ah&ﬁ at 307 baxome! fithl ﬁgosfulf@mmblowﬁer@m sﬂlda%dwmnm Xba |- Bam
H sites of pBluescript (Strata ene a Jolla, CA e plastnid pml 01 was
gener at eldbglled IBA @mbﬁfgﬂa hungani¢ - 14 prebsgiee Atactin ovas aised Fgcartiel fer- 01
codi ng s% fb?{ﬁ uqé;d a growh horrmne poly A site at the 3" end into the
Barn HI -Sa sites of pM The plasnmd pMIBMP2 was generated by subcl oning a
1.2-kb ®AIL32] - Kpctibn bf calforentt relnt alNew Agaleik wBilPRbbitd vaighise Gulen2 & kignt o t he

sal I - NOtere sel%cte(? S t%e animal model. After anesthetization with ketamine and roumpun, each

rabbit was draped in a sterile manner. The knee joint was exposed, and partial and complete
cartilage defects were made with a knife. The partial defects were made on the hyaline
cartilage layer with caution not to expose the subchondral bone. The complete defects were
made to exposé the subchondral bone after removing all of the hyaline cartilage. After
closing the surgical wound, the cells with 10° cells/ml concentration were injected
intraarticularly, and zinc sulfate was added to the drinking water when TGF-$1 bearing cells
were assayed.

[00133]  Histological examination - Afier harvesting the knee joints, the specimens were
fixed in formalin and decalcified with nitric acid. They were embedded in a paraffin block
and cut into 0.8 mm thickness slices. Hematoxilin-eosine, Safranin-O and Mason’s
multichrome staining were utilized to observe the regenerated tissue microscopically.

[00134]  Buffy Coat Preparation — After centrifuging the anti-coagulated blood, the plasma
is carefully removed as much as possible. The buffy coat layer is then removed without
disturbing the bottom layer into a clean tube and washed in 1X PBS three to four times.
[00135] EXAMPLE II - EXPERIMENTAL METHODS AND RESULTS



pMIMLV. pMIMLV vector was derived fromthe retroviral vecto g’F(l:’erlr)%exd%(ﬁti ng
entire gag and env sequences as well as sone of Nr packagiTig %pequence.

[ 001291 Cell Culture and Transfections - The TG-- (31 cDNA was transfected
into fibroblasts (NIH 3T3-TG--(31), hurman foreskin fibroblasts (hunman

f oreski n- TGE- 3Ii)z and chondrocytes (hChon-TGF-[31). They were cultured in
Dul becco' WORBHW?¥E Eagle's Medi um (G BCO BRL, Rockvi | TeV/UNSPSOTY 100
concentration of fetal bovine sentm The TGF- (31 23 29 Septenber 2006 WO
2003/ 1182302 PCT/ US2003/ 009719 cDNA sequence was added into the pnTli |

vector Wiggiag MElidle QUhiRneTRngetien IWRMaiRE . oubby NEIAEUEE Baltiemi sHosplar gene
sequence was al so inserted into the vector. 1001301 The cal ci um (?hosphate
met hod t oofirers@itation hiethod dEigof At lfto Alwat 8@&%0|of hgmauryizwe colpgies saprewsed fife cel | s

with the bra0! GRAGC [9ERG.REGHTRES BRI Quf 300 MBIl Has dddedd nto the

medi um e surviving colonies were sel ected and the expression of
TGF- 01 nis@dion. Wakthes ohd ceiledwdiy cibwehar A0l ysicssulae sBEEon3theElpl@acadssay (R &

D Systens)_. _The c wth TGE-131 ressi on yere stored in liquid
nitrogen “H%A'cﬁll‘et-ﬁ‘::‘%% SPEonSLE 5‘1”%%%@@ W]E;gogtclel(l)sﬁ%m10013ll Nort hern Bl ot
anal ysi s 190139t alroRA MRScdnsigh ahe @grdduaioncef bslogcally geravei BMPD proteins by

i sot hi ocyanat e/ phenol /chloroform 10 n% of RNA was eég/&ér oresed on a 1.0
% agar os NIHFE} figrohiag] ?ﬁ“ﬁ@’ffﬁt@ﬁmtl? FHIEI AT, coplrygy 1y 5a? ON- LV
Tenbr ane ARk GRED) hiRKS Gsitd e AMITEATA! KR WBTATAGENGIiorBlrOt s wer &
prehybridi zed an hybridized in a solution of 1% bovine serum al bumn, 7%
(W v) SD$Fig01B) amdsHiiiirBMRd sphratfas. EndBluerielarBEmTag AC 8BS Ppspsian oled bl ot s
wer e vvasrhq\%ﬁ {gil % SDS, | X SSC for 20 m nute periods at 50C before film
exposure. BI"Gt s wer e hybri di zed with 32P- |abell ed cDNA probes for human
T(GF- 13 | .jotA38r ohes £ 00° NBHIES: defis was giswetlotenigiria b 6lwdllaissuesalipleldtoddi ng.
['001321 Injection of cells into rabpit - New Zeal and white rabbits weighing
2.0 - 2.5 ]Iigg ingignies el SRy ‘E’TféPgﬁ?drféil“sﬁk?&él“?‘eNfsf"éﬁra“&rﬂé%‘t"h‘é‘tef%&ti on with

ket anri ngand HQMIRPWAs 29R58d FoARRE SulBSiniraRRdhd dulBreSheF th@sBRERlo-a The knee
joint was exposed, and partial and conplete cartilage defects were nade

with a ki vl piigeang arcupaied a8l Jovisr Guliie eegivm Yes aspimtechEomdhe eylivgge | ayer
w th caut.j ] I T t ts were
ms%Hs.gﬂx%lhotefqgﬁﬁlgﬂjgﬁtgibnﬁeé&' pa(flgg P?%S? wataJ Qied to Qgifﬁqﬁeg?éll@ Lﬁ\nl%?g 8%

made to expos al "bone a renoving a t he hyaline
carti | agdormaidebyde/ I6{ BBS ngjutidrewss addedttal eaploimett, ahhthecelld wemifixhd f980mel | s/ m

CRICEM B YA L o VAPV b A O B 4 S, 20000 10
each culture insert, and the culture insert was incubated for about 20 min to lhr at room
temperature in the dark for blue color development. ALP staining solution is 0.1 mg/ml
naphthol AS-MX phosphate (Sigma N5000),0.5% ,N-dimethylformamide (Sigma D8654), 2
mM MgCl,, 0.3 mg/ml Fast Blue BB salt (Sigma F3378) in 0.1 M Tris-HCI, pH 8.5.

[00139]  Regeneration of Rabbit Articular Cartilage Defect - After making partial and
( complete cartilage defects, 0.3 ml of 10° cells/ml of the NIH 3T3-TGF-BI cells were injected
into knee joints. The joint was examined 2 to 6 weeks after injection. In partially damaged
cartilage, newly formed hyaline cartilage was found; two weeks after injection, hyaline
cartilage appeared and six weeks after injection, the cartilage defects were covered by hyaline
cartilage (Fig. 2). The thickness of the regenerated cartilage became thicker as time passed
(Fig. 3). The injected cells secreted TGF-Bl, that could be observed by
immunohistochemical staining with TGF-B1 antibody (Fig. 3). The contralateral side
injected with normal fibroblasts without TGF—ﬁl transfection was not covered by hyaline
cartilage. In the partially damaged area, the regenerated hyaline cartilage was colored red in

Safranin-O staining (Fig. 4). The depth of newly formed cartilage was alinost the same as
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1001331 Hi stol ogi cal examination - After harvesting the knge Sepieniter 200€
specinens were fixed in formalin and decalcified with nitric acid. They
were enbedded in a paraffin block and cut into 0.8 nmthickness sli'ces.
Hemat oxi | i n- eosi ne, Safranin-O and Mason's nultichrone staining were

utilized g MPAaRE¢e the regenerated tissue m croscopic Buf fy
Coat Preparation - After centrifuging the anti-coagul ai%ﬂg?*gg&géﬁ pl asma

is carefully renmoved as much as possible. The buffy coat |ayer is then
renoved without disturbing the bottomlayer into a clean tube and washed in
| X PBS tthated the defsetr Thisrdmding 19085 1thaxihr/PLECtad cells EXPRRE NENTUSOUMETEODS AND

RESULTS 2429, SoRt RS0 200500, 200340AR3g2 PCT/ US200 31009 71 9 1001361
C

St abl e J&M2 e rans arried out by using the cal cium
phosphat[00140perﬁtxp|NIalBir64TGFe|Blhcudlls( falagne vérel G¥ed, AbOutgdnBitedf tisshes Smr vi vi ng
col oni es exi)ressed the .transgene rgRNA These sel ect Ed TGE- [ 31- pr.oduci ng
cel | s weoaPieily fpaggd Faft E&‘i}‘ﬁ‘(‘?”@hi‘if pcartiigpg byt dibrouggeliageih o ltf‘é‘l odongr e

cul t ur eds,ighn ik Q9 iM% s @m{e 1ﬁ§l&1dscqlth€[ fe@Q:oloTr l36Minkd quglmemal%mege (Fne TGF-p
secretion rate was about ng/ 106 cells/24 hr. To test and confirm

t he producilheratbiagdives @fgﬁe@dlblyyﬁ |t1\$%1381’\’/l“2h pmmsélméhd@?celmlwer@ctwmbd obl ast

cells inf ?g{) ﬂf%l{ocn c-: 1&15 WIFiR! NG ER] osgegwt glhllﬂ cﬁ%’%ﬁﬁ@gﬁ?c} B?Lflﬁ%l—l ne

phosphata y assays we Fecarried out

NI H3T3- nfit, bﬁiebmﬂho hmm tmaen (bFeickeed ﬂdxﬁ)bemlgcktlmka&BaayBNBE Bd:é:b;ltbe (uléi;egmc bCx. Bl ue
col or |n F shows ex sion of 2 prot 1.5 x 106 NI H3T3
cells we%? M&%do‘?f’é‘ﬁﬂ‘ﬁﬁ? e “’gckﬁﬂlﬁeﬁf Y RVE e‘E‘hPB“ ‘Téﬁ é“mbl"? th¢ 105

i ndi cat|&@0@ﬁég&cid§@mﬁﬁlb),lrmre placed in tissue culture inserts and grown
overnight. Culture nediumwas aspirated fromthe culture insert and the
culture A}t EXANMPAENed into a 6 well plate and incubated for 48-72

hour s. %mge FRAL BRNeN ISR wmﬁsrmﬁ Bh@engqbtﬂyfmaa%%mate@mmof I X
phosphate buffered saline (PBS) was added to wash the cells. 4m of 3.7%

f or mal defPpdedd XnBgeaies] utq EhbidBecald et Thﬁséaﬁmlafﬁds@#ls diedrrgmpletely e Bs wer e
fixed f Or e%om 1 tlsgl}e cult’ugd get lﬁie\f\ﬁ (ﬁlo @:ugunt:%a%%h WIsatrrbe z|1< t?eBg)uefv:l)’oq}Iseof n?lért

st ai ni ng SOf Urtll on was a re i1 nser and
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maki ng plrfig & SafFppin-Qstaiieg @-Pof ¢y 1%@@%?%?@1111-60@%#4“% (Erbek EeFDs/ni |l of
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(Original magnification: (A, B, A’ & B’) x12.5; (C-F & C*-F’) x400).

[00143] EXAMPLEIV

[00144] Either control human foreskin fibroblast (hFSF) or hFSF-TGF-B1 cells were
injected into the rabbit knee joint containing a partial cartilage defect (3mm x 5mm, 1.5mm
deep) on the femoral condyle. These cells (0.5ml of 2 x 106 cells/ml) were injected as in the
previous protocol, or 20-25 ml celis of the same concentration were loaded to the top of the
defect. In the latter case, the cells were left in the defect for 15-20 min to lel them seille
down at the bottom of the defect before suturing. In both cases, a similar level of cartilage
regenefation was obtained. The specimens were harvested at 6 weeks after injection and
observed microscopically. Fig. 7A & B show pictures of the femoral condyles 6 weeks post
injection with either hFSF (A) or hFSF-TGF-B1 cells (B). C, E, & G show Safranin-O
staining (C & E) and H&E staining (G) of sections from the femoral condyle injected with
control hFSF cells. D, F, & H show Safranin-O staining (D & F) and H&E staining (H) of
sections from the femoral condyle injected with hFSF-TGF-Bl1 cells.  (Original
magnification: (C & D) x12.5; (E-H) x400).

26



into knee joints. The joint was exanmined 2 to 6 weeks afterygglig i,g}nzc?
partially damaged cartilage, newy fornmed hyaline cartil age s tound;
weeks after injection, hyaline cartilage appeared and six weeks after
injection, the cartilage defects were covered by hyaline cartilage (Fig.

2). The thick f the regenerated cartil age becane thicker as tinme passed
(Fig. 3) .“}fﬁg{}ﬁﬁﬁggt ed cells secreted TG--pl, that coul Tlﬂ‘éfzef@@?vgd by

i mrunohi st ochernical staining with TG-01 antibody (Fig. 3). The

contral ateral side injected with normal fibroblasts w thout TG pl

transf eclb(;lqgl wasy gaprLeavered by hyaline cartilage. In the partially damaged
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col or obtained with hyaline cartilage (Fig. 5). The cartilage was covered

by fi br cedore swisiing. IHodhcaseaasimiptewches@ndeagy wagsraionvas ohlewgd. dhty by t he
aut ocri ' dida [ SREYIES o6 (&R oS Malea by TG
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ifrradi at ells died conplerely.in eks in.a_tissue. culture dish. The

i nj ecti o‘ﬁclbgll?&egﬁf"“@"\ﬁgaﬁ%g égf%ma@diﬁf&%\ﬁ ‘“H%%(S’&éec{lﬁ?stft"%él?e ’Pﬁ‘ll unt r eat ed
cel I's. Té¥adHeafecicdi withSNIMBITS-TGH-B E6dRd (Giligifal AlagRifARRKS((POTD) X1njseat-Hpn.  The
specinens were fixed in formalin and decalcified with nitric acid. Sections
of the gﬁﬁéi mens were made and enbedded with paraffin and then cut into 0.5
mm t hi ckq@gﬁg slg¢gfpLElVY Fig. 6, Safranin-O staining (A-D & A -D ) and

Hemat oxi | i n- Iliosi ne staining (E-F & E -F were done in the sections to
observe WAMS] e gEnanvgstigdtec et 4 peegron b JGE-[hh protsie apitsardggnerat¢dcagilagal
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cel | s wepegformed with TGF-B1 antibody. The results showed a high level of TGF-BI protein
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expression only in the cells of the regenerated cartilage, many of which appear to be newly
made chondrocytes (Fig. 9, A & B). No staining was seen in the section from the same tissue
probed with the secondary antibody alone (Fig. 9, C). (Original magnification: A x12.5; (B-
C) x40)

( {00149]  After harvesting the rabbit knee joint, the specimen was fixed in formalin and

L decalcified with nitric acid. Sections of the specimen were made and embedded with paraffin
and then cut into 0.8 mum thickness slices. The sections were deparaffinized and hydrated by
sequential incubations in xylene and ethanol. After washing in 1x PBS for 2 min, the
sections were blocked with 3% H;O; for 10 min. The primary antibody against TGF-BI
protein was applied to the sections and incubated for 1 hour. The control sections were
incubated in 1x PBS without the primary antibody at this step. The sections were washed and
blocked with 5% milk in Ix PBS for 20 min before incubating with the HRP-conjugated
secondary antibody. Chromogen reaction was done with 0.05% diaminobenzidine (DAB) in
Ix PBS for 5 min. The sections were then stained with hematoxylin and mounted.
[00150] The immunohistochemical staining data in this study and the data in dog model

study suggest a possibility for the molecular mechanism of regeneration of hyaline cartilage
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injected into the rabbit knee joint containing a partial ca9Septegtbetieect
(311nr x 5mMm 1.5mm deep) on the fenoral condyle. These cells (0.5ni1 of 2
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simlar level of cartilage regeneration was obtained. The specinens Were

har vest ed. at weeks after injection_.an ob erved .mcr i cal I 7A
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[00154] Regeneration of Rabbit Articular Cartilage Defect - New Zealand white rabbits
weighing 2.0 - 2.5 kg were selected for the animal study. These rabbits were mature and had

a tidemark. The knee joint was exposed and a partial cartilage defect 3mm x 6mm, 1-2mm
deep) or full-thickness defect (3mm x 6mm, 2-3mm deep) was made on the hyaline cartilage
layer of the femoral condyle with a surgical knife. Either control human chondrocytes
(hChon), or mixture of hChon and NIH3T3-TGF-B1 cells, or NIH3T3-BMP-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 with mixture of hChon and
NIH3T3-BMP-2 cells, these cells 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.

[00155] EXAMPLEIX

[00156] Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes And NIH3T3-

TGF-B1 Cells) Injection In Rabbits With A Partial Defect - Either control hChon or mixture
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made chondrocytes (Fig. 9, A & B). No staining was seen in o) rom
the sane tissue probed with the secondary anti body al one (%‘—J]g pﬁgmh ﬂ"k
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nitric acia. Sﬁgtl ons of the specinen were nade and ermbedded with paraffin
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and rmount ed. 1001501 The i munohi stochem cal staining data in this study and
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di fferent, at ond thr ou u reverse
i 11 or onk i O P RBVOMIGHL a0 S RHR B3 S po o oy
TG 131 gkt e@t»eadl elflfeﬂml‘ttﬁl@ df HORGH @Rl Nufbnzb‘r@mﬁs dels (/B)V&, hoHdhGlbneapged t he
remai ni n chondroci[t es and the fibroblasts to rel ease various factors to

pr oceed @.nwmlﬁmﬁla 1gakiey: Bs& ) xthel paracrine or autocrine node of TGF-[3l
action. 1] eRAMEALEECVI | [00152] Either hChon-TGH- 131 or control hChon
cells we e | nj ected into the rabbit knee oint containing a parti al

cartil ag@Mé&lecﬁ%@mﬁilolxofﬁmﬂ@e B\MYMDGW&I (Bamathehdrdmsytes AcdMIYBES- These

ol 15 wer@rirod) fdnaPlscFane P ST ueRRAT et B R F Erarlln ' m e

def ect befiat@ SULUkINNERd N}ﬁz'rsam@mmeaalsvw&@ ARENE ShediRt rabbinaaks jaht er
injection and observed m croscopically (Figs 10A-E). Figs. 10A & D show

pi ct ur es coftaiping o Biighisknesy Serilage dglegloblaym af Pmm, i et dsn) A tthe fanardler
hChon- TGG; r%éle(’f% Rk 99#5&5 (io%% Dof Pk nseééll§/m1Ffoglsraub@ﬁhc&na%d%xﬁ v Mason’ s
& e) an I n-

Tri chr one Saf ran statining (C) of sections fromthe fenoral
condy| es TGFr}i¢ oteedloadlddhioghe kogr ofHith defedt@Rd ftigh l(BB 1&tl(§)dedi¢ct ¢onitSk29 mimGloon cel | s
(B. [o iaﬂcimrt] %1'6 cells to permeate the wound before suturing. The specimens were harvested at 12
weeks after injection and observed microscopically. Figs. 12A & D show pictures of the
femoral condyles 12 weeks post injection with either mixture of hChon and NIH3T3-TGF-B1
cells (A) or hChon alone (D). Figs. 12B, C & E show Mason’s trichrome staining (B & E)
and Safranin-O staining (C) of sections from the femoral condyle injected with either mixture
of hChon and NIH3T3-TGF-B1 cells (B & C) or hChon alone (E). [Original magnification:
(B, C & E) x12.5].

[00159] EXAMPLE X1

[00160] Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes And NIH3T3-
BMP-2 Cells) Injection In RabBitS With A Partial Defect - Either control hChon or mixture of
hChon and NIH3T3-BMP-2 cells were injected into the rabbit knee joint containing a partial
cartilage defect 3mm x Smﬂi, 1-2mm deep) on the femoral condyle. The mixture of cells
(15-20pi of 2 x 10° cells/ml, 10:1 ratio of hChon and NIH3T3-BMP-2) 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. The specimens were harvested at 6 weeks after injection and

observed microscopically. Figs. 13A & C show pictures of the femoral condyles 6 weeks

29
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were inj Scte |nt t he @&e@t 1? eks after making the defect- The fenoral
condyl e e “ﬁaﬂ] aidy ’%) 2 weeks post injection of the cells and
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ei ther %Mem@fos&gﬂsany apfgsl\lwazaﬂﬁﬁv pR&r&edflthe feBDormoth@rlzam;ae (D)

[Oiginal magnification: 1) x 12.51. 100%&9 EXAMPLE X g00158)
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control m xture of hChon and NI l's wer | nj ected
i nt o t hef sediiong h‘nmeﬂ;e jfongral condyle injected with either mmture of hChon and NIH3T3-

BMP-2 cells (B & C) or hChon alone (E). {Original magnification: (B, C & E) x12.5].
[00163] EXAMPLE XIII

[00164] Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes And Human
Chondrocyte-TGF-f1 Cells) Injection In Rabbits With A Full-Thickness Defect - Either
control human chondrocytes (hChon) or a mixture of hChon and hChon-TGF-B1 cells was
injected into the rabbit knee joint containing a full-thickness cartilage defect (3mm x Smm, 2-
3mm deep) on the femoral condyle. The cell mixture (20-25ul of 2 x 10° cells/ml, 1:1 ratio of
hChon and hChon-TGF-31) 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 15A and 15C
show pictures of the femoral condyles 6 weeks post injection with either a mixture of hChon
and hChon-TGF-B1 cells (A) or hChon alone (C). Figures 15B and 15D show Mason’s
trichrome staining of sections from the femoral condyle injected with either mixture of
hChon and hChon-TGF-81 cells (B) or hChon alone (D). [Original magnification: (B& D)
x12.5].

[00165) EXAMPLE XIV

30



containing a full-thickness cartilage defect (3nun x 5nmm 2:3nun dee n
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deep) onalotedFf. dRmeial magmiatien: (BnDi&F3xtale, the cells were injected 3 weeks

cel | o/ i ooitg; esfccdfhor AR SR, Pl onEfion T (AUIEIRELa Bieh §0M8Re 1 op of
t he def eeftralixchulffy@batlaafl NIHAT3-WEFdRf @il§ atféosr $hbeeROaférinjt@ionl ln@vatiRgnsel |s to
per meat esigniﬁcant regeneration of hyaline cartilage was found when rabbit buffy- coat alone was
injected at 8 weeks after injection.

[00169] EXAMPLE XV

[00170] Regeneration Of Cartilage With Mixed-Cell (Human Chondrocytes And Human
Chondrocyte-TGF-B1 Cells) Injection with Greenplast (GP) In Rabbits With A Partial or
Full-Thickness Defect - A mixture of hChon and hChon-TGF-P1 cells was injected into the
rabbit knee joint containing a partial or full-thickness cartilage defect (3mm x 5mm, 1-2mm
or 2-3mm deep) on the femoral condyle. The cell mixture (10-15ul or 20-25ul of 2 x 10°
cells/ml, 1:1 ratio of hChon and hChon-TGF-Blwith 1:100 dituted GP) 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 microscopicaily. Figures 17A and 17C show pictures of the femoral condyles 6
weeks post injection with a mixture of hChon and hChon-TGF-f1 cells at either a partial (A)
or full-thickness defect (C). Figures 17B and 17D show Mason’s trichrome staining of

sections from the femoral condyle injected with a mixture of hChon and hChon-TGF-$1 cells

at a partial (B) or full-thickness defect (D). [Original magnification: (B& D) x12.5].
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t he wound before suturing. The speci nens were harvested at2ﬁ5&@@h§ea20mﬁ
injection and observed mcroscopically. Figs. 14A & D show pictures of the
femoral condyles 12 weeks post injection with either m xture of hChon and
Nl H3T3-BMP-2 cells (A or hChon alone (D). Figs. 14B, C & E show Mason's
trichro (B & E) and Safrani n-O staining (CD ections fromthe
f enor al n@%‘?\%‘ﬁ] ﬂkz@ﬁzj ected with either m xture of hChon J’ﬁgljl f—%}f@m%NP 2
cells (B & C) or hChon alone (E). [Original magnification: (B, C & E)

x12.5]. [001631 EXAMPLE Xl Il [001641 Regeneration O Cartilage Wth

M xed- Cejob1TiHumah oOthe neleeooes eedAreceitHumineorpChatmichy oefpteeccTi@ifheii3:htiegt). | s)
Injection In Rabbits Wth A Full-Thickness Defect - Either control human
chondrocytes (hChon) or a m xture of hChon and hChon- TG~ 01 cells was
injected into the rabbit knee jointxeenttaining a full-thickness cartil age
defect (3mm x 5mm 2- 3nm deep) on the fenoral condyle. The cell m xture
(20-251 of 2 x 106 cells/m, 1:1 ratio of hChon and hChon-TGF- (31) was

| oaded t k t@ﬁ]&%% EMcuqlﬁ‘ ﬁﬁ'}%d Qtstolﬁﬂg h@%‘hmhrﬁa%hi?ecﬂ%%&?&% J ove i‘lé_ 20 mn
to allowt cells perneate t n ore suturing fe specl nens were
har vest ephrﬁcbseﬁommhsatlaﬂ tiemili hp emtdclu no drde ptrsamwkxﬂedmc tl@smb!ﬂ)mcmhﬁeyous Fi gures

15A and 15C. sh I.CtL. o nd ost ection
with eit FERUSSSH mgf‘%‘a‘g leqe" i veﬁ%h" ma}i’%& {329 Pi\j\{e&@ 735“91 Sﬁoh"tﬂ{%n al one
(O) . Fi gihvesiohaBdemmed &ﬁ&sﬂwmdﬁ’&%ﬂﬁs.s trichrone stal ning of sections from
the fenoral condyle injected with either m xture of hChon and hChon- TG~ [ 31
cells (B) or hChon alone (D). [Original magnification: (B& D) x12.5].

[ 001651 EXAMPLE XIV 30 29 Septenber 2006 WD 21103/082302 PCT/ US2003/ 009719
1001661 Regeneration of Cartilage with Injection of Mxture of Rabbit Buffy
Coat and N H3T3-TG-- (31 Cells in Rabbits with a Partial Cartil age Defect -
New Zeal and white rabbits weighing 2.0 - 2.5 kg were selected for the ani nal
study. These rabbits were mature and had a tidemark. The knee joint was
exposed and a-partial. cartilage defect (3111ni x 6mm 1-2mm deep) was nade
on the hyaline cartilage |ayer of the fenoral condyle with a surgical

knife. Either control rabbit buffy coat (rBC), or m xture of rabbit buffy
coat and TG~ 01- producing cells (N1H3T3-TG--[31, 15-200 of 2 x 106
cells/nil) was |l oaded into the defect and then left in the defect for 15-20
mnto allow the mxture to perneate the wound before suturing. The fenoral
condyl es were harvested at 6 or 8 weeks post: injection. 1001671 The

speci nens were harvested at 6 or 8 weeks after |oading and exam ned
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hi stol ogically. Figures 16A, C, and E show pictures of the fenoral condyles
6. or 8 weeks post loading with either the m xture of rBC and N H3T3- TG Ol
cells (A and C or huffy coat alone (E). Figures 16 B, D, and F show
Mason's trichrome staining of sections fromthe fenoral condyle | oaded with
the mxture of rBC and NI H3T3-TG-- (3l cells (B & D) or 29 8epteaiben20Q6r) .
[Oiginal magnification: (B, Db & F) x 12.5]. 1001681 Regeneration of

hyal i ne ¢ j . S. obtained in rabbits injected with a m xture of rabbit
huf fy Coaﬁhﬁﬂ%@%ﬁéﬁ% TG-- (31 cells at 6 or 8 weeks after injection. In
contrast, no significant regeneration of hyaline cartilage was found when
rabbit bufby cqat alone was injected at 8 eks after injection. 1001691
EXAMPLE XU/ | 0047BAMPESHER FOTRTEHIER FSATPIEiEci's AmAURta! & PPy Eiia

Chondr ocydaamtifRel |sHHmidcie@de ReidER Witha (hRFape@id sohe dNdemtddAesivd difect@eenpl ast
(GP) In Rabbits Wth A Partial or Full-Thickness Defect - A m xture of
hChon andarh@inbaf puefied duffy spatdonpdminisirationdatojampanmaléan sitglib heedihereof; oi nt
containing a partial or full-thickness cartilage defect (3nm x 5mln, 1-2mm
or 2-3mm deep) on the fenoral condyle. The cell mxture (10-15pl1 or 20-25I
of 2 x 106 ceTHesdofiposifiod accatding wfcldifaiowharih saichgene Eafodesh vitokingd: 100 di | ut ed
GP) was loaded to the top of the defect and then left in the defect for
15-20 min to allowthe cells to perneate the wound before suturing. The
speci nens,y wer e t Ll Hall: ] .

m cr oscop?'cal I ;H@E?rgéésggonﬁggrgﬁ%qﬁié%h%v‘y Hgfuélfggr]gg%gg ﬂ]tg hbgﬂﬁgﬁ%dr/glélzcﬁondyl es 6
weeks possupenfareity.i on with a nmixture of hChon and hChon-TGF-0 1 cells at
either a partial (A) or full-thickness defect (C). Figures 17B and 17D show
Mason's triclirome staining of sections fromthe fenoral condyle injected

with a mxtureThf cdpRitioantdch®ingno Tidm 23Whé&einlssid Ftokimelamaras 1, (1B)F-pz,

full-thickness def ec'(tméD). &gbi inal magnification: (B& D) x 12.5]. 31 29
Sept ember TGHH8, BMB-2d04P-81 BMIbH 2. befig 60BNIPFA,BMB-9%7 1 9 1001711 Al of

the references cited herein are incorporated by reference in their entirety.
(00172) Whereas particular enbodi nents of this invention have been descri bed
above fors. purflesempositioh hecotdimg toataimi 4, whietein sagd gonie e TGF33 drBMPB-2per sons
skilled in the art that nunmerous variations of the details of the present
invention may be nmade wi thout departing fromthe invention as defined in

the appengled CfrRi fnpodrioR heediBing T8 &aikOD wheiRtsaidScedll RI IBShnkdtive tissue

cell.

7. The composition according to claim 6, wherein said cell is a fibroblast or
chondrocyte.

8. The composition according to claim 7, wherein said fibroblast or chondrocyte

cells are transfected or transduced with TGF-1 or BMP-2.

9. The composition according to claim 1, wherein the ratio of the amount of the

buffy coat to cells is from 1-5 to 1 in terms of volume.

10. The composition according to claim 9, wherein said ratio is from 1-3 to 1.

11.  The composition according to claim 10, wherein said ratio is from 1 to 1.
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1. A conposition conprising a treatnent effective anount of a popul ati on of
somatic cells transfected or transduced with a therapeutic gene, and an
adhesive effective anount of purified huffy coat for adm nistration into a
mammal i an site in need thereof. 2. The conposition according to claim1,
wherein said gene encodes a cytokine. 3. The conpositi 8% Sapteaber 280 o cl ai m
2, wherein said cytokine belongs to TG--B superfamly. 4. The conposition

accordi ng;4 o i . Iy Sad ytokine:js: TG S, -H2, TG--53,
a2, B 3, CsrPoslBe heto R B T Sha SiTAls g md e, T
according to claim4, wherein said gene is TG~ 131 or BMP-2. 6. The

conposi ti acgording .t.o claim1 erein said.cell is a conpectiye tissue
ol o7 B o B souPErtifh Dt o G C e tsaidifels aremBef SPBGS 1

fi brobl asfre gt tranbedd O HaRduded ‘,J}t]\ea,\?q;mgsi tion according to claim?7, wherein
said fibroblast or chondrocyte cells are transfected or transduced with

TGF- 131 or BMP-2. 9. The conposition according to claiml, wherein the ratio
of the a nt . to.cel ' - B i n.ternmg of
vol une. 284] Th@rec"té’&%%‘p?ﬂﬁ %%eogag@trocf?aﬁéelt’ (L)V?l gillegll {%E(gé,gll\%ﬁ%r%?%&srﬁ a‘?l (t:i‘BEa o is from
1-3 to 1.eacHdthedhe conposition according to claim 10, wherein said ratio is
froml to 1. 33 29 Septenber 2006 12. The conposition according to claim
1, wherein said cells are irradiated. 13. The conposition according to claim
1, wherei gs.sa'ﬁlecmp%saaﬁ B orEicle Wb Lhairk Q4! WhEBA! sai PEAISRL dbivASESRTRD OF
transduced wi th any DNA. 14. Th% conposition according to claim1, wherein
sai d cel | singrseungt stgasismpati ble with each other. 15. The conposition
according to claim 14, wherein said cells are derived fromthe sanme source
organi sm 16. The conposition according to claim 15, wherein said cells are
derived from Thef éqfigRitionoatcering @aBlafiELS, Ivherein Shidr &dis o feiveE frohor
storing cells at a tenperature of -70 Cto -196 C, conprising the
conposi t i GHEIRBCOHIFCREABMS ai m 1. 18. A conposition conprising an adhesive
effective anmount of purified buffy coat and therapeutic somatic cells for
use in localizing gene expression at a target site in a

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

comprising the composition according to claim 1.
18. A composition comprising an adhesive effective amount of purified buffy coat
and therapeutic somatic cells for use in localizing gene expression at a target site in a

mammal.

19.  The composition according to claim 18, wherein said somatic cells are transfected

or transduced with a recombinant vector comprising a therapeutic gene.

20. The composition according to claim 19, wherein said therapeutic gene is

transforming growth factor 8 (TGF-B8) or bone morphogenetic protein (BMP).
21.  The composition according to claim 18, wherein said target site is the joint space.
22. The composition according to claim 20, wherein said gene is TGF-81, TGF-82,

TGF-83, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, or BMP-7.
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mammal . 19. The conposition according to claim 18, wherein said somatic
cells are transfected or transduced with a reconbi nant vector conprising a
t herapeutic gene. 20. The conposition according to claim19, wherein said
therapeutic gene is transformng growh factor 13 (TG--B) or bone
nmor phogenetic protein (BW). 21. The conposition accor d?8gptember 3000 18,
wherein said target site is the joint space. 22. The conposition according
to claim20, wherein said gene is TG~ 131, TG~ 132, TG--133, BWP-2, BMP-3,
BWP-4, BMP-5, BMP-6, or BMP-7. 34 29 Septenber 2006 23. The conposition
accordi ngex o cTheicompasitiod eccerding@i cthige2ewhereiiGRidBene is B6RB2 .or BMP-2The
conposition according to claim 18, wherein said cells are irradiated. 25.
The conposition according to claim 18, wherein the cells are syngeneic with
respect tm therResinpbSifibPa&biding®-clalinel 8¢ RANERI shidWRI18&€Qfradiagdt 0 cl ai m 18,
wherein the cells are allogeneic with respect to the host recipient. 27.
The conposition according to claim 18, wherein said somatic cells conprise a
mxture ofs a f”rHeséorﬁLﬁ’oQﬁioRfac‘c‘S’Jdin bhahinfh g %é}@ﬁf &@tc%ﬂf Qe %iﬁ%ﬁ&b‘%ﬂl W th DNA
encodi ng @  therapeutic gene, ard a second type of cells are not
t r ansf ectespeor tottlicaiwdrecipieni t h - DNA encodi ng a therapeutic gene. 28. The
conposition of claim 18, wherein said cells are stored prior to
transpl antation. 29. The conposition of claim 28, wherein said cells are
stored i m@ CryRD&3RIsRh AEordRlg @ clhith 5 2RRALAMNALdAY ar3Yogth&ic GARPOSI ti on
of claim19, wherein said transfgectl on or transduction 1s acconplished by
| i posone espeapteuhalidasbrecipeat.ci um phosphat e copreci pitation, electroporation,
DEAF- dextran nedi ation or viral nmediation. 31. A m xed cell conposition
conprising hyaline cartil age-generating effective anount of (i) a
popul at i o7y, of FhebéopkhosRion AccsridBad ataiinel 8; &lHegeil saidsoanatiedelly compisediiced in
vitro with a gene encoding TG~ B or MBP; (i i%ﬁan adhesi ve effective anount
of puri f i BExturp of pyfirsiglype ogﬁ%llsamq are frapyiegtecherciiansduged Wikl DAY apicdinga r i er
t hereof f [ r.atl [ L ' } 0] a manmal
thr ough eoleeie BpABIELcCB GRKRFeBR: BR it rREa APy K RIRES Rl

DNA encoding a therapeutic gene.

28.  The composition of claim 18, wherein said cells are stored prior to

transplantation.

29.  The composition of claim 28, wherein said cells are stored in a cryoperservative

prior to transplantation.

30. The composition of claim 19, wherein said transfection or transduction is
accomplished by liposome encapsulation, calcium phosphate coprecipitation,

electroporation, DEAE-dextran mediation or viral mediation.

31. A mixed cell composition comprising hyaline cartilage-generating effective
amount of (i) a population of fibroblast or chondrocyte cells transfected or transduced in
vitro with a gene encoding TGF- 3 or MBP; (ii) an adhesive effective amount of purified
buffy coat; and (iii) a pharmaceutically acceptable carrier thereof for use in generating

hyaline cartilage in a joint space of a mammal through administrating the composition
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into the joint space of a mammal such that expression of the DNA sequence
encoding TG--B or BMP within the joint space occurs resulting in the
generation of hyaline cartilage in the joint space. 32. A m xed cell
conposition conprising hyaline cartilage-generating effective amount of (i)
a popul ation of fibroblast or chondrocyte cells transf@®8eptember 28fsduced in
vivo with a gene encoding TG B or BMP; (ii) a population of fibroblast or
chondr ocy: . t t r £, a gene
encodi ng. HEREIhE afgle bf NEREl <R BRIGH e DRAISRIEE Sl 24O urry
coat; andI'GF-8)oaBpamitdethd amtl spacaoceps adsubingainr thergenbmtiemfof fhyalinsse i n
generat i nc%ﬁt]%/al J nlge.carti | age in a mammal through admnistrating the
conposi t i GRS UE OB R2&pace of a mammal such that expression of the DNA
sequence encoding TG--B or BMP within the joint space occurs resulting in

the generation of hyaline cartilage in the LiOi nt space. 33. A conposition
conpri si nif-a phpuixgdi el epmpesitiony(campriging dnehen sesttiegecgenprating reffestivect ed or

t ransduce j oh - i fi t for
use i n ¢ vt e & PEBSMERGRH Mo ool BNC Bl GHMK=ERR | 0" of
fi br obl astivoowitk hgank acyptiag dEil-B ortBMRs(i® atpegulatiorn oftsrdblagcrehérdracygene

encodi ng TGF-B or BMP, a popul ation of fibroblast or ch cyt ells that
have not C_t?ﬁgFPaE PayroPo g UaH oatrd S Heseeeest i aga%@ceﬂeg_&flﬂ%ﬁ SFME or B,
and puri fi@daPdre¥ive Qfectir aH&ht | dF Juki®idd ibdery Qb€ RALEN) 4 bRarm3Beutically

acceptable carrier thereof for use in generating hyaline cartilage in a mammal through

administrating the composition into a joint space of a mammal such that expression of the

DNA sequence encoding TGF-B8 or BMP within the joint space occurs resulting in the

generation of hyaline cartilage in the joint space.

33. A composition comprising a population of fibroblast or chondrocyte cells
transfected or transduced with a gene encoding TGF-B or BMP, and purified buffy coat

for use in treating osteoarthritis.

34. A composition comprising a population of fibroblast or chondrocyte cells
transfected or transduced with a gene encoding TGF-f3 or BMP, a population of fibroblast
or chondrocyte cells that have not been transfected or transduced with a gene encoding

TGF- or BMP, and purified buffy coat for use in treating osteoarthritis.
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