WD 03/ 077852 PCT/ US03/ 07486 CARTI LAGE REGENERATI ON USI NG CHONDROCYTE AND
TG 1i BACKGROUND OF THE I NVENTION [0001] Field of the Invention: [0002]
The presewD 030vmsaLi on relates to a nmethod of introduci ng ®CTIESaz074861e gene
encoding a nenber of the transformng gromh factor R superfamly into at
| east one manmal i an connective tissue for use in regenerating connective
tissue in the mammal i an host. The present invention also relates to a

met hod of introducing at |east one gene product of the transform ng growh
factor O superfamly and at | east one mamual i an connective tissue cell for

ventARITLAGH M GENERATION USHEG CHONDROEY PE AR TR O 22 o

vect or nol ecul e containing a gene encodl ng a nmenber of the transform' ng
grow h factor (3 superfamly. [0003] Brief Description of the Related Art:
[ 0004BACKGROUDIX OB EEE NVEMNTIONdegener ative arthritis or osteoarthritis as
wel | as injuries caused by participation in sports activities is the nost
frequii¥OLl, eddeldof Bredmvefifi:ti on associated with cartilage damage. As for

ost eo FL' Ui rg)gés@i'ﬁsihv&%lgﬁ ¥elht9§ Rta fn@th’b@eof BRVuciAg GhleaR ont Q&M@@dm% he hip,

t he s even the wist, I1s affected. The pathogenesis of this
dis eaﬁfembIeSOft the traesfernanggiooh Eifctoln Pastuperéanaiyt mtmzitdeas‘cmd mbragelifvamkeciivet al .

J Bone Joint Surg, 52A.. 460- 466, 1985%1 The hy ge cg.ﬁ}tl I age of the joi nt
beconHSUAdPHRSFER, TCFERALINE SPRGCV{SSHG fhaefpmma Skt ddie PrgseRiyjavention

degengfsat,gdies 3 hith@8sd 6P Uitk dSONE RO EBEoRE SRR BERY .of MRS trak@binfifg $roMaul d be

able to enjoy their lives without debilitating pain. There has been no
met hodhctozfosipedamdy cdacﬂ et teast anegeanemalian @mnagle'd tiswl ¢ehlefor use inl @g@lerqthOS]
Tradi ti onal rout es g,%?agel [ ver suc g oral , Jint ravenous

T aFUSEORE SR s PPN 00, (e tenE BPU T Y KRS pgectve

i nef f kigdu@REN 1ih8 GahBdrbors ialTENATvesloH B 1dcle@ohRthingd 4 Eéte chbbdifiglh ddmbet 8 the
general |y short. Another disadvantage of intra-articular injection of drugs

i's tha‘ansf®mqglgmth€q9m1ﬁ§dp¢rfqr@btl ons are necessary to obtain acceptable
drug | S spac f0 reatlng a chronic condition such as
arthrl[(ﬁb?‘ B la eskrﬁg{‘] %ﬁtt%]e eaé%é]fs‘g ‘heretofore could not be selectively
tar 96‘1[01)?04} 0 JIQI thé %nhbpedxi@ﬁenﬁ(‘dégé‘t&faﬁvé QrbKfoSR dst@anifiishd arllhas injuries

systemn ca g concentrations, of drugs in 8r der to achi evg a ﬁustal ned,
i nt raS%PSF‘ilclm RATTCHPRTp &t POt RSEVitieyis o Er‘@oﬁf RYIENELY  Gepuergd nonfiiopn; s

Mannen8xaca et Sfihhe dABRARENLY fo? fosRBA R Aokt Svellf J8s ih Belbody, such as
the knee, the hip, the shoulder, and even the wrist, is affected. The pathogenesis of this disease
is the degeneration of hyaline articular cartilage (Mankin et al., ] Bone Joint Surg, 52A: 460-466,
1982). The hyaline cartilage of the joint becomes deformed, fibrillated, and eventually
excavated. If the degenerated cartilage could somehow be regenerated, most patients would be
able to enjoy their lives without debilitating pain. There has been no method reported to date to
regenerate damaged hyaline cartilage.

[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 mammalian 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
1



WO 03/ 077852 PCT/ US03/ 07486 produce serious side effects, such as

gastroi ntestinal upset and changes in the hematol ogical, cardiovascular,
hepati c awo isenmb2 syst ens of the manmal i an host. [0006] | rCrhsopotabOpedi c
field, some cytokines have been considered as candidates for the treatnent
of orthopedi c di seases. Bone norphogenic protein has been considered to be
an effective stinulator of bone formation (Ozkaynak et al., EMBO J,

9: 2085- 2093, 1990; Sanpath and Rueger, Conplications in Otho, 101-107,
1994), and TG (3 has been reported as a stinulator of osteogenesis and
chondie@rRestisud 48Y efe®l, Rbh as basRlihteRingl Ot add Chahk85 i &2 7hematdlBikal, [ 0007]
Transform ng gromh factor-P (TG~ (3) is considered to be a multifunctional
cyt oktardiovasggas hepatid ambisapl systema ofihe manypasmhos332: 217-219, 1988), and

pl ays egulat.ory..rol e i I b i ffer iatl

et r JBFIG R Bl i, Bty il B clbed oo SHERL 8 afflaflion tbe 106
1375- it38Aent 1B} hopd@E-digabashi Bote ntdnghogewntptotein ki bdval ¢ambidert| to nan

025 haite sbbes S Aokt EIY e e LS o el a1
bone %{f&aﬁtﬁ%%eg,” g@@gﬁkﬁ%ﬁ %. ' é)glgtlgom 1efo7al 1904 BoR8. TERM BAY beerl %%l%rteal 43d, et

al ., -556, 1993;”and Matsunoto et al., In vivo,
8: 218imia0r of 994)gend G -a0d ichduregknbon&Jdyor whal.oh Ged Biothgyt dd0:8y93-2207,

sti rruJr @t'bon of the subperiosteal pluripotential cells, which eventually
diffet®Miate into cartil age-formng cells (Joyce et al., J Cell Biology,

110: @38‘@' 22@{ansh2Rth O%thMagt%F-BQ?GF%) i@ bonsidérddab lbe B0 8 ctidml ciokine
2021- 2036, 1994r5. [(% 8] The biological effect of TG (3 in orthopedics
has b&porr epdRoberty, Avatnev(lender), 332:Cal1 LRI, Ti988uandnplapa regulgigry 1do3n

Bor que al ...Int.J Biol., 37:.573-579, 1993; k] 1 J

ol | Bl oo g Binhatd pyg Rt pbtT i AT e, Ao

64(5) BRIy 206: 1993384 MIs3YNTIGF-Blintdbits the RrotithQf ePitRdiRd 280 arti9@ddoclabtn nouse

enbryos, staining shows that TG--(3 is closely associated with tissues
der i vike tellsmint titro iEbemcelyate Prew dlatladcadobriedl:i 1683t5684uEI883abutiif gaulatesd
bone. In additign to e [ I adi s - 3.1 r.ese t <4+h ite of
pone. FSPARET ot Tal R R EEY, fone BRI, i Wi (R loFPEE B0 SI327

heal i pgp5i; MLidadthil.f AtOdohopeScal o)t §53-556 199hemddatburnotoat ale, /ofvivbGE:- 2I3-has
been reported (Critchlow et al., Bone, 521-527 1.99?; ) anc%éki n et al., A
O t hop2daid). BYrfyindugsd boge foripgiay is mgdiated dydisoitimulgtign gtdhe sulperiosiepl ni gh

o IR LT ol s Loy 800B BBy v

art hr Bidlsgyi,  10:@t1 9518807, 48P @&, and Miatinen ethed, 7 Ok BiddgyT GE76: PR -2036ht%).dur at i on
of aCE(}O(())g] aSTh-Ic;Cﬂ:iél(ogical effect of TGF-B in orthopedics has been reported (Andrew et al.,
Calcif Tissue In. 52: 74-78, 1993; Borque et al., Int J Dev Biol., 37:573-579, 1993; Carrington et
al., J Cell Biology, 107:1969-1975, 1988; Lind et al., A Orthop Scand. 64(5):553-556, 1993;
Matsumoto et al., [n vivo, 8:215-220, 1994). In mouse embryos, staining shows that TGF-f is
closely associated with tissues derived from the mesenchyme, such as connective tissue, cartilage
and bone. In addition to embryologic findings, TGF-P is present at the site of bone formation
and cartilage formation. It can also enhance fracture healing in rabbit tibiae. Recently, the
therapeutic value of TGF-B has been reported (Critchlow et al., Bone, 521-527, 1995; and Lind
et al., A Orthop Scand, 64(5): 553-556, 1993), but its short- term effects and high cost have
limited wide clinical application.

[0009] Previously, it was determined that intraarticular injection of TGF-$ for the treatment

of arthritis is not desirable, because the injected TGF-f has a short duration of action, as TGF-f
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2 WD 03/077852 PCT/ US03/ 07486 is degraded into inactive formin vivo.
Therefore, a new nethod for long-termrelease of TG--(3 1is necessary for
t he regerwoaBioonssnf hyaline cartilage. [0010] There have Ipegrusogpmase s of
regeneration of articular cartilage with autotransplantation of cartil age
cells (Brittberg et al., New Engl J Med 331: 889-895, 1994), but this
procedure entails two operations with w de excision of soft tissues. If
intraarticular injection of allogeneic cells, such as chondrocytes added
together with either TG--[3 protein exogenously or TGF-(3 protein

manuf AGLEE It PMLiVEBER T GOt habRgk, @ BANRB0S 8I1HG- b 16185k RE TdF-p he

chondrocyte is enough for the treatnment of degenerative arthritis, it wll
be ofmgmea&ugﬁnﬂbﬂugm&mdmmhﬁhydakcm@éﬂgf|t to the patients. [0011] Gene

th whi [ t hod of t f f ifi
A A T e S
Ther a@ieéﬂrﬁrage Qells ditttRrg WOAI few FngbJ MBO431.288h-923)K904)) bhattis Gasedire! nst ,
89(16): 1182-1184, 199 [0012] United States Patents 5, 858, 355 and

5, 766cE8E wwe@é@nwwhn@ aenisien obvofigissuss df indwasicrlarinjestion ﬁéalﬂ%&mlc
(i nterl

cel | 85 sl BN ERk e BRLANBRAG BAR R ORI el BRI 2 MRS,

and i pjo@gh hﬁguﬂa&aradrt?daﬁ b esétetconthihg algﬁﬁ@er&oﬂﬁl@mGF -p Ghside, the Ulﬁoridhﬁiy&a s no
di scl osure of using a gene belongin o the TG--P superfamly

r egenetoagk feothsetseatmentt ofsdagenergtpgimihritini tedillsbevé srpheetionis aeth@h%qaland

5 700 i |nject|ng a conposition that includes a bone
h%%%ﬁ%gﬂgg 8% w n (BMP), which belongs to the TG P "superfam|y",

t oget oo 1w t h[}eae tthiaﬂmat“eﬁhhplaraahétyombﬂtrbmfemng ars@leaﬁeo;qumpttm dape@ﬁefsrkcect t he

nalntenance of cartil agi hou r uct on of
car t i M3YivdsansieE fppth ISH% (&?lﬁsear“g Iregi rg, %{égeq@g@ @ige e‘é‘;{ Jg@n% WRKF apy

et Mogusi g hPIRAE s 980 CanbAGA4] S9N eekaS! liesodl ent. 5, 842, 477 di scl oses
nplantlng a’conbi nation of a scaffol'ding, perlosteallperlchondrlal

ti ssul012hd dJinitedeitateePatents 5186836 2lang SGTﬁﬁrﬁi?rSO@lWle@ melgng acwraljdragjesmigf ect ed
area. Sl pngt 05”%, {e n ter#%dk%nq Oscilé}éte r uo'n'is? %rottgﬁi]%e% an@fe%ﬁ % P%F?ells

eleneﬁpg erenc

di scl gB&58B553 u@@ﬁ&ﬁe hagowicolN &, EIH85) b}%&b@/ corgtracrg amf mﬁlcﬁﬁg th’d:\/t%ntsfe@ﬂed\l\hi ch
does not require the inplantation of the scaffolding
per i ostibaintqaplibinint éwt fhesssiseno dipglpsyre| of g a gope tbﬁlégéms rtp ghe HGF-B

d'SC'Qﬁ%ﬁﬁﬁﬂy&n%é§mﬁﬁﬂﬁhﬂ§m9eH§ﬁ¥ real and substantial need
[0013] United States Patents 5,846,931 and 5,700,774 disclose injecting a composition that
includes a bone morphogenesis protein (BMP), which belongs to the TGF B “superfamily”,
together with a truncated parathyroid hormone related peptide to effect the maintenance of
cartilaginous tissue formation, and induction of cartilaginous tissue. However, there is no
disclosure of a gene therapy method using the BMP gene.
[0014] United States Patent 5,842,477 discloses implanting a combination of a scaffolding,
periosteal/perichondrial tissue, and stromal cells, preferably chondrocytes, to a cartilage defected
area. Since this patent disclosure requires that all three of these elements be present in the
implanted system, the reference fails to disclose or suggest the simple gene therapy method of
the invention which does not require the implantation of the scaffolding or the
periosteal/perichondrial tissue.
[0015] In spite of these prior art disclosures, there remains a very real and substantial need
for a method regenerating cartilage stably, with long term effect.
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for a nethod regenerating cartilage stably, with long termeffect. 3 WO

03/ 077852 PCT/ US03/ 07486 SUVMARY OF THE | NVENTI ON [ 0016] The present

i nvent i orwbag/omss2 t he herei nbefore descri bed need. A net h@dTafSo3/0msé oduci ng

at | east one gene encoding a product into at |east one cell of a manmalian

connective tissue for use in treating a mammalian host is provided in the

present invention. This nmethod includes enploying reconbi nant techni ques

to produce a DNA vector nol ecul e containing the gene coding for the

product and introducing the DNA vector nol ecul e containing the gene coding

for the product into the connective tissue cell. The DNA vector nol ecul e

can be any DNA nol ecul e capabl e of being delivered and mai ntai ned within

t he tSUMMAREIQF dHE [N¢ENTEOEh that the gene encoding the product of

interest can be stably expressed. The DNA vector nol ecul e preferapl

uti| i P86)i n The psrweakeinvepiRfes areti the diergigheligre, desgiibegy neds &“ﬁ\‘?ﬁb\?gct or

ol el e @aﬁ%‘éﬁ&@fgeﬂé gl{c%ﬁﬁ@'av rbfifet M 1kt 62040119 rhdiSmBIBRRoRNEANE Ng the
the <cell of the ma

product I nt an connective tissue for a therapeutic
use. fi80d Tgr ibhén peaierd mamneatian dwsti is padvideddinrtbe pedentaneentien.hddisaohethedat i ng

oS O L LSO LORRAE) OERELEL R 0L OB AALID B MERSHe ! 2

obt ai findGcodingoRy RS pRiuel akd!idtkideeing ARNBNA Meclol $Sdlecule kbritaihidgt themeng 0019]
contain vector encoding a gene; or a popul ation of cultured connective

ti ssueoding fos therpioddes intr the copmrestiie gpgpeistis otheeRMAuYsripramelesie cahbe prv20] c)
{r ANSHRIA 1iBRhTBIRL BF Beiflh dBhEReind Rt i CONMAGHE Vifgdil 38 UP iG8le] ol St ep
b) by intraarticular iTnjection to an arthritic joint sSpace of a mammali an
host , thaudie génat ertchdingcthé irdducofof ihfeeestc ombibaatabbyn ewpreksed. t hlee DNAtvestoace

results. in regeneratinhg.connective .tissue. [0021] In the ca ere the

G onnetolegue i aeua o P4 Ghas RESET ERBPT it 41 HER o qUpanE SREbdergT

pr ot ejndjechiBe THRCARINLA PRfe MBS iBEILIRYInREductHS! thB@knd bdtoligg th®produdtiih@l thyect or,
preferably a retroviral vector. The vector may also be a plasm d vector.

[ 0022¢¢li{dhampmoulian canmectivpisaid iona theepaeiesusst ori ng a popul ation of the
CONMOERIE ! AU GrosBL iy eRidiic bl RGSEN 20" £ hloa e eRe®olfBartfis! O o
comprising:
[0018] a) generating or obtaining a member of a transforming growth factor superfamily of
proteins;
[0019] b) generating or obtaining a population of cultured connective tissue cells that may
contain vector encoding a gene, or a population of cultured connective tissue cells that do not
contain any vector encoding a gene; and
[0020] c) transferring the protein of step a) and the connective tissue cells of step b) by
intraarticular injection to an arthritic joint space of a mammalian host, such that the activity of
the combination within the joint space results in regenerating connective tissue.
[0021] In the case where the connective tissue cell contains a vector comprising a gene
encoding protein, the recombinant vector may be, but not limited to, a viral vector, preferably a
retroviral vector. The vector may also be a plasmid vector.
[0022] The method of the invention includes storing a population of the connective tissue
cells prior to transplantation. The cells may be stored in 10% DMSO under liquid nitrogen prior

to transplantation.



to transplantation. 4 WO 03/077852 PCT/US03/ 07486 [ 0023] The connective
tissue cells include, but are not limted to, fibroblast cells,

ost eobl aswe,03/0o185chondr ocytes. The fi brobl ast cells may b@CHUdo3T38cel | s or
human foreskin fibroblast cells. The chondrocytes nay be autol ogous or

al l ogeneic. Preferably, the chondrocytes are allogeneic. [0024] The
connective tissue includes, but is not limted to, cartilage, |iganment, or
tendon. The cartilage nay be hyaline cartilage. [0025] The method of the
present invention uses a nenber of the transformation growh factor

super f@23] Y, Riehndcled HEES cdilsaRQ L@, Bhige ab0nhited BCEBbbIaS dkllFosteddlastd he
menber of the transformation growth factor superfam |y may be T 31,

TGF- (glzchdn@mcyt;s ThsBboblasiveells, mayBPNAE 3BRels omemm foggskiniibrpblagtreslier abl Y,
TG ( man, or Q pr esent
! ovendhb fdtdB e B R BfosbiE ot dlberdSE gl Sho e loedis Mg,
conpr {(024p: [’ﬂ&%hn&)lvg eiRafedhtlndesp buohtit Minfigd ao,Nerklege, Qfga@leﬁtt anshdénn ng

grow h factor superfam|ly of proteins; [0028] b) generating or obtaining a
popul abf #tilsee ey b e nesAndss ve tissue cell's that may contain vector
encod;(szﬁ 9efif mBthod opwbégérmn&bfnus&'ugw@%e@x%p%@ttﬁeV&aﬁgfaﬁﬁﬁo&%H‘aht hat
do no contaln any vector encoding a gene; and [0029] c) transftferring the
pr ot eifavtarfsuperémidy), veiich inbledesotmarstdrmires gnomhj&ctmlﬂ GFC&H B)st @pe bentbgr of the
intraarticular injection to an arthr|t|c9h0|nt ace of a mammal i an host,

such {ABg omr?éwacgefwtihtfyctelf supepamiy Ay TEE-Rlis tiEP3nECK &ﬁnBNgPp%ac%M#’e%m ts
inre ra f ed
the t PacreaMlan NG B e A e G O s
encapquﬁa@;on, caIC|un1phosphate coprecipitation, electroporatlon and
DEAE- dextran mnedi ation. [0031] The present invention is also directed to a
conned026b t i Bhpurreseat inventipa ig glpprdisrisd ta a melheshdf isaenerafingdiyalspe partlags. d

vect o, @gﬁ@ﬁéSlng a DNA sequence encoding a nenber of the transform ng

gromﬁh or superfamly. The connective tissue cell line may include, but
i S nof002A7i m txdgtreratagfor bbiabligss neelber bf @ &ansdorotomnghootly taetor slyperfantily, ofan
osteobl ast cell line, or an osteocyte cell line. The chondrocytes may be

aut ol BH3%8Sor al | ogeneic. Preferably, the chondrocytes are
[0028] b) generating or obtaining a population of cultured connective tissue cells that may

contain vector encoding a gene, or a population of cultured connective tissue cells that do not
contain any vector encoding a gene; and

[0029] c¢) transferring the protein of step a) and the connective tissue cells of step b) by
intraarticular injection to an arthritic joint space of a mammalian host, such that the activity of
the combination within the joint space results in regenerating hyaline cartilage.

[0030] If transfected cells are used, the transfection method may be accomplished by
methods such as liposome encapsulation, calcium phosphate coprecipitation, electroporation and
DEAE-dextran mediation.

[0031] The present invention is also directed to a connective tissue cell line comprising a
recombinant viral or plasmid vector comprising a DNA sequence encoding a member of the
transforming growth factor superfamily. The connective tissue cell line may include, but is not
limited to, a fibroblast cell line, a chondrocyte cell line, an osteoblast cell line, or an osteocyte
cell line. The chondrocytes may be autologous or allogeneic. Preferably, the chondrocytes are

allogeneic.



al l ogeneic. 5 WD 03/077852 PCT/ US03/ 07486 [ 0032] The connective tissue cell
| ine according to the invention may conprise a nenber of the transform ng
growt h f awowms/ozperfam |y. Preferably, a nenber of the traosfusosimge gr owmt h
factor superfamly is TG~ (31, TG-- (32, TG~ (33, BWP-2, BMP-3, BMP-4,
BMP-5, BMP-6, or BMP-7. [0033] These and other objects of the invention
wll be nore fully understood fromthe follow ng description of the
invention, the referenced drawi ngs attached hereto and the clainms appended
hereto. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0034] The present invention wll
becocﬁ)war e Tk bynddRlar t?stsggge f fRAckaE; V{I{%GLB Fhd BdentfOR Sy d%frri;ﬁ’l@e Q'rﬂé%fbehgf ein
bel o d the acconpanyl ng ravm ngs are given by way o

i | | usthe atansfornoing \growathdfacton superfemipt P|r¢fmabhn; aveerlﬂfelwfﬁéllqo&r@eémmmmm@wﬁh on,

Col aber FoisseRin S Ee b TEROR TR IR, BV p)or B PG £

pmr( 3gpp27 TG (31 expression vector, whi ch were grown in the absence or
presence of zinc. Total RNA (15 ng) was probed with either the TG- 131
CDNA (903313 a(ﬂhﬁfw vON\pthes objeets rof rtb¢ invegi@B iltihgsmorAifip widettogd diamtheidi ngs
regener at rt|I 0037] o raLl def ect
n&@gwg}gf 81‘1}? fatﬁg é%\[ﬁ: 9 thezgf?fhd’eg &%ﬂ}gé g‘trta{cﬂé‘cf Béx%l!o a%ﬂ thé cf’aﬂn% Nl K
3T3 cqpefdediHeholt TG (31 transfectl on. The defect was not covered [ 0038]
2B. At 6 weeks after injection of NIH 3T3-TGF- (31 cells, the defect was
covered by newly forned tissue. The color of the regenerated tissue was
al nos de oundi ng cartilage. [0039] Figs. 3A-3D
show m Bm ?copl ?‘ gﬁ%;ﬂi regener%t ed cartilage (X 200). [0040] 3A and
3B. Hﬁmg&pXI HihR- §R8r Cink/Ekkieh W’ll@' deebmeOmode BNy @destobdaRdmd the eleilad t er
injection wth control cells. tissue covered the jnitial defect area
[ 0041flesguiptiandsi3en hereinbeiei iapd Q&Mempmg)g drayines which areewer byrway #fand 6
weeks; ﬁ‘lfsttrﬁ{ono 2} 64 kg %bno?—ﬁﬁltﬁéxﬂe 't 'Eﬁl@eﬁ:t n Sd Wherdpeeks, partial
def ect  area was ' éovere y hyaline <ca aeater i nj ection of
TG ( p3sY angigct gdwealkptessidit oﬂT@E@dSnRNQ\ q OMMA afas égoldtey fomi NI 3The

cells or NIH 3T3 cells stably transfected with pmTB1, a TGF-f1 expression vector, which were

grown in the absence or presence of zinc. Total RNA (15 mg) was probed with either the TGF-
B1 cDNA or B actin cDNA as a control.

[0036] Figs. 2A-2B show gross findings of regenerated cartilage.

[0037] 2A. A rectangular partial cartilage defect was made on the femoral condyle and the
knee jvint was injected with NIH 3T3 cells without TGF-B1 transfection. The defect was not
covered.

[0038] 2B. At 6 weeks after injection of NIH 3T3-TGF-B1 cells, the defect was covered by
newly formed tissue. The color of the regenerated tissue was almost identical to that of the
surrounding cartilage.

[0039] Figs. 3A-3D show microscopic findings of regenerated cartilage (X 200).

[0040] 3A and 3B. Hematoxilin-eosine (H&E) analysis of defect area 4 and 6 weeks after
injection with control cells. No tissue covered the initial defect area.

[0041] 3C and 3D. Hematoxilin-eosine (H&E) analysis of defect area 4 and 6 weeks after
injection of TGF-B1-transfected cells. At 4 weeks, partial defect area was covered by hyaline
cartilage after injection of TGF-B1-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
6



regenerated tissue becane thicker and its height was al nost identical to
normal cartilage at 6 6 WO 03/ 077852 PCT/ US03/ 07486 weeks. Hi stologically,

t he regerwoaBedssartil age (arrow) was identical to the surPcoarsds/omyshyal i ne
cartilage. [0042] Figs. 4A-4B show i nmunohi stochem cal analysis for TG- (31
expression in rabbit joint x 200. Brown i munoper oxi dase reaction product
i ndi cates high | evels of reconbinant TG (31 expression in the NIH
3T3-TG-- (31 cells (4B). [0043] 4A show hyaline cartilage in a rabbit joint
injected with control cells. [0044] Figs. 5A-5B show microscopic findings

(X 20Qpeif Ha@gl% gﬁ b kg&ﬁ%&i WirlilRgd GEow twak Menbcdi A thandrrSaddir yatifd
staining (B). In the partially damaged area, the regenerated

hyal |¢Pét11@a¢tllage is shovvn by H&E staining (black arrow). [0046] 5B. In

e REBRCL ey SR SR e B DLl 15 SIE TR PSRl o 0
Fi gS. jofft-x P0G hBrewalr @difu emmawyeaeﬁorr ploldiidt iadichtes @fpht BRSO Rfirajoatiemt Wi t h

TG-- (3l transfected cells. [0049] 7A. Tendon injected with control cells.
[OOSOTGFEBIW@r@%mi&fﬁ@&IE@TﬁrT(ﬁFﬁ@ﬁ@%@Bﬁransfect ed cells, six weeks after

Dheslondy WAOB RS 0 MR o Bt v T

8A- BF[OEIW MFEEs0SACTH @h«iw nﬁlilcng&p@cf finéiggn €X 206y of irsgeneraied tisalpsi witadl&E | es
tendon ~wth H&E staining. [0054] 8A, 8B and 8C show tendon injected with
cont r SrinEg (A) apd SedEanin-Oraining Bhct i on. 8A. x50 magnification. 8B. x200

magni [ 03§f oy ﬁ&heg)éﬁf%u%%hééd%éd afe reéé%@ﬁ@d BRlinSEardiage AheWRWY HREion

i njec With TG--[31 transfected cells 6 weeks after 1 njection. 8D. x50
magni $tamatg(bhck&Eow)<200 magni fi cation. 8F. x600 magnification. The TG~ (31

endoglAHC 1« aRudh keSSl Sk Gl PR Ao R RhalT G T Sy bRE AR E0

par acwaglﬁbfmgl@(gla én. actl on, and the tendon was enl arged. The t endon was

enlarged after the injection of TG+ (31 transfected cells.
0047] Fig. 6 shows plasmid map of pmTpI.

[0048] Figs. 7A-7D show gross morphology of rabbit achilles tendon injected with TGF-B1
transfected cells.

[0049] 7A. Tendon injected with control cells.

[0050] 7B. Tendon injected with TGF-B1 transfected cells, six weeks after injection.

[0051] 7C. Cross-sectional view of the tendon pictured in 7A.

[0052] 7D. Cross-sectional view of the tendon pictured in 7B.

[0053] Figs. 8A-8F show microscopic findings of regenerated tissue in rabbit achilles tendon
with H&E staining.

[0054] 8A, 8B and 8C show tendon injected with control cells 6 weeks after injection. 8A.
x50 magnification. 8B. x200 magnification. 8C. x600 magnification.

[0055] 8D, 8E and 8F show tendon injected with TGF-B1 transfected cells 6 weeks after
injection. 8D. x50 magnification. 8E. x200 magnification. 8F. x600 magnification. The TGF-1
transfected cells injected into the tendon appear to be more round than the endogenous tendon
cells. Fibrous collagen was produced by autocrine and paracrine modes of action, and the tendon
was enlarged. The tendon was er_llarged after the injection of TGF-B1 transfected cells.

[0056] Figs. 9A-9B show microscopic findings of regenerated tissue in rabbit achilles tendon

with H&E staining (A) and immunohistochemical staining (B) with TGF-B1 antibody. Brown
7



[ 0056] Figs. 9A-9B show microscopic findings of regenerated tissue in

rabbit achilles tendon wth H&E staining (A and i nmunohi stochem cal

st ai ni ng WB)3mrsR2 TG [ 31 anti body. Brown 7 WD 03/ 077852 PCT/US8DE748¢ 486

i mrunoper oxi dase reaction product indicates high | evels of reconbi nant

TGF- (31 expression in the NIH 3T3-TG-- (31 cells. [0057] Figs. 10A-10F and
10A -1 OF" show regeneration of cartilage with irradiated NIl H3T3- TG-- (31
fibroblast cells. [0058] Figs. 11A-H show regeneration of cartilage with
human foreskin fibroblast cells producing TG~ (31. [00591 Figs. 12A-H show

r egenpiidihdperdkidase Fdabti RORoWhdt inddrss g @velR of ré®@llbindnh T&FIPYexpi@dR.in[ 0060]

Figs. 13A-C show i nmunohi st ochem cal staining of regenerated cartilage with
TGF- 8NIENITHEGY-[Hices.weeks after injection of TGF- (31 produ0| ng

<t oS T oo Y08 08 15 Tl TR B B W

wi th acpaytfisbblidicgkness defect. [0062] Figs. 15A-15F show regeneration of
cartilage with injection of a m xture of human chondrocytes nd reconbi nant

TGFP 0088bt eifiigs. iIhAddgbowi tegeneraiont ¢farartilage kyits butet dereskipeitapblEd cells
DESCRI P ICN%EEE THE | NVENTI ON [ 0063] As used herein, the term"patient”
i ncl ufies" |Fs f the ani mal ki ngdom including but not limted to human

bei ng 055906% zstsecthta@n%g&erattt@% 6f6éaﬂtfag@ml NamTRsEE-f Inedldsa Wepber s
of the ani mal %(I ngdom i ncl udi ng but not mted to human bei ngs. [0065] As

used heddin, the term "chondrocyt es” ref ers to a popul ation of isolated

chond ardt er th have, under.gone
dedif db%étltl gzefi; iﬁglré qf'oé‘ﬁtl?rfl Oélﬁt‘? tntl)ca htlatmr}gao eé‘ﬁra(t)lncllser\ll1 \tvt'tl}étT Ge?fter
sever gl a@mw% wobkd dtteyinyécqoﬁ B TAFLAGprodediEbobMitesligledi fferentiate into
ot her cel | d{) Gmsuc fibroblasts. However, upon induction, these

185

cel | sl0Pgy] re ént%tf@vt tﬁgemmmno@fy@é@agq:mthvmtqm phbeman effondrasyissesent

|nvent| t.es"” LLSILN h orlglnal startlng
ool £ upiBportlinan R EBE Bartis T sanfie TR GatRTRIIGERRRRE oy Sopti on 1y
cont ajgneghondngs baS SF%bwh@g@teﬂﬂ@ﬁ dAeditiliRr et irgétidn 00U Hure i dupagsage

of tine.
chondrocytes nd recombinant TGFB1 proteins in dogs with a partial-thickness defect.

DETAILED DESCRIPTION OF THE INVENTION

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

[0064] As used herein, the term "mammalian host" includes members of the animal kingdom
including but not limited to human beings.

[0065] As used herein, the term ‘“chondrocytes” refers to a population of isolated
chondrocyte cells without regard to whether they have undergone dedifferentiation or
redifferentiation. It has been observed that after several passages of in vitro culturing,
chondrocytes dedifferentiate into other cell types, such as fibroblasts. However, upon induction,
these cells may redifferentiate to chondrocytes. For the purposes of the present invention, by
“chondrocytes”, a sample comprising the original starting culture of chondrocytes is meant, in
which the sample may optionally contain chondrocytes that have been dedifferentiated through

the passage of time.



8 WD 03/077852 PCT/US03/ 07486 [0066] As used herein, the term "connective
tissue" is any tissue that connects and supports other tissues or organs,
and i ncl wesbputssis not limted to a liganent, a cartil ag@eCTaSHBOMISE, a
bone, and a synovium of a manmalian host. [0067] As used herein, the term
"connective tissue cell"™ or "cell of a connective tissue" include cells
that are found in the connective tissue, such as fibroblasts, cartil age
cells (chondrocytes), and bone cells (osteobl asts! osteocytes), which
secrete col |l agenous extracellular matrix, as well as fat cells
(adi ppeyées) Aandes ABSD tHIUSHL CconBbdtve iRaRf of abl Hssué Rt 661HRES b Suppbit§Sue
cells are fibroblasts, cartilage cells, and bone cells. Mre eferably,
the coherdissieser prassnend instudss hutds @deﬁfzsidytaélgé@ﬁmsa cmhﬂgeraetbm£§>n # hene,
chond§n%c§/§yg§wa Ofaalr{&%%nﬁ Cho%f" ls. It will be recognized that the
i nventlon>can be prac ea h a m xed culture of connective tissue cells,
as Wwgob7jas ewl dl@ddferein,stlhaghm t'yamectivie mssualcsldi' beltadindf e tohimtive fissuel' ssue
be treated as by chem cal or di atjon so that.the ﬁells

cells i C

st abl V’NE‘Qﬁr‘@ﬁ thafe afj’e%‘é"“gf 1 rtulieelc%%“cecn‘ﬁr é‘F%’FaﬁP Periiprgblastyy garfifage sells ¢ e
conneghbYRodyh&s, ua%d%hé cag%stemlas@@%@o@t&@gﬁ&w gedr&wal%geﬁ&gm&mmﬁa
injected into the host organism i § under st ood t hat al | ogeneic cells
may bmaiseds iwellt a5 &t Pé@aﬁﬂdlpoeﬁe&)@mﬁ sas)oﬂamumlggellﬁs Béqf¢f9blﬂoﬂled@rlne<>rﬁi§€h at ed
gene 1shs%er: ?@é afe ﬁgrogﬁits (ft?ll % éelhl?r onL 9@@8]Méi% {3' {h%'cgnnecﬁ?{'ﬂgsﬁ&' ve
tlssue ce i he conne tlve PSS

ori gi pellsi ntg &Hdnmoayt@oaam P@atbfabty, J:lchoh&@fiﬁ]:s Ase utlegererr eélls, It hyidll bae

cartilage" refers to the connective tjssue c ring.the joint supface. By

vay ofecesnitRdl thatdh? ipvenfipg) Gapde PErctpgdaykh F‘r‘i’%ﬁfﬁ@ﬁm%ﬁ anéleﬁ’cYF tSFUGi EHY 26 o,

arti .C'Vllleﬁ'és ﬁrotf 1 e typQ. SF@}L aﬁ@?écb rﬁgé?l thgtrlqe BQS%@ cE thhy BYReatd OQER ks W

particul a yalln age IS to be self-renew ng, responds to

al ter eltam)cﬁﬁ or radidtiqxr muthiesthsbeil:sl seabiy)\e&presst thei gelnelésatefelsi qucnablpr@Fil?ne
cartilage found even within Hr&)sane oi nt or annn oints vari.es in

J
t hi ckREELablydhe coRnestiys tisshe op Grafse pieeig | AFPERSe g gRIeeieds, yet
retai §%o oSt Barenar ﬁlunaérEtBQa lea?alﬁfg@neflé‘ Bétsindy: beIRBBihist-Bfird, We Glel1 @8S  Of
hyal i ne cartllagg i nclude surprising stiffness to conpression, resilience,
and esdelogowrrslls &sickll-amediaged gﬁnstheratputoe squodtgrheellitbereiey. ability to minimze
peak ress o su hondmal r.eat rahil Ly and
hi st Oféooglgﬁal IASf Sﬁy telil, " eonnee QC{ ve '[IS i ceglal?rge ugcll'u(?eg ﬂl\&r%{htfy clfocglz&]cpg: g@st%l

resisbamd@@ﬁmﬂﬁgﬁﬁﬂua&h@n@xpﬁaﬁeHﬂular natrlx of the cartil age conprlses
chondr oc tes but 1 acks bl ood vEésels nﬁhatlc vessel s or nerves, An
el abof 4o h|Ag?~|‘FS§? Seted e gydine rettilaes tr?fﬁlfs Foqngetive 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.

[0070] In particular, hyaline cartilage is known to be self-renewing, responds to alterations,
and provides stable movement with less friction. Hyaline cartilage found even within the same
joint or among joints varies in thickness, cell density, matrix composition and mechanical
properties, yet retains the same general structure and function. Some of the functions of hyaline
cartilage include surprising stiffness to compression, resilience, and exceptional ability to
distribute weight loads, ability to minimize peak stress on subchondral bone, and great durability.
[0071] Grossly and histologically, hyaline cartilage appears as a slick, firm surface that
resists deformation. The extracellular matrix of the cartilage comprises chondrocytes, but lacks
blood vessels, lymphatic vessels or nerves. An elaborate, highl}\/ ordered structure that maintains

interaction between chondrocytes and the matrix serves to maintain the structure and function of
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i nteraction between chondrocytes and the matrix serves to maintain the
structure and function of 9 WD 03/077852 PCT/ US03/ 07486 the hyaline

cartil agewowhiotmsszai ntai ning a | ow | evel of netabolic act iPeirtuse3/Taes
reference O Driscoll, J. Bone Joint Surg., 80A: 1795-1812, 1998 descri bes
the structure and function of hyaline cartilage in detail, which is

i ncorporated herein by reference inits entirety. [0072] As used herein,
the "transform ng growh factor-(3 (TG (3) superfam|ly" enconpasses a
group of structurally related proteins, which affect a wi de range of

di f f eflRNhyadn OdartilPFe) GRERE fatiidihing £ THW YIeWd] Cofd@éabeln bt vityl herhk affdrahce
includes, Millerian inhibiting substance MS), which is required for

nor maP Reswells éxBenaoinpivesit 808 hfIneR; 1298 dgscribaythe ﬁ@,lctgwnig”wctww%) ,

Dr osophy [ j | S;kaeguired for

dor saﬁ%&%%tcggﬁ&gi?gé%’g’%l&%} fsgﬁfo)é%(gﬁrgrgp%glg n%fsefég@%w tt %ezlt#%ggi nal di sks
(Padgfio2] et & . yseiahbfeth, 325: GlanSrmib@8 frowthhefactePOPUSFVR)- kupefnilyr oduct ,
which localizes to the vegetal pole of. eggf (Weeks, et al., Cell, .

51: 869009 assEs 8 BYOUPio stragtiially malated menteins, &thichy affecty widsampeampfypiisientiatien
Comu roces%é?d% - ityonid %@9%[(0 nH: CAne FndlP %@ﬁ&%ﬁﬁ&h@ﬁkﬁ@ﬂiﬂ%&l}%ﬁ%@er m

and anterior structufres in nopus enbryos (Thonsen, , , 63:485,
1990) (M&d whind ibosyimd fphogeakemialks ok cleedlopn{BNBelyingsych absNatBP345: 16, 4, 5,

6 and t eogeni oP-1 i can induce .de novo.cartila and,bone

F or mad SN DARAR R Reanehigleete1DT) G KT S R PG A BT 3RES 5
gene RIr@t6h 8nd@Brphbgdnksi€ BEBe am¥@ihalfisks QPaddett, fephig N dt@e] 305 PI-9L 298P Sthe

i ncl udi ng adi pogenesis, myogenesi s, chondrogenesis, henatopoiesis, and

epi t h&enepusc¥gl aene peadust ivdisholpcalizes te theevaesial pelseoiipss 4iseks, etal-| Calb: 437,

1987) 1wkt Gh~i S< i e ig kel I net.Y<- bOP73]
The pe bt ol B8 e R R RRVAN R ©L, Mol BERRIRG: he Comflh, 1SI¥S 1000

pr ecui 88x%), whichtcen mduwdthe forsiabise gfimetddgrm ankageads spuctuesliy Kesommk eabagpe at a
cl ust of basic¢ resi oxi,mately 110-140 ani no, aci romthe

&t or R ehTRer o Gy fraas. PR i e Totte Pisviceend® dpets Mt oskbes 1
rel at gamnd 3t e sOT il ebéGathby OTRNPRARACAR HBud @8 9bid eekildth andl ik nct
subgr oups based on the extent of their honol ogy. Although the honol ogi es
wi t hi forpation ¢Bdrapath,seibdiy duBwlr @hea., 26018 10800 W ai i ek dreigiserane

identity, the honol ogies.between subgroups. are significantly |ower,
ponor HAtgnteart R oh osiPS 3R, HEe i odhfing Sliror N, iy e ci s
appeatgkordgodefesis, Bemuiobbidsis, dnakeakhelidreell Qi fféredtRkioh TR of feRBWE RES Makapudjost  of

the famly nmenbers that have been studi ed, the honodi neric species has
been f6HA8433, BST), pihighogiincarmoyatedihgroia bypeferepes indisieatirebani |y nenbers, i ke

the i %Hﬁ] ns ’ﬁh"éngrote%s 8% the W{g q‘amﬁg ]‘arg 7il%tially synthesized as a large precursor

protein, which subsequently undergoes proteolytic cleavage at a cluster of basic residues

approximately 110-140 amino acids from the C-terminus. The C-terminal regions of the proteins
are all structurally related and the different family members can be classified into distinct
subgroups based on the extent of their homology. Although the homologies within particular
subgroups range from 70% to 90% amino acid sequence identity, the homologies between
subgroups are significantly lower, generally ranging from only 20% to 50%. In each case, the
active species appears to be a disulfide-linked dimer of C-terminal fragments. For most of the
family members that have been studied, the homodimeric species has been found to be
biologically active, but for other family members, like the inhibins (Ung, et al., Nature, 321:779,
1986) and the TGF-B's (Cheifetz, et al., Cell, 48:409, 1987), heterodimers have also been
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1986) and the TGF-(3's (Cheifetz, et al., Cell, 48:409, 1987), heterodiners
have al so been 10 WD 03/077852 PCT/ US03/ 07486 detected, and these appear to
have di f fwoean7185Dl ogi cal properties than the respective POOMSA3/MEBGE.

[ 00741 Menbers of the superfamly of TG+ (3 genes include TG~ (33, TG (32,
TG-- (34 (chicken), TG~ (31, TG-[35 (Xenopus), BMP-2, BMP-4, Drosophila
DPP, BWMP-5, BMP-6, \Vgrl, OP-1/BMP-7, Drosophila 60A, GDF-1, Xenopus Vgf,
BMP- 3, Inhibin-(3A, Inhibin-(3B, Inhibin-a, and MS. These genes are

di scussed in Massague, Ann. Rev. Biochem 67:753-791, 1998, which is

i ncor padcalde dardue edsh Qpﬁeﬁleft@rﬁ%ﬂfée differbiitS bR dict YropbHlEs’ TharPrigé efcpcitve t he
menber of the superfamly of TG--[3 genes is T F More preferably, the

menbeomadimeas- (31, TGF- (32, TGF (33, BWP-2, BI\/P-S BI\/P-4 BMP-5, BMP-6 or

OO g e, SR L ka5 TSI LSRR E ORI A

TG ((%ﬁlckévgs TGS, er@blms Xfen@pusgegmrz i §MPJJ1TBD; SopRRy ©ppe BMiFﬁ( FMpls00761
As used herein, "sel ecta e narKer" includes a gene product that is
expr e¥gdd Clel/BMléWl Droswpbiles 60d) GDFal,Xaiopss Vigé BMPrdH dolibth-[BNAInhéhietBBauses

L1 ancibibiath O MIS. AReis )Rt OTRd 1 JIasTEOr o Ko OGN GHEP- Wl ess a

transf@%t@fﬁlcﬂ‘?@ﬁcbrgoﬁ%'h%féﬁgbyb%férgﬂcfe(?fﬂHQEﬁt?r@ty' nto the same cells a second
gene t'hat encodes sel ectabl e marker, such”as one having an enzynatic

act i viooysjt haPrefembler she esdnsteancfe theo saperfaamlyi bf cXGie-Bogerss hisr TR, Meranpl es
of sel ectabl e markers, incl

di hy dPEFEI0RY dhe Bembets d OT4 dﬁ“@ 3@%@@9&%@%&@@;% %gﬂk% rﬁ“ﬁiﬁﬂ? or &
resi sgapgep 40 %%m%rxcpgééeﬁslgg% ‘?hé?ﬁ & Sis SHHhAS: ﬁa&amt;@ B.NeQfTY Gidie and

geneticin, hygro ho ran erase, xanthine-guanin

phos p;h@fe!rdm;syhe fembsi ie hasen ofAdcind TOMBL ETGPPRf & TGE-Bat msplefa—sﬂy,tthe first
three enzymatic activities of de novo uridine biosynthesis - carbanyl
phos pmaméerstyhumém esporciag peFtfHt e transcarbarnyl ase and di hydr oor ot ase),

aden O[?])'O? (?] ch a?\s usecﬁ%éare%g'gglea%g%gﬁe@em%%ﬁ'a%@%é&%%r&@métﬁ Ess@& by Yakgcul ar

d oni I ncorporate rern ce Inits

enti rmwstatilsa@ﬂalﬂtaﬁs th@ﬁﬁohﬁe&lDNAaaﬁcpbmm e "celt ap eb;ﬁearm slrepdepletotype DNA
that is active, and controls transcr%‘gtl on in an @tcar c.cell. The

pr omotish apEprRfiolegieal ransformatiop.ir agenBYRRIGRRXHY ofSOlRIIgR Y Cﬂlsdé%{refi@teﬁ%acel |s.
Pref efakkdtedt Hifie RE QRLRE HySin@6ducYiSn lifto TRETRhE 301CELdSnd Th% MLOBRLELs sy be

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 movo uridine biosynthesis -
carbamyl phosphate synthetase, aspartate transcarbamylase and dihydroorotase), adenosine
deaminase, and asparagine synthetase (Sambrook et al. Molecular Cloning, Chapter 16. 1989),
incorporated herein by reference in its entirety.

[0077] As used herein, a "promoter" can be any sequence of DNA that is active, and controls
transcription in an eucaryotic cell. The promoter may be active in either or both eucaryotic and
procaryotic cells. Preferably, the promoter is active in mammalian cells. The promoter may be
constitutively expressed or inducible. Preferably, the promoter is inducible. Preferably, the

promoter is inducible by an external stimulus. More preferably, the promoter is inducible by
11



constitutively expressed or inducible. Preferably, the pronoter is
i nduci ble. Preferably, the pronoter is inducible by an external stinmulus.
Mor e pr efwpabloy7851 he pronoter is inducible by 11 WO 03/ 07P83AIS03/07486

PCT/ US03/ 07486 hornones or netals. Still nore preferably, the pronoter is
i nduci bl e by heavy netals. Mbst preferably, the pronoter is a
net al | ot hi onei n gene pronoter. Likew se, "enhancer elenents”, which also

control transcription, can be inserted into the DNA vector construct, and
used with the construct of the present invention to enhance the expression

of thewaRNRs ¥ mdMIEr &%l mbRGBlerAy, UREHolRi&! 8 induddld B) HMeayGnehR! "MBRaNs a
cationic |liposone containing cationic cholesterol derivatives. The

" DC- c hiotferably) deupremiotet |ivid esetallathiopsinegne pfomeptefr olikewisentanibaneer Elengnts".spacer

ann ( n : l, .1 . 0 al ... Bio j.ophys.
og, | CRAEHRY Sy ol FHER S or B 487 e O syt BTy P

dgf i lnehle aﬁlIStiau(t yhhe (pfeséxﬁﬁh?ﬁti@n kd ?msmmihe é}@)@@l Bibn A$ thﬁ%gde beihetdst. ht hebt ]er m
"biologgically active" used in relatign to |iposonmes denotes  the ability to
intr o?!ﬂ@éﬁf untt P%’i‘erW&’ﬁﬁ%r Bgreel RES _gatwﬁ@ krgsgee ceafining gSRIC As
used hBpRitBo! UBSyAREM ThE ODRULIEA! bl MEudésha &gk eifiRo IRo, AUSE&LH aci d,
protein, protein fragnent or derivative thereof is defined as an ability

of t hdenglicsmare aami(vortomy) arsl aecirbemayé diokerdwnd ¢Gae et a., BidahemnBiopbywo fes.al

functi | |cy by ct ild type formof the nucleic acid or protein
[0082f9£% ﬂ%bgﬁﬁgpgﬁﬁinﬁﬂzﬁtern1"naintenance", when used in the context of

| i posq0®79] del Ayedey hetbi) OSBShdNés ddfinkd hsya be bheationicriipdsaeel DNA to renain
present in the ce \When used i.n ?er contexts, it neans the ability of

Il ot )
t ar getB8F0bNA Lousdrherdinpihedem "l?iﬂlosl(ﬁ%l % agtiyet sepdds|plagen tq Jigespmes denpdes; o
| mpar tth@ammrt@ff@ﬂahu& fghéRebt D&%%%lor EnshEd MRYarkQQ8] The present

invention discloses ex vivo and in vivo techniques for delivery of a DNA
sequerl0@81df iMs wseddterdin thhiéermolmaegically active'Uie retskdnse &f a nhdeimamdapiotain,host .

The ex vivo.techpigue. j.nvolves.culture of t.arget.connective tissue cells,
i argeiinedieal b iialivy s R Setipeh e B <DIERGST wE ARREE ol it e Ger y
vehi clseqhcd 0URIHES b khowe bidlei e finRabh Vicifed $§ Wke wal ke o bpwe dudlyic acid

transpl antation of the nodified connective tissue cells to the target joint
of theTRENFHRI i an host, so as to effect in vivo expression of the gene

o5 | IASTESE k00 i, BT80S il e
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.

[0083] Gene Therapy

[0084]  The present invention discloses ex vivo and in vivo techniques for delivery of a DNA
sequence of interest to the connective tissue cells of the mammalian host. The ex vivo technique
involves culture of target connective tissue cells, in vitro transfection of the DNA sequence,
DNA vector or other delivery vehicle of interest into the connective tissue cells, followed by
transplantation of the modified connective tissue cells to the target joint of the mammalian host,
so as to effect in vivo expression of the gene product of interest.

[0085] It is to be understood that while it is possible that substances such as a scaffolding or
a framework as well as various extraneous tissues may be implanted together in the gene therapy
protocol of the present invention, it is preferred that such scaffolding or tissue not be included in

the injection system of the invention. In a preferred embodiment, in cell-mediated gene therapy
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a framework as well as various extraneous tissues may be inplanted together
in the gene therapy protocol of the present invention, it is preferred

t hat suchwew®ahfmsbzdi ng or tissue not be included in the i RCEASOBOT48¢/St em of
the invention. In a preferred enbodinent, in cell-nediated gene therapy 12
WO 03/ 077852 PCT/ US03/ 07486 or somatic cell therapy, the invention is
directed to a sinple nethod of injecting a population of transfected or
transduced connective tissue cells to the joint space so that the exogenous
TGF superfam|ly protein is expressed in the joint space. [0086] As an

al t er padonysictR]l thBagy théiihvRtibR N AkHcRUItOR sthple RMMBdIIAjectEf d fopuldtien@ene
encoding the product of interest is introduced into |iposones and_injected

di r ectrpisfectdoon tiensdirced copnectiee fisuatcells ithihedoiphenace s denrdie Pipgeneyst Hok he

conne ey mp&%ﬁﬁgn%ggéﬁﬁﬁﬁrﬁﬁﬂ#&k@%g an in vivo gene expression of the

gene pro ongi n superfam ly. [0087] As an additiona
al t er [Bble tAs drhatermativé torthe WHmn'puhainpubatnanfofccbmtb@rIyita/@lhsj the genecaricbdingt he
oduct of interest is jnitro nto . the a

gene encodjng the pr a.aof the
0ot e TRl Bl P odviatuiTipeaheb g et BRrdbnbans pee fbTEai:

resul {,hag@ thé‘hﬁéboln@s iﬂsé’ Q/xtﬁQH@c&?ﬁBétﬁ/%iis% &fls tr%ltﬁ%rlﬁ an P4 P98 Gendd&IpRRELAY t O
the TG--[3 superfamly. [0088] One ex vivo nethod of treating a connective

ti ssuef e gendpoduit bdbuginglto the FGFHD supetthingly. speci fication conpri ses

" oaOBAL ks Sidilicny SERRBYERhe 1 tPBIromBIRY oLetFietle BhEr S Rer eor

Thi's pefaHbdIA ?Ehe PEORICOST ihterdshRNntsRded Mitd tht@eda offthd jomnas faldedDNAPThat i on
of in V|tro cultured connective tissue cells, resulting in a population of

conneBtked DN A| danécre Biscantsche tissee ool resultinpHB 8B g YA GERS FPIEFIER @é theegope  are
then é{oﬁﬂgtpdeﬂﬂ%ﬁ%tsﬂaearélﬁb%ﬁéerka% space of a mammalian host, effecting

subsequen ssion protéin or protein fragnent within the joint

space[0088pr esShendx wio hbthsd DiNkeatihgUDRAE:tOE tisuk disesder Usclosef thtoughout this
substantial |y reducing at |east one deleteriou ?4 patholggﬁ associ at ed

t
wi th 8PCHIfARRR PRrRPSPS R t“éngga?raférg 2 fegerB Hinaltyvi Pq%sgmﬁ YAPEYBIGH cRyiainfe
arti Saiygh sgg @?Eﬁlcoé%ﬁgl |1%ng?& ot BiB1RIENERERD B RLIRIcoEeIThA refdibilideat | Ng

a hunman patl he~patient’s own connective tissue cells, such as
aut ol vepdarsis tlmdmorsdd tscipfest meﬂrarsfecbmpomﬂ@ttonaaﬂzmg@mtdtumél dognmye absyo cplds, used
ard to.the i sto t

speci 1RGFETH ¢ phPu R oihMREFHaL sl B vhdSe nB S B Bt o o
encodhRgti@nMeaglnell fohe thigangdiar kparg 6f @Wnbmhditiorhotl dtpeifd aubdeyjuendr a
birol Ogyl(pcrgslslo% c?fctthle \f)?otem or protein fragment within the joint space. Expression of this DNA
sequence of interest is useful in substantially reducing at least one deleterious joint pathology
associated with a connective tissue disorder.
[0089] It will be understood by the artisan of ordinary skill that the preferred source of cells
for treating a human patient is the patient’s own connective tissue cells, such as autologous
chondrocyte cells, but that allogeneic cells may also be used without regard to the
histocompatibility of the cells.
[0090] 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.

[0091] A further embodiment of the present invention includes employing as the gene a gene

capable of encoding at least one of a member of transforming growth factor B superfamily or a
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derivative or fragnent thereof and a selectable marker, or a biologically
active derivative or fragnent thereof. [0091] A further enbodi nent of the
present iwWoeabiBm i ncl udes enpl oyi ng as the gene a gene eapalsh&oaie

encodi ng at | east one of a nenber of transform ng growh factor (3
superfam |y or a 13 WD 03/077852 PCT/ US03/ 07486 bi ol ogically active
derivative or fragnent thereof, and enploying as the DNA plasm d vector any
DNA plasm d vector known to one of ordinary skill in the art capabl e of
stabl e mai ntenance w thin the targeted cell or tissue upon delivery,
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t hereof, and sel ectabl e marker, or biologically active derivative or

f r agnmammakan émt Twe gathoshinehides @rﬁbl@mnserwm oral mpdags ifovisedusingpthe\geaes an
addi t &c%ﬂ?g'e omeg&rgd&c? rlrrtb @I#J (Qoqlﬂgdtng tlsﬁlte e 2%0r@ @Eecgf?&ﬂ eﬂﬁqgétﬂ&i ﬂlcﬂlrdgglﬁ(:t
into connective tissue treating t
mamralip@omk asicapsitlatisn,achiliiti grhabphaeet ¢°updecnp1tahun1ecslec&mpbmyomgoﬂ IDEAE-drlxugn o

nmeans of. .utilizjin aV|rstodI|vertheDNA %%eculet ?
tar ge{“e@‘éﬁl‘i’n’o?“dt NESIGES PP Eieapt v BHE avgernﬁscap seé’ﬁ 1% i% 0¥™MOPh@ genone

havi nga Resmid) Liehadnels Buﬁe'i‘ﬁﬁnl%r B?bﬁ&%&ﬂ?'a&% de?lvﬁﬁ%a&' fPaghithytheRbs, 4Rl i very
and st abl e nmai nt enance wi't h he target cell, but not retaining an ability
tor equlmbée rrwlqehlonbtomutaélb'getnvec@m’atme arifeegment tirereofal t er ed vir al genone is
furth ul ate rec hni v I
genon@og@? FéK ﬁl gé%lc nP cr;'ibfh S m\;e]ntlor\}\lﬁro E(Pes aﬂggg’ %or?%f?netﬁcﬂiaftor rrg o(c)hd{:)lég gene

of i nﬁteremtont:()gebe LA s aqdocwct rito at Meast angetll o€lal connedtive Sissue fodQBBlin A

referred enbodi nent of the invention js thod of, deliveri TG-(3 to a
P arg efreating the mammalian host. This additional method %C{T%es employing the blologﬂ: means o%

utilizing a virus to deliver the DNA vector molecule to the target cell or tissue. Preferably, the
virus is a pseudo-virus, the genome having been altered such that the pseudovirus is capable only
of delivery and stable maintenance within the target cell, but not retaining an ability to replicate
within the target cell or tissue. The altered viral genome is further manipulated by recombinant
DNA techniques such that the viral genome acts as a DNA vector molecule which contains the
heterologous gene of interest to be expressed within the target cell or tissue.

[0095] A preferred embodiment of the invention is a method of delivering TGF-P to a target
joint space by delivering the TGF-} 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-f 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
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joint space by delivering the TG--[3 gene to the connective tissue of a
manmmal i an host through wuse of a retroviral vector with the ex vivo

t echni quewoiogotssed within this specification. In other \ROTAS)3/GI4BINA
sequence of interest encoding a functional TG~ (3 protein or protein
fragment is subcloned into a retroviral vector of choice, the reconbi nant
viral vector is then grown to adequate titer and used to infect in vitro
cul tured connective tissue cells, and the transduced 14 WD 03/ 077852

PCT/ US03/ 07486 connective tissue cells, preferably autografted cells, are

transplapted tisgl%efce}& @ér% %;Jtdlgf%f'fﬁﬁﬁc%?% 'h%ﬁé?ﬁﬁf?é&’m’?cy tHe Mol o ihtefedt,

i nj ection. of the present invention
|nvoImeﬁxdﬂyeﬁﬁmmwﬂMWMU1meﬂuuery of a TGF-(3 superfanlly gene to the
conne tissue of .a host t hrough use aden Vi rus
vect ofT0bE, SRl Bresfec Pt O A vy cscha SAGh T Fa dRerif R Y PHE sy
vect og TGFL@sweFfsmy%eﬁeSto tﬁe %e&%‘%ﬁs@&@of(lﬂcmhlﬂﬁﬁﬁ%ﬁos@ i OsiNGe df Bithes bh Onal
TG-R protein or protein fragment is subcloned into the respective viral

vect ordenTngusTGRio(, Rdenmaspeinted virup A AVe ceeer plsh«trp@aSImgkeevmmsdHé&réng@e titer
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0001 BPERErdRnf 0, delidon o R Rrsal P dsR i Hesdon T PLbiafin & ateliSt he
gene ghorh&ted &Stioh&d i‘ﬂto @neeedpeét% virl8BitctcR. he trmnﬁtexqath% Vefal m@orn@meﬁl ent
connective tissue cells and hence bypasses the Trequirerrent of renoval, in

vi t r ogtominttapieyyatetitansd doedtehintesibk ¢guini wace, asforbly basnttar-musqdbe;chn@ the DNA

vecto taiin |brob ast. pr, stab e . Expressi on of ~th

ot er K10820.2 TshEnlsp ARl Higoe R IR & ol RS- SRR R BlschtmR s I

mol ecthegoin® réshis irafr@etectom e eid t«eelpﬁdrﬁ stitheofivd HQup @b and Rect G§Passdtthei s not
limted to, encapsulatlon of the DNA nolecule into cationic |iposones,

subc| BAPHgmemNOf pRICGbqiieite WHUTIRG drasiection, selpeiianggs wall asriramsplaning hect or

or t h@l\ﬁi re&br 'c%x}tﬁﬁfn rolﬂgstttbe[?n%ewghﬁg l@x rés§1§§|off th@thgtekh@gdug'é&xe o}:he DNA

nol ecul e, regardless o presentation knee joint, is
prefenﬁ@by presented as a DNA vector nol ecul e, elther as reconblnant vi ral

Bepr o0IPBh o BrbHERE LoTAdur o PP Rrbr SEREliyER-5 o Bsittng a

pr ondirRudbs, agfBN hot Bfited Qo,] EncapdiddtvatdfCthe PHNA ﬂbreeéﬂbhﬁtoumfbﬁi@alﬁpda&médﬁe
codi ng region of the heterologous gene. One of ordinary skill in the art

may ubYoclopnadAS WA/ BqaaeRasi b dntaisel in @D IR Sr PiRsTdotesioncihe Hitket ingtetion
ensur 8 ARPHNN hﬂotxé‘culee}fséus i tﬁé[ﬁ’ iBSSHAP SNRSHONCHE, &S Yorhe Hhign BNA

nol ECU einto connective tlIssue
presentation to the knee joint, is preferably presented as a DNA vector molecule, either as

recombinant viral DNA vector molecule or a recombinant DNA plasmid vector molecule.
Expression of the heterologous gene of interest is ensured by inserting a promoter fragment
active in eukaryotic cells directly upstream of the coding region of the heterologous gene. One
of ordinary skill in the art may utilize known strategies and techniques of vector construction to
ensure appropriate levels of expression subsequent to entry of the DNA molecule into the
connective tissue.

[0099] In a preferred embodiment, chondrocytes recovered from the knee joint are cultured
in vitro for subsequent utilization as a delivery system for gene therapy. It will be apparent that
Applicants are not limited to the use of the specific connective tissue disclosed. It would be
possible to utilize other tissue sources for in vitro culture techniques. The method of using the
gene of this invention may be employed both prophylactically and in the therapeutic treatment of

arthritis. It will also be apparent that Applicants are not limited to prophylactic or therapeutic
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[0099] In a preferred enbodi ment, chondrocytes recovered fromthe knee
joint are cultured in vitro for subsequent utilization as a delivery
system f owOgangrstherapy. It will be apparent that Appli caoraisas/er48eot
limted to the use of the specific connective tissue disclosed. It would be
possible to utilize other tissue sources for in vitro culture techni ques.
The nmethod of using the gene of this invention may be enpl oyed both
prophylactically and in the therapeutic treatnent of arthritis. It wll

al so be apparent that Applicants are not limted to prophylactic or
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e ] ol nt e possible to utilize the present invention
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susce, e joint nat her. enbodi nent, .of this .i nventi
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or t neqaa@@wtm GaprophyRidtiesily vetrripeiticalls effeotivel@doddias peridedi st eontHeNe
encoding a TG (3 superfani|ly protein and a suitabl e pharnaceuti cal
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cel | deatwbddhichmipgalnt@tudias the gﬁesml&i?ﬁﬁwdell e lvirdes Thfid ﬁrethoaf dlec tinchgles he

transfecting, of the connectlve tissue cell épagefor t he tran%@Iantlng of

the i éfauéerly Easplapingthe pdeqtedierl intorthe gamm PHg Thisensthothweludesater
connegtd MBe teSpHSfeEfhd of th cd(ﬂnle!:tn}%euss@éjéyile&it 8Lk By txraﬁ'sgx%txﬁg bF lieGnfeltel e art

that the infected connective tissue cel may be store frozen in 10
per cesell DMBOhe nmhbinmalien oty ctreing T gamﬁéftcmid conrsclincke sisswptally i nlg willmbehod to

pavi et G S D, BBl b e, GBS Rl

embodfréEat inofo fn’diltéﬁt IDMEOtih Giquidngitroges Bhigehéthet ficludss eaplegingt Akthb@ast one
gene encodlng,t product into at |east aone cell of a connective tissue of a
PF

manmeibsiantia qyﬁnfuélée deyelentaenti ply athEtisreifndl MammRiE hest heyieenbetighe
descr&8&$ubﬁﬁ%Hﬁ&&Qk$ ecthlipg in vivo the infection of the cell by
u

i ntroduci'ng the viral ector cont ai ning the gene coding for the product

di r eck00¥02|nt Anothve embndredenbol ﬂl@smvermoeflmladﬁsw, method ofrettteddcing el lgakt Dne
effecting th d|re |ntr uctlon

it ¢ abnpening & PRl AR Tt RER b el R b Dy PREL os forgtie

subst anttdatthg mepﬁ@mamarﬁmeeaseiemmme déscabédinchudihgi efifedti HEMTRbLI tAdinfSibn haVI ng
a high suscegtlbll of developing arthritis. This nethod al so includes

enpl o9 g celhby %@ﬁw% theairahyectaricontainingathagenesedisder thepraduel difstly into use.
Furt hgk Lihalit R ﬂe?é?aﬂlﬁcthﬁqﬁéthmc%'ey gfféc}{'lﬂgrﬁ% &0 tfroduction into the

mammalian host by intra-articular injection. This method includes employing the method to
substantially prevent a development of arthritis in a mammalian host having a high susceptibility
of developing arthritis. This method also includes employing the method on an arthritic
mammalian host for therapeutic use. Further this method also includes employing the method to
repair and regenerate the connective tissue as hereinbefore defined.

[00103] It will be appreciated by those skilled in the art, that the viral vectors employing a
liposome are not limited by cell division as is required for the retroviruses to effect infection and
integration of connective tissue cells. This method employing non-viral means as hereinbefore
described includes employing as the gene a gene capable of encoding a member belonging to the

TGF-B superfamily and a selectable marker gene, such as an antibiotic resistance gene.
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repair and regenerate the connective tissue as herei nbefore defined.
[00103] It wll be appreciated by those skilled in the art, that the viral
vectors ewploogpiseg2z a |iposone are not limted by cell diviPSTASOR87486
required for the retroviruses to effect infection and integration of
connective tissue cells. This nethod enpl oying non-viral neans as

her ei nbef ore described includes enploying as the gene a gene capabl e of
encodi ng a nmenber belonging to the TG~ (3 superfamly and a sel ectable
mar ker gene, such as an antibiotic resistance gene. 16 WO 03/ 077852

PCT/ U 74 h ' te t ' t '
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within this specification sq. as to effect. in vivo expression of .collagen
to redmhaf Shes ol cielaged atifa hig o lien o) FaBeS L OBP TRISSIEREE 11
et hod, s et NEchefite BIhnBXRMRsSue, 8RY aBB4rtilged |im tation to the present
invention, a pl asm d vector containing the TG--[3 codi ng sequence was
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tissues are diffjqult organs, to tar.get ther tically. |ntravenous, and

or o Thaids b ONA BTy, hut e PROURHER' Eiloe ot NHE i ac s
t o t hageneRANREthcBethll&tbionsin ppsidotBave the di sadvantage of exposing the
mammal i an host body systemically to the therapeutic agent. Mre

speci 10HA0) y Caanestiyeitissyes agg ‘iliifﬁs%litargqnﬁ jfetrges thesapeptienllyi datravenqusiangd oral
provi ft, Ol Nty p f LA . gs in
Phe "t ap s Gl Ao REAAER. b8 Kokl e SHEMBYRE polPbefito e b BEIRLHIAT,
The predbave thewdismiviaotags of eg®sinp disempnoblianbosh Podnsystechicillygo ket therapdugic

connective .ti ssue .qf mmal.i an host genes cadi ng. for .proteins that may be
Cona Bty Mo et TP AR e etonbr B5eSRe Akt o JRE FhVRR faret ™
provi degssetoBbied Ho¥evéN oW iah BjdcRldArbdian tEORHBU e pbil&Ed fro®finPhave
manmal i an host genes coding for proteins with anti-arthritic properties.

[ 00107]sherh intreearfigpjarral folife. &ﬁ@rqswrlawn@a§01aeqothie%,eopr9‘eie@é|bventtq¢@u1pg@mpem of
Lhort . \ i . . i tor

Tor | YRGRAATe BloneBPh bl Hodbe i od RO HBIAR di iy AR Bl fal Y

t i ssueanuhdlian destw Moot sperificplhyg | thig iicentich aruyédes Bometboé ifon ingoduemmg wmicathiel ity
and duration of action, the cells were inpjected into rabbi.t achil.l es

oo At e Bud e Aappaliim 6 afw® Fading Bl G160 ith ARG PR PRr S o, 1 he

cel I's [@aehd SHNG MRS, REROBERDY Was Gpplfedrio sBlveANIpRBRADHS Mefi RehtRh Jfi Me to
stinmulate the surrounding cells. The cells were functional in both the

i nt r ataetrdi andUs gln pebt iasgociatadt Wity hdminsstaringofaiefit . The transfected cells could survive
for more than 6 weeks in tissue cultures without morphological change. To determine the
viability and duration of action, the cells were injected into rabbit achilles tendon. If the
nutritional supply is adequate for the cells in vivo, the cells could survive and produce TGF-§ for
a long enough period of time to stimulate the surrounding cells. The cells were functional in
both the intratendinous and intraarticular environment.

[00108] The concentration of transfected cells is an important factor for local action. In a
previous experiment (Joyce et al., supra, 1990), the dose of TGF-f determined the type of tissue
formed. In particular, the ratio of cartilage formation to intramembranous bone formation
decreased as the dose was lowered. TGF-f is also biphasic in stimulation of primary osteoblasts
and MC3T3 cells (Centrella et al., Endocrinology, 119:2306-2312, 1986). That is, it can be both
stimulatory and inhibitory according to the concentration (Chenu et al., Proc Natl Acad Sci,

85:5683-5687, 1988). In the Examples provided herein, the NIH 3T3-TGF-B1 cells stimulated
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[ 00108] The concentration of transfected cells is an inportant factor for
| ocal action. In a previous experinent (Joyce et al., supra, 1990), the
dose of T™WB-pB7Weterm ned the type of tissue forned. In pamtisoud=s8e t he
ratio of cartilage formation to intramenbranous bone formation decreased
as the dose was lowered. TG~ (3 is also biphasic in stinulation of primry

osteobl asts and MC3T3 cells (Centrella et al., Endocrinol ogy,
119: 2306- 2312, 1986). That is, it can be both stimulatory and inhibitory
according to the concentration (Chenu et al., Proc Natl Acad Sci,

85: 56§§Ta?é§3yntﬂe3§8ﬁ) diftBrehtNrcXRIRRS oP10Y 1 @8 a1 dalisAl1e TeHeddotr Wi [ 31
cells strnulated 17 WO 03/ 077852 I)gT/ US03/ 07486 col  agen synthesis in

di f f eedargectmnstbnvitiathiecnsceofratigvgf 1006ellsand 106 cell s/ M. The tendon was
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The  gieeieidNE! %ré/ﬁﬁ'@sﬁd IS L @fbekd M9 weslgaker 1h}bcﬁomleﬂi€$erﬁfrbﬁrhent ih €@@tjpian. The
environnment in the joint is different fromthat of the ten The cells

can niyviferetergm at pif the tendonoilhe celisrfay mgve frespyithip @qlﬁélta?rg%ly Will Mo¥peci fi ¢
:1; fin tot e hQL vkﬁfﬂesp&%é éft‘]pI'E % Weeﬂsumhe IBRvRf SRl afd éalrmgge QiR Gleadr €S

e possi bl e“sites ul ar adhesion. At six weeks after injection,
t he ragelmep@sé)tb tifes ﬁueslluhaeacﬁxe@tbee Atestk weeks h@elpametcham | the sapdnasaing tistues y

d d I def e t.h
OaOg A LASP LS PR o Bl DB PR L LGP

clini %ihbvﬁﬂpbﬂ m@.tmemcud fTide gpRenRiffiMiey airtths d4nhzed arealls assth@thdvarithed fost
injection of cells into the joint, the patients can be treated

conveplinden |appligatipp udf degeneradyq galiifls FOPELOFedrEh Tt ipigeliticoletedld 1B aj ect ed
cells by two possible ways.
One |J30%?fqtg? E’%ﬂéékltsg%rﬁp ??{%éeg@gorﬁ%?e}rléﬂg’?m;ﬁg &IS% egnamaged area produce the
TGF- ( o egle ptihe STGR-B tsbeeted b@hhjesteut f:eitseca(x Bnamlilteehyaahe carfiildge otge@bration by

270: 8274-8284, 1995; Cheifetz et Cel l,,. 48: 409-415, 1987, 5).1 ﬂt et
al ., WCaossibEngays- 191e s7thgth efggﬁagw&éze@ﬁgﬁnm*aéhee?am%aed argagprpduce t

67:78 t t 0 Y 1 1994,
TGP« gy o Pl Bokopo AL 2,

been et dliyndlelt 6&14®W4M98'B Dweartet al, Mqu:lh]EecbI adl1:6&166s]99%hiLobezadinglias et 0 t he

(vekorkarah 87787195 358 ienanet 353 CobHis\ Racip™ & 9B 207 Jop Bl P 5

needs a t470R4P13292$994) ThenQkNREe @Y hey hB@S védestaterl hGTdrSgor the
(%taglecggftu\le% 37r@om 't he trgnsfect ed %ﬁeﬁl@fl S %’ay have b(s)und to the TG~ 13

b| ndi sgreeddeimedtddTeTly, which htdhﬂxttm fdreddmdged arepntBecxuse fT@aPtis a¢drgtedimaged

cartl lla?gn? flor?r)l/ ?I; ?}zvg I%%}alkgfslel et al J Blol C£1em 6%[ 76}6%}655 19§§1)9 the]'l%ten TGF-B
needs an activation process. The other way is that the latent TGF-B or the TGF-f secreted from
the transfected cells may have bound to the TGF-B binding protein (LTBT) at the extracellular
matrix of partially damaged cartilage layers (Dallas et al., J Cell Biol, 131:539-549, 1995).
[00111] Whatever the mechanism of action is, the finding of hyaline cartilage synthesis
indicates that a long duration of high TGF-B concentration can stimulate hyaline cartilage
regeneration. The vehicle for local high concentration may not be the critical factor for local
stimulation, but theoretically, the cartilage cell may be the most suitable vehicle for delivering
TGF-B to damaged areas of the cartilage (Brittberg et al., New Engl J Med 331:889-895, 1994).
The collagen bilayer matrix is another possible vehicle for local distribution of transfected cells

(Frenkel et al., J Bone J Surg (Br) 79-B:831-836, 1997).
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be anSwered-r egar& ? gfr pOSSI gg%l %’r of gene therapy and, in
[00115] The mventors made stable fibroblast (NIH 3T3-TGF-B1, and human foreskin
fibroblast TGF-B1) cell line by transfecting TGF-B1 expression constructs. These TGF-f-
producing cells maintained high concentration of active TGF-$ concentration in vivo for a long
duration.
[00116] The first question to be answered regarding the possibility of gene therapy and, in
particular, cell-mediated gene therapy is the viability of the cells in vivo. Even though TGF-B
can suppress the immune cells in vitro, the cells may not be able to survive in the tissue of other
species with highly effective immune surveillance systems. Secondly, the optimum
concentration for gene expression in vivo should be evaluated. We injected the cells into rabbit
achilles tendon in three different concentrations to answer this question. The concentration of
intraarticular injection to be used was determined from the optimal concentration for
intratendinous injection. The third question is how the cells stimulate the regeneration of

cartilage within the joint.
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regenerated at the site of treatment.

[00119] In another embodiment of this invention, a compound for parenteral administration to
a patient in a prophylactically or therapeutically effective amount is provided that contains a
TGF-P superfamily protein and a suitable pharmaceutical carrier.

[00120] In therapeutic applications, the TGF B protein may be formulated for localized
administration, and may be administered in conjunction with connective tissue cells, such as
chondrocytes, including allogeneic chondrocytes. In the invention, the TGF B protein may be
generally combined with a carrier such as a diluent of excipient which may include fillers,
extenders, binding, wetting agents, disintegrants, surface-active agents, erodable polymers or
lubricants, depending on the nature of the mode of administration and dosage forms. Typical
dosage forms include, powders, liquid preparations including suspensions, emulsions and

solutions, granules, and capsules.
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[00124] The formulation of therapeutic compounds is generally known in the art and reference
can conveniently be made to Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing
Co., Easton, Pa., USA. For example, from about 0.05 pg to about 20 mg per kilogram of body
weight per day may be administered. Dosage regime may be adjusted to provide the optimum
therapeutic response. For example, several divided doses may be administered daily or the dose
may be proportionally reduced as indicated by the exigencies of the therapeutic situation. The
active compound may be administered in a convenient manner such as by the oral, intravenous
(where water soluble), intramuscular, subcutaneous, intra nasal, intradermal or suppository
routes or implanting (eg using slow release molecules by the intraperitoneal route or by using
cells e.g. monocytes or dendrite cells sensitized in vitro and adoptively transferred to the
recipient). Depending on the route of administration, the peptide may be required to be coated in
a material to protect it from the action of enzymes, acids and other natural conditions which may

inactivate said ingredients.
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bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example,

water, ethanol, polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol,
and the like), suitakle mixtures thereof, and vegetable oils. The proper fluidity can be
maintained,‘ for example, by the use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of superfactants. The prevention of
the action of microorganisms can be brought about by various antibacterial and antifungal
agents, for example, chlorobutanol, phenol, sorbic acid, theomersal and the like. In many cases,
it will be preferable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the
composition of agents delaying absorption, for example, aluminium monostearélte and gelatin.

[00128] Sterile injectable solutions are prepared by incorporating the active compounds in the

required amount in the appropriate solvent with various other ingredients enumerated above, as
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[00130] The tablets, pills, capsules and the like may also contain the following: A binder such
as gum tragacanth, acacia, comn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid and the like; a lubricant such
as magnesium stearate; and a sweetening agent such as sucrose, lactose or saccharin may be
added or a flavoring agent such as peppermint, oil of wintergreen, or cherry flavoring. When the
dosage unit form is a capsule, it may contain, in addition to materials of the above type, a liquid
carrier. Various other materials may be present as coatings or to otherwise modify the physical
form of the dosage unit. For instance, tablets, pills, or capsules may be coated with shellac, sugar
or both. A syrup or elixir may contain the active compound, sucrose as a sweetening agent,
methyl and propylparabens as preservatives, a dye and flavoring such as cherry or orange flavor.

Of course, any material used in preparing any dosage unit form should be pharmaceutically pure
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uni form.t age unit used gerﬁgl n refer to physically

i ‘scr Bwelin e PR GiRe 16 eSS odt ks GPILHE. RUFREFRARS BTBE S¥Eo. be

t r eat ggbcifi @AM fod Mhd dSzeY @iitoRfs &f the GERhESTArD Attt AP} addydifkctipaéjevi@ent@her i al
cal cul’'ated to produce the desired therapeutic effect in association with

t he réxuhe sdiqynshametetistios A teepstivermatyriad and ghe ippiticuler Bieransptiq peidedge unit
forms,gf Jetaecmﬁﬁ @@é BltitdoRs dirktal SRV gf}goggfghg ﬁxﬁc%%”é%ﬁ% rrﬁ'ﬂenaf for the

uni qué”char a¢ |cso the active materi e particular

t her apieutréatmeftfof disetse ihdivinzchibrvsdaviaga ditepsddnentition timtvhorhsbodilpduedtit isi n t he
art of caqnpoundi ng such an active material for the treatnment of disease in
livi nb‘“g?]frr]gaect s having a diseased condition in which bodily health is

i mpai [®@A33] The principal active ingredient is compounded for convenient and effective
administration in effective amounts with a suitable pharmaceutically acceptable carrier in dosage
unit form. A unit dosage form can, for example, contain the principal active compound in
amounts ranging from 0.5 pg to about 2000 mg. Expressed in proportions, the active compound
is generally present in from about 0.5 pg/ml of carrier. In the case of compositions containing
supplementary active ingredients, the dosages are determined by reference to the usual dose and
manner of administration of the said ingredients.

[00134] Delivery Systems

[00135]  Various delivery systems are known and can be used to administer the composition of
the invention, e.g., encapsulation in liposomes, microparticles, microcapsules, recombinant cells
capable of expressing the compound, receptor-mediated endocytosis, construction of a nucleic

acid as part of a retroviral or other vector, etc. Methods of introduction include but are not
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[ 00133] The principal active ingredient is conpounded for conveni ent and
effective admnistration in effective amounts with a suitable

phar macewpDa®abtvsaccept abl e carrier in dosage unit form PATOISNY0W8Gage
formcan, for exanple, contain the principal active conpound in anounts
ranging fromO0.5 g to about 2000 rng. Expressed in proportions, the active
conpound is generally present in fromabout 0.5 g/m of carrier. In the
case of conpositions containing supplenentary active ingredients, the
dosages are determ ned by reference to the usual dose and manner of

adm njilﬁh&ﬁ}té} QRtrRerth e iRdruscMaF, Sellr2ittiPonehl0 AABAlenb®, | iBEMareY S, ERFal8811 35]

Various delivery systems are kdown and can be used to adm nister the
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part &hc@ufaﬂédt@vﬂixﬁiﬂ%s Q6. g Ot mvessaOkectadt and Ivedskiagls matosantetcdaret inmy beicl ude

but are not 24 WO O /07%852 PCT/ US03/ 07486 |limted to. intraderm

: | ..
i nt r afdisigisiead topethetayeh iothsh dilosipallyrasiien a8s. SBRIGISHARILE FerbPKRUS &F
epl qufo%lixlz Iﬂng%cﬁtri@rl ftoihtaﬁsbe TG SRMEURES d e SinidceMfca ¥ mPBunds. or
adm ni'stered by anfy convenient route, for exanple by infusion or bolus
i nj ectomypusitioys ab ser ipyérvontihtodhg lrewpl nhebisbystam bynaoy cuttebhe tute, [ididigs
(e.g., oral .mucosa,.rectal .and.int.estinal cosa,. etc.), and. e
adni ni“érla?éer“é‘a"r‘r‘r% hg‘ltm&%e‘f*ﬂ 1BiehRe b‘f’%?voeﬂf%cgp#ﬁmgg??r\/gqaggl%en?%flg%édmg’ﬁi ®ration
can bat&ysleilg @fhetdrOfd! exaPleadtidhb®o al feséFayir,b@ichl@sianadmenal® résetviorduce
t he pharnaceutical conpounds or conpositions of the inventign_into the

cent r Bhlmsapryoasninistration pap alsg bewmpiayied, ¢-8utby, userrt] anginhaler phasoalige At ul ar
and i@t 1N ] by aventricular injection may be facilitated by
an igr{nﬁ@ﬁﬁ?%t@gﬂg?ﬁ%@%ﬂé%ﬁﬁfOr exanpl e, attached to a reservoir, such
as an[0DiBslya In es gpeetdicr emb&iitedindt ynagdpd destabit tooadromistel the dhermeanplitdsadd,

e.g by use of an inhale a

aer os GPPRIHGS HREMIPOSHIIRT S ﬁhglrifhvrégt?%bééﬂyi’ e Waetiraney 2 F?aqwé“‘gﬁ a8 ps api e
to adgifidvali 8, FiexRBlMBEEHb Blvay CPMRAINGS, 10Eal GRABIOR | dutif Surgéry! Fspical
invention locally to the area in need of treatnment; this may bé achieved
by, f epplistiompks;, imaehjwetiopyvithes wotnd dragsingrafiensurReyalpy iniiﬁcti@rr,ém RIps Af2
S S8 Sy SEPLLGALIP o By TG LOE e
SUPPOSbi-poipus, @F gélyitines msaterfal dnclidipg armbraes,duchn daltstioenengprafes corgieous,
Preferably, when administering a protein, including an antibody or a peptide of the invention,
care must be taken to use materials to which the protein does not absorb. In another embodiment,
the compound or composition can be delivered in a vesicle, in particular a liposome. In yet
another embodiment, the compound or composition can be delivered in a controlled release
system. In one embodiment, a pump may be used. In another embodiment, polymeric materials
can be used. In yet another embodiment, a controlled release system can be placed in proximity
of the therapeutic target, thus requiring only a fraction of the systemic dose.
[00137] A composition is said to be "pharmacologically or physiologically acceptable" if its
administration can be tolerated by a recipient animal and is otherwise suitable for administration
to that animal. Such an agent is said to be administered in a "therapeutically effective amount" if
the amount administered is physiologically significant. An agent is physiologically significant if

its presence results in a detectable change in the physiology of a recipient patient.
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non- porous, or gelatinous material, including nmenbranes, such as sialastic
menbr anes, or fibers. Preferably, when adm nistering a protein, including
an anti boag oen7mspepti de of the invention, care nust be Palarsoy/e7486e
materials to which the protein does not absorb. In another enbodi nent, the
conpound or conposition can be delivered in a vesicle, in particular a

| i posone. In yet another enbodi nent, the conpound or conposition can be
delivered in a controlled release system In one enbodi nent, a punp nay be
used. I n another enbodi nent, polymeric materials can be used. In yet

anot F[eomrooq“ha%semame@mohodslm t6 BeClBiRed ¥ b&Pe CN tHeespebidic adnbodimperxi mi ty
of the therapeutic target, thus requiring only a fraction of the systemc
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o trr i T Wlloggns exatnplestiie pfrsd tBar 4 O A Pr RAYN eS| Eeblon, and
resulﬁo'ib¥ ag,dmfhg@ﬁ@,bl e change in the physiology of a recipi ent patient. 25
WO 03/ 077852 PCT/ US03/ 07486 [00138] The present invention is not to be

limted in scope by the specific enbodi ments described herein. |Indeed,
vari otlr d| f| cations of the invention in addition to those descri bed
her ei ¥ecome apparent to theose skilled in the art fromthe foregoing

descr!Mm;?] n N MBLE PIRAYEREA LS ANTERIETRHODS MOdi fi cations are intended to
i'n the scope of the appended clainms. The followi ng exanples are

of f er @9148] wdyasofid Cbmam:mm ion of t he pr esent invention, and not by way of
limt VPLE 001 N 0440]
Pl as nﬁ’éll%gnst Pu?TSH OTE%?‘L 60n§gln8)§p§?ssmp %L@ Mh?l 5@3&@&%@5?%
COnStﬂSﬂéﬁiote(rpq}'@@/*dB@ vmt @dnkaitddi By @olymeraser it aﬁplﬁﬁcﬁﬁ&ﬁ 00) g‘ms:mgemwat ed by
ol ynmerase chain anplification_ usj n genom ¢ DN@§ ‘B%é g %(P :iLr%d Barn HI

r est r YRS éﬁl?aélapéﬁaﬁhﬂll fesrftignstes B‘I“ B‘i‘?db? 85%‘? A PO FRAICREAY i on.
The a FAGHER R AHRA %e;éba O i Psites Ba'pBiessdifiq8 rRthediBl HeSCri pt
(St ra?g%érfrrllgﬁﬁ?f{a rgglg% a,e1 ?Hl%ﬁel pl asmpg rng 3 evsvasrygg{%leeral% gd bygsu bcl oni ng
a 1. 21dih, BA). | IThfeﬁaigqmdt pm@ﬁhtmsngm@rattdubbyGﬁleangodlln@klseBgleHcﬁamﬂmta
grow h horrmnejlg A site at the 3' end into the PBamHI - gj Sites of
pM 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.

[00142]  Cell Culture and Transfections - The TGF-p cDNA was transfected into fibroblasts

(NIH 3T3-TGF-B1) or human foreskin fibroblast/TGF-B1. They were cultured in Dulbecco's

Modified Eagle's Medium (GIBCO-BRL, Rockville, MD) with 10% concentration of fetal

bovine serum. The TGF-pl cDNA sequence was added into the pmTPl vector with a

metallothionein gene promoter. A neomycin resistance gene sequence was also inserted into the

vector,

[00143] The calcium phosphate method to insert this vector into the cells was used. To select

the cells with the transfected gene sequence, neomycin (300 pg/ml) was added into the medium.

Then, the surviving colonies were selected and the expression of TGF-B1 mRNA was confirmed

by Northern analysis and TGF-B1 ELISA assay (R & D Systems). The cells with TGF-f1

expression were stored in liquid nitrogen and cultured just before the injection.
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[00142] Cell Culture and Tiransfections - The TG~ (3 cDNA was transfected
into fibroblasts (NH 3T3-TG--f31) or human foreskin fibroblast/ TG (3l.
They, werwomahtmssed in Dul becco's Modified Eagle' s Medi umCTESBEIO4BRL,
Rockville, MD) with 10% concentration of fetal bovine serum The TG~ (31
cDNA sequence was added into the pnT(31 vector with a netall othionein gene
pronoter. A neomnycin resistance gene sequence was also inserted into the
vector. [00143] The cal ci um phosphate nmethod to insert this vector into the
cells was used. To select the cells with the transfected gene sequence,
neonﬁﬁ@ﬂ4 30&01%6‘”1)3%5(11@1 gd. I RRQ "R }ématedﬂﬁ%ﬂm cbIle vath \sudridiim
colonies were selected and the expression of TG (31 nRNA was confirned by
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were washed in 0.1 % SDS, 1 X SSC for 20 m nute periods at SOC before film

exposdurmean TRNABDI Atmolefoe Bhybm vds zsed tovcerirod &R-shmblsllbasiing: DNA pr obes for

human TGE-(31.. A pr for s, use ontrol S e | oadi ng.
[0013g?1%]j e%%"fcffﬁ’p(?? %@I’V ’F%ﬁa #]g}g\g? tand eZ@@H QH%F‘%W%ZO'%}‘W%l ghi ng
2.0 -geReted K9 iHMaHENal SRORE RlerdBedth@izafibith KBEBline Mdtreimpuis sidhabbiaihon W th
ket arni ne and rounpun, each rabbit was draped in a sterile manner. ,The

achi Idfﬁ}i@dtleﬁcﬁéﬁﬁllmn@(paéléécmﬁwde@@ wasoxpossd, ad @21-10s3 il pheetlavith 105 and

106 cgbsl gfimgecQ sug@gtcfoﬁéén%é e lﬂi g@aﬁggon{gfe d&ﬁ% i Op%itemo f Aihe

t endon. |nc te was a era bltsfor
t he epaﬁhte&sasosmdea té tiaenddiddigeoraloNAf theAfabBits ﬂnettbe RXpressgnt drfetmmpfemedlDNA
concen ion, wit rh? achj | I es tendon experinments, the intra ?ull%r
i nj ect ‘(’5 efp@iiRg fheroptigal spnseRtFalion; vgith ac (ERGPE X ReTTATRES, it iSlgr

conpl 1%&1&?‘&1% ARFmEe! €64 Bnee h?wﬁ@gﬁ)owdt anﬁ%al?ﬂhlfa%d cgﬂﬁleﬁ@é‘a}t‘ilﬁée dgtqet s
wer e de on the hyaline car age layer wt caution not to expose the

subchwerdmaddebwitk .a Ririée. cahplpemel deﬁeetet%ermmaeiermu&ethyabn@@@@lagnéayemb@hondr al
ESP SI c%fgflor\ll\got g)o f\:/)gprcl)ge ﬁ)e su%chongral %Xl% ' e c%ﬁltpletéaggfectAfv&e% n&dg% %Qp(;sgefhe

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.

[00146] Histological examination - After harvesting the tendons and 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 pm thickness slices. Hematoxilin-eosine, and Safranin-O staining
were utilized to observe the regenerated tissue microscopically.

[00147] EXAMPLE Il - RESULTS

[00148]  Stable cell line - Transfection was carried out by using the calcium phosphate
coprecipitation method (Fig. 1). About 80% of the surviving colonies expressed the transgene
mRNA. These selected TGF-B1-producing cells were incubated in a zinc sulfate solution. When
the cells were cultured in 100 uM zinc sulfate solution, they produced mRNA. The TGF-B

secretion rate was about 32 ng/10° cells/24 hr.
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the cells with 106 cells/m concentration were injected intraarticularly,
and zinc sulfate was added to the drinking water. [00146] Hi stol ogi cal
exam nat w0 03/0Af862r harvesting the tendons and knee j oi nt CTIUS@3/0BRECi MENS
were fixed in formalin and decalcified with nitric acid. They were enbedded
ina paraffin block and cut into 0.8 mthickness slices.

Hemat oxi | i n-eosi ne, and Safranin-O staining were utilized to observe the
regenerated tissue mcroscopically. [00147] EXAMPLE Il - RESULTS [00148]
Stable cell Iine - Transfection was carried out by using the cal cium

Phos0GiM] CREYASAbY BF ROFbiFBIROR (GkMagd DefeboOthe RB8A aéhilldiaedony wetg

col oni es expressed the transgene nRNA. These sel ected TG-- (31-producing
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The rabbi es tendons were observed to check the viability of NH
3T3- Tifeete® into drles joiats. 108 gaht wantxaouneseRtte £t weeks aftes injeetinionInpastiglhbss| y

t hi cker than t he other t concentrations of 104 5. AL ter. ki n
par ¢ 1 Eigt- ot R re o erae SRviee el b VRNt el BR IR T
3T3- Téahilfdlappeirkd aNEBR whdks Qi thidcibe, thoeertilaeriesectsTWerej oivered bashyalaeri ned 2
to 6 weeks after injection. In partially  _danaged cartil age, we found newy
f or medtrtiyes (Fige 2balhe thigkaessiafishepeassrated Grtilagg becpme Ahicly 25 fime pagsgd &%Bage
appeayedand_si x,weaks r —~~P]8C L C i . cover ed
by by 1 A e ERE SeReh BRI b bould e R S R A e

bec an@aihih%@x}i@m@sfﬂ ABibP@s Fag. N)FiThe coBiralafEhe sidejigested! withldosmsiefitiretileds
TGF- 31, at could be observed by immunohi stochenmi cal staining with
TGF- (8ithan{lidbly terslgetia) wasThet enyated divakaliap caitidagei njnetbe cartigfly [amseeeh

fibroblasts wthout TGE-(31 transfection was . CAVE[: . i
A R e
carti ipae oMaswhoksned dagtlagd whalatmasst nhddsahaianithg ¢fFihg. defct.) (Ths fimtpg h of
newly forned cartil age was al nost the sane as that of ltlh{f} defect.) .This
fi ndi sgecssubefahe wiedet coflpactiajedbe Burquafing ngepalpatleee el s P8h ARG idr nal
cartil age,elibs through a paracrine node of action. [00150] The
regenerated tissues in conpletely damaged cartil age were not hyaline
carti [0a®0] biihe frégeneoateddobieagercompletsly demhgad ¢artilged wars retdysling eArtilgeoas
whi tebxllt 1trce)'\1?sdco Iaggrt].e irh%g' go%rolrn Safranin-O staining was white instead of the red color
obtained with hyaline cartilage (Fig. 5). The cartilage was covered by fibrous tissue, which
means that these cells were activated only by the autocrine mode. The surrounding osteocytes,
which can be stimulated by TGF-B, appeared to have been blocked from being stimulated by
TGF-B by the presence of a thick calcified bone matrix. The injected cells may have been unable
to stimulate the osteocytes because of this barrier.
[00151] TGF-B1 transfected cells were injected into rabbit achilles tendon. The tendon so
manipulated exhibited a grossly thicker morphology (Fig. 7) than the control tendon. H&E
staining of a section of the tendon showed, under microscopic examination, the injected NIH
3T3-TGF-B1 cells survived and produced fibrous collagen in rabbit achilles tendon (Fig. 8).
Microscopic examination of the regenerated tendon tissue stained immunohistochemically with
TGF-B1 antibody showed the expression of TGF-B1 in the tendon (Fig. 9).

[00152] EXAMPLE III
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obtained with hyaline cartilage (Fig. 5). The cartilage was covered by
fibrous tissue, which neans that these cells were activated only by the
aut ocri newpmd®778¥he surroundi ng osteocytes, which can bePsiusnd/ensed by
TG-- P, appeared to have been bl ocked frombeing stinmulated by TG+ (3 by
the presence of a thick calcified bone matrix. The injected cells may have
been unable to stinulate the osteocytes because of this barrier. [00151]
TG-- (3l transfected cells were injected into rabbit achilles tendon. The
tendon so mani pul ated exhibited a grossly thicker norphology (Fig. 7) than

the C@ﬂisr ! ?ﬁéi‘%n{rbi&ﬁlfﬁ RloPIN91395- pasis E‘Ptdeﬁgl (9f7 i h@?t@&@QHa&B@Wm under

m cr oscopl ¢ éxam nati on e Injecte cells survived and
pr odugmed rid. hndigectal inagebbit kneajobits. Holse irr@tgattdamilbrdle(dmoglplﬂély in Mvesebs copi ¢

t f th ted t |1
i L (PP Pl Fisboy PERBRELD ' HE<CHB LESTBRaBE T ety e PEnh (i

9) . [30daR) B MLl joi38 VWQeGRRtéBaR3 BEE/%%%{EQ&%%@ct[&O THR] spEtitions
control NIH3T3 or NIH3T13-TGF- (31 cells (5-7 x 105) were irradiated with
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fixed in Tormalin and decalcified with nitric, agid. Sections. fof t he

speci sretiensiie pbservethe rogeperales sHdEge HFTUR THSTOSFAP G in (O Has magnificatiap: GAS m

t hi ckpegs ki franin-O staining (AA-D & A'-D ) and
Hematgkgl cl&ﬁi Eg?%e(lcg g%%l ﬁé & E-F') were done in the sections to

obser W9154]e Ee(g!eMELEth cartl I age ti ssue mcroscopically. (Oiginal

VL OWOSE Eithercssht banar i SRRk r Sy s R R LR Iy R A (51
cel I's;wehg éﬂylﬁ&teggomﬂ &%Palﬂlhg ‘ Hﬁl &ar{ﬂa @déf@&tr@m%matsainmngma dea)tdnathe

artllag det ect 5nm deep) on the enor al condyl e. These
cel | sfepdr&indondfle2 Yh$e&eﬂsl(0§mho)f s bo |¢qlle/mlbdvea% injectedhas gﬁ & wglous

P o8 A28 T S5 e R0 RSB BV AR g
for 1i5a'ttg10ca'§é '{'l'll)é Q115 Sberd REMH IR dd st AW - mid® 1BGhémReEE dothat l@efbﬁﬁém ef or e
sut uri ng. cases, a simlar level of cartilage regenerati on was
obt ai ﬂediefect before suturing. 'In both cases, a similar level of cartilage regeneration was obtained.
The specimens were harvested at 6 weeks after injection and observed microscopically. Fig.
11A & 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 iujected with hFSF-
TGE-B1 cells. (Original magnification: (C & D) x12.5; (E-H) x400).
[00156] EXAMPLEV
[00157]  Either control NIH3T3 or NIH3T3-TGF-B1 cells was injected into the dog knee joint
containing a partial cartilage defect (6mm x 6mm, 2mm deep) on the femoral condyle. These
cells (4mi of 2 x 10° cells/ml) were injected as in the previous protocol, or 30-35 pl cells 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 let them settle down at the bottom of the defect before suturing. In
both cases, a similar level of cartilage regeneration was obtained. The specimens were harvested

at 6 weeks post injection and observed microscopically. Fig. 12, A & B show pictures of the
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The speci nens were harvested at 6 weeks after injection and observed

m croscopically. Fig. 1IA & B show pictures of the fenoral condyles 6
weeks poswoioajogrssi on with either hFSF (A) or hFSF- TG ( 3PCcaaishzod®y . C, E,
& G show Safranin-O staining (C & E) and H& staining (G of sections from
the fenoral condyle injected wwth control hFSF cells. D, F, & H show
Safranin-O staining (D & F) and H&E staining (H) of sections fromthe
femoral condyle injected with hFSF- TG (3l cells. (Oiginal magnification:
(C&D x 12.5; (E-H) x400). [00156] EXAMPLE V [00157] Either control
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bef or'e suturing. cases, a simlar |evel of cartilage regeneration
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magni §f G@tdotbratbdCeaiflye tdyRof WiichHpp¥A @01y nd 09 khdle EXMivBtyles\(Fig. 08,153 To
investigate the expression of TGF-(31 protein in éhe regenerated cartil age

tissuB). No mmwawemmthp@%gnogtf@mﬁhﬁgmmtl%Séf)aMbe Wit e sependrryanfiBadY post
i nj ection n The result showed a high
oo MR 2T B Wl a9 9

ession onl'y in’the cells of the regenerated
cartl [m)geo] Mefer Alarwlstind) tmppzémt ltr@eQelnmetheysmam@ncW@théyneert(lthlﬂg and3 A &

h f h h
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speci nen was ormalin and decalcified wth nitric acid. Sections
of t heequpeial menbatiene imaylenaand! ehiotidddtenivashipgminats PRS for 2 min, the sections

were blocked with 3% H,0, for 10 min. The primary antibody against TGF-B1 protein was
applied to the sections and incubated for 1 hr. 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 1x PBS for 20 min before incubating with the HRP-conjugated secondary antibody.
Chromogen reaction was done with 0.05% diaminobenzidine (DAB) in 1x PBS for 5 min. The
sections were then stained with hematoxylin and mounted.

[00161] 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 with the
current cell-therapy method. The fibroblast cells injected into the knee joint may have somehow
differentiated to chondrocytes through an unknown pathway, like a “reverse differentiation” type
of process. This pathway was probably initiated by TGF-B1 secreted from the injected
fibroblasts in vivo, which caused the remaining chondrocytes and the fibroblasts to release

various factors to proceed in this pathway as by the paracrine or autocrine mode of TGF-p1

action. ‘
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and then cut into 0.8 mthickness slices. The sections were deparaffinized
and hydrated by sequential incubations in xylene and ethanol. After

washi ng iwolog/0PB® for 2 min, the sections were bl ocked wprCh/ 3661382 for 10
mn. The primary anti body against TG--R | protein was applied to the
sections and incubated for 1 hr. The control sections were incubated in |Xx
PBS wthout the primary anti body at this step. The sections were washed
and bl ocked with 5% mlk in Ix PBS for 20 min before incubating with the
HRP- conj ugat ed secondary anti body. Chronogen reaction was done with 0.05%

di ampeReNZi fkRREIPAB) in I x PBS for 5 min. The sections were then stained
wth [Ee Fox%(‘lﬂn and nounted. [00161] The i nmunohi st ochei ni cal staining

dat a [0O163hi sTlst pedsibity thieheordal ehdndrogigs pivaelpted by @p-iniseigd sacomBingpis ke | ity

for the nol.ecul ar nechani,sm of regeneratior hyal in i lia 1 t he
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pat hway, [1'’ke a "reverse differentiation"” type of process. This pathway
was pwabaideiedi intet batned jbint TERaibBE s portiet-tdcknesnrarhilege wietest e the ifypesBl ast s
in vivo, Wi c&?} au;gd t he remai ni ng chondrocytes and the fibroblasts to
r el ea989YIE I} jaBRIE §T408¥rs to proceed in this pathway as by the paracrine or

aut ocfipp 1éx] ”Dg%uféfs THGRE1 413 IshoR G @ratibn 30 RIS/ VIR A5 PEE/ dISQ3ATHEBar] 00162]
EXAMPLE VI'I [00163] The possibility that normal chondrocytes sti H&\at ed by
co- i njheodredyteseEibinant rer@pbina 1 TR areteinninyplRitse dithen dupbistre §EAERSR | on of

cartil age tissue pl ar.ed. n _chandr ogy: e,.m i yari ous
U BoPBESL] A REReatr BEDRbi A iy S oy aniopasian ey st JotfEl 3
knee {fidling QnpatiRLAtkAeBadakiilate Ubleok(Bass € Bhnim, agerdedeep) onrthé Hembmiror al
condyle in rabbits or dogs. [O 1641 Jigures 14A-14D show re enerﬁgfi ortJ of
cart i tcadplewi The anipiuce (d&-20p1 A6rZ&l 1hu T webdmbapdes thchbryr APne ©
reconmbi nant < rotein in.rabbj | ' d
reco n’i???fﬁ%‘?ar;g%l%ﬁ t B F%tf“g? oo ;Oaﬁg‘g)nﬁ% Zo &oﬁ%g%fse@tl %}dé%lg % (gaf?{?t tggggﬂ?gb%?t knee

j 0i nt 1500 RfiMite B AlIBWREE fiabretibipeltarsheaovtud bgeredefieing. ((Rmspecimbenswete 2nm
deep) on the fenoral condyle. The m xture (15- 20&0%. 2 x 106 T3
cel | sharvestpdcit & wephs afty theijestiag apd observed BHFRSGAPICREE- [ HEUISs %‘i‘m £V | oaded

to the FoR &f ik hemosl 86hdyads el b6 tinjeidnN®itd iRl a frdikture of hChon and
recombinant TGF-B1 protein or hChon alone (C). Figures 1B and 1D show Mason’s trichrome
staining of sections from the femoral condyle injected with either a mixture of hChon and
recombinant TGF-B1 protein or hChon alone (D).
[00165] The results show that cartilage regeneration did not occur with the mixture of hChon
and lng of recombinant TGF-B1 protein (data not shown), whereas hyaline-like cartilage was
induced with 10, 50, or 90ng of recombinant TGF-B1 protein in the mixture. These results also
indicated that the regeneration of hyaline-like cartilage was induced more as the amount of
recombinant TGF-B1 protein was increased in the mixture, indicating that cartilage regeneration
is dependent on the amount of TGF-B1 protein administered.

[00166] EXAMPLE VIII

[00167] Figures 15A-15F show regeneration of cartilage with a mixture of normal
chondrocytes (hChon) and recombinant TGF-B1 protein in dogs. Either a mixture of hChon and
recombinant TGF-B1 protein or hChon control was injected into a dog knee joint containing a

partial-thickness cartilage defect (3mm x 10mm, 1-2mm deep) on the femoral condyle. The

31



15-20 mnutes to allow the mxture to perneate the wound before suturing.
The speci nens were harvested at 6 weeks after the injection and observed
m cr oscopwoaBly78sFi gures | A and 1C show pictures of the femarsad/omsndyl es 6
weeks post injection with either a m xture of hChon and reconbi nant
TGF- (31 protein or hChon alone (C). Figures 1 B and I D show Mason's
trichrome staining of sections fromthe fenoral condyle injected with
either a m xture of hChon and reconbinant TGF- (31 protein or hChon al one
(D). [00165] The. results show that cartil age regeneration did not occur
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1-2mn dee on the fenoral condyle. The 31 WO 03/ 077852 PCT/US03/ 07486

mi xt uamel zozmg B) orci002g (D NTaetarinant 81GFsP hprotgirionigghonzgmedF). 400ng of
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injection and observed mcroscopically. Figures 2A, 2C and 2E show pictures

of t hearfikgomab indoosidyite 08 ondeds qfdsttormm]lmt:ff‘@nﬁ Wbroteie i Hermiztuge. xThgse of

Al onorCRs gL Ae et BaL s aderginil REEDE The AP el Al

sect | Qﬁéuﬁtro@i’@"t)ﬂﬁlrﬂcaﬁmﬂgl(iﬁ&@ﬂ1ﬂtlheﬂhﬁ(ﬁlr@d with either a mxture of hChon
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of regandionant t&3deRils ofrthé @irdentNinvaistion by rte. mideséthout departing from the
invention as defined in the appended claims.

[00170]  All of the references cited herein are incorporated by reference in their entirety.
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results in dogs also indicate that the regeneration of hyaline-like

cartil age was dependent on the anount of reconbinant TGF- (31 protein in
the m xt Wwe.03jp0B369] Whereas particul ar enbodi nents of thiPSTIUSOBOMBON have
been descri bed above for purposes of illustration, it will be evident to
those persons skilled in the art that numerous variations of the details
of the present invention nmay be nade w thout departing fromthe invention
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proteins; b) generating or obtaining a population of cultured connective
tissue cells that may contain vector encoding a gene, or a popul ation of
cul t ur ed wornetTssve ti ssue cells that do not contain anyPeeaises/oascodi ng a
gene; and c) transferring the protein of step a) and the connective tissue
cells of step b) by intraarticular injection to an arthritic joint space
of a manmmalian host with a pharnmaceutically acceptable carrier, such that
t he agtpradstwaiPf.adeNRoCODIAIE4QYUIM thin the | oi NvcapaGs SHesikbiscin
regenerating connective tissue. 2. The nethod according to claim1, wherein
t he connective tissue cell contains a viral vector. 3. The nethod
according to claim2, wherein the viral vector is a retroviral vector. 4.
The n@%@&l according to claiml1l, wherein the vector is a plasmd vector. 5.
The met’hod according to claim1, wherein the connective tissue cells are
chondrocytes. 6. The nethod according to claim5, wherein the chondrocytes

are all ogeneic or autol ogous cells. 7,. The method according to claim1,

wher eln t h RRshAdt tispting R5tqoE RS TLPOMATISHI® gromt h  factor (TGF) superfamily

i s TGF- (31y) TGhseld2ting SottARingBMReberBYR- t2ins BMRE, orBMA: BctoBMprerfdmil9lof BMP- 9.
36 WD 03/077852 PCT/ US03/ 07486 DXpLess man | aoellWV. L' U //.LVQO --JOUO
1JkJugoteisNv. JJL7J-GVL | .1 8. A nethod of regenerating hyaline cartil age,
conpri sing;, a) generating.or.aobtaini . i wt h
Facror - sund  aderuge ot Bt OReBeTFEREE sBhnButd ANRLCLR O APV T
cul t ugcrthit GBRIBEC Erice@ing iaSgdne, 6:€h lpspiilltidn oftgultusdndodnective cisaue @iis akkitnig vt gene,
or a population of cultured connective tissue cells that do not contain

any v%ﬁﬁ%ﬁaﬁhﬂ@ﬁfﬁ@“ﬁﬂﬁéwﬁwcdﬁ@ c) transferring the protein of step a) and

the connecfy ve {3 Lk gtoRln St ;ﬁ@pté%]al?&' thd Bdrnd@Vel Gdh@telisde@tp BNbLYO an

arthritic J'oint space of a manmmalian host with a pharmaceutically

accepinsibirticdar mjestipn suah atthitic joiig spetd ofi ¢ ynagimaliae hostinvitin atphermagettivaly t he

j oi nt Space results Lq .. " -y .. :
acceptable caitier, Such that the activity of the combination within the joint space results in

regenerating connective tissue.

2. The method according to claim 1, wherein the connective tissue cell contains a viral
vector.

3. The method according to claim 2, wherein the viral vector is a retroviral vector.

4, The method according to claim 1, wherein the vector is a plasmid vector.

5. The method according to claim 1, wherein the connective tissue cells are chondrocytes.

6. The method according to claim 5, wherein the chondrocytes are allogeneic or autologous
cells.

7. The method according to claim 1, wherein the member of the transformation growth
factor (TGF) superfamily is TGF-B1, TGF-2, TGF-3, BMP-2, BMP-3, BMP-4, BMP-6, BMP-
7, or BMP-9.
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regenerating connective tissue. 9. The nethod according to claim8, wherein
t he connective tissue cell contains a viral vector. 10. The nethod

accor di ngwoe3ormsm 9, wherein the viral vector is a retroecraiSovensor. 11.
The met hod according to claim8, wherein the vector is a plasm d vector.

12. The method according to claim8, wherein the connective tissue cells
are chondrocytes. 13. The nethod according to claim 12, wherein the
chondeggytesiaanavaldwgengisscabouaut ol ogous cel | svuskdinoThe-oeihad accordi ng
to claim8, wherein the nenber of the transformation growmh factor (TGF)
superfamly is TG (31, TG--P2, TG~ (33, BW-2, BW-3, BWP-4, BWMP-6, BMP-

7, or BMP-9. 15. A nethod of regenerating hyaline cartilage, conprising: 37
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wherein the nber, of the transformn rowh factor (TGF), superfam |y of
pr ot ei‘r}%aaft’scug%m]%@ff‘ t@p-Ataptic jopt ?@ﬁ‘? ogwaznng R gﬁ;}g__a&hangﬁﬁgyé?arﬁ'g,vp_ 7,
or BMRe@Rptabil caridelh@dinal e &akitDBHraRE REMbIAAdE WSthirC HEPoIR IsPake Rbults in
generating a reconbinant viral or plasm d vector conprising a DNA sequence

encodieggneraegramedive dissueansf or mi ng growt h factor superfamly of proteins
operatively linked to

9. The method according to claim 8, wherein the connective tissue cell contains a viral
vector.

10.  The method according to claim 9, wherein the viral vector is a retroviral vector.

11.  The method according to claim 8, wherein the vector is a plasmid vector.

12. The method according to claim 8, wherein the connective tissue cells are chondrocytes.
13. The method according to claim 12, wherein the chondrocytes are allogeneic or

autologous cells.
14.  The method according to claim 8, wherein the member of the transformation growth
factor (TGF) superfamily is TGF-B1, TGF-B2, TGF-33, BMP-2, BMP-3, BMP-4, BMP-6, BMP-

7, or BMP-9.

15. A method of regenerating hyaline cartilage, comprising:
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a pronoter; b) transfecting in vitro a population of cultured all ogeneic
chondrocytes with said reconbinant vector, resulting in a popul ati on of
transf ectwo oalbtmsgenei ¢ chondrocytes; and c) transpl anti ngPsaiusos/oassf ect ed
al | ogenei ¢ chondrocytes by intraarticular injection to an arthritic joint
space of a mammualian host with a pharmaceutically acceptable carrier, such
t hat expression of said DNA sequence within said joint space results in

r egener@até-ngahyalbd:ne. vcactiddoage.- 18. The met hod-aeconding-tevclaim 17,
wherein the nenber of the transformng growh factor (TGF) superfamly of
proteins is TG~ (31, TG~ (32, TG-- (33, BwWP-2, BWP-3, BWP-4, BWP-6, BMWP-7,
or BMP-9. 38 WD 03/077852 PCT/ US03/ 07486 19. A nethod of treating an injury
to connectyye th§ep@ng R RchfAbinhnt G piasRd v@étpﬂ@&ﬁ?ﬁéih@g PNAORqaéteNg a
menber of a transforning growmh factor superfamly of proteins; b)

gener etdodipgarmerbberiof ia tgnsfomaipa geavith facysr S@mrfamlbﬁoh};@wﬁ@@ppvetwax Enkeddel | s
that ma qontain vector encoding a gene, or a population of cultured
conne%PﬁWg)??ssue cells that do not contain any vector encodi ng a gene;
and c) trangf er tramectihg iphokeh popillaisdrepf ajltaeidlalldzendorhantrooyeest wils ygidcel | s
of step b%,by intraarticul ar in{ect%on %g gn arthrigic joint space of a
mammafSCambingat veriorHeshlyiginRaroaiatien Pl fansiseted gllogspaic chendrayiess#th t hat t he
activity ofy t heyoonhlh A 500 tMhibBiBd bSzdnBk thoSREGRes B Hitadrtichlar 11§ERIRT at | ng
connective tissue. 20. A nethod of treating an injury to connective tissue
in a foamartheisiepeinsipace ofed mgmmatian hongy wiith e@gman%mncalw ragéepiableptagdern shchect or
conpri,sing a DNA seq encodi ng.a newpber, of a _transform ng.qrowih factor
supor MRHERYESTOLPEra Mo gEnaarry apt P e $ock it drethaltinh BARec (i g

i n Vi tailagepopul ation of cultured allogeneic chondrocytes with said

reconmbi nant vector, resulting in a population of transfected all ogeneic
chondrocytes; and c) transplanting said transfected all ogenei ¢c chondrocytes
by i ntgaar t i RJ - a 3t C o 1.0) : Lan
R R e i g QL L
sai d DENfors@qiroperfintilyi of maiethsj ioi TGEF-§ pa G H-p3UT GE-3nBMIy2nBVE-3,ngMIRy4al | ne

BMP-6, BMP-7, or BMP-9.

17. A method of treating osteoarthritis, comprising:

a) generating a recombinant viral or plasmid vector comprising a DNA sequence
encoding a member of a transforming growth factor superfamily of proteins operatively linked to
a promoter;

b) transfecting in vitro a population of cultured allogeneic chondrocytes with said
recombinant vector, resulting in a population of transfected allogeneic chondrocytes; and

c) transplanting said transfected allogeneic chondrocytes by intraarticular injection
to an arthritic joint space of a mammalian host with a pharmaceutically acceptable carrier, such
that expression of said DNA sequence within said joint space results in regenerating hyaline

cartilage.
18.  The method according to claim 17, wherein the member of the transforming growth

factor (TGF) superfamily of proteins is TGF-B1, TGF-2, TGF-B3, BMP-2, BMP-3, BMP-4,
BMP-6, BMP-7, or BMP-9.
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cartilage. 39
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19. A method of treating an injury to connective tissue in a joint, comprising:
a) generating or obtaining a member of a transforming growth factor superfamily of
proteins;
b) generating or obtaining a population of cultured connective tissue cells that may‘

contain vector encoding a gene, or a population of cultured connective tissue cells that do not
contain any vector encoding a gene; and

c) transferring the protein of step a) and the connective tissue cells of step b) by
intraarticular injection to an arthritic joint space of a mammalian host with a pharmaceutically
acceptable carrier, such that the activity of the combination within the joint space results in

regenerating connective tissue.

20. A method of treating an injury to connective tissue in a joint comprising:

a) generating a recombinant viral or plasmid vector comprising a DNA Sequence
encoding a member of a transforming growth factor superfamily of proteins operatively linked to
a promoter;

b) transfecting in vitro a population of cultured allogeneic chondrocytes with said
recombinant vector, resulting in a population of transfected allogeneic chondrocytes; and

c) transplanting said transfected allogeneic chondrocytes by intraarticular injection
to an arthritic joint space of a mammalian host. with a pharmaceutically acceptable carrier, such
that expression of said DNA sequence within said joint space results in regenerating hyaline

cartilage.
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