28 March 2007 WO 03/077852. PCT/ US03/ 07486 CARTI LAGE REGENERATH éﬁw Hﬁkﬁﬁ7
CHONDROCYTE AND TGF-J3 BACKGROUND OF THE | NVENTI ON [ 00011 Fi el f

| nvention: [00021 The present invention relates to a nmethod of introducing
at | east one gene encoding a nenber of the transformng growh factor O
superfanlbﬁ hg %52 | east one mammal i an connective tissue for use in
regener at i'ng COAR&ct i ve tissue in the mamalian host. ThECHPEBEABS nventi on
also relates to a nethod of introducing at | east one gene product of the
transformng gromh factor P superfaml|ly and at |east one nmanmali an
connective tissue cell for use in regenerating connective tissue in the
manmmal i an host. The present invention also relates to a connective tissue
cell line that harbors a DNA vector nol ecul e contalnln ene_ encodi ng a
menber CARTREA GE BEGHNERATION HSING 6HONRDBOEY 856 Beri ef
Description of the Related Art: [0004] In the orthopedlc fleld degenerative
arthritis or osteoarthritis as well as injuries caused by participation I n
sport spa @kFﬁu; (hﬁrﬁﬁqu?ﬁﬁnéﬁequently encountered condition associated
with cartilage danage or osteoarthritis, alnost every joint in the
body, 081} asFieldof thetbwentione hi p, the shoul der, and even the wist, is
affeCtﬁﬁPlThe atho enesi.s of I.s .t he degeneratlon of hyaline

arti ouloMp2lc ar The g RESHPR T teSQPamejhOE&ﬁé"ﬁfe}PﬂPg & Jpastong s S90HE8 © 1082)
The hyaknb& dfﬁfetﬁahs?%ﬂ% ?bm faBto mgﬁg?g%fxnﬂﬁét%mm idnithdliah %&xﬁéchv%”d

eventual ly excavated t he degener cartil age coul d sonehow be
r egenetissiedr use i regenetating sonusetive tlﬁéue 1atﬂreem@rameh=}ndyost h&he presepb inveptionout

o0 1B P e POFCE R LT DB NS Gl Srfgoener ot

damage onal routes drug Ivery, such
as or afagctor ftsuperfamily and mt leadt roaemmnuﬂadian capative sissuetael rfor use i &egenerdting drug to

the joint are .neff|C|ent hal i fe of dru s I njected intra-
arti cu?%nF?“’F disgiein thy mamaa, f“f hosk, %@FSE’H | aya {%? esi 10r3 SOMPEVEUIl ar

i nj ect {i@de 6dll ieHeuk:s ha@oxts RIBINA veasrusleculcpanimeh 4 gere%hwan@ Ahémbh@eeagary to
obtain acceptable dr Ievels at the joint spaces for treating a chronic

condltﬁﬁﬁc§mﬁw iPrspperfapilyause t herapeutic agents heretofore could not

ve I was necessary to expose the mamalian
host tt)mys e%%g%ﬁs%ﬁﬁ%&ﬂgg%ghﬁr%ﬂtl ons of drugs in order to achieve a
sust ai [#984] i nin ﬁxeamthpmdluaﬁekihémperamecaramse or dEteparthuitie asfwelbms fndwripst or gans
N Thi & B B pefit A0 3h Eobtd Gk BRAC RC e Ofho@Mrbquhtly ehddufitefliaU8haltRn 1

associated with cartilage damage. As for osteoarthritis, almest every joint in the body, 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



28 March 2007 WO 03/077852 PCT/ US031 07486 produce serious side,ehifchS007
such as gastrointestinal upset and changes in the hematol ogi cal,

cardi ovascul ar, hepatic and renal systens of the mammal i an host. 100061 In
the orthopedic field, some cytokines have been consi dered as candi dates for
the treatgenh rt hopedi ¢ di seases. Bone norphogeni c protein has been
considered to @Zkgﬁ effective stinulator of bone fornatﬁgﬁ%ﬁﬁﬂ%%?hak et
at., EMBO J, 9:2085-2093, 1990; Sanpath and Rueger, Conplications in Otho,
101- 107, 1994), and TGF- (3 has been reported as a stinulator of

ost eogenesi s and chondrogenesis (Joyce et al., J Cell Biology,

110: 2195- 2207, 1990). 100071 Transform ng growh factor-a (TG-13) is
considered to .be a tifunctional .cytokine paorn_and ,Roper .Nat ure
(ondoRfoateg 50, Saigtcls, Bitd) as BRtpifpe! Boet i Tebyes S dichemimtafity | oy

gr owt hcarfliokdselanhdpatié aid radall syeichisE GelmdnfialidR hodtx protein synthesis (Madri et
al., J Cell Biaqglogy, 106; 1375-1384, 1988). TG--0Q inhibits the growth of
epi t hel9086) coiin the prihoppdicoBeld.some qylakiney Bpyesbeen considered asrrapdidates for the proc

Nat | AgRlmel of Silopaid diseey B%%@%)orpﬁag_&nié brotdih 'Rds BEES corRIAERANG R an

ossification and eventually bone formation’in vivo (Critchlow et al., Bone,
521- 52gffective stimulatonef hone frmatign (Qzkaymek Scaln EMBIA (59:208552998,51990;1Sme@athand

Mat su t al [0 M| VO 1. 2155 0, 9 = ~i.nduced bane formation
o e el ComblbalibntOn Brné o1, R0 1ot fa TERED ol BUGF KerdBRF o W 01|

whi ch  etirilates of wstebigehesisediidi ehosdrogdnesis foytd etgs;, floCe Biplexs| 1150:0 Vasyzaw7et al ., J
Cell Biology, 110: 2195-2207, 1990; and Mettinen et al., J Cell Biology,
127-6: 12821-2036, 1994). 100081 The biol ogical effect of TGF-3 in

or tggop P h@?m%ﬁﬁ'in% BRMh ?a@tobgwém)@gcoakidered foA e ulfifipetihal Srolde 74- 78,
1993;. Borque et al., Tnt J Dev Biol., 37:573-579, 1993; Carrindton et al.,
J Cel | (Biom end Robaip; Newge (lorgon)] 388; 217-HQ, 4988 and plagy e regrlderynle in

64(5): 5 993 t . LD, oS . 1994) n nouse
erbr yo SR ok SR R ATE' Rty e mad SR s Blo g oo Moot 0
der i ve@idlogyni0hrei 300 4384c 1988), TQR:P indsbitsahegowily of épithslind celtsaantdi dstegelast-and bone.
In addition,to enbryol ogic, findings 13 1 e t, the site of bone
f or mat if%f’\ cg}fn'ﬁf Vg { -k}eaggt f‘loréfﬁ? ill\gﬁ.Aﬁ%%h#%alsggqéﬁaﬂ%iﬁ"é& iﬂ"’é‘hﬁﬁsal ing in
r abbi t ehdHdhdal osE36E640h lad eddnfually BeieABEMMtIoR iV Abel ECRENISHIRt 613 Buas, 296527] epor t ed
(Critchlow et al., Bone, 521-527, 1995 and Lind et al., A Othop_Scand,
64(5) : 18%% Lanet b Qythop, §eands GHIp Sr1-256 475 anG Matsumglqst Al-dm vBst: Have
Li m t egoui @94 | T-BhaudBPbdrc dbinRon FORRA bR HE SiRbINron §f HASY i ned that
intraart%%u aflT%ﬁgction of TG gnfor'thg ;featnent mbf ar?h??%ﬁéggs not
desi r alphwipotsatiz oells, which ¢veplwaliydifigientiate intoscagilagecforming cellsi(oyceodét abckCadh, as
TG (3 Biology, 110: 21952207, 1990; and Miettinen et al., J Cell Biology, 127-6: 2021-2036, 1994).
[0008]  The biological effect of TGF-PB in orthopedics has been reported (Andrew et al.,
\ Caleif Tissue In. 52: 74-78, 1993; Borque et al., Int .J Dev Biol., 37:573-579, 1993; Carrington et
C . al., J Celt Biology, 107:1969-1975, 1988; Lind et al., A Orthop Scand. 64(5):553-556, 1993;

Matsumeto et al., Iz vivo, 8:215-220, 1994). In mouse embryos, staining shows that TGF- is

clesely 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-P 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.

[0609]  Previously, it was determined that intraarticular injection of TGF-B for the treatment

of arthritis is not desirable, because the injected TGF-P has a short duration of action, as TGF-p
2



2 28 March 2007 WO 03/077852 PCT/US03107486 is degraded into i Bg&afireR 2009 M
in vivo. Therefore, a new nethod for long-termrelease oTG--(3 1S necessary
for the regeneration of hyaline cartilage. 100101 There have been reports of
regeneration of articular cartilage with autotransplantation of cartil age
cells (Briiihshesss @l -, New Engl J Med 331: 889-895, 19%1(!5)r 5%74&;“5
procedure entails two operations with w de excision of sof{U ' ssues.
intraarticular injection of allogeneic cells, such as chondrocytes added
together with either TG (3 protein exogenously or TG--p protein

manuf actured froma vector containing a gene encoding TG--0 inside the
chondrocyte is enough for the treatment of degenerative arthritis, it wll

be of onomc a hysi c enefit t ent 0Q1 Gene

P her apy SHREE A ATBL oy AirrePek APt aetalr PRt oflassh of i‘%ﬁtpec. fic
site, mnE‘HéesQﬁy?&%ﬁ%@&ﬁfatx&@oﬁﬂ}h%eﬂfaﬂﬂﬁg@m(W’”f and Lederberg, Gene
Therapeutics ed. Jon , 3-25, 1994; and Jenks, 3 Natl Cancer Inst,

89( 16) 10089B2. T@mqub@nfepomgflrzgenmp%ef ayienlas sattilage with agtolzmpREBtion d
2. 766, 3Biaat anea uggetaatvm@'s,@t m&t%ﬂ 838905 {944}, vl atttgrotaﬁt-’e

(interle rec ptor “ant agoni st “pr ot el gene; trandfecting synovi al
cells e(rﬁﬁsﬁﬁ) disfahom&bm emeision 0f @@ttissue§51t7ﬁ6a£i&‘a)arvm¢duon halingesdic uct ; and
i nj ecti ect ed nt, but there 0

di scl o€ Se % @‘;"ﬁc’@%gnaémﬁg ogﬁtafrn‘ﬁﬂt 8‘@%2‘%&1’@“’@ (FBeERRYRY 9r £ Qifﬁggener ate
connectyyign! tﬁa&?ﬂamhm vieidr b&flainihg b @end@6dh S TEF PARsid3the Bftthdrocy{dGs 774

di sclose injecting a conposition that ~includes a bone norphogenesis protein
(BMP) , enprghhfob 8eoegtment of i[degeTiamtiG arduibisy it awill| e of greap geertomic wid iphysical uncat ed
par hx)rgéﬁd h@% reI ated peptide to effect the mai nt enance of f

car@ll agli nous ssue formation, and induction of cartilagi nous tissue.

Howev erjpoiither aGans thedapydwhbich mssajmethodl ofitrgresfeeritgh @ spepificpedtéiado & Spexifid i, BVP

gene. [00 Uni t ed ate oses i npl.antin
donb ndVe b B EE ek Breei OV P dube. CeRbRiPru TR OB HRE o1 ¢ onm
cel | s, 3p2%;119942 bhd/Jenl) NMVaw Cudcesinst] 89(6)c d182:-1184.61 99E ect ed area. Since this
patent disclosure requires t L1 these e] enents be resent in
the i Af#Zht ect’rg%ﬁ@ﬁ? el ol 3 aad BB % dhsiesc e gdr“é‘ﬁd’(j Fmifie sinple
gene t hghsii o1 TRA P interfelifin 1Y@ Piot Qﬂag%isﬁﬂo%ﬁﬁeﬁbofm{sﬁﬁﬁhg nb{i8! cells
inplantation of the scaffolding or the periosteal/perichondrial tissue.

(5,858,355) and bone marrow cells (5,766,585) with the construct; and injecting the transfected

cells into a rabbit joint, but there is no disclosure of using a gene belonging to the TGF-p

superfamily to regenerate connective tissue.

[0013)  United States Patents 5,846,931 and 5,700,774 disclose injecting a composition that

includes a bone morphogenecsis protein (BMP), which belongs to the TGF B “superfamily”,

together with a truncated parathyroid hormone related peptide to effect ‘the maintenance of

(M

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,
pertosteal/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.

[6015}  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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100151 In spite of these prior art disclosures, there remains a8 Mirch2b7
and substantial need for a nethod regenerating cartilage stably, with |ong
termeffect. 3 28 March 2007 WD 03/077852 PCT/ US03/ 07486 SUMVARY OF THE

| NVENTI ON 100161 The present invention has nmet the herei nbefore described
need. A meywiQdnPhksy | Nntroducing at | east one gene encodi NG RhHFYsEE 1 nto at

| east one cell of a manmalian connective tissue for use in treatlng a
manmal i an host is provided in the present invention. This nmethod includes
enpl oyi ng reconbi nant techniques to produce a DNA vector nol ecul e contai ni ng
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 C DNA nol ecul e capabl e of being delivered
and maintained within the target cell or tissue such that the gene encoding

t he pr StvmiarY OnTardnvedamolNe stably expressed. The DNA vector nolecule
preferably utilized in the present invention is either a viral or plasmd

DNA vel@df] ndhepresent mmr@omahaaetpth@efl@remeim slesceibleds npask r ddinethed efhe gene
encod e for a
t her a:ogg??{;:& UEEJ ?&%&E}i%{ %ﬂe p esIﬁ Léuc?{g\lfloteﬂnﬁa% 1!31 SO %&gggbe%egﬁ‘%sﬁet hod
of t reawungorcnse epediing iatmanmalcnpiostsis ponvided Gd 8 mgsenteineendivn. nFhismetlitdai ni ng a
nmb f h. f t t 00191 b
Gener it FOBTEE FERBEaes TP RoR FrOub AN b eHer Felehl o S Re el |

that mane mmgafoa théeflbelﬁct ane Qﬁtrcrwcxag gl&rlBNAD VedorP@pletrilé icOrtaifing Ghd eitecd
connective tissue cells

that do not nli'aLng vector encoding a gene; and
100201 ceding foz dag pfych dntp the ¢pnpective héﬁue ¢ %’ﬁq‘u VEHY B FanRe MYssue
cel @fmhﬁ,&c&& chable Jﬁweﬁ@rdalc&b@and rﬂhxﬂfélde& rwlthql 8 tapthedl ok ﬁsduelsﬁﬁh space of
a rrmallan host, such t the activity of he conbrnation within the

joi nt $hwhdee geg Aoceding, theeg@ﬂ'&tat |1ﬁ'Qfe§'09ﬁ‘i‘eé‘t is\?bl)’t expraseed. 162 PNA Ne‘ttq’re case
wher e 08 ﬁﬁrﬂ?&&fably%tﬂ&éishﬁ%E g,kése,ﬁqmeﬂh&ﬁ lsaelmacs anlc&;mg & AR V88

encodi ng proteln he reco ant vector may imted a viral
vect or mqﬁscelee rTafs| method preferablp ingludssdptrasiucing te &eee tengodingythey produdb énter tfpl asmid

vector. }Oﬁg ESK;JF&HQ&F?JHS%Q%MQ?]%&%L&Qu cludes storing a popul ati on of

the cofffie I'ssue ransp ‘antation. The cells may be
stored [Wl?ﬂO%’mHS@esmldanvdnhqmnel aldot diveptenl o ia0Mmethod of treating osteoarthritis

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

C [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 28 March 2007 WO 03/077852 PCT/ US03/ 074 ﬂﬂﬂ&??(ﬁhe
connective tissue cells include, but are not |limted to, fibroblast ce ?s,
osteobl asts, or chondrocytes. The fibroblast cells may be NIH 3T3 cells or
human foreskin fibroblast cells. The chondrocytes nay be autol ogous or

al | ogenei P ably, the chondrocytes are all ogeneic. he
connectiv§w99§§&§§includes, but is not limted to, cartirgéggéﬁﬁg ment, or
tendon. The cartilage nay be hyaline cartilage. (00251 The method of the
present invention uses a nenber of the transformation growh factor
superfam |y, which includes transformng gromh factor 0 (TG-0). The nenber
of the transformation growh factor superfamly may be TG+ (31, TG+ (32,

TGF- 03 -2,..BVMP-3,.. BWP-4, BMP-5, BMP-6,..0t, BVP-7.. Preferahl TG--(3 is
nurman 819RSh; oiTHE St Biou clsgaig: b 1ot e, ot e BEi s nt 1 on
i s al ser ghdnBfches. t PheivE] a0 delRimdyebeNB 313 &4ls by BhmaPfopddkin ibagiast cMPr i Si NQ:
(00271 a) generating or obtaining a nenber of a transform ng growth factor

super f Rongrocytey mbhwoiqmgmgbge@@n%&mbbg the cheysireyirs Aty BOBBEIG! at i on of

aheF
culturgM NGk | heStiSucCibibdes! Bitlis BBV imtQNb A AHiNSE HREmERCA NI gENe,
or ap pulgtigﬁ 0 é%?tugﬁﬁpconﬁgbtidzqﬁiggue cbf s ?ﬁa@lagﬂhot cont ai n any
vect or Tarcatilapgmay belnelinacudild¢gr0291 c) transferring the protein of step a)

and th nective tissue cells. e ). b i ntraarticular injection to
an art ﬁ?‘.ﬁ?rc jc%lleﬂ?eﬂéoga%beﬁ%f’ mgen?rﬁl?ﬁr%ﬁﬂgnaﬁseggs %n%eﬂ(?& t?%g?m?(ﬁ@gt Ct #\Wﬁ&/ of the
conbi n@EdtBupériaiily, wWhich jRhidts GaRMEMINSHOWER fadior B (EGIERRT THOmBBer 6Tahe
cartilage. (00301 If transfected cells are used, the transfection nethod may

bﬁ acEmfvméen Expwitnfactes qupestamily gy |be TS Rb BricBDsTPEBR oBMP BNR#
P odan) BN AoBLES, BAFb,  Buy SEHERBOT 0k AN, Bifen RRORICISE BT ATEREHL T,

line cagrpxing a reconbinant viral or plasnmd vector conprising a DNA
sequence encoding a nmenber of the, transform ng growh factor superfamly.

f
The colPéli vheipssent inyention is aiso dirgeted (9 3 mgthod of regenerabing hypliercatiilags, a

fibroblgsbrigrs! !|ine, a chondrocyte cell line, an osteoblast cell line, or
an osteocyte cell line. The chondrocytes.nmay be autol ogous or_ all ogeneic.
Pr ef er E[Mf}} t 3 ganemingRnabtaining @ member of a transforming growth factor superfamily o

proteins;

[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] ¢) 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} I 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 28 March 2007 WD 03/077852 PCT/ US03I 07486 [ 0032) 29 Wearch 2007
connective tissue cell |line according to the invention nmay conprise a nenber
of the transformng gromh factor superfamly. Preferably, a nmenber of the
transformng gromh factor superfamly is TG--pl, TG--D2, TG~ 133, BMP-2,
BVP- 3, BMRwde3 525, BMP-6, or BMP-7. )0033) These and gtct}ﬁ{ ofPiget s of the
I nvention w |l nore fully understood fromthe follow ng gescrl ption of

t he inventi on, the ref erenced drawi ngs attached hereto and the clains
appended hereto. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00341 The present

i nvention will become nore fully understood fromthe detailed description
gi ven herein bel ow, and the acconpanying draw ngs whi.:h are given by way of

wher of 3200 33Pe fangSative ik oL Gl Reartiol ) e jienn e U
i sol at &t ttansfoiniihggrohdh facedr|sapepfamity H PSélf&alﬁlﬂ ) ﬁleﬁxba{ﬂﬂ{hé traiRformitigegowtht h

pnT(31, a TG 031 expression vector, which %w(l)wn I n_the absence or
pr esené@%ﬁ“ﬁﬁﬂ@ﬁ)’% GF-BINRGF 13, G- %?Wr&b@'fpﬁ, Foftt BMP-5% BMP-Gor O cDNA
or Pa cDNA as a control. 10036) Figs. 2A-2B show gross findings of

regenerated cartilage. 100371 2A. A rectangul ar partial cartilage defect was
made ol0U3AE f &heseadnd cuinatydbgecnaf thhénvekhimewlbenmaﬁmwn}rdenswd romh tidl H 3T3

N hout , TGF-131 f LI The def ect d.. [0038) 213.
A 6 oo geatg SRS B s el Sl R here A a0 oo

by ne‘abpen&ﬁmmbtlssue. The col or of t he regenerat ed tissue was al nost
i dentical to that of the surrounding cartilage. 10039) Figs. 3A-3D show
m croscopi c findings of regenerated cartilage (X 200). 100401 3A and 313.

He \‘OBME‘W DisivwRis defect area 4 and 6 weeks after

i njlection wth control cells. No tissue covered the initial defect area.
100411 [6i34pnd TBE. prbeﬂatnmenﬁommkbsbaaemél-ﬁ@e arhlal ymiestcmﬁ fteihe die aétewed4 and 6
weeks %fte I nj i an .0 31-transfect At 4. we [

Hor oot Ctea o BV EU BRI YAt Ao B RRY e RET Whi-h e S PLRS ey of
TGF- ( indstraivbalonhi, &l th6d drénot Anitdti W ilse resdntGnvneds asd Widreihn] ection, the

. [0035]  Fig. 1 shows expression of TGF-B1 mRNA. Total RNA was isolated from NIH 3T3
cells or NIH 3T3 cells stably transfected with pmTp1, a TGF-B! expression vector, which were
grown in the absence or presence of zinc. Total RNA (15 mg) was probed with either the TGF-
Bt cDNA or B actin cDNA as a control.

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

[0037]  2A. A rectangular partial cartilage defett was made on the femoral condyle and the

knee juint was injected with NIH 3T3 cells without TGF-B1 transfection. The defect was not
- covered.

C/ [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 hei ght was al nost i denginvgslch2007
normal cartilage at 6 6 28 March 2007 WO 03/077852 PCTI US03/ 07486 weeks.

Hi stologically, the regenerated cartilage (arrow) was identical to the
surroundi ng hyaline cartilage. 100421 Figs. 4A-4B show i mmunohi st ochem cal
anal ysis fQlgobfgirthl expression in rabbit joint x 200. Bﬁ?ﬂﬂﬁm&m7ss
innunoperoxid%se reacti on product indicates high levels 0 reconﬁlnant
TGF-J3l expression in the NIH 3T3-TG-- (31 cells (4B). 100431 4A show hyal i ne
cartilage in a rabbit joint injected with control cells. 100441 Figs. 5A-5B
show m croscopic findings (X 200) of regenerated tissues wwth H&E staining
(A) and Safranin-0 staining (B). 100451 5A. In the partially damaged area,

[ 00461 R0 PBPRERly, B oFipirhed Sfylade BROVT W RYigoeal (5 ot Jrbibbe BAREE) ) C2L0

(whi t e catitage) was fibrous collagen. [00471 Fig. 6 shows plasm d map of pnil
J3I . .100481 Fig 7A- 7D show gross norphqgl o bit achilles.tendon

i nj ect d804% « h Frasrd B %an‘&ogafoe_ ial a&f@&%f%@@iﬁ&&fﬁsm BIPRY wi t h
cont r okoigek 12ge. ﬂi@@ﬁ%mzﬁopéf&ﬂ&lﬁ@ réadfi G prouctiddicalds gt levbls R sb@abRance! | S,
six weéks after injection. 100511 7C.~ Cross-sectional view of the tendon
pi ct ur &GE-PI Ixdres§i@oid2he NI 3TF-66E-Heells @BAl vi ew of the tendon pictured in

7B. [0 Fi g5. ..8A:8E. show ni ¢r oscopi L ndi of, neggnerated tissue in
aooi ¢ 100 ) S e tind Bt i £REREp G Ir‘n‘?egfg%fm‘?g‘cfgﬂti"‘s?g’?&ss and SC show

t endon (04 Ct RigsWSAISBC shivkw micrasedpic fiidingeRS 260)t &ff regenemeddi tissues 8¥th HEFO
magni fi cation. 8 200_magni f i cation. 8C. x600 magnification. 100551 8D, 8E
and 8FS?HBW@HH‘E$P$HP&F‘@%’%¢$I TGF-J3 | transfected cells 6 weeks after

i nj ect ifggys} 8D.5AX hkh hlfy dudfab@iared bhe rég2@ ate@ Bdlink cartila@@is sBbwn BPARE
nadﬁfTﬁcap?on. The ggg?(éﬁ t?ansfected cells ?;jected into the tendon
appear stagningblagk &7%dund t han t he endogenous tendon cells. Fibrous collagen

Lo IR0 55, MRy S BACHI. BOd S B Re fT v
cel | s. was fibrous collagen.
[0047]  Fig. 6 shows plasmid map of pmTPI.
j0048]  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.
[0851]  7C. Cross-sectional view of the tendon pictured in 7A.
[0052])  7D. Cross-sectional view of the tendon pictured in 7B.
[0653]  Figs. 8A-8F show microscopic findings of regenerated tissue in rabbit achilles tendon
( with H&E staining.
" [6054]  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-P1 transfected cells 6 weeks after
injection. 8D. x50 magnification. 8E. x200 magnification. 8F. x600 magnification. The TGF-B1
transfected JceIEs 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_xlarged 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



100561 Figs. 9A-9B show m croscopic findings of regenerated ti sggi®idrohnRedpit
achilles tendon wth H&E staining (A) and i munohi st ochem cal staining (B)
with TGF- 131 anti body. Brown 7 28 March 2007 WD 03/077852 PCTI US03/ 07486

i mrunoper oxi dase reaction product indicates high | evels of reconbi nant
TGF-P1 ex A in the NIH 3T3-TG~-PlI cells. 100571 Fi -oLOF and |
QA -1 OF s o&glpgg%inerati on of cartilage with irradi ated lﬁl&i@‘%&ﬁ -01
fibroblast cells. 100581 Figs. | |IA-H show regeneration of cartilage with
human foreskin fibroblast cells producing TG~ P1. 100591 Figs. 12A-H show
regeneration of cartilage with NIH3T3-TG~- Pl cells in a dog nodel. f 100601
Fi gs. 13A-C show i nmunohi st ochem cal staining of regenerated cartilage with

TG~ . P ' ; -af- I 0] ' Je e ' j br obl ast
cells. l‘ﬁ%’&@‘%}%}% ‘%ﬁ%} %ghéﬁgéwaare{%gﬂel%)‘e%g%l% gﬁregémcar tEEHIGa elo'%\n&?%glgﬁli ure of
human  alied¥idr XY TEE-Blaelth. r econbi nant TGF-P1 protein in rabbits with a

partial -t hi ckness_defect. 10062 igs. 15A-15F show regener at.i of

Car 11| U ¢ UL P AoROA 1 b EreBer o o AAB I BB NINRd o nant
TCF( 31 R8s EflsoidPcM9ds Wi th a partial -thickness defect. DETAILED

DESCRI PTI OF THE T NVENTI ON 100631 As used herein, the term"patient”

i ncl udde0s8k b diigs. d1Ah ehawniregrheritiongeforariilagd with hymabuforesign fitirphlastbelio human
bei ngs. @00.64 used herein, the term"manmmalian host" includes nenbers of
t he aniPAHI"“RE Sﬁg% including but not limted to human beings. 100651 As
used hqoeyop, tHAR. HSAIR ‘sikdW ReheRGitionSof ¢aRiiggeSwit® NIHROPRYIGRLA 0BelRfini S @bt ed
chondrocyte cells without regard to whether they have under gone

dedi f f émagiek-i ation or redifferentiation. It has been observed that after

sever al sa [ it : ' : [ ~ate into
ot her Jg@?t y%Z% , %ﬁcldr} hé@&@ﬁgﬁ%%tg@? @M%%leggf&g%%ﬁﬁﬁgg%e%m? ese cells
may r edilfabdboelntat Diveelks aftahinpdioo of TEH-P 1Rooducing fiprobjasisels.of t he present

i nventi by _."ch rocytes”, a sa e conpr..sing the, origi,nal, startin

Lol Eor a8 O i SEBTABHE ReteneSr Y GGt OF g ohersRaE ,

;:_ont ai r!m&P&&%@Ezﬁm-sﬂ‘ﬁrbteﬁ%%bbﬁﬁﬂitﬂEgﬁiﬁlﬁhi@ﬂ{e@de‘f&t.t hrough the passage of
i me.

[0062]  Figs. 15A-15F show regeneration of cartilage with injection of a mixture of human
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 animatl kingdom including
but not limited to huwman beings.

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

C 100651

chondrocyte cells without regard to whether they have undergone dedifferentiation or

As used herein, the term “chondrocytes” refers to a population of isolated

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 28 March 2007 WO 03/077852 PCT/ QS03/ 07486 100661 As used hergg Markh204Er M
"connective tissue" is any tissue that connects and supports other tissues
or organs, and includes but is not limted to a liganent, a cartilage, a
tendon, a bone, and a synovium of a mammalian host. 10067) As used herein,
the term "wgReesEdve tissue cell” or "cell of a connectiyegr ;UE f6 | nclude
cells that are found in the connective tissue, such as fibro sts,

cartilage cells (chondrocytes), and bone cells (osteoblasts/ osteocytes),
whi ch secrete coll agenous extracellular matrix, as well as fat cells

(adi pocytes) and snooth nmuscle cells. Preferably, the connective tissue
cells are fibroblasts, cartilage cells, and bone cells. Mre preferably, the
connec ti iC ndr ocyt es
are al ?MQHEI g@gg &%4 %@{eﬁ? %’%&?]g%g%sﬁf zgéhf H%sjtagt aﬁ@%\%ﬁ%ﬁ%ﬁp an be
practi othek tiskitel oaorgmsedxdam:tlucles butd$ nat dimited ta a/kigamest aeantiéigk,s tersion, at®he, as cel | s
of a single t Is als ecogni zed that the tissue cells may be treated
such agﬂ%ﬂ"%ﬁ@mé ag‘?m? ﬁa#i on so that the cells stably express the gene
of int @oest. Pkaised haby, THeFtefh "cdihedtioe akbug, cellner CodN6L hicometiiastidueel | does
not cause .a negative immune response, when injected |nto t he, host orgam sm

| t i s tninde el dhat rare fgpdodie s connsetive Hssye, b%wlasaédﬁbrﬁ kestsscartilaggr gellsas wel |
auté%ﬂﬂ&!ﬁesﬁ hd BorleQkell$ @sleotTRAY Bitestyts)) Which%éé%@ﬂé cenag%mi@%macemh&r therapy.

100681 As uséd herein, "connective tissue cell |line" includes a plurality of
connec mialrix, o3 wslleas fatedells (aslmogytpﬁatamgm%rﬁwkmﬁhn Prederably, thelcpmnedi@®691 As

used hGLGL Bens a@@rbﬁ%’t&c Qﬁrhfag arnﬁfbgﬁesc 19 Mﬁ?e alﬁgfr%%%@;é{r}%é?:?ﬁdemqm vering

the j ol nt ~ sur exanp e only, age 1 ncludes, but
r(?Ot e¢lisnare echopdrpeyde tcue}!:a,l I mferabh/r tthe a;gmdramms aare calogérierg esllsatd wikb e

rei c ne _cart il
sel f-r é%%%ﬂ‘%“g%“?&ed%% péarcgf%éo“rlllgh 4 mEN C‘f)lrtu 5V|°8°°§m§‘$w\é\?%su?r8€§h§nt wth
| ess f wielltas Gdlls o[‘b{ailngllaeypéarlttlshhgeecég)md tiea ee tisgbuettells inBebsaemked sheli atbyor anong
joints varies in_thicknes cell nsi t trix corrp03| ti o and chani cal
pr oper Fhe ;Pétmq‘%tt"&l%‘?s‘ﬁ? I‘F@e%ll?est%’ %/SSstga ¢ geeuentsist ﬂ’Eﬁf‘?frif me of the
functi eRgeiy hu@&,meme ?iﬁéub Icag eoas 64 éaqee a%g@meslhﬂﬂn@tr&;pam Séheh ﬁh &RIFPT essi on,
resilience, an exceptional ability to distribute weight Ioads ability to

mi ni ni o Hhedkstoraanism. B jis undpisteet thakdllogensis, celiymayybased ﬁmgatdsgsweﬂmonl
G ossl y.3 mt}'céﬁsoéoP&éuC:g Med é He&syri;ﬁ{o&ﬂa'négéh @F}Q rs as aslick, firm

surface t resists tion he extrac matri x of the cartil age
conpri {68L houﬁdm@h@@'n 'bmnebta&@ﬁssuebieb(hde'\/mslgééssa plhxyh!prhﬁwbmevté@sﬁsm or

nerves w@r}m%ng ggr%}ga Qxhﬂéar%ﬁt%?ﬁ ed structure that nmintains
[0069]  As used herein, "hyaline cartilage” refers to the connective tissue covering the joint

surface. By way of example only, hyaline cartilage includes, but is not limited to, articular
cartilage, costal cartilage, and nose cartilage.

C [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 ameng 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 nteracti on between chondrocytes and the matrix serves to mai nt 88 Mdrog 2007
structure and function of 9 28 March 2007 WD 03/077852 PCT/ US03/ 07486 t he
hyal i ne cartilage, while maintaining a | ow |l evel of metabolic activity. The
reference O Driscoll, J. Bone Joint Surg., 80A: 1795-1812, 1998 descri bes

the structy unction of hyaline cartilage in detai
|ncorporat eg ﬁ@?’glzl;l by reference inits entirety. (0072) Pkg use@%}erel n, the

"transformng growmh factor-4 (TG--f3) superfam|ly" enconpasses a group of
structurally related proteins, which affect a wide range of differentiation
processes during enbryoni c devel opnent. The fam |y includes, Millerian
I nhi biti ng substance (MS), which is required for nornmal nale sex

devel o el et - , : -1990).... Dr '

decapen ap egl c‘%‘% gv'hlelﬁem%l'rl%l 151?? £ qéﬁilgﬁftggj’?%abﬁh%eagg%g? ngrggrgﬁebgentral

axi s fQ@Dmstdlloh Bone Joint ﬁhxggéi@ésil@iamlﬂhw%rm«gpribad ﬂidiskkeiux(eFﬁadg’mtctipn ef al.

Nat ur e, 5: .1 he. Xeno ne pr whi ch | ocal i zes to
the v edui BiaEe iy il bhichatpebarai ferst kg rftetos B ety 1957) -t he

acti vi negfa)asosy Red ahem,h 86 h%xsﬁhﬁiﬂﬁY%ro“ﬂ?S facfeR/FTYTGE-f3 JuStefmB4 _
1986), which can induce the formation of nesoderm and anterior structures in
Xenopusneqrpagsss 2 g(ovp gfsasturally related prosins, whish affect a mgdoiangeefdliferentishere

nor pho t c eogenln

OoP-1) ﬁ& %%# cgﬁfn %ngrlb%gm&d”ﬁ‘%r?g@gmgxgr [Th? ;farélﬁlé{rll;al%gohe Uﬁ%r rran@b g(s ébsm%‘lf

al ., J.(MBB)p Iwhxcﬁihemqmrﬂﬁﬁr J 1751992750 mama)devéwpmeﬁGBeﬁnmeet 18 ,olslatutes345alrﬁ7

i nflue a varl i ffer atlon ces .n di, ng, adi enesi s,

1y ogendePY); DRl 165 () BheHtodiol SERRGR teahiR P oo SRHAP S

di ffer emﬁmaﬁgnamx(x&pho@nésﬁ}bfﬂntmﬁgﬁalmwgd@u et@t| Natdi; 25531185 T7987)mhe ch :c s )
at e erein refe ntire 0073 roteins of the

Ter. (3 %?P‘Fsy{}&ﬂegef‘%l’ rugt) ¥ @ﬁmﬁw el %f?faefl é&(‘@gﬁ» e Ardeth n, which

SUbseqLﬁrﬁdl}%Vn@SW?ﬂﬁ%c@ﬁﬁiﬁ@is 'eFaIC|B3@dh&ﬂeBi% hyR. RéUEbRImuAT, 193519570964%' dues

appr oxi mat elp% 40 amno acids fromthe C-termnus. The C-term nal

regi onst9§6), @hp%mém@e @rreat@nlof sepasiermy and anierippstaichisesin ékepepys gmbives ent
faml h
am |y d g?‘;&h%ﬂ;ls?t 63: @@5:1% | e b@hél&mbﬂ% enéﬁLb\APx‘o ﬁost?vﬁﬁ’gdsu&?aé e

ext ent om) ogy. A the honol og articul ar
subgr ouBMPr2a3gd, by émnﬁd%qstwm é?ﬂ-hbWh@hGa@enfhleﬂde noelewantrla,ge anfhdohonol ogi es

bet bg I : ly 20%
D Ve o UARE ' oL 3L b4, \OBRCTR hplP RO AT Y, 20
di ner dhfigenter a1 vatietyl rafgiéfifdrentiafi@r procsseaf ihdhiling asdipogenssish ehgodehis, have

Do A gk pROTRSUEE 15 SRECL S RS RS 9 Vb
Nat ur e, CelP49:43791987), which is incorporated herein by reference in its entirety.
[0073] The proteins of the TGF-f family are initially synthesized as a large precursor
protein, which subsequently undergoes proteolytic cleavage at a cluster of basic residues
Q 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 TG~-(3's (Cheifetz, et al., Cell, 48:409, 1987), 298t8tpRd0o®er s
have al so been 10 28 March 2007 WD 03/077852 PCTI US03/ 07486 detected, and
t hese appear to have different biological properties than the respective
honodi mers. 100741 Menbers of the superfamly of TG--p genes include

TG 133, Keboderss2 G- 04 (chicken), TG (il, TG-j35 (Xep &%

BMP-4, Drosophila DPP, BWMP-5, BMP-6, Vgrl, CP-I/BNP— oso fa 60A
GDF- 1, Xenopus Vgf, BMP-3, Inhibin-PA, |nlubin-13B, | nhi bi n- o; and MS.
These genes are di scussed in Massague, Ann. Rev. Biochem 67:753-791, 1998,
which is incorporated herein by reference in its entirety. 100751
Preferably, the nmenber of the superfamly of TG~ 0 genes is TGF-j)3. Mre C

? pref s ardal T BWP- 4,
enp. 5, SR b Shelt iBta 8 A hiffeenl ol biepitts Mo oRlfEete |
por ci nhurﬂ'ﬁng::i Still nore preferably, the nmenber is human or porC| ne

-;I)-(C);r: cfﬁé"?‘{ﬁ:@&%?" Ef’fgg: effé‘%‘/g l?épt&'ﬁrgegﬁflg’&@’gﬁﬂéﬁen@%ﬁ ﬁ?’hﬁgﬁ s a gene

Berfiug gictaeb T&F%Pﬁ%ﬁﬁ?ﬂ yeéw 1 haNp st @L%ﬁm PPl BAE. ?EBMi’té oduced

causes the cel press an altefed phenotype  such
nmor phovVedi, mI-I/BNH’ﬂEf@romzlaJﬁOApGD&nl Nengmas tV gf, BMPrullnl;abmH#qllahxbmFBB)f cells
t hat ex%r ess a fected roduct [ o %o t he sane

an eved b
cells & sbe‘bﬁnﬁf‘dg[e( f e 8 cﬁsse@@hfgﬁis%\e ‘Xﬂ'?a B‘°§IEF€h Melhavi ng- an

enzynaiggy, ﬁrﬁifch‘i@xh%r%d?ﬂ&dﬁé?é?ﬁsf feférbive o A GErd an ant| bi otic or ot her drug.
Exanpl es of sel ectable markers include, but are not linmted to, thynidine

k| naseloﬂaﬂhydl’vfmléx,ethpem@mb@s@f thenswpstfhmidn S dEGE o gprtest is aRSF-@r ddere whi ch

ooy CPRIRY BTBERer 1O Ry gD e bR Ao P PUEEBVEA N quani ne

phosph&r BBy E&e?«nﬁ&)er @%ﬁrabtﬁﬁmu( FneRibRg ke huRid beipdrcilRaTGPPS S G edodene fir st
three enzymatic activities of tie novo uridine biosynthesis - carbanyl

phosph alte&r@}m tireonemleer lsetmpun eapascing AREH; BEHI2 9eT@Rd3 dMogtiprofsrablyathe) |
adenosj ne m M nase  a gG%s rag| ne synt hetase (Sanbrook et al. Ml ecul ar
d oni n &fa{% TPy E PUEgY I'ncorporated herein by reference inits

enti re]mqllouaaemm eiélebtelslemrkeﬁ' 1'r'1¢1ndmatgenié'prGMt fhet inenpraeditgneaeilof  DNA
t hat i actlve and ntr eﬁﬁé}l scrqgﬁ nin.an eucaryo ell. The

pr onot &t §aRly 5‘?"5%‘{‘9! otndy CHH B R RIESy A 8 tﬁ?&@i?‘%’fﬂec cell's.
Pref er akh¥s nfok’;ﬂngmp&@&fohﬁanaﬁ,tdr\Aﬂ ehiynmmhh@n IsoBdtiof of déNe thidt expRésela MY be

transfected gene is achieved by introduction into the same cells a second gene that encodes a
selectable marker, such as one having an enzymatic activity that confers resistance to an
antibiotic or other drug. Examples of selectable markers include, but are not limited to,
thymidine kinase, dihydrofelate reductase, aminoglycoside phosphotransferase, which confers
- resistance to aminoglycoside antibiotics such as kanamycin, neomycin and geneticin,
C | hygromycin B phosphotransferase, xanthine-guanine phosphoribosyl transferase, CAD (a single
protein that possesses the first three enzymatic activities of de novo uridine biosynthesis -
carbamyl phosphate synthetase, 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 s inducible by an external stimulus. More preferably, the promoter is inducible by
11



constitutively expressed or inducible. Preferably, the pronoter28§ ®arch 2007

I nduci ble. Preferably, the pronoter is inducible by an external stimulus.
More preferably, the pronoter is inducible by 11 28 March 2007 WO
031077852 PCTI US03/ 07486 hornones or metals. Still nore preferably, the
pronoter igoBigsp!l € by heavy netals. Most preferably, Pt(,‘l?‘ﬁls%lmter s a
nmet al | ot hi oneir n gene pronoter. Likew se, "enhancer el enents” which al so
control transcription, can be inserted into the DNA vector construct, and
used with the construct of the present invention to enhance the expression
of the gene of interest. )0078) As used herein, the term"DC chol" neans a
cationic liposone containing cationic cholesterol derivatives. The

"DC- chol *_nol ecul e i nglud i i no. di | engt h
arm CLSBORR S ek SO FERs Bt B mBP (e By oo Bl Mt e
Res, GueRtibly, tht 420R6@r RSDmeQHdhiontiAGER prmotes.e dikevisy, MenhiBEr elombrits’, S

defined as type of cationic |iposoneg, 0 As used herein, the term

" bi ol og\”@ﬁ‘l‘?‘ﬁoﬁ‘gmggm%@@ni FRT RS 18§ ' “’tt%%eﬁ%kéo"ﬁé@r &Eﬁs?"ésa“gt‘ﬁJWI ity to
i nt r oduke cdrditedt bPRE brebdifindBistionto BilRARItRSexpltbdior dTahd gn@6finfeRlsl. - [ 0081) As
used herein, the term"biologically active" in reference to a nucleic acid,

pr ot ei ni®078r ot A psefrhepira the tsFm dBIG-<hat’| Means R ligosger waldinig @Homibi ity of
the nuclifesieRdf iathivakiva TR 5¢-hol® FRRRIE SndiRiey aMefliafy KM rQipOh IdrRh
function elicited by the wild Itq%/rge formof the nucleic acid "or protein.

[ 0082) lepethyspadertaom iwe, atorhe) ané p garbamdyh liokes hord (Gapret al., BiecheinnBioplayscBes ext  of

| i poso I MR s the ability of the introduced DNA to renmain
presen':%?tﬁ'q 'é@éﬁ%ﬁzgwgﬁﬁl]sed in other contexts, it nmeans, the ability of
t ar get e[OTNA t As usedberninptSFsehol” is definbdast sty predfedtiandd liposome.t i ssue so as to

[ rt erapeuti.c effect. [0083). Gene .Thera 184) The present

i nvent i @R&ﬂl sc‘g%gﬂﬁg?’%?kfoteﬁ’%dgpﬁé\?? AT hﬁf‘gﬁb%?a?%? ‘%BP?SE}'EFSy Pty DA

iﬁquenm_eeﬁﬂidyné ﬁih_@&ﬁcetfﬂ;cﬁ&&ll Wm&m{ldr]b&téiﬁfﬁﬂdeh@ﬁ}ghﬁceﬂf the manmal i an hﬁSt'
e ex ViLvQ technl e .Involves  cultyre o ,,t_ar et connectiyve tilssue cells,

'n vi t r 99FHanckented dreiss teriempibioled l¥rpcRve” imprghcrencede @ ngeleis pridy PIABI ver y

vehi cl ep@icin fdeBleBBér deRbARive Beré NN @by B i £5IMG of Bl ruclefdctdAAhiRY acid

transpl antati on of the nodified connective tissue cells to the target joint
of the FRERERET lodpTiea knowndjolggicl fugdtipn glicited, by, the avildtypedonn ghtbe puglsie aggdne
product ogf ikt erest. [0085) It is to be understood that while it is possible

t hat substances such as a scaffol ding or )
[0082] As used herein, the term "maintenance”, when used in the context of liposome

delivery, denotes the ability of the introduced DNA to remain present in the cell. When used in
other contexts, it means the ability of targeted DNA to remain present in the targeted cell or
tissue so as to impart a therapeutic effect.
{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 inpl anigsiarageddrer
In the gene therapy protocol of the present invention, it is preferred that
such scaffolding or tissue not be included in the injection systemof the
invention. In a preferred enbodinent, in cell-nediated gene therapy 12 28
March 20074y 0 ¥)Rsk, 077852 PCTI USO31 07486 or somatic cell jBeraR¥mskhe

i nvention 1s directed to a sinple nethod of injecting a population of
transfected or transduced connective tissue cells to the joint space so that
t he exogenous TG superfam |y protein is expressed in the joint space.
[0086) As an alternative to the in vitro mani pul ation of chondrocyte cells,
the gene encoding the product of interest is introduced into |iposones and
i njecte [ ' t. e | QLnt, ere . |,i mes fuse with
the- coftrietielc s Heizph heiffeaor B eptd 4 bl meg973ubARe " RBRARERS, 01 "t he
gene ptragficted ve loangheeg comnectiee ffShe fals3o pler panspage s BB e dkoganusa@dFt i onal
alternative to the.n vitra ni.pul ati on of connective tissue cells, the
gene eﬁE’SB‘?’ﬁ@YPfﬂ Fmedd?q]%ﬁ?lgysé’gfe'i s introduced into the area of the

j oi nt  peseRk edsRhlAiterTdlive toGhe akasto BAipalatiar of hbikir6\@llk,i tegdnt sfidedingel |
resulting in an_in vivo gene expression of the gene product belonging to

g .
t he TahePrafygiatinterst {5 nagysuhiniolipotames pydinifsted diedl vt dbg arerpidhedivhect i ve
ti ssuewflisMAGosch HR I thdERHEROE isshO bdlls, RREH ih GR%A ATb SRAPRkpreGRni Nitial |y
generating.a reconbinant viral or plasmd vector which contains a DNA
sequencihe pasgrodycthbelongingtotho TGBifloluperfanzilyl y active fragnent thereof. This

reconbj vector..i.s then used.to. infect .or .transfect.a. popul.atjon of in
vitro @['}??{Jr eS8 ﬁ%dé%(’tn?\féte?’iagg%tg thedp Iw[s}f maniRylation § °?‘H‘e%{“’66‘gii‘?&‘?so ©of
connecpéneencalilgshe potwet 6f ingrdshie intdbed intd eseeacd thegoint ¥enakedSBNA. CRkel S are
then transplanted to a target joint space of a pammmalian host, effecting
subseqﬁ%?a%hg‘gﬁ?t&@éﬁeoﬁqnwt‘g% S{fﬁ’ efeRUIBRE a8 pie BEnegFRISIoh ¢TI 2% e j oi nt
space. plodh ®eRhgiig Rfthd ThEpBNrfam@guence of interest is useful in
substantially reducing at |east one deleterious joint pat holégé/ associ at ed

wi th al®88hecOne ex vive BgbodipEseaiiag a cpmpgte tissuedisordep dis¢lpied thypughguiglist he
artisa : i J: , LoiibSah 156ni I .f.reating a
P Pseiredid Qs Siielly ebolrl SCombElah CeaP BRI Lo s coflize

aut ol og®MNA seduemsreocnging acbiein, orthivlogibally astiveofjagmenttherbf. sSThinyecainbipaiie used

w t hout regapd to .the IS at i bi | f.the.cells. 01 M

speci f VAT §/,Ehefl H?eg t?nlﬁf od %a%gfé%eéwghny’%%fl lﬁd’ lté?s&&ltﬁgedé%%&tg‘%ég Re ‘”é’g%am e of
encodi Rgultingindpipulation éfeotneatied allstagaiging ielveétac t THesdconugxtivé tissub yellsor  a

bi ol Og!ar%alhlex t?a%gﬂla\t/n?ed to a target joint space of a mammalian host, effecting subsequent

expression of the protein or protein fragment within the joint space. Expression of this DNA
sequence of interest is useful in substantially reducing at least one deleterious joint pathology
associated with a connective tissue disorder.

C [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 p 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 fragment thereof and a sel ectable marker, or a bizd sgireieR007
active derivative or fragnent thereof. [0091) A further enbodi nent of the
present invention includes enploying as the gene a gene capable of encoding
at | east one of a menber of transformng gromh factor [3 superfamly or a
13 28 Mar olgod98hss WO 03/ 077852 PCTI US03/ 07486 bi ol ogi cal lpyragbdosgssderi vative
or fragnent thereof, and enploying as the DNA plasm d vector any DNA

pl asm d vector known to one of ordinary skill in the art capable of stable
mai ntenance wthin the targeted cell or tissue upon delivery, regardl ess of
the met hod of delivery utilized. 100921 One such nethod is the direct
delivery of the DNA vector nolecule, whether it be a viral or plasm d DNA

vect or . I byl . ' Al I ncl udes
bl oy PRREGHY forivt GerlvAfivd G tiBme Shoredtanh LipitEime BOIrR DTEA BAGB\R001 iy 1TSS
gr owt hDiNgic plasmidswepter kaawnl to one &fi alliogry cskill ip the mitveapabdy ofvstatily mamtenaneegnent

t hereof . 931 ot.her. enbodi pent _of this i.nventi o rovi des. a, met hod for
o qapindne preelel Bo s e Ba T comty s o MR h e Bevenf i e cel | o
a cConnEdZ)Me Dind Skih shélod i8ahd direet dulivern of tHeeDN AB@0} indlecilgSihethBhitberet hod

i ncl udes enpl oyi hg _non-vi ral ans_for introdycing_the gene codjng for the
pr oduc ¥ sl plasimd gyﬁn\é‘ﬁqr \}’é"lW‘n@s othe 2"1’&’4 Rl PE HsYEC i'ri’isd%‘f%‘i?‘, algoningluglest 1od

i ncl ud <ol 0 0P Bncolfpk G gﬁﬁng P igon,
eIectr2%8@%?%SE?§E%E%E%%@53¥%?ER@ ﬁ%ﬁigtfg%@ﬂgggQ?nc ud@§é§ﬁ§f§§?ﬁg as the
gene aswperfamiippcivlegicdllyentvdieriyative pefrigmenbihereof ansf or mi ng growt h factor
super f Ol ! QAR o PRI En ST bYALLYEnOhod FRHIRALGLSS SR gncnd 2
sel ect mafRer or b orogi cal'ly active derivari ve or ?ré@nen Rer eof .
100941 géreodnkeding atppotiuoeinto af lehdtiome iceN @fitai conngtiow itisms famuseddi ttdatingtheret hod

f ori'nt roduc.i n at L eas ne. gene_encodi ng a .product .ipntp at |east one cell
of ' comERG ot qbircrbed HeuREn EnfRERE nitBEn i pieBe S Efte

addi t i eadihg foe teqilodudCintode caripdtivy itisge ke biofd spgtificdlly s mdthodUihtludesiang a
virus to deliver the DNA vector .nolecule . to the target cell _or tissue.

Pr ef er ABpspme; qgapsyiptions cRleium PROSRRAS. SoPFegipitatiae elj@tm%tlﬂwr#%%@ﬁﬂm ered
such t haluatibe MASMERNds’ dhsplbfing a9 BereNd YeneObapdBlei dfCéntodifgl aSihakb& of

mai nt enance within the target cell, but not retaining an ability to

repl i cémesforginggrowthrfacteruparfamilyjor bigjogicaliy edive gerivatiye &rfeagmentthereqfetie i s
furt her, DRG] oM olb gmcmeﬁvﬂ%_ommngm%ﬁuch that the viral

genome acts as a DNA vector nol ecul e which contains the heterol ogous gene

of int 40094} t dnbthersmhrodiaent ofithistinyentioreprodiderean aslditiond methoddorintrodel A

'5;?; ! 1P $haliBHAYeAP Bhcolfngd'Frobitt BHb 'aP feabtor® IR 'dRU cdhhedifl likite! 3wl 11 10 @
treating the mammalian host. This additional method includes employing the biologic means of
utilizing a virus to deliver the DNA vector molecule to the target cell or tissue. Preferably, the
virus is a pseudo-virus, the genome having been altered such that the pseudovirus is capable only

C 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-P 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, 2 DNA sequence of interest encoding a functional TGF-P 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~ (i gene to the connective ti smi®apth 2007
manmmal i an host through wuse of a retroviral vector with the ex vivo .

techni que disclosed within this specification. In other words, a DNA
sequence of interest encoding a functional TGF-p protein or protein fragnment
I's subcl ogpQspike a retroviral vector of choice, the regpiRishRissvi ral
vector is then grown to adequate titer and used to infect in vitro cultured
connective tissue cells, and the transduced 14 28 March 2007 WD 03/077852
PCTI US03/ 07456 connective tissue cells, preferably autografted cells, are
transplanted into the joint of interest, preferably by intra-articular

I njection. [0096] Another preferred nethod of the present invention involves

di O Lo del | ) ¢ ami nect i
TSt ool LA By i B0 A BP U I o BROEE |V
adeno- psfaablpbeibtre-arti¢slaf ibjeufionsect or or her pes-sinplex virus (HSV) vector.

In oth rds, seguenc I nt erest encodi.n functional TGF-1i
prot ei i@\ﬁj pr d’t"@&‘ﬁg’\'ﬁeﬁ@‘ﬂ%‘ﬁ?’oﬁ? gpé‘ﬁ _15’5?88“ &y e?thqnomi’ﬂggrc@fﬁéﬁ 1Y é‘glg‘fefya&:v ect or.
The TGE-TrE SRithhildgdbk idthe E6ifleBtivel tisie ¥R masirRIMAn host AEERIALE of dithef arANd

directed | n_?o the jornt space, preferably by intra-articular injection.
100971 afignoxises Yeptor, adenotdsengiatad vimgs 4A.AVY yeqsdr of herpas-pipiptaxuiinis f(dRY hyestang t he
gene of _interest | he ] oi - ] Lon_of . the recipient
COI’II’IECIhI‘ \?gl e E({tﬁéa @Wp‘? ssggl’ﬁ%éehoefl;%tee&gf/%ﬁeacég%é gt é{é&ﬁiégﬁﬁt}? @n%rﬁ{emo& 1'é’{er?lonval , in
Vitro Gapinehtii@bclbiicdinb @ed regpactiveatialidcon, TiesTGRIBl cont@inidgantpleaeitk isthert he  DNA
vector containing-fibroblast to pronote stag%g31 expr.essi on of the

het er olSBRYYBLIS 26hate Ster andriirseted into HeoUR]SPRfe: INBHRDELYFRE aRicTIAGReronDNA

lrml _ tmgléa%stgp tfﬁr&@ﬁl%&ti&ﬁmlﬁﬁ%tko\g%fta'mk%o@cul@h&@nthﬁin@tthq R bEHGRest MY 1S not
idit

encapsul ation o nmol ecul e into cationic |iposones,

subcl omhenigint esult\i tasfisetivaeofdhe Festpisnt sennpstiva tisaueraslls ped hence byeasses thevect or
or the diEect B ' 'ﬂ%‘ﬁraﬂ&l&ﬁ | &4dchise!ak et | Q4 The DNA
nol eculrgd, r e%rgrozlr%gés‘)agp e ﬁ’teo %Jgt?rr}l f pr efsbg’nt&étc%%rﬁ 3%84’ e{ﬁh% tkdr;}g)elhﬁ%?n e, S

pr ef er N4 ertes eontaning§bmbabtAlovprotmote stalile expressioni efhtbe beterologous ghienaht vi r al
DNA vecttor nol ecul e or a reconbi nant DNA plasm d vector nol ecul e.
Expresé?(e)’i‘elﬁbf t he heterol ogous gene of interest is ensured by inserting a
pr onot §e0Y8] agveihods af prcvanting) the INA yadleaulecte Ithestarget emnédfive fistue @fthegdint he

codi ng.regjo f, the,. heterol ogou ene. of .ordinary skill in the art
may ut i“i“i? ’nlﬂlg\% n@t%‘ﬁ‘?@g{"e@%%ﬁﬁtg’eh i'ﬂ?cj)@z“bfn(\}%[golf‘%céﬁ’%lfd@f’?‘lﬁ?ﬁt 0

ensur e saipfiénR the DA Rutdnse 6f infisl naTewsviaLirytagiid vectd®, @ithé direef injedorDNA

nol ecul e jnto the connegtive tissue
of the DNA molecule itself into the joint. The DNA molecule, regardless of the form of

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
C active in eukaryotic cells directly upstream of the coding region of the heterologous gene. One
- of erdinary 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
15



10099] In a preferred enbodi ment, chondrocytes recovered from tigeMiaree200Fi nt
are cultured in vitro for subsequent utilization as a delivery systemfor
gene therapy. It will be apparent that Applicants are not limted to the
use of the specific connective tissue disclosed. It would be possible to
utilize otwelsbigsue sources for in vitro culture techni gugpsosksmemet hod of
using the gene of this invention may be enpl oyed both prophylactically and
in the therapeutic treatnent of arthritis. It will also be apparent that
Applicants are not |limted to prophylactic or therapeutic 15 28 March 2007
WD 03/ 077852 PCTI US03/ 07486 applications in treating only the knee joint. It
woul d be possible to utilize the present invention either prophylactically
or the . t | S S . | .0l : 1001 In
anot hesorciiont ushabf ol Bt Lot ol Rl bE Rl RIS TRILME pleflf veriSh

adm ni &tlreapnophylmcalbr op dicrapaitically @ treatoqothyitisintang ascgptible joiner apeuti cal |y
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i ncl udi ng |ntro u0|ng the gene into the cell in vitro. This nmethod al so

i ncl udsene egeadinedUEHE P yunerfamiy protain Ryl & Switable phasmacsutical ¢arfigt 0 t he nammal ian
host.  fggh 1)l Gl ﬁﬁsg&a@eg 8" this® L ﬁﬁfohnglcw@s HeARR %ﬁtésnﬂe bl

connec |ve ti Ssue ce ore the transplanting of the in ecte cel
i nt o t teseriadnintiuding Hotsdducisg dhd gepet into the apslifisctied Chin ecthiod aaldoi mekdescel | . |t

connec Py BRBHECTRREIRE ity REod il i e bRt oy Thssboliod BUBE er | gui o

ni t +-ogeffectinf the tripifbailg onNthe Udﬁ&ct&mnisﬁl;elcﬂnl bat befdré te tiaﬂsplamubgbwlé irﬁédtqd prevent

dev opnent of arthritis in a ost .having a h|
suscepf‘?L DL 5% GParmrBg R GRS o hEn (e PeToR8) O9Reco THE S0 FI(P! t hi s
i nvent ksiiedidtéd byl @osé skiRédRdthefart that e usfested %nnle&%ths&fbecellglﬁﬁbebélgm ng a
product into at |east one cell of a ca nectlvg ti ssue of a mammual i an host

for us&ozenring0enereentyDMRO it PifiResRo sk @ether dndisies ereloyas armges foncl udi ng
ef f ect LB ahifally! pRvENCE rkfe%l'bjnﬁéht &f abth@isCel la BandntilP iosi Mavikde highal vector

contai ning the gene coding for the product directly into the mammalian

host . Fﬁ@ﬂé@ﬁﬂ!?ﬂkvﬁpmnmﬁi & i ncl udes effecting the direct introduction
into t im&Y of 9 fvéfibh ithEs b Rlefick oP fhtrolfticky 4F3LAPGh Nl udes
enpl oy g the netho to substantially prevent a devel opne arthritis in
a nanmgencmctiing a pradichipteatidagtonsiesit efr edmnedtivg tissue Oﬂzememaphmcatiohmet is. This

o "k B g i R BB A Akl hony BUTRLIGL 1o

to of the cell by iniroducing the viral vector containing the gene coding for the product directly into

the mammalian host. Preferably, this method includes effecting the direct introduction into the
mammalian host by intra-articular injection. This method includes employing the method to
C 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-P 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 defigmdrcH S507031
It will be appreciated by those skilled in the art, that the viral vectors
enploying a |iposone are not limted by cell division as is required for
the retroviruses to effect infection and integration of connective tissue

cell's. Thiwo¥shssg enpl oyi ng non-viral neans as herei nbebpigsofipsss | bed
I ncl udes enpl oyi ng as the gene a gene capabl e of encodi ng a nenber bel ongi ng

to the TGP superfam |y and a sel ectabl e narker gene, such as an
antibiotic resistance gene. 16 28 March 2007 WD 03/077852 PCT/1JS03/ 07486
1001041 Anot her enbodi ment of the present invention is delivery of a DNA
sequence encoding a nenber of the TGF-1i superfamly to the connective
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as an exanple, and not as . a |im¢tation to the present invention, a DNA
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organs to target therapeutically. Intravenous and oral routes of drug
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joint. ver, nost of the injected d s in the fqorm.of encapsul aj ed
ot o AU o Comeivy fsspis e SR oprsat o eet Pemasitcally easEies Bt el | on
soms TbIRESET dRkgORKIET th abe/ino®e 4 the Grti prdvade BdbR a6cREN 0 Glidsd Eonhbdtiv Bssdibs a
manual i an_host genes codi ng for protei g]s t hat may be used to treat .the
1

manmal i34 hevsdbe digggdvantagsof iexpasing|the mammalian heghRody systeicallyde ths thasaneutic  or

i ntrodyging M&E%Péé?ﬁ‘canﬁ,%{b%t in#& aticaURjRfior of PGS BNoRRSHrot8RESrePdi Ng for
proteins with anti-arthritic fropertl es. .[001071 In the invention, gene
t her apyacosstoayipint. ddoweyes rastot the injpets daigs &1 the e ofcpurapsylefed prpteingdeyon and

hi gh coas&?.g%qrﬁ&ﬁﬂ nifelife. 2R RESMGhVeRfon  Tves Fhesd Bl%bfea@ﬁs?ﬁxﬁ&hﬁmﬁpﬁ.kd s coul d

survive e than 6 weeks in tissue cultures w thout norp ogl cal
change. thdeonoetive ispeofidmammalidsi Hopttggnes vadio fapraleinothatangyi hersedi théreydhé s wer e

e S By B0 s T Bl o s, 0
| ong e nmmpotiveaissiwecdf afimammadiah bos genes taling fohprowinsvathrulti raghidied prepertise cel | s .
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action and high cost associated with administering TGF-B. 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
C, nutritional supply is adequate for the cells in vivo, the cells could survive and produce TGF-8 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-P determined the type of tissue
formed. In particular, the ratio of cartilage formation to intramembranous bone formation
decreased as the dose was lowered. TGF- is also biphasic in stimulation of primary osteoblasts
and MC3TS3 eells (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
17



1001081 The concentration of transfected cells is an inportant gg zﬂ£hzgﬁ7
| ocal action. In a previous experinent (Joyce et al., supra, 1 t he
dose of TGF-1li determned the type of tissue forned. In particular, the
rati o of cartilage formation to intramenbranous bone formati on decreased as
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i nj cte s.can stinul ate ne carti e.regeneratiaqn two possible
ways. °§§‘Pl?lf?é‘?°“t HiE de aPa"gé%B'@S can 8%@&%6‘ Ipjeen a’%ﬁ@&%m&’rg’ﬁ pr oduce
t he mtDhe &%ﬁﬁ%ﬁb@&eafeh%ﬁveﬁﬁhﬁyﬁwﬁJuaa@_,ofﬁ&gw! et al., J Biol Chem

270: 82 828 1995; Cheifetz et at, Cell, 48:409-415, 1987; Dunont et al.

M Cel | [€0&0] 1@?%@%@9% .injeesprboellesan stimulate hyalige cartilage regegeratign bygs, 1991:
Mettige et at,
Nat ur e, 9‘(8;55) 17537 &%3%}? t ﬁ#@ﬁ%ﬁ%@%é%lé%@%@%ﬁ%aveﬁ%ee? eg;bl mu %?‘gd by

TGF- P TSG¥Fef evepdoripyt theif enﬁtsadame(ﬂrmdemudrﬁlelomenezmszmzdmmgemm&a Because
TGP i t f f Bi,ol Ch
263, 780> Feb A yds opr Sflbu o irou Gt bl (I ET oaT Aottt oilente. The
ot her wRYCdlS67:hes- 795099l amﬁneﬁ@alP Ja@elltBidlogy(F2 6,202 [-20%84) 1994@ ghd Whaha

transfected cells have bound to the TG-- P binding protein (LTBT) at the
ext r ac&t Bl BpturengyQ: 7’% -3¥> 189D althspe dS‘i‘Fﬁ'Q@dméhrhf‘Yq Bere ptapulpted PpalPER ot al .

J Cell Ri-glg b);'ﬁl}ecég %elgflalhlci:%%ﬁére to the damaged area. Because TGF-f is secreted in a
latent form in vivo (Wakefield et al., J Biol Chem, 263, 7646-7654, 1988), the latent TGF-p
needs an activation process. The other way is that the latent TGF-P or the TGF-p secreted from

(v"; 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-p 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-P 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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[00111) Whatever the nechanismof action is, the finding of hy lbﬂ h 2007
cartilage synthesis indicates that a long duration of high T 8Marc
concentration can stinulate hyaline cartilage regeneration. The vehicle for
| ocal high concentration may not be the critical factor for |ocal
stimulatiqp, but theoretically, the cartilage cell may be the nost suitable
vehicle f YO8 ™%2ring TGF-P to damaged areas of the cab¢TP3e788r i t t ber g
et al., New Engl J Med 331:889-895, 1994). The collagen bilayer matrix is
anot her possible vehicle for local distribution of transfected cells
(Frenkel et al., J Bone J Surg (Br) 79-B:831-836, 1997). 18 28 March 2007
WO 03/ 077852 PCT/ US03/ 07486 1001121 The properties of newly forned tissue
were determned by a histological nethod. In H&E staining, the newy forned

ti ssuclOfti2l d‘éhan@mmqs@fgawdmrﬁ@swm(r rierained; Hy adstglpgieal mthod. fin eval uat e
the pr t

Saf ranfl:in 6&4 !?E%sen ??O'S&Egﬁgm\]‘%ﬁﬁt lcfkrlrg}g3 Sé%&ﬁlgg@é]gg{n 9‘%‘&?&@ ‘?ﬁ g‘(’:"'g itrast to
t he whTe evahgtt@theqimﬁﬂdwsoafsne“d}ofdrmgdz tissuehtheieohey Wepe mmﬂedl wdthuBafenmi-@ed red,
suggestj ng,that it is. hyali I 13 Th ells in the
conpl e bﬁ%rggéé’é' JP@E)‘é gg%@@'sfz’l Lﬁgﬁsﬁ'&ﬁwﬁ?@%ﬁ they 1\” grﬁf‘?’i’@

ost eobéglifensthe QH!IS! fﬂf&)édmi@éue bRined REgpdstingihat ief hlyﬂﬁ:eu&alagé (Hig&)ost eoi d

matri x_barrier GF-4 stimulation. Instead of stimulati ng surroundi ng

cel | s, OPRBIN| ﬂl%?sllsret f{lewoe’@lete}y depagesh cesg  produger piibraus collaesgen Thy
aut oCr LRRumdihddkedbla@it cellBaf At haveREn SR REd betal¥e bEhS bitbdid Ak bal¥er POt h

autocrine and paracrine actlivation increases the |i1kelihood of treatnent of
degenetoaTGh-@ stamtddtiont |bst¢adt of Sthmﬂﬂlmecﬁ}ltfemdmmcellh,aﬂle I‘HHeB\T?sTGBW eellansf ect ed

wth TG-13 reSS| nstructs nes sta

trgnsf %’é’f‘%cﬁé \%}e 9(’6 fegLies Srtllmuéglgflr ﬁi‘f g‘ﬁpti'u ile ?}* SVETE ﬁt‘mblé%gons and
knee | by bots auﬂitt&xecaaﬂ Ipaiamn&&cwandmmrefasds rmﬁkmhbdmenamm biddgenviiveand t he
conpl etel y dama i | age area. the cell lines produce hyaline

d t
carti | el Fﬁ’“f‘ﬁg‘? s thet Rave, W&@@BIYéPP$feﬁ?daW1%£9F Bl ggeresstPRECORERBEN| sm of
stimul gy btmeawz &%@b %%@@&Mtﬂemﬂpﬁ%i sio g%hmceswgm jhhat gene
wth a nenber of the

t herap 13 supe enes is a new treatnent
met hodtehdoms hapd| knge joiatst i [Thgeell djnes yroduto fideous waéagenvxe rthe rtendon dandsthabl e

fibrobl ast NI T3 T 3 a Q%na‘rﬂ f k a T PL) cell
l'ine bya}%rlg%}gf ?‘%e% a%a:g]e %eaexg‘?‘gsm on"@g‘?\s eé mdu&e%&l@ne %&I‘l‘ g pf!r!%dum ng
cells pm—nﬂlyadmgehrghﬂaam@gerﬁhe mnchamsmodflsumufﬁm E)Balmmnmemd pirag@imei N Vi VO

Iﬁre D O!g@a iof ?%?ata?fc&éqﬁéhg R ngﬁ{} ex%ggso% nI‘éPO -B supe?fnamﬁ\e ote gengsengar ding

a new treatment method for hyaline cartilage injury.

[00115]) The inventors made stable fibroblast (NIH 3T3-TGF-Bl, and human foreskin

fibroblast TGF-p1) cell line by transfecting TGF-B1 expression constructs. These TGF-B-

producing cells maintained high concentration of active TGF-B 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-p
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

. iniratendinous injection. The third question is how the cells stimulate the regeneration of

cartilage within the joint.
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particular, cell-nediated gene therapy is the viability of the S i
vivo. Even though TGF-3 can suppress the imune cells in vitrofz‘gb}{%chgwg
may not be able to survive in the tissue of other species with highly
effective i Mmune surveillance systens. Secondly, the optimum concentration
for gene eﬁp(f%z)zjmgn in vivo should be evaluated. W injected the cells into
rabbit ach9{ tndon in three different concentrationFGHEUSIHEHRE this
guestion. The concentration of intraarticular injection to be used was
determned fromthe optimal concentration for intratendinous injection. The
third question is how the cells stinmulate the regeneration of «cartil age
within the joint. 19 28 March 2007 WD 03/077852 PCTI US03107486 There are

t f action far the ipject |l 5. is. th tivat, f
Sur r ourtirgre Bra aSdks oY auiahdt e FsTee 4y oPie M oAb o e | oo
AM 253 Abretd BFGEB Y pard&iie)activilion)t (B8 def, B8 Am| @53@! f32agdol 1/;1;@%1 Qnd h3eiteer i ne

activation). The concentration of cells nmay affect the pathways, but the

sur r ourislpeiactivation ¢mnecnine petivation)t ke pansentialipno of eelis nfay affest thegpathways, but

determ ' . , gpﬂi | O fiuid Jnterior
of a l idgg%%r‘g%tqn%ége%g%ﬂt@ggﬁ tlhg&\'\;n ro rrgn tg&ftég 1}()F]éehr'3 n‘%tégg mgtl?ogoé ?ﬁ%’bl Y,
nutritimakl Istppicylanjotht flnid andrtbe ingerioe bf & ligahiwat treaws fdéffdramd envdtohments e -
i njected intq.t different environments ta find o t he e of action o
e cortrus Sl wpaly Suffipl Sbgy 30 purubfla s °ithe spftcedts were

TGF- ( 3-iipéedinttiweahiferbitehvigoanicats 16 fihd) oftahk Rodd SRREGS oftAEl cellsO THE 6R4IRI N t he

node of action in vivo. [001171 Therapeutic Conposition [001181 The_ present
i nvent i RyEPose pithis stody wag tq evaligle Tk Barsdinted gene thgragy fgsonthppedicalissases aait | t he

inventitgwgp&gﬂ&gbr%gn bPYi ng a gene product that is a menber of the
g

t ransf orm ng rowh tactor (3 superfamly, or a biologically active
der i vati@0ETbr Fheagpestic Compositibn or a biol ogically active derivative or

fragne I?r f. The.TGE.P super ) tein i adm.ni st ered i,
cony undPPBAT i e rrsrianyenuce RIS Bt RuBishlth 8 ouBibOedtll Bl g
al | ogeneventied method Gydlades eftpboyliga Geysr ploduat tha)is hemadbérnofsthe tadsforming
si mul taneoysly with the cells, qr .Ciaﬁ} may b% adm ni stered beforge or after
t he adrffAM T én HRLY, | # dlologicatly Active, Frl‘l‘@_tllf%u"f iff%@r’t@ “Ped¥ntrat ed at
the sitigoebicditye aiVR NHeriva® el 19 1rhdinadn ahdisss, ereodiGrept s@iferfaliily proMaNGE ON, a
conpound for parenteral adm nistration to a patient in a prophylactically
or t heragpauistered:|ih yeonfubetiani with aepuaetive disgye owellglesich tast choodioaytess iacluding GF- (3
super f amol s R R SkyAI I TSE b 3PS RAPHERG R slerY stk Slsty with the celis,
' or it may be administered before or after the administration of the cells, so long as the cartilage is
regenerated at the stte of treatment.
[00119) In ancther embodiment of this invention, a compound for parenteral administration to
a patient in a prophylactically or therapeutically effective amount is i)rovided that contains a
C} TGF-P superfamily protein and a suitable pharmaceutical carrier.
{00120] In therapeutic applications, the TGF P 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 ot
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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1001201 In therapeutic applications, the TGF (3 protein may be nmu
for localized admnistration, and nay be adm nistered in conj&h@%?%%q&ﬁ?h
connective tissue cells, such as chondrocytes, including allogeneic
chondrocytes. In the invention, the TGF (3 protein may be generally
conbined with a carrier such as a diluent of excipient which may include
filters, YEXP¥HEE?s, binding, wetting agents, disintegraﬂ?gpggﬁﬁﬁéce-active
agents, erodable polyners or |lubricants, depending on the nature of the
node of adm nistration and dosage forns. Typical dosage forns include,
powders, |iquid preparations including suspensions, enulsions and

sol utions, granules, and capsules. 20 28 March 2007 WD 03/077852

PCT/ US03/ 07486 1001211 The TGF 13 protein of the present invention may al so
be coniéPrdd wWhen TEF Bhproteire eofit the apresent deveptier Ineyc alse jher cérabineddithi ot r at i on
L B SHRRRRLATRES Bl SUhLAR) Co ARG oH! LG Ea T bBbRs AR 1Y O

cati o & ng, no dto

di ol eyphanygcputivaly tarridis arenyr varietyedingatienivdipids) inclobihgr butl @of Dokéd o HNH(dl-2,3-

di ol eoyl phophoti dyl ethanpol am ne E ' s are, al so, syi t.ahle

car r1 pelerigppE Fans snstsbaronot cotpide SPOTRED” e fiofeonpnoshotid:

sui t abligarpRfideXDO l.aLi Bifef Sle@RS Sulldle SiriQO kof TRY TP PrbiinHolchiffes |deh P
protein nol ecul es. 1001221 TGF P protein may be m xed with an anmount of a
physi othegrweatidny Anotheptuiiiile careier isar slowrelelise genir, polyneh campasisnther®@GE 1 ut i on or
ot her su#%ﬁbue Liquid. The TGF protein nolecule may also be conbined with
ot her ¥BFPI MY WSS to protect the TGF protein and biol ogical Iy active forns
t her eotooizzfym #ey inGilay Wt thixed W@l ah @a@bnttdTRIphydidlbgicdls REHble Eangdrl i t at e
novenent of the protein or biologically active formthereof across

ti §sueonsiifupateush as perlinsgolytion ar oher suitabls diaenTheoFGE pokein mpleritle sieyiakel udes
stori : ' ] I OTGE BrotdiR ' . ot will
be ap B% e%{{ﬁg)tngeg gp %t éggcgltﬂg ﬁlﬁ#%esgs iph)t%oﬁe arct} ? rhoglt1 t eﬁégyﬁ’{r%glclz% %.tslé’g GEJtn-lhés ue cell
may bethsteof fromfdegradation mntiDthgye reach theibMB@ets ranfl/jor) Gactlitaté moyegment of thes TEEL hod

i ncl ud . L QVi. [ al L t the devel t of
't iRy BodlR bR, AURSE B Bty D 2 bl [ty of devel opt ng
ar t hr i (00323} 10A1@dker Rnbodioentibfithisoimverftion Hacladee storiog dlenpomediye itissugesrelr al | y

k in th t. f . ' Jv.b Rem ngt on’
phar matratre? et b 5 e bR SERR i e SR el PR ™ B

For exfssnt ecll mapbe abed frogen(ih 19 peeat IMBOZA liquidmittogen.| Thisamdtindd inclddes wei ght
per a2 ALY SRS, TSPl SR 5 P T SR B P
\having a high susceptibility of developing arthritis. :

[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

ﬁ QO., 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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t her apeutic response. For exanple, several divided doses may be 1 nj ed
daily or the dose nmmy be proportionally reduced as indicated by?gﬁégﬁibﬁ{
exi genci es of the therapeutic situation. The active conpound may be

adm nistered in a conveni ent manner such as by the oral, intravenous (where
wat er soluble | nt ranmuscul ar, subcutaneous, intra nasal, intradernmal or
supposi t or YOPBIB¥s or inplanting (eg using sl ow rel ease PCOIUSEHITA8 by t he

i ntraperitoneal route or by using cells e.g. nonocytes or dendrite cells
sensitized in vitro and adoptively transferred to the recipient). Depending
on the route of adm nistration, the peptide nmay be required to be coated in
a material to protect it fromthe action of enzynes, acids and ot her natural
conditions which may_ inactivate said ingredients. 21 28 March 2007 WD O
310 7 19123 pEer esml@ﬁwéewimeammwwéﬂheee&aﬁiﬂsmlltaﬂew|ﬂafam foibsalsirayedin y of the

d ng pe i b
pepti dgg. %@M&%{,@% \eh R ﬁkf&v&aﬁg ﬁt?l% tgﬂag A ﬂttﬁégtm&h w act by

enzynes e of e bonds and e stonmach acid

hydr ol peiit dydrolysiss lst@rdeur@ mmesmhdqs@mqﬂm thap parentaea actnhmstrm:leﬂmewdl
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prevent% |?atsted)€¥ackl vart on. For e‘%g rﬁﬁgtobyreve?x 1t?91gltﬂ}a§$n nge%m ggp?gd in an
adj uvamtay bemd&dmmeetzemddjwm @szmnnstmhlvhtht mzymeﬁnhlbitolrs aoiadipesomesAdj uvant s
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i nhi bi tpg g@t eﬂﬁkéﬁd%ley@%%&'xﬁhe&édéﬁﬁl polyéijidiet Gher. éhmepﬁmnbxfsl Hae@&phosphat e

(DEP). an rasyl ol . osones include water-in-oil wat er CGF enul si ons

as wel |papgseatip HyBsin m&wﬂa or, | q“ﬁ%@ﬂ)’é&“m"l’b@?{’b@tﬁ (FER) g@ttrz\;glob dinosemessingiige al so be
200 1 4t Lo GRIPERK hlonh B APRIhRRRGIA posoBiger si ons can al so be

are In glycerol liquid polyethylene glycols, and m xtures thereof and
| n oi | 400126k erTheragtiveacamponndi mapalso ¢k mxag@dm@nwyély arHatsapepitoaprllyat i ons

phar ma e SR A8 oY Brep s i el MEIChI A Ble TG O RPET el L01C T
sol uti and m(uﬁsertﬁxdaat@mlqobcﬁlec)nsoof diosage r anid owrss, almde gireparatienspoowd@n sa f or t he

extenporaneous re 0 sterile |injectable solutions or dispersion.
In al | FEREXRNY ﬁg 'feg %?ﬁg “"gé’fglfcé?or¥aéll SMRd nust be fluid to the extent that
easy suoong]abl’metp}iamabameal forinsBuisdblelfor mjegtable usaiiheludé $terile aqdbiid vhAions

manuf act and stor and nust b re eryed agai nst the contam nating
action ¢ e"ﬁf“@%é‘? TgolR) & sP§ﬁt°Hs Stﬁ'ﬁﬁg éﬁg‘ % CHRTROTARRQYS DEGPATAHPN gLy he g

sol ventsicpile ifljestaste SolffonIRF tisperaan trpdlNdasg, thé ﬁbfm NRIGY sterile MtrRIst befkia ! |

ol yol (for exanple, glycerol ropyl ene col and liquid polyeth Iene
g| y)é0| (e extent thartr%asy sylgmgabﬂlty ex:stg It Pn){xst be stgole):/ under the condlgons 0 man)llx actu¥e

and storage and must be preserved against the contaminating action of microorganisms such as
bacteria and fumngi. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol,
C . 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 monostearete 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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/ and the like), suitable m xtures thereof, and vegetable oils.
fluidity can be |.: maintained, for exanple, by the use of a cagtﬁﬁﬂ'g[‘%ﬁ@?}

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 nicroora%pi§Qf can be brought about by various antibacterial and
ant i fungal WOHRABE2 for exanple, chlorobutanol, phenol, FETHiRIYEsYy,

t heonersal and the like. In many cases, it will be preferable to include

I sotoni c agents, for exanple, sugars or sodiumchloride. Prolonged
absorption of the injectable conmpositions can be brought about by the use in
the conposition of agents del ayi ng absorption, for exanple, alum nium
nonost ear at e andeﬁelatin. [001281 Sterile injectable solutions are prepared
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sterile. injec e solutions, the preferre 0 .preparation are
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sterile-filtered solution thereof. (00129] Wen the peptides aré suitably
pr ot ectmeay besogby edmipisterest durcexample, Hathi apeinerh dvsnh @r Withyanhessiilable yedible

adm ni o f e vin Y Lin&r ' Fix M Lyd.l abl e
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capsul dables, ért itmeay be inpomoratesks dideatlpit withCthet footl eafsthe alieti Fomaspl Ikerapeutiy por at ed
directl .50, f o | et .. . E i I Nd tion,

t he actal}é’\%m%%%{’) g’r?c?ggrr%y&@g&?@c'gé&erlg%f)gé?r@mgﬁnﬁek%(;lpg?gérﬁhg %5%0391@56?8% {’liat he form
of i ngmgestitiié ebleshbwica, tatiets,dedchésabipstlss, elixice hespensvag sytups,, wattrs xant she

suspen i,on SYyrups an

. wafers th l.i ke, .Su compositi o nd..
pr epar eoﬁg"}’s mf??)snf'é‘{ Riepprd %rﬁs%m‘il%wt%iagﬂ as{oﬁa@fi %é)grﬁ%md The
pe(r]I centoafpowid. Thep @@mgl ] bs b{) thtemsmpwitiqme te@cap:?péragms myé, %fcxfo;:&te,htresm;e(bﬁ;ma;i tGﬂ
and nmay convenien e between apou 0. abou 6 of .t he wei ) e
ot i RIS e beREER oL arie AR Qe PRI, e ek TP APt
CONPOSi defi) Sonipduril i RudiifibrapeutivdllyaRbfl S@sREIBONY i lsuchtBatG¥uRkBIE dosal¥ WiIET 1 ed
conpositions or preparations according.to the present invention are
pr epar d§ eRtaipgds Preferred campesiighe Of) RFEPRELNT, aCeRiting e the birseH iardlien @el pg and
2000 nTh&aredGh ithe€ an oral dosage unit form contains between about 0.1 pg and 2000 mg of active

compound.
[00130] The tablets, pills, capsules and the like may also contain the following: A binder such
C as gum tragacanth, acacia, com starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as com 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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conpound. (00130) The tablets, pills, capsules and the like rraétsj\lasohg#b%ai n
the followi ng: A binder such as gumtragacanth, acacia, corn BH

gel atin; excipients such as dical ci um phosphate; a disintegrating agent
such as corn starch, potato starch, alginic acid and the like; a |ubricant
such as W‘ﬁnﬁi‘ﬁi ym stearate; and a sweetening agent such_as sucrose, | actose
or sacchaM h%¥Hy®he added or a flavoring agent such as PePBPRT4¢, oil of
wi ntergreen, or cherry flavoring. Wien the dosage unit formis a capsul e,

it may contain, in addition to materials of the above type, a liquid
carrier. Various other materials may be present as coatings or to otherw se
nodi fy the physical formof the dosage unit. For instance, tablets, pills,
or capsules nay be coated with shellac, sugar, . or both. A syrup or elixir
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for pharmaceutjcal active substances is well known_ in the art, Except

i nsof afontEmpiated. Supplemantasyentiveringrediens cag@lpt bq Geoparaighini thecempgsitiont-he active

' “%Ledlo@i‘ém URSis QScRfl] alivhnfaBEoul N6 BRRIME GalcRIERP ebhb&itonk Sn oS3t &AR! at ed.
Supplenentary active ingredi ents can also be incorporated into the

conposform dereasedfpdmrirdstintion andgiifereti ofidosaga.diesagemiidomn aused herginaefers

par ent gr . | 1] ' ' r %1 e k D tion and
i 1 or By EATGERAL AR e RAARE Wlees KU hhn BESEo Bl BT RIERER. P01
di scr e¢aeh umitt eontainitged @edeterminad yquaddy @f siclior miategalnealonddtedatn prodpecths t o be
treated;. h_uni.t nt ai ni ng. redeterm ned .quantity.of active,materi al
cal cul M?‘gaﬁ?eghﬁce@%%én aa%"giaﬁg‘ﬁ rtﬁf)erﬁfl‘f'f:edegﬁ c"l\(’ﬂcaés%a&?rat 'h8n W th
]E he r e@ébilﬁﬁﬂio_ﬁffafmamugd 1&1&|fomrdfitlﬁl(’jinve'ﬁfi6n ar8 [dixeitddi b;;:am'd ﬂﬁe&tgrdepé]ﬂeﬂﬁbﬁa)ge ﬁni t
or ns the.invention are.qictate . an I rect ependent on a) the
uni que&gﬁ%ﬁ'%ﬁ‘&r‘? teastig Ofﬂ@ aghyq g’épeﬁﬁlt %’git \f Péfﬁﬁl%h‘gﬂga?‘?lf’ drtoder apeut i ¢
ef f ect aduevb® and ¢h) By Blitatidislinhbrkntl i €hd arfTbf @inipotisding $ieh QAtactive hii@ialidr Of
conmpoundi ng such_an active rrgit‘ier [ ﬁl for  the treatnent of disease in living
subj ecths trameRtoivn dixire BRI haing ndisgasedropglir i waish bedilyshealth is
impatred. ,
[00133] The principal active ingredient is compounded for convenient and effective
administration in effective amounts with a suitable pharmaceutically acceptable carrier in dosage
C 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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i mpai red. 1001331 The principal active ingredient is corrpoundedzgcﬂyliarch2007
conveni ent and effective admnistration in effective anounts with a

sui tabl e pharmaceutically acceptable carrier in dosage C unit form A unit
dosage formcan, for exanple, contain the principal active conpound in
anount s ragg m 0.5 pg to about 2000 ng. Expressed i roportions, the
active corrpg‘giu%g)ﬁslgg generally present in fromabout 0.5 gl%}‘?us(g N8 rier. In
the case of conpositions containing supplenentary active ingredients, the
dosages are determ ned by reference to the usual dose and manner of

adm nistration of the said ingredients. 1001341 Delivery Systens 1001351
Various delivery systens are known and can be used to adm nister the
conposi.ti.on of. the invention, e.qg., encapsulation in |iposones,
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part of a retroviral or other vector, etc. Methods of introduction include
but ar eonsnientrguis foppramplobppipfusign op baupinjectren, by abgorptigadleughapibeliahpr ed to
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i ntranasal, epidurat, ‘and oral routes. The conpounds &or conpositions may be
adni ni suieingdertd, together withn vthai biologiveilyesctive ngenisa iydiméniltyatiom tarsbeosystsmidot us

I nj ecti,on orption thraqugh, .epithelial or cocut.aneous |inings (e.g.,
or al n&%&agyrag‘gf‘%ﬂ’ én‘a‘abf ntfeegf’grﬁ‘élf S sog‘fceeg‘g. P aé’ﬁ‘ace?%hv?bcgmpg nf’gt ered

t oget hasomipbsitions lofi éte ihvekiog itallieycenied] inewoampastes bylaiy suitable adute) inohaiingde
system.c or loqcal. Jn addition, it may be desirable to introduce the

phar nacBY F“?‘Eo??ﬂoﬁ‘ﬁ f"@i ‘“Jﬁmﬁog’fr?‘f%%mﬁ? _“Pﬁ“é“’f’ &h ?J?F‘lftﬁf‘g h& cent r al
Ner YoUSnEehtAtIA Yeaftitler, Sfot eRdhe, I MadRd té AGkdeton sudhds’ &Y Ofntal £ Wésdfvornd

I ntlcat hecal injection; intraventricular injection may be facilitated by an

i nt r aveinimenan] admipigiraionggan alsgrbecsmployied, e-&t brupe Al ap ithalep gupehylizer, aadbh as an

Ommaya g&584 %B%ﬁxang%m%@é gfm nistration can also be enployed, e.g., by
use of an 1 nhaler or nebu |z§r, and fornulation with an aerosolizing agent.

100136]100136h dpecspecidicesndimentt it may beayesirabldctoi adatinister the spheirericsutisal t he

h | . | 11 f | | | to th
P ea T reotifs pr GRIRRHAR: s SOMRGPIOHINT tRfiarta 18 b el BEod O 07 1y
way of dchieveddty, fm exhople) andrdati by ovay i limitgtieny igel infosianpdwiag surgeny] topixal on,

e.g., in gopjunction with a und dressing.after surgery. I njection, by
reans plSBl R, i foriphof R 8 Woukd GESIBING sufken? bY Hilolon BY mehetq 0 Y
sai d i ngathatet, b @ieans ¢ffa suppasitotys or by means of an implant, said implant being of a porous,

non-porous, or gelatinous material, including membranes, such as sialastic membranes, or fibers.
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
N 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.

25



nonporous, or gelatinous material, including nenbranes, such as 23! l\ﬂl aﬁaoﬁ
menbranes, or fibers. Preferably, when adm nistering a protein=i et ZJ
an anti body or a peptide of the invention, care nust be taken to use
materials to which the protein does not absor b. I'n anot her enbodi nent, the
conpound orw&%g%gti on can be delivered in a vesicle, in_particular a
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used. I n another enbodi nent, polynmeric materials can be used. In yet
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not to cope by the specific enbodi nents described herein.
ndeed, rgggﬂv%éﬁgn%ﬁcfﬁ??catl ons of the invention in addition to those

descrl bed herein will becone apparent to theose skilled in the art fromthe
f or egoi description and acconpanying figures. Such nodifications are
i nt end PLES| "within the scope of the appended clains. The foll ow ng

exapp! qpoRop %X&WQEQYM)@VEIQ(AUSMNEM@FH gof the present invention, and
not y way of [imtation. EXAMPLES 1001391 EXAMPLE | - MATERIALS AND

I\/ETHCDSWX@DMIU}SHW gemstmict@snst ruct i on (001411 To generate the
oLl ST B2 B R ARIRUAS bl LR ) PO
usi ng )ﬁrambtea(\é&lzaﬁ) Wdls gea@med Cd.}'I pIﬂIyIBﬂ!rBSESCHamI anoplifichtdont tmng)gerg»mud}l‘@bt i des
| Bar n PR r e pEPh st et orse R e TR SRS L S hor s
pnT13| MRsangdified ﬁ’&zgdedt)yvas siteloned itgo Xbd 1-2}ak1bHBgies of pBrua;g:ﬁpﬂ(Stra&@éﬁeaLﬂl ng the
TGF- 131 codin guence and rowt h ho rone A sit th end into
the BdeHaHFA ga The plesmud T as generated by subgom gal. 2-k% Bgl II E‘agm
containing the TGF-B1 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-f cDNA was transfected into fibroblasts
(NIH 3T3-TGF-B!) or human foreskin fibroblast/TGF-§1. They were cultured in Dulbecco's
_ Modified Eagle's Medium (GIBCO-BRL, Rockville, MD) with 10% concentration of fetal
( bovine serum. The TGF-Bl cDNA sequence was added into the pmTf1 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 transfecfed gene sequence, neomycin (300 pg/ml) was added into the medium.
Then, the surviving colonies were selected and the expression of TGF-Bl mRNA was confirmed

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

expression were stored in liquid nitrogen and cultured just before the injection.
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1001421 Cell Culture and Transfections - The TGF-0 cDNA was treggwciﬁﬂ L nto
fibroblasts (NH 3T3-TGF-(31) or hunan foreskin fihroblast/T re 81{/
were cultured in Dul becco's Mdified Eagl e's Medium (G BCO BRL, Rockville,
MD) with 10% concentration of fetal C' bovine serum The TGF- 1Sl cDNA
seqguence v&a g@ﬁfeﬁd into the pmlf01 vector with a netallothionein 8gene
promot er. PO % n resistance gene sequence was al so i RE¥SEP %t 0 t he
vector. 1001431 The cal ci um phosphate nmethod to insert this vector into the
cells was used. To select the cells with the transfected gene sequence,
neonmycin (300 g/m ) was added into the nmedium Then, the surviving col onies
were selected and the expression of TGP 1 nRNA was confirmed by Northern
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106 ceI I s/m concentrations were injected into ortion

t endorfiraed e 2 stetilefraanaery e aehilles tenslon eas @xnosed, ngd 0At 83 wt of qells wabtw“t, s for the
expr esgp I%FIF 9Yigs tcéx?sglﬁf ESHcEfalE- weré" nﬁj ted Gt 1P Hﬁd‘%rﬁéhe oPRle' {TRdonCOBRENL ration

with ach es tendon experinents, e Intraartie I njecti on was
per f orsuifete Wiserdiievcte tho ﬂnmklmwatev(pf)@edabbamdorghc texlabssmncbfdan;ibmcbDNart i | age

def ect ‘gﬂecrar nmlr:réa wet}'xe OI(Set ma‘fi1 c{ﬁﬂ:ex&t? ‘t;og r\]'v?thp %ﬁlgléftemgo%fe?(gér?r?% es g’ﬁgfgﬁe 3:?1 6‘# hgo ne.

hyal i n rage
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caution not to expose the subchondral bone. The complete defects were made to expose the

subchondral bone after removing all of the hyaline cartilage. After closing the surgical wound,
the cells with 10° cells/m! concentration were injected intraarticularly, and zinc sulfate was -
added to the drinking water. :

C [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 pM 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 int raar%é I algﬂlzym
and zinc sulfate was added to the drinking water. 100146) Hi st @éf%

exam nation - After harvesting the tendons and knee joints, the specinens
were fixed in formalin and decalcified with nitric acid. They were enbedded
in a parafgf] k and cut into 0.8 I cmthickness slices,
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regenerated tissue mcroscopically. 1001471 EXAMPLE Il - RESULTS 100148)
Stable cell Iine - Transfection was carried out by using the cal cium
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cartil age appeared and six weeks "after injection, the cartilage defects were
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col or

[00150} The regenerated tissues in completely damaged cartilage were not hyaline cartilage
but fibrous collagen. Their color in Safranin-O staining was white instead of the red eolor
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-P 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-P! 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 cartil age was cov b
fibrous tissue, which neans that these cells were activated on?§%@9‘¥ﬁ807
aut ocrine node. The surroundi ng osteocytes, which can be stinulated by

TGF- 13, appeared to have been bl ocked frombeing stinulated by CG ~ TGP by
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L5 20, okl 2 IS el SRR g i O L
obt ai ndelter casachs prdls weerisft iethe dbfeehferstSe) min t6 leitledos sedtiet domwniahfhe bbitam ofind
obser Vetgze Hgtfeccii B> slugxia-ilnlgy In g&tﬁ ‘cases, a similar level of cartilage regeneration was obtained.
The specimens were harvested at 6 weeks after injection and observed microscopically. Fig.
I1A & B show pictures of the femoral condyles 6 weeks post injection with either hFSF (A) or
hFSF-TGF-B1 cells (B). C, E, & G show Safranin-O staining (C & E) and H&E staining (G) of
_ sections from the femoral condyle injected with control hFSF cells. D, F, & H show Safranin-O
( staining (D & F) and H&E staining (H) of sections from the femoral condyle injected with hFSF-
TGF-B1 cells. (Original magnification: (C & D) x12.5; (E-H) x400).
[00156] EXAMPLEYV
[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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| A & B show pictures of the fenoral condyles 6 weeks post injegtion. w
either hFSF (A) or hFSF-TGF-4l cells (B). C, E, & G show Safra%%ﬂ\fl'ﬁd‘v%tog
staining (C & E) and H&E staining (G of sections fromthe fenoral condyle
injected with control hFSF cells. D, F, & H show Safranin-O staining (D &
F) and H&E et (H) of sections fromthe fenoral condyle injected with
hFSF- T@-é‘??éﬂdg.g (Original magnification: (C & D) x12. ,W@?JPG"SMOO).
1001561 EXAMPLE V 1001571 Either control N H3T3 or NIH3T3-TG--p | cells was
injected into the dog knee joint containing a partial cartilage defect (6mm
X 6mm 2nm deep) on the fenoral condyle. These cells (4nml of 2 x 106
cells/m) were injected as in the previous protocol, or 30-35 al cells of

the same concentration were | oaded to0 p of the defect. In the latter
case,  AFTROTEEOR s kogke ppstipjectioR ot bt _féi)siég AT N BT Pherliset t1 e
down aygj, he, B P Sdfhginds aGlind@€f &' a_awtnds’em @l%inidggG) REERERASHESm e ST M | ar

| evel of cartil age regeneration was obtai ned. The specCi nens were harvested

at 6 wdeheralrendylq njestet ivath plolOHEBTY eellsnils rFo%th@aSa@anix}:Ogtairﬂ@g (r&s, :3 show
' 0,1 2 2007 7852 .PCTI 1S
L 55 i e Bl D TR AL P

NI H3T 3¢l {OBgihal eghificat(d) (C & D)x12.& B-Bhowodaf rani n-O staining (C & E) and

H&E st aj nin sections fromthe fenoral condyle injected with control
NI HBTB%QElISFE. %L %ﬁ show Safranin-O staining (D & F) and H&E stai ning

(H of [oRgs) ong ivediiatd e cRpRisin &mft&g}ﬁ plotti &t rlx_%ehaadéﬂa GiBid (Sl |
cells. (Original magnification: (C & x12.5; (E- x400.) 1601581 EXAVPLE
VI 100 imgpnohistocherpicali sipaning pheepaix fssue efiesd weeky @pst igection ovas iparformetd ivgth

regener cartilage tissue . iaunohi hemical _stajning of .repair tissue
o tor Bt TR it ARRIBRIDEAGFAT ity el i By B 5B

r ?SUlht ofhﬁ@n@at@d&@?ﬁlh@/?ianpﬁf@iﬁﬁr i@?dr mboﬁ@ly nﬁ&@é}ﬁﬁaﬂgeﬁeg\ﬂg{m,% whe cells

of the regenerated cartlil age, . Yy I ch appear to be newly nade

chondr Gy Nestapnmegvas seen ip the seﬁw% e sAmr ‘f?@“‘b\%{gb‘g‘é’éﬁl theysecppdageriibedy from t he

sane i 5ok griprabey ot matrh@gnmﬂmwngpg;-bpm) alone (Fig. 13, Q (O iginal
magni fi cation: A 'x12.5; (B-C) x40) 1001601 After harvesting the rabbit knee
j oi nt, 109360k pAdierbarvggiipes thg aabbin kaeg igiat. the specimer wes dixef da farmalinnand j ¢ aci d.

Sect | ongefifdi s REed 48" @@c@i@n{{ﬁ%ﬁe SRR RALE aladbAd Iﬂiﬁdf é;igra pgrﬁ.g'} t hen cut

into 0.8 pmthickness slices. sections were deparaff nhydrat ed
by secguéitienait inte I8 dhiskiess slidew (e spdlions marodeparafiinazed vand Hiydgtedrbyl x PBS
for 2 %]dmt emcu%%to:rixsozrﬁsxylene and ethanol. After washing in 1x PBS 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 Ix PBS for 20 min before incubating with the HRP-conjugated secondary éntibody.

~ Chromogen reaction was done with 0.05% diaminobenzidine (DAB) in 1x PBS for 5 min. The

'

sections were then stained with hematoxylin and mounted.

[90161] 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-P1 secreted from the injected
fibroblasts in vive, 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-f1

action. p
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were bl ocked with 3% H702 for 10 mn. The primary anti body agai TG4 |
protein was applied to the sections and incubated for | hr. Thg§é\fgf\'fcé:‘lzl‘(%f()()I7
sections were incubated in Ix PBS wthout the primary antibody at this
step. The sections were washed and bl ocked with 5% mlk in Ix PBS for 20

m n beforey Lng with the HRP-conjugated secondary anti body. Chronopgen
reaction vva‘gagdone 5\1‘;\A th 0.05% di ani nobenzi di ne (DAB) in | &CBB@:’%’W“S mn.
The sections were then stained with hematoxylin and nounted. 1001611 The

I mmunohi stochem cal staining data in this study and the data in dog nodel
study suggest a possibility for the nol ecul ar nechani sm of regeneration of
hyaline cartilage with the current cell-therapy nethod. The fi brobl ast

cells i 'e&e%g‘ﬁ knee joint nmay have sonehow differentiated to
chondrcf@‘%)t6 _ unknown pathway, like a "reverse differentiation”
type qboasspCahs poskiblfty Bl Rorm] oMASdrBEyRR nilatedibl icaig ekt reddfibitint TEEL €t ed

fromthe injected fibroblasts in vivo, which caused the renaining
chondr ddy petsimrinl it chi ipdise arpgeneraion cdfe garblags; dissusu svas aowplrel. t oHpmaceed i n

this path s by the.paracrine or autocrine TG:01.. actjon. 30 28
Var ch” Sy ik sres 3l bR atm R KRt GRS THEGESFE The
POSsi biwdst ekt tntd @r lRE j6:AO BeltARNE QSpasiidl-MitideadeddilagOdéfodt &t Bi6 feMeaNDI nant
TG-- Pl protein_in viva can induce regeneration of cartilage tissue was

expl or SQMdHFEPLIEISIPEF-ocyt es were mixed with various amounts of reconbinant
TG 01 1B RUET Figufddl ATIAD Yhéw réRBerktin S BHiIAZRI Wit a kKRiQRird Bf MrnfaP Bk NY @
partial-thickness cartilage defect on the fenoral condyle in rabbits or
dogs. Xbodserytes(hfihon) andnacoralimant dWFrfdgupieinanirehbitsf Eithenta mingwe wif bGhen ni xt ure

f l, h nbi.nant TCGE-1i || . in i
ko 1 4o repppant” FRF B it P AT SRRARL ers (Lot BEBURRGr honon

cont r ol co@iingNd PatialthicRhds daftiddpli defds €Bnrh Ok Finm,CRDid AedpY oA the femoral

partial -thi cl%ness cartil age def ect 853nm X 5rm}$ 1- 2mm deep). on the fenoral
condy| &ondyle nihermpire (3204 of 2% 10 YA s/ b pads 10120080 ar 99g ofp,  or
90ng ofmﬂf.,g,, P,g gzl 5 1B5R 8 e tiPSF hoacRE 4@ ef ect
and then Tert in@?ﬁgpgog?g)f:‘?;sf gé 165- 2(5 m nut es ?‘o alufégﬁve%ﬂgh%hg%ﬁ?ggto

per meat i&-20hminvtes ocilbw ftier naixgue tor perrgeateTthe wepnsidhefiare sutwinge THeapecimersoveat 6 weeks
after the i.nject]j b ' Lcal | [ A | C show

o1 ct ur dBrspOy §E ke A oRORREG T ofdeRRE ARlE ol HHLEEI A BrE Y sl 3

m Xt ur epicifiresr Ghihe femoral condyles 6 weeks post injection with either a mixture of hChon and

recombinant TGF-B1 protein or hChon alone (C). Figures 1B and 1D show Mason’s trichrome

statning 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 resulis 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-f1 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 (B3mm x 10mm, 1-2mm deep) on the femoral condyle. The
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reconbi nant TGF-0l protein or hChon alone (C). Figures 113 and 28 shﬁ}y -
Mason's trichrone staining of sections fromthe fenoral condyl ;V)Mr 29
with either a mxture of hChon and reconbinant TG--D | protein or hChon
alone (D). 1001651 The results show that cartilage regeneration did not
occur with_the m xture of hChon and Ing of reconbinant TG--f31 protein
(data not YORM)"8%hereas hyaline-like cartilage was i nd&TBHHPMSF 10, 50,
or 90ng of reconmbinant TGF-0 1 protein in the mxture. These results al so

i ndi cated that the regeneration of hyaline-like cartilage was induced nore
as the anmobunt of reconbinant TGF- (31 protein was increased in the m xture,
indicating that cartilage regeneration is dependent on the anpunt of

TG- (31 protein adm ni st§red 1001661 EXAVPLE VII1 1001671 Fi gures 15A-15F
show r ayjstieer @0261 off 2 k' iNChoe collym! andnd 06 0@ oo H0Gnsr eferiecontttivant T6E v le s

hCh 3 h f hCh

b1 R TR AL 1ob SF e ord SaThdh 1R 1 et SR 26l iR 8 "G00
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1-2mm on € e ral con e rc
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400ng QRbndyRS : ﬁést HiiEetiOd with eRh& iahixWié of KEHHAGnd 200138 Al) @P 40Ung!(BF oflef ect
in

and t hen Ieft defect for 15-20 min to allow the mxture to perneate

t he wourrembinprfr EGER uprpisip. orrh‘éh@pelemnéﬁos Wiguees 2 AL ead) 45t shewnMaken” safter
the injg &ﬁ#&é’ﬂm%%&%@x S%hdE ecrérﬁ {pslx bn&@t&%xﬁ?ex% a ikt A

pi ctures o noral — condy injection wth erther a
m xt uren(bﬂoﬂng:mhraﬁmgzm)mgreédﬁmmmtmrm ;(ra)emafr hChacaod® (Fant TGF- 01 protein

lo E 213, .2D d 4F Va t h tai ni
of (6 oc dPUREYT Thariis sEhsToihc R SR HOR AP OUTE N e FERER 8 of  hChon
and 20QgGoh a)ld le)Orf’gOQf‘ Gecoldbirht T@@mp@&m (Jé@ﬂ:héﬂ sovil, owﬁér&sogyammﬁb al one

(F). 100168) The results showed that cartilage regeneration not occur
Wit h t eartilig was imdoded Withh200 aOmg0dfiTgeontbinapt BGHiP prateiT GFthe mipliot €Thesq dat a not

shown) , ereas carti was i th ng of

reconblrﬁs “I@s %‘f mdfcgtteeqmﬁ?l?enre%%ma lorgf%}%ygﬁnel‘ﬁ]gse qa%: Xhis d2p enﬂenc}gagﬁ)al SO

i ndi catmdnhaﬁréﬁﬁbmegmmﬁmmmhtﬁmkhm |l i ke cartil age was dependent on

the anpunt of_ reconbin caﬂr protein in tg nt}f xture. 1001691 \Wereas
B

par t i cUPEIokniy¥kersas et %d‘PW’/térﬁ’f this, ipvgpion, &R Spiopibed abys doF or
PUI POS Gsurdbes! df! iHitaBiéd, GO will tbe WvidentDR BYdedfidons QKilIEP HF tHRCLE A2E nikbrobed 10 the

art that "numerous )
variations of the details of the present invention may be made without 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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variations of the details of the present invention may be nmade withou
departing fromthe invention as defined in the appended cl ai ms%%’br if&?%\l I
of the references cited herein are incorporated by reference in their
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4. The use according to claim1, wherein the cultured connectivegiNssde2007
cells contain a plasmd vector. 5. The use according to any one of clains 1
to 4, wherein the cultured connective tissue cells are chondrocytes. 6. The
use according to claim5, wherein the chondrocytes are allogeneic or

aut ol ogous cells. 7. The use according to claim1, wherein the nenber of the
TGF superfamnk\Clapn:sel ected fromthe group consisting of TG-01, TG+ (32,
TG-- 03, BW-Z, BMP-3, BWP-4, BWP-6, BMP-7, and BMP-9. 8. Use of a
conposition conprising a) a nenber of a transformng growh factor (TGF)

superfani |y of prqj&l pes cghp%sﬁfgﬁi"ér?gﬁéﬂgﬁé) %%éMBSpof%&%@Hr n%b@@gg

cells that contain a vector "enco a popul ation or ¢

connecti ve tifastoe(TGF) supdrdamilp ofiptoteinst bl a1 pepylation iof cuktimeddiormestigene, and
c) a pharnmaceuticall Mlcce%abl e carrier, 1n the manufacture of a

medi canent f dissue cells fatceniaina VQ“&{E&I’@PQMQ@ grPaIarFPeriiationgbculiirad
arthritic joi : J 0, : ect iy i ssue
W thin the | SohPeBRREuSu ol RIMBLUS ROl OS Yok e PRENEE BhEodiR argie Bntf o

cul tured conrephameadeutisakly acedptable wardemirathei mahufaeturerof aleditameirnt or

according to claim9, wherein the viral vector |€ a retroviral vector. 11.
The use accortgaigaiasteqarthiitis inanaarthriicinibt epaee Pta MyARRIaNNOStiGsue cel | s

contain a pl 4%@@%65?&5@6%&%&@@%'dﬁg\irl"r‘ﬂfegbﬂit%Ea&@. any one of clainms 8 to

11, wherein t connective tissue cC s are chondrocytes. 13. The use
according to claim12, wherein the chondrocytes are allogeneic or

aut ol ogous cglrl S. 'Ill‘ily—: The use, accor di n? tﬁ cl.aim 8, V\/ngrei n the nenber of
the TGF superf ani 1P € 3ePUEINGIOrGIRIM { nwhgred e ewitired icog nestivedissus:

TG R2,  TGF-defid.coftdi 2 viBWWedor BMP- 4, BMP-6, BWP-7, and BWP-9. 15. Use of a
conposition conprising a\s a popul ation of cultured allogeneic

3. The use according to claim 2, wherein the viral vector is a retroviral
vector.
4. The use according to claim 1, wherein the cultured connective tissue

cells contain a plasmid vector.

5. The use according to any one of claims 1 to 4, wherein the cultured

connective tissue cells are chondrocytes.

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

7. The use according to claim 1, wherein the member of the TGF
superfamily is selected from the group consisting of TGF-B1, TGF-p2,
TGF-B3, BMP-2, BMP-3, BMP-4, BMP-6, BMP-7, and BMP-9.

8. Use of a composition comprising a) a member of a transforming growth
factor (TGF) superfamily of proteins, b) a population of cultured connective
tissue cells that contain a vector encoding a gene or a population of cultured
connective tissue cells that do not contain any vector encoding a gene, and c)

a pharmaceutically acceptable carrier, in the manufacture of a medicament for
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chondrocytes transfected in vitro with a reconbinant viral or pl e R or
conprising a DNA sequence encodi ng a nenber of a TGF superfam | fgoﬁa&hﬁﬁs
proteins operatively linked to a pronoter and b) a pharmaceutically
acceptable carrier, in the manufacture of a nmedi canent for regenerating
hyaline cartilage in an arthritic joint space of a mammlian host to produce
expr essi on of ; 14 it ¢ Hisa cordi ng
to claim15, i erer% ﬁzgmﬁ?%&h@%ﬂ'ws’gré’érgpgﬁméﬂéo aprot"él:tl?'?s&?s
sel ect ed fr oo régenaratgcamestive tisguowitmidrthRioint SBreg.32, TGF- R3, BMP- 2,
BWMP-3, BMP-4, BWMP-6, BMP-7, and BMP-9. 37 28 March 2007 17. Use of a
conposition conprising a) a popul ation of cultured allogeneic chondrocytes
transfected ig vi thhe Wdd BcebripgaBliialang, whérin fe AUIRFEY GoMREEte tissRBPT i Sing
a DNA sequence encoding a nenbér of a TGF superfam |y of proteins
operativel y Icel&edntain a iyabvegter. and b) a pharnmaceutically acceptable
carrier, in the manufacture of a nedicanent for treating osteoarthritis in
an arthritic joint space of a mammalian host to produce expression of the
DNA sequence 1. t hiThel i A&ddringRachaiml. wHérRirngR Al Veliords hefbdiran 17,
wherein the nmenber of the TGF "superfamly of proteins is selected fromthe
group consi stveaprof TGF-131, TGF-132, TGF-133, BWP-2, BWMP-3, BMP-4, BMP-6,
BWMP-7, and BMP-9. 19. Use of a conposition conprising a) a nenber of a '
transformng gromh factor (TGF) superfam |y of proteins, b) a population
of cultured dganneqthevigse Atcrdingas!dlain $avherei thencuitured connéstbedisigea gene
or a population of cultures connective tissue cells that do not contain any
vect or encodicglis aoptaiteaplrenaid veetdhar maceutical |y acceptable carrier, in the
manuf acture of a medi canent for treating an injury to connective tissue in
an arthritic joint space of a nmamualian host to regenerate connective
ti ssue within2the Thei ide 5E0Tding20.anyssheodf claie® es it | Whefsinihé 8bNBedtivea
popul ation of cultured all ogeneic chondrocytes transfected in vitro with a
reconbi nant Jiss4g cells preachendroeesr conprising a DNA sequence encoding a
menber of a TGF superfamly of proteins operatively |linked to a pronoter
and b) a pharmaceutically

13.  The use according to claim 12, wherein the chondrocytes are

allogeneic or autologous cells.

14.  The use according to claim 8, wherein the member of the TGF
superfamily is selected from the group consisting of TGF-B1, TGF-2,
TGF-$3, BMP-2, BMP-3, BMP-4, BMP-6, BMP-7, and BMP-9.

15.  Use of a composition comprising a) a population of cultured allogeneic
chondrocytes transfected in vitro with a recombinant viral or plasmid vector
comprising a DNA sequence encoding a member of a TGF superfamily of
proteins operatively linked to a promoter and b) a pharmaceutically
acceptable carrier, in the manufacture of a medicament for regenerating
hyaline cartilage in an arthritic joint space of a mammalian host to produce
expression of the DNA sequence within the joint space.

16.  The use according to claim 15, wherein the member of the TGF

superfamily of proteins is selected from the group consisting of TGF-p1,
TGF-B2, TGF-83, BMP-2, BMP-3, BMP-4, BMP-6, BMP-7, and BMP-9.
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acceptable carrier, in the nmanufacture of a nedicament for treatigh.ath 2007
injury to connective tissue in an arthritic joint space of a rramralal an Qhost
to produce expression of the DNA sequence with in the joint space, and
generate hyaline cartilage. 38

17.  Use of a composition comprising a) a population of cultured allogeneic
chondrocytes transfected in vitro with a recombinant viral or plasmid vector
comprising a DNA sequence encoding a member of a TGF superfamily of
proteins operatively linked to a promoter and b) a pharmaceutically
acceptable carrier, in the manufacture of a medicament for treating
osteoarthritis in an arthritic joint space of a mammalian host to produce

expression of the DNA sequence within the joint space.

18.  The use according to claim 17, wherein the member of the TGF
superfamily of proteins is selected from the group consisting of TGF-BI,
TGF-B2, TGF-83, BMP-2, BMP-3, BMP-4, BMP-6, BMP-7, and BMP-9.

19.  Use of a composition comprising a) a member of a transforming growth
factor (TGF) superfamily of proteins, b) a population of cultured connective
tissue cells that contain a vector encoding a gene or a population of cultures
connective tissue cells that do not contain any vector encoding a gene and ¢)
a pharmaceutically acceptable carrier, in the manufacture of a medicament for
treating an injury to connective tissue in an arthritic joint space of a

mammalian host to regenerate connective tissue within the joint space.

20. Use of a composition comprising a) a population of cultured allogeneic
chondrocytes transfected in vitro with a recombinant viral or plasmid vector
comprising a DNA sequence encoding a member of a TGF superfamily of
proteins operatively linked to a promoter and b) a pharmaceutically
acceptable carrier, in the manufacture of a medicament for treating an injury
to connective tissue in an arthritic joint space of a mammalian host to produce
expression of the DNA sequence with in the joint space, and generate hyaline

cartilage.
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