WO 00/ 66177 PCT/1B00/ 00653 1 GENE THERAPY USI NG TGF- (3 BACKGROUND OF THE
I NVENTION 1. Field of the Invention The present invention relates to a
met hod of wowwestize- i ng at | east one gene encodi ng a nenberp®@fagohBoss3
transforming 5 growth factor (3 superffamly into at |east one manmalian
connective tissue for use in regenerating connective tissue in the

manmmal i an host. The present. i i a I 0O a connective tissue
cell line that harbors a“BRE \%@Egﬁ%bgﬁﬁg gt(gﬁ?ts'ééni ng a gene encoding a
menber of the 10 transf ' f mé,r.:iq'xs.q!ﬁ?rfam'y- 2. Brief
Description of the Rel at %&%?‘%9’?@% or g{)e Ic Ti1eld, degenerative
arthriti;s or piesteear tdhd tirsrdrix itdte nost frequently encountered di sease
associ ated with cartilage damage. Al npst every joint. i tE 15 bocéj such
as the knee, Thiee Bgsetthel RVioRfder, rshdtefet< i mWPQE, s Hitew %&‘:r The
pat hogenegsi f ' hse | i NgEAbE PNo@f tieald eh af & hetih@r
cartil agzl%l( %atgkllén%? gf‘.é,a%ﬁeBo%ne Jc}ir%?gtgurg, 52A: 460-466, 1982) . gi’he
hyalsi ne gayWtil agactef tpe Jupetfdecoyres rmef oatred]letbridhat etgmendian
eventually 20 excavated. If the degenerated cartil age coul d sonehow be
r egener &tc@Meqfgste pats Bt sTRBUMG et abF 8@IBBCEAF Y9t FEMMAGVES i T hdTt
debi | i “%h' 9, LA Ihmatel e hast PegRe npraBLARd iheRORLRS diaHate dweg egenerate
ya

damaged Ine cartilage. Traditional routes of drug delivery, such as
oral, 25 tnhnaveneas visswtramiscullaneadhharsthanbens t2o BHAryweReoT drug

to the joint are inefficient. The half-life of drugs _injecte
intra- armﬂl(ﬁﬂ“:[rq y ?%nb?e;‘rfé’rré(’?l yesh& 'S Aneorf%%ér)ln%i s%dvgﬁ a%gf ogjf the
| ntyra- ard i Gl A8 L e G A 1T e LGS B Ssd e family.

2. Brief Description of the Related Art

In the orthopedic field, degenerative arthritis or
osteocarthritis is the most frequently encountered disease
associated with cartilage damage. Almost every joint in the

15 body, such as the knee, the hip, the shoulder, and even the
wrist, is affected. The pathogenesis of this disease 1is the
degeneration of hyaline articular cartilage (Mankin et al., J
Bone Joint Surg, 52A: 460-466, 1982). The hyaline cartilage
of the joint becomes deformed, fibrillated, and eventually

20 excavated. If the degenerated cartilage could somehow be
regenerated, most patients would be able to enjoy their 1lives
without debilitating pain. There has been no method reported
to date to regenerate damaged hyaline cartilage.

Traditional routes of drug delivery, such as oral,

25 intravenous or intramuscular administration, to carry the
drug to the joint are inefficient. The half-life of drugs
injected intra-articularly 1is generally short. Another
disadvantage of intra-articular injection of drugs is that
frequent repeated injections are necessary to obtain

30 acceptable drug levels at the joint spaces for treating a



frequent repeated injections are necessary to obtain 30 acceptabl e drug

| evel s at the joint spaces for treating a WO 00/ 66177 PCT/1B00/ 00653 2
chroni ¢ cO@I66IGA such as arthritis. Because therapeutic EGEABY/A96I3et of ore
could not be selectively targeted to 2j oints, it was necessary to expose
the manmmal i an host to systemi cally high concentrations of drugs in order

to 5 ackli £y¥gi @ SUSIA hedh TdUde- aldt | ewlcaritherapsdthasdoseherkpposice of
non-target organs in this nmanner exacerbated the  tendenc

. y of
anti - ardadentss meugsoforpr odoeddserPbusbi deelefrd¥edy sherggsed to
gastroi ntestinal, upset an c,h_ggggs In hemmtol Qahcal i agarghHvaseul ar,
hepati ¢ @Hd ¥ enait sie erpsedcoef tﬁg n% 21Tan host. Tn the ort hopedi c
field, spseemytekipeshhahe beemcentonrgiidersed @ chndidates feordele teat ment

of orthopedic diseases. Bone norphogeni ¢ .prqtein has_been considered to be
an of f e2ERVRVSL | Ful at'OF L Hdne flg?: 'F‘S%rl(: I?gyna%ee{a%?%lg5 E%ESJ

9: 2085-§Q§§ 11290 FRMPaLhgRRd JRURGRY ,i(Cormi ¢ caiheas ekéc@tbh@ﬁdl&helb?,
1994), an %’GF-(S has been reported as a stinmulator of osteo enesids and
chondr ogendsnsy( Jof ca@rdti wdrthrifice| HIEgsl ofy, REAPIYA95-SEX RIS 985G e

Transforpin row h.fact or.- 1 .S, 1C | der t 8n the
mul ti fu‘ﬁgnffigﬁgr csﬁcgki?\% @é%&%%%ﬁ%%&é‘%rlt @%uggd %Iﬁdgogné)), 332:

217- 219,04988) ogandlpl s i avegudhatanry hepetin acel |xdmal gppathns of
differentiation and extracellular matrix protein synthesis (Madri et al.,
J tel| Bhel pgymaigen PePL- 1384, 1988). TGF-(3 inhibits the growth of

epithelial cells.gnd 25@sieaskastrildike celdne i RypddinesCheniveet en Proc
Nat| Acad Sci, éCS: 5683-5687, 1988), but it stinmulates enchondral

ossi fi cabhendanddevant uzdndi drrrs f diarat ithe | ATAVBELEr | EhI GRhopedic

diseases. Bone morphogenic protein has been considered to be
an effective stimulator of bone formation (Ozkaynak et al.,
15 EMBO J, 9:2085-2093, 1990; Sampath and Rueger, Complications
in Ortho, 101-107, 1994), and TGF-B has been reported as a
stimulator of osteogenesis and chondrogenesis (Joyce et al.,
J Cell Biology, 110:2195-2207, 1990).
Transforming growth factor-f (TGF-P) is considered to be
20 a multifunctional cytokine (Sporn and Roberts; Nature
(London), 332: 217-219, 1988), and plays a regulatory role in
cellular growth, differentiation and extracellular matrix
protein synthesis (Madri et al., J Cell Biology, 106: 1375-
1384, 1988). TGF-B inhibits the growth of epithelial cells and
25 osteoclast-like cells in vitro (Chenu et al., Proc Natl Acad
Sci, 85: 5683-5687, 1988), but it stimulates enchondral ,
ossification and eventually bone formation in vivo (Critchlow//
et al., Bone, 521-527, 1995; Lind et al., & Orthop Scand,
64(5): 553-556, 1993; and Matsumoto et al., In vivo, 8: 215-
30 220, 1994). TGF-P-induced bone formation is mediated by 1its
stimulation of the subperiosteal pluripotential cells, which

eventually differentiate into cartilage-forming cells (Joyce



et al., Bone, 521-527, 1995; Lind et al., A Othop Scand, 64(5): 553-556,
1993; and Matsunoto et al., In vivo, 8. 215 30 220, 1994) . TG~ (3-induced
bone for mstd omee1er nedi ated by its stinmulation of the subpepépiiRabesss
pluripotential cells, which eventualldy differentiate into
cartilage-formng cells (Joyce WO 00/ 66177 PCT/I1B00/00653 3 et al., J Cell

Bi ol ogy, ,11Q: 2195-2207,.1990; a M LN et alyn,. J 1, B
127-6: ?(52139203 s 9_%1:2;12)?1% 29 %1 o?g%i cgﬁgéf ?ggg'oiﬂ?&’—“- (aé.]%len %lr%ﬁlo%%? cs has
been reportied (Aadnewseblaky, Cavebt T0osstuR0BE, 529474-78, 1993; 5 Borque

et al., Int J Dev Biol., 37:573-579, 1993, Carrington et al., J Cell
Bi ol ogy, 107 Tigsdioiegigoiggetfead ef AGE-Pa iy phspoBedhas &4E5)esHB- 556,

1993; Matsunmmt o, ef_ al . I n_viyo, 8:1215-220, 1994). .MUS s

st ai ni ng “SEWES héﬁnéﬁﬁﬂ (3t f"i‘(zl g?élcﬁ%a@oscsiuae[ e(f})l\'/vi {52 ti ssﬁe@ e?(?)?/’ed from
thesl0 mRsepehE®, aBUChI@s COMBOCEHIWE .l i SSUG7 B 1Y, agEd Bndechonengt dn
addition to enbryol ogic findings, TG (3 is _present at_the site _of bone

formati &F & ca¥t Crade HiGlRai o011 %8 170 Eitinckirfalturdd ‘hedting in

rabbi t tdrtyh%?' 5?%%%‘.“9’4(%%53%@63%@9'3(1 YRl ueimRfc oF G (31 hasrbegpy 6 epor t ed
(Critchlow et” 15 al.’, Bone, 521-527, 1995; and Lind et al.,” A Orthop Scand,
64(5): $H31556,201993)94 )hutIn trowshordmbrtyersm effeiotin@anshdwghthaosTGhafe
limted wide clinical application. Intraarticular injection of TG (3 for
the tredtsnmentleseldrt MSAE atednotWHESi r &BESUCSecatREL YRR | fjFORt ed™ A% - (3

hag A 3 SHUHL AU AN L AFhA; RS TS | dearAtedddtgondiacth ve
formin vivo. Therefore, a new nethod for long-termrelease of TG--(3 is
necessargydiaii drhe o eg@igicdbigae dinlyabspeTGEaft ibageesdher et have Hieea

reports of regeneration of articular
of bone formation and cartilage formation. It can also
enhance fracture healing in rabbit tibiae. Recently, the
therapeutic value of TGF-B has been reported (Critchlow et
15 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.
Intraarticular injection of TGF-B for the treatment of
arthritis is not desirable, because the injected TGF-J has a
20 short duration of action, as TGF-B is degraded into inactive
form in vivo. Therefore, a new method for long-term release
of TGF-B is necessary for the regeneration of hyaline
cartilage.
There have been reports of regeneration of articular
25 cartilage with autotransplantation of cartilage cells
(Brittberg et al., New Engl J Med 331: 889-895, 1994), but
this procedure entails two operations with wide excision of
soft tissues. If intraarticular injection 1is enough for the
treatment of degenerative arthritis, it will be of great

30 economic and physical benefit to the patients.



25 cartilage with autotransplantation of cartilage cells (Brittberg et

al., New Engl J Med 331: 889-895, 1994), but this procedure entails two
oper at i onwoMotei1 A de exci sion of soft tissues. If intraartrcIaiBes/od6s§ ection
is enough for the treatnment of degenérative arthritis, it will be of great
30 econom ¢ and physical benefit to the patients. WO 00/ 66177

PCT/ | BOO/ 00653 4 GRS aRecihiiGh IS smateidand off transfrerting aa
specific protein to a specific site, may be the answer to this problem
(Wl ff specifder pepgeitGen® Therspralitfiics edtedomavA beyithe, IpPEer 1494 and

Jenks, J Natl cer ,ln 89(,16) ; 82- 4, LLed, St S

Pat ent st%l,%S%,r% elanéhg,i%EG?ggSq‘)cﬁdsecrl ose’ ma |engT%g€iz%%lllygéé pig(ziém@%(?l
construgt wblthe BRAR, (ootuer aedkidenks,ecepiatl adbageni ShsprotB&i(ip)gene;
transfecting synovial cells (5,858,355) and bone marrow 10 cells

(5,766, 5853~ & 4y thedtonstruct; and i njecting the transfected cells into a

rabbit j o ntl%lnpy%dtggégeiss N2 erdissch 0g8i5 €396  Wsidngs &7 genes beliargilrget o t he
TG 13 supertamly to regenerate connective tissue. United States Patents
5, 846, 98dkamd 5,&700,vAit4ldi sekroseplasmifj ecePmytaUEbnpadt ti dh& hatt Rbhcl udes

a bone nprphogenesis. protein (BWP), | 2].Qngs G- 1 .

"super f é?ﬁ’??r?eugbﬁe%her. ﬁiefﬁpgofr unc%gggggfqg?hyr oFgotﬁ%?errlgne r?legteéd

pepti d_etggngfé@gipghe_syrﬁbﬂiémaneelmfs cdbt, BbagidBéus tinslsubonfeor matrirow, and

i nduction of cartilaginous tissue. However, 20 there is no di,sclosure of a
e

geh@ theehpy nEthbEC uSBRY tWeth BNB' QeI g 1 e B t HEWE Pritth

di scl ospres  cLDELE &R DS 1Ak yery Ladbiandisuhstanbial gese fors anwet hod
of introducl ng

disclosure of using a gene belonging to the TGF-P superfamily
to regenerate connective tissue.
United States Patents 5,846,931 and 5,700,774 disclose
15 injecting a composition that includes a bone morphogenesis
protein (BMP), which belongs to the TGF B “superfamily”,
together with a truncated parathyroid hormone related
peptide to effect the maintenance of cartilaginous tissue
formation, and induction of cartilaginous tissue. However,
20 there is no disclosure of a gene therapy method using the
BMP gene.
In spite of these prior art disclosures, there remains
a very real and substantial need for a method of introducing
at least one gene encoding a product into at least one cell
25 of a connective tissue of a mammalian host in vitro, or
alternatively in vivo, for wuse in treating the mammalian
host. Further, there is a need for a process wherein a gene
encoding a member of the transforming growth factor B
superfamily is used to regenerate connective tissue in the
30 mammalian host. More specifically, there is a need for a

process where a gene coding for a TGF-B superfamily of



at | east one gene encoding a product into at |east one cell 25 of a
connective tissue of a mammalian host in vitro, or alternatively in vivo,

for use igwgdé@eitng the mammalian host. Further, there is @ ARTodls a
process wherein a gene encoding a nertber of the transformng growth factor
(3 superfamly is used to regenerate connective tissue in the 30 mamual i an

host. More speC|f|caII the .S a d g{ ? er eng_codi ng
for a TEESLS §ﬁber?an1¥% dﬂ?Ggggg §; ?%ﬁ%?ogégﬁxﬂhrg Z%%s ?%
expr essefd vdl host connectlve tissue cells in vivo. SUMVARY OF THE

| NVENTI ON The present invention has net the hereinbefore 5 described need.
A nethod of introducing at |east one gene encoding a product into at |east

one cell of a mammalian cegpARRRYVErFt regueNt/efiTE®® I N treating a mammal i an
host is provided in the present invention. This nethod includes enploying

r econbi nant ﬂ&ﬁhniqme§em@ prbdueetéODNAfVGttomeio nbhecul ke xoimke Forg t he
gen cod n r the product_a i ntr od DNA v | ec
%trﬁ‘g) é][en% 8%0 9& ng? fr THEL ? f&EQE IRe (#Jéﬁe

cont-ai n di'hg " or roduc 9t fe connective tissue

cel . Tfée]coa%lgvegt erdrm@cullﬁtcaratbelaaytDNAxarmbeaul &0 £ apabhamnd 1 ben ng
delivered and maintained within the target cell or tissue 15 such that the
gene enEoENGG e pkbadee dOh nEefedd c%ﬁe%%ln%t &bl HPERPF £2R e FOSFhel DNA

vector ?yo%"&e% pr%fe%ﬁ@ ypregbhkzegnbenwenpre@ﬁ@g I RveRbion sy ehdher a
viral o pllasm d DNA vector nolecule. This nethod preferably includes

i nt r odueinpgd cylienggeme combadiamg t hecpnodues i heo Hrrﬂéilt,@i | aof DN2(Q Yé¢retor
na | i an .connective ti.ssue f? a therapeq;:c ugﬁn: %epresegacknvggéion i's
I'h
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introducing the DNA vector molecule contalnlng the gene
coding for the product into the connective tissue cell. The
DNA vector molecule can be any DNA molecule capable of being
delivered and maintained within the target cell or tissue
15 such that the gene encoding the product of interest can be
stably expressed. The DNA vector molecule preferably
utilized in the present invention is either a viral or
plasmid DNA vector molecule. This method preferably includes
introducing the gene encoding the product into the cell of
20 the mammalian connective tissue for a therapeutic use.
The present invention 1is directed to a method of
treating arthritis comprising:
a) generating a recombinant viral or plasmid vector
comprising a DNA  sequence encoding a member of a
25 transforming growth factor superfamily of proteins
operatively linked to a promoter;
b) transfecting in vitro a population of cultured
connective tissue <cells with said recombinant vector,
resulting in a population of transfected connective tissue

30 cells; and



a) generating a reconbinant viral or plasmd vector conprising a DNA
sequence encodi ng a nenber of a 25 transformng growh factor superfamly
of proteiweoosprati vely |inked to a pronoter; b) transfecPchgBomossiro a
popul ation of cultured connective tibssue cells with said reconbi nant
vector, resulting in a population of transfected connective tissue 30

cell's; and Vi 00/ @@%é%PEQIEWQO/ PRB53¢ rBnGrebfanspLanhibBEithe krarskect ed

connective tissue s by intraarticular injection to an arthritic joint
space ofehlsanvml iiart terstt i culchr t Hat) esdprassiton é@h t REtDNAtiSeqU@ddd wit hin

the joint space results jn_regeneratin n i tissue. e
r econbi AT vggtdar %V“%Lfa%u Oﬁgt’ Islun%q} e‘gh%% ggggségrl%\lr/li ra t\:/;e[gt (IJDrN,A
pref erabbyuaneet rovirah Weed orjoillte sypeeicor raylalssoibe aeplkasmad ivect or.

The met hod of the invention includes storing a 10 popul ati on of
transf eeprdecbhMecti & Ufirssue cells prior to transplantation. The cells

may be StOreéhén.ﬂe%%n@\@%wd@éctbkqwa@ Nbi ! 0GR PRAOT 1tighitcanspbantaation.
The connective tissue cells include, but are not limted to, fibroblast
cells, nesenchysdl oekitor, 1Pproftegwtilast 1 orethenidratyt EsCtPie fildrobl ast

cells may be NH 3T3 cells or _hunan_faoreskin fibroblast cells. The
connectY%‘ét?Fsglﬁé( i 8Pu§83,a Bufasfnéqgngte%lt?%i't ed to, cartilage, l|iganent, or

tendon. The eakti hagedmy b€ hyald neincantibage.in2Qubles neshoding t ke
present invention uses a nenber of the transformation qj owt h factor
sub@rfaﬁppy}aﬁﬁpéhQﬁuﬁﬁ@§§f60ted connective tissue cells prior to

transplantation. The cells may be stored in 10% DMSO under
liquid nitrogen prior to transplantation.

The connective tissue «cells include, but are not
limited to, fibroblast cells, mesenchymal cells,

15 osteoblasts, or chondrocytes. The fibroblast cells may be
NIH 3T3 cells or human foreskin fibroblast cells.

The connective tissue includes, but is not limited to,
cartilage, ligament, or tendon. The cartilage may be hyaline
cartilage.

20 The method of the present invention uses a member of
the transformation growth factor superfamily, which includes
transforming growth factor B (TGF-B). The member of the
transformation growth factor superfamily may be TGF-Pl, TGF-
B2, TGF-B3, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, or BMP-7.

25 Preferably, TGF-B is human or porcine TGF-Bl, TGF-f2 or TGF-
B3.

The present invention is also directed to a method of

regenerating hyaline cartilage, comprising:

a) generating a recombinant viral or plasmid vector
30 comprising a DNA  sequence encoding a member of a
transforming growth factor superfamily of proteins

operatively linked to a promoter;



transformng gromh factor (3 (TG--13). The nenber of the transformation
grom h factor superfamly may be TG--01, TG~ (32, TG-- 133, BMP-2, BMP- 3,
BWP- 4, BMW®GIV/@GVP-6, or BMP-7. 25 Preferably, TGF 13 i s huneti/IBoo/passsi ne
TGF- 131, TGF-132 or TGF- 133. The predent invention is also directed to a
met hod of regenerating hyaline cartilage, conprising: a) generating a
reconbi nant wiral taanglfastiithgvednor vi3@ocoaprpspunlaai ®NA sEquencmireetodi ng

a nmenber of a transformng growh factor superfam |y of ot ei ns
oper at | FEPPECilEd (bl 2o onBears WOoBR 66 F7F PCIPFEUBIBBBSS P TOT

transf eclisid tiRgvi ik 022 Gl Atigh 8F auWldnyrdt&oNBeahbveivbsSues el | s
with the reconbi'nant vector, resulting in a population of transfected
connect iced lisi;semal cells; and 5 ¢) transplanting the transfected connective

tissue cells. by intraarticul iRy ecti tQ .0j tﬁﬁgﬁﬁ f Rl i an
hosts’, such tﬁ&t e%;)rraé% |lc‘3ir§1 g’fnaq hécwlﬁ\lAtesr%glusef%cééC%J\;vit Int tgl‘f%i nt space
resul t s clenlsegener atnitigatdlduler camjidegen 1G¢drhe diansfgeddon aofet kod may
be acconplished by nmethods such as |iposone encapsul atiggé cal ci um

n

phosphaffé™eéddedci pPEhat i giClel &BRtopB¥REFBR 8N d ENgex HeEHHTOn. The

net hod @f; +hh& 1 RYENt RN rithClydes usidag el arablpe gdher 4 @y chypnilfd . 15
The present invention is also directed to a connective tissue cell line
conpri sicagtd legeonbi nant viral or plasmd vector conprising a DNA sequence

engoding a mogher, o d A IEANRLORBLNhY WU NaLBEREY 1 SHREM kM ddendde
such as liposome encapsulation, calcium phosphate
coprecipitation, electroporation and DEAE-dextran mediation.
The method of the invention includes using preferably
the plasmid pmTP1.

15 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 1is not limited to, a

20 fibroblast cell line, a mesenchymal cell line, a chondrocyte
cell line, an osteoblast cell line, or anr osteocyte cell
line. The fibroblast cell 1line may be a human foreskin
fibroblast cell line or NIH 3T3 cell line.

The connective tissue cell 1line according to the

25 invention comprises a member of the transforming growth
factor superfamily. Preferably, a member of the transforming
growth factor superfamily is TGF-B1, TGF-B2, TGF-B3, BMP-2,
BMP-3, BMP-4, BMP-5, BMP-6, or BMP-7. More preferably, the
member is human or porcine TGF-Bl, TGF-B2 or TGF-B3.

30 The connective tissue cell line of the invention also

may comprise cells harboring the recombinant vector pmTf1.



tissue cell line may include, but is not Iimted to, a 20 fibrobl ast cell

line, a mesenchymal cell line, a chondrocyte cell |line, an osteobl ast cell
line, or MO6&6EBTyte cell |ine. The fibroblast cell |ine peyrdeosssuman
foreskin fibroblast cell line or NIH8T3 cell line. The connective tissue
cell line according to the 25 invention conprises a nenber of the
transform ng 1yt hand aetaersupeida | yf Phef erakdys i oh neober pef mdiee
transforming growth factor superfamly is TG-ail, TG 132, TG (33,

BVP-2, fENRY3, BIWRIAt®ND- 5rBVPI§e orf BVFWANDIAE ekt y 0% hetherenber
I's hurrarln(\)lr fn[{q_hq{ netﬂ-g:r%%%’re-gg:edl?’grgw1 (?E_ ]a‘?t% C%% Thl’? Q@gegy’lldvetﬁé ssue
cell line o e 'invention also nmay conprise céal ar orlngthe

r econbi rdnti mee Gpgrerpiakdl dlerad 00/ 66177 8 PCT/ |1 BOO/ 00653 These and ot her
objects of the invention will be nore fully understood fromthe foll ow ng
description of the invention, the referenced drawi ngs attached hereto and

thes claims appended Ip1airo pEsJMYHTT IR TR PRAFTNGE DRAWNGS Fig. 1 -
Expression of TG--(31 nRNA. Total RNA was isolated fromNH 3T3 cells or

NI'H 3T3 cel | §'igt.ablly -trEnpfessednwieh ﬁEﬁI‘E(f:ﬁl aORNER- 130texprBN8i omavect or,
whi ch were

was prolﬂwec“d’]\ﬁgfﬁ‘i1 ei nrq)ér%h'? Tcﬁffslcﬁ gg(%&%fz}@tz 25 TOteg]slsa %‘g‘%ﬁ o) 10

Figs. 2 Wikl of .regengiabgd 6851 bhagect oA Wil ﬁc&é‘ﬂgm ar
parti al %c%r%tslfe%%%;eflg@t Ip\;\Iﬂ}g?lrrade onBt he érmra con(c‘:ig/?e avrqld %he knee

joint wagrdwr et ethad bhsébchll Hr3Fresarce wi hoiihc TGFog31 RNansfigctman. The
defect was not covered. 2B. At 6 weeks after |nj ection of NLH 3T3-TG-- (31
10 was probed with either the TGF-Bl cDNA or [P actin cDNA as a
control.
Figs. 2A-2B - Gross findings of regenerated cartilage.
2A. A rectangular partial cartilage defect was made
on the femoral condyle and the knee joint was injected with
15 NIH 3T3 cells without TGF-PB1 transfection. The defect was not
covered.
2B. At 6 weeks after injection of NIH 3T3-TGF-f1
cells, the defect was covered by newly formed tissue. The
color of the regenerated tissue was almost identical to that
20 of the surrounding cartilage.
Fig. 3A-3D - Microscopic findings of regenerated
cartilage (X 200).
3A and 3B. Hematoxilin-eosine (H&E) analysis of
defect area 4 and 6 weeks after injection with control cells.
25 No tissue covered the initial defect area.
3C and 3D. Hematoxilin-eosine (H&E) analysis of
defect area 4 and 6 weeks after injection of TGF-f1-
transfected «cells. At 4 weeks, partial defect area was

covered by hyaline cartilage after injection of TGF-P1-

30 transfected cells. At 4 weeks and 6 weeks after injection,



cells, the defect was covered by newy fornmed tissue. The color of the
regenerated tissue was al nost identical to that 20 of the surrounding
cartil ageWOmPE617BA- 3D - M croscopi ¢ fjndings of regenerat e®CTABIY06Ege (X
200). 3A and 3B. Hematoxilin-eosine (H&E) analysis of defect area 4 and 6
weeks after injection with control cells. 25 No tissue covered the initial
def ect threcare3Enandt8®. tHehmtoxibeigameostheckpRE) arthalytsi s hefighdef €86 area 4

and 6 eks .after, injection_of TG=-(31- tr : d cells. At ks,
parti al®q&rdct éP&&t\hé:?tl cover ed%ff‘“ﬁ%al i ﬁ%gggf?%%%ageg%fteﬁ i njé'g)gtﬁlg()n of
TGF- 11 B darsiaatied cekhs. Atedeneskisedind dameiaksyeaf t qarimiwect i eas WO
00/ 66177 PCT/ 1 BOO 00653 9 the regenerated tissue becanme thicker and its
hei ght igentigedode ithensuegioundingr Ryp1dart FPEGE130%6 weeks.

H st ol ogically, the regenerated cartilage (arrow) was identical to the
surroundi ng hyaline cartilage. 5 Figs. 4A-4B - | mmunohi stochem cal anal ysis
for TGF- $31 rieyqar egai-aB i1 Mathinohjisitoichern2@@1l Baoahy s munoper G%Ed8s e
reaction product indicates high |evels of reconbinant TG--Pl expression in
the NI K>PrRSSE@ITAER (rHbhdd] JoindByr 208A show hyaline cartilage in a rabbit

joint injected with control cell s Bisgs rS4ebhorn MLIRRAODIG4fiadengs (X
200) of 15 regenerated tissues with H&E staining (A and Safranin-O
st ai ni ngidiB)1edA s | 6f t becpabtihahty Tdarged xpressithe imegemer BTBd3T3-

10 TGF-B1l cells (4B).

47 show hyaline cartilage in a rabbit Jjoint

injected with control cells.

Figs. 5A-5B - Microscopic findings (X 200) of
15 regenerated tissues with H&E staining (A) and Safranin-O
staining (B).
5A. In the partially damaged area, the regenerated
hyaline cartilage is shown by H&E staining (black arrow).
5B. In the completely denuded cartilage area, the

20 regenerated tissue (white arrow) was fibrous collagen.
Fig. 6 - Plasmid map of pmTPl.

Figs. 7A-7D - Gross morphology of rabbit achilles tendon

25 injected with TGF-Bl transfected cells.

7JA. Tendon injected with control cells.

7B. Tendon injected with TGF-Bl1 transfected cells,

six weeks after injection.

7C. Cross-sectional view of the tendon pictured in
30 7TA.

7D. Cross-sectional view of the tendon pictured in

7B.



hyaline cartilage is shown by H&E staining (black arrow). 5B. In the

conpl et el &denuded cartilage area, the 20 regenerated tissue (white arrow)
was fibrod¥?8¥$81%%Gen. Fig. 6 - Pl asni dggap of pnil(31. Fi gs.PGRIBOG00658 0SS
nor phol ogy of rabbit achilles tendon injected with TGF- (31 transfected
cells. 7A. Tendon injected with control cells. 7B. Tendon injected with
TGF- (31 transfected cells, six weeks after injection. 7C. Cross-sectional

Cendon pi oturgn ShErFuo BorERTssPerf Faotro5eas < hoRebatbfacgrebi®
M croscapi crdbpidi ngsh iof 1 g segenetat ed th $islie stiainialghi t achill es tendon with

H&E st ai ning. 8A, 8B and 8C shqow tendon injected with control 5 cells 6
weeks after injectfon. °8A aX%0Sragi?y c&EFGRN 8%?3‘3%5%% fF88FF8|l'l|. 8C.

X600, magnifigcals ofeeBD £k ANdiBFshoWNt englon kBjoechegh W idh G (385.
transfected cells 6 weeks after injection. 8D. x50 mnagnification. 8E. x200
magni f i ced@Gma@r £ kGO0 a0 fegnidGWamagmi fisatigr-(31 transfected cells

injected into the en appeag _t o .be re round thap the endo 0
tendon cells. Fi b?%uﬁ%l Iag‘élené%ass}b?"()d g 6{061y allt SEEFﬂe % etgl ggg‘g??‘i ne
nodes ofy agtd@bcand theitendon wasignl akgedr Thenidendon wagenl akged
after the injection of TG (31 transfected 15 ceI?s. Figs. 9A-9B -

M croscopianifhekuyenof refener atdPQ i ssoegniif icgpian -achi BFes t eH88R with

H&%i§tmégé§5£f%agfgn. The TGF-B1 transfected cells injected into the
tendon appear to be more round than the endogenous tendon
cells. Fibrous collagen was produced by autocrine and
paracrine modes of action, and the tendon was enlarged. The
tendon was enlarged after the injection of TGF-Pl transfected

15 cells.

Figs. 9A-9B - Microscopic findings of regenerated tissue
in rabbit achilles tendon with H&E staining (A) and
immunohistochemical staining (B) with TGF-fl antibody. Brown

20 immunoperoxidase reaction product indicates high 1levels of

recombinant TGF-Bl expression in the NIH 3T3-TGF-Pl cells.

DETAILED DESCRIPTION OF THE INVENTION
As used herein, the term "patient" includes members of
25 the animal kingdom including but not limited to human
beings.

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

30 As used herein, the term "connective tissue" 1is any

tissue that connects and supports other tissues or organs,



i mmunohi stochem cal staining (B) wwth TG~ 01 anti body. Brown 20

i nmunoper oxi dase reaction product indicates high |evels of reconbinant
TGF- P1 exP¥PP94613h in the NIH 3T3-TGF- (31 cells. DETAI LED BETERIFOOSEIN OF
THE | NVENTI ON As used herein, the tef "patient” includes nenbers of 25
t he ani nal kingdon1inc|uding but not limted to human beings. As used
her ei n,andeihet udé sabmal iisn st Linhceéddes mn&ﬂgaM£Qﬁ,tmecantﬁéﬁgﬁingdom
|nclud|ng but not limted tg hunman being a g g%r%ln the term
"conned i V& ?%su%"b?%ean?n t fs3YBYHET onnec s 8nd Support's other tissues
or organs, V{00661 7 e PSTA) BRY/D0663m Trommddticlaudessbut iceot birmi t ed
to a liganent, a cartilage, a tendon, a bone, and_a synovium of a
nannallaﬁehbspf As ©RREefet e ntissee erholiitheceive 2kl FoUgf v cel

of & coppe H %;hgs%%%lvlencwgsuge' '§ué1hatasar ¢1houRd as? d,n thergonpective

tissue, “Suc roblasts, cartilage cells (chondrocytes) and bone cells
(osteob&asls/ @sheodybesﬁgswhlchasebreﬂEHGDIIagehbﬂs eXPSé@@bﬂaBéﬁ/natrlx

as well as fat ce pocy snoot h. musgl e ce P bly, t he
connect PYESPT¥EGR ceVﬁ% bréeﬁqégﬁ)co Ebiig car?x?ﬁﬁ%ece ter %%%% %he

cell's. Mreecpneferabhy, ckhes Cgﬂmﬁ§6¢yﬁb§)ssue Gﬁkkﬁjﬁh&uitbéobbaib.cel|S.
Connective tissue cells also include nesenchymal cells which are al so

known aBreﬁﬁn@hiélf|%W%bl%@ﬂ@?cﬁ%vﬁmIqlqﬁy?(ﬂﬁﬁ&ﬁﬁ?eérﬁhaﬁlbfﬁglﬁﬁ$ént|on
be pra 1 m o e o ti cel as
mg?? garffs §g cgﬁlg é%% lﬂ%&g c}%% QEEE ¥§ekb§§5§¥ te

as ce a'single t use rein, "connective fissue cel
l'ine” ipehtdesiva ptHSQmetyceﬁlsxnamﬁn|ﬁubnqb$aﬁ§ celelld sor i §ionatickg vier om a
tissue cells also include mesenchymal cells which are also
known as immature fibroblasts. It will be recognized that
the invention can be practiced with a mixed culture of
15 connective tissue cells, as well as cells of a single type.
As used herein, "connective tissue cell line" includes
a plurality of connective tissue cells originating from a
common parent cell.
As used herein, "hyaline cartilage" refers to the
20 connective tissue covering the Jjoint surface. By way of
example only, hyaline cartilage includes, but is not limited
to, articular cartilage, costal cartilage, and nose
cartilage.
In particular, hyaline cartilage is known to be self-
25 renewing, responds to alterations, and provides stable
movement with less friction. Hyaline cartilage found even
within the same joint or among Jjoints varies in thickness,
cell density, matrix composition and mechanical properties,
yet retains the same general structure and function. Some of
30 the functions of hyaline cartilage include surprising

stiffness to compression, resilience, and exceptional



common parent cell. As used herein, "hyaline cartilage" refers to the 20
connective tissue covering the joint surface. By way of exanple only,

hyal i ne cwaooeat® i ncl udes, bull-. is not limted to, artimu/@ooeesti | age,
costal cartilage, and nose cartilagd?2 In particular, hyaline cartilage is
known to be self- 25 renewi ng, responds to alterations, and provides stable

movemengpi b Byl €8S dirdtGliliite hb@i%] e Codds ) ageilioupdtevenniwitl pddhe sane
joint or anong joints varies in thickness, «cell density, matrix
conposi stEASANANTEEREhcESr a3 Heeeyi @id graat dumakl b el same gener al

structure and fungtj Og'n?s%q%t%flo%Qéﬂqe\;unﬁ Lenseof chyal i nge gg A nal

i nclude surprising” stiffness to conpression, resilience,
WO 00/ 663877aPE11800/ 00668 hrBdoce i thyhdto st irs that eie/@ilgﬂrﬁttnl@ads Trei l ity

to m nimze stress on subchondral bone, and great durabilit G ossl
and>hi s?éItGQFEZIliuerarhyal PAETEArti | Ahe appsars Caasrtgllg 39k, chinfﬁrs]i%refsace Y

that reghshardelRerBt iRt 1Hiks 5 BXbs@cebbybak, W&fyfn'p&a@.flct Re seitd |age
conpri ses chondrocytes, but |acks bl ood vessel s ynphati c vessels or

nerves. NARVESaborBRe, HiafPsAt der bd 9¥lvuct OFEeERS: FRFAERVAS i ritétact i on
pet veen, g hapds e%mfﬁtépgigfsnn% ﬂ&%eéerﬁ%&&érgaeég AR ol Nenst ety and

function o al'I'ne carti e maintaining a [ow | evel
rret abol serveaest itwi tmainfteel ir efter emtcmdittﬁxe seotll fudctBome ofoitite Suragline 80A:

1812, 1998 descrihes the structure and,function of al i artllae
get aFPISHPER /i s W pRHEAHE n By LPEf er&NES i P y eerrﬁet? g

As usedzherliRy .t henet rposd pEREHY @rmtdrdact orr.R 6666- Joint Surg.,
80A: 1795-1812, 1998 describes the structure and function of
hyaline cartilage in detail, which is incorporated herein by
reference in its entirety.

15 As used herein, the "transforming growth factor-f (TGF-

B) superfamily" encompasses a group of structurally-related
proteins which affect a wide range of differentiation
processes during embryonic development. The family includes,
Millerian inhibiting substance (MIS), which is required for
20 normal male sex development (Behringer, et al., Nature,
345:167, 1990), Drosophila decapentaplegic (DPP) gene
product, which is required for dorsal-ventral axis formation
and morphogenesis of the imaginal disks (Padgett, et al.,
Nature, 325:81-84, 1987), the Xenopus Vg-1 gene product,
25 which localizes to the vegetal pole of eggs (Weeks, et al.,
Cell, 51:861-867, 1987), +the activins (Mason, et al.,
Biochem, Biophys. Res. Commun., 135:957-964, 1986), which
‘can induce the formation of mesoderm and anterior structures
in Xenopus embryos (Thomsen, et al., Cell, 63:485, 1990),
30 and the bone morphogenetic proteins (BMP’'s, such as BMP-2,
3, 4, 5, 6 and 7, osteogenin, OP-1) which can induce de novo

cartilage and bone formation (Sampath, et al., J. Biol.



(3) superfam|y" enconpasses a group of structurally-related proteins
which affect a wide range of differentiation processes during enbryonic
devel opmeWO.0BAE7f ani | y i ncl udes, WI | erian inhibiting sufETARBY00SH] S) |
which is required for 20 normal nale Sex devel opnent (Behringer, et al.,
Nat ure, 345:167, 1990), Drosophil a decapentapl egic (DPP) gene product,

whi ch ignheRqUi redsf.ar31der,sal ryemt r al Taxi s TaF-Mt i gene androduphegenesi s of
the i maginal disks (Padgett, et al., Nature, 325:81-84, 1987), the Xenopus
Vg-1 genefpredoet 2 2Eamigtch bécaliiffes anditatd Areger arepore s oft "égysinieeks,

et al., .Cell, 51.861-867, 1987), L vins: { Ma o B em

Bi ophys‘?dﬁgggé%ﬁﬁﬁh. ,Inyfgg:nfsc‘g‘-s)%f%%%%&\ﬁ/ﬁ?éf ggﬁaitﬁ 8§§S€ﬁé fagl(raqnati on
of nesodgifnhandaantenilondistifdicintries idm Kemopasrenbeyos seEhdimsergust, al .,
Cell, 63:485, 1990 30_and the o,ncﬁ1 nmor phogeneti c rtotcﬁi ng (rBIVP' S,..such as
BWP52, C8lly 49:437and 798841 eodBHia Gbgl) 'OctrPoc‘pa?n? duc8- & nove’
cartil agﬁfgggnggn_emf qrtrgarein(gqr@%,r{pat h, et al., J. Biol. WO 00/66177

PCT/ 1B00/ 00653 13 Chem, 265:13198, 1990). The TG~ (3 gene products can

i nfl uence a vaei etprafeihid f epént itatd onTEFoBesdesilivncl adeng irddiigdgenesi s,
nyogenesi s, chondrogenesi s, hematopoi esis, and . epi %he ial cell

di f f er eAYPEDESAZEF0rR % ¢ eVREGE $&E WHSCHUREC 5| MNA§R4SHPSEBAN Y Which i s

| ncor por,glied JRetel hlk cdsfiafencer avhbs eakirely. cThecprot eins wiside
TG-R famly~are initially synthesized as a |arge precursor protein which
subsequertliyuesndepgoesiprdedd yilil®d4avagargt addist raf gds ¢ Ao

o510t sPRRLOS THELY UMD AT A6 LoD g T
di f f er et fiamdry 1meMienstean 481 the different family members can be
classified into distinct subgroups based on the extent of
their homology. Although the homologies within particular
15 = 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
20 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 detected, and these appear to have different

25 biological properties than the respective homodimers.

Members of the superfamily of TGF-f genes include TGF-
B3, TGF-B2, TGF-P4 (chicken), TGF-Pl, TGF-BS (Xenopus), BMP-
2, BMP-4, Drosophila DPP, BMP-5, BMP-6, Vgrl, OP-1/BMP-7,
Drosophila 607, GDF-1, Xenopus Vgf, BMP-3, Inhibin-BA,

30 Inhibin-fB, Inhibin-a, and MIS. These genes are discussed in



classified into distinct subgroups based on the extent of their honol ogy.
Al t hough the honol ogies within particular 15 subgroups range from 70%to
90% am novadP/déiSéquence identity, the honol ogi es bet ween EGEABYVIIES3ar e
significantly |ower, generally rangifhg fromonly 20%to 50% In each case,
the active species appears to be a disulfide-linked dinmer of C-term nal
f r agnemassdife moSInmof  Ree .f aBiibgheenbefd : 7hat-720, hal@9Beenwbigli eds t he
honodi neri c species has been found to be bjolo igall¥ active, but for
ot her fAAIEPHEHRS eFeKR PY S TRRTT st Uh® %{1 af e ¥Nature, 321:779,
1986) and t TE- (3 s ( if t &l . I ; 1v198%) , TGF-
het er odi rrerrslﬁr%faeveakgaﬁéb bttca%ﬁ et eéetrgd,O%anghf@ﬁeégpgggggrgltyo ﬁave di f?erent
25 biolpgiLal i properpl emdrap dderaspective hefibdicnerss. TOeAbes STGF-t he
superfamly of TG (3 genes include TG (33, TG (i2, TG~ (34 (chicken),
TGH (312, TGF6F3B3( Xebiopu2) , HBWP-3,2, BBRP44, EXBsbphiBMPTHP, cBVPEEP-BMP- 6,
Vgrl, OP-1/BMP-7, Drosophila 60A GDF-1, Xenopus Vgf, BMP-3, | nhiv@i n- ( 3A,
30 | nhiBsen (BBre| ﬁﬁﬁﬁﬁﬁag,l}’andmﬂ mempris el gehuBARr O RetSERY TR
00/ 66177 PCT/1B00/ 006 Mas u . :Rev, i ochem L :753- . 1998,
whi ch i%tl%q%rc%?ﬁfjr é)tré%zehré-":béeh‘lyrf b?/ﬁ%e grrné\%?:e l||gn klntngélgn[&?r e%Cg;ClPr?%f grggbl y, the
menber of thersgper bamner-g3 Teod3 pgenesab sy TCEhe3 ndwer pref Bumbhy, the
menber 1s TG (31, TG~ 5 (32, TG~ (33, BW-2, BW-3, BW-4, BWP-5, BMP-6,
or BWP-or gvetimerecprgierably, the nmenber is human or porcine TG p.
Still nmore preferably, the menber is human or porgine TG:-GI%I%L TG (32, or
TGO (33. Moshs priest abeyeithe nefbertPRLAuMMERSF " portS SR 395780 As
used hﬁf&g‘%c"s%‘h%%t abl e omrkekodl N5 udes. & 9epRatPradisty t hat nisiexpr essed
by a c a% stably mai ntains

the introduced DNA, and causes the cell to express an

altered phenotype such as morphological transformation, or
an enzymatic activity. Isolation of cells that express a
15 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,
20 dihydrofolate reductase, aminoglycoside phosphotransferase,
which confers resistance to aminoglycoside antibiotics such
as kanamycin, neomycin and geneticin, hygromycin B
phosphotransferase, xanthine-guanine phosphoribosyl
transferase, CAD (a single protein that possesses the first
25 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.
30 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



the introduced DNA, and causes the cell to express an altered phenotype
such as norphol ogi cal transformation, or an enzymatic activity. Isolation
of cell s WA&¥6@Xpress a 15 transfected gene is achi eved byPCHIBOOEUSS| on
into the sane cells a second gene thgd encodes a sel ectabl e marker, such
as one having an enzymatic activity that confers resistance to an

anti bi ofh&aPyobt Berard UBroExayptes afeisied ecbabkeraprykersnd ngkuflecebut are
not limted to, thym dine kinase, 20 di hydrofol ate reductase,

ami nogl y2osiadé iftfosphbt r AT GALER-cotr s PESTStaRce May  be
a”1”°9|¥89§E9€uﬁ§%éEg°t% f%ggédasoka”i%ﬁ%e@blgeomg?ék{g&bg&ﬁetkﬁbm
P osphori1 bosyl

hygr omycin osphot ransf erase, xant hi ne-guani ne p
t ransf epaseot €ADi fa inidnglid lgr.otRaiat il ypostses spsontdiee f | £ st iBButhbée

enzymatjic activities of de navo urjdine biosynthesis - carbamyl phosphate
oyt ot b e it eERalt Ahicbih B MESE. BRI drooF BEadBoTdhogtne
deam nasgguand1aspgr afrinsynbhehasgl 6Sameiaok riral prdbbesyl af €heni ng,

Chapter 16. 1989), incorporated herein by reference in its entirety. 30 As
used hePBPROtQr" pBordtBICiRlh Pe BAFVEefi§dids -oMINA PY¥REEr#R1%ct tRE€, and

control ription i yotic, ¢ T ter o active
el £ HErOBTEBE h B Gor BT B Bl 0cEy e 1sPEaREE B o AR EeSdar yot i ¢
cell s. Peefienably eltdrerprdhpt ehichs acdd veonnrpiimuatdreaccight son ,Theapr onot er
may be constitutively expressed or inducible. Preferably, the__pronoter is
| niRici bPE. TRFEFEPHDIECL B iD ot TR | FRART I 6 BY0 ansestt BERR! COE! mul us,
More prebgeabhiyt bhe tPeomHe®erdtS id VG N e dYye Qs NBOEEHE! cBrakSiont i |
nore preferably, the pronoter is inducible by heavy netals. Most

pref er af ythehgenpr ofioiekeirssa -met al | ot hi onei n gene pronoter. Likew se,

As used herein, the term "DC-chol" means a cationic
liposome containing cationic cholesterol derivatives. The
15 "DC-chel" molecule includes a tertiary amino group, a medium
length spacer arm (two atoms) and a carbamoyl linker bond
(Gao et al., Biochem. Biophys. Res, Commun., 179:280-285,
1991).
As used herein, "SF-chol" 1is defined as a type of
20 cationic liposome.

As used herein, the term "biologically active" used in
relation to liposomes denotes the ability to introduce
functional DNA and/or proteins into the target cell.

As used herein, the term "biologically active" in

25 reference to a nucleic acid, protein, protein fragment or
derivative thereof is defined as an ability of the nucleic
acid or amino acid sequence to mimic a known biological
function elicited by the wild type form of the nucleic acid
or protein.

30 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



"enhancer el enents”, which also control transcription, can 10 be inserted
into the DNA vector construct, and used with the construct of the present
i nvent i onwmomsshznce t he expression of the gene of interesgcT/ivousas

herein, the term"DC chol" neans a catifonic |iposone containing cationic
chol esterol derivatives. The 15 "DC-chol" nol ecul e includes a tertiary
am no grouyps - a IRdpd engih spacer «fm (HWe;alongy angd MRyl e bi nker

bond (Gao et al., Biochem Biophys. Res, Conmin., 179: 80 285 1991). As
used hermgmgint SpreFst | sndethﬂectaets;exetq/p@edfl 00 clai$ B c S0 pesoneo As
used hergei n, t he term "bi ol 0gi ggl Ly active" used in relation to |iposones
denot es 11 EﬁnﬁlE ef%P?%Yr%d% unctional DNA and/or proteins into the
target cell. #se U%ﬁ@s@ftel ﬂnvéhelbﬁl’ mi'dd b ogé cald yvaebi veid i in 2bivo
reference to a nucleic acid, protein, protein fragnment or derivative
Lherol HaSRIBAURE H8T aCRBYPFYyO8T 5t AN SGRIE G OIS Ho Hol B

sequence. g, Jii o ackagua Halngisal cnbUREhiAN o chosd. Direhes i Ldybype

f or m of e nucleic acid or protein. 30 As used herein, the term
" mai ntenaarniml,qwmenluseblvea thétoont extt oftanqﬁtsormordeww:evey temotes the

ability of . the .introduced DNA to.remai.n present |nthe cel When, used in
90 00/ SEEH P BBOPOBGES2 P 16 EEARE Bont B Rl JELIREL o ‘BN%IY §Obt

target ecbiONAther r&dhi Ve Py esehticle t&xe atgeted CehtoorHhd s6oen&6t aet O
inpart a therapeutic effect. The present invention discloses ex vivo and in
vivid 5 et qGed Por Heliowry éﬁy atPDRASBéanEAEECBf Fht &hestMmedlfhed

connective tissue cells to the target joint of the mammalian
host, so as to effect in vivo expression of the gene product
of interest.

As an alternative to the in vitro manipulation of

15 fibroblast cells, the gene encoding the product of interest
is introduced into liposcmes and injected directly into the
area of the Jjoint, where the 1liposomes fuse with the
connective tissue cells, resulting in an in vivo dene
expression of the gene product belonging to the TGF-B

20 superfamily.

As an additional alternative to the in vitro
manipulation of connective tissue cells, the gene encoding
the product of interest is introduced into the area of the
joint as naked DNA. The naked DNA enters the connective

25 tissue cell, resulting in an in vivo gene expression of the
gene product belonging to the TGF-B superfamily.

One ex vivo method of treating a connective tissue
disorder disclosed throughout this specification comprises
initially generating a recombinant viral or plasmid vector

30 which contains a DNA sequence encoding a protein or
biologically active fragment thereof. This recombinant

vector 1is then used to infect or transfect a population of



connective tissue cells of the mammal i an host. The ex vivo technique

i nvol ves culture of target connective tissue cells, in vitro transfection
of the DNMOI¥EeIEhce, DNA vector or her delivery vehicl e PET/IBS/@685St i nto
t he connective 10 tissue cells, foll d by transplantation of the nodified
connective tissue cells to the target joint of the mammalian host, so as
to effaet Rt¥bveDHuessi 6onnéctheegenes pioduetl 1sof raseieshg As am
alternative to the in vitro mani pulation of 15 fibrobl ast cell t he gene

encodi BPAHE tHrduuet 6PIPREELESt 81 Y ntPREALRAPPNtSS i Prstres iﬂaslenj ect ed
di rectly, jla the +2588e0fcdig | girat, cabier & hediipasamesof usetuirhbet he

connective tissue cells, resulting in an in vivo gene expression of the
gene priedutt bspargi ngftoat hmam@glpan20 mngier f aed TSt RI anSHBERPERERAAI
alternative to the in vitro ni bul ati . €0 ' ti £Lekks, the
gene erfeBAiSy+ The Ofr ottt S6t°Y thrgr 8gt ?go?% ﬁogiﬂ%g é|{1’rr31)%0 tscgﬁar ea of the
joint apitakespdNA. ThersakednDi& erties SDNhe seameects wef 2bntéssse del |,

resulting in an in vivo gene expression of the gepe rodacill ?el on%itsng to
the TGRFRKUbelPanttys tame 2klYi VETTHA 61 t183¢ néﬁr’e? cBfin&EFTVEYi ssue
di sor dey, discl asee HYLQUINQUEERLS esPEC)E ERAL I ON COMNdEESe | Nithisahlky

generating a reconbinant viral or plasm d vector 30 which contains a DNA
sequenciiswwdelr ng a protein or biologically active fragnent thereof. This

reconbi nant _vect IS then u edc{ i nfect ar itransfect a. popyl aki;qn of WO
. . i
00vY%6177 17 Wf%&)o}’ﬁo erlsflcov? ?Doy céﬁfgurae&lcsc?nnecfl ve ti ssze cells,
resul tifai N the PpRUkatiren ofoepprecdi veetdld sfeentaieatinyhen vactman. These
connective tissue cells are then transplanted to a target
patient is the patient’s own connective tissue cells, such
as autologous fibroblast cells.
More specifically, this method includes employing as
15 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.

20 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 P superfamily
or a biologically active derivative or fragment thereof, and
employing as the DNA plasmid vector any DNA plasmid vector

25 known to one of ordinary skill in the art capable of stable
maintenance within the targeted «cell or tissue upon
delivery, regardless of the method of delivery utilized.

One such method 1is the direct delivery of the DNA
vector molecule, whether it be a viral or plasmid DNA vector

30 molecule, to the target cell or tissue. This method also

includes employing as the gene a gene capable of encoding a



joint space of a mammalian host, effecting subsequent 5 expression of the
protein or protein fragnment within the joint space. Expression of this DNA
sequence o¥o ooiée@test is useful in substantially reduci ng apct/asloodzne

del eterious joint pathology associat& with a connective tissue disorder.
10 It will be understood by the artisan of ordinary skill that the

pref er r g, gour 6, 0f (Gel 5t 44 ealiapcR NegBRo-Papi eRlues dtg 1At gt s

own connective tissue cells, such “as autol ogous fibroblast cell's. Mre
speci fi pablygithild ymethddd rdnides: ianplayi hp@sentlSthdeegeéne a gene capabl e

of encoding a nenber of the transforming growh factor,1 superfamly,
bi ol ogi cal | yArg&ieFe JeIVREVe 8 F:“&G S'h %rbfpﬁﬂﬁléegg%eé?‘%g}%g o e

mar ker, £Qr 3 R QRAIGR] IM addye H8E géﬁ@avsnebd&hggae@troduw aafto 20t A
further enbodi ment of the present invention includes enploying as the gene

a géne dapaltl o eadddialy at dosasictisite bisausedesr et AANSTARHITHRP growt h
ot Qo IrBhREkiAion e @ LAl OhERLLY AHLIHACe AP

t her eof ,” an enplroyi ng as asm d vector a pl asm d vector 25
known t eceme ofor dhbavyuskhnghl tihe tdenar codapagblfonf tBeaplredurd nirehance

within the targeted cell or tissue upon delivery, regardl ess of the nethod
of del i ey TRIPETEHYE Ofd SS¥ch TethodMPset PSS T bhga 1vé??'§rsofm HOBHNA

vector nolagyes, wWaethef bboRe a ¥héabs@laPhaan d ENAcvest orphadndtecul e,
to the target cell or tissue. This nmethod al so includes enploying as the

gedd® a gepe ecdpabilad o erebeld e Ro WO DO 66 977 DEEF/BAC/106 5% A 48 Hetber  of
transf Orarr];idng i%rcqvl\fdésf acetm%rlosyuipnegr f ’dgg ! Yerd gene a gene capable of
encoding a member of transforming growth factor superfamily
or biologically active derivative or fragment thereof, and a
selectable marker, or biologically active derivative or
15 fragment thereof.

Another embodiment of this invention provides an
additional method for introducing at least one gene encoding
a product into at least one cell of a connective tissue for
use in treating the mammalian host. This additional method
20 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 pseudovirus, the genome
having been altered such that the pseudovirus is capable
only of delivery and stable maintenance within the target
25 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

30 target cell or tissue.

A preferred embodiment of the invention is a method of

delivering TGF-B to a target joint space by delivering the



bi ol ogically active derivative or fragnent thereof. Another enbodi nent of
this invention provides a nethod for introducing at |east one gene

encodi ng YMO@#PEeldet into at 5 | east qge cell of a connecti \PETVIBS&USSF or use
in treating the manmal i an host. This fret hod i ncl udes enpl oyi ng non-viral
means for introducing the gene coding for the product into the connective
tissuereells. Jbre specithiccakbbynethiisemet hogduei ned udesmamhbp@s@NEhost
encapsul ation, cal ci um phosphate 10 coprecipitation, electroporation, or
DEAE- déhtroaighedisst | onf  andréhepudeslenpeoyiong &d tthhe tdehe @x getiéveapabl e

of encadi a _menher -.of_ transf.orm ng.,gr ow ct O rfapmly
bi ol ogi%éegl ny Bt velscfelrolsveacgi vvzltgglr% rgalcgk?rlesgt t %Cfle%#%agﬁg a g}él ec():tt:}gt%fe

mar ker wolidshi ol apxasdyuaste verdeniceakiste edrwodimdf reaghemntt i dvex EOTGFANOt her
enbodi nent of this invention provides an additional nethod for introducing

at 5 eaft PEREgenCerRBAFRYY ArPEBANEt ISntyPal nesstitdie TefethpPviral
connective tissue for _usg. in_ tr I he . i St . IS i tional
met hod 20 |Or¥clou%e%hoeln%?by?}ﬁ% f%ggﬁ%gpgaikc%ﬁgg?sw&%ésﬁézitn%-&g %?gﬁé to
del i verrd hadbBAatect ok teel eghlie tived hetd ariggteatel linor vitirssueul Paeéér abl y,

the virus is a pseudovirus, the genone havi ngc[ been al tered such that the
pseudo\EdREGE Eapabt 25Uenl §eof Sdel PPy tZ‘r‘?d S HeT Dt RAPAREEM Y i n t he

target 25 GR! loce P, NBLcFELALNIL NG LRB BRI ded rEPld cat erphsPiantbe
target cell or tissue. The altered viral genone is further manipul ated by
rddonbiimart DNA theehmt qods suthrehat tdeefsgakuly gbonenbrasansigubprn vect or
nol ecul,e whi.ch contains the heterol ogous gene of interest to be expressed
Wi t hi nltnnjeec%ld)rf‘arget cell or tissue. A preferred enbodi nent of the

invention i ;yeotmihodpeéredebivemengoliGRok3 tthea t@rgedng oi hhvepacenby
delivering the
involves direct in vivo delivery of a TGF-P superfamily gene

to the connective tissue of a mammalian host through use of

15 either an adenovirus vector, adeno-associated virus (AAV)
vector or herpes-simplex virus (HSV) vector. In other words,
a DNA sequence of interest encoding a functional TGF-f
protein or protein fragment is subcloned into the respective
viral vector. The TGF-B containing viral vector 1is then

20 grown to adequate titer and directed into the joint space,
preferably by intra-articular injection.

Direct intra-articular injection of a DNA molecule
containing the gene of interest into the joint results in
transfection of the recipient connective tissue cells and

25 hence Dbypasses the requirement of removal, in vitro
culturing, transfection, selection, as well as transplanting
the DNA vector containing-fibroblast to promote stable
expression of the heterologous gene of interest.

Methods of presenting the DNA molecule to the target

30 connective tissue of the joint includes, but is not limited
to, encapsulation of the DNA molecule into <cationic

liposomes, subcloning the DNA sequence of interest in a



WO 00/ 66177 19 PCT/I1BOQ 00653 TG--13 gene to the connective tissue of a
manmmal i an host through use of a retroviral vector with the ex vivo
techni queW@ ®WEH3ed within this specification. In other WRGHBOGOIOSH
sequence of interest encoding a funcéPonal TGF 5 (3 protein or protein
fragment is subcloned into a retroviral vector of choice, the reconbi nant
viral vestesvisalhen grevnidt ocadeguabe trineerdiargttiseehéotiahest ikthevitro
cultured connective tissue cells, and the transduced connective _tissue

cel I's, MHef dia§ bt obr3ted tRtPs, thee 198mEpl ahbed BYA nP8LIERELF0I nt of

interesto DrefELably Pyei BLER- Bt bTdlsdh tatRCtd O ndnph ber spE gEer ned
nmet hod of” the present invention involves direct in vivo deplvery of a

TGF- (3 pupkefapd ¥y pgesenttesl t ke con®dét | vect Pssuec bfcal eaneal ihlr hest

t hrough use .of 15 either denogvirus vectqr, adeno-associated virus (AAV)
vector BICHEHRETE Tpten WP his (RS VSRrorrd r bt Rort or 14" DRAA
sequencel Himidt eeesbreneodcngea Expeieiseian TH-fi3e pPeoEebhogbupr akeien
fragment is subcloned into the respective viral vector. The TGF-(3
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Into t@%if%@tiﬁp%%%arJHéﬁéré@i!sbﬁﬂﬂ@dﬁ%f”&¢§H£é£m”8ﬁméh8”co@ﬁwaﬂ
intra-articular injecti'on of a DNA nol ecule containing the gene of

i nterestegivm blie e nhetesollbgobs dermnsf Goei onf obrdheareci pheht in
COﬂ@GCtige tissue cells .and 25kheQ%e bépa%%eae%hearequk%%%pntupg r%ﬂpval,

i Vit roPC e At ur iy, tHansract 07 selPEEA G as R &SHFARSITantiing  the
DNA vecy&kt&ont aldHStg-ddtirabl agb t oepsenet € Hphderi £xPr esid il Hf  lfe

het er ol ogous gene of interest. Methods of presenting the DNA nolecule to
the targEPresdiepnaebergsenisdge %’ftlﬂheofOEHF DA giRsechle £BERoENS nited

connective tissue.
In a preferred embodiment, fibroblasts recovered from
15 the knee Jjoint are <cultured 1in 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 wutilize other tissue sources for in vitro
20 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 applications in treating only the knee joint. It
25 would be possible to utilize the present invention either
prophylactically or therapeutically to treat arthritis in
any susceptible joint.
In another embodiment of this invention, a compound for
parenteral administration to a patient in a therapeutically
30 effective amount is provided that contains a gene encoding a
TGF- superfamily protein and a suitable pharmaceutical

carrier.



to, encapsul ation of the DNA nolecule into cationic |iposones, subcloning

t he DNA sequence of interest in a WO 00/66177 20 PCT/1B00/ 00653 retroviral
or plasnm W47 or the direct injection of the DNA npl RGH/EBOPOSET into
the joint. The DNA nol ecul e, regardl?éss of the formof presentation to the
knee joint, is preferably presented as a DNA vector nolecule, either as 5

reconbi nant wnoahebNAembotidmendl ecfll eehdrs a imgeontiiomanprbMAdepl asord avect or

nol ecul e. Expression of the heterol ogoys t%ene of interest .is _ensured by

i nserti RG™ROPNGof 8F MEGRTMRT Lo AR LT tE@tdot 8 Bl PEHdifect 1) tbstream
of the ¢Qdihg1a@aican19f tdrerdiatisrsol ogpsisngenenabne ipicioudisnary sgddd in 10
the art "may utilize known strategies and techni ques of vector construction
to ensueeacagpngpriat e TGEV8l s fperi@miessi oprotlbsaquermndt oaentyitofbkere DNA
nol ecul e into the cqnnective tissue. In a preferred enbodi nent,

fi bPobl RSEITRECNFEd fY°0hi®5 the knee joint are cultured in vitro for

subsequent  uti k,za8hkeN Afbdddebhveryr systiem fiavegenent henapydest wdl  be
apparent that Applicants are not limted to the use of the specific
connect mgghoidssae  dieseliobefona deardibed goxsiuling olintrPrEei60heth®i ssue

sources for in yitrp 20 urge techniques, ;The d of ;ysing-{he.gene of
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arthritis in any susceptible joint. In another enbodi nent of this

i nvent i dur,ansrd@anioured dorthe infected cell into the mammalian host,
storing the transfected connective tissue cell. It will be
appreciated by those skilled in the art that the infected

15 connective tissue cell may be stored frozen in 10 percent
DMSO in liquid nitrogen. This method includes employing a
method to substantially prevent the development of arthritis
in a mammalian host having a high susceptibility of
developing arthritis.

20 Another embodiment of this invention includes a method
of introducing at least one gene encoding a product into at
least one cell of a connective tissue of a mammalian host
for use in treating the mammalian host as hereinbefore
described including effecting in vivo the infection of the

25 cell by introducing the viral vector containing the gene
coding for the product directly into the mammalian host.
Preferably, this method includes effecting the direct
introduction into the mammalian host by intra-articular
injection. This method includes employing the method to

30 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



parenteral adm nistration to a patient in a therapeutically 30 effective
anount is provided that contains a gene encoding a TGF- (3 superfaml|ly
protei n WO 0&6€l07t abl e pharnaceutical carrier. WO 00/ 6617 PCPTRINIBEEY 00653
21 Anot her enbodi nent of this invent2dn provides for a conpound for
parenteral adm nistration to a patient in a prophylactically effective
anount ihatadvrdiudes aag@ae iaenchdsng Eofl'G%HeB:a@ﬁpﬂﬁfcarrhlsp prBuetheand a
suitable 5 pharnaceutical carrier. A further enbow of this invention
i ncl udeShihemerRPRoALES ABFEPABET 6FE QYOS Bdtf ng°i hEPBHECPRY t he

gene info the cell i ¥bhhQcrTPbScMBEhada 8l serbiahudere sldzse@eent |y
transpl anctll ng the infected cell into the 10 mammali an host. This net hod

i ncl udes af ter efifldct bag amreaiatiesd ebvi nghodet sk iddmsecinvehd sabé el |
but,, bef of . the. Lhanselanting, ol b 1e, 1 Nleg! 4 itldnel M LAS: MRIHRLEEN hoSt,

St ot ng connect 1 Ssue cel appreci ated by
t hose Slkyl |&Clll ndatike sabh that tde rienfiecteed £5rc0u:maectr|e\te:dumms:eitb may be
stored frozen in 10 percent. DVMSOin liq \&ﬁ nitro IS thogincludes
enpl oyi dgteact n‘éf‘ﬁ@ﬁtﬂenséﬁgt aftiegnar et SRS "ejv%? obﬁﬁﬁPeOFe Mehritis
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20 An enbodi nent of this invention includes a nmethod of introducing
at | eastiesneigede iandodiesy emmpkayiey aﬁt ctkm geRASE @t cetdpaplg of

connective tissue of a na i an, host treati 1 i an
hok? ase%%?%iﬂ%eﬁoﬁ%emkb%%ggabﬁagf‘ﬂ@I LY& n %f &ggt_gngs‘ﬁpr‘?r\#\%bﬂ%ea?%cti on
of the 23, gel Ly by iﬂﬁfﬁ%&"”d&kéﬂhesﬁbﬁalagegﬁpra%&ﬁkﬁk&h%g g igensice
gene.
Another embodiment of the present invention is delivery
of a DNA sequence encoding a member of the TGF-B superfamily
15 to the connective tissue of a mammalian host by any of the
methods disclosed within this specification so as to effect
in vivo expression of collagen to regenerate connective
tissue, such as cartilage.
In a specific method disclosed as an example, and not
20 as a limitation to the present invention, a DNA plasmid
vector containing the TGF-P coding sequence was ligated
downstream of the metallothionein promoter.
Connective tissues are difficult organs to target
therapeutically. Intravenous and oral routes of drug
25 delivery that are known in the art provide poor access to
these connective tissues and have the disadvantage of
exposing the mammalian host body systemically to the
therapeutic agent. More specifically, known intra-articular
injection of proteins to joints provides direct access to a
30 joint. However, most of the injected drugs in the form of
encapsulated proteins have a short intra-articular half-

life. The present invention solves these problems by



coding for the product directly into the mammalian host. Preferably, this
met hod i ncludes effecting the direct introduction into the nmammali an host
by intra-¥%90&68174r injection. This 25thod i ncl udes enpl oyiRQY/MBIA006S3 hod t O
30 substantially prevent a devel opne of arthritis in a mmmlian host
havi ng a hi gh susceptibility of developing arthritis. This nmethod al so

i ncl udesnenpioging timg gethed comnWOtAFe6617Ys RCTHEBGO/ 086531128 drost

arthritic manmal j.an hast for fherapeytic use. [Further hi s_ et hod .al so
i ncl ude3SRHpI oiﬁckld‘q hg%ﬁetﬁléa%?bn?egtg?art ahgY rRgedscst etCPhetE%%gegﬂPVe
ti ssue msmhelebnbabere drfrinethbedifiddll pe @ppsechabpdiby phesadsk Id ed in

the art, 5 that the viral vectors enploying a |iposone are not limted by
cel | diveshed akors IRbtPFeairer tRECr etRRViIFANRC Ve ef FTIU¢ nfRft i%n and

| nt 6gr %gﬁﬁaﬂaEOp%@ ig&%etél ﬁ%&g;rﬁf' FSr prBES; ABt Nednenplaying fan:ivi r al
means as herel nbefore escri bed 1ncludes enploying as the gene a gene
capabl eppbpédbtensodi ng a nenber belonging to the TG (3 superfamly and a

sel ect abl e r k gene uch as_an tibiotic resistance. gene. Anather
embodi nent g?ntﬁéepﬁggﬁﬂ ﬁQ%kﬂﬂ%%ﬁf¥E??ﬁ9¥v%$§ a%?iée oséﬁ)éﬁ%gggﬁcoding
a menbeprebléheoFGshod tsupaldAid Yof 18ct Dot hen8ORAGET Icds th | Fsdir- ioft &
manmmal i an host by any of the nethods disclosed wwthin this specification so
as to efitbtadmangpyerérpr 858rBn Fhecolrieagérctedr egdner s lcbrmective

[ : h i, | : i fi hod di scl d . | e,
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cont ai niBgphBBod Fal 3ceadbagy Fequekeemdas hheatadbidawystareanmfatish
nmet al | ot hi onei n pronoter.

of action, the <cells were 1injected into rabbit achilles

tendon. If the nutritional supply is adequate for the cells

in vivo, the cells could survive and produce TGF- for a long

15 enough period of time to stimulate the surrounding cells. The

cells were functional in Dboth the intratendinous and
intraarticular environment.

The concentration of transfected cells is an important

factor for local action. In a previous experiment (Joyce et

20 al., supra, 1990), the dose of TGF-B determined the type of

tissue formed. In particular, the ratico of cartilage

formation to intramembranous bone formation decreased as the

dose was lowered. TGF-f is also biphasic in stimulation of

primary osteoblasts and MC3T3 cells (Centrella et al.,

25 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). 1In

the Examples provided herein, the NIH 3T3-TGF-Bf1 cells

stimulated collagen synthesis in different concentrations of

30 104, 10°, and 10° cells/ml. The tendon was enlarged mostly with

the concentration of 10° cells/ml.



Connective tissues are difficult organs to target therapeutically.

I ntravenous and oral routes of drug 25 delivery that are known in the art
provi de p¥ON0/&6Idess to these connective tissues and have t RETABAIGIINt age
of exposing the mammal i an host bodﬁ“systerri cally to the therapeutic
agent. More specifically, known intra-articular injection of proteins to
joints provimgestik rERhmateessthe gal3ditj oiad . ikipeeved, wibst Oof3 the ¢hj ect ed
drugs in the formof encapsulat edggllr oteins have a short _intra-articular
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genes coding for proteins that maﬁ be used to treat the nmammalian host.
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t he connectiye t.issue of 5 Tl i - odi n o] O,€fAS Wi th
antd - arthis tﬁlrceelﬁ’r o‘”f)lgtr llnegt.hﬁ :3 Eﬁe i ?\1\% ?%lngfgg(?\\é&tﬁ%rg%%/ 3%%5 a&égjlcﬁed to
sol ve tdyecimiebl AT Dfii shofbrduhat | onllof. aChéomsyaed ilingh reerstsassosndt ed

wi th adm nisteri ng TG (3. The transfected cells cogl d suryvi vel%’glfgr nor e
than 6 SRdKs a9f t #eE86T c AT es® T t HBGt PHHT POt 0giE8F cHdng&STo Qet er mi ne
the viahifddynand Lur ai,on w@fic sactirerr t hajeekhsnyer enenj ecyederatedr abbi t
achilles tendon. If the nutritional suppI%I/_ is adequate for the cells in
vi vo, tthissmd sveoul doserved eatanthrpatiesa Tor- a3df 6pPmBlEbAYY 192BABAGH

period of time to stimulate the surrounding cel I;,téq el s verep
fu]nctti STil M Bot ﬁjse‘tfﬁg}% nfr at éndi ﬁ%&surg%% galt?\t réargerti uoa}’? envi fonment. The
concentgatisuHf trharsf eptedrcel lsffiiniary | dpartanet dacdged f ardaocak

action. In a previous experinment (Joyce et .20 al., supra, 1990?3 .t he dose
of 11}1§QPQE&%rﬁﬂHéGtPH§ ﬂyﬁé gfinical application. 1 egenerative

arthritis can be cured with just injection of cells into the
joint, the patients can be treated conveniently without major
15 surgery.

The TGF-B secreted by injected cells can stimulate
hyaline cartilage regeneration by two possible ways. One is
that the cartilage cells remaining in the damaged area
produce the TGF-P receptors at their cell surface (Brand et

20 al., J Biol Chem, 270:8274-8284, 1995; Cheifetz et al., Cell,
48:409-415, 1987; Dumont et al., M Cell Endo, 111:57-066,
1995; Lopez-Casillas et al., Cell, 67:785-795, 1991;
Miettinen et al., J Cell Biology, 127:6, 2021-2036, 1994; and
Wrana et al., Nature, 370:341-347, 1994). These receptors may

25 have been stimulated by TGF-B secreted by injected cells,
which adhere to the damaged area. Because TGF-PB is secreted in
a latent form in vivo (Wakefield et al., J Biol Chem, 263,
7646-7654, 1988), the latent TGF- needs an activation
process. The other way is that the latent TGF-B or the TGF-f

30 secreted from the transfected cells may have bound to the

TGF-B binding protein (LTBT) at the extracellular matrix of



tissue forned. In particular, the ratio of cartilage formation to

i ntramenbranous bone formati on decreased as the dose was |owered. TG (3
is al so bM$heP#6t77i n stinul ati on of primary osteobl asts and®dUaBI®0SS | s
(Centrella et al., 25 Endocri nol ogy, 2019: 2306- 2312, 1986) . That is, it can
be both stimulatory and inhibitory according to the concentration (Chenu
et al.,pRrocaNay| oadieSci caBbibH@8- 368/Ers1988rllen datheaExanpd eseprlovi ded

herein, the NI H 373-TG-- (3 |ls stimulated collagen synthesis in
differeﬁ%oéon&gitgg?fgig'ofg 109, 105, and 106 cells/m. The tendon was

enl arged nosiythytwith the eeReentikat i 68 oictdObn cald,s/ she WO A 6H1 6k 24
PCT/ 1 BOO/ 00653 In the Exanples, the joint was injected with 0.3 m of 106

cel | s/ nhyabdheencratidpge TRENEpesi rehsdheprEehaitPast ed lordmidwrafdsls b 6
weeks after ipjLeckion. The environment in the _joint is diff t om t hat
[\éﬁbon@bg-é C%?T%e%%%a on  Cagrl ﬁntlmu %tj.e t eéjhslncg lvéﬁl

of the h nove Treely Wthin ol nt. ey nove

to the apgan¥khpiosbeaidd cvahitnét rdror1ibbelceligh dbaceybextusn ment scus
and cartilage defect areas are the possible sites for cellular adhesion.
At si x wesksbaft &hej njcgdtiienl t Aactegendodt ed 0 ls s idsi M igBser Y at t he

parti al . tel dqgﬁgg C rtilqggzd e r : t the
synoviu%%ggggﬁgggggﬁfsgﬁf. |sg%%%%i Félaf I i?% ?%thﬁggﬁaﬁﬂgﬂggg?ia IS
anot her vadyantagerf ael el épisql Teppd i catdamagdd aegenes@ttihe cartirddd s can
be cured with just injection of cells into the joint, the patients can be
t r @8t ed (Bontshesat 1§t welhoutNavj BRIL 15 sMeger3sl T ’E2/( 31§869 et ey

| nj ect ed jGeLLECRN 1 SLENULELE 1Yl LR FRLT I RAS ROGARANIOEdY 14101
possi bl € mayg. el t hat "t fie cartilage cells remaining in the damaged
area puedteebuheohGof( X reaceftairesl atel hei fFeehke$urftacel ( Brdndogte J
Surg (Br) 79-B:831-836, 1997).
The properties of newly formed tissue were determined by
15 a histological method. In H&E staining, the newly formed
tissue was identical to surrounding hyaline cartilage (Fig.
4). To evaluate the properties of newly formed tissue, the
tissues were stained with Safranin-O (Rosenburg, J Bone Joint
Surg, 53A:69-82, 1971). In contrast to the white color of
20 fibrous collagen, the newly formed tissue stained red,
suggesting that it is hyaline cartilage (Fig. 5).
The cells in the completely damaged area produced
fibrous collagen. The surrounding osteoblastic cells méy not
have been stimulated because of the osteoid matrix barrier to

25 TGF-B stimulation. Instead of stimulating surrounding cells,

the NIH 3T3-TGF-Pl1 cells produced the fibrous collagen by
autocrine stimulation. The fact that the «cells were
stimulated by both autocrine and paracrine activation
increases the 1likelihood of treatment of degenerative
30 arthritis with chondrocytes that have been stably transfected

with TGF-Pl expression constructs.



20 al., J Biol Chem 270:8274-8284, 1995; Cheifetz et al., Cell,

48: 409- 415, 1987; Dunont et al., MCell Endo, 111:57-66, 1995;

Lopez- CasMOQ @#6E17 al ., Cell, 67:785-795, 1991; Mettinen ERCTAB0)/0WSel |
Bi ol ogy, 127:6, 2021-2036, 1994; and 28 ana et al. , Nature, 370:341-347,
1994). These receptors may 25 have been stinmulated by TG~ (3 secreted by

injected celtge ~uhich;adheseaboyt hedaregeddaaah Berapse ekgres3ion
secreted in a latent formin vivo (Wakefield et al., J Biol Chem 263,

7646- 765dnst1988)s the |satreritveTGR: (Bendeds andadiriagati@hntproébss Ccethe ot her

way is that the | atent -(3 ort TG=-P .30 s et m transfected
cells %/m’ﬁ%vepﬁ8aﬁﬁet 0 tgfzfégu‘fgz-c(gg%baigne& ngl%pr ot?}g% n ?g?%%? atgigt8 he eRl
extr ace&&xu;{;ﬁétémy I idardlg D 96617 Fe 2% rRGT/ | BOOEOO653 thear teal | Y idesaged

cartilage layers (Dallas et al., J Cell Biol, 1?1: 539-549, 1995). \Whatever
t he5 mechaP#a@e ohYaetnen Ga& titlReer i it HRe oPaThyat i He SRRPEF agy dsi s

| ndi cat 8§r£bfz]5 a |l ong duration &f o hsghnliGEt3060NE@Nt L@t bR 1fan asid mul at e
hyal i ne carti %\ge regeneration. The vehicle for [ocal high concentration
may nopabecthme cmptipsalbff asttarorf orndigeie sttt ageon, thetraryh&diét idcal |y,

the cartil age cell may be the nost suitable vehicle for delivering TG (3
to dameleEPerelé M hqéG%é(%tFFB‘é’é%i l%%r Pt 7T %et T3l 2, nﬁé’wtl':rnegﬁt"f%ﬁbd

331:889; 898, 1994) ny Then Cob80Es,01 LAYgEy MBI 1X |5 anot her possibl e

vehicl e oca istribution of transfected cells (Frenkel et al., J
Bopg J SurgThBr)ireB:&3l- 836e 190a)1e The prarjerstt e$NOf N3 yTGorfited

ti ssue were determned by 15 a histological nmethod. In H&E staining, the
new y fended hunimsue fmassikdent i Eabroblastr ol iy )hyakehé catif¢ageY Fig.
4) . To evaluate the properties of newy fornmed tissue, _the ti’F&yEBS wer e
st ai nedtwRrRRESaFaG nTOF(RIserfitR S BbneCIBPhfucts. ~ These TP

producing cells maintained high concentration of active TGF-f
concentration in vivo for a long duration.

15 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

20 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

25 used was determined from the optimal concentration for
intratendinous injection. The third question is how the cells
stimulate the regeneration of cartilage within the joint.

There are two modes of action for the injected cells.
One is the activation of surrounding cells by secreted TGF-f
30 (paracrine activation) (Snyder, Sci Am, 253(4): 132-140,

1985), and the other is self-activation (autocrine



Surg, 53A:69-82, 1971) . In contrast to the white color of 20 fibrous
col l agen, the newy forned tissue stained red, suggesting that it is
hyal i ne cwaWeay®y (Fig. 5). The cells in the conpletely darraaoeoesss
produced fibrous collagen. The surro@hdi ng osteobl astic cells may not
have been stinul ated because of the osteoid matrix barrier to 25 TG~ (3

stimul atéeivat D6head ohest bobtaht ngt sonroandi ngltel | may t A€ fBEH 3TReTGF- P1
cells produced the fibrous collagen b autocrine stimul Eti on. The fact

L DYy
that theatkyayswerdt sERfulBHEP BB heRUL bEPPRBRE aMfYpaPicrife JCStvati on

I ncr eas L kekipogd ok treahpeny 0t Heaanerat i ¥e 3Qcanbhri kicgew th
chondrogré?zég@?{}ugt Eéagg geenostabl y trgnsfre(_:t ed wth TGF-C(_§1 expr essi on
const r uChsra¥x 001661 77026t PETHL BODNO006B8 imkeréek| ofi ped igpapny are

trapnsfected w.th TG-- (31 expressiqn constr ca ur in s and

knee joFYi?s.\gH%ecr@Irﬁt Iefrh‘élsropr}r%edﬁtcse fllﬁl’ o&%ﬁlgl I amfjf:n %5%3?%6 tsg%g% ‘and t he
conpl et ghyrdepsged caigpl agendy eauribdovddeng t beltel | Thaes ranprieduce
hyaline cartilage in the partially danmaged articular cartilage. The

mechani SB1F &ENeul AT ABEBCHMRe Tnid © IRI AT itr IR B F8ctfitsie
indi cat g5t Rat, 9eng therapy; vt Bra cyeerhern of the JGEré31sppepbasi lof of

genes is a new treatnent nethod for hyaline cartilage injury. 10 The

i nvent oggipada stabkesf idar obtasba{dl HIGITFR-TEEi688d gmrd hthenappr €3ki n
fibroblast TG--(31) cell line by transfecting TG (31 expression

coh@t r uershorRdse TERSETesHrIficitRg Tl ntaf 8GR gﬂchﬁEéﬁPr at't on of
active ;%5(3 concentration in vivo for a long duration. 15 The first
guestion™to be answered regarding the possibility of gene therapy and, in
particul ar, Cakl-nediadednggensxdtelapy iard heofifabied t youf tway celdfs in

vivo. Even . .
© i%lustration of the present invention, and not by way of

limitation.

15 EXAMPLES
EXAMPLE I - MATERIALS AND METHODS

Plasmid Construction

To generate the metallothionein expression construct

(pM) , the metallothionein I promoter (-660/+63) was

20 generated by polymerase chain amplification using genomic
DNA using Xba I and Bam HI restriction sites built into the
oligonucleotides wused for amplification. The amplified
fragment was subcloned into Xba I-Bam HI sites of
pBluescript (Stratagene, La Jolla, CA). The plasmid pmTpl

25 was generated by subcloning a 1.2-kb Bgl II fragment
containing the TGF-PBl coding sequence and a growth hormone

poly A site at the 3’ end into the Bam HI-Sal I sites of pM.

Cell Culture and Transfections - The TGF-f cDNA was
transfected into fibroblasts (NIH 3T3-TGF-f1) or human

30 foreskin fibroblast/TGF-Bl. They were cultured in Dulbecco's



t hough TG~ (3 can suppress the inmmune cells in vitro, the cells may not be
able to survive in the tissue of other species 20 with highly effective

i mmune suiwgdddepce systens. Secondly, the optinmum concentg@tigdhodeds 9ene
expression in vivo should be evaluatzgl. We injected the cells into rabbit
achilles tendon in three different concentrations to answer this

questi OfloaTPEGORGRAL AL 19y Al | NETBABLERH] ARJJNAGNION 1B) DGi2D UREH vas
determ ned fromt opti mal concentration for intratendi nous injection.
The thi ednguastheDohSoiowethe deklise Skirtml. atre e HMesF-gienepid | saquince
cartilage within the joint. There are two nodes of action for the injected
cells. wéne ddslechelrset i vhei oMTHL sagateundiHh cel Imetal lsddristned @RS 30

(paracrine activation Snyder, Sci. Am 253(4): 132-140, 1985 and t he
ot her i BTSBPFEAct i fat i)"(‘?g?mé'é&f“ocrrieﬁésﬁ\%’ﬁﬁl 6%‘[%‘? 2P Boo/ SBaPso
actgvat sgBrrtdReigeBCeREr abbeBrof cells may affect the pathways, but the
surroundi ng environnent may be the nost inportant factor for the

det er i nat i oANef cadGiom MRIREPhALR maffiatutar 1PEPAE fAhdisd HfF The' MR eri or
of a | I9REER 11 A d WR i IR0 eDLs £0V1 LRDMBRALS o! Qiilidl " O ¢ PhOOFL suppl Y.

nutritional supply and surrounding cel The tran cted cells were

i nj ect edehdt gefwendef f aeeRyceAVIBOONBALBL f Ovd$ Nalddedt itbe thdemediwaetion of
the cells. The overall purpose of this study was to evaluate ,

TGF- 3- nBdear ed hge B rVAER APy ddioni@somMeepSdile ddisseaet HRl e8PERTRI?AI n t he

f i i jvo. The foll ow ff d
T Gst r 4t gt mEEY St SPROEHEFOnEY AN RGE 1By T 6T | T ¢ MY o
EXANPLE%LIE%AMQEEyl(R MAEE@héH§méNQ MEEHAR 15 with TGF-P1 expression

were stored in liquid nitrogen and cultured Jjust before the

injection.

Northern Blot analysis - Total RNA was 1isolated from

15 cells with guanidium isothiocyanate/phenol/chloroform. 10 pug
of RNA was electrophoresed on a 1.0 % agarose gel containing
0.66M formaldehyde, transferred to a DURALON-UV membrane, and
cross linked with a UV STRATALINKER (STRATAGENE). Blots were
prehybridized and hybridized in a solution of 1% bovine serum

20 albumin, 7% (w/v) SDS, 0.5 M sodium phosphate, and 1 mM EDTA
at 65°C. Hybridized blots were washed in 0.1 % SDS, 1 X SSC

for 20 minute periods at 50°C before film exposure. RNA blots

were hybridized with 32p_labelled cDNA probes for human TGF-

Bl. A probe for fB-actin was used to control for sample

25 loading.

Injection of cells into rabbit - New Zealand white
rabbits weighing 2.0 - 2.5 kg were selected as the animal
model. After anesthetization with ketamine and roumpun, each

rabbit was draped in a sterile manner. The achilles tendon



Plasm d Construction To generate the netall othionein expression construct
(pM, the netallothionein | pronoter (-660/+63) was 20 generated by

pol ymer aswa0vai6k77anpl i fi cati on usi ng _genom ¢ DNA usi ng Xba RCTaBi0/Baass Hi
restriction sites built into the oli9gonucl eotides used for anplification.
The anplified fragnment was subcloned into Xba |-Bam H sites of

pBl uescyipt chBbkabagene ¢ Jolbaz ) of T 1 asnin pofl( 3102%m@as10°
generated by subcloning a 1.2-kb Bgl 11 fragment containing the TG--01
codi ng seylerve gadcan§rafif AnhorABAe injeLyeR dinte dthe M B PEHd IS t he

Bam HI - Sal | _sites of. Cul t ur cly ing T GF-{8 CDNA
was trgﬁgf é_‘c??]gg?ﬁ'n?%l%wbsro J‘%%ats‘“?t s&%ﬁll adg%%- T-@’Cc;;n?kféﬁ) Eggﬂﬁﬁﬁ%n%?% foreskin
fibrobl agt/ TEEbKBds They whee exptessdonn dul beecstscWOd00PEB17 ARG T
PCT/ | BOO 00653 Modi fied Eaql e.s Medium (G BCO BRL, Rockville, M) .wth 10%
coneent A&t PERLBE et HIe bGP E‘a§er%ﬂ?cqﬂ%£ﬁ'@9?3fl}:tﬂ%agé LhrEs M

uence ~Was added

into thg,paT¢AEn¥est Ahew frt @ dvetiald 10t 0RPé Ot geMewapr @aRifeirmed .NEXHE Ci N
resi stance gene sequence was also 5 inserted into the vector. The cal cium
phosphakeesetiwidt oWpAs@#Paseids verd oPartigl t#Red cEOMelfas vl TP %el ect

the cells . wth the t f d se eyl 1 (300, 8441 ) 2 yas
added i H?éeFtﬁg e ieu?%%@%Tﬁlgtr%‘,ﬁ th(%sqgfre\ii \itilhﬁeg(igaoﬁ%ni es were sel ect eda and the
expressbanthe ofyal@Ghe( 3k nmRiAgead ayenf iwirnkd daptNarrt rertn tamad st s ahite TG-- P

ELI SA assay (R & D Systens). The cells wiith TG (3l expression were stored
i n1Pi qus#PRPPPEgen %‘Ifﬁ’ecul %ﬁ?edxinﬁ’gtetﬁef dreetrhe Q"’lerﬁeec'f‘)? h. “Ror THRETE Bl ot
anal ysi g$pz TQhkbnBNArwas hspkat gecbFomreddveryl savit hoguatthéli Uyaline

i sot hi ocyanat e/ phenol /chl oroform 10 g of RNA was el ectrophoresed on a 1.0
% agar osergellagent difitiarg closing the surgical wound, the cells with

10® cells/ml concentration were injected intraarticularly, and

zinc sulfate was added to the drinking water.

15 Histological examination - After harvesting the tendons
and knee Jjoints, 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

20 observe the regenerated tissue microscopically.

EXAMPLE II - RESULTS
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.
25 These selected TGF-PBl-producing cells were incubated in a zinc
sulfate solution. When the cells were cultured in 100 uM zinc
sulfate solution, they produced mRNA. The TGF-f secretion rate

was about 32 ng/10° cells/24 hr.



0. 66M f ormal dehyde, transferred to a DURALON- WV nenbrane, and cross |inked
with a UV STRATALI NKER ( STRATAGENE). Bl ots were prehybridized and

hybri di zegyg gu/gs1gol ution of 1% bovine serum 20 al bum n, 7% g ahe 0.5 M
sodi um phosphate, and 1 mM EDTA at 6%3¢. Hybridi zed bl ots were washed in
0.1 %SDS, 1 X SSC for 20 mnute periods at 50C before fil mexposure. RNA

blots were bridized with_32P-| abel |l ed c ohes for human TG--. (31. A
probe for (3-ZRIGHFVHS U5 t ae%ﬁ?réF%FSFngn%{aéglgggFoé)(ﬁg%t ITj B&%i on of
cel I's i ntdpyiabhidhrl New Zeadigng whikeobkabbils tweididly 2hd vipblkegyvere
selected as the aninmal nodel. After anesthetization wth ketam ne and

rounpun,ofeah BIBLTEFnAS dredped i At a 18 ecielld sitmaneronching: redtidd ,esthendon
WO 00/ 66177 29 PCT/ 1 B00/ 00653 S, expose and 0.2 - 0.3 m of cells with
104, 105-SHP7106%28el | STRTS %ncgﬁllrcg‘ﬁ%onsg&épe i Af ect@E i nPEhERe twO

i d-or tdHraft radthernisenden. 18 ncarsal fiat’e V\@ﬁtéﬂdﬁdakﬁnéheggfi:ﬂgingaﬂ\@t er of
the rabbits for the expression of transfected DNA. After determ ning the

opti mal IWRIART £I0N AT deheries PeddBh C&xplricrhtsy/mk nefibee aBFHi cul ar
conpr ot SR OTRL, (I8, SIS0 he I B PR S aPE 1R FRE,

conpl et e cartil age cts we e pa

were nmadscamdmddiey hyal isnescaid | hager! apgecwibh . cawt -1l 1o 35@9%@dthe 10
subchondral bone. The conpl ete defects were nade to expose 'the subchondral
bone af t& T ridm@d ngrcalfowid trwhy af e¥eed cyal ingecamit @gel osvpgrelkes

sur,¢{ cal d; t cells wth 10 l.1,s/ atj e inLected
i ntlgjaar ﬁé(,:%%gr H/lsggﬁgghél nr\é\g'ésil}[?%t ga\%gsllgggedg&g&%ﬁ%édr%n%{:i \r%&wa g%}?ng
Hi st ol ogiftalr exanjewatiicon - tAfd ercdwtr Viesid ngddfrecttendonse andv&ne® jioynts,
t he specinens were fixed in forrrgl in %nd decalcified with nitric acid.
They meggwgﬂﬁgddagq%gége (Fig. ). The thickness of the regenerated

cartilage became thicker as time passed (Fig. 3). The

injected cells secreted TGF-f1, that could be observed by

15 immunohistochemical staining with TGF-Bl antibody (Fig. 3).

The contralateral side injected with normal fibroblasts

without TGF-Bl transfection was not covered by hyaline

cartilage. In the partially damaged area, the regenerated

hyaline cartilage was colored red in Safranin-0O staining

20 (Fig. 4). (The depth of newly formed cartilage was almost the

same as that of the defect.) This finding suggests that the

injected «cells activate the surrounding normal cartilage
cells through a paracrine mode of action.

The regenerated tissues in completely damaged cartilage

25 were not hyaline cartilage but fibrous collagen. Their color

in Safranin-O staining was white instead of the red color

obtained with hyaline cartilage (Fig. 5). The cartilage was

covered by fibrous tissue, which means that these cells were

activated only by the autocrine mode. The surrounding

30 osteocytes, which can be stimulated by TGF-B, appeared to have

been blocked from being stimulated by TGF-B by the presence of



paraffin block and cut into 0.8 mthickness slices. Hematoxilin-eosine,
and Safranin-O staining were utilized to 20 observe the regenerated tissue
m cr oscopwaedoies177EXAMPLE || - RESULTS Stable cell line - Trghs{gaghiea was
carried out by using the cal ci um phodlphate coprecipitation nethod (Fig. 1)
. About 80% of the surviving col onies expressed the transgene nRNA. 25
These sel - T PLO i,n | P t i zZj ate
ol uti of. SR t o Gol 18 neraecartired i a0l g SEHr 51 Hion

t hey prbdecedun&lle The TR agecr eéhieonostecywas abeudus2 ngf 10thicel | s/ 24
hr. WD 00/ 66177 PCT/1B00/ 00653 30 Regeneration of Rabbit Articul ar

Cartil ag@*B&féct - The rabbit achilles tendons were observed to check the
viability ofrchLph3T3xIEErétibqcekbslsAt QG C%&h%@@ed“”ﬁﬁﬁgréydﬁg%tthe
tendon was grossly thicker than at the other two ™5 concentrations of 109
and5105achfif éesmakiengopart Tak ameéndoonplset e mearitdulagedlefeedtihi B ™ of
106 cel |l s/l . of gehekNIH 3T3-TG=- (31, cel lf wer e in%ected into kne %Oi nts.
The j oi AFCRASY &RAFNED 1R 8 Aek S It ef iEf“éBt 6. qoﬁltﬁa?ﬂti%%f}ff? amaged
cartil ager Wethoundgnewky &orseecivrl ige camd i | @geon Wosyeeks, 1Q,adder
injection, hyaline cartil age appeared and six weeks after injection, the
carti| agécdefeepscwerxamcigwatriarh by theyal i hectted t INIADe 3TBFFGF2P1. dehels

t hi ckness of the regenerated , cartil age becanme thicker as time passed (Fig.
B CThoSSr iUt fo i) HEcBugre: ol HERST S £O Lot odfd. BRoOhser Vel bhF 15

i mynohikshaeheniral. sgpi Nivag rwstBpT 6F-:3hididiRRIYo f Fithe Iegendirted
contral ateral side injected with normal fibroblasts wthout” TGPl

t ransf ecendanwag isstuecovet&thdyy hyminbnehisteothémgealln t e tpar tTGT+31
damaged area, the regenerated

antibody showed the expression of TGF-f1 in the tendon (Fig.
9).
Whereas particular embodiments of this invention have
15 been described above for purposes of illustration, it will
be evident to those persons skilled in the art that numerous
variations of the details of the present invention may be
made without departing from the invention as defined in the
appended claims.
20 All of the references cited herein are incorporated by

reference in their entirety.
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met héd of trehti ngtarnbrfiecitsngonpni svagro2 a) maneratioy T econbivratd

Vi ra]zi or Iasm’cd vectar 3 co J’esi n%{l% DNA se uence e gggin@g a ng)er of a
4 trhnsf GPRPRGEYY Gwe H 55 r r’%{) Tfalily of°Prot ef AS opérativel'y 14 nked
to agprogek@liting in a population of transfected connective tissue

9 cells; and

10 c) transplanting said transfected connective tissue
11 cells by intraarticular injection to an arthritic joint
12 space of a mammalian host, such that expression of said DNA
13 sequence within said Jjoint space results in regenerating
14 connective tissue.

1 2. The method of c¢laim 1, wherein said recombinant
2 viral vector is a retroviral vector.

1 3. The method of claim 1, wherein said recombinant
2 vector is a plasmid vector.

1 4. The method of claim 1, wherein said population of
2 transfected connective tissue cells are stored prior to
3 transplantation.

1 5. The method of claim 4, wherein said population of
2 transfected connective tissue cells are stored in 10% DMSO

3 under liquid nitrogen prior to transplantation.



6 b) transfecting in vitro a population of cultured 7 connective tissue
cells with said reconbinant vector, 8 resulting in a popul ation of
transfect ¢ gugeirect i ve tissue 9 cells; and 10 c) transpl anddfgosadeds
transfected connective tissue 11 celB® by intraarticular injection to an
arthritic joint 12 space of a mammual i an host, such that expression of said
DNA | 13 sequence whithi nisaldhi Qi sPace resuldtisiidh negepgeatkRg sd4d
connective tissue. 1 2. The method of claim1, wherein said reconbinant 2
vird vemiroredtsivee r dtirspria akevést oare 1 f3briel arlt hegldfs clmearnchimetei n
sai d, reconpj nant , 2 vgct or isracglogg%d )éggt or. 1 4. The nmethod of claim1,
wherei n ai ’po%%tr%?}i) Sofr 9Tt FARRFERFEE Ronnect i ve tissue cells are
stored prior to 3 transplantation. 1 5. The nethod of claim4, wherein
said population of 2 transfected connective tissue cells are stored . in 10%
DMS3 3 under?{i quilde nPet89En 3HFFUFIRF t FAnShadM afi oSO B0/ 6197187

PCT/J BOO¢ Q06531 a dt 6ccThe, MHROG G N £01 £k abmel nrwhesel nespi 8 o2
connective tissue cells are fibroblast cells, mesenchymal 3 cells,

ost ebbl astregn ofochohin ofybesblasy. cFhéspet hod according to claim6, wherein
insaid 2 fibroblast cells, the fibroblast cells are NNH 3T3 cells or 3
human foreskin fibroblast cells. 1 8. The nethod according to claim1,
wherei n said g2 cormecthatehdd ssiecdsdingartd | ageyinl i gamenheretint endad. 1 9.
The met hod according to claim8, wherein in said 2 cartilage, the

cartd | agePRRERyEY ¢ nklearei Lage. Cartdl2YRe ARERBE &ecOFditRGIR ¢l ai m 1,
wherein said

1 9. The method according to claim 8, wherein in said
2 cartilage, the cartilage is hyaline cartilage.

1 10. The method according to claim 1, wherein said
2 member of the transformation growth factor superfamily is

3 transforming growth factor B (TGF-B).

1 11. The method according to claim 1, wherein said
2 member of the transformation growth factor superfamily is
3 TGF-B1, TGF-p2, TGF-B3, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6,
4 or BMP-T7.

1 12. The method according to claim 10, wherein said
2 TGF-BP is human or porcine TGF-Bl, TGF-B2 or TGF-f3.

1 13. A method of regenerating hyaline cartilage,
2 comprising:

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



2 menber of the transformation growmh factor superfamly is 3 transformng
growth factor 1 (TG-P). 1 11. The nmethod according to claim1, wherein
said 2 nMMY66HT7 t he transformation ggow h factor super f arddTyIB0&/00633

TG-- 01, TG--02, TG--133, BWP-2, BWP-3; BWP-4, BWP-5, BMP-6, 4 or BWP-7. 1
12. The nmethod according to cIa|n110 wherein said 2 TG~ 13 is human or
por ci ne TGF- (Bﬂ TEféﬂsﬁeotiﬁéF-133.Vﬂt4@ aA wephdd téfory egénerutEngehyal i ne
cartjl age, r|S|n 3 a enerat%gg a r%poqp%Q%% Hﬁﬂ@l ogcglgsnid
vector 99%%%$?f ng &S ‘%ﬁgﬁ%e Bhebdi K618 menter ot & 5 YFSRST6r mi ng
grow h facteresypenfam | )bo@leQI‘ch@xl nsf 6reperatiuel y:dnm:l@@lut@ aipeaeot er ;
WO 00/ 66177 38 PCT/ 1B00/ 00653 7 b) transfecting in vitro a popul ati on of
cul@redceBlgbnaeétive tissue cells with said recombi nant vector, 9
resf%tlng ina pOpULQBBQTagzlk?an§£f@tE%&éﬁgygﬁgéd”ad&ﬁ%@é%lV%p %@%E%e and
11 ¢ transpla ting saird transfected connective tissue 12 cells by

i ntraartceular bpjecmtnaatbiﬁolat spagecbfioa 18 nmamrwalki asprhgst, ofuch t hat

expr essi on of equenc 4 within sald int.
reg%%era@?ﬂ@ah§3Plﬁ€5t15 g&?ﬁiﬁﬁﬁ%f T*RASSTH&" (¥ﬁoaaéapgﬁ§? %%LwﬁEreln
sai flgtragstgehi i@ ifoaccomidshed daynldposare regeapsultaticonhyaaligieum

phosphate 3 coprecipitation, electroporation and DEAE-dextran nedi ation.
1 155 Theapkthadeof claim 3, wherein said plasmidis 2 pnT(31. 1 16. A

connective tissue cell line conprising a 2 reconbinant viral or plasmd
vector conprising a DNA
1 14. The method of claim 1, wherein said transfection
2 is accomplished by liposome encapsulation, calcium phosphate
3 coprecipitation, electroporation and DEAE-dextran mediation.
1 15. The method of claim 3, wherein said plasmid is
2 pmTP1.
1 16. A connective tissue <cell 1line comprising a
2 recombinant viral or plasmid vector comprising a DNA
3 sequence encoding a member of the transforming growth factor
4 superfamily.
17. The connective tissue cell line according to claim

16, wherein said connective tissue cell line is a fibroblast

cell line, a mesenchymal cell line, a chondrocyte cell line,

W N

an osteoblast cell line, or an osteocyte cell line.

18. The connective tissue cell line according to claim
17, wherein in said fibroblast cell 1line, the fibroblast

cell line is human foreskin fibroblast cell line or NIH 3T3

Sw N

cell line.



3 sequence encoding a nmenber of the transformng growh factor 4

superfamly. 1 17. The connective tissue cell line according to claim 2
16, wher eW@ 09&bt7connective tissue cell line is a fibrobl aPCcTIBowelés3 | i ne,
a mesenchynal cell line, a chondrocyté9cell line, 4 an osteoblast cell
line, or an osteocyte cell line. 1 18. The connective tissue cell |ine

accqrding to,gl ai 2 17 r el n J i i b a cd ;

fi b(riobl ast Sl(éc'el II:Phlel ncéorfnse un‘génn%ioérnsélz iﬁe;?b?ggleagccc%?d”ﬁ % oéri]ﬁllnlll 3T3
4 cell hiene. wNEXODh 665714 RENDEO0/cF066Be 3% ahsifhrifivey cgmpethi vieatissue
cell line according to claim 2 16, wherein said nmenber of the transformng
gr ot h maeestam lyuger BGRB8y is TG (3. 1 20. The connective tissue cell

| ine according to claim 2 16, wherein said nenber of the transform ng
grow h factor 3 superfamly is TG-- 131, TG--P2, TG~ (33, BWP-2, BMP-3,
BWP-14, 4 BVP-A, BWe GomoredBMR+&.tils@de Thélcdnmectaomrdigsueccetlajimne
according to claim 2 19, wherein said TG:-13 is human or rcipe TG 131,
TGF41i 21%r' ‘Z%hﬁ“@:}’ﬁs.safdéz{ne‘?ﬂ%rc&fﬁeg{‘?vetrta]%ss B B g'%gccoarl%tl:%f] to
claign 2,16 Mheneg n sardrlgeoniigrany vegterpis BaBldl. sup-3, BMP-4,

4 BMP-5, BMP-6, or BMP-7.

1 21. The connective tissue cell line according to claim

2 19, wherein said TGF-P is human or porcine TGF-f1, TGF-$2 or

3 TGF-B3.

1 22. The connective tissue cell line according to claim

2 16, wherein said recombinant vector is pmTf1.



