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BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a nmethod of introduc- ing at | east one gene encoding a
menber of the transforming 5 growh factor P superfanmily into at(}? §es200dne
manmal i an connective tissue for use in regenerating connective tissue in
t he manmal ivemotess?. The present invention also relates t FCTABMAPRECt ve
tissue cell line that harbors a DNA vbctor nol ecul e contai ni ng a gene
encodi ng a nenber of the 10 transform ng growh factor 1 superfamly 2.
Brief Description of thegBejmategrARPYl n3teGoTGRe(fedic fiel d, degenerative
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associated with carti| agB2dmeRGENDAPRUBHE B TIONnt in the 15 body, such

as the knee, the _hip, the shoulder, and even the wist, is affected. The
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molecule containing a gene encoding a member of the

10 transforming growth factor p superfamily.

2. Brief Description of the Related Art

In the orthopedic £field, degenerative arthritis or
osteoarthritis 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 is the
degeneration of hyaline articular cartilage (Mankin et al., J
Bone Joint Surg, 52A: 460-466, 1982). The hyaline cartilage
of the joint becomes deformed, fibrillated, and eventually

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

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 is generally short. Another
disadvantage of intra-articular injection of drugs 1is that

frequent repeated injections are necessary to obtain

30 acceptable drug levels at the joint spaces for treating a
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c condition such as arthritis. Because therapeutic agent[H [}Eér@&bf ore
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diseases. Bone morphogenic protein has been considered to be

an effective stimulator of bone formation (Ozkaynak et al.,

15 EMBO J, 9:2085-2093, 193%0; Sampath and Rueger, Complications

in Ortho, 101-107, 1934), and TGF-B has been reported as a

stimulator of osteogenesis and chondrogenesis (Joyce et al.,

J Cell Biology, 110:2195-2207, 19290} .

Transforming growth factor-p {TGF-P} is considered to be

20 a multifunctional cytokine (Sporn and Roberts, Nature

{London), 332Z: 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, B85: 5683-5687, 1988), put it stimulates enchondral
ossification and eventually bone formation in vivo (Critchlow/

et al., Bone, 521-527, 1995: Lind et al., A Orthop Scand,

64 (5) : 553-556, 1993; and Matsumoto et al., In vivo, B: 215-

30 220, 199%4}). TGF-B-induced bone formation is mediated by its

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 '
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et al., J CEPM/@IT| ogy, 110: 2195-220:], 1990; and Metti n%?i’!?gé!-é"lm%%()/ OSGQII
Bi ol ogy, 127-6: 2021-2036, 1994). The’biol ogical effect of TGP in

ort hopedi cs has been reported (Andrew et al., Calcif Tissue In. 52: 74-78
1993; 5 Borgue et ill, Biblody BeMl Bi @195-379B73183;, argh3: Mt PRBton et

al., J Cell Biolagy, - 1969-1945 1 1 b tocal A
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10 mesenchyme, such as connective tissue, cartilage and bone. In
addition to embryologic findings, TGF-P is present at the site

of bone formation and cartilage formation. It can also

enhance fracture healing in rabbit tibiae. Recently, the
therapeutic value of TGF-B has been reported (Critchlow et

15 al., Bone, 521-527, 1985; 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-P 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
{(Brittherg et al., New Engl J Med 331: 889-895, 1994#, but
this procedure entails two operations with wide excision of
soft tissues. If intraarticular injection is enough for the
treatment of degenerative arthritis, it will be of great

30 economic and physical benefit to the patients.
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protein to a.flpec';(j)é: St qayRe;ithe ansywermh9 behithepraid
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t5i’]25|8i:\)§\g aﬂg’%§f76 .1.25§5 1@9%9' Q%8 Jgﬁ'ké,ngx] aNé/t*.I atare rpliasm, dgeonst ruct of
. ( er! eukim--T réceptor antagonist protein) gene; transfecting
synow al icebls1§4H, 83387355) and bone marrow 10 cells (5, 766,585) with the

construct; ang injecti t ransf ecigedsgelhg | bhitc) of
there is no g%{c]%cgs%?%"gecﬁ h%stie?\ng%a%g'eﬁe'gel ongi nslj?gﬁfl?]ga GEF?lmﬂtoér?gﬁri I
to regenapaiegconnectvivel ti osue. PUNEH SFaRels Pt enfs 5,"-8[;‘4?6 9 ?ngnd Y
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transfecting synoviai cells (5,8%%,3%5% eagg}:g%ne§u%g£;gg1ly !
10 cells (5,766,585) with the construct; and injecting the
transfected cells into a rabbit joint, but there is no
disclosure of using a gene belonging to the TGF-p superfamily
to regenerate connective tissue.
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 f “superfamily”,
together with a truncated parathyrcid 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, orx
alternatively in vivo, for use 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-p superfamily of




together with a truncated parathyroid hornone related peptide to effect
t he mai nt enance of cartilaginous tissue fornmation, and induction of
cartilagi nous tissue. However, 20 there is no disclosure of a gene therapy

nmet hod using the BMP gene. In spite of these prior art discl osurﬁ?‘, Etmpe
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treating the mammalian host. Further, there is a need for a process
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proteins is expressed in hast connectjyve _t] ells in SUWARY OF THE
| NVENTI ON The present i nveﬁ%ﬁp‘ﬁagﬁr#ﬁ\ﬁ tI#é'éﬁgr?%lﬁnbefore 5 descri bed need.

A et hod of infyoducinget | €asbnOivh genes eneodi nhea pheckiotbdfimre at | east
one cell of a manmalian connective ti,ssuedfor useti ntreat] ggeq%nrgamml ian
host Bs peowiikad itetthe PrBERPYi ATedPFORIVTHIS fbt AEE T nEMGdEs " enpl oyi ng
recombi nagh 4 &6 Juesohiackr adyee aa DNAstecdoy d€lhobécw enoumtldiami ng the
gene coding for the product and i ntroduci Fg t he DNA vector nmlegyl e

cont ai ni ngortRSgeife CtHtHhgt $or Lihe Pr S4GRETTHt 6 (HE Connect| Ve tissue
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deli vered and maintained within the tarqget cell %{) tissu% AS‘Mhat t he
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vect g, ol geul & or eheeabhyng the gene coding for the product and
introducing the DNA vector molecule containing 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 Qithin 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 encoeding 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




utilized in the present invention is either a viral or plasmd DNA vector
nol ecul e. This nethod preferably includes introducing the gene encoding
the product into the cell of 20 the manmalian connective tissue for a

t herapeutic use. The present invention is directed to a nethod of (% fEaillhg
arthritis conprising: a) generating a reconbinant viral or plasmd vector
conpri si ngwp ®sLBequence encodi ng a_nenber of a 25 trafSTEBMWME3gr owt h
factor superfam |y of proteins opergtively | inked to a pronoter; b?
transfecting in vitro a popul ation of cultured connective tissue cells
with said recenbi napinseicinaring r elsall timegsifeciepopubratd i vef traAYfect ed

connective tissue 30 cells; and Q 2 0Q3, W),,00/ .7 & PCT4},B00/ 00653
c) tranSQQ&ﬁPinBYtHéWFFﬁﬁ§f83$%ﬁ égﬂﬁggg%équfssﬁe cell's by ?%traarticular
i nj ecti onga@eamnfard hidnad ijpai Mbstspacehothat manpatsairhost, tBeacRNBhat
expression of the DNA & sequence within the jQi space JLsWLS kR
regeneraﬁ%ﬁ@engecdmﬁﬂﬂqng?i§¥ﬁ%¢'TﬁBa%%chg?ﬂ%ﬁt gﬁctégﬁhgy be, “but not
i mted tQnnecthiekr oviswd, vector, preferably a retroviral vector. The

vector may also be a plasm d vecior. The net hes tion incl udes
storing a 10 TH8pdi%at ﬁ“BFttygﬁé?%cF%H gghn%%&i&%ﬂ{iggtgﬁﬁglls grior to

transpl antatdan ralheveetbs, npyrdfersbdyedai nré 026 OMBA urkmtorl-i qdr8 nitrogen

prior to transplantation. Thelcogngctégg }issue cells include, but are not
limted t¥CHArGH 4$8° T 1% P 8lehchymal” cell's, 15 osteobl asts, or

chondrocyt es. Thee fidihehl astt celnes nimpepeioNl HiB3E3udes| s sgprhbganaf or eskin
fibrﬁglaiinﬁﬁkhibn of transfected 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 P (TGF-B}. The member of the
transformation growth factor superfamily may be TGF-B1l, TGF-
B2, TGF-P3, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, or BMP-7.

25 Preferably, TGF-§ is human or porcine TGF-fl, TGF-B2 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  seguence encoding a member of a
transforming growth factor superfamily of proteins

operatively linked to a promoter;




The connective tissue includes, but is not limted to, cartilage,

| i gament, or tendon. The cartilage may be hyaline cartilage. 20 The net hod
of the present invention uses a nenber of the transformation growth factor
superfam |y, which includes transformng growh factor (3 (TGF-g%ZDE?qMJ
menber of the transformation growh factor superfamly may be TG---pIl,
TGF- 132, TEP-YE877 BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, or BRPIBRO/0GEED
Preferably, TG--13 is human or porcine TG 131, TG~ 132 or TGF 133. The
present invention is also directed to a nmethod of regenerating hyaline
cartilage, conprisitdgns&pchbher af nHihre eConBPRERTAAT aPforS i BEFd vect or
30 conpriging. & DNA segugnpce &ahcadi ng; @, megher ofc@nbild=ast ofddRg,gr owt h
factor super anﬁly of proteins operatively linked to a pronoter; 0 2 DEC
2003 WO 00¢66UTImd7 RCTA| BOONDABED bpft LaARFERETIRY FRMRAYT Y PWot®ati on of
cul tured g?fgqugye tissue cells with the reconbi nant vector, resulting
in a poqua I'on of transfected connective tissue cells; and 5 c)

transpl anti ng ¢he ttramsbdapbiingoriect tvansfesird SOMPECHYVE ntireH™E cul ar

njectionto, Loy SRRGE.PL; &y JRMIBLLAR; BESteo SuGhnkhalogxpressign of the
DNA sequence wi thin the joint space’results in regenerating hyaline
carti| agemaifla Tieen t hantf esuicbn Yhetthoekawgs sBeractonpheshdd bSEHANWSds  such

as |iposone apsy atiQne calgldmphosphat g, GRYBe-REIALT Oyali
electropoﬁéfﬁgﬁ gﬁgatéﬂE-éex$¢an né iation. The ngthgd o?étﬁg’iﬁightion
I ncl udes usrnglageferably the plasmd pmlf3l.

10 The transfection method may be accomplished by methods
such as liposome encapsulation, calcium phosphate
coprecipitation, electroporation and DEAE-dextran mediation.

The method of the invention includes using preferably
the plasmid pmTpl.

15 The present invention is also directed to a connective
tissue cell line comprising a recombinant virél or plasmid
vector comprising a DNA sequence encoding a member of the
transforming growth factor superfamily. The connective
tissue cell 1line may include, but is not 1limited to, a

20 fibroblast cell line, a mesenchymal cell line, a chondrocyte
cell line, an osteoblast cell line, or arn osteocyte cell
line. The fibroblast cell line 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-Bl, TGF-B2, TGF-f3, BMP-Z,
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-f3.

30 The connective tissue cell line of the invention also

may comprise cells harboring the recombinant vector pmTR1.




15 The present invention is also directed to a connective tissue cell line
conprising a reconbinant viral or plasmd vector conprising a DNA seqguence
encodi ng a nmenber of the transform ng growmh factor superfam|ly. The

connective tissue cell line may include, but is not limted to, ﬁz%? 2003
fibroblast cell line, a nmesenchymal cell |line, a chondrocyte cell "l Re, an
ost eobl ast WeIOP44 e, or an osteocyte_.cell line. The fi bPEbIBRE06sR| | |ine
may be a hunman foreskin fibroblast c®l line or NIH 3T3 cell line. The
connective tissue cell line according to the 25 invention conprises a

menber of the Threaresfaordri atdegr vl ctbacfortheuparieani Py, wPléf Braliioye a nenber
of the tr form t su ' [ = 44 TGF- 482,

TGF- 433, j}2) rﬂng%ﬁ_sg@%’t hf-lfﬂf&PBclg/%?S, E%jl:\/%‘?’]"gf?,Agyor d%ﬁ/lg%:?é%%? e OFC)Fr:e#er ably, the
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tissue cell_ line of t | ion also may conprise cells harboring the
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and ot her objects of the invention will be nore fully understood fromthe

fol | oyi ng description gfstheydanvedtbAner! i Bhgrgased draw ngs attached
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Fig. 1 - Expresisj.onlof- TExpPessRNA. cfot aGF-HNA waSA. | StitattedRiix omaNl H 3T3

cells or NNH 3T3 cells stably ransfected w p 1, TGF- 31 expression
vector, whitH % e FXgPowlin ?%% ab¥erice %Gr &Bseﬁgg o?g%}%c.sﬁ%ﬁgl RNA (15

my) 10 wasyHohed W (D i ddigyi , t Berd P10 kxpPblds 06n O ekl NwEIMNA vas-ea
control. Figs. 2A-2B - Goss findings of regenerated cartilage. 2A A

rect angul @¥owar i1 athe ahi4nsge cdefaerenss fhdeinon T3elf diBr aliScd¥dyl e and
the kpee [olnL was, iNQCt8dnMtBhe TGP-p1 cDNA or B 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-B1 transfection. The defect was not
covered.
2B. At 6 weeks after injection of NIH 3T3-TGF-§1
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).
32 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.
3¢ and 3D. Hematoxilin-eosine (H&E) analysis of
defect area 4 and 6 weeks after injection of TGF-Pl-
transfected <cells. At 4 weeks, partial defect area was

covered by hyaline cartilage after injection of TGF-Pl-

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




15 NITH 3T3 cells without TG--01 transfection. The defect was not covered.
2B. At 6 weeks after injection of NIH 3T3-TG--01 cells, the defect was
covered by newy formed tissue. The color of the regenerat ed ti ssue was
al nost identical to that 20 of the surrounding cartil age. gz Eﬁ?m

M croscopic findings of regenerated cartilage (X 200). 3A an Q

Hemat oxi | | N®YLHE (HRE) anal ysis of 5 defect area 4 and &CHARIPE0EE ¢ or
injection with control cells. 25 No tissue covered the initial defect
area. 3C and 3D. Henmatoxil i n-eosine nal ysi s of jjef.e area 4 and 6
weeks af the inggeBerdtedf LFepuy) beFP‘&ﬁsfté’&Fgﬁrce‘?’]ds 33 s,"Parti al

def ect argg.was icyeresh by dayal hoemsar tidaagelagéer 4t ect i onedts TGF- 01 30
transfected cells. At 4 weeks and 6 weeks after _inject 00/ 66177 9 O
2 DEC 2083sPein9iBedioocs53the Fedfdifdrated ﬁasfst&éaﬁscan@%ﬁ”‘ ker"®hd its

hei ght Wa§. & iDsSt o 488t i ealoln@1RQr AP L GRY talrageagé. 6 weeks.
Hi stologically, the regenerated cartilage (arrow) was identical to the

sur r dundi ng hyal ine cartilage. 5 Figs. 4A-4B - | mmunohi stochem cal anal ysis
for TG - FERPI e Lgp Ln {]n@rm'oklls%éﬂere&c%@ arBl10W s MFBoperoxi dase
reaction pr oduc I cates igh l'evel s of reconbinant TGF-Pl expression in

the NI H BIﬁreﬂﬁhoTGEnairhb]cEﬁ | ioifdBx. 2@%. show hyal ine cartilage in a rabbit

joint injected with control || ' M.ghoscqpiuscitadi ngs (X
200) of 15 regeneéré:‘[ed RS %IO%%%—%Ergtgéﬁ%ngp A) and Saf?anl n- O

high levels of recombinant TGF-P1 expression in the NIH 3T3-
10 TGF-Bl cells (4B}.
4A 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-0
staining (B).
S5A. 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 tissuve (white arrow) was fibrous collagen.
Fig. 6 - Plasmid map of pmTfl.

Figs. 7B8~7D - Gross morphology of rabbit achilles tendon
25 injected with TGF-f1 transfected cells.
7A. Tendon injected with control cells.
7B. Tendon injected with TGF-f31 transfected cells,

six weeks after injection.
7C. Cross-sectional view of the tendon pictured in
30 7TA.
70. Cross-sectional view of the tendon pictured in

7B.



staining (B). 5A. In the partially damaged area, the regenerated hyaline
cartilage is shown by H&E staining (black arrow). 5B. In the conpletely
denuded cartilage area, the 20 regenerated tissue (white arrow) was
fibrous collagen. Fig. 6 - Plasnmid map of pniral. Figs. 7A-7D - Gi{dsBtC 2003

nor phol ogy of it achilles tendon 25 injected with TG sfected
cells. 7A %H'&%ﬁ%: njected with cont rq? cells. 7B. Tendogﬁr'&fb(g@éog% wth
TG--Pl transfected cells, six weeks after injection. 7C. Cross-sectional
view of the tendon pictured in 30 7A. 7D. Cross-sectional view of the
tendon pictured in 7B. 0 2 DEC 2003 WO 00/ 66177 10 PCT/1B00/ 00653 Fi gs.
8A-8F - M crose .c gA-Bdi Rg8iiotosegererfanddnys sslieregemerabbilt tag$id | es

tendon with HEE st ai ?li_n . SA 8B ang 8 hocw.tendon injected with control
lilgféc'f‘? & hxgﬁ"s

5 cells 6eBkRPHf BE magnification. 8B. x200

magni fi cation. 8C g00smagnidf iscatsham. BHdoBE and@fedshoiiit endorrdlnj ect ed
with TG--01_ _transfected cells 6.weeks after ipjection % 1 %20 gp
magni ©i cafRdbh® SE.¥S&H0 ﬁﬁb‘?ﬁf?8%??16%9“'CFE£X658b1(Taﬁ§§FN1 ip%:la i'on. The
TGF- 01 tr apshesdaet fGelks ohnj &t edoiontegt ki cdtapdon appear to be more round
t han the endogenous tendon cells. Fibrous coll agen w%s pr dugﬁ}j_@/
autocrine and par &% n8Engdes BF S8 onteIRR t hE 1 onﬂé% arged. The
tendon nas §H£%<9€é% af tef1 4 hegi njyRelison ofceFGF-Rljdoranst ectoad 1bs@el | s.
Fi gs. 9A- B°- croscopi ¢ findings of regenerated tissue
magnification. 8E. x200 magnification. BF. »x600
10 magnification. The TGF-f1 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 (BA) and
immunohistochemical staining (B) with TGF-Pl1 antibody. Brown

20 immunoperoxidase reaction product indicates high 1levels of

recombinant TGF-P1 expression in the NIH 3T3-TGF-f1 cells.

DETAILED DESCRIPTION COF 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” is any

tissue that connects and supports other tissues or organs,




in rabbit achilles tendon with H&E staining (A and imunohi stochem cal
staining (B) with TGF-131 anti body. Brown 20 i mmunoper oxi dase reacti on
product indicates high levels of reconbinant TG 31 expression in the NI H
3T3- TGF-01 cel |'s. DETAI LED DESCRI PTION OF TCE | NVENTI ON As used hkt BEh/004 he
term"patient” includes nenbers of 25 the animal kingdom including but not
limted t o™MAMER bei ngs. As used herein, the term” mammaic AR e -

i ncludes nenbers of the ani mal Ki ngdom including but not limted to human

beings. 30 As used herein, the term "connective tissue" i I ssue t hat
connect s aaddi5appees sPet het PPstE 62 §Fgénd 196™s" C%ﬁ%ﬁ%%%’/ 66177 11

PCT/ | BOOIBOQgﬁgogpda | 1des abUt siSoim ldfimat edmhel at ilgaent, a cartil age,
a tendon, a bone, and a synovium of a manmmalian host. As used.hefein, the
term "connect Ave useds e rEdry " G BRI | ST IR fecti Ve i Ssue" Thel ude

cells thatcei‘ﬁeoffo%”dcorﬁléd%ik,ge rqaerpect iMel tdssuel 1 suthaasaté bfobhast s,
cartilage cells (chondrocytes), and bone cell sbgosieg\gl ast %/r igr)gtgocyt es),
whi ctb sedmet eheolcoageabiee exXxiFaEEE | (%M ndd r TPYORSIWRT1 SE°FATE8! s

(adi pocytcgﬁhgand (SABRG S & celahg. Poeéerabdys t he(cxorpedtbye/ti ssue
|

cells are roblasts, 10 cartilage cells, and bone gells. Mre. preferably,
the conmetebvgtesssuehteh | SeHed ioﬁrléﬁﬁﬁ’%?u%e?’ftsr.a‘iféﬁﬁ’i’él@tti ve - "tissue cells

al so i nclyde, spsenchymal c££1d s it ake) absa skoown asscomacelies.
fibroblasts. 1t wll be recognized that the i gvent i on & r}ol%‘iaQEQCt i ced
with a nilxedecabiur e e 15°8DRABEYT vE1EFEEUE TN s2 %8s Wl ag Cal s of a

singl & tYRG+i1A5.USEd) ST € fha " Gumecideyest | SBoee cabteddmdlyi,nckbdes a
plurali tyco%fne(c::(t):igg(:ttljt/sesutel Scszggzlgelalrse Orfi}:%glj%alsncg LE?T‘S"" Connective
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
i5 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 joint 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 joints varies in thickness,
cell density, matrix composition and mechanical properties,
yet retains the same general structure and function. Scome 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 cartilage includes, but is not limted to, articular car

costal cartilage, and nose cartilage. In particular, hyaline carlﬁ bﬁgﬁm S
known to be self- 25 renewi ng, responds to alterations, and provi des stable

movement WW®OUE@EE friction. Hyali ne@arti | age found everPCHBPMIOPS3t he same
joint or anong joints varies in thickhess, «cell density, matrix

conposi tion and nechanical properties, yet retains the sane general
st ruct ur eakairid tiunet idém t r Sowte ofeizhtt Re2fancRPohst bf P AyR B “€aPfPlfage

I ncl ude surprising | S 1R eCORRE ESSE AN . ad@Yiliiience, and exceptional O
2 DEC 20 Soﬁﬂeéf%i‘%@% I’'BOG/ 00653 ability to distribute weight

| oads, abilit¥riossiyniaridzehpeaik ogdcpdds, oRYSdBERoMAE: 158Re 2P gr eat

durability., Gossly, and.histological kst hyadd ng Ladkithbager appearmrse as a
slick, fi%l?n Sur géékt ha lryrmesTg')lét s def or ﬁat ion. The 5 extracellular matrix

of the casttdaagd lodapri sesatghiendr oft esthput 1S W51960d VERYEI'S S| ynphat i ¢

vessel s Olhort Q%?%EsAnbg a?Q&@ée1beéH“désgéd§tedyﬁbﬁyﬁi@r&bgsam@ drai nt ai ns

i nt er act | G BEREeT “¢hon rocytes and the matrix serves to nmaintain the

st ruct ur enanckf.unchion edkbbhatéyal hhehly ceFEerSge, SHAUCERBI ntt % ng a | ow
| evel of netabalic . L Vi.t. The J&fer enges @ IdesCobhd EheBana xlai nt

Surg., Bﬁﬂrﬂfﬂ‘f 19%%£a1<19é91éndescri bens the structure and function of

hyal i ne caetvdsags imeiddran] thahs eibdtnenestpSMacsdoRefti PHy Y4 e ence i n

Its gﬁtiregyﬁ'fé%éks %ﬁﬁﬂeheEgiﬁ%aiﬁkid't%anikarnhagegrowth heedror-ik (TG -

(3) per?amlly €nconpasses a group of structurally-rel ated

activity. The reference O'Dbriscoll, J. Bonhe Joint Surg.,
g0A: 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—-p (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 feor

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, 325:81-64, 1987), the Xenopus vg-1 gene product,

25 which localizes tc the vegetal pecle 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, 18%0),

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.




proteins which affect a wide range of differentiation [
enbryoni c devel opment. The fam |y includes, Millerian P:]gicgftsiers]gdglrjlbggance
(MS), which is required for 20 normal mnal e sex devel opnent (Behringer, et
al ., Nature, 345:167, 1990), Drosophila decapentapl egic (DPP) gerﬂdgﬂEE’ 2001
product, whi c[r)\ i §7r equired for dorsal-ventral axis formatj

mor phogenesYQ"¥ ¥he i magi nal di sks (Padgett, et al., Nal{cﬁ}?igoﬁggsg_ 81- 84
ég?g) bftggg;(e?s\ggESVg-eéL glene pégfjluct,SlngYhiGCh | ocal i zes to the veQet al

et al., @iechem26E:3gR98, R&E0LombRe, T%%TG 57&%28171) 1%%3%)(:?%%;6%{18 ((I\:/g?]on,

induce the formation of nesoderm;and a | i
ALEEL O6n SHESES AN il 1éein
enbryos ( T & Al %el " 63: 485, 1990)r,1 %0 and ﬁe bane optS

mor phogengdi gogemetseisns myBYPhes i sucthopg iBPNes1sg hamatopgs egig 7 and

ost eogeni n,, OP-1) .whi ch i : i i

t%%l Wi gh gapel pduce (4@ Nouer Gakkik sl thoneduer,

(Cﬁarrpat h, SRE™H 22 yeeglopieee DEC 280_3 W5 00166177 13 PCT/ | ng?(r)ggggon
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of differentiation progesses; dfgel udi [ [ [
: ; rddicl udi ng adi pogenesi s, ogenesi s
chondr ogeﬁ%é?%e,ncheer%é‘t opoi esis, and epithelial cell di f;nér_gn_t i ation (for a

review, see MagsagueroteiGal | o0: 43% 1D8TIB wheehY s 3%fcor PorEed Y i

- - - ! ! h
reference IQ its enti re';#/. The prr%tc%irg%rof Lhe T highf@%f?ﬁrﬁ;liyn?[ ?:alnl sy
synt hesi zeH Bse s 1eg G U EorP5OCECA Whi CE s%sequent Iy under goes
prot eol yt |,fq&} §RAJH At d1Gk B erlobvigsi call # est BueseapproxiBtiél v

110-140 am no acids fromthe C termnys. Clarggn '
prot didns aF&idRss SHRFORIPAFFYY r elé)t_élgléana;g?ﬁce) dél%c{eyr e%tkoﬁ]g?ntﬁsncgjnbte?g can

EganLaSSE%}fﬂnﬁ@%oTﬁESKF&@&msybgrG@pspbasedfphh@h@r@ypéﬂ§ gre tadi r
gy.strucgﬁghlfy(i;¥yﬁgboghgstxétQif&é¥¥Aﬂ %%kﬁﬁy 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 seguence
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-B genes include TGF-
B3, TGF-f2, TGF-P4 (chicken)}, TGF-B1, TGF-BS (Xenopus), BMP-
2, BMP-4, Droscphila DPP, BMP-5, BME-6, Vgrl, OoP-1/BMP-7,

Drosophila 60A, GDF-1, Xenopus vgf, BMP-3, Inhibin-Pa,

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




15 . subgroups range from 70%to 90% am no acid sequence identity, the
honol ogi es bet ween subgroups are significantly |ower, generally ranging
fromonly 20%to 50% In each case, the active species appears to be a

di sul fide-linked dinmer of C-terninal fragments. For nost of the fariZlBEC 2003
menbers that 20 have been studi ed, the hornodineric specilQ:l's,ﬂE@oﬁmgggen f ound
to be bi o™Y¥%E17y active, but for 1%her fam |y nmenbers, 1ike the

i nhibins (Ung, et al., Nature, 321:779, 1986) and the TGP s (Cheifetz,

et al., Cell, 48:409, 1987), heterodiners ,.havg.als en gdetgcted, and
t hese appeapragee havédi fF‘éYenthfge‘Brol%g‘ﬂé’gl Wgrlbpeir)%%'s {han the

respecti \igcggggggf@d SeBrbeysrefetdhresuperitanthyiogt TG (3 genes incl ude
TG-- p3, TG-02, TGF-1 4 (chicken), TG 131, TG:-E/EM%XPno%%s)T BMP- 2,
BMP- 4. Dr osopRit&eDRFLY BVPDS, NS, Vg £hOPSEPBIFES 1Y DGsopht | 2 60A,
GDF- 1, Xenopus Vgf,. B\P- | nhj b} n- , | RRBER- 1isBrcknBi pi nsg;y and M S.
These ger?@é‘eérésdi'rggﬁ@/spegbf% Bkgf%l‘?@?m%@‘\?\oﬂ%glg 56177 PCT/PBOO/ 00653 14
l\/assague,ﬁz,?\nnmﬁqg\g., Biehem p6F-¥538M014, 1888 5whiktP-iés encBMBor at ed
herein by reference in its entirety. Preferably, the nenher %LgFt' e
super f anigvwenofncEeFp@efgenkdyi stiRGmgme Ve ¥ eXdbIRP FRE nenber i s

TGF-- (31, TGE- 5 X32, TGE-133, BNVP- 2emBMP-3s BWRaf oBMBobeiBPTlF-Or BIVP-7.
Even mor & préf 81°45 ﬁretfﬁera%g e?ﬁ’?g% Unanh or por ci ne 'I\I{(B;‘F-(S. Still nore

preferablgy, the-genber TsrhfpranMest porciareblGh- tBE, mpabeg2 iSoPUREE. P3. Mbst
preferably, the nenber is human or porcine TG-ail. 10 As used herein,
"sel ect abdre pranclier” TERcPldes a gene product that is expressed by a cell

t hat $tab| y mgintains the;int raducedaDNA rardegausiesliviesced | geoeexpr ess
an aPtered phenotype such as m)rCEhoI ogi cal transfortm%ti (O3 P o] AT
enzymat i comshiati thatl sb aekBFEBTEEL Y 52t KLl e fPlsS WPy (anstected gene
I's aChiew&%ebgnkqgﬁggggtiﬂﬁhj NLAqt ey SB¥E 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




cells a second gene that encodes a sel ectable marker, such as one having
an enzymatic activity that confers resistance to an antibiotic or other
drug. Exanpl es of selectable markers include, but are not limted to,

t hym di ne kinase, 20 dihydrofol ate reductase, am noglycoside phosphpt npngil]
erase, Wwhich confers resistance to am noglycoside anti bi»@fdn%?oo’i&h(:h as
kananyci n, WRd8#8*¢1 n and geneticin, hygronycin B phosphotfanst erase,

xant hi ne- guani ne phosphori bosyl traﬂgferase, CAD (a single protein that
possesses the first 25 three enzymati ¢_activities of de noy 1 di ne
bi osynt hesics ryogAF b Hﬂﬁﬁ’saﬁbfafécs;‘?ﬁﬁﬁét agé?%ﬁg ]r)f’attgh?r %grgé&r%arryl ase
and di hydroorgtiasg) . adengsiiel deam d@isles. anthasparagitee syt hetase
(Sanbrook et al. Ml ecular C oning, Chaﬁ"g er é& 1 89% inforpoagé ed herein
by ref er crostiifutigebnt | PEPYRSIRE AL UsetP TGELE: aTF5FSRhBTEr™ can be any
sequence gf NA, tRatnh§c AGLd Venreandab0R| r 0he pranser fisi dnduniahe
eucaryotic cell. The pronoter may be active in either or bggehrV\pSOOI 66177
15 eutar yut i en asdtprethr yoinel e | ¥oIfr BFEF%’E)‘?I{/&,Y’th SrBhoter " isactive in
mamel i an Gel)isq e The RLYABLES BRYmBEaCONSEL Ut intaley pregeesbeg, orhsequence

pronoter 1s inducible. Preferably, the pronpter is induycib 5 an
ext ernal pstamatieds isvEreusibier BB P2V he B oot d1°5Ts Hrﬁgﬁéﬁ%&' bf/p%or nones

or metals, Stidd, mage preferab] ¥shidiinpr geBter pt@mdrrduci lligebysheavy
met al s. st preferably, the pronoter is a netall othi ogewogengagr onot er.
Li kewi se, "enhamesrc eyl sgiea®sie sV ighi S SPESHtr HEAPPSASEr Pt onic can 10 be

inserped intQ the ANALYECERE SIONSEddictr, R@Adtused, Wirtd ddeel wiohsthact of the
present invention to enhance the expression of the ggne eq(f ri nteLgst. As
used her etonstNEt OEMEPBCPERSE™ L NEHIRY H BatPofifance P

of the gene of interest.
As used herein, the term "DC-chol" means a cationic
liposome containing cationic cholesterol derivatives. The
15 "DC-chol" molecule includes a tertiary aminoc group, & 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" is defined as a type of
20 cationic liposome.

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

ns used herein, the term "biologically active" in

25 reference to a nucleic acid, protein, proteiln fragment or
derivative thereof is defined as an ability of the nucleic
acid or amino acid seguence 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




|'i posome containing cationic cholesterol derivatives. The 15 "DC- chol "
nol ecul e includes a tertiary am no group, a nedium |l ength spacer armtwo

atons) and a carbanmoyl |inker bond (Gao et al., Biochem Biophys.
Commun., 179:280-285, 1991). As used herein, "5F-chol” is de?i %edﬂg‘jﬁg ik
type of 20 cationic liposome. As used herein, the term"biologically
active" usé¥OPM61Te| ation to |iposonmes denotes the abili t‘iFTt"B"(lgq‘i‘?ﬁ:’oduce
functional DNA and/or proteins into ti% target cell. As used herein, the
term"biologically active” in 25 30 reference to a nucleic_acid,

derivati vethkwer eohtiestdef iitednemisd bhe anPhdbEi ¢f fuMEITAF ePVRi"€d by or
protein. As_used

herghp. fhecui! d.0,2: BFC2993 oPCTLLBLLY QRB53si nduci bl e.
Pref er abl §‘,C“'m?hne Brp ern, lp(ot%%n farggmant Cor aos an ability ofsthe nucl ei c
to mnc amgaowe bildregecgic eypectf.orm of the nucleic acid the term

abi 11ty of The ner et BATT SN ehml o prcsont 18 ‘the ol I e used in
0 7 DEC 2@@3hMRrdsY 6647 Helivery of a DNA sequence of interest to the
connective tissue cells of the mammalian host. The ex vivo
technique involves culture of target connective tissue
cells, in vitro transfection of the DNA sequence, DNA vector
or other delivery vehicle of interest into the connective
10 tissue cells, followed by transplantation of the modified
connective tissue cells to the target joint of the mammalian
host, so as to effect in vivo expression of the gene product
of interest.

As an alternative to the din vitro manipulation of

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

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-P 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 seguence encoding a protein or

biologically active fragment thereof. This recombinant

vector is then used to infect or transfect a population of
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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 biclogically
active derivative or fragment thereof and a selectable
marker, or a biolegically active derivative or fragment
thereof.

20 2 further embodiment of the present invention includes
employing as the gene a gene capable of encoding at least
one of a member of transforming growth factor B superfamily
or a 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 methed is 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
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) ese connective tissue cells are then transplanted to at

] (r)l tnt ~space of a mammalian host, effecting subsequent 5 expression @Z %E[Eéﬂm
protein or protein fragment within the joint space. Expression of this DNA
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and includes employing as the gene & gene capable of
encoding a member of transforming growth factor superfamily
or biclogically active derivative or fragment therecf, and a
selectable marker, oOr 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 wvirus
to deliver the DNA wvector molecule to the target cell or
tissue. Preferably, the virus is a pseudovirus, the genome
having been altered such that the pseudovirus 1is 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 technigques such that the
viral genome acts as a DNBA 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-p to a target joint space by delivering the




I ncl udes enpl oying as the gene a gene capable of encoding a 0 2 DEC 2003
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superfam |y or biologically active derivative or fragnent thereof. Anot h(fﬂr
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Another preferred method of the present invention
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 (BAV)
vector or herpes-simplex virus (HSV) vector. In other words,
a DNA sequence of interest encoding & functional TGF-P
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 Jjoint 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 bypasses the reguirement of removal, in wvitro
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

Lo, encapsulation of the DHNA molecule into caticnic

liposomes, subcloning the DNA seguence of interest 1in a




t he heterol ogous gene of interest to be expressed within the 30 target
cell or tissue. A preferred enbodi nent of the invention is a nethod of

delivering TGP to a target joint space by delivering the 0 2 DEC 2003 WO
00/ 66177 19 PCT/1B00/ 00653 TGF-P gene to the connective tissue ofJapEr 2003
manmal i an host through use of a retroviral vector with the ex vivo

t echni que %é@,&ﬁd within this specification. In other pwandsnoesssDNA
sequence of Interest encoding a functdonal TG 5 P protein or protein

fragment is subcloned into a retroviral vector of choice, the reconbi nant
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interest, preferably.by intra-agticular dieald @he ARthgbiptefesred
net hod ofrefgﬁﬁdg?ﬁge# %/hnéver}trﬁr?‘o%% ??\gol ves direct in vivo delivery of a
TGF- P supekfamabyygenesenbed hasconnBihi vectpgs e 16 v enanfidiisin Adst

through use of 15 either, ag,RAePOVL L UScVESI Y , o Ad8NgeassBchat €dDNAT US (AAV)
vect of orfS§& ég‘?%?rrﬁ 5§lv?§%s FEY) vector. In other words, a DNA

sequence pfasinatievestoenuotiag ea EdpEesdhen JELIE WREEIRIGHSpPEEEI n

fragment is supcloned.int r eGLLUGriNGT & ¥peshOfer THRaGRENP

cont ai ni rﬁ’gf viP rt?/Egtct or i%sttl%gr? g%}pgr_om t(l) %dequgte titer and directed
into the goiinte spacejkanyoehier gblys bylirperhy arPFEIRE? Phj SBEI GRYPFr ect
intra-articular injection o gculg e cont a-ai g § hekgeneinf
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invitro veccq:lc;[rur i d st;[rru%rﬁttzg(:t 1Qn, Seledd i OpppASpMRlde as1étanspl atit i ng
expression subseguent to entry of the DNA molecule into the
connective tissue.
In a preferred embodiment, fibroblasts recovered from
15 the knee joint are cultured in vitre 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-P superfamily protein and a suitable pharmaceutical

carrier.



the DNA vector containing-fibroblast to pronote stable expression of the
het er ol ogous gene of interest. Methods of presenting the DNA nolecule to
the target 30 connective tissue of the joint includes, but is not limted

to, encapsul ation of the DNA nolecule into cationic |iposones, subgl mg@
t he DNA sequence of interest in a 92 DEC 2003 WD 00/ 66177 8 &%EB (;/ (\!3]
retroviral WY d vector, or thezfji rect injection of ¥He® mol ecul e
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presentation to the knee joint, is ref er abl resented .a DNA, vect or
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eukar yot iprapéyilectiretly y eifGtdd® oPMPHBE cotiffy TEGIYGT of %t he

het erol ogous gene. On _eOr di pan¥ skl bRoi@itheaant gay sutitkbze known
strat egi €5° "Eeclni gru%fs Bofdé"{;%gt gr cgns;pr Sctilon to ensure appropriate

| evel § ofpnfpicessiionl stbseguent to entry of the DNA nolecule into the
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transplanting of the 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




25 woul d be possible to utilize the present invention either
prophyl actically or therapeutically to treat arthritis in any susceptible
joint. In another enbodi ment of this invention, a conpound for parenteral
adm nistration to a patient in a therapeutically 30 effective anpupgc ik
provi ded that contains a gene encoding a TG--R superfanib¥ng@& Lh and a
sui t abl e pwarke®@éutical carrier. 0 2 DEC 2003 WO 00/ 661 /1 BO/ 00653
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selectable marker gene, such as an antibiotic resistance
gene.
Another embodiment of the present invention is delivery
of a DNA seguence encoding a member of the TGF-P superfamily
15 to the connective tissue of a mammalian host by any of the
methods disclosed within this specification so as to effect
in wvivo 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-BP coding seguence wWas 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-

1ife. The present invention solves these problems by




for use in treating the mammal i an host as herei nbefore 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

manmal i an host. Preferably, this nmethod includes effecting the diﬂrzenm 2009
introduction into the mammal i an host by intra-articular injection. IS
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the retroviruses to ‘effect infection and integration of connective tissue
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i nvent i OfgorphPNAgpt@&BNEihnge. To determine the viability and duration
of action, the cells were injected into rabbit achilles
tendon. If the nutritional supply is adeguate for the cells
in viveo, the cells could survive and produce TGF-B for a long

15 enough period of time to stimulate the surrounding cells. The
cells were functional in both 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-fl determined the type of
tissue formed. In particular, the ratico of cartilage
formation to intramembranous bone formation decreased as the
dose was lowered. TGF-B is also biphasic in stimulation of
primary osteoblasts and MC3T3 cells (Centreila 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). In
the Examples provided herein, the NIH 3T3-TGF-Pl 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.
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another advantage for c¢linical application. If degenerative
arthritis can be cured with just injection of cells into the
joint, the patients can be treated conveniently without major
15 surgery.

The TGF-p secreted by injected cells can stimulate
hyaline cartilage regeneration by two possible ways. Cne 1is
that the cartilage cells remaining in the damaged area
produce the TGF-f receptors at their cell surface (Brand et

20 al., J Biol Chemn, 270:8274-8284, 1995; Cheifetz et al., Cell,
48:409-415, 1987; Dumont et al., M Cell Endo, 111:57-66,
1995; Lopez-Casillas et al., Cell, 67:785-795, 1991;
Miettinen et al., J Cell Biology, 127:6, 2021-2036, 199%4; and
Wrana et al., Nature, 370:341-347, 1894). These receptors may

25 have been stimulated by TGF-P secreted by injected cells,
which adhere to the damaged area. Because TGF-B is secreted in
a latent form in vivo (Wakefield et al., J Biol Chem, 263,

7646-7654, 1988), the latent TGF-P needs an activation

process. The other way is that the latent TGF-p or the TGF-B
30 secreted from the transfected cells may have bound to the

TGF-$ binding protein (LTBT} at the extracellular matrix of
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possi bl e WaY$,i PRI drS of transfected cells (Frenkel et al., J Bone 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-0 (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 ostecblastic cells méy not
have been stimulated because of the osteoid matrix barrier to

25 TGF-§ stimulation. Instead of stimulating surrounding cells,
the NIH 3T3-TGF-Bl 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.




that the cartilage cells remaining in the damaged area produce the TGP
receptors at their cell surface (Brand et 20 al., J Biol Chem

270: 8274-8284, 1995; Cheifetz et al., Cell, 48:409-415, 1987, Dunpnheretin)
al., MCell Endo, 111:57-66, 1995; Lopez--CaS| llas et al., OeII

67: 785- 795, gﬁé‘“ M ett| nen et al., J Cell Biology, 127:6, 2021-2036,

1994; and & al., Nature, 370:341-347, 1994) . ThedETABWEHERr s may
25 have been sti nul at ed by TG--j 3 secreted by injected cells, which adhere
to the damaged area. Because TG--p is secreted in a latent formin vivo
(Wakefield et Tae Ce}1B|16PeE:héﬁ?b%stra“?é%t%Sﬂltk&%‘mt REPFat e TGF-P
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of 5 higl, K lfﬁe negot ghgﬂ SAN Y gﬁlmﬁ@e@ | B¢ CAIJL2HE ana

regenerati on | cle i ocal hi concentration may not be the
critical pﬁwmnﬁomOHsgabfstﬂpmratimcaﬂtﬁls thhtorene cah¢yapy heltdart i | age

cell may be .the npsf, s |cl fo deliverin TGF- 3 to damaged

areas of TH®R%art |I%hgeeu]l1(%)ﬁa?8r |ulpte5e?r61f f IERew Eng grﬁ%tlm 9- 895,
1994) . Theetinel lfagehybl 1y efarmategx ir8jiat her p055| bI e veh| cI e for | ocal
di strlbutlon of transfected cells (Frenkel et al (Br)

79- B1831- 836, TI$973VerHe 5t ofRie | &5ake né%??%ﬁ%d“ﬂ%s&yv@?% eterm ned
by 15 a Qi stologigal f'E‘?EEQg | 3; Bk B p1 & ni ?gf‘ lilhe ”SX.‘M/ fag byl Ssue was

identical to surrounding hyaline cartilage To eva ate t he
properti esrafsfenlyigf orsedpl | Ssxereddien constructs These TGF- [3—

producing cells maintained high concentration of active TGF-
concentration in vive 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 wviability 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 1injected 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 gquestion 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-PB
30 (paracrine activation) {Snyder, Sci Am, 253(4}: 132-140,

1985), and the other is self-activation {(autoccrine
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answered wégarding the possibility of gene therapy and, in particular,

cel | - medi at ed The following examples are offered by way of

illustration of the present invention, and not by way of

limitation.

15 EXAMPLES
EXAMPLE I - MATERIALS AND METHODS
Plasmid Construction
Tc 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
oligonuclecotides wused for amplification. The amplified
fragment was subcloned into Xba TI-Bam HI sites of
pBluescript (Stratagene, La Jolla, CA). The plasmid pmTp1
25 was generated by subcloning a 1.2-kb Bgl II fragment
containing the TGF-Bl coding sequence and a growth hormone

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

Cell Culture and Transfections - The TGF- cDNAR was
transfected into fibroblasts (NIH 3T3-TGF-fl} or human

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



gene therapy is the viability of the cells in vivo. Even though TG 13 can
suppress the immune cells in vitro, the cells my not be able to survive
in the tissue of other species 20 with highly effective i mune surveillance
systens. Secondly, the optinmm concentration for gene expressionﬂkg gimﬂ
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'nveﬁkionofa@éFﬂfﬁ *ﬂhﬁwwééﬁcoJfﬁghggtEQnNo%éugéﬁMgﬁﬁﬁsis and TGF-B1
ELISA assay (R & D Systems). The cells with TGF-Bl expression

were stored in liguid nitrogen and cultured just before the

injection.

Northern Blot analysis - Total RNA was isolatedA from

15 cells with guanidium isothiocyanate/phenol/chloroform. 10 Hg
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 **P-labelled cDNA probes for human TGF-

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

25 lecading.

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




EXAMPLE | - MATERI ALS AND METHODS Pl asm d Construction To generate the

nmet al | ot hi onei n expression construct (PM, the netallothionein | pronoter
(-660/+63) was 20 generated by pol ynerase chain anplification using
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serum Thé Sequence "was added into the pmlJil vector with a
met al Isot hideneimigene tpe owptémal Acpeoaytiat ioesivitdhcechhee seffivdeR was

also 5 inserted into the v . j .pnho a ted NSert
this vect §FPERTBE tHe Bii Ilsn%\%/tgggaéglgfafrgirgje eétght ?\qggcg@fgﬂ\;\ﬁ% trﬁ%é

transf ect edeeggrensequenceponednyeind ERO0ipy/ sy waesrigded cArtdle®® medi um

Then, the survjving colonies e sgfected and.ihe exULssSLERe1R:@f TG--01
TRNA s GBAPFF e Ey O HaFh AnaTo s andgTGlt:_-- PI ELISA assay (R & D
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and cyl tured jus ef t i nj i,on. ddern B alaanal ySkgpasdot al RNA
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i sot hi ocyanat esphemoidradh| bewd orafiter0 rgmoving all of the hyaline

cartilage. After closing the surgical wound, the cells with
10% cells/ml concentration were injected intraarticularly, and

zinc sulfate was added to the drinking water.

15 Histological examination - After harvesting the tendoné-
and knee joints, the specimens were fixed in formalin and
decalcified with nitric acid. They were embedded in a
paraffin block and cut into 0.8 um thickness slices.
Hematoxilin-eosine, and Safranin-0O 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). BRbout

80% of the surviving colonies expressed the transgene mRNA.
25 These selected TGF-Bl-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-p secretion rate

was about 32 ng/10°cells/24 hr.




of RNA was el ectrophoresed on a 1.0 % agarose gel containing 0.66M

formal dehyde, transferred to a DURALON- UV nenbrane, and cross linked with
a UV STRATALI NKER ( STRATAGENE). Bl ots were prehybridized and hybridized in
a solution of 1% bovine serum 20 al bumin, 7% (wv) SDS, 0.5 M SOdﬂgUEE 203
phosphate, and 1 nmM EDTA at 65C. Hybridized blots were washed in 0. )(])

SDS, 1 X Ss®O9%61720 mi nute periods at, 50C before film exJSTIPY/IOURA bl ot s
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for (3-actin was used to control for sanple 25 |oading. Injection of cells
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t he rabbi tsodfcemttirheiexpr essi o' ofantir andt.echete DNAakAhterporidetler anhai ng t he

optimal concentration with achilles tendo Xpari t t he int rticular
i nj ecti on WPt S?%#a%egei%cetes i & tm\?\/aggei;(goggg?sé’?ﬁld Cif;rtt}ﬁeawand
conpl ete cariifcagpl cefectereelf;emorl Wntb rnddifantiherparidiale dakects

were made on the hyaline cartilage layer with caution not to expose the 10
subchondr a¢*afsmed Phécohpierke duftedt SMEFEI fadel® oPEXpgsld Y td7@ag8Bchondr al

bone after.4,@mMugEeY /! r&ind hee ltoPRed Ci¥d1ind0Car Al 1 &de £1Q”) NRekBE
surgi cal wound, the cells with 06 cells/m concentration were injected

i ntradPti e yindafRkiof nd AU Mgt eCiels 1ddBe PRASAERE dYIhkPhY WEREF. 15
Hi st ol ogi cadteXalhRabi f6h, Al REYEsdd Ndidaettendons @R dgaeepj0i nts,
t he specinmens were fixed in formalin and
hyaline cartilage (Fig. 2). The thickness of the regenerated
cartilage became thicker as time passed (Fig. 3). The

injected cells secreted TGF-B1, that could be observed by

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

The contralateral side 1injected with normal fibroblasts

without TGF-PBl1 transfecticn 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 cecllagen. Their color

in Safranin-0 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- by the presence of




decalcified wth nitric acid. They were enbedded in a paraffin block and
cut into 0.8 mthickness slices. Hematoxilin-eosine, and Safranin-O
staining were utilized to 20 observe the regenerated tissue
mi croscopical ly. EXAMPLE I - RESULTS Stable cell line - Transfecll Bt WH3
carried out _by using the calcium phosphate coprecipitation nethod (Fig. 1)
About 8093tk “sur vi vi ng col oni eg expressed the tranSgEHEVMERA 25
These sel ected TGF- P1-producing cells were incubated in a zinc sulfate
solution. Wien the cells were cultured in 100 p.Mzinc __sulfate sol ution,
they prodicédiritnag2LlFhEl TGP S el Btiton Tt et M 1R Cab st 152 ™) tH8 el | s/ 24
hr. WO 004661773010 2t DEGt2603at LCEheBOS 10653 cRegesnenatd 081 of tHRabbi t
Articular Cartilage Defect - The rabbit achilles tendons were observed to
check thePgfaMility of NIH 3T3-TG--P1 cells. At 106 cells/m
concentration,pdfg, t eRdaor¥@SOr Qe3hy théLkeridfirieat §hec ot Afpiteno 5
concentrations of 104 and 105. After nmking partial and conplete cartilage
def ectss, OcBilenf tk@@ovel | Biiel tfindohe KPH m3TIREreR] eshiRit®kd e 4 nj ect ed
into knee_] 0] B Ko T= Y o] xam ned,2 6 e redugction. In
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weeks 10 H&Eerstaijrdogi onf Hyalseseienr tdf agbeapperded #MEwsHx viewker after
injection, .the cartilage .defects re caver hyal i fe. gart i e (Fig.
2) . The PhTERHEES Sof “THE PE§8Rer \é\;?]eed lncjaer{:fcf%ﬁaggl%eég%re@hi ?keéélzl% tine
passed (Fiegrv3jed Thed igiyodoted aebksuseeneledeTGEn3lrakithat echl didze
observed b 51 nohj stochem cal .staining wth TG~ Pl antibod ig. 3).
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transfect ieRad@s potscovesedney hyahiinehi saidhiehagel1yn then par¢rgiil y

damaged area, the regenerated . .
antibody showed the expression of TGF-Bl 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.




hyaline cartilage was colored red in Safranin-O staining 20 (Fig. 4) . (The
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