WO 2003/ 1) 83079 PCT/ US2003/ 009718 BONE GENERATI ON BY GENE THERAPY |1 |
*159159* BACKGROUND OF THE | NVENTION [0001] Field of the Invention: [0002]
The present invention relates to a method of introduci ngcflysb@ambrane gene
encodi ng V4O 2MBMB¥YY of the transforming growth factor B superfanmil y |nto at
| east one manmal i an connective tissue cell for use in generating
regenerating bone, in particular, to repair fracture in ost eopomu mmml“lm
or to fuse spine in the mammalian ho&b{ &O%Bi,ggwyrl pti onlig

Rel ated Art: [0004] BEOWNHsGENERATION B t a dynami c preess
nodul ated by regulatory signals such as hornones, and growth and
differentiation factors. The growh factors known to stinulate

prolifey BUNIPOETAR INVENTSORONE MDY phogeni ¢ proteins (BWPs),
transforl;r%%lgagrom factor-6 proteins (TG--B), insulin-like growth factors

(1Gs), rg6t) baslt,adfdflg;eqlﬂk,@,mongrovwh factors (bFGFs). [0005] Osteoporosis,
whi ch i characterlzed by | ow bone mass and m croarchitectural

deteri or BEnShidhtibM FeBatés0 4l théthll ofMnthsdEing EIREY 0RE gerleSendodiny@TON
heal t h (E?e n&g nl ncreasi ng nunber of the el dgrl y. Osteoporotic

condi ti %‘%&L %Pthmnggmﬁfi‘%gr%@ﬂpﬁéc@r B@ﬁ;&c%h‘nl?flmo hiaedsPbfe meMMAlAScORRctinOt

limted to nmenopause um deficient die ovari ectom zati on,

gl ucocort COI(gh 'f&dugceﬂl gw%m F QS kehendd R BIh¥! A %ﬁmm mvl%b&.lrmtu@a,m

hepari n- HRtusE on or nostppr essi ve- i nducti on. (56] Fracture healing

Is a corpl ex, o cgﬁ%r?oriqs %I '15‘%\1&%&%&%@@" st ood. In rat nodel produced

by ovariectony and | ow ca umdiet to sinulate patients with osteoporosis,

fractur st BistApRonsr e Relieda Apal ed properly (Kubo et al., Steroid
Bi ocheme@t rSJ &eﬁg%cdl ar Biol og;, 68:197- 202, 1999; Nankung- Matthai et

al ., Bong 00418° BfloRPosta2R0) thé" ¥Sne tiSNQE 3P 'aexfynal'n{?:vﬁ’tloyésgl GnddRed’ BY ey ON

wll al so greatly 1 nprove the treatnent of "osteoporotic bone
signals such as hormones, and growth and differentiation factors. The growth factors known to

stimulate proliferation of bone cells are bone morphogenic proteins (BMPs), transforming growth
factor-8 proteins (TGF-8), insulin-like growth factérs (IGFs), and basic fibroblast growth factors
(bFGFs).

[0005) Osteoporosis, which is characterized by low bone mass and microarchitectural
deterioration of bone structure resulting in bone fractures, is a common health problem among
increasing number of the elderly, Osteoporotic conditions also may be caused by a variety of
factors, such as but not limited to menopause, calcium deficient diet, ovariectomization,
glucocorticoid-induced osteoporosis, hyperthyroidism, immobilization, heparin-induction or
immunosuppressive-induction.

[0006}) Fracture healing is a complex process and remains poorly understood. In rat model
produced by ovariectomy and low calcium diet to simulate patients with osteoporosis, fractured
osteoporotic bone was not healed properly (Kubo et al., Steroid Biochemistry & Molecular
Biology, 68:197-202, 1999; Namkung-Matthai et al., Bone, 28:80-86, 2001). Thus, thérapies
involving bone regeneration will also greatly improve the treatment of osteoporotic bone

fracture,

L
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fracture. *@0002* WD 2903/983979 PCT/ US20U3/ 009718 [00071 In the
orthopedic field, sone cytokines have been considered to be candi dates for

t he treaﬁqﬁ% &5y’ t hopedi c di seases. Bone norphogenetigew; ,@_L,m,.)lylﬁs been
considered to %e an effective stinulator of bone formation (Ozkaynak et

al ., EMBO J, 9:2085-2093, 1990; Sanpath and Rueger, Conplications in
Ortho, 101-107, 1994), and TG--(3 has been reported as a stinulator of

ost eoger[68078 anid thdomishpedie fieRl, sonfe) ONdkines that been EofksidcredBio Be @¥didates for the
110: 2195- 2207, 1990). Transform ng growh factor-R (TGF-1i) i s consi dered

to be a trealnidnt ohotthapedic diydasdsi NBone(1HPPhogeaRit FORST has bAAtdohEdékOREBR )y 332
217-219, 1988), and plays a regulatory role in cellular growh,

di f f er erdffeativeQfimuMiEordf thoA€ Bdrinklich (ORRhynakK eP5I0ER} bHhgsbeox Nosl: isafibafit -+ I
el | o B i (PRl P10 EMBOSY 91082203, P00 Spfbac

hel . . | . . o p
Nat ] acaid eRts CHRBIGR I Ohag, o107 050 And R p MR CHealge o a0
1 cagy | B8RS (foVed . i tohl o | Bone,
So1. 5oy RS GUERLSS o WBRIDRER (3R Bl P CHEBbERY HirEh g8 207, 5"
Mat 5“““1@9?. TenstortheY&ré@Rth Bretof-B2TaER) is I ered 10! AAMEGEdL00S tfogrnm51t ' on
I p t P pofenat k3

i
is mediated by its stinulation of the ‘subperi ostea pluri

whi ch e i AtRdbdt bl Lgcel,] t.al.,
ool “ G R et Bl Diabny S35 AT Py RebrfRi i

Bi ol 09y .ceftldr Srowdl ZierdPmtbuion %9(‘? kxtrdcBRAR] malfﬁ;gbtgg)lo%{nﬁ@%xls SMagﬁ Ley %Bg :gt::l}P n

ort hopedi cs has been reported (Andrew et sue |In. 4-78,
1993; Bagji; 5. i_ e -579 .1993 i ngt l .,
3 col 1y By os 275 108k 1H8YE TRl s WP oY eoiiochghnd it R e
64(5):5 i ' t N Qél 8&; a1 994)..
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bone. In addition to enbryol ogic resent a

bone f orygBs. QR4 efAd ACORd] %ﬁd,f@@fﬂﬁﬂtS%Q §893C R4 ﬂa&ﬂmggﬁ?gf,}f\[}‘éi?%gﬁﬁas

healing in rabbit tibiae. Recent he t herapeuti c val ue

G thop Seuhi al oy R LRt (qpfor s metad by i WimpiaRl ot b pEennfea; gn

Its s erme
cost haygyrgotBnt &d1s, which eventually differentiate into cartilage-forming cells (Joyce et al., J Cell

Biology, 110: 2195-2207, 1990; and Miettinen et al.,, J Cell Biology, 127-6: 2021-2036, 1994).
N

[0008] The biological effect of TGF-f in orthopedics has been reported (Andrew et al.,
Calcif Tissue In. 52: 74-78, 1993; Borque et él., Int J Dev Biol., 37:573-579, 1993; Carrington et |
al., J Cell Biology, 107:1969-1975, 1988; Lind et al., A Orthop Scand. 64(5):553-556, 1993;
Matsumoto et al., In vivo, 8:215-220, 1994). In mouse embryos, staining shows that TGF-B is
closely associated with tissues derived from the mesenchyme, such as connective tissue, cartilage
and bone. In addition to embryologic findings, TGF-B is present at the site of bone formation
and cartilage formation. It can also enhance fracture healing in rabbit tibiae. Recently, the
therapeutic value of TGF-B has been reported (Critchlow et al., Bone, 521-527, 1995; and Lind et
al., A Orthop Scand, 64(5): 553-556, 1993), but its short- term effects and high cost have limited

wide clinical application.



wi de clinical application. 2 W 2003/083079 PCT/ US2003/009718 [ 0009] Many
bony deficits that are excessively traumatic will not result in conplete
recovery and will require therapeutic intervention(s) pugRisa@sambgrafting
or graf t W2U3/883'Hanked bone. A high rate of failure has been associ at ed
wi th these conventional therapies. And nbst of the recent alternative
approaches utilize inplantation of a biodegradable carrier inpregnated with
ost eoi nductive proteins to the injured site. See for exanple, U S. Patent
No. 5, 65600998. Nuhebonyalefieisabiers dxaessivels taumary Willnat Feshit dbsomplele (6 al | ow
the bone to regenerate, such as disclosed in U'S. Paten Nﬁs. S 077,076
and 6, 02Ad 349 reqoive themipenticdnte Bentinn R gechas aptealing:ar grdung lsom hankef bR A nent
of a large anount of reconbinant proteins to achieve therapeutic effects
due to tiigh rashdilwleihatbiemassciziet withthese coneentipeal shseapidsc Andarast plshs 1§47 vo.
[0010] Bone deterioration in the vertebrae of the spine is another area
wher e ge@fraliid Gapbachest @iilizes englireatioer debr diodagratiable carrirs egregapted owith
patients suffering fromback pain caused by col | apsed vertebrae.

Ther ef or §eofd¥8E®vel froing @& thel iRjuiddesiar tSeofort dxamplee Ut S. PatgppNoc 5,65@H98. Slther
inproving the length of rel ease of osteogenic proteins. As described in

t hi s appldprakh@nnclidiaspipasaadhaiital aetitorn govvhdbene ta reasntrot, sush as Hisclosed
sust ai ned expression of such an osteogenic therapeutic protein at the bone
defect #i S, Paest Nes. 6072076kAd 6021549 €ye maajert disadvaritagsorfethesgngvigdy imhe THE

| NVENTI ON [ 0011] The present invention has nmet the hereinbefore described
need. A pghibéfkbn®bf a ildige aowit b reabmbisars tpraeies tpeavbiern tedipegticeffrctsdlveto that o at
| east one cell of a nmanmalian connective tissue for use in treating a
nmamal | aghJdaQfikatiof oPidiéh @€ theitheripeatigpresmatn vinment i on. This nmethod i ncl udes
enpl oyi ng reconbi nant techni ques to produce a DNA vector nolecule

cont ai ni g@idhe PIRNBetEHARG: if Glie viehebrpy afdbie spimnidl ahotheragiescinge génerabhgbarect or
nmol ecul e containing the gene coding for the product into the connective
tissue Cql fuse heaeidWaceilll rovidotetietiogatais afesny froRNAckphie calied dbaoaltipsedof
bei ng delivered and maintained within the target cell or tissue such that

t he geneverebeddi Teeréfor, perdsaneal inithet 2r efIberamntibepmicalinforimpredsethe lefigth DNA

vect or
of release of osteogenic proteins. As described in this application, the present invention provides
a method for the sustained expression of such an osteogenic therapeutic protein at the bone defect

site leading to an efficient regeneration of bone.

SUMMARY OF THE INVENTION

[0011] The present invention has met the hereinbefore described need. A method of
introducing at least one gene encoding a product into at least one cell of a mammalian connective
tissue for use in treating a mammalian host is provided in the present invention. This method
includes employing recombinant techniques to produce a DNA vector molecule containing 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 within the target cell or tissue 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
3



nol ecul e preferably utilized in the present invention is either a viral or
pl asm d DNA vector 3 WD 2003/083079 PCT/ US2003/009718 nol ecul e. This met hod
pr ef er ably,i introduci ng the gene encoding the prguedyi he
cel |l of t%(e) 2%&%‘?’?% connective tissue for therapeutic use. zf'%tfg]‘thhe
present invention is directed to a nmethod for meki ng bone at a bone defect
site for a subject suffering from!|ow bone mass conprising: [0013] a)
inserting a gene encodi ng é Br otein havi(&g, bope regenerating function into
a vect ormOlGﬁg"ra—trP‘éé‘Pﬁ’rhqdi MrisbloIngludss SRvREIng ARG 8N (s 1aqding the Paoduckinta thg or
transduci ng.a popul ati on of connective tissue cells in vitro with said
r econbi rE§HOf thecnagmaliap gonnsetivstissue for her@ptutiaustg t he mammalian cell into the
bone defect site, and allow ng the bone defect site to nmake the bone.
[0016] 1[A0k2}; s TFhetniesgnt inyeatip istdirectadhip dymethpd fasmakingbonaatiadenedefectsive faral
vector or a plasmd vector. The gene nmay be a menber of TGF-13
super f arfi supjectntfeiing fsem ddve bonermasagorbprisingbone  nor phogenetic protein (BWP).
Further in particular, the BMP may be BMP-2. I n addition, the connective
ti ssue d@013lmaya)deseringiagenbkrrotingr peottio hevipg boeermeganerate funci@0ib® a vevtdrhe
met hod above, the bone is generated during early period or |ate period.
[ 0018] Tiperapively dinked tnueramaier, al al so directed to a method of fusing a
spi ne, conpri sing: 0019] a) inserting a gene encoding a protein having
bone gerl8Pkli ngb)itansfesting dor traasduciog:e population @G 20nepij vettissyegieie ini virgo with said
transduci ng a popul ati on of connective tissue cells in vitro with said
r econbi riagambirant wectorsand [ 0021] c¢) contacting an osteogenic effective amount
of the transfected or transduced population of connective tissue cells and
a phar nd@81fli cad)ltiansplangipg Al mammalianecellt intor thobomi ddfedt lsite, asp kewing elie bdmat
expression of the DNA sequence encodi ng the gene at the spine results in
t he genrdefest sitgrio ofakbthedonevher eby the spine is fused. [0022] In this nethod,
the vector may be without limtation a retroviral vector or a plasmd
vect or. [09¥]gena thsymdihods theevebior maf b¥ @FthBuskipitationrd teyrovieah dtedtor aar plasmibiar
may be a bone

Y vector. The gene may be a member of TGF-8 superfamily, and in particular may be a bone

morphogenetic protein (BMP). Further in particular, the BMP may be BMP-2. In addition, the
connective tissue cell may be a fibroblast or a bone progenitor cell.

(0017] In the method above, the bone is generated during early period or late period.

[0018] The present invention is also directed to a method of fusing a spine, comprising:
[0019] a) inserting a gene encoding a protein having bone generating function into a vector;
[0020] b) transfecting or transducing a population of connective tissue cells in vitro with said
recombinant vector; and

[0021] ¢) contacting an osteogenic effective amount of the transfected or transduced
population of connective tissue cells and a pharmaceutically acceptable carrier thereof with the
spine such that expression of the DNA sequence encoding the gene at the spine results in the
generation of bone, whereby the spine is fused.

[0022]  In this method, the vector may be without limitation a retroviral vector or a plasmid

vector. The gene may be a member of TGF-8 superfamily, and in particular may be a bone



4 WD 2003/ 083079 PCT/ US2003/ 009718 nor phogenetic protein (BMP). Further in
particular, the BM may be BMP-2. In addition, the connective tissue cell
may be a fibroblast or a bone progenitor cell. 10023] |pcths0w8hiog above,
the boneWQ2WaNE2} ed during early period or late period. 100241 In
addition, the invention is also directed to a nethod of healing
osteoporotic fracture conprising: [0025] a) inserting a gene encoding a

protei n having bone regen ing functiopn in vect Al .

t r ansf eBRrpgedietic Péﬂﬁ@ﬁlggf"ﬁéa%"“ﬁg'pﬂl pﬂ‘?"&ﬁ"’o‘?‘e ?8‘#%8’@? i(i)\?g;wrsz S g'gg(gdéﬁl% e,
vitro with said reconbi nant, \Flpz)ft or; .and [00271 ?c}gj i ntroduci ng the
connect Femegtivedisenecgll may ke g fibpaRIast 4 4RoPEPOBEUT Sy 4| owing the fracture

to heal. [0028] In this nethod, the vector nm bei W t oug limtation a
Tet r ovi 10023 ec it phegpethpdabgusyihe bW%&gﬁP?’a‘Tﬂé"@éﬁé’ KRBWOT RGBS of TGR-B
superfam |y, and in particular May be a bone norphogenetic protein éeIBIVP).
Fur t her [0024bar tih edditien, theniavaptypn Wa@imtfh'eﬁﬁ@mz@ method QF heafipg osteeperotic SRS S i ve
tissue cell nmay be a fibroblast or a bone progenitor cell. [00291 In the
met hod abwopssing:the bone is generated during early period or |ate period.
100301 These and ot her objects of the invention will be Mre fully

under st GRAZST r orm iriserting s igprafnsefivge profein bayinedione FrEererfBAIINGHON iMRa Ved¥r enced
drawi ngs attached hereto and the clains _appended, hereto. BRI EF DESCRI PTI ON
OF THE [ NGD) [roodacting ion trppsducing a pepulation ghcappegtivp eypgelipgp aitrq ity said
understood fromthe detailed description given herein below and the
acconpansdompindptvectasAnghi ch are given by way of illustration only, and
thus are not linmtative of the present invention, and wherein; [00321 Figs.
1A and 169025how Qdnsedugingi ha connesiine irmue ¢edr inen thegiraciviarsitgivpnd glpwing the33)
Fi gs. 2A-2F show regeneration of bone with N H3T3-BMP-2 fibroblast cells.
Figs. dracwrctoded. show pictures of |eg bones after 8 weeks of injection of

control NIH3T3 fibTobl ast
[0028] In this method, the vector may be without limitation a retroviral vector or a plasmid

vector. The gene may be a member of TGF-B8 superfamily, and in particular may be a bone
morphogenetic protein (BMP). Further in particular, the BMP may be BMP-2. In addition, the
connective tissue cell may be a fibroblast or a bone progenitor cell.

{0029}  In the method above, the bone is generated during early period or late period.

[0030] These and other objects of the invention will be more fuily understood from the
following description of the invention, the referenced drawings attached hereto and the claims

appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present invention will become more fully understood from the detailed
description given herein below, and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present invention, and wherein;

[0032] Figs. 1A and 1B show construction of pMT-BMP2 harboring human BMP2 gene.
[0033] Figs. 2A-2F show regeneration of bone with NIH3T3-BMP-2 fibroblast cells, Figs.

2A and 2B show pictures of leg bones after 8 weeks of injection of control NIH3T3 fibroblast
5



5 WO 2003/083079 PCT/ US2003/111)9718 cells (A) and NI H3T3-B M P-2' cells
(B). Figs. 2C 2F show radi ographi c exam nations of the control (C & D) and

experi me ( yf5) | eg bones before sacrificing the any T one
def ect twevgltze"c’iﬁ\)/ﬁﬁ cell s expressing BMP-2 proteins hearpe a (’(é'}/&’g7]\?eeks of

injection. [0034] Figs. 3A-3D show histol ogi cal exam nation of regenerated
bone tissue. Paraffin sections of the regenerated bone tissue were mde

and stained wth : ichronr. Jhe |ts showed that the structure
of regencéﬁit(&a %W?f%?&@ % ﬁgis @s %ﬁ?‘r&éﬁf fadiperapgict ¢xamingtions efethaor mal
bone tissue ( ~Flgs. 3A an B w | ow ni fications (40x), and Figs.
5¢ and SRS P LR neUd o fetchshss DHHE satticing hr agima Bietenset e
bor derli bet wegn. t h r egener at and normal bone tissue. [0035] Figs.
an a1 iR BEAROP R Pl o eBBRENF DiomaiF P TSI esBoS Teeke ob st | 5.

NI FBTB-I?[mﬁ ce ,Isbéfﬁgib of 2 x 106 cells/m) were injected into the defect
area in ti bFgSbfheD sope Pistolpgifal gypmipationgofgegrisditesy bamehlissuan aPayalfis was
performed at 1, 2, 3, 4, 5 6, and 7 weeks after injection of the cells.
(H) The Sepiiams ok Ahéeagenestod benedtisspe wergempde #dsstained wisthiMasonsdrichrpmet The was
t aken. (Iz Hi st ol o%i cal exam nation was carried out after harvest. The
resul t dFSuliaSheved thatthe sruskise ok regeneraied kong tiswwe (RB) 936 3InfdisyislentEAl 61ha b w
regeneration of bone with control DVEM nedium Control DMEM cul ture nmedium
(2ml) waBe pofmeLbens tisped NB) e Figs e andad b shownlowrmagnifisiationsd#@x)adrtdeFigs 3Cuni ng.
(Ato G_ Radiographic analysis was perfornmed at 1 day, 1, 2, 3, 4, 5, and
6 weeks & £Bew jhighs maggjficasion (00X ke dhe rfotted-jing fiedientes ctherdordedlinchizatweest thel at 6

weeks post in{ ection and a picture was taken. (l) Histological exam nation
was per Fegehediedapd pomal pengttissuphe result of Mason's trichrone staining is
shown. [0037] Figs. 6A and 6B show radiographs fromrat TQO01, 4 and 6
weeks aflf@IS] podkigs of Arddr sow regeneratioan el deae witto MMHST3-HBMAR ffibaabbusiu rcells.
implanting cells using absorbable col]|agen sponge (ACS) carrier.

Radi ogr APR33thY B s6Ys Gar of 8 10egells/gmilwere dnjegied intsl theldefédt @rean @ Gibia bone
fibroblagsts (nouse) transfected with cDNA for BMP-2 posterol ateral

intert ré?fﬁb%ﬁ“é’g'gpt(ﬁd‘é@ Radjggraphiganadypis was performed at 1, 2, 3, 4, 5, 6, and 7 weeks after

injection of the cells. (H) The specimen was harvested at 7 weeks post injection and a picture
was taken. (I) Histological examination was carried out after harvest. The result of Mason’s
trichrome staining is shown.

[0036] Figs. 5A-5I show regeneration of bone with control DMEM medium. Control DMEM
culture medium (2ml) was injected into the defect area in the tibia bone after suturing. (A to G)
Radiographic analysis was performed at 1 day, 1, 2, 3, 4, 5, and 6 weeks after injection of the
medium. (H) The specimen was harvested at 6 weeks post injection and a picture was taken. (1)
Histological examination was performed after harvest. The result of Mason’s trichrome staining
is shown.

[0037]  Figs. 6A and 6B show radiographs from rat TG001, 4 and 6 weeks after posterolateral
intertransverse process fusion procedure implanting cells using absorbable collagen sponge
(ACS) carrier. Radiographic bridging bone on left side is encircled after 5x10° fibroblasts
(mouse) transfected with cDNA for BMP-2 posterolateral intertransverse process fusion study.

Note less cells probably on right side and less bone formation, if any.
6



Note |l ess cells probably on right side and | ess bone formation, if any. 6
WO 2003/ 083079 PCT/ US2003/ 009718 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0038) In the present application, "a" and "an" are usegchpaiaivhe both
singl e atMO3M3834P ity of objects. [0039] As used herein, adm nistration
"in conmbination with" one or nore further therapeutic agents includes
si mul taneous (concurrent) and consecutive adm nistration in any order.

(0040] ﬁilg,liﬁ %dﬁ{;g&ﬁ;ﬁﬁmwmm&wmnml y active" in reference to a

nucl ei c protern, protein fragnment or derivative thereof is defined
as an abilibty GhBhGHEE a d ‘AT Are usel 16 refsegbeticsinglo and apluraitknown
bi ol ogi i@shﬁ ung{ fhtg%%esﬁﬂc:p?’éd |by the wild type formof the nucleic acid or
protein Q041] As used herein, the term"bone gromh" relates to bone

mass. Téf:&?lg‘“?)rot ein is thought to increase bone mass systemcally. This

I's sugg S@i‘s@ﬂ pgé‘% L{;g% il%gnggcfn%n{sgatfom&irpmﬁat'r%ﬂ Pith8 bh€oi0hoRRStufiRdt tR&hfeutiand

i ncreas St eol I'ning bone surfaces foll ow ng system c

adm ni stration. .[ 0042] As i . £l PR aY anpPbafefraceutical ly
accept aBgengigrig rsé‘f’uz'lf%?uﬁitdéoﬁgusr%@?‘mﬁggggl uinlggér@nﬁ{?@wgr g?nor?t oxic to the

cell or mammal pei ng,expose ef o. d Ay n6asie abk! gbicans
enpl oyed%048 ¢ e ,S?Sﬁg hﬁrﬁg'r’ ﬁ'ﬁ%ce{tj‘??%g\%g?% c{’:églg% a@ﬁgﬁ%@ﬁ‘?ﬂ? TS an aqgfggus pH

buffered sol ution. Exanples ’ siafabiity SCHERbABIGCRPE dnfihs adiic| ude
Wi t hout AFtRin EASMSH! orbﬁiﬁgét}vs? tg%ec(ﬁngg%gsl%ﬁgt e,lyyci trate. and other or gani ¢

i ds; antioxidants includj. ' Ty ;
han- abagIoeDes aErit B8 harPEREL RAGLS SHERE by o T e e e

gelatin, or immunoglobulins; hydrophilic polyners such as
pol yvi nyA"®?'¢81 i done; anmino acids such as glycine, glutamne, asparagine,

argi ni ne ol yshgfuaﬂg,gg,? e Bk A88ne HAARC PHILARS boRNfhasOREES protein is

car bohy S i ucose, nmanndse, extrins; chelating agents

such as gﬁggp}-‘g %ﬁgggéesb%hg ohol ¢ %tgﬁgérang’?‘.snﬁ@ﬂ @L%g%te(??y BRRMiRdE Rk jin 8R! dundber 4Hdng

counteri odr unj noni oni € surfactants such as TWEEN(r),

pol yet hyslizeengf &lte%gf%lsts,(aﬁﬁ%drea@poddfﬂng{ﬁgx\%%&)id lining bone surfaces following systemic

administration.

[0042] As used herein, "carriers” include pharmaceutically acceptable carriers, excipients, or
stabilizers which are nontoxic to the cell or mammal being exposed thereto at the dosages and
concentrations employed. Often, the pharmaceutically acceptable carrier is an aqueous pH
buffered solution. Examples of pharmaceutically acceptable carriers include without limitation
buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid;
low molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA;
sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or

nonionic surfactants such as TWEEN®, polyethylene glycol (PEG), and PLURONICS®.



7 WO 2003/ 083079 PCT/ US2003/ 009718 [0043] As used herein, the term
"connective tissue" is any tissue that connects and supports other tissues
or organswoaﬂglj/‘gsgﬁgudes but is not limted to a |iganentpepu&dbishage, a

t endon, bone, or a synovium of a manmmalian host. [0044] As used her ei n,

t he term "connective tissue cell” or "cell of a connective tissue" include
cells that are found in t he connective ti ssue such as fi brobl asts,

cartila | 1s dr.o x oste bl ast s/ ost,eoc tes),

ne el | 10881, ° pshpelt ft S s 5°"a§%im'?ﬁ% it FRsBRLeRa o g 5 e
connectiyv tlssue ce re fibrohla chon rocytes bo

Vor e pr eHBSHSTO O fiBent Be 4rs opt s S5 16 S HeBR¥HcH tapkiaie = b bons

Al ternatively, the_ connective tissue cells are osteobl ast or osteocyt es.

It will ¥&aeyynicias iag festi nvention can be practiced with a ni xed

cul ture %é‘ionnectlve tissue cells, as well as cells of a single type. It
is al so0P#lognsatsed hereiny e e Seennegivestissug celb orr eoall eaf %e@weesvewssue

chemi cal or radiation so that the cells stably express the gene

i nt er estinclpd@restaphay, are Hourd i dbg icprnectives tissugespehy ge i h*i@lla&*ﬁawetllegc edlgat i ve
i mune response when injected into the host organism It is understood that
al | ogenechondreqytes), rang tw@e &gléﬂ(qswoblhstsfoeexga&ee), agvallets fah el (adippgpes andl | s
for cell-nediated gene therapy o somatic cell therapy. [0045] As used

her ei n, smeoihawsely sels s%re@ra@gn |lhe| qonaective, disgud esligang| fibretlastsy chandeamyiacanidy e
tissue cells originating froma comon parent cell. [0046] As used herein,
"host cétane qelg| Pecferablithe eRpapctive (tissusrcePepre fitiphlast ecioni Aleroativelyether

has been a recipient of a vector of this invention. Host cells include
progeny SOMNECVE figfue widsire eewblast anesieasrepr ByaH perfegpeniged thetds dnveptign e

conpl etely |dent|cal (in morphology or in total DNA conplenent) to the
ori gi nal béipgliced pétha 'H‘t’j%d Q‘%‘“Wﬁf&P@TeC“W'&eﬁﬂl&las wsH ag e¢lisind a singlertyipeat! isn
and/ or change A host cell includes cells transfected-or infected in vivo

with a valse ecognized thalithetissue grbls yraycedepated suethasoll shemicalnontadiation se that ther- B
superfamly. [0047] As used herein, the term "low bone nmass" refers to a
condi t | oWUSSEAbY §xpEsss dhpeene o infesest Rreferablys theeqopnective tissye celbdedsfict cause mal  as
defined in standards by the World Health Organization "Assessnent of

Fr act ur ePsRpdYe iHornetrespapss | headniesied igtoSbe besiiorggnisar 1the yadrsstensiathasaalllogencic

cells may be used in this regard, as well as autologous cells for cell-mediated gene therapy or
somatic cell therapy. X
[0045] As used herein, “connective tissue cell line” includes a plurality of connective tissue
cells originating from a common parent cell.

[0046] As used herein, "host cell” includes an individual cell or cell culture which can be or
has been a recipient of a vector of this invention. Host cells include progeny of a single host cell,
and the progeny may not necessarily be completely identical (in morphology or in total DNA
complement) to the original parent cell due to natural, accidental, or deliberate mutation and/or
change. A host cell includes cells transfected or infected in vivo with a vector comprising a
polynucleotide encoding a member of the TGF-8 superfamily.

{0047] As used herein, the term, "low bone mess" refers to a condition where the level of

bone mass is below the age specific normal as defined in standards by the World Health

Organization "Assessment of Fracture Risk and its Application to Screening for Postmenopausal

8



8 WD 20031083079 PCT/ US2003/ 009718 Osteoporosis (1994). Report of a Wrld
Heal th Organi zation Study Goup. World Health Organization Techni cal

Series 843", which is incorporated by reference herein pgrjusso@dbgignce to
nor mal antMO3¥B&8HEPotic | evel s of bone mass. Further, the term "bone nass"
refers to bone mass per unit area, which is sonetines referred to as bone
m neral density. [00481 As used herein, the term "nmai ntenance", when used

inth text of | i , . ik i d d
e TS BBl OB R S SRS BBy L ol Whna agiuce
the ability OF  t ted DNA fq, in. nt.in the t t, ]

T L St PO 4 LA RBRFL b AR Febln i

term " manmal i an host" includes nenbers of the anipal Ki ngdofm i ncl udi ng but
not | i mi nasthak andmsteappretds ksyels of bansayaspdwitber thederas (Pong pass d¢ 5"‘%&9'&&'83%%"
relates to bone that is mneralized, in contrast to non-mneralized bone
such as psaibags, Wiogsis ometimesdeterfed i as bopgwinee dsnsidst eogeni cal |y ef fecti ve"
means that anount which effects the formation and devel opnent of mature
bone. [OM948] AsAgsused heselss, (fhe (el { WaiONANSE e PRy BIFA B the clopiext g livgseRs
progenitor cells" are cells that have_the potential to becone bone cells,
and r esi deivery, denetesdhe Bbdite efrtheriptreduseRNAGR remep PESHH o8 Ehsi selbr When usedying
derived from connective tissue progenitor cells that reside also in the

sur r oundpther edntextse it(mease [the) abiligosf3praaed JARY 1naeraaip prosed ip dpgriergsigd et or

i ncl udes nenbers of the animal kingdomincluding but not [imted to human
bei ngs. [i$064] asag impasich therepewtic effeetonposi tion is "pharmacol ogically or

physi ol ogi cal |y acceptable” if its administration can be tolerated by a
reci pi en{0049) nalAsamel heseinttheetenn Smammaliamhest't ippludes anembiess of dhg animaldingdemat

ani mal . Such an agent is said to be admnistered in a "therapeutically

ef f ect i vinchmdingrbut ngtimited tabtspanbein®si ni stered i s physiol ogically
significant. An agent is hysi ol ogically significant if its presence

resul ts 19958] deﬁéd{s%lpeém@,ﬁgﬁwi"matqq@b%y gql@psd@);aopﬁ that is mineralized, in contrast

to non-mineralized bone such as osteoid.

[0051] As used herein, the term "osteogenically effective" means that amount which effects
the formation and development of mature bone.

[0052] As used herein, the term “osteoprogenitor cells” or “bone progenitor cells” are cells
that have the potential to become bone cells, and reside in the periosteum and the marrow.
Osteoprogenitor cells are derived from connective tissue progenitor cells that reside also in the
surrounding tissue (muscle).

[0053] As used herein, the term "patient” includes members of the animal kingdom including
but not limited to human beings.

[0054]  As used herein, a composition is "pharmacologically or physiologically acceptable" if
its administration can be tolerated by a recipient animal and is otherwise suitable for
administration to that animal. Such an égcnt is said to be administered in a "therapeutically
effective amount" if the amount administered is physiologically significant. An agent is
physiologically significant if its presence results in a detectable change in the physiology of a

recipient patient.



reci pient patient. 9 WO 2003/ 083079 PCT/ US2003/ 009718 [ 0055] As used herein
"pharmaceutically acceptable carrier and/or diluent” includes any and all

sol vent s, w@j sRsHshN nedi a, coatings, antibacterial and ﬂ@{. smagents,
i sotonic and absorption delaying agents and the.like. e /Hggmg/?'bgﬁ;gh

medi a and agents for pharmaceutical active substances is well known in the
art. Except insofar as any conventional nedia or agent is 1inconpatible

W th thepgssi veai U&G%i’e@rﬂt'phaHﬁa%c&tQQﬂ}eggcc%%lé ?zﬁri&pﬁ%&?g@%l%ng" fﬁ@@?ﬁ%{yéﬁgz s

contenpl at ed. Suppl enmentary active i1'ngredients can

into thec [ th: [ 0056] sed. LN, "prongter" can be an
sequencgd“on mﬁf’t‘?}'%ﬁ?? é’g%?a\’/ec,dgg?%’ ggtr'] rg%ﬁél d?fé‘ﬂ@@r"g‘gt PESAS; r{salppic and
eucaryot.j | . . The pronoter active in ei.ther or both eucaryotic
ond- by cEorbi o BESEAAIRERNG Yoe A5 b Sy tuctid endaeniscor Aharmaertican
cells. The pr ter.my be constitutively expressed or inducible.

br ef or abt g LRERISES vl R At I RCSTBoBr o, canyeniopmlonesiser fasntis

i nduci bl.e by external stimul ug. More ref‘er_ably, the pronoter is

| nduci bIEPaORls R opctive eedieps s greol dpy Hith cbprapgesice aempositigns ok al so
control transgri,ptio can be. inserted into the DNA vector construct, and
used Wi tcﬁmteﬁlgﬁécghé‘mpﬁ}f e"@l’y pglige pierediants cam gl s tRomperatedyiptg taeccompesitisasr essi on
of the gene,of Interest. %QOS% As uz’ed herein, "selectable marker"

i ncl udeg {l}%&en sp‘?%ﬁ?]’&'te'“t aProeter,can b€ apyysagyense eEPNA thatis agtivebing qenlrels ai ns
the int rtoduc.eg DNA, and causeglsﬁlélpe cell to express an altered phenotype
such as "BEYPRUPHIE dnaguceryaiic eell HEheipsRmotes may,bepesiyerin pither ot bathieycaryatioland i on
of cells_that .exg] egs.a . .transfected gene. is achieved by introduction into
the san® TAPPES &e?%ﬂalﬂbn’ge PIoFtOteL it frdixe iy magiglalian gellse Therikemotesmenbas one

ot ner oAy TREYER PR Seintueby PR ohe marisie, soagucle. Relertinihed (o
P oo B oy oL R B e Stk b o o
Phosphol' RGPS o5 Bisias o e e (EAAAGE BREMSh Aoy Cariahyposerinion, GADbe a
ove. ur P i B N BRESE St bR Acc oy ih el Hecnewapivenioe to
tr anscaremr’r%; ﬁ%%x&ggsio%i OQYlgerg%% 8ft i%t%?e)si. adenosi ne
[6057] As used herein, “selectable marker” includes a gene product that is expressed by a cell
that stably maintains the introduced DNA, and causes the cell to express an altered phenotype
such as morphological transformation, or an enzymatic activity. Isolation of cells that express a
transfected gene is achieved by introduction into the same cells a second gene that encodes a
selectable marker, such as one having an enzymatic activity that confers resistance to an
antibiotic or other drug. Examples of selectable markers include, but are not limited to,
thymidine kinase, dihydrofolate reductase, aminoglycoside phosphotranéferasc, which confers
resistance to aminoglycoside antibiotics such as kanamycin, neomycin and geneticin,
hygromycin B phosphotransferase, xanthine-guanine phosphoribosyl transferase, CAD (a single

protein that possesses the first three enzymatic activities of de novo uridine biosynthesis -

carbamyl phosphate synthetase, aspartate transcarbamylase and dihydroorotase), adenosine
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10 WD 2003/ 083079 PCT/ US2003/ 009718 deam nase, and asparagi ne synt het ase
(Sanmbrook et al. Ml ecular Coning, Chapter 16. 1989), incorporated herein
by reference in its entirety. [0058] As used herein, "suyy HodiRoBs

vert ebr at\WO0 289¥¥88¢73b| y a nammal, nore preferably a hungﬁhﬁ%%ggg] As used
herein, "treatnment"” is an approach for obtaining beneficial or desired
clinical results. For purposes of this invention, beneficial or desired
clinical results include, but are not |imted to, alleviation (})é t ons,
di mi ni sdemminasef aekespatagiof sptbaess dSargrapk ef dleNojgeular Clanye, Chaptele r@¥ st at e
of disease, delay or slow ng of disease progression, anelioration or

pal | i at iisorpafrated heeidibg eeferenctiniteentiel. r eni ssi on (whether partial or total),
whet her detectable or undetectable. "Treatnment"” can al so mean prol ongi ng
sur vi valjoess] conpaned heteig X patgeat issaivertabadte,i frefanblyr 2 oemmaigmoter meferabhit a
"Treatnment” refers to both therapeutic treatnment and prophylactic or
prevent auindg. neasures. Those in need of treatnent include those already
with the disorder as well as those in which the disorder is to be

prevent qgos9j Pal A§ adeld hgreira "ekatreas eisrmapgrobdhafor dhainimgtbendficildf desiredinliiésal r abl e
clinical manifestations of a disease state are | essened and/or the tine
course GesultheForPug@saseithin im@nsém etkfiofal bedestride oidrdcal assulto inphude,chut @reanot
situation without treatnent. [0060] As used herein, "TG-p protein" refers
to a nmenhsiledofo, tahevidildn- & sypRohENdilminisimenprobteriens of [d304E] sBbilivak d.chemoei n,
"vector", "polynucleotide vector"”, "construct"” and "pol ynucl eoti de

CONSt I UGkorsei fr) YRetbfidisefie CbdyaR aliwind6fr didease plogredsionsrheididtida ov patistonaf t hi s
invention may be in any of several forns, including, but not limted to,
RNA, DNAhe BiNPasenstai) antl atmidsibm (Whdtdrrpanial ak totaipavhetHoNAeeoabip sailumtiaektable. an
adenovirus coat, DNA packaged in another viral or viral-like form (such as
her pes sim@t®Ent" ancthlstdaem-prasngingéurdvaliat dompaddiMb)expdddd strGad sflodfeeelving

| i posones, DNA conpl exed with pol ylysine, conplexed with synthetic

pol ycat i tesatmediDI Breatnent; refersplocti@bl thavhpetic arepianend and paiph@iactiroby piehyrtaive

gl ycol (PEG to imunol ogically "mask" the nolecule and/or increase

hal f - | i feasares.CThiviseljariced of Geameraninatideathogerabresiyrwitthe fdsbadel ¥s weln@s those in

pol ynucl eotide is

which the disorder is to be prevented. "Palliating” a disease means that the extent and/or
undesirable clinical manifestations of a disease state are lessened and/or the time course of the
progression is slowed or lengthened, as compared to a situation without treatment.

[0060}] As used herein, “TGF-B protein” refers to a member of the TGF-8 superfamily of
proteins.

[0061] As used herein, "vector", "polynucleotide vector", "construct" .and "polynucleotide
construct" are used interchangeably herein. A polynucleotide vector of this invention may be in
any of several forms, including, but not limited to, RNA, DNA, RNA encapsulated in a retroviral
coat, DNA encapsulated in an adenovirus coat, DNA packaged in another viral or viral-like form
(such as herpes simplex, and adeno-associated virus (AAV)), DNA encapsulated in liposomes,
DNA complexed with polylysine, complexed with synthetic polycationic molecules, complexed
with compounds such as polyethylene glycol (PEG) to immunologically "mask" the molecule

and/or increase half-life, or conjugated to a non-viral protein. Preferably, the polynucleotide is

DNA. As used herein, "DNA" includes not only bases A, T, C, and G, but also includes any of
11



DNA. As used herein, "DNA" includes not only bases A, T, C, and G but also
i ncl udes any of 11 WD 2003/083079 PCT/ US2003/ 099718 their anal ogs or

nodi fi ed %Rk fohese bases, such as nethyl ated nucl egfd .
i nter nucl\ggtzmc?i}é%?r%di fications such as uncharged i nkaggésd"gﬁ%m{'w%gtses, use

of sugar anal ogs, and nodified and/or alternative backbone structures,
such as pol yam des. (00621 Transform ng G owth Factor-13 (TG (3)

S fam|. 063] T ' wt h factor- TG (3 fam |l
encompasbelt R tr RS Bt PR b et i BUBFR GuCIoidEh B TBEONde e
range of d'.F.f erentiation gro‘gg ses d r%% enegéyoni c devel opnent. This is
based orlifiAliog® seh s vartprsed Hokaernancibinges giecal spe atipesy anemediied end/or

conservation of seven cysteine residues. The fam |y includes, Millerian

i nhi bi t i AgrmatvmRackbens sirvgtaes, sughi asipolyamidssui red for normal nml e sex

devel opnent (Behringer, et al., Nature, 345:167, 1990), Drosophila
decapent{@86gi cTrasfrmieg:6rowtbdastor-fyliGHB) Supertpmiled for dorsal - ventral
axis formati on and nor phogenesi s of the inmaginal disks (Padgett, et al.,
Nat ur e, [8963181- Tgasformigy) growhe fHxeonp uTCFyB)L sgpertanplyoducdmpasdes clh growal dfzes
to the vegetal pole of eggs (Weks, et al., Cell, 51:861-867, 1987), the
acti vi nSULKBEYY  related; proteins, ydnednpifgit opide range  of Gliffmigntigtion] Bi5cB563- ABihg
1986), which can induce the formation of nesoderm and anterior structures
in  XendpRYyehs AousdopmERb nERif is kased pn primatyl amig@ adigSequedoOhomaingies melubinge
mor phogenetic proteins (BMP's, such as BMP-2 to BMP-15) which can induce
de novo abseluie| eagecrvatipnbfreevero eysteineo residesnp Aher fareily anclydes, MBlladan iGhibiing

265: 13198, 1990). The TG f gene products can influence a variety of

di f f er erfubgance {MIB) pdvichds requited {odinarmal aiabospardesélepmeny (Betmangers et al., Nature,
chondrogenesi s, hematopoiesis, and epithelial cell differentiation (for a
revi ew, d 6N 50 Jarosepbllp dagpargaplegio §DYPP) genkipodducts whinhais pequiree forhiersai-n by
reference in its entirety. [0064) The proteins of the TG--0 famly are

i ni tial I¥engyraxiciormatipnzasd snarghogenesis of thesimagipalodiskis(Padgettj @ hal. sNiteeg 8258 1-y
undergoes proteol ytic cl eavage at a cluster of basic residues approxi mately
110- 140 $4mil9%Y)be é@"@#bﬁgﬂrﬁ“@'@év% which loTalizegotthe végatal pole gf epgs (Whekshe
proteins are all structurally related and the different famly nmenbers can
be cl assils (e, PH861-8§65t 1982} theupejivinspMason, 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), and the bone morphogenetic proteins
(BMP’s, such as BMP-2 to BMP-15) which can induce de novo cartilage and bone formation
(Sampath, et al., J. Biol. Chem., 265:13198, 1990). The TGF-B gene products can influence a
variety of differentiation processes, including adipogenesis, myogenesis, chondrogenesis,
hematopoiesis, and epithelial cell differentiation (for a review, see Massague, Cell 49:437, 1987),
which is incorporated herein by reference in its entirety.

[0064] The proteins of the TGF-f family are initially synthesized as a large precursor protein,
which subsequently undergoes proteolytic cleavage at a cluster of basic residues approximately
110-140 amino acids from the C-terminus, The C-terminal regions of the proteins are all
structurally related and the different family members can be classified into distinct subgroups
based on the extent of their homology. Although the homologies within particular subgroups

range from 70% to 90% amino acid sequence identity, the homologies between subgroups are
12



based on the extent of their honol ogy. Al though the honol ogies within

parti cul ar subgroups range from 70% to 90% am no aci d sequence identity,

t he honol o % g_ﬁzx\een subgroups are 12 WO 2003/ 083079 PEFASa0a@7809718
signifi caWn ’ 0 generally ranging fromonly 20%to 50% In each case,
the active speC| es appears to be a disulfide-linked dinmer of Cterm nal
fragnments. For nost of the famly nenbers that have been studied, the
honodi meri ¢ speci es has been found to be bi oI 0 |caI I )‘l active, but for

ot her f sigiifiganthp eyeers general ranging; fiem nlys2Q%ity50%¢ Injeach qsg, de‘eaC“S%fPef*F@

1986) and the TG--f3's (Cheifetz, et aI Cel |, 48:409, 1987)

het er odappears thbe/ediabifde-hieked diteer e Colgrmigplfraghieals: Kpp@as of he fh'&\hé MEMbEST ent

bi ol ogi cal properties than the respective honodi ners. [0065] Menbers of the
super f artiat javebechGRdivdg the domodinierid sperEr hpgteen faynd[igbe bipiggically aqtivi kuk &) |
TG--[31, TG--[35 (Xenopus), BMP-2, BMP-4, Drosophila DPP, BWMP-5, BMP-6,
Vgrl, ChtheBMmilg, mEnless pike |t @0idjns@Rg et a)l:erhbpmes 341779, BI985Band thli BHRB33A,

| nhi bi n- [iB, Inhibin-a, and MS. These genes are discussed in Massague,
Ann.  Re{CheBeagcéiain CEF, 4BRI99,71987), hewa”imeth heve dlso hasn oeteesechiand these eppearlp
reference inits entirety. [0066] Preferably, the nenber of the superfamly
of TGF- haveatiffasntibiol@iidal pioperdesthaf the adspactive hdraodmptser is TG-- 01, TG 02,
TG [ 33, BWP-2, BWP-3, BWP-4, BMWMP-5, BMP-6, or BWP-7. Even nore

pr ef er afdoss) t haembehesf ie duperfeamiBIVEY TIIFSB gonesfieclatd TGF:Me TERB2r TGE-Muman
BMP-2. [0067] BMP [0068] BMPs are proteins which act to induce the

di f f er edhickeh )0 ITGH-BNERGHEH Y Yedopls)p BMRLR| BMP-Af Oradphitr OPPT EMRHJ BMP-6,
osteobl asts before initiating bone fornmati on. They pronote the

di f f er eMgrBtOBI/BMP-CADFdsbpigia- 60a%) dGDBe Xemapus Mpf,cBMPS3, HebibinsBA,clahibin-BB,
fractures but also at ectopic locations. Sone of the proteins induce the
synt hesiishisih-calakdMISe Thixe pehat aas disasskdciol Masgeguej Ann. Rey eBlokchen. 67: 7531781 BMPs
act directly on osteoblasts and pronote their maturation while at the sane
ti me suppes sdhichgs imgagenaed hexinftiyeeferdncain iGrenti@yner BMPs pronote t he
conversion of typical fibroblasts into chondrocytes and are capable al so
of i ndugéoeg] t hePrefqablysthe arember afithe superfamily of TGF-f genes is BMP. More preferably,

the member is TGF-B1, TGF-#2, TGF-33, BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, or BMP-7.
Even more preferably, the member is human BMP.  Most preferably, the member is human
BMP-2.

[0067) BMP

[0068] BMPs are proteins which act to induce the differentiation of mesenchymal-type cells
into chondrocytes and osteoblasts before initiating bone formation. They promote the
differentiation of cartilage- and bone-forming cells near sites of fractures but also at ectopic
locations. Some of the proteins induce the synthesis of alkaline phosphatase and collagen in
osteoblasts. Some BMPs act directly on osteoblasts and promote their maturation while at the
same time suppressing myogenous differentiation. Other BMPs promote the conversion of
typical fibroblasts into chondrocytes and are capable also of inducing the expression of an
osteoblast phenotype in non-osteogenic cell types. The BMP family belonging to the TGF-8

superfamily comprises:

13



ost eobl ast phenotype in non-osteogenic cell types. The BMP famly bel ongi ng
to the TGF-13 superfamly conprises: 13 WO 2003/083079 PCT/ US2003/ 009718

[0069] BNPo2fniks@WP-2-a (114 amino acids) has been renggggBinderikunman,

nouse and rat proteins are identical in their amno acid sequences. The
protein shows 68 percent honology with Drosophila. [0070] BMP-2B or
BMP-2-8 (116 am no aci ds) has been renaned BMP-4. Muse and rat proteins

2 Gl yootsPE o Sk 2R bn B P Ty POAHBRAER el REA rbred P ) BE gt ™) '
_ entear 10" Coteogertt . * IR SAATT P o el i
el at o 31D EyEREHEESE Mok ) BB amid dddENencht e B PP oy o7

percent . identit different am no acids). Human and rat protein
sequencggmali%\gy@?ﬁhg];sfofo\ﬁ&"%m no acids. The factor is identical w th GDF-10.

[ 0073] -4 g i tic | -2B and with DVR-4. The protein shows 72
per cent ﬁmﬁglm)l 3899%&?1' %&ER?FQ&‘{“B@?‘E% tdeen repamed BMB-4aMoyse andagt ¢ he
am no acid | evel K human ﬁn,d noyse proteins are 96 percent identical. [00751
BMP- 6 (Eé’ée'%ﬁﬁ’ﬁéf’e%‘%é‘)‘ £15 PROYFEMBGABENCeSni t h DVR- 6 and

veget al - cific-related-1. [Q076] BMP-7 (139 am no acids) is identical
Wit h op@g?bst éﬁﬁé—ﬁi (@103rping agidy)yis a ghyeopsoteinand isddsiticlte Ostepgenyy Hugen prd cent
identical. The mature forns of BVMP-5 , BWP-6 , and BMP-7 show 75 percent
identit{/’.‘"[*’667?]“%1\%33’89&%*9”%%6“&i ds) is identical with OP-2 . The

| dont | cl7AF L TP 2b D RS folrvied 19 BMEGS U1 Gereentrigeni: Bhmers aadhown
also as mco]\?;egbr gl?s?gt)lowB 7-p?erée%tl ?de%trirtiyn(% c?i%ljerdet%? arinisnoal:csic(ijs).r a]:u%;rrl %ﬂd trgt gr?)tc%]:- >
sequences differ by two amino acids. The factor is identical with GDF-10.
[0073] BMP-4 is identical with BMP-2B and with DVR-4. The protein shows 72 percent
homology with Drosophila.
[0074) BMP-5 (138 amino acids). At the amino acid level human and mouse proteins are 96
percent identical.
[0075] BMP-6 (139 amino acids) is identical with DVR-6 and vegetal-specific-related-1.
[0076] BMP-7 (139 amino acids) is identical with OP-1 (osteogenic protein-1). Mouse and
human proteins are 98 percent identical. The mature forms of BMP-S , BMP-6 , and BMP-7
show 75 percent identity.
[0077) BMP-8 (139 amino acids) is identical with OP-2 . The factor is referred to also as
BMP-8a.
[0078] BMP-8b (139 amino acids) is identical with OP-3 and has been found in mice only.
The factor is known also as OP-3.

[0079] BMP-9 (110 amino acids) is also referred to as GDF-5.

[0080] BMP-10 (108 amino acids) has been isolated from bovine sources. Bovine and human

proteins are identical,

14



[ 0080] BMP-10 (108 am no acids) has been i'sol ated from bovi ne sources.
Bovi ne and human proteins are identical. 14 WO 2093/ 083079

PCT/ USZO%bg@@M& L0081] BMP-11 (109 amino acids) has beefssezabeds from
bovi ne sou MBlihan and bovi ne sequences are identical. The protein is

referred to also as GDF-11. [0082] BMP-12 (104 amino acids) is known al so
as CGDF-7 or CDVP-3. [0083] BMP-13 (120 am no acids) is the sane as GDF-6

and CDWVP- [ 0084]..B -14.&12 m oac'gs is the sane GDF- 5, and
et 0G0s] e 15 inh A M Pt Fotenan? bt Be SO it ang PR e
oocyte. The nurine protein is nost closgel at.ed to nurine GDF-9. [0086]
Sone of *%géesﬁfﬁiﬁ@ﬁﬁgl' @ﬁ %rf"cé{blslﬁez?r erdcfﬁf’ﬁ%%séﬁ 11, for exanple, associates
with BMP-2A [00%;11t ause of the hi %&gde of ] aci d sequence
homol ogyl998%hpr oMfe %E@f%‘“"ﬁ%‘f’@é%'f')",wn ag%rlﬁ:gw %ng BVP-7 are |
recogni zed as a distinct subfam I,g/ of the Sé ggﬁ] %nes encodi ng BMP-5
and BVP-I8083p ¢ BMBri3Hd 20 #PiBAISENES e Sapfeas O&h Wg' BVMP-7 maps to hunman
chronosone 20. BMPs can be isolated fromdenineralized bones and
ost eosarl80t ceBME- 1410 aming aciHDdnthe srisRE5128d FOMEPr essed in a variety
of epithelial and nesenchymal tissues in the enbryo. Sonme BMPs (for .
exanpl e, [0883- 2 BME- B\MD2393mingpeidpde pxpresis\irediticallyiie the ogeps-i Ehg mupisg protein
identical effects (cartilage and bone formation) and to have the ability
t o substis mesteclgsely refaed smmuhes GDF®088] Ost eogenin and rel ated BMPs al so
pronote additional successive steps in the endochondral bone formation
cascade 80861 uncPommohhess PEItIBh EXIghasnisstrodimetsaMPs 1. fgF exarRig appgqigjes with
nonocyt es and by i nduci ng, anong other things, the synthesis and secretion
of TG BMByA-nonocytes. Monocytes stimul ated by TGF-13 secrete a number of
chenmotactic and mtogenic cytokines into the conditioned nmedi umt hat
recruit @it hePecapseaplathsdigh degrerapt aminosacih sequpncs iomolagye(apRratimatsly 901
col l agen and associated matrix constituents. o

percent), BMP-5 , BMP-6 , and BMP-7 are recognized as a distinct subfamily of the BMPs. The

genes encoding BMP-5 and BMP-6 map to human chromosome 6. The gene encoding BMP-7

maps to human chromosome 20. BMPs can be isolated from demineralized bones and

osteosarcoma cells. They have been shown also to be expressed in a variety of epithelial and

mesenchymal tissues in the embryo. Some BMPs (for example, BMP-2 and BMP-4) have been

shown to elicit qualitatively identical effects (cartilage and bone formation) and to have the

ability to substitute for one another.

[0088] Osteogenin and related BMPs also promote additional successive steps in the

endochondral bone formation cascade by functioning as potent chemoattractants for circulating

monocytes and by inducing, among other things, the synthesis and secretion of TGF-81 by

monocytes. Monocytes stimulated by TGF-8 secreie a number of chemotactic and mitogenic

cytokines into the conditioned medium that recruit endothelial and mesenchymal cells and

promote the synthesis of collagen and associated matrix constituents.

[0089] Therapy For Bone Regeneration

[0090] The present invention discloses ex vivo and in vivo techniques for delivery of a DNA

sequence of interest to the connective tissue cells of the mammalian host. The ex vivo technique
15



[ 0089] Therapy For Bone Regeneration [0090] The present invention discloses
ex vivo and in vivo techniques for delivery of a DNA sequence of interest
to the cowesibygoyd ssue cells of the manmal i an host. Thpcﬁﬁs%/‘j"g/&,qgﬁphni que
15 WO 2003/083079 PCT/ US2003/ 009718 invol ves culture of target connective
tissue cells, invitro transfection of the DNA sequence, DNA vector or

ot her delivery vehicle of interest into the connective tissue cells,

- fol | owed; I [ . modi fi.ed. connecti.ve tiss cells to the
t ar get b:)nﬁée“ve e?@@?pgfg% ofC%F%egrwerrggﬁ%lcgkh “hEHre Q‘?)"S “?'boti‘hee@%’si FEERFS

expr essi 0 e : of i:nterest t is ta be understood that it
i s possi EPJéA héi‘? osrg(ﬁggt?ad%([:lg%y g’h'élgleé)sf '}étgréz ' 'Sfodihﬁd:of‘?‘i&%%?sl?? CRiS fphlowsd by

bi oadhesj as. huf f gat or other chem cal adhesive, as well as

vari ous gi’ﬁ?éﬁ%@%"s of p}scsﬁ]égﬁ'egﬁan'iﬁ%‘éeoﬂﬁ&? N qqn to. ther fagets bapgy defesfesremakithei ar y
material s rra"%.be inlb)alnaaqte tgpet her wi,th the genetically nodified cells of
the presTAPFRHVLRIST ¥ 19 R & deqraptessionof thegensproshicrafiinterest ude

bi oadhesl ves ,in the tﬁp&rﬁapeuti c.conposition to facilitate contact between
the genet'itRI8ePgsiops Bat it iopassibleithal subsiaaces sueh 35 salfiolding frameavosk, marrin@ar

t he boneb.deJ ect . Abt"e tr;@tivel}/, it is possible that such substances may be
excl uded®PABYHEe (S‘f‘r% Y £93R7 Pther themicahadhesive. 26 WeH as yatieus epfrandoas tissues

i nvention. ll|'§0091}l .Lt wll be uréderst,ood by the artisan of ordinary skill
that t he*Sr WPEMRaLolE Sapriess apd Qiber auxiliasy matesials may berimpiantedatogesher With thee

patient' S| con(gqefeté{' veglati ssue cel l's, such as autol ogous fibroblast or
ost eopr o¥fERTCEY Tegtiied ealls nf the Brssent deyentien. |18 one gspach e arventinst soplisduds or
ost eocl as eneic, cells may al so be used. [0092] More

ts, .but tha% allog n

speci f i caPidhesiyesiia thethaiapeuti,cqmppsision tnsfeeijtatrsontagebriwenndticisanetialy mosifeed
menber of the transform ng growh factor superfamly, or a biologically
active JEPPRFAYS Wssugce r“ﬁﬁﬁ%n‘l’ea sy rea¥ the[tono Jpfertn Adigomatively citrirophssiblet thaf
this invention, a conpound for parenteral admnistration to a patient in a
t her apeutUFl SHhstAngss may be exslydesh fromsthe rcatipasition i thecadministration SHSken( Gf the
super famn Iey P Ot ein and a suitable pharmaceutical carrier. [0094] Another
enbodi mEAY"8P t hi s i nvention provides for a conpound for parenteral

[0091] It will be understood by the artisan of ordinary skill that the preferred source of cells
for treating a human patient is the patient’s own connective tissue cells, such as autologous

fibroblast or osteoprogenitor cells (bone progenitor cells), osteocytes, osteoblasts or osteoclasts,

but that allogeneic cells may also be used.
[0092] More specifically, this method includes employing a gene product that is a member of

the transforming growth factor 8 superfamily, or a biologically active derivative or fragment

thereof.
[0093] In another embodiment of this invention, a compound for parenteral administration to

a patient in a therapeutically effective amount is provided that contains a TGF-B superfamily

protein and a suitable pharmaceutical carrier.
[0094] Another embodiment of this invention provides for a compound for parenteral

administration to a patient in a prophylactically effective amount that includes a TGF-B

superfamily protein and a suitable pharmaceutical carrier.
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admnistration to a patient in a prophylactically effective anount that
includes a TGF-0 superfamly protein and a suitable pharnmaceuti cal

carrier. %ﬁz\ﬁﬂ/&& /0831179 PCT/ US2003/ 009718 [ 0095] | n pchaupnesapniis
applicati a nethod is provided for generating or regenerating bone by

injecting an appropriate mammalian cell that is transfected or transduced
with a gene encoding a nenber of the transform ng growh factor-beta
(TG--[3)

a3 MREECT SR fropdo ot o Bithnod 18 proukdSh B echBra Y e BREch 1 2
s undenst 8odhhalh Sdiforfifte! RodPIAC hNhREtE dranlibed P Grafifed Witk finpONe

is to be ge era regener or wt scaf I'ng nmater

any other auxiliar such as .extraneo t her

b1 s e & aRrPer Y St v P PR (Raf By el i utred™ nt o

the area in which ne is e dvmtoutthealdof any

addi t i orfgt Hmtieq,to ﬁgﬁ) g?“df"r"(;\ﬁ\@\%o?’l@“ E&ﬁezegr%% Hsdt of the invention, such

additio subst ances .are disc) osed i.n, , S. Patent No.

5,842, 4%695’]1 nEyR 5 es%meub% hg W&?ﬂ“OP’Hb’Sd’&aﬂé‘é’P‘?%h‘%BF'g fstTRay, '?‘Fv'éﬁﬂeﬁl‘f“"

[0097] The rreth f the esent invention be applied to all ty of

bones i ih¢ ¥&a b’btﬂ}‘cg bP'f‘f’c'IsdgF’ﬁ§°’B{Pfedrﬂit’c$ﬁ"ﬁ‘i"feggy ithoOr umﬁaﬁﬁldff}gam'afﬂ &

(fractures that fail to heal crani of ac econstru \ ment

def ect G oS Py PBFF\S%F“J‘&&@H?HF%HSFS oS TR BRRE e THor1 G

revision (] 25% | ants are .replacements of a i St

ol ant ™ e prey Bt et "tS’If"‘ 3550 Pt e Soih U reeppesgied waipout the i of

reconst r uct i 8n of bone in [or denh%‘l pur@p%e Further, other

target B9hSdditoRpl ey Pl P% Thanss fPRRIIFER Qpl dnyeglipt puch éP@'@O%nes

and so on, 0098],.The cells to be dified include_any appropriate

manmal i 8H° %ﬁkﬁ%%l% gy, for example, '\?\ﬂg Eﬁe’&sr‘é‘? 2347 ?ﬂ%"’?éﬁt"ﬁéﬂ‘fl&!#doffo%one

i ncl udi ng but npot m.ted.to, fibroblast cells, osteoprogenitor cells,

ost eobl & ?%"m%i"é’aﬁfhéé"véﬂ'é""ost eocl asts, and may further include

chondr o i s understood that ofher non-genetically nodified

cells N@@SOH&& mF‘h%‘f &%‘aapﬁeﬁi"{ PRRentioRseRY; e apRlied gl t’épeﬁé’faﬂ""t%"b'&ﬁpa‘é‘)t t he

bone defe t site % ost eobl astts ostF tes, osteocl| ast

chondr chg} gcyng atﬂlzi rgo& lo, non-union frictures (fractdres that fail to heal), cramofacxal
reconstruction, segmental defect due to tumor removal, augmentation of bone around a hip
implant revision (i.e., 25% of hip implants are replacements of an existing implant, as the
lifespan of a hip implant is only ~10 years), reconstruction of bone in the jaw for dental purposes.
Further, other target bones include vertebrae on the spine for spine fusion, large bones, and so on.
[0098] The cells to be modified include any appropriate mammalian connective tissue cell,
which assists in the formation of bone, including, but not limited to, fibroblast cells,
osteoprogenitor cells, osteoblasts, osteocytes and osteoclasts, and may further include
chondrocytes. However, it is understood that other non-genetically modified cells may also be

included in the composition that is used to contact the bone defect site, such as osteoblasts,

osteocytes, osteoclasts, chondrocytes, and so on.

[0099] As an alternative to the in vitro manipulation of the host cells, the gene encoding the

product of interest is introduced into liposomes and injected directly into the area at or near the
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10099] As an alternative to the in vitro mani pul ati on of the host cells,
the gene encoding the product of interest is introduced into |iposones and

injected g ambhssotit o the area at or near the 17 WO 20084483008 809718
PCT/ US2003/ 009718 bone fracture or defect, where the |iposones fuse with

t he connective tissue cells, resulting in an in vivo gene expression of
t he gene product belonging to the TG--(3 superfamly. [00100] Were nention

i's made Qfone maﬁrcdﬁfd‘é‘féh whkre 1AfRe4RE NQNGith mefcoh&cm tR%u @l@rr'éé hueltaE

such defects may include fractures breaks, and/or degrada |on 0

i ncl udi ng, SHG flstil, d F qgnd further nay
i ncl ude d’éf ec[éenlér%lat Sel @%ﬁ?%ﬁ@e&g?&eE%’lggwngfng?fﬁgﬁ(%'r d@gra ¥| on of the disc
area bet t “ ftud nt i,on, ai n caused by
he. degr SHELR)CWhEI AR 1« hiiRRCs ﬁﬁgiﬁﬁcgﬁfaﬁgfﬁ%‘y e s goﬁbwdrragooﬁ

ver tebr agy L aky SHELOWIY ihdifuehallrdP 8RSl Al P AS, degensy aLed, L0010 A an

addi ti ona er na Ive tro r?anl pu

ot ect ed EadHOR caEREH ARt e e el AR delteletid i TS e g™

t I f th duct

LLFoue ok R U laBRh e ‘an?vf'ﬁv/%c‘%g'i&%x%ﬁi'géﬁnygea%& o5 SRS g
f t d b d t hout. t hi ficat

corpr | sed et Py BE e eiiel & 8 Shust e Yeebest o iseisd Sooleom ch

cont ai ns vfﬂc%h? sﬁgggﬁ: e ngogéas%ha%]p%sﬁtgién@@geg bi o! ogically active fragnent

t her eof . rsre I'nan to infect or transfect a
popul atigao in wtr&ltcu tz&red conn ctive tissue.cells, resyltin

popul at i Ve oinaeqdineng) g "‘(’:ee‘lo ¢ EoNTaMAPR a??{'e"f\ﬁ?&’t“i?l‘“’e fue g s, the
B et S P RN
Zéqﬁéﬁii'ﬂff %“*B & &P Y spiiect s € E%%%faﬂﬁsam %Eif%?%g?r{wtpﬁs%er?a“ff@e or
def ect. ggelo%g %%%l% etg)l & ﬁ?ﬁ&@epiﬁ«ﬁ .,.met hod i ncl udes enpl oying as the
gene a ¢ nco b of thetransformng growt h factor
e R T T A R R T M
t her eof . specification comprises initially generating a recombinant viral or plasmid vector which contains
a DNA sequeﬁce encoding a protein or biologically active fragment thereof, This recombinant
vector is then used to infect or transfect a population of in vitro cultured connective tissue cells,
resulting in a population of connective tissue cells containing the vector. These connective tissue
cells are then transplanted to a target bone defected area of a mammalian host, effecting
subsequent expression of the protein or protein fragment within the defected area. Expression of
this DNA sequence of interest is useful in substantially repairing the fracture or defect.

[00103] More specifically, this method includes employing as the gene a gene capable of
encoding a member of the transforming growth factor B superfamily, or a biologically active
derivative or fragment thereof and a selectable marker, or a biologically active derivative or
fragment thereof.

[00104] A further embodiment of the present invention includes employing as the genc a gene

capable of encoding at least one member of transforming growth factor B superfamily or a
18



[ 00104] A further enbodi nent of the present invention includes enploying as
the gene a gene capable of encoding at | east one nenber of transformng

grow h factor (3.superfamly or a 18 WO 2003/083079 PCT/ 8
bi ol ogi calVP?" ‘é‘c(flx?Vé derivative or fragment thereof, and'& . H%%ﬁ{%géé t he

DNA plasm d vector any DNA plasm d vector known to one of ordi nary skill
in the art capabl e of stable maintenance wthin the targeted cell or

tissue Lbi% 8%'58 ﬁ%é' %ﬂr ﬁYacchL[%gﬁeﬁftheE&qhz{E% r|:l1(f>(ljory lgﬁ g%é BRMAY I#Hdh 'fvgc%jr any

[ 001051 I's ‘Inve
= connedr ot 3tb R Frer LSRR i ﬂﬁn%hrbé SR B o

i ncl udes |ra nmeans. f or |nt ng for the
b otucr TR e R e "ipg%E%W&fér el P Othe B g al F e i beso: nod

i ncl udes desﬁ)osgrre enca ul atlé cal gi um ﬁhos phat e coprecipitation,

el ect r opgfp "‘BP” H’é‘*)?i pLihis ’WBP%'{ P'(9 ides, ) mefhod FaRiago@ieHIER H64% o8¢ t he

gene a gene capabl e of encodl n[ge e]\ transformng growm h factor
super f arff§ BroHEof d’é‘?dd‘&‘l W’ éb 5 g el \Pétﬁ GRNNEFHIVE S FRT YSR AP dplinzathe
sel ectabl e r’rxal(réz}nelge b| oI Lﬂg active deri vafll ve or fragnment thereof.
[00106) ANBPA SibodREAES des eRploxing Jienpiral means fon integueing thel 256t hod
for |ntro UCI east ne ene encodi n product into at | east one
cel | of %? gHF.RI% Yot YUQ, EherqopneglYe fissug F%lgtM?geSReﬁ@ca%xn‘rw imgthadoaeiudesh s
addi ti onal nethod hacl udes enpl oy| ngct he bi,ol.ogi¢c neans of utilizing a
Virtus t oRISITS SPCPHIATIONA CHEL PRl AR CERIat o slegtrgperatien, jor HEAE-dexiran
Pr eferablg the virus |s a pseudo-virus, the genonme having been altered
such t hafedipfiony aad, jahudes employing, anthe gefeya gene dapablee ol eaprding; atnember of
mai nt enance, W thin the target _cell, but not retaining an ability to
replicat éansm‘r?ﬁﬁ'?‘ﬁ‘@ ffcé‘?'gséi’e"@é]”iy 95 piojqgically actisdeRvatve o frpgment tepsepbraad| s
further 2 E@l ‘ﬁﬁﬁ (Y,r e1 %nant DNA t echni ques such that the viral
enorre feies duelg |1361YR derivpiiverrr Bagmenttereale  het er ol ogous gene
i nter X hin the target cell or tissue. [001071 A
pr eferr e@a ie%i d?ﬂ%‘ﬁ?‘p%’l’emﬁﬁ‘ée"i‘ H{/@Pﬂ‘PYﬁ’P"P% P'é’%lﬂjéf A addiionak methed ifergintTenciog
protein t tar et defect area by delivering the TG--0 gene to the
connect ﬁ}i a?\ o‘f"c‘o’t ‘%ﬁﬂ@al“éh“tﬂé%lf’as‘ P?Fr‘ifug’ga&Q@eé‘ﬂved“ﬁ@cbe%Crlmw&ﬂ@et or

with the, ex viv chn éiISCH Ehlnthls speci fication.
the mamma |an ost xs ad itional met od includes employing the biologic means of utilizing

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

[00107] A preferred embodiment of the invention is a method of delivering TGF- protein to a
target defect area by delivering the TGF-B gene to the connective tissue of a mammalian host
through use of a retroviral vector with the ex vivo technique disclosed within this specification.
In other words, a DNA sequence of interest encoding a functional TGF-B protein or protein
fragment is subcloned into a retroviral vector of choice, the recombinant viral vector is then

grown to adequate titer and used to infect in vitro cultured connective tissue cells, and the
19



In other words, a DNA sequence of interest encoding a functional TGP
protein or protein fragnment is subcloned into a retroviral vector of

choi ce, tWw® nesossoinant vital vector is then grown to apgefuededsbivtgr and
used to infect in vitro cultured connective tissue cells, and the 19 WO
2003/ 083079 PCT/ US2003/ 009718 transduced connective tissue cells,
preferably autografted cells, are transplanted into the bone defect region
or a theraagkuged carinegtivef tissuet cells, preferdbly autegraftdd0g:119,83re Avaaspiatedpings B tRde

met hod of the present invention involves direct in vivo delivery of a

TGF- G3 slefeer fegivnloy a grppeitivall heffatmngattyweeal | Ssue of a mammal i an host

t hrough use of either an adenovirus vector, adeno-associated virus (AAV)

vect or q00108] peAncihérptered réiBod d1Ehe prvRt 1ﬁ0ennonl\ thveivB€diretPfnd3vo (ﬁh%‘?of a
sequence of interest encoding a functional TGF-(3 protein or protein

f r agmentrgrs g supsitaaiiheh&iddtht REndeePRasb VS avllnﬁxﬂlnaﬁﬁlcltuﬂ[ lhl'(-)rl%ﬁ 8661 Biner

containing viral vector is then grown to adequate titer @’ écted into

bone defa@€iovireduaiorDideAl-aoti8RASRLE BAAY) S4d&TrinkRe SR,
Met hods of presenting the DNA nnlecg%t %o t he taﬁﬁet 6%&8@%?93 Pgége of

the j oi n% otHePGhHEE S Dh%t sc'qﬁed&@tof lht@?eﬁte&c&ﬁn %ﬁaﬁw ote&n rot in

nol ecul e into cationic |i posones, subcl on| nce O er est

inar etffagh‘l\eﬁﬁk scldk e f*cY@sﬁ&c‘?ﬁe vithl veli6r. dh{ceﬁ{’vF E%ﬁtgfn'm% vir Fvecic}rfns @NA

nol ecule rtself into the bone defect area or an oSteogeni“cal

nearb e v
oh eoul 5 to sefueNAR BB info € B Redlo bEREME erd g?sﬁ%vsﬁ%aﬁyﬂi nant

DNA pl agfgad vect or nol ecul e. Expression of the heterol ogous gene of
interest is ensured by inserting a pronoter fragnment active in eukaryotic

cel I's dismey] y M&ﬁbdse&rargémmge\h@mlwgmre%&lb%\xreftaﬂgbueco*aﬁéé?iw i sqgus% (e Qﬁx One
of ordinary skill in the art may utilize known Strategies an ques

of vect gicisdeBShit U trioP Nirdited B4k ARBEORE iRl BN © S
subsequent to entry of the Dl\lAcgrrF:)s | ecule into ﬁg%?gﬁlﬁglhol éagiroﬁl% lg'%qom‘fs 00110]

It will shices e 'Iﬁ‘t@gedwn&rb@Wcr@Jﬁ'lﬁ L?éiro'vﬂaltd?% d‘ﬁ% d vetcrbqt orttpeednwcF ﬁl ecY§$ tors

enploying a |1 posone are not ‘limted by cel I'VIslon as I's req ur

the ret bpwerDRASMbICcRS ft@ﬁtm!oﬂfx@%ﬂe%fe%pﬂ'ea bP&ne&fx LBt fé@Me.ch}bX Grdal Ssue
cells. This nethod enpl oyi ng non-viral neans as rern e ore . descriBed

i ncl udeghe MNAYhABCIS ist prefefBRCprascditis GAPRAl Gecfr RACQAH N8 TETLS binant
bel onging to the
viral DNA vector molecule or a recombinant DNA plasmid vector molecule. Expression of the
heterologous gene of interest is ensured by inserting a promoter fragment active in eukaryotic
cells directly upstream of the coding region of the heterologous gene. One of ordinary skill in the
art may utilize known strategies and techniques of vector construction to ensure appropriate
levels of expression subsequent to entry of the DNA molecule into the connective tissue.
[00110] It will be appreciated by those skilled in the art, that the vira! vectors employing a
liposome are not limited by cell division as is required for the retroviruses to effect infection and
integration of connective tissue cells. This method employing non-viral means as hereinbefore

described includes employing as the gene a gene capable of encoding a member belonging to the

TGF-f3 superfamily and a selectable marker gene, such as an antibiotic resistance gene.
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TGF-[3 superfam |y and a sel ectabl e marker gene, such as an antibiotic

resi stance gene. 20 WD 2003/ 083079 PCT/ US2003/099718 (00111] A further
enbodi ment of this invention includes storing the connegidifahisnasses cel
prior to‘Y?&WE@@#PHng the cells. It will be appreciated by those skilled in
the art that the connective tissue cell may be stored frozen in 10 percent
DVBO i n quuid nitrogen. [00112] The inventors made stable fibroblast cel

| i b 1
cel s yaitihca (P ARREamER FoRloh SO B0 hBTRE BRI R TP

concentration 1 n vivo

for a 'Oggo;dn‘ért%éf‘é’ﬂrng[&eo&%g‘1110?%92,%&{?%?%&?5@%{& ﬁﬁhﬁr?ﬁﬁraﬂttﬁa‘? (R ehi@ct ur e

[ 00114] teoporosis®is a structur i'on 0 I'eton caused
esorpti GrevRSPT A RE selEi et el EAO Rl GiisleT e bone Tor i i on
P el AL e o ootk f@w%ahgeu TRE Gondbersisting aoft-Baipession
Hovever 5%%%%-20 essfﬁ@s%ér‘ﬁev@a{;g? < i AL GoRss R ODaHBer BBl | ng

cycles develo |ts,in both | oss of bone mass and in formation

.which res
of m crozi?%‘i‘?f‘&@l?f‘d’f Kivo &g QBQ%dW'ﬂ“’f‘he continuity of the skel eton. These
skel et al cre ert ur bat n the renodel i ng sequence,
accunulaﬂgﬁjaﬁ Hﬁﬁﬁ R ‘?SQ@RMEBHB?HFO“% W%#%W‘Pﬁe structural integrity of
t he skel S ver el rom sed .and bo acture is |ikely. Al though
this i nbi{’@ﬁéje o@siwgwa%m?f %}"?‘ﬁ‘eﬁﬂgfta“%aﬁn @F a&d«rtgn sausedyby logyyef lzongaﬁlﬁ‘f e
ost eopor Qsi Q), ch nore severe and occurs at a rapid rate in
post rrenoﬁ%fﬂg B H 'mg]ﬁ\a“%daﬂf’% "“d'é?’b(?ﬁb"r HpPUign.<ey bash, S\“%‘S that reseration
nutr|t|o and 3&@ 0‘ne i mbal.ance eredjtary disorders and a nunber of
nal i gnant Pﬂ'gﬁegf 'E'F F JREmatiogoRipss, therebys reqycigg; ‘@Etw‘?ﬂgh‘tqﬁg"ﬁ& s4eRty Phubnt i on
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is to enhance bone ! .
A8 561 e Sn eséN[)one remogeng cycles develops which results in both loss of bone mass

and in formation of microarchitectural defects in the continuity of the skeleton. These skeletal
defects, created by perturbation in the remodeling sequence, accumulate and finally reach a point
at which the structural integrity of the skeleton is severely compromised and bone fracture is
likely. Although this imbalance occurs gradually in most individuals as they age ("senile
osteoporosis"), it is much more severe and occurs at a rapid rate in postmenopausal women. In
addition, osteoporosis also may result from nutritional and endocrine imbalance, hereditary
disorders and a number of malignant transformations.

[00115] It is an object of the present invention to develop methods and compositions for
generating bone in a patient who has suffered a bone fracture in an individual who, for example,
is afflicted with a disease which decreases skeletal bone mass, particularly where the disease
causes an imbalance in bone remodeling. Another object is to enhance bone growth to repair
fracture in children suffering from bone disorders, including metabolic bone diseases. Still

another object is to repair fractured bone in individuals at risk for loss of bone mass, including
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fracture in children suffering frombone disorders, including netabolic
bone diseases. Still another object is to repair fractured bone in
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[00117] In another aspect, the invention is directed to methods for strengthening bone graft in
a vertebrate, €.g., a mammal, by administering the genetically modified cell acco.rding to the
present invention at or near the site of fracture or breakage.
[00118]  Fracture healing assays are known in the art, including fracture technique, histological
analysis, and biomechanical analysis, which are described in, for example, U.S. Pat. No.
6,521,750, which is incorporated by reference in its entirety for its disclosure of experimental
protocols for causing as well as measuring the extent of fractures, and the repair process,
particularly in osteoporotic subjects.
[00119] In therapeutic applications, should a therapeutically effective composition be
administered in combination with the connective tissue cell, the TGF-B protein may be
formulated for localized administration. Techniques and formulations generally may be found in

Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., latest edition. The

active ingredient that is the TGF-8 protein is generally combined with a carrier such as a diluent
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Rem ngton' s Pharmaceuti cal Sciences, Mack Publishing Co., Easton, Pa.,
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the TGF-8 protein or biologically active form thereof across tissue barriers.

(00122] Gene Therapy for Spine Fusion

[00123] The present invention is directed to a method of fusing targeted vertebrae on a spine
by administering the inventive composition to the spine area in which the vertebrae are desired to
be fused. Osteogenic effective amounts of the transformed or transfected connective tissue cells,
such fibroblasts or osteoprogenitor cells are contacted with the defect region or an osteogenically
effective area thereof, in single injection or multiple injections as optimized by the practitioner,
which results in the fusion of the targeted vertebrae.

[00124] The spine is a column of bones (vertebra) stacked on top of each other, with
cushioning discs (intervertebral discs) between them. In the center of this vertebral column is the
spinal cord. Spinal nerves arise from the spinal cord and exit the spine through spaces between
the vertebral bodies. A bulging disc or hemiated disc can press on the existing spinal nerve. An

unstable spinal column allows bones to slip and rub against each other, causing back pain and
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spinal Cord. Spinal nerves arise fromthe spinal cord and exit the spine
t hrough spaces between the vertebral bodies. A bulging disc or herniated
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[00127] Therapeutic Composition
[00128] In another embodiment of this invention, a compound for parenteral administration to
a patient in a prophylactically or therapeutically effective amount is provided thal contains a
TGF-B superfamily gene harboring connective tissue cell and a suitable pharmaceutical carrier.
[00129] In therapeutic appliéations, the connective tissue cell harboring a gene encoding a
member of the TGF-B superfamily may be formulated for localized administration. In the
invention, the connective tissue cell may be generally combined with a carrier such as a diluent

of excipient which may include fillers, extenders, binding, wetting agents, disintegrants, surface-

active agents, erodable polymers or lubricants, depending on the nature of the mode of

administration and dosage forms.
[00130] The pharmaceutical forms suitable for injectable use include sterile aqueous solutions

(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
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adm ni strati on and dosage forns. [00130] The pharnmaceutical fornms suitable
for injectable use include sterile aqueous solutions (where water sol uble)
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[00131] It is especially advantageous to formulate parenteral compositions in dosage unit form

for ease of administration and uniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the mammalian subjects to be treated; each
unit containing a predetermined quantity of active material calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for
the dosage unit forms of the invention are dictated by and directly dependent on (a) the unique
characteristics of the active material and the particular therapeutic effect to be achieved, and (b)
the limitations inherent in the art of compounding such an active material for the treatment of
disease in living subjects having a diseased condition in which bodily health is impaired.

[00132] The principal active ingredient is prepared for convenient and effective administration
in effective amounts with a suitable pharmaceutically acceptable carrier in dosage unit form. In
the case of compositions containing supplementary active ingredients, the dosages are

determined by reference to the usual dose and manner of administration of the said ingredients.
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described herein. Indeed, various modifications of the invention in addition 1o those described
herein will become apparent to those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within the scope of the appended
claims. The following examples are offered by way of illustration of the present invention, and

not by way of limitation,

EXAMPLES

[00137] Example 1 - Experimental Procedure for Bone Regeneration

[00138] Human BMP2 gene was cloned by PCR (polymerase chain reaction) with human fetal
brain ¢cDNA and two primers. 5° primer was 5’-TCCCAGCGTGAAAAGAGAGACTGC-3’
(SEQ ID NO:1) and 3’ primer was 5’-TTTTGCTGTACTAGCGACACCCACAACC-3’ (SEQ ID
NO:2). After the PCR with GC-rich PCR system (Roche), cloning into pCRII-TOPO vector was

done using TOPO TA cloning kit (Invitrogen) (Fig. 1A). For cloning into retroviral vector,
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NG 2). After the PCRwth GCrich PCR system (Roche), cloning into
pPpCRI | - TOPO vector was done using TOPO TA cloning kit (Invitrogen) (Fig.

1A) . For_cl oni jnto retroviral vector, 26 W 2003/ 083pFHus2003/009718
By
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CDNA insert (-1.2kb) was ligated into pMIMV with Sal | and Not |
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The infection, neomycin selection was started to obtain the stable cell line of NIH3T3-neo and

NIH3T3-BMP-2 cells. Selection was continued for 10 days. The amount of BMP2 produced was

determined to be about 150 ng/10° cells at the end of a 24 hr period.

[00139] Example 2 - Injection of NIH3T3-BMP-2 Cells into Rabbit

[00140] New Zealand white rabbits weighing 2.0 - 2.5 kg were selected for animal study. The

tibia bone was exposed and a defect (2cm long and 0.5cm deep) was made with orthopedic

surgical instruments. Either control NIH3T3-neo, or NIH3T3-BMP-2 cells (2ml] of 2 x 10°

cells/ml) were injected into the defect area after suturing. At 8 weeks after injection of the cells,

radiographic analysis and histological examination were performed.

[00141]) Example 3 - Weekly Radiographic Examination

[00142] New Zealand white rabbits w?:ighing 2.0 - 2.5 kg were selected for animal study. The

tibia bone was exposed and a defect (2cm long and 0.5¢cm deep) was made with orthopedic

surgical instruments. NIH3T3-BMP-2 cells (2ml of 2 x 106 cells/ml) were injected into the

defect area in the tibia bone after suturing. Then radiographic analysis was performed at 1, 2, 3,
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bone is similar to that of the normal bone.

[00145] Figs. 4A-41 show regeneration of bone with NIH3T3-hBMP2 fibroblast cells.

NIH3T3-BMP-2 cells (2m! of 2 x 10° cells/ml) were injected into the defect area in the tibia bone

after suturing. (A to G) Radiographic analysis was performed at 1, 2, 3, 4, 5, 6, and 7 weeks after

injection of the cells. The results show that the defect was begun to be filled with newly

generated bone tissue at three weeks after injection of the cells and completed at six weeks post

injection. (H) The specimen was harvested at 7 weeks post injection and a picture was taken.

This picture also shows the complete filling of the defect with regenerated bone tissue. (I)

Histological examination was carried out after harvest. The results of Mason’s trichrome

staining is shown. Staining results indicate that the repaired bone tissue has similar

characteristics as normal bone tissue.
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staining is shown. Staining results indicate that the repaired bone tissue
has simlar characteristics as nornmal bone tissue. 28 WD 2003/ 4) 83079
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performed after harvest. The results of Mason's trichrome staining is
shown. LQRdA7IrhErRipY, i cbnirad nj e tiata withINTHST2HBYR: filyolriast colls; shaw thatithe BvP2
[00148) The osteoporotic nodel rat such as disclosed in Kubo et at.,

St er oi QieRicpaheRd Filel cémpiblalyeseh arsiBivedkegfter iBRcti@Tof202¢ells 9 G8) Thpecimen
Nankung- Matthai et al., Bone, 28:80-86, 2001 is wused. The tibia bone is

exposedy, ANhri s 6LwdeRs Podt Gnjectian dnd aFicrrd oaps)takies. MEde pighurd: alse sheyselds c
surgical instrunents. Either control N H3T3-neo, or NI H3T3-BMP-2 cells (2nl
of 2 X ;AQfinpl@8 fliSdN)thé Befeqr] gntrislologita eiimainatédrewes parfoamed aftar hanwesir iThe. At
several weeks interval, especially at about 8 weeks after injection of the
cells, fadisQfMURsH StrRhmestanianad shovat. ol ogi cal exami nation are perforned.
[00149] Exanple 5 - Experinental Procedure for Spine Fusion [00150] Human
BMP2 we@otdgnetxanplets anfjationdf OsteopdrotiBRat with MESTBHIMPR2n Exanpl e 1

above. Adherent fibroblasts fromhuman (foreskin fibroblast derived cell
line, Foppas)l) Therastedpordiidinbddllay siehas eistipsedrintKubbenik, StercidoBiectaristr &si s
fibrous tissue derived fibroblasts, Phase 11), and human (pseudarthrosis

fi br ousjpsefadiilat Bssibgy, d8r19vad2f 1999pbidNumkurighsishal ) aleBencs @8:80e86e2Y1cisl t ur ed
and transfected with BMP-2 cDNA via a retrovirus. The cells were grown

usi ng DudeBETiReitha boveds éxpesedzag laalefeciB din Ueng(aBd [0l Sgmodeepeis medde withiongopeds) , 10%

heat-inactivated fetal bovine serum (G bco BRL, Gand Island, New York)

and peniiichl swntersd. rEipeoyiol NIBST3-Geq, orHSHHTIGABMP-2 cells (2ml of 2 x 10
cells/ml) is injected into the defect area after suturing. At several weeks interval, especially at
about 8 weeks after injection of the cells, radiographic analysis and histological examination are
performed.
[00149] Example 5 - Experimental Procedure for Spine Fusion
{00150} Human BMP2 was cloned and tranfected into NIH3T3 as described in Example 1
above. Adherent fibroblasts from human (foreskin fibroblast derived cell line, Phase I), mouse
(NYH-3T3, Phase 1), rat (Lewis rat pseudarthrosis fibrous tissue derived fibroblasts, Phase 1), and
human (pseudarthrosis fibrous/scar tissue derived fibroblasts, Phase 1I) were separately cultured
and transfected with BMP-2 ¢cDNA via a retrovirus. The cells were grown using Dulbecco’s
Modified Eagle’s Medium (Cellgro, Herndon, Virginia), 10% heat-inactivated fetal bovine serum
(Gibco BRL, Grand Island, New York) and penicillin and streptomycin (CellGro, Herndon,

Virginia) in 60 mm dishes. Fibroblasts were infected for 4 hours/day for two days with a

. retrovirus -BMP-2 or -lacZ (negative control). ELISA was completed to determine concentration
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Virginia) in 60 mmdishes. Fibroblasts were infected for 4 hours/day for
two days with a retrovirus -BMP-2 or -lacZ (negative control). ELISA was

conpl et edwigWhLH#H ne concentration 29 WD 2903/ 083079 HQﬁhg§%99§(;ﬂp97l8
(ng/ M) of expressed protein. For each species, quantities X é

106, 20 x 10" BMP-2 producing cells were absorbed onto 1 x 0.5 cm col | agen
henost ati ¢ sponge (ACS, Helistat, Integra LifeSciences, Plainsboro, NJ).

0. 16- 0. 1@,517;% 1) T8 ek fVBMRY Brfi R NFaSricéh Asiek, t%bﬂme%nmo‘dg@,x 10/p0 Yo aiNprbed

onto 1 x cm ACS (positive control). rselized i'liac crest bone was

pl aced i protih@n% d8llsOWer! dbSorbdd)Bre 11l x X TR é‘olﬁ en 'hEH:@s%chgboR% %RbésHl:l%ja‘? t he

spine of rats [00152] Total 48 fermale adult (3-4 nonths hym ¢ rnu/r’nu

rats wer g Uf@%@l:né&“l’faf?&bo%'% 0L16-0.44 o lgfhl RBRES? hd}%ngug%glg‘é‘@t Eambridge,

anest hetized. A posterior e approach was use

t L 5 b dt
AR 0 D T N B e
(a“t'b'Obb&mnhﬂﬂ%ﬁ§m§8kut'0“) Cell s/ ACS were inplanted between the L4 and.

L5 transVerse processes bed. Incisions were closed. Radi ographs were

perfor m@ﬂgbi’}ee@xﬁmpﬂtd ln?e%fi“l ofce?ls lnl! l(%e%gilggo% S were pal pat ed ma‘nual ly.

Motion d cted ween transverse consi dered a fusion

(o1 7. O o O B R0 B SR 2
col F;;éﬁﬂiﬁﬁﬁﬁw REGH st Bhahefle e R Bt b R aiihnfl B P efpneimte | o
ost er of SPArEFE prEgs ré"n%{vg’?‘*s?t &*géﬁg&sﬁé@%&@é‘fﬁséﬁ ttg%wcatee@“m{%sew‘ i
Genor at oRfoceetsr o SHE PR iR 30 ftﬁ&ﬁ%@ﬁ{‘fpm) “BYsihls i e
reL?éSQC%ér FhLAREF 3%15?{?%"3' FCPRERRPor dnEPER HAcclpin RatieemPBRteibove
o PR A 8 e R, R

i nventi OS'ct@@éﬁ nﬁlsmgeepmcéslg&u&asd@cﬂn@{duegga s LaliGe! ﬁ\éﬁ‘\-%ca?crl]ﬁeads hgtef\)flége\gasl n

performed.

[00153]  Figs. 6A and 6B show radiographs from rat TG0O1, 4 and 6 weeks after posterolateral
intertransverse process fusion procedure implanting cells using absorbable collagen sponge
(ACS) carrier. Radiographic bridging bone on left side is encircled after 5x10° fibroblasts
(mouse) transfected with cDNA for BMP-2 posterolateral intertransverse process fusion study.
Note less cells probably on right side and less bone formation, if any. As shown, bone is
generated and fusion of the vertebrae has occurred.

[00154]  All of the references cited herein are incorporated by reference in their entirety,

. * % % k X%

Whereas particular embodiments of this invention have 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.
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t he appended clains. 30 WD 2003/ 083079 What is clainmed is PCULJS2003/ 009718
1. A nethod for nmaking bone at a bone defect site for a subject
suffering-from | bone mass conprising: a) inserting ghg a
protein h QiZH‘b‘/%g‘W% regenerating function into a vect or%cgﬁgﬁg@@gﬂ?/ l'i nked
to a pronoter, and b) transfecting or transducing a popul ati on of
connective tissue cells in vitro wth said reconbinant vcctor; and c)
transplanting the mamalian cell into the bone defect site, and all ow ng
the bone defect site to make the bone. 2. The nethod according to claim1,
wherein said vector is a retroViTal vector. 3. The method according to
claim1, wherein said vector is a plasm d vector. 4. The nethod accordi ng
to claimlwWihéretiimesat d gene belongs to TGF-8 superfamly. 5. The net hod
according to claim4, wherein said gene encodes BMP. 6. The net hod
according to claim5, wherein said gene encodes BMP-2. 7. The net hod
according to clgim erein, sai onnective tissue led. .is.fihrobl ast. 8.
The met hod 1acco?‘dpﬁédq%w8’l"§f'ﬁ1b(ffe a\?\ﬁe? ﬁ%?%céfl? é(:)(r')?i‘?l"e&etcf%geflp "gﬁ'é‘q%“él PG s a
bone progenitor cell. 31 WO 2003/083079 PCT/ US2003/ 009718 9. The mnet hod
accor di ng tHEFUME wherein the bone is generated during early period.

10. The nethod agccording to r?l g{'nmal,rogm E%knbtpeerebe%%mi]sfuget?oer.a;to%dvecurri ng

| at e peri od. 113 RRE LR "6 %Ouand)é sg'l nes 8onp%| Si ngg. ay I8t na a
gene encodin

) rot.ei,n having hope generating function into a vector; b)
transfecti noﬁgr(*)'l&lve?)?gn ST ﬁrﬁmggﬁ’c?%gl ation of connective tissue cells in
vitro with said

b) transfecting or transducing a population of connective tissue cells in vitro with said
recombinant vector; and
¢) transplanting the mammalian cell into the bone defect site, and allowing the bone

defect site to make the bone.

2. The method according to claim 1, wherein said vector is a retroviral vector.

3 The method according to claim 1, wherein said vector is a plasmid vector.

4, The method according to claim 1, wherein said gene belongs to TGF-8 superfamily.

5. The method according to claim 4, wherein said gene encodes BMP,

6. The method according to claim 5, wherein said gene encodes BMP-2,

7. The method according to claim 1, wherein said connective tissue cell is fibroblast.

8. The method according to claim 1, wherein said connective tissue cell is a bone progenitor
cell.
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reconmbi nant vector; and c) contacting an osteogenic effective anount of the
transfected or transduced popul ation of connective tissue cells and a

phar maceuwiccablyssancept abl e carrier thereof with the spipergdsndhat
expression of the DNA sequence encodi ng the gene at the spine results in
the generation of bone, whereby the spine is fused. 12. The net hod
according to claim1ll, wherein said vector is a retroviral vector. 13. The
met hod according to claim1l, wherein said vector is a plasmd vector. 14.
The net hod according to claim 11, wherein said connective tissue cell is
fibroblast. 15. The nethod according to claim11l, wherein said connective
tissue cell,is ne prageni t.or ell.. 16., The nethod according to claim11,
wher ei n said geﬁ@'eg}fﬂlﬁ)ﬁg’gc?@i"& @'—cﬁ%msluﬁéi”f"ﬁ' ¢ bone isjgenerpicd dypngeptlypetiod.di ng
to claim16, wherein said gene encodes |3MP. 32 WD 2093/983079

PCT/ US2003/ 099718 18. The nethod according to claim 17, wherein said gene
encodes BI\/PbZ. ﬁ A net hod of healing osteoporotic fracture conprising: a)
i nserting a%gend "&MEBARECANIRg 9 im Inheraly thobrae isgsasieted dhving katerperivdn i nt o
a vector, b) transfecting or transducing a popul ation of connective tissue
cells in vitro with said reconbinant vector; and c) introducing the
connective tissue cell into the fracture site, and allowng the fracture to
heal . 20. the W%W%@HPE?F@“%GOQP%'%w, wherein said vector is a
retroviral vector, 21. The nethod according to claim19, wherein said
vector is a pl a@MnsFriRgd gene epcpdingaprojeinhaving bensregneratingfuedtioninto @ vesthr ei n
sai d gene bel ong§ to TG--B superfam ly. 23. The method according to claim
22, wherein sai §) GeRtcurgyduasdugiog a papulatins ofseneelivadistedeligintirawith mi@3,
wherein said ne encodes BWMP-2. 25. The nethod according to claim 19,

wher ei n théecﬂg‘??é“af‘gveﬁ@ﬁé‘t“ﬁt ed during early period. 26. The nethod

according to cl a)l m 19, wherein the bone is generated during |ate period.
c) contacting an osteogenic effective amount of the transfected or transduced population

of connective tissue cells and a pharmaceutically acceptable carrier thereof with the spine such
that expression of the DNA sequence encoding the gene at the spine results in the generation of

bone, whereby the spine is fused.

12. The method according to claim 11, wherein said vector is a retroviral vector.
13. The method according to claim 11, wherein said vector is a plasmid vector.

14.  The method according to claim 11, wherein said connective tissue cell is fibroblast.

15.  The method according to claim 11, wherein said connective tissue cell is bone progenitor

cell.

16.  The method according to claim 11, wherein said gene belongs to TGF-8 superfamily,

17. The method according to claim 16, wherein said gene encodes BMP.
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18.  The method according to claim 17, wherein said gene encodes BMP-2.
19. A method of healing osteoporotic fracture comprising:
a) inserting a gene encoding a protein having bone regenerating function into a vector,

b) transfecting or transducing a population of connective tissue cells in vitro with said

recombinant vector; and
c) introducing the connective tissue cell into the fracture site, and allowing the fracture to
heal.
20.  The method according to claim 19, wherein said veclor is a retroviral vector.
21, The method according to claim 19, wherein said vector is a plasmid vector.
22.  The method according to claim 19, wherein said gene belongs to TGF-8 superfamily.
23.  The method according to claim 22, wherein said gene encodes BMP.
24,  The method according to claim 23, wherein said gene encodes BMP-2.

25.  The method according to claim 19, wherein the bone is generated during early period.

26.  The method according to claim 19, wherein the bone is generated during late period.

33



