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THERAPY BACKGROUND OF THE | NVENTI ON (0001) Field of the invention'! {A%g9§6

The present_.in ﬁson relates to a nethod of introduci ngcaustmasey’the gene
encodlngW ”Wé%gg of the transformng growh factor B superfamly into at
| east one mammal i an connective tissue cc]] for use in generating or

regenerating bone, in particular, to repair fracture in osteoporotic bone

or to fuse spine int | . ' ription of the
Rel ated Art: (0004] ﬁgﬁﬁﬁgﬁgﬂéﬁ&%b’. ﬁgogmﬁ‘fég&&?a dynam c process
nodul ated by regulatory signals such as hornones, and growth and
differentiation factors. The growh factors known to stinulate

pr ol | f eBACKABROUNDROFTAE!INVENTRORONE 0T phogeni ¢ pr ot ei ns. ( BYPs)
transform' ng growmh factor-B proteins (TG--B), insulin-like gromh factors

(I GFs), g]basp,gdfoymeqmaﬁfongrovwh factors (bFGFs). [0005] Osteoporosis,
whi ch |s characterized by | ow bone mass and m croarchitectural

deterio EntShvenhbi/feftdsas dIntdtRu@ dfintRRABEIng hictedsy bR genle ncodir@dTON
heal t h B@g%femqg] e t| ncer eaS|eng Snun‘oer of t?1e el déerl y. @t%opor otic

condi t1 gigg| éﬂn@ﬁxné?&m AL BHHPlorBr Y Al RN Tnto £13ds08r%, AoVt

[im tedm[ 0 nenopause, ovari ectom zati on,

gl ucocog Ay COIc(ﬁ H}d s%eﬂ gé;rﬁ?a%groqs‘le enel;%ggr%;ﬂyr ol ﬁgﬁﬁ%og?q@t,g,} kiR in

hepari n- Fr‘i'auct on or ppr essi ve- ctio acture healing

s a con | ex A rstood. In rat nodel produced
by ovari CEEWS §§?ow ‘észflsgﬁgﬁ%p%l %’%ﬁlg?ﬂu ‘ate patients with osteoporosis,

”agazﬁn@»eﬁst%g% g ey by o4 pronerly (1o ot o e;f'd
i1 SoRongr 2 Roms bR il Yo SR8 b Pk A R SRR ©
JAN Zoogxgnals such as hormones, and growth and differentiation factors. The growth factors known to
stimulate proliferation of bone celis are bone morphogenic proteins (BMPs), transforming growth
factor-8 proteins (TGF-8), insulin-like growth fact6rs (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.

[6006) Fracture healing is a complex process and remains poorly understood. In rat model
produced by ovariectomy and 10}v calcium diet to simulate patients with osteoporosis, fractured
osteoporotic bone was not ﬁcaled 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.
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cyt oki nes have been considered to be candidates for the treatnent )

ort hopediwodhsagses. Bone norphogenetic protein has beerp beGeHgt 0 be an
effective stinulator of bone formation (Ozkaynak et at., (E%E% J,

9: 2085- 2093, 1990; Sanpath and Rueger, Conplications in Otho, 101-107,
1994), and TG-- (3 has been reported as a stinulator of osteogenesis and

chondr o§@003%i s 1f Jeyerehopedialield, sbnfsedytokBie® ho@ybeed d6istRE18 B0 Zandidh®29)r the
Transf or m ng grgwt h factor-a (TG-R) is considered to be a nmultifuncti onal

cyt oki nereatgrispoofomiiapefo diseases. NBdnd I'BorphapeRkdie) protdialhias bkén 2ombidct PR be S

plays a regulatory role in cellular growh, differentiation and

ext r aceleffudtive simuRalor dBIbBAEIdRmSIIN (0BRiyRaK MBAT EMIIO 3! 9:2085. 5085/ 10081 €LOgyy 106
1375- 13§4, l195?8). aTGF-(3 i nhi bi ts( theﬁar owh o eglgt%Oeqklgpb’cegfglﬁsganng
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the' subperol FspHHlnB SR, HEBER (FEET R tabSislionts fymilibnicnl Fesiems nio
1900; aepokf 2R hekfin, Sapd Uk, S 1138, hoppTsnaribie ssemiiencine  f oooe)
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s snof?0 990y, BRFLipduckh hotk maian s st o scoimuioe o bmsusbriosical
appli CaHu?igbter%t cm,zvéégl?’é\;é}\gxgﬂi} Ziigffe%c]hti‘a]l':\l}lmg Oc(a?gilagc-fonning cells (Joyce et al., J Cell

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

[0008]  The biological effect of TGF-B in ortho\pedics has been reported (Andrew et al.,

Calcif Tissue In. 52: 74-78, 1993; Borque et al., Int J Dev Biol., 37:573-579, 1993; Carrington et |

al,, J Cell Biology, 107:1969-1975, 1988; Lind et al., A Orthop Scand. 64(5):553-556, 1993;
Matsumoto et al., 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- 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.



PCT/ US2003/ 009718 [ 0009] Many bony deficits that are excessively t{ﬁﬁ&&%ig
wll not result in conplete recovery and will require therapeutic 006
intervent[ongs such as autografting or grafting from baoiegosymesA  hi gh
rate of WQMIPBINES peen associated with these conventional t her api es. And
nost of the recent alternative approaches utilize inplantation of a

bi odegradabl e carrier inpregnated with osteoinductive proteins to the
injured site. See for exanple, U S Patent No. 5,656,598, Q her agproaches
i ncl ude [0B09g MarycioapideBditsdbal arecexeessixely HAPMBS WOt fesulf elf EOENCh as
disclosed in U S. Patent Nos. 6,077,076 and 6,022, 349. One qg%a&

di sadvanidgall edquirtdempeiclivideentson(s) suchras guiogatvgor sfaftipg f5em &a ARe-
reconmbi nant proteins to achieve therapeutic effects due to the short

dur at i orhigh rafasfifsilreRasbhen dsbasiagbuith thegsrcoteintignal thevapies. Andaes) ofhmigcent
deterioration in the vertebrae of the spine is another area where generating
bone  t yiferhafvd hpproaeHes bitaRe Wintplantationi de ar diddefradablepanirient Bnpwegnhigd i With f r om
back pain caused By col | apsed vertebrae. Therefore, there is a need in the
art of tHeIAREM Ve GréBink ke Blel iRdrddite] 1S9¢ ¢i exgmplecUl L Pgtent Nof 5,686,828 Otlef
osteogenic proteins. As described in this application, the present invention
provi des,, a0k hoflde Qink Aen&Watial REHcEMRIIBH IhOborsfio S¢geheram, ash eodisdiosed

t herapeutic protein at the bone defect site |leading to an efficient

regener al,iGR PleRNK: 6 SPMPRNIE,074529. BYEMNTHjEMNi§d0anldge WTah¢e essidds isnhent i on
has net the hereinbefore described need. A nethod of introducing at |east

one gener aicAtlnDr /1aPgcOfhidiint bitieBorbindrt PedteifNIR dehiebe (Herapeurinefitcisatue cothaect i ve
tissue for use In treating a mammalian host is provided in the present

i nvent i og,  Thi-SioBE 8n of ME iR uRbEME DOvisECONDI nant techni ques to produce
i h

a DNA vector nolecule containing the gene coding for the product and
I ntr Oductﬁ?o t heB%eY&fgrﬁfonqphﬁw}t&)r@&ttﬁé_rﬂii&% hMRhGARA witepdlpdh@ralifg bdnee
n

pr oduct t he connective tissue cell. e DNA vector nol ecul e can be any

DNA nol efo“fu?e GERERLFact ig{b?ét)ﬂh& RELe % ShbchisAe TR ﬂBﬂiuaadFma tchisBd b €olfapécdet

cell or tiIsSue suc e gene encodi ng the product of interest can be

stably eynrssOtherctde, IR iV £ 6L in HEER MeRapl @ SIpRBAn b inipz&ng e 1At

pr esent ?%\(/ee%ti on s éltﬁér a viral or pl asﬂr%i d ﬁﬁﬁ vect or gll gJAN 2%06 [
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




WD 21103/11831179 PCT/ US2003/ 009718 nol ecul e. This nethod preferabl

I ncl udes i ntroduci ng the gene encoding the product into the cell B’%’ngooe
manmal | aRyGAniAMsd7ye tissue for therapeutic use. [0012] Pﬁ%%‘i@ﬁﬁls
invention Is directed to a nethod for maki ng bone at a bone detect site for
a subject suffering fromlow bone mass conprising: [0013] a) inserting a
gene encoding a protein having bone regenerating function into a vector

operativel i nked t r er,. and [0014 transfecting or transducing
a popul d?ql%ﬁﬁ'kco?ﬁﬁﬁﬁg@giﬁ%‘gggé’s'ﬂg“ °é|‘l“£°q"ﬁ’"£i"tﬁ)‘% gFngienrrding e pradusinisionthet
vector; alnd {"001%% transpl anti ng the mammalian cell into the bone defect
site, arfflafhsMagynaliap conssenvedissusdpr erppeulipUstake t he bone. [0016] In this
met hod, the vector may be without limtation a retroviral vector or a

pl asni d [0U2Lt or Thepresedtdneentan isisiregtedriorayaether for arking bougys mfbant defect aingifor n
particular may be a bone norphogenetic protein (BWMP). Further in

parti culagnpbjeetisuifaing frany ldyeb®@ieimads camprisitgi t i on, the connective tissue cell
may be a fibroblast or a bone progenitor cell. [0017] In the method above,

t he bond0013] gernginsering digensignceding ¢ ppeein baving bératregepeniingfunctdOn@)]a vEoRr
present invention is also directed to a nmethod of fusing a spine,

conpr i sioperativdlp il ta piometerfandg a gene encodi ng a protein having bone
generating function into a vector; [0020] b) transfecting or transducing a
popul at i[@H4bf dOnmaesftdting ot irgssdacingd pepulation iof tannwéiivia tissiie delly AGRFOWIRELd
vector; and [0021] c) contacting an osteogenic effective anmount of the

t r ansf eat¢cehbinant veatos;cinded popul ati on of connective tissue cells and a
pharmaceutically acceptable carrier thereof with the spine such that

expr essi[@Nspf td)erahipfanting urRnasmmaitamdieNgntoRe BeiRededct Silke asdhifvihERidItofe | N t he
generation of bone, whereby the spine is fused. [0022] In this nmethod, the
vect or rdefecixire\té inakdithe bose. t ati on a retroviral vector or a plasmd vector.
The gene may be a nenber of TGF-a superfamily, and in particular nmay be a
bone 4 \W18P03/108MO Afdtlibl, théNeddPfay 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
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 flusing a spine, comprising;:
[0019] a) inserting a gene encoding a protein having bone generziting function into a vector;
/ [0020] b) transfecting or transducing a population of connective tissue cells in vitro with said
recombinant vector; and
[0021] 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.

[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



PCT/ US2003/ 009718 nor phogenetic protein (BWMP). Further in particul ar ﬁhg
BMP may be BMP-2. In addition, the connective tissue cell may be EFJA 2006
fibroblast or a bone progenitor cell. [0023] In the metjoduste/yighe bone
i s gener MOHOYMN g early period or late period. [0024] In addition, the
invention is also directed to a method of healing osteoporotic fracture
conprising: [0025] a) inserting a gene encoding a protein having bone

regenerating function int vect.or, .00 hN I rapnsduci ng
a popul ﬁ?ﬁpb?geaf“ccﬂﬁﬁé‘b{wg)' %“ggﬂe’"@émcélaf’ﬁﬁ%/llaﬁpo%\%\f p %f@gﬁt cbi G'rée?@grr?%’l {ri:'gnt
vector; and [ 0027] c? iaﬁroggchpg thg connecHive"tissue cell into the

f r act ur eongeqtive tlissyg celf manPHy LIPS 3 0PTy RFOBTMREST: [0028] In this nethod,
the vector may be without limtation a retroviral vector or a,plasmd

vect or . [00RY gefrethermethod ahoveeths &pnegs eansrated dyring eprpariod oL ke ReRiOfar i cul ar may
be a bone norphogenetic protein (BVMP). Further in particular, the BW may
be BMP- [024)n adidadditinm, thelievendermis alsoidirected to methed of healing,esteoppiofif RFIUE: or " a

bone progenitor cell. [0029] In the nethod above, the bone is generated
duri ng eamprisingeri od or | ate period. [0030] These and ot her objects of the
invention will be nore fully understood fromthe follow ng description of

t he i nv{oeeson, a) inscrting egawcecdinganrolgin laving dheareprneeting HgUHIBlod BrRE
appended hereto. BRI EF DESCRI PTI ON OF THE DRAW NGS [0031] The present
i nvent i (0026} | | bheasfetinpoetrdnsdicingapniationd donosslivhidssuecedlslievirogdtdceidpt i on
gi ven herein below, and the acconpanying draw ngs which are given by way of
i | | ust r gdcombinanmlvgctogaddt hus are not linmitative of the present invention, and
wherein; [0032] Figs. 1A and 113 show construction of pMI-BMP2 harboring
human Bidd27pene) intfddddial the @snneliive? Hissaéi el riewether fadctune) své, dwinallowitg) the
Nl H3T3-BMP-2 fibroblast cells. Figs. 2A and 2B show pictures of |eg bones
af ter 8frae@ieo®éall nj ection of control N H3T3 fibroblast 5 11 JAN 2006 WO
2003/ 083079
[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-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.
[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 fully 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




PCT/ US2003/ 009718 cells (A) and MNH3T3-BMP-2 cells (B). Figs. 2C 2F shgw
radi ogr aphi ¢ exam nations of the control (C & D) and experi nent aI“(@"& @96

| eg bone §3fssosecrificing the animals. The bone def ged/sh@Blodfgv t h
cells exg\;(ggs?;n'g‘Bl\/P-Z proteins healed after 8 weeks of ?nﬁdescti{')'n. ”{VI00341

Fi gs. 3A-3D show histol ogi cal exam nation of regenerated bone tissue.
Paraffin sections of the regenerated bone tissue were made and stained with

pone. 1 S0lcBO R NIEETEmMER 48 (B1 O KR, BORE 05 ipaePHis natingite of s e

(NB). Figs. 3B show | o gai ficatiqns (40x),. and Figs. 3C and 3D
show hi 5‘%‘§%z§i‘fa ﬁgéﬂ‘& 8h%°"('f68£15ﬁ e‘eél@?'feég’equémé“ﬂh&f’&éﬁee@"!‘% dde bend i ne
bet ween tfhe regenﬁrab\ied and ngornel bone tissue. [0035] Figs. 4A-41 show

r egener S6FAreaied patheels Prresiing BYR- 1, protsinsicp)ed piter Srweeks pldnjectiaq H3T3- BVP- 2
cells ( of 2 x 106 cells/m) were injected into the defect area in the
tibia b§HE4) ar Figs- 33 ishgw Wstolpgicat) xpmination &b Hegenematet yhing tisaie. pdakatfimed at
1, 2, 3, 4, 5, 6, and 7 weeks after injection of the cells. (H The

speci mefechians ofathe degeagrated bonpdissus wese tmads jad tstained avith Mapondst uickromeasTheaken.
(1) Hi stol ogical exam nation was carried out after harvest. The result of
Mason' sresulty showed that teastruitneg df segeheraned bpxOBBle (RB)swasHimasl iddndual neganef at i on
of bone with control DMEM nmedium Control DVEM culture nedium (2nl) was

i nj ect etheingrmaltbioae tssbe (VBRarEgs. BA antl 8Btshbw dovo anagnifitstions 10k ) and Figs (7 il G
Radi ogr aphi ¢ anal ysis was perfornmed at 1 day, 1, 2, 3, 4, 5, and 6 weeks

af t er i APeshowohighfmagnificatiei (100x)( HheTHatted pléei indivatem shehbordatin€ Ge@iee® iheEKS
post injection and a picture was taken. (1) Histological exam nation was
per f or megenerited andanovmalkbond lissue.esul t of Mason's trichrome staining is shown.
[ 00371 Figs. 6A and 6B show radi ographs fromrat TQ@&O01, 4 and 6 weeks after
post er ol0888) al Figsi @iAedlk sbove regeneraiom asfs Borfeu svith NNFHIT3KBVE? | filtbRasti @@iscel | s
usi ng absorbabl e col | agen sponge (ACS) carrier. Radi ographic bridging bone

on | ef t NHI3[ES-BMPeR célisqRmblofd £ 20° cBlsIAf werdinfdeledsiats the(derdtaka inBOGhiessmd Wit h
CDNA for BMP-2 posterolateral intertransverse process fusion study. Note

!2 83 Z c edftes spiuthgib(A/todB) Radigpraphicchaalgsisl waepafdomeeatl 100/ E Y] 0%, ahd 7 ¥Bdks aflerl1 JAN
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. SA-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. (I)
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
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[0038) In the present application, "a" and "an" are used to refer to'ANb2R06

single and a plurality of objects. [0039] As used herepgy/agiusnimiy ation
"in combWRRMSMBH h" one or nore further therapeutic agents includes

si nmul t aneous (concurrent) and consecutive admnistration in any order.
(0040] As used herein, the term"biologically active" in reference to a

nucl ei cpi}@jAgPEﬂ{géﬁéﬂan@b@mtrmmlm derivative thereof is defined as
ucl el

an abil c acid or amno acid sequence to mmc a known

bi ol ogi funetion elicl iy <& hivOart ¥R t6 RITER 10 bothhinghuiaided plumbiyd  or
prot ei nfﬁé%ﬂ "i&gpﬂegég%h@rﬁgtllﬁ?’/ %L‘ﬁ\d}["gém "bone growt h" relg;Jes to bone nass.
TG--1',3 protein is thought to increase bone mass systemcally. This is
suggest@ﬁ°tb§)“sthe i ncrease in the nunber and size of osteoblasts, and

I ncreased deposition of. osteaoid

linin a f QUMY tHeYapb @8 C
adni ni s10039] on.“[%Eﬁlm'e‘ﬁsa%%‘a"%’é’f‘ef%&"&gﬂz}ﬁﬁgpfg" Sﬁ%lrﬁéﬁ phar nacaz,)ut ically
acceptable carriers, excipients, qr  stabil.izers whj : Loxic to the
cell or agm*niaﬂ“%isﬁb‘”@k?%'éé‘i?“‘f%@r“gtaad 3?"3?%lelveci‘6({s"§5'\§2$l§ﬁd%@oﬁggeunt rations
enpl oyed. Oten, the pharnmaceutjcally accept.abl arrier is.an. ys pH
buf f er ed0048] ut iAsruseRergis B HMm %@P&%‘?}@Lﬁcﬁg‘:’al i §/&5'c3%°ptf) é'b'fd(f?e(l:cggr]cr@g}r‘l‘gai ncl ude
without Ilimtation buffers such as phosphate. citrate, .an . 0, ni ¢
aci ds; mtcioﬁadmnt\tsmi%ewﬁﬁ'leﬁbe’%fgdﬁ)ﬁﬁf"(?gég?'a?b"'ﬁyo%'F’r%f‘"ed(‘:?} 3?‘“&2?5‘[%‘? {c?cgss
t han about 10 residues) pol ypeptide; proteins, such as.ser a 1 [l
gel ati n,seqrence mimigy ke bigloglidpession ehcitef By We‘?“i‘p YRt FP‘S'S&% R fbig
pol yvi nyl pyrrol i done; am no acids such as glycine, glutam ne, asparagine,
ar gi ni nerprotdiy.si ne; nonosacchari des, disaccharides, and other carbohydrates

i ncl udi ng gl ucose, mannose, or dextrins; chelating qaigents i.g;a:hqas EDTA
p At &f

sugar al[60didl s Asiebedaherpinn Hiet §TM oPORS BT Telates) 0 P PRS- RS such

as sodium and/or nonionic surfactants such as . TWEEN(r), .pol yet hyl ene
gl ycol (tR&@ht tocincrease bone mass systemiopihRdfiisdspyggested Hylmgmgmgp‘&bxﬁ'@ 383079
PCT/ US2003/ 009718 .. e : :

size of osteoblasts, and increased deposition of osteoid 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 a§ sodium; and/or

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




[ 0043] As used herein, the term "connective tissue" is any tissue that

connects and supports other tissues or organs, and includes but i 2006
limted todnlsu@aygnt, a cartilage, a tendon, a bone, GeSueRnbHEnN of a
manmal i an ﬂost. ?0044] As used herein, the term"connective tissue cell" or
"cell of a connective tissue" include cells that are found in the

connective tissue, such as fibroblasts, cartilage cells (chondrocytes), and
bone cel (ost eobl.ast s/ ost eocytes) ... as. wel,l as fat cells (adi pocytes) and
oot b HEANC AT ReuhRyeln JRLERS K chmberyB iR, I A isBie ¥ compd gl Sgpors
fibroblasts,. chondroc tg@h ?nd baone ﬁeLIs. More preferably, the connective
tissue cupgrdissuesorqrgansangdnclydes but is nptlimitedito g bgamentipcartilagena tandon atprg; ue
cells are osteoblast or osteocytes. It will be recognized that the invention
can be Pr2¥reviwyof Pammalisndasi-cul ture of connective tissue cells, as well
as cells of a single type. It is also recognized that the tissue cells my
be treatl®4d uchAnysasy hespinnihe dermoi‘conneidtive i tissues cell’hart “cehef acednnective alsue”
express the gene of interest. Preferably, the connective tissue cell does
not causeclade welifathayearé foundein dhep oomyectiviee fissup eudheds ifibrabldstie caniddge ocellani sm
It is understood that allogeneic cells may be used in this regard, as well
as aut ol(dumdeocgees), and done edlls- (ateotdisesiosronpted)hes apyl Mrfat sellB{adipobts) ahber apy.
[ 0045] As used herein, "connective tissue cell line" includes a plurality of
connect isweoth mesnie calisl |Beferbly matconmectivotsae celtsnae fibesbents, enbroch @4l As
used herein, "host cel'l" includes an individual cell or cell culture which
can be drone keils. bMere mefeamblypitertonndctie viesnt @ellire fibrsbldsnve@R! | Aremanoay, wel | s

i ncl ude progeny of a single host cell, and the progeny may not necessarily

be  conplcebmctivé dsne icellsl ard osteoblasipdralseoyytes. lit will bt adcofiiéed AR BiveRioh R t he
original parent cell due to natural, accidental, or deliberate nutation

and/ or  betpsavgieed witha stixedeilture o€ tansteqtiveaisue dell§ as veR beekIRof h Bhgie k@R, ilfis Vi VO
with a vector conprising a polynucleotide encoding a nmenber of the TGF-6

super f anildoyrecdgifXéd thaf\theuQud dab¢ Miaf be ttitatedl 8idM as PyOMe RVAE oM BARtion §&§ RAShE O 2
condition where the |l evel of bone nmass is below the age specific normal as

def i ned cells StkBIARPIBSs thy gbrtcof\etesr. IFasttrably, (e GBRMeeald @iRue EQP &SRS WBNEausd a
Fracture Risk and its Application to Screening for Postnenopausal 8 WO
2003/ 083H2gdlivE imdrthle 263P6nse when injected into the host organism. It is understood that allogeneic

cells may be used in this regard, as well as autologous cells for cell-mediated gene therapy or
somatic cell therapy. \
[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 mass" 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




PCT/ US2003/ 009718 Osteoporosis (1994). Report of a Wrld Health G%ﬁpié%éon
Study Goup. Wrld Health Organization Technical Series 843", whi A 6
i ncor por at egm% reference herein in its reference to ngrfrgs0as06b9718

ost eopor ¥Q $7% of bone mass. Further, the term "bone nmss" refers to
bone mass per unit area, which is sonetines referred to as bone m neral
density. [0048] As used herein, the term "nmaintenance", when used in the

context of liposone  delivery, n h bi | j. t LN to
Fomai n SeoRRDos T BER olite e e Coptizetsr) sy, Gfoupy AR SEANENA
ability of targeted DNA to remmin, present i he tarqgeted cell or |l Ssue so
2s o | pamizaion TeshmisaLbsres 8 oahichiomrapolbany defeftaricieen s elfrenct b
“mammal i an host" includes nmenbers of the animal kingdom  including but not

| i it ed roomiland estberoric leyeboEonamasss Eurthesy the 16rm ¢ Benemaast “E%{f iy bong s
relates to bone that is mneralized, in contrast to non-mneralized bone
such as pestminarea, Whh54 Jorksimes eefermesk teiap bonemainerakdensiyst eogeni cal |y ef fecti ve"
means that amount which effects the formati on and devel opnent of mature
bone. [(Q0848] AsAssed haeiej the tehe fregintenanse”eoyhengisefl i thec gpniext ofy liposeine
progenitor cells" are cells that have the potential to becone bone cells,
and r esidiivér, denctep eheiabilitycoiinthe irdrodheedrRiN A sovremaiispresspt ingba celbr When used ap e
derived from connective tissue progenitor cells that reside also in the

SUr roundithg don®@Sisgit (naas< the)abiljtd @5 33rgated DA tdhemmaimpresdnt int thentargpigdicelhtor

I ncl udes nenbers of the animal kingdomincluding but not limted to human
bei ngs. §o@bsblasAsinaAd thesRulc effecconposi tion is "pharmacol ogically or

physi ol ogi cally acceptable” if 1its adm nistration can be tolerated by a
reci pi enfpo49)i mMaAs aed heriry theaemi Srammaliaiiost” fimtudessieinbers bf ticiaoimal &ingtiem
animal . Such an agent is said to be admnistered in a "therapeutically
ef f ect i viaclagmp Bbi'not fimitbEtodiumianbeiagdri ni stered i s physi ol ogi cal |y significant.
An agent is physiologically significant if its presence results in a
det ect abjopsejhange uied Hefen, Hieysind I ©iglyiretfonet! refa€s itbamatthad ¢ iniretaliz&l, irlcahfbét 2006
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 celis™ 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 agent is said to be administered in a "therapeutically
effective amount” if the amount administered is physiologically significant. An agent is

physiologically significant if its presence results in a detectable change in the physiology of a

recipient patient.




WO 2003/ 083079 PCT/ US2003/ 009718 [0055] As used herein "pharmaceutical l
acceptable carrier and/or diluent” includes any and all sol vent s,11 JAN 2006
di spersi g fAi@sgs60atings, antibacterial and antifungal .ot oni c
and absor%?ﬁo% Je?ayi ng agents and the |ike. The use OF@%B'%@?ﬁgand
agents for pharmaceutical active substances is well known in the art.
Except insofar as any conventional nmedia or agent is inconpatible with the

active j di gnt e thereof | he th peutic conmpositions is

cont enp dabgé]g g&puﬁféejﬁree@rﬁlf’ asg;/a"é%?eiugceatllplr?é‘fcg?F’%n‘?‘g'cééﬂ&gﬁ'g‘cﬂ‘e Ipcledss g 2ded i nt o
the co sitions.,. [0056] As used herein, a "pronoter" can be any sequence
of DNA a?lﬂeg‘saét#/ ton 5 8d‘é°oﬁ?‘1?‘88% a'?‘k’%‘?&?@h%f’i yHitungah peenisaisgiepiccansel | .
The pronoter, may be active in either or both eucaryotic and procaryotic

cel | s. s@ﬂ’é‘P%’%?)"“ﬂWé""ﬁ-‘f anfbthe rlikes Thecuse\af speh mediraini agens Farsphaifiraeeyicainot er
may be constitutively expressed or inducible. Preferably, the pronoter is

i nduci bidive splstancessis ywelltknewn by havrieExdept insedarcisang chyveatiorak imediaalr agént f5ul US.
Mre preferably, the pronoter is inducible by hornones or netals. Likew se,
"enhancé\co'ép%l%t@m thehiagtivea lingnedient merd thereofisir ithet itlarapeodd damposifiaer fsed i nt o
the DNA vector construct, and used with the construct of the present

i nvent i eantemeplatedhiSupplementary aglivedsgrediento fantalise bgemermirated ints 116 comp&fRg. As used
herein, "selectable marker" includes a gene product that is expressed by a
cel | tH0@66)st aBisyserblientimiaritpraniger” nanm bxdanyssekqudhiZe, of DA abat $E€R 1ivE) @nd EdritrolsO
express an altered phenotype such as norphol ogi cal transformation, or an
enzynat fransgriptioniit yn ebcgagicicalh The pemoger iagtbe axtivesia itder drivatséRedyeGE gRANE S
achieved by introduction into the sane cells a second gene that encodes a
sel ect aprocaryatickeils. Rrefetablys therpeomarei Bgicave ianaammilian qflb.i Thé Promfdadr nkgeer s
resistance to an antibiotic or other drug. Exanples of selectabl e markers

i ncl udegonstitutiverdye erpressed ror tisdlcibde.  Préfymablglj e promaee.is Ghduyibleo(dfedablyl aduct ase,
am nogl ycosi de phosphotransferase, which confers resistance to

am nog| proowiedds amiuciblectyi aBexieradl stimukRnaVyRi prefeRBRNYKE ProAditr 4€HALEIE by
hygronyci n B phosphot ransferase, xanthi ne-guani ne phosphori bosyl

transf ebasenesnéialssi likéveise, Pestianter eldntentsPOwhieh 3R6 dohfoll trdnStrigtidh e@nazy mat i ¢
activities of de novo uridine biosynthesis - carbanyl phosphate synthetase,

aspar t aingerted dmsahe DAY Vas® condridi, Bxe LeAratRGE consAUENEISth Srekbht ReRddh 3/ 083079
11 JAN 2006
enhance the expression of the gene of interest.
[0057]  Asused 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 phosphotranéferase, 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

10




PCT/ US2003/ 009718 deam nase, and asparagi ne synthetase (Sanbrook et at.

Mol ecul ar O oning, Chapter 16. 1989), incorporated herein by referlelfhb2006
its entirety. [0058) As used herein, "subject" is a verpehusdmmsopnaferably a
marmmal , MR @OYMENE ably a  human. [0059) As used herein, "treatment" is an
approach for obtaining beneficial or desired clinical results. For purposes
of this invention, beneficial or desired clinical results include, but are
not limted to, alleviation of synptons, dimnishnent of extenév\ﬁ;f di sease,
st abi | | g&shikdse,Gand asmiragineosystheiaseg(Sambraok ehpl. Maleculas Cloring, Chaptes 18 183) of

di sease progression, anelioration or palliation of the disease state, and

r e ssi pRofpARKNFeir ey fefedncoin itsentile)y. whet her detectabl e or undetectabl e.
"Treatment” can al so nean prol ongi ng survival as conpared to expected

sur vi vaiodsﬁl NOtasMREE hateiAd "subjee@tismaniertebrites picfeeably armdnmnsl, nwrdpteferatherapeut i ¢
treatment and prophylactic or preventative neasures. Those in need of

treat negg ifhclude those already with the disorder as well as those in which
the disorder is to be prevented. "Palliating" a disease neans that the

ext ent E(W.%gr Alm.ﬁ&?lllerrap,l 'GrefthleBi" Godn SPprdack Sdrbiadingg SYneficiol GreRRsidsliaka are

| essened and/or the tine course of the progression is slowed or |engthened,
as conpa L UBE Vi {R Uent i @A STRMSired [ AR re Aits UQGUEN Bitedrél not” TGF- 3
pr ot ei n"gsr?ﬂ(gs’r'tel:(r(-;'sa‘frgbst(gymarrbelrn ofl theenTé:-G superfam |y of proteins. [0061] As
used hereln, . Vel akion of | QEthinAmYACEOExtent " OdISdalel Chabiled (i.e., not
"ponnu'WE%Pf e%&%%hg?fﬁ§$h¥g%§’use@ iﬁherché%ggably herein. A (

pol ynucleot de) yact pk; b5 of P BisERY pRgrekdion, AMKIiSFtiSENSHaRlatibbATS

i ncl udi Hvd),rscﬂﬁ‘?) ﬁ%ggfélﬁ%%%%gmtag?J g{ﬁﬁkﬁﬁ&xs RN& grr?ca%néul atled li n&?ar etroviral
coat ncapsyl-ated,d | Odfat), WERGAEHARTE bNuRieREAsKk. Vi T al
or virgm% RE® %E%ig sUC $§§'§&§g§§bépﬁﬁﬁéx,)én adeno-associgted Vi rus
(AAV) ), LN engak bididnl A5 AT UEE sW vl iPRbOFEENIALE
conpl exe% %‘Fscgﬁ#hsel%n%gn B%féygg@?gm cl?r% e afees, ggnpf]gxed lWith corlr%gunds
such as pol yet h) ! R ' ' | Mootk drNevinfafiodl! €
and/ or fﬁ%?%ﬁéeﬁh%pﬁ??i¥%gLéét%ﬁ%ﬁ%gﬁ%@gyg%hgahgﬁ@ |?%H prgteﬁ§? Preferably,
t he pol ynucl eotd de .i s RhlA ) | ,PM L g hases A
T C ar%za&lreso 0SE, 1n nee tteaé?enpﬁl%ﬂldgﬂﬂ?% %iea‘(] AN’ B éﬂbég&g&ggrsas'l%l ag%éée

tal'so 1 ncludes any o

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-f protein” refers to a member of the TGF-B 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




WO 2903/ 083979 PCT/ US2003/ 009718 their anal ogs or nodified fornms of these
bases, such as nethyl ated nucl eoti des, internucleotide nodificat i 1IntAN; 2006

as unchar‘?ﬁqm[gﬂ&l_g@ges and thioates, use of sugar anal og: ﬁmr(gg@g&hed
es.

and/or alternative backbone structures, such as pol yam

Transformng Gowmh Factor-(3 (TG--0) Superfamly [0063) Transform ng
gromh factor-(3 (TGF-13) superfam |y enconpasses a group of structurally
rel ated pr.oteins, whi QF a{?fgﬁct ‘%WI de range of differentiation processes
during 'BSHARANRESOrdReditishingns of tasesbases. Bichag mthylaedravslecsides interaneleatidguence
honol ogi es i ncl udi n absol ute conservation of seven cysteine residues. The
fanily imedificaigns S'w%laf upcharged Hirkagesiand ghioalgspusenf sugar maat)gs, e modified andtpui r ed
for normal mal e sex devel opnent (Behringer, et al., Nature, 345:167, 1990),
Dr os ophialigrnaideschaskbrng sireagures, S@MRS polyamides. oduct, which is required for

dorsal - ventral axis formation and nor phogenesis of the imaginal disks
(Padget t{p062] al Traniskuirorieg GoddthFhctoBB, (TGXET) Sugerfamilynopus Vg- 1 gene product,
which localizes to the vegetal pole of eggs (Weks, et al., Cell,

51: 861- §6063] 198Tansfommeing cgrowin Sadtdrds TGFe) abperfafiigc bﬁi&np@ﬁs@spwsgrodﬁe%f
Commun., 135:957-964, 1986), which can induce the formation of nmesoderm and
ant er i orstrattonally urelagedi proteXfesn oyhich effder Yoo wide Thaps @i, différeMiation Gbdesse® HufiBp .
1990), and the bone norphogenetic proteins (BMP''s, such as BMP-2 to BMP-15)

whi ch C @mbiryuice dev@iophewo This is basgLopimig nienih® b st quience( RANNGELS inBhdifg - J-
Biol. Chem, 265:13198, 1990). The TGF- 13 gene products can influence a

vari ety abfolote fdonserdtiont dfOsevdW OystesfeeresididdC! TRE RinifdilAAEs) NtiferialViRRIBIRGS | S
chondr ogenesi s, hematopoiesis, and epithelial cell differentiation (for a

revi ew, saBRarB{NAS) Mhichab beqdedHdr norkB hale seXevdlopnfent mé?nrriﬂgéor?%teﬂ, Rgfufd N by

reference inits entirety. [0064] The proteins of the TG amly are
i ni tial 139598t 1990), ZRdsephilad decap@RaplERE YOPID! geRE ?k%ha, whithii§ Peqait O R 4BRAIL Y

undergoes proteolytic cleavage at a cluster o asi ¢ resi dues approxi nmately

110- 140 vefitrdl @xRCfofiRation GAY prrﬁgérﬂgigrbﬂuﬁ-imgglﬁal%tkggm'd@at, ek 80 iSre Of25td1e
proteins are all structurally related and the different famly nenbers can

be cl asu4f 1987),ithé ﬂerﬂiﬁﬁi VEQlgeRd Boasty MehichBefide0 the gkl S ofidget (Widks,

honol ogy. Al t hough the honol ogi es within particul ar “"subgroups ange e1!rom

;?‘;/o t1 0 %ﬁlzﬁyﬁn&j ggggpm,smwﬁreﬁeea&tﬂﬁ@t(h\&axm,téaeax.b@mmqj BRoph§d WREN COMAYROUPS
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,
hematépoiesis, 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-p 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




WO 2003/983079 PCT/ US2003/009718 significantly |ower, generally rangJiAr'\\?zf rom

only 20%to 50% In each case, the active species appears to be a1 006

di sul fide-linked dimer of Cterminal fragnents. For nospcpisidasdean |y
menbers WRASMERE been st udied, the honodineric species has been found to
be biologically active, but for other famly nmenbers, |like the inhibins
(Ung, et al., Nature, 321:779, 1986) and the TG--(3's (Cheifetz, et al.,
Cell, 48:409, 1987), heterodi ners have al so been detected, K and these appear
to havsguifitandy dowerbgulendly caging 6y oniyed% tar0Phdn cedy@st i Ved WA s.
[0065] Menbers of the superfamly of TG--0 genes include TGF-éSS, TG 02,
TGF- 04 afipelrs akbn) disillGHe-Uked BEReral Q- txanioplsagmeptypFor mpaypof the fupdy BISAPES  DPP,
BWP-5, BMP-6, Vgrl, OP-1/BMP-7, Drosophila 60A, GDF-1, Xenopus Vgf, BMP-3,
| nhi bi NthaBKave bedii $radied) Bie homplinierin species Antbdvh undhebebiglogisllypaivei e ised i n
Massague, Ann. Rev. Biochem 67:753-791, 1998, which is incorporated herein
by ref ep@BCANIN méhbétike @he/inh[bDREEIngPetedl ¢ Nahirg; 320 1139,n986 ) andothe tTHEF -
superfam |y of TG--p genes is BMP. Mire preferably, the nenber is TG 01,

TG 02, E)Jl@ﬁe@%: ABVBe IR, 43HI0P- Bi8 7R Wetetodimiéhave dddoedn deectBiRnd thesEappeamtor e
preferably, the nenber is human BMP. Mbst preferably, the nenber is human

BVP- 2. [ QQGi{frerBl;d10868 bropbAiss diRthpréxpediive hwhodiesct to induce the
differentiation of nesenchynmal -type cells into chondrocyles and osteobl asts

before Bdli_oki at ihﬂ%n&?ﬂ“@f fiRr SRtiamly ThOGIE QeRdseintinge TGFEARIEGE-PaL TOR-af

cartil age- and ne-formng cells near sites of fractures but also at

et 0PI C(crhGEAL MRIA 01, SPOP 8! (rehifpub) Erb1S BNIRLUC & bdophity biPeTiMP-of BAIIg) i ne

phosphat ase ol 'agen Tn" osteoblasts. Some BWMPs act directly on

ost eobl Q,?hsi f-‘i'/éi&'&?-!’i?b‘?ostobﬁiar 60 GDRI Aendpak VefAaBMPOE InRiBIHEBA,| IRibSPBY €SSi ng

nyogenou erentiation. O her BMPs pronote the conversion of typical

o oL TR ST 8 B Foomiipal A e BRI

Fam |y hgb®RidiGs ifdofpbRted Ferel by RIRGKE ATt emife®yTPr i ses: 13 11 JAN 2006
{0066] Preferably, the member of the superfamily of TGF-f genes is BMP. More preferably,
the member is TGF-81, TGF-B2, TGF-f3, 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 chondrocyles 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



WO 2003/ 083079 PCT/ US2003/009718 [0069] BMP-2A or BMP-2-a (114 am o ?ﬁbg&)
has been renaned BMP-2. Human, nouse and rat proteins are identic | JA

their amyg '@ quences. The protein shows 68 percentperAFRd:R@Y7 ¥ t h
Dr osophi | a. 2?8"6 6 BMP- 2B or BMP-2-6 (116 am no acids) has been renaned

BMP-4. Mouse and rat proteins are identical in their protein sequences.
[0071] BMP-3 (110 amno acids) is a glycoprotein and is identical to

Ost eogeni Hu d t r ot ei are 98 per dentical. [0072]
o 35 0181 P 2 orsBRIPE L i sSi)a bbarsrepned AR 2 fimery Froopt
and mouse gr ot el ns _shqw 97 .ﬁeéc.ent .1 den it%/ 3 dirhferen_t am no_aci dsz.
Hurman aABd Fat PrRledseath 19GRlRCIBET @Ming pd FequiRCesniT RS PARIFIASShowh &8; prsgest i s
identical with GDF-10. [0073] BMP-4 is identical with BWP-2B and with DVR-4.
The probemalogy b Drosaphlzent ™ honol ogy with Drosophila. [0074] BMP-5 (138
am no aci dsg]. At the anmino acid | evel human and nouse proteins are 96

ti

per cent [@QF8ht i FYIP-2Bog7BMPEA (516 a0 amdsichas deers Jenamed BMP-4c Mousei and @VR- 6
and vegetal -specific-related-1. [0076] BMP-7 (139 anmino acids) is identical
wi t h OPpfiol¢insare sigenéat inpheir piofein jequisesse and  hunan protei ns are 98 percent
i dentical. The mature fornms of BMP-5 , BMP-6 , and BMP-7 show 75 percent
i dent i t Y0OTDO7 BMBISR1 8 {130 acid$)rioa glycafsitein and dadenticallto Wistebgedi. Aumadamd f act or
is referred to also as BMP-8a. [0078] BMP-8b (139 amino acids) is identical
wi t h OP+8 nmatute Ipadeitvega 98 pemeht identicate only. The factor is known al so as
OP-3. [0079] BMP-9 (110 amno acids) is also referred to as GDF-5. [0080]
BVP- 10 (2] aniBMPa8bi (30 almire dids) i eddtal @dBMPaIN(820péroent SduntiodSHumew afe and
human proteins are identical. 14 11 JAN 2006 WO 2003/ 083079
\, mouse proteins show 97 percent identity (3 different amino acids). Human and rat protein

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-5 , 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-S.

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

proteins are identical.
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PCT/ U S2003/ 009718 [0081] BMP-11 (109 ami no acids) has been isolated f
bovi ne sources. Human and bovine sequences are identical. The prc?t1e4'°ﬁ‘[£(£86
referred to_al so as GDP-11. [0082] BMP-12 (104 ani no acp@pisiesyeomwn al so as
GDF- 7 or YYDR3AB3TY 5083] BWP-13 (120 amino acids) is the same as GDF-6 and
CDMP-2. [0084] BMP-14 (120 amino acids) is the sanme as GDF-5 and CDWP- 1.

[ 0085] BMP-15 (125 am no acids) is expressed specifically in the oocyte. The
muri ne ?rotei n_is nost cI_oseI_%q related to r}uri ne. CDF- 9. &13'086%al ng%me of
these pi83] ns BMPdi (MY amipepges) hayleen pplaipd trog) boving sgprces. Fumappad BVIRG ¢
BMP-2A. [0087] Because of the high degree of ami no acid sequence honol ogy
(approxismeqeya@oderﬁéiﬂc@hﬁI)Y?ICBNPW@C'{“%NF‘SB?S 1BMP-7 are recogni zed as a

di stinct subfamly of the BMPs. The genes encaodi ng BVMP-5 and BMP-6 map to
human cli@0$2bs orBMB-12TH amine adide ssdinayn BlsPayCDFeher ¢IMEtvan chr omosonme 20.
BMPs can be isolated from dem neralized bones and ost eosarconma cel |l s.
They haye0s3pen BMBvI3 (32(samino adids)dsdpe seanecad GDF-6 anieDMR;2.0f epi t hel i al and
mesenchymal tissues in the enbryo. Sone BMPs (for exanple, BMP-2 and BMP-4)
have beggo84phovMPd 4dll 20carbing ucits)isthe sembeyasiGI¥RS rodCOMB-Bcts (cartil age and
bone formation) and to have the ability to substitute for one another.

[ 0088] (oasspgerBmPasdizEiminedcibdyRsexpresedppaifidally ackiie boayraThe modespiotedn st eps
in the endochondral bone formation cascade by functioning as potent

chenpat tig meétamisslyfrélated o mudimetGDB-9. nonocyt es and by i nduci ng, anong ot her
things, the synthesis and secretion of TGF-01 by nonocytes. Mpnocytes

sti mul atjesBepy TSImeBob ErEE p@tcdnsnenibIes leferodihenpORet, ifor exathpld, tasgpeiates with
cytokines into the conditioned mediumthat recruit endothelial and
mesenchygmpb-2eel | s and pronote the synthesis of collagen and associ at ed
matri x constituents. [0089] Therapy For Bone Regeneration [0090] The present
i nvent i qog¥) SC| B&asseCt the \highaBekréenofvantino taeidhstiqaenes hbmbloge! (appesyimarelya SDNA
sequence of interest to the connective tissue cells of the mammali an host.
The ex \gek@nt) SBMIPLUBMPTS Jahd BN¥P2Q@brecognized 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-B secrete 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




WO 2003/ 083079 PCT/ US2003/ 009718 invol ves culture of target connective '
tissue cells, in vitro transfection of the DNA sequence, DNA vectldrdAd} 2006

ot her delywgehysmsdivcl € of interest into the connective td§suGeEilobas
foll owed by transplantation of the nodified connective tissue cefls to the

target bone defect area of the mnmammalian host so as to effect in vivo
expression of the gene product of interest. It is to be understood that it

I S possi; t hat, substances such as scaffol ding franmework I X or
bi oadhes"P‘%?Z"eéu‘%’k”’és&b‘%’%ﬂy %“85‘58’ rISBHERES: ’He"rﬁ’%gﬁ"“ﬂaaﬂ@ei‘?fe‘?‘cﬁ& FRuegee.

vari ous raneous tissyes and, bipc tible carriers, and other auxiliary
nat er i aI@éﬁ'ﬁa e {r?{:})' r<anll'é'ceiryt Beg’é“tl%gf"\(ﬁﬁq?sﬂ'?'ﬂéhe HUMET Ve ISPy croli follewed By | s of
the present .invention. In.one aspect, the invention may include

bi oadhedT2)eRlantafiop of ‘Sﬁé?%i‘p‘gii’t F‘H‘"E‘EBWf)d§f"tei erhis 118 theydarpgtibane defast atce detbeeen
the genetically nodified _ connective tissue cell and the area at or near the
bone defRammalignihast;sq ps tpesfipct in wivp gxpressioniof thetgapg produst bf wtdsest.ances nay be
excluded fromthe conposition in the adm nistration systemof the

i nvent i dhis t¢ bpundersiqodithat|it is possitiiethet wbsianegs sueh aascaf Sitingframevdork anytris lo | |
that the preferred source of cells for treating a human patient is the

pat i ent 'bicadhgrivesuetees hufly qopiser psher ehémical adbdsivasasawmelbhovpnions eftidneaisitiasies or
osteoprogeni tor cells (bone progenitor cells), osteocytes, osteoblasts or
ost eoc| #8¢ diocompatible, sarrigns| angcaibir augidiatysmatgrialaimay be imglented Q@021 withribe
specifically, this nethod includes enploying a gene product that is a nenber
of t he genetigalhomedifigd gelbswoh thieapressnt iventiver fraoid yspecty the inventiogimay Ingludet | ve
derivative or fragment thereof. [0093] In another enbodinent of this

i nvent i divadbesivesiinahathefapeutigaompbsitien to fatilitate Soutadt ibetwet » thegze paicayinodified

t herapeutically effective anount is provided that contains a TG-[3

super f aspingectiyer tisseé pelbard! the sixiat a1 luir meqrhihe boveeddfid.aAltaastveBs, it i QoStle Anpt her
enbodi ment of this invention provides for a conpound for parenteral

admi ni stsuekt substahas angyaté extluded o ribep bythpsitionain! e alifmafistiaien apBemtoftthat

I ncludes a TGF-[i  superfam |y protein and a suitable pharnmaceutical
carri er invggtignl JAN 2006 WO 2003/ 083079

[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 B 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-$

superfamily protein and a suitable pharmaceutical carrier.
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PCT/ US2003/ 009718 [0095] In the present application, a nethod is prgﬁéﬁﬁgw
for generating or regenerating bone by injecting an appropriate |

cell that is transfected or transduced with a gene encpgbr,@]g 3mjmpr of the
transfor WRG"HM8Wh factor-beta (TGF-P) superfanily, ng, but not
limted to, BMP-2 and TG~ 1i 1, 2, and 3. BMP-2 is exerrpllfled [0096] In an
enbodi nent of the invention, i t IS understood that the cells may be injected
into P rea_in which bone is to gener ? enerated with or

wi t hout [QO23k f o1y thEPrraePEFRPYF2tGR: 3 T °6t“h%‘ V‘gﬁ‘i‘ ‘Fugéwa‘ t Y rrPepneralng Rongs
extraneous cells or other bioconpatible carriers. That is, the nodified

cel I's nBY iBECtng ar (3BBrOPFEH rt'ad'émara@acq" thah i Harsiered; @ {ransdiacedelith et 8ened

-~ without the aid of any additional structure or framework. |In one enbodi nent
of the ensodingjaomembarci teedgansfooming grawthdacterchetn AiGE-B) syiperdamity, iineluding: betxanpl e,
U S. Patent No. 5,842,477 and may be excluded from the conposition of the

i nvent i oot lithix@93) BMRe and{Ti(FHP df 2, bk 3. (BMBEns exempdified.on nay be applied to all
types of bones in the body, including but not limted to, non-union

f ract ur §0096J r adt an embaodimentfofitie it @nhiemlit)is undeastowt thatitizd cells @@ bs tinjewdd iotw,
segnental defect due to tunor renoval, augnentation of bone around a hip

I npl ant theearesinomhi€li bane,is BRO86 gehetaiep or mygesmnited svitd or efithamenEfilding masniakbori St i ng
inplant, as the Ilifespan of a hip inplant is only -10 years),

r econst anycbdtharnauafliabyometerial, fuake ag extrahenius deistonlotheubipcmesatible feaitie Fse That G4, lekeer

target bones include vertebrae on the spine for spine fusion, |arge bones,
and so adified @8RShaylbcinieeteld $ntd cheleeariv slihfchaddné Bab bel fegameratewithguit khktadd of

mammal i an connective tissue cell, which assists in the formation of bone,

i ncl udi agy abditiond®tstrhdtifiet @rdmiewdrk. OhOdHe aghbodfthdnt .of tRS irReRioAY Shdht sdditionbl S,

ost eobl asts, osteocytes and osteocl asts, and may further include

chondr ogytisehceshav@MEBsediih, foB exbnEhRS, 1.9 Fehtnh Mo SBABATNGA- BHNE bxchldey figRdi f i ed
cells may al so be incl uded in the corrp05|t|on that is used to contact the

bone dettdontpotifion Slthdlindentidal eobl asts, osteocytes, osteocl asts,
chondrocytes, and so on. [0099] As an alternative to the in vitro

Mani pul 009N OfThe e tRUAISIS thecprbsent inVintigR iRy 88 8FKlied Yo 31N peSfUAHE! in e By er est
is introduced into |iposonmes and injected directly i ntpo the area at or near

the 17 inklubitfy BOOGoVEMAGHI6ANEB0MEn TRCTlISARCRIQAORLL il to heal), craniofacial
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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bone fracture or defect, where the |iposones fuse with the connectiv%mfég ue
cells, resulting in an in vivo gene expression of the gene produét1J 0

bel ongi nowbHed@3079G—- P superfam |y. [00100] Where ment ipgiiiSoiisergf " bone
defect” or "defected bone", it is to be understood that such defects may

I nclude fractures, breaks, and/or degradati on of the bone including such
condi tions caused by injuries or diseases, and further may include defects

in the Sgé)r{lefré’c%rt:%paéﬁct,@%?e{hls'rlitpbﬁﬁneg?&E%qﬁtthé)&rﬂfzctitvp%éﬂ%%ﬂtlsﬁk%@ltihgi en the

vertebrae. I n one aspect of the'invention, palin cause e degradation

f disk s . . fusi . b h
ok PGS GRS ACo Btk B bt L ohr o Lhat

|t ti t ' . [ l,at i f, t 1. | | t.h
oL, Rk Bl BRI L B oF SRS i RS HE SR

area as naked .. The.naked DNA enters the connective t|issue cell,

ou 1 i Roctpaters o MSE TagrscBedhs 1o ERgEiRe o bbore BEMGREIHY o
the TG--R superfam |y. [.00102], One ex, vivo nethod of treating a fractured or
def ect ed SH¥H "di%‘c‘?F%éédflJt"l’FFd’ﬂ&H‘é‘t?Fs’taﬂi’ \él““@bé‘émcg’é’ﬁd& cls dhHieiSpine verghraey) | y
generating, a reconbi nant viral or plasmd vector which contains  a DNA
sequence2®hbudehdeesadation ef the isciared bryveen the verabrase In prsgappet of plg inyentionh s
reconbi nant vector is then used to infect or transfect a population of in
vitro cuPtire@ysedobidhe fcgsadations ob disk) space bptasen (verighraenmay hsplugaiad; by, fusing
connective tissue cells containing the vector. These connective tissue

cel | s ar ¥eriabEas that surepynd thectisk spacs thaihgedegspsitiedief ect ed area of a nmanmal i an
host, effecting subsequent expression of the protein or protein fragment

wi thin t HO198f e Asap agdiignal pligrpativsite thedn vitromanipyigtios of gemeetivsftissyer asHp dhe j s
useful in substantially repairing the fracture or defect. [00103] More

speci fi casneyencoding theeprpdust phiolemsb b iattpdusgd indo ths defrsted dave aregenoakedhe of
encodi ng a nmenber of the transform ng growh factor R superfamly, or a

bi ol ogi cdh¢ pakedtPNA eniges thy genngetivertispycaephle resulting iref inawng gene ekpsessicin| of the
-marker, or a biologically active derivative or fragnment thereof. [00104] A
further eeneqipdnshbelorigingte therksRsupesfaanlyi on i ncl udes enpl oyi ng as the gene a
gene capabl e of encoding at | east one nenber of transform ng growth factor
(3 super (G2l Eneexyiyometiothof 2Gatnggiracured 9y defeagimne disclosed throughout this

specification comprises initially generating a recombinant viral or plasmid vector which contains
a DNA scquénce 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 gene a gene

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




PCT/ US2003/ 009718 bi ol ogically active derivative or fragment thereqf %ﬂgg%
enpl oying as the DNA plasm d vector any DNA plasm d vector known 1t10J
ordinary skill in the art capable of stable maintenance e ! t ar get ed
cel | or NQ¥WYRMEh delivery, regardl ess of the nethod I())(f‘wygf“i"\@/g‘wﬁ‘uti |i zed.
[ 00105] Anot her enbodi nent of this invention provides a nmethod for

I ntroduci ng at | east one gene encoding a product into at |east one cell of

a connective tissue far use in treating the mamulj.a Thi hod

i ncl udeg'obﬁﬂahﬁ’/?ﬁ!j'erﬁ’ﬁﬁymvfgaf k’ﬂ%’é"rﬁ'gﬁ‘f’gf’giaﬂ{]?'mlﬂ%'i"ﬁﬁs lhﬁg) I\Pg'gﬁfeasm'cocf?tr?gayor t he
product jipto the connective tissue cell. Nore specifical hi_s et hod

i ncl ude?]\n} PRTSEe LA K¥T 19976 1f) O(:(gﬁf?'ﬂ N&H&Q%ﬁgtcé‘p%bgepf’é%?%% {pRiggnee

el ectroporation, or DEAE-dextran  nediatign, d includes .enpl gying as the
gene a Jdain e pgstes osH op HesyePPR) d&"YFéW&%““ﬁfss "?ﬂ%&ﬁ%ﬁ“%‘?drﬁqﬁi@“@’ng\hﬁﬁe?'act or
superfam |y or biologically active derivative or fra?rrent thereof, and a
sel ect at@d08kar &nothep embpdimenyi of Abip {nverianREo Yidss; amethod fas intfadyging Ak leash 8fee of .

[ 00106] Anot her enbodi ment of this invention provides an additional method
for intowuesicading &t plodpgtinond lgesheneaelbaf Agcoangstivel tisgue fat gseatn Ireatisg e cel |
of a connective tissue for use in treating the manmmalian host. This

addi t i omeimmediahd@st nEhig desshadniprlugesramplepng nen-yigilcneans fer ttroducing the ggne g
virus to deliver the DNA vector nolecule to the target cell or tissue.

Pr ef er alsbdipg fdrehe praducti iptoathe gerngdioretissuescellt Ndogespestbcallyy thigmbibed ingludes ed
such that the pseudovirus is capable only of delivery and stable

mai nt endipe®mei ¢ricapsutation,t calgen phesphate moprepipitaticat gleniropprarionabi DEAE-destran
replicate wthin the target cell or tissue. The altered viral genone is
furt her nnegiatipnl| aide thchudes eopidyingasit theDRthe tgbme qapable sefcbncotiag & lember af
genone acts as a DNA vector nol ecul e which contains the heterol ogous gene
of i nt enmstfoming groexip fazss sapbevfianily or bibbgicallysttive dérivative i Sagmeent fhefed) dpd A
preferred enbodi nent of the invention is a nmethod of delivering TG0

pr ot ei n atselectablt anager, atdicdagically activioyededtive er fragmenhtheeGF:- | 3 gene to the
connective tissue of a manmalian host through use of a retroviral vector

wi t h t hd0@6)i vanadties kmibgdienedi sfchis Swaintiort promdehamsadipianalf methoéd fom intrddaciog her
wor ds, a DNA sequence of interest encoding a functional TG--[i protein or
pr ot ei n at feas@ne pénciescodingrprodat! intodtdeast oretcelh vf & ednneadk dissvafforalBoirckeatingre
reconbi nant viral vector is then grown to adequate titer and used to infect
i n vitrohcmbmmakish laannEhis additidnabmetbod Bicludes anmgloyihg thk Didldgid AardiGtilizing

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-f protein to a
target defect area by delivering the TGF-{3 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
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WD 2903/ 083079 PCT/ US2003/ 009718 transduced connective tissue cell
preferably autografted cells, are transplanted into the bone def éétJ'b}Ne%Q%n

or a thergaReishdeahioy effective near by area. [00108] Anotggy 9[,@‘/@5{,@ met hod
of the present invention involves direct in vivo delivery o? G-[3

superfam |y gene to the connective tissue of a manmal i an host through use of
ei ther an adenovirus vector, adeno-associated virus (AAV) vector or

her pes- $lafifuéed ¥dnnkdive e ééﬂ§t;9€ferab nan@&é{?ﬂfed%ﬂg%re i’raﬂyﬁnﬁc@qm%%g bBhe
i nterest encoding a functional TGF-(3 protein or protei fragment is

subcl Onﬁgfebﬁfe%oﬁ BPa(h‘é‘ﬁ aﬁkhe’é AR ne\é ?ta The TGF- (3 containing viral

vector is t gr own uate tite and directed into bone defect region
I 001 f t

°L£B@W§§EIé&**&“rﬁ%ﬁéﬁ"% oo HebesefaFRnibinva s | B Re TR 6e . "bur

[ t Lip tl t t

| posomd GBS afng‘i.%%ﬁ E°h‘bgfﬁ\|%2%'év&d8ﬂ8e°wm?'ﬂ%'t‘aé‘s'§’sﬁl el des S0 PR o

pl asm d yector, o irect in ecule self into the
bone deﬁéwgv Lyl finGaieBSaet Meih T/ vl Bembrtpics s HERE vasgs

nol eculﬁ ref‘gslr a%kﬁ presentﬁg as a DNA vector nolecule, either as

r econbi nat AVREGPEEe obIneTEst engRding PéB’éﬁ‘]‘BP‘HamF'ﬁl\mo'ﬁl"a%’rrP’Q‘eVbctor
nol ecul e. ExpreSS|on of the heterol ogous gene of interest is ensured by

i nserti ﬁ@gﬁeﬂrlﬁﬁ%&“eq inigytie FisPectivs isalivecien keheyIGiF- comtaining virak esetor s thigst r eam
of the coding region _of the heterol ogous gene. One of ordinary skill in the
art may 8IRYN o2dequats tiferand girediedoiatohone defect egioner anfosigaganisally. effeative pearyn t o
ensure appropriate |evels of expression subsequent to entry of the DNA

nol ecul @%nto the connective tissue. [00110] It will be appreciated by those
skilled in the art, that the viral vectors enploying a |iposone are not

i ni t ed (98108 | Methodsaf qresgrtingthe DA malecyle to thﬁéare?taor\wpmg@ye phthefipiatct
infection and integration of connective tissue cells. This method enpl oyi ng
non- vi r 3AclysanBut 48 noh Bmiled kot eicepsulgtiar: pf MedDNAC maltsule dntl exjionig lippsanies, gene a
gene capabl e of encoding a nenber belonging to the TGP superfamly and a
sel ect alshcloningbe DA sequence 19f ipterass impratigyisalios plasmyidsyegton.cor gleendirecpipjettion) AN

2006 WD 2003/ 083879 PCT/ US2003/ 009718
of the DNA molecule itself into the bone defect area or an osteogenically effective nearby area.

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

[00110] It will be appreciated by those skilled in the art, that the viral vectors employing a
liposome are not limited by cell division as is required for the retroviruses to effect infection and
integration of connective tissue cells. This method employing non-viral means as hereinbefore
described includes employing as the gene a gene capable of encoding a member belonging to the

TGF-f3 superfamily and a selectable marker gene, such as an antibiotic resistance gene.
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[001111 A further enbodiment of this invention includes storing the
connective tissue cell prior to transferring the cells. It wll Hd JAN 2006
appreciated by those skilled in the art that the connechiygsaiusaeums cell may
be stor eaVQ?'Hé@ﬁ:’"ﬂﬁ 10 percent DMBO in liquid nitrogen. [00112] The

I nventors made stable fibroblast cell line by transfecting BMP-2 expression
constructs. These BMP-2-producing cells naintained high concentration of
active BNE- coneenptration i i . Al ' 13 py for
eal i ng. 10 p0 R b Sinel, o R g Wbt ol A cqrER LS hisdieree
deterioration of .the skelet >ays | f . l.ting. f.rom an
mbal ancEnTio SR TE Mt B, 1 BGR B FR et incte sREE e S e it bRl T 0
dom nates the bone formati on phase, ther ~educi ng the wei ght-bearing
capaci ty“&‘l“efﬂgmaéf"f E‘B{‘T’E(ﬁmﬁﬂh'gg Pﬂc%{"#g\éﬁ?m{“ﬁﬁ%l"f?g?'he rate at which bone
is formed and resorbed is tightl ,cogrdi nat ed \??o as to. mai Mﬂ?. n the.renewal
of skel el®11Yondhe Hpyeniss madp %’@y‘eBB'G @t ¢ell Ko By dippsiecting, B '%\Ieéi’fﬁﬁ“ﬁ"n

t hese bone renodeling cycl es devel ops which results in both | oss of bane
mass  andonsiugtsr nhese BMP-2-prpducingr echls taeiplaingd hagly sencenirgtionnef aivg iBMP2y of
the skel eton. These skeletal defects, created by perturbation in the
renodel i GOPCSHEALOA YV adengAusmtiand final ly reach a point at which the
structural integrity of the skeleton is severely conprom sed and bone
fracture[Q0313]) | Eﬂteyapyﬁlorﬂ@algwg OsteeporeticBenedragider s gradual |y i n nost
individual s as they age ("senile osteoporosis”), it is nuch nore severe and
occurs af00d14lapiQptaoaeresis is peucines dplgticralionpithe skelgton gatged byoless efroaepéssosi s
also may result fromnutritional and endocrine inbal ance, hereditary

di sor der sesaltinig £ram ah dmbaincarih ibgna frrmatiem Sbor reseription,. or[@d 583h that fesorplipnobj ect
of the present invention to devel op nethods and conpositions for generating
bone i n dopinatesnthe \iieoe Hagnatiohf phassl therplyn eeduriag tthe evéightdmaringd capacityabf Wieo, f or
exanple, is afflicted with a disease which decreases skel etal bone nass,
parti cul affegedroenee In e hehlthpadelt, bausieat avhi¢hvbeneaiscorined bud eesobad de kightly.

Anot her object is to enhance bone growth to repair fracture in children

suf f er i ngodrdoatedsnes th mon@ar ibe rinawhliadiskejetalctonb.oiiowevenne osi¢ epoamtie SndiGdyaly

anot her object is to repair fractured bone in individuals at risk for |oss
of bone mmsmbalanvelinthengbdnt rérhodeding 2006 daziadsIwhiish 18R ib7AdUPIOTY &IIRDO B1a809718

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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post nenopausal wonen, aged individuals, and patients undergoing di
Yet another object is to provide nmethods and conpositions for 63~$§4§P06
def ects iwWobhgsgsFHost ructure of structurally conproni&qdnhgmgﬂmynglud|ng
repairing bone fractures. Thus, the invention is ainmed at stimnulating bone
formati on and i ncreasing bone nass, optionally over prolonged periods of
tinme, and particularly to decrease the occurrence of new fractures

resul ti Wointh albed HBIVRIULR #Hdi faler?d udda iy Yel £HoIhkPbbject is
I\larrkungq)gl\/élt ﬁ‘?f"ﬁgé‘g ai:ng X f)ne 2€§l 80- Béﬁ(eZOOul) %O?Igl o?es a rat ostejop(l)r otic

model i p, @gﬂa‘é*}né}ﬁ&b@ él'ﬁ?%@lhé ositns 16 kpﬁrxﬁ%‘ﬂéﬂclpﬁ{ ihe Gnigfobtlctré AE binicRurlfy

st udi ed. y perio not ed as weeks after fracture.
Kubo et al. i d B| em str. Vbl OV inv 9 (1999)
al so di SOMBL, g 8%{16 dg % B%r'S?a'%"%%’& ef?além |§‘1h%%o%§eé #“eg'gu‘“g" c?fur%?ﬁeg t; e late

period after fractuyre is stuyudied ate pe denot boyt weeks
after froHEw{HRS bel’ﬁgg'@‘a“f’éf‘?e‘r'é'ﬁ@é%“% (H‘ei"ﬁ“é%roBg?'}fﬁéav?ff' 8?%§@§%§£ﬁégiée hin
their entirety for the r discl osure of steop{)roms rai p Jaf a
Fgar di rgdoBIMEPOLT AR (1 CEUTERcY (B IR HalnEs SR UpsiLe

I nvention is dlrected to methods for strengthening bone graft in a
vertebra’(e@m@“ano the kgdAtRD- . by administering the genetical Iy nodified cell

according to the present invention_at 2”0 ‘ge site of fracturgl -
br eakagd! otlébllﬁﬁm‘ﬁn&ﬂ‘t‘ﬂ%‘ teh Perg §§§3§§( d) BIsO0RS 2 fatiasieopgrotic mpdq i ng

fracture techni que, histological  analysis, anpd b|o chanlca apal
whi ch arwhighobese; 1pair furingr e caslyppfiod aftgr &ractszs 1s styglicd. is ‘gf/ﬂ?‘ﬁ 25 g
incorporated by reference in its entirety for its dISC| s eri ment al
pr ot ocol %itlin3 ©a¢ aeaks afterfeacture Kyhoaet aly ﬁé"?‘ﬁe&@‘k't"é‘r‘ﬁ"yo& %&‘ g% °%’nd t he
repair process, particularly in osteoporotic subjects. 00119

t her apeui§: 7(9%%9& (1899) adspsdisciopss p data)sleﬁ@‘%fﬁe'ﬂt"i'%éﬂ W lCbePER; PYiE dﬁ%'fﬁa'(yg 13'¢ on be

adm nistered in conbination with the connective tissue cell, the TGF-0

prot ei n pesipd Biter frastureiisstedicd. dratq prrigdi iy denoisnasrabent B Wegks afist fagtegeShesnd
formul ati ons generally may be found in Rem ngton's Pharmaceutical Sciences,
Mack  Publefesémicesy aGo incofpestesh by Peeferencat baseinetti theinentirply foscthely edispgmediotnt
that is the TG--B protein is generally conbined with a carrier such as a

di | uent @feop@osis 0B MOdSRNd Ylata tegamhinusr@porotic bone fracture.

[00117] In another aspect, the invention is directed to methods for strengthening bone graft in
a vertebrate, e.g., a mammal, by administering the genetically modified cell according 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-8 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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PCT/ US2003/ 009718 of exci pi ent which may include fillers, extendergs,
bi ndi ng, wetting agents, disintegrants, surface- active agents, er%d’éim P06

polymers or | ubricants, depending on the nature of the poresmb3o7s
adm ni st?"éf?"(‘fr‘(b’g’ﬂz"adosage forms. Typical dosage fornms include, powders,

i quid preparations including suspensions, enulsions and sol utions,
granul es, and capsules [00120] Exanpl es of other suitable pharmaceuti cal

carriers _.are vayl.i.et t | Jdiintegrtantk, saifhed to
N (1-2, ?&??‘8?'@% ox';c/ "%5 @Mm gmédd%d&“dlrajlgrnr*}l‘gértlI:Mtjgmdg'(émsor|"c‘llteg)ﬂm(l DOTMA) and

di ol | phophot i dyl eth t

c:a?r?g?/s“%“?‘gr‘gf'h%yel‘éa%?% %}r?rsgo e%?é‘s’o‘#pgﬁag nveﬁ{el gﬁbéz%tzﬁ ﬁerﬁi}agﬁlotf abl e
| | . pol T

ol Coul e DD gt o e, DR O ST pHoar s REPSytbas

physi ol ogi cal |y acceptable carrier or diluent, sucﬂﬁas a saline solution or
ot her suinelying syspefsians. eppdsiquspang spjpiigns; gfa Sedl|g) capsu y al so be conbined with
other carrier neans to protect the TG--13 protein and biolo gctive
forms t h9PKY fﬁmﬁe‘gpga@ﬂ sntablﬁtnhmaﬁ@ywﬁe%rﬁeff Al § vy SSdame bpi
facilitate novenent of the TGE-R _protein _or biological lyY active f
t her eof mcluding, bhis ok liputed jtarN- U‘?é(ﬁl?'ﬂl“’(!é?fépﬂ*héf‘dby"‘feg} @HFWB“'?U
[00123) The present invention is directed to a nethod of fusing targeted
ver t ebr adP@FMaA) apd disleayiphapheitidylsetkanplaglineHPQRE) ehippspaes 3ty guitable tcﬁ Nfhe
spine area in which the vertebrae are desired to be fused. Osteogenic
ef f ect i vior awoTEE praséin mmdequlea of therinveation: AnoHwE puieble Faish et tipyaeleass gakorcel | s,
such fibroblasts or osteoprogenitor cells are contacted with the defect
regi on opolpmen@nguigiegitel G protdis moleewles. ar ea thereof, in single injection or
nmul tiple injections as optim zed by the practltloner which results in the
fusi on of00128 t ThegSGHIB \peottivbnayebe pd@Ed2dith Themopitref 4 physiclegically aseepisblées
(vertebra) stacked on top of each other, with cushioning discs
(i nt er verarebral diemcsichhen el solwion of otherisuitaldn iguid GFhet FGE-B\pegteigtmaleculeol unn
Is the spinal cord. Spinal nerves arise fromthe spinal cord and exit the
spi ne t hnmayglsosracoasbifes witke nthet brarieron¢anh ita protast] thesTGR:Bprptginnapddiielegically
herni at ed di sc can press on the existing spinal nerve. An unstable spinal
col um ahétivedorpeitbgescfdran degradation witil shexireash thedrchrgetsaad/or Railitatemovement ofai n
and 23 11 JAN 2006

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 hemniated 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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WD 20113/ 083079 PCT/ US2003/ 009718 possi bl e nerve damage. Changes t3 RF
bones and discs in the vertebral colum frominjury or degenerat i\J¢/AN 2006
di sor der sypanH@de® back pain and sonetines nerve damagecti@selehRi ne
fusion surgery is generally carried out on persons with gross instability of
the spine (abnormal- notion), severe degenerative disc disease with
hypernobi lity, spondylolisthesis (slippage of one vertebra over another),
facet (jp@dsitle nélive Aamege! IChingba s o tboh@SMHMANTIRE ift theGleRetral doladt IBRL Mjurpidg
fractures or tunors. The best candidates for spinal fusion treatnent are

those i gegenbiatille BiR6rdéls 84 dabseRAcRPAIRhPdontelides héloe &Rmige. bet ween the vertebrae
has col | apsed 50% or nore, or has col I apsed such that the surroundi ng bone

becomespd 1hsj at Qgﬂ'gtﬁkerg fa‘?i tc'anﬁd a0 8n g&%ﬁgthfﬂo B lﬁstaﬁh@'f &%ﬁéj to

i ncrease stabillt uring-s sur ger ortions

;E;Sre\ée%éﬁg a%nopmnﬁ?n tlgn)aPe{vg déggiera{lwg fhsg g?seﬁltnhe%’gg I ]é)? gg?rt@ggls&h

- adj | I b h, qt h f h

ver t obr PR, %fna  vaffbeNpapelflr SR RED fis waX“c}aga?tngrvo i oHH et )
bl h I

pine | Jg%‘*@ﬁcsuﬂdfm U5 pBYR, 30 of G SRR wrdFeRp g ey e W S 1

Th t h nb t

Lo e gﬁ?éﬁ%ﬁf“&ﬁﬁ smq%“ R e A A

or ther |caII fectlve ovlded that contains a TG-R
superfa ﬁ‘ipl@%‘ﬁ@ Sﬁ‘a\' t‘?en‘g'"e ‘*‘9 e SIPA | and a suitable

phar maceut. i carrier 0129] I.n therapeutic applications, the connect ive
tissue MR arfme aﬁﬂ*l%s,géﬁge%@hmw@ aze usdipdicrespe sRRIYCRIrBESRIE PSR | y may

be formulated for | qgcalized adm nistration. In h&? I nvention, the

connect Y8 SLGEPEEPYTS ?fdi}‘ Brenyraisbrak fisgs wg pePoved: e Aebraldops & rovghaneds o

di l uent of FCI EI ent which 5@2&/ include fillers, extenders, bindin vvettl ng
agent s, “Ri28f sbaRsH Anpecepistir £ "datapﬁ% %vgéﬁf@ thé: aalypes tordiarent leyls of

| ubri cants, pendi ng, on t nat e node of ~adm nistration and
dosage fei¢heal ?’f’%m h 9th g@ﬂf o‘fcﬁﬁb@%ﬁ"t lopess Mye sergrielyabMe use

i nclude sterile agueous solutlons mhere wat er sol ubl e) or dispersions and

steri| e M3SGHtessping! Cf’llﬂ‘é‘“e’%?'érf&?!"aﬁré’«ﬁlfél%r%ﬁé‘fsaf’lakfﬁ» ¢rRes najgh rodd and gtsy 9

implants in spine fusion surgery are also used to increase stability.

[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 that contains a
\ TGF- 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 excipieni 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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11 JAN 2006 PCT/ US2003/009718 sterile injectable solutions or di sqerﬁﬂﬁb
In all cases the formmust be sterile and nust be fluid to the edtée B
easy syringabili t7¥ exists. It nust be stabl e under the pecamgk2003008718f

manuf actWMPaVEME37t or age and nust be preserved agai nst the contaninating
action of mcroorgani sns such as bacteria and fungi. The carrier may be a
sol vent or dispersion nmedium containing, for exanple, water, ethanol,

pol yol (for exanple, glycerol..propwl I st ddrfdiach Mmodt petlopene
gl ycol ,SIC'%WJQCF?g’Pq ﬁ°i<‘é$’,"é/%ﬁf{‘stp§‘3\°§' ﬁ‘j%ﬁﬁ%éﬁt%g’??&’?, or rveget able oils. The

proper fluidity can be maintained, for anpl e : . ywfeORlI NO
such astht extentithat eagysyripgabiy S st BY 5‘?‘)%1%w‘leeah"l"lr%é&&'gg?sﬁg'l“’gt‘“gﬁuze in the

case of dispersion and by the use of superfactants. The preve J opnak the
acti on abrageriaod ouysydAi persrved et Bho SAMEMIBERE ABIPP o ST B T bact eri al  and
antifungal agents, for exanple, chlorobutano|, I_Ehenol, sor bi ?rae%rﬂjple
t heomer baleriarmid tfimegi) Theecarrien mag by acalver! ordispgsion MEUP SPURLHIE 'Y 5**Thel ude
i sotoni c agents, for exanple, sugars or sodium chl ori de Prol5 nge
absor pt ivasr, athanbke polyn] ot examplec slyparsi IPFQPME“%QHC?}@WQHM%PM% ﬁf%bgyctohe use
in the conposition of agents delaying absorption, fﬁr, exanpl e, al um,ni um
MoNost eakdihe like) sgabizt mixturgsObeargx] orl vegetable sile dira Prapentividiy & RLLARES ) at e
parenteral conpositions in dosage unit form for ease of administration and
uni f or MdrixahploBRGe usDeisagatingsuch holenithis, hyghematesppcecliths wapised BAFS cal |y
discrete units suited as unitary dosages for the manmmal i an subj ects té be
t r eat edgi,@a¢the ¢46¢ bt aRpérsiomampbytheruseef suptifacants Ehetpreyentien gk the\astioftler i al
calculated to produce the desired therapeutic effect in association with
the reqyiiéB6rephisnEBsEsLtramht shoortyemrioTtmtibanearial angantibmgnlagents.fer ¢8®alge uni t
forns of the invention are dictated by and directly dependent on (a) the
Uni que  cHIBASHRARINGY, phériof; Sorbic acidgthamnérsat andithe likalln marly £4ses, play il Reargferable to
t herapeutic effect to be achieved, and (b) the limtations inherent in the
art of GRUKRRURGIRIG Fue, fon earhple; csupas er isedivhoshlaride. Protengad mbsagptiondifdbaise in
l'i ving subjects having a diseased condition in which bodily health is
i mpai r eqpjetM1d 23Inpddisonaichinbé prhigtacibbutebyi thg uexdinethe compositigsaricagents delayipg eni ent
and effective admnistration in effective amobunts with a suitable
phar mac etdrs@éd, Yordgsfiple Adhrminivar momostearatecmd ggletinni t form In  the case of
conposi tions containing supplenentary active ingredients, the dosages are
det er m g@ohm r Rfieéspeiallytadvintageoisualorsiohe mrabtans tomposifionsdmilesage woitfoem of
the said ingredients. 25

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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11 JAN 2006 WO 20113/083079 PCT/ US2003/009718 [00133] Delivery Systens

[ 00134] Various delivery systens are known and can be used to adni'liJéNe2006 ¢
conposi t W »Rfusdehs | Nvention, e.g., encapsulation in Ir@ﬁ@ NRS/09718
nicropartlcfes m crocapsul es, reconbi nant cells capable of expressing the
conpound, receptor-nedi ated endocytosis, construction of a nucleic acid as
part of a retroviral or other vector, etc., and nmay be adm ni stered together
wi th ot her { £3h 00§ jve agents. Admi nistration can be system c or

| ocal . [Oofggrﬁ¢n ggggt%Fgﬁ%h%nbodinent, it may be desirable to adm nister

t he pharmac iGal v, 6 : L i | I t

the orea | it Y «FRRRNIEY s/ en S IRDERMY RE SaPhe b AIHRRLIPRe cBstdon'h

not by way %f.linitationh Iogal Lniusion durin sprggry,_bm rreansbi'%;“&:lls
supposi t or '€ G EBNP P &n SMGPSUHIOP D MBRY e & AMIGTPAS St B RHG Y S T8 OGS

non- porous, or, . gelatinous material, includip ranes, such.as sialastic
menbr anes, @P2bE BgF’éP’“[sﬁ‘éf@%PW"ﬂ’r Eg‘éﬁ‘ﬁ"m?f{;%ﬁ'%qtgs’ﬁcff"?@cﬂ%" ?f?n’"t“g&'ci n
scope by the specific enbodi ments described herein. |ndeed, various

modi i cati o#fid &% Prrhel p AGERIRLA PtheratReiori Ofr 8% MABLE admaistersd doeether 2ith <thyr
beconme apparent to those skilled. in the art fromthe foregoing description
and acconp@ifiprically acus agentsshdminisyalion caaibe Sreemicar [offlended to fall within

t he scope of the aPpended. clains. The fol]|ow ng exanpl|es are of fered by way
of illustral00b3lof I ResPerific embodimeantit ey bhdesiable gyadipipistst the pharmargiycal
EXAMPLES [00137] Exanple | - Experinental Procedure for Bone Regeneration
[00138] HuneamBMPds QfcAmPoRons ob the dnyeptignareglyop yheearensia needphireaiment; thigymayiben
human fetal brain cDNA and two prinmers. 5 prinmer was, .

5' - TCCCAGCGRilaedhmdacaemple, and nqt §F@ayof fjmitatipn, dorgl mfusign dusing fpygery, by means
5' - T=GCTGTACTAGCGACACCCACAACC-3" (SEQ ID NGO 2). After the PCRwith GC-rich
PCR syst em ¢fReshppositary,onti bygmeznscof poRImplanGraaid, seplent bging of o ARVOUS NOY-PPIIUS FA
cloning kit (lnvitrogen) (Fig. 1A). For cloning into retroviral vector, 26
VO 21N13/ 08gaqinouy maanalpipoigding membranes, such as sialastic membranes, or fibers.

[00136] The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to 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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PCT/ US2003/ 009718 pCRI | bnp2 DNA was cut with Sal | and Not 1. Human BMP2
cDNA insert (-1.2kb) was ligated into pMIMLV with Sal 1 and Not 1jt JAN 2006

over hangs (Fig. 1 B). Packaging cell line GP-293 cell (drpwshdsimetibs/ p60
cul ture WOyl t ured one day before transfection. pMIM.V or pMr- BMP2
was transfected to GP-293 cell using Fugene (Roche). 48 hours after the
transfection, neonycin was added to the culture nedia for the selection of

neonycin_ resistant cells..Selecti | GhsekQ~tams. waseipned ed
Do T B el ik Ay W@H&??Wﬁgglqgeffsﬂpm@ﬁ ture dish)
for the next day's. transfectipn .of ve e coding plasmd pVSVG 24 hours
after t'ﬁ@ﬁm'ﬁﬁ‘@f&e\‘!t‘ﬁ'é‘?ﬂaf“g&ﬁ °V83¥’Pgsﬁiﬁﬁ3{r@9ms plated for infection (1 x
105 cel | s/ p60 cul ture dish). Supernatan f transfect C S iltered
t hr oughPdckuging e¢lbfine Gipn%%r@"f(isl’iééssceﬁlE/Péng@méﬁa's R E@H’\fﬁf%es%a cgg%urre of

DMVEM 48 hours after the transfection. Cultur dig of N H3T S, Lgnoved
and r eplirarstedtion. pMENMEVor PMIr BMP23yAs drapsfecisdte .G?)P&%ﬁﬁé’ﬁ‘@g\%genﬁgﬁgﬁe)f 3§t he
final concentration of 8g/m. Two days after thef i nf g.ct'}qon neom ci E

sel ect | boursvafiers thar trangfectiono Beemycie eassadded b the Fulturc, edie tQF her3ieelisn g

NI H3T3-BMP-2 cells. Sel ection was continued for_ 10 days. Th t qf BMP2
pr oduceseongein detigani pdld. tSslestiombwast campuedy/ fopsit dlays gflc‘ftﬁi mfa" 24 hr

period. [00139] Exanple 2 - Injectjon of N H3T3-BMP-2 Cells |nto Rapbit

[ 00140] 294MTER2aebs whictcslturad 6y & S0nesigRbheplmrodish)fosthe geyieday’sdEngetion f or
ani mal study. The tibia bone was exposed and a defect (2cm.lon nd 0.5cm
deep) was envetbpewiotling qridshixh eMBYG. Sdrhgusaafter thet ransieptian, target e Y&'&%ﬁd’(as

Nl H3T3-neo, or NIH3T3-BMP-2 cells (2m of 2 x 106 cell Sl‘lT?f% were. injected
i nto t hplatbdffecinfeatiern(1af 108 celisio0rculigre dish). Supgenakantserl tiapsteigdseetls Wiredilterde
cells, radiographic analysis and histol ogi cal exam nation were perforned.
[ 00141] tHrxghbe-@EoteinWhadibg filRasl (b¢faphind difdedrivithsarae volome #5 DMEM MEnd
white rabbits weighing 2.0 - 2.5 kg were selected for ani mal study. The
tibi a bafier tveraxieaiad Cahate anetiid of NIMFEIwho negneved add Septeagdapiih theshliessde wi t h
orthopedic surgical instruments. NIH3T3-BMP-2 cells (2m of 2 x 106

cel | s/ ms)perdifnts. MHoBdkend wast aldediao thbefimt tcommentation efh@ugmbiTvddays affer ehe
suturing. Then radi ographic analysis was perforned at 1, 2, 3, 27 11 JAN
2006 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 Celis 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 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. 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,
27




WO 2(11) 3/ 083079 PCT/ US2003/009718 4, 5, 6, and 7 weeks after inj ectlAgp %f
the cells. The speci nen was harvested at 7 weeks post injection didAR 2006

pi cture Wy N@iRBy7oH St ol ogi cal exam nation was carried peuiybhizanetigr vest .
[00143] Figs. 2A-2F show regeneration of bone with N H3T3-BMP-2 fibrobl ast

cells. Figs. I|A and 1B show pictures of |eg bones after 8 weeks of
I njection of control NI H3T3 fibroblast cells (A) and NI H3T3-BMP-2 cells

(B). Fgss, g—,C g7 é,hivsvahad{)ge%apf LR AR R0 meh lak Brye SONE Pluchiy B0 and

gx]E)erl h | nes e ore sacri I cing ‘ .
BIVP- 8

R A PR SR bl el
001 3

L0 SOy B e OOL S e R LR W

regenerat ed bone tlssue were made and stained with Mason's trichrone. The
resul t s 1Amnfel® shoxt picivees<af degbenes atier & weedsof ﬁJ%‘OB&GQOQ‘F%N53T§2@}3’%‘ al nost
identical to that of the normal bone tissue (NB). Figs. 3A and 3B show | ow
magni i eellsi Msand A3 TIBMPr eplls (B &gy 2G13Fshow fHﬂ'QngPﬂagﬁMm@a*ﬂQ"ér?é the1 00x) .
The dotted line indicates the borderline between the regenerated and nornal
bone ti seneo! (Frhedd and suparimentidii(E & E) tep dpnasthefage sacrifigingfthe sndmals g dihe baneed
bone is simlar to that of the normal bone. [00145] Figs. 4A-41 show
r egener defeointredtecowitd golls rexRiesEMs BYHVR préteins onsis chepled cdftes 8 wpgkisRaf3inRKsionp cel | s
(2nml of 2 x 10" cells/m) were injected into the defect area in the tibia
bone afthereas bangirégegeration did n@) ocRerdn digrdafet teeatedayithdontrolfdrofdast eellved at 1, 2,
3, 4, 5 6, and 7 weeks after injection of the cells. The results show t hat
the def ¢d14dhs HigsgBh-310 shewf hibtblogdicali examimatiby of gegemerateddbdnortissed. s Paeffit t hr ee
weeks after injection of the cells and conpleted at six weeks post
i nj ect i eectiopdpf THecregenemitatebonadissitawere ghald antl stainedekith Meson's trichomeonThend a
pi cture was taken. This picture also shows the conplete filling of the
def ect wesuhs sleged ehatiedstivoruee ofi reganerated|bone Liksse (RBYwasadlmestadentiasli tothanab
carried out after harvest. The results of Mason's trichrone staining is
shown. $ieanarmalbbane sissue SNBhLdFigat3A sriddB thow loe padgnidictations €40x),smd FigsadC sndri | ar
characteristics as normal bone tissue. 28 WO 2003/11831179 11 JAN 2006

3D show high magnifications (100x). The dotted line indicates the borderline between the

regenerated and normal bone tissue. These results indicate that the quality of the regenerated
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. (1)
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.




PCT/ US2003/ 009718 [00146] Figs. 5A-51 show regeneration of bone w th control
DVEM nmedi um Control DVEM culture nmedium (2m) was injected into id Qe t

area in the 't"‘i/‘t?’l 9bone after suturing. (Ato G Radi ogr@pbsmoamaigsi s was
perforrre&' s dgb, 1, 2, 3, 4. 5, and 6 weeks after injection of the
medium The results, in contrast to the data with N H3T3-hBMP2 fi brobl ast

cells, show that the defect was not filled conl‘)DI e&lel y .eveE ﬁ'g 35%5 eks
after [gu186) | FipsOS AShehavetegeneratiop ofrbroe B RE DMEM mediyms -8 o eks
post injection and a picture was taken. This picture also shows, the

| nCoNpLgikGe fieblu@mif whdinjedet &ao the(defect-ren i) thryiikiaboraafier Subith (hY Wer f or med
after harvest. The results of Mason's trichrone staining i s shown. [00147]

Exanpl @ 4 oorabflc G541V98 wak peeraRaar DUtk 1RA1 3., Shand praveskeaiz injedagy Mhe
ost eopor ot FCPhdel "rat such as disclosed in Kubo et at., Steroid

Bi ocheni esdg‘;,% «fqée }y%hgpmlc%mrﬁiwtﬁgyam Gah NIH3PDEBMPAIDrotdantl celisnshomghadhe hai et
al ., Bone, Z8:80-86, 2001 is wused. The tibia bone is exposed and a defect

(2cm I ong and O g&ﬁ;ﬂ ' geinvidis efidrinipeidinf teuets.cal) Thespeamemt s.
Ei t her d&%ﬁ?‘r"%ﬁ'p"l‘\l?‘&gar -ne%)‘,eiyzervgﬁl FBT3- BIP- 2 ?el s (2mL of 2 x 106 cells/n)

is injected into. . AL 83n ahd §hichiit Wak Mgken AtThiepieruad alse slkosvsithe er val |
especi éY?S&ancs“aﬁégﬁvcgg%\ggs&éﬁaf ter | njp(lact ion of the cells, radiographic

anal ysi.s and hi.st ol gi c X AR 1b QA K fninREf wisTReforrh @i Ed hafkanfhe 5 -
EXper i H@?ﬂ"éﬂqe‘?’bg}:"g Sgiée 5?&39 ne Fuésli on [00150] Hunman BMP2 was cl oned and

tranfecte tgioFI\ﬁso '~¢§;Iﬁm?§s%ﬁﬁ isBfFvi.n Exanple 1 above. Adherent

fi br obl"§% rrom hunman oreskin fibroblast derived cell |ine, Phase 1),

deri v obF e 3 . botofi ey eandis.eMB2fi brous tissue
D471 ERsarpii® A thlectiofor ObRtpotofieRaby

derive Pha human (pseudarthrosis fibrous/scar

tissue ggiig{edrhd BLOBLAREShodel BRIk bl dMBb&IIFRALSEEAL, SHibid Biochening &

t ransf o via a retrovirus. The cells were grown using

%LP ?Fﬁ&e@icv]gfgégk}és 55‘3}%17?205 {\6399] e ‘I?giuh%[l@anﬂ?i‘? eNEI0NBond, 28i8NISA) 20010i%0

oVl e 'sétum o BRL, Grand Island, New York) and

penicill Bs-ﬂ%g-}bz@} ﬁﬁcﬁgégﬁgée@gﬁ&ﬁ'dig'@éxctz?k'%r{g@ﬂﬁ 0.5cM deBpyth Aadé WithQnispedicshes.

Fi br obl %¥ ours/day for two days with a retrovirus

. g’ m;)‘eﬁt ?%glic%}?ﬁ% ne%gs\?%\if\ﬁgb ggmoﬁ N3 TR SAMRHABIDUPLE dellso(24at &7 Zrixne0*
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 1), mouse
(NIH-3T3, Phase 1), rat (Lewis rat pseudarthrosis fibrous tissue derived fibroblasts, Phase 1I), and
human (pseudarthrosis fibrous/scar tissue derived fibroblasts, Phase 11) 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 (CeliGro, Herndon,

Virginia) in 60 mm dishes. Fibroblasts were infected for 4 hours/day for two days with 2

_ retrovirus -BMP-2 or -lacZ (negative control). ELISA was completed to determine concentration
29




WD 20113/ 183079 PCT/ US2003/ 009718 (ng/ m ) of expressed protein. Fqr ?E'C;rb@rs
species, quantities 5 x 106, 10 x 106, 20 x 10" BMP-2 produci ng ddy e

absor bed wobiks379. 5 cm col l agen henostatic sponge (ACpcr/iRhdShaéng | Ntegra
Li f eSci ences, Plainsboro, NJ). 0.16-0.18 nmg/m rhBMP-2 (Cenetics Institute,

Canbri dge, MA) was absorbed onto | x 0.5 c¢cm ACS (positive control).
Morselized iliac crest bone was placed in the fusion site. [00151] Exanple

6 - 1 nj gRg/MPNoPExpr@EdSprofdimd Foh8achipb@eL hudndities b Q0HB210 Yookl 2048 1bempr; adul t
(3-4 nonths) athymic rnu/rnu rats were utilized (24 for phase I; 24 for

hase | L}oqu : tikEd- t e WEnlsi ysed t
phase | Thog Btﬁn:gscewgrv?er@'lﬁs%rrﬁlﬁ o8 q )}gﬁ.SDQrﬁ c%flg%Aﬁpﬁlf% af_?(g sgdgvgﬁ 8&?},%? sidp€d 1o

expose the ansverse processes of L4 an p was usded to

d ti t ; . 2 bl ' | d .

(anti bi oRegra iR stERRS Ao NEBIBI LR MRS et MBI ot 4 and
L5 t d. i Sl I . _Radi h

por o AL AEERI TP Toh0rS 77 LS (Gptie Eafihrdonines S parps domanas | y.
Mot i on d?_t eﬁt e&l between transverse processes was considered a fusion

fail ure.PHGRIHEELSIAUSE] hi stol ogy was performed. [00153] Figs. 6A and 6B

show r adj phs frgmrat, TG001, 4 and 6 weeks after posterol ateral
intert rjh&%éfseﬁﬁ'{ﬁ@égs‘qfﬁg'i'%"]rﬁ!‘%@&lﬁhé SP‘Hf)PgFﬂ‘? ng cells using absorbabl e
col | age ge carrier. Radi ographic bridging bone on left side is
encircl re]ﬁ‘?'%%erngélﬁe?‘?'&aﬁ'ﬂf 6st E‘°“‘(‘F){ﬁﬁ'§g)w fRuAmu FES WEY uhhessd @ANRE rhase vp- 2
posterolateral intertransverse process fusion study. Note less cells
pr obabl 48" PLﬁﬁ?beiﬁé “é?ﬁ"da’leé’gg"zﬁan‘é PRYETRItMIHne pRPToash waadisedhinfrPotsoiie | s
generated and fusion of the vertebhrae has occurred. [00154] Al of the
r ef er endBESYEreROFrstes 9 L and hoob Jughatpess BYIT M diserh kadgeartichls; the dipsvese y .
Whereas particul ar enbodi nents of this invention have been described above
for pur PRhEssedfonly.| Sites tWagt igated; {aniipiolic-pageay isglukpn) CellbdLS meres dmplankd | | ed
in the art that nunmerous variations of the details of the present invention
may be rbgtreen thedh arfk bartranpvgreer prasasses tedy Encisians were (ddseth eRadiegraphsewerppended
clainms. 30 11 JAN 2006 WO 2003/083079

performed biweekly until sacrifice. 1L4-LS segments were palpated manually. Motion detected

between transverse processes was considered a fusion failure. Non-decalcified histology was

performed.
[00153] 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 Sx10° 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] Al of the references cited herein are incbrporated by reference in their entirety.

. * X 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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PCT/ US2003/ 009718 What is claimed is: 1. A nmethod for meki ng bone at go%e
defect site for a subject suffering fromlow bone mass conpri si nd:1 Jé‘?‘ 00
inserting a gene encoding a protein having bone regener g}i hon into a
vect or &QF@W"WW linked to a promoter, and b) trans?gg{agﬁ‘gwgﬁhw
transduci ng a popul ati on of connective tissue cells in vitro with said
reconbi nant vector; and c) transplanting the mammalian cell into the bone
defect site, and allowi ng the bone defect site to nake the bone. 2. The
met hod according to claim1l, wherein said vector is a retroviral vector.
3. The nmethod according to claim1, wherein said vector is a plasm d vector.
4. The method according to claim1, wherein said gene belongs to TG~ 13
super f am | Yyhat R-clalfiéd #€t hod according to claim4, wherein said gene encodes
BMP. 6. The nethod according to claim5, wherein said gene encodes BWP-2. 7.
The nethod according to claim1l1l, wherein said connective tissue cell is
fibroblast. 8 The nmethod according, to claim1, wherein_said connective
tissue cel I-is A mabrd 87 Bang b at gB‘P'le.degf' %T%Sm“gﬁﬁ‘e‘“f}\%'%é%’rg%b"f’é
PCT/ US2003/ 009718 9. The nmethod according to claim1, wherein the bone is
gener at ed &@pS SPPESYBY period. 10. The nethod according to claim1l1, wherein
the bone is generated during late period. .11. A nmethod of fusing a spine,
conprising: a) PriBEFNeREene @f@ﬁ%‘"&ﬁ(PEP(S?‘RBa‘an%PWéfﬂ?"ﬂéW%fg"%@ﬁé"(géH%‘?&ti ng
function into a vector; b) transfecting or transducing a popul ation of
connect i ve opgralévely lkinkeefl & 4 popier@ndyi t h said reconbi nant vector; and c)
contacting an osteogenic effective anount of the transfected or transduced
popul ation of bowmetectingeor transduging a PoRUI{I08 Of CHISFRE Listreicelly iyttt e
carrier thereof with the spine such

recombinant vector; and

c) 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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t hat expression of the DNA sequence encodi ng the gene at the spine L@@J%ss
in the generation of bone, whereby the spine is fused. 12. The met 0
accor di ngwhy@l@sdiy 11, wherein said vector is a retrovi gl K86dsRle718 13- The
met hod according to claim 11, wherein said vector is a plasmd vector. 14.

The nethod according to claim 11, wherein said connective tissue cell is
fi broblast. 15. The nethod according to claim 11, wherein said connective
tissue cell is bone progenitor <cell. 16. The nmethod according to claim11,

wherein said gene belongs to TG--B superfamly. 17. The nethod according to
claim 16, wherein said gene encodes BWMP. 32 11 JAN 2006 WO 2003/ 083079

PCT/ US2003/ 009718 18. The nethod according to claim 17, wherein said gene
encodes BM2- 2. The methedaqeardingrto glagm i rihesein dheponsis igeneratedtduring eadyrperiodi ng:  a)
inserting a gene encoding a protein having bone regenerating function into a
vector, b) transfecting or transducing a popul ation of connective tissue
cells invitro wth said reconbinant vector; and c) introducing the
connect i vel@.i ssTke methdd aacoddingtie chimadtwireeeis iHedpneais gdermidtadduringtiie péricdct ure to
heal . 20. The nmethod according to claim 19, wherein said vector is a
retroviral vector. 21. The nethod according to claim 19, wherein said
vector is a plasmd vector. 22. The nethod according to claim19, wherein
sai d gene bkl ongsnetimdb®fusthgsd ypérief ampriging: 23. The met hod according to claim
22, wherein said gene encodes BMP. 24. The nethod according to claim 23,
wherein sai d ges)énseningdesnBidRoding 2 protelhRavims bvne gareting fungtiéintd avdrol9,
wherein the bone is generated during early period. 26. The nethod according

to claim19, whenansteiting obaamsdicngepspuhtion ofletnhét@ive fdsBe 8K TirodAthlsdid) AN
2006 WO 2003/ 083079

recombinant vector; and

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.




55293- 32PCT. ST25 SEQUENCE LI STI NG <110> Ti ssueCGene, Inc. song, zun UE
yi, Youngsuk Lee, Kwan Hee Noh, Mon Jong Bae, Hyun <120> BONE ! Bon

BY GENE 30> 55293- 32UBA <150> US 60/ 369, 100 2 03- 28
<150> us%%g’?ﬂ’? <151> 2002-08-22 <160> 2 <170> Patpgilptﬁ"z‘m\?}@?éi'gn 3.2

<210> 1 <211> 24 <212> DNA <213> Artificial Sequence <220> <223> Pri mer
<400> 1 tcccagcgtg aaaagagaga ctgc <210> 2 <211> 28 <212> DNA <213>
Artificial sequence <220>

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 vector 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.
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<223> Prinmer <400> 2 ttttgctgta ctagcgacac ccacaacc PCT/11 S 21103/0141718
24 28 Page 1 1
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<110>

<120>
<130>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>
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SEQUENCE LISTING
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us 60/369,100
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2
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24

DNA
Artificial Sequence
Primer

1

tcccagcgtg aaaagagaga ctgc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

28

DNA

Artificial Sequence

Primer

2

ttttgctgta ctagcgacac ccacaacc
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