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degeneration. [0003] 2. General Background and State

of the Art: [0004] There i a need | the art for a

mol ecul aNEIIﬁB TECTIME ﬂ?ﬂ@ﬂw PUNP and
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degradation of the neural system and neuronal cells.
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[0010] In this method, the transforming growth factor may be bone morphogenic protein
(BMP). The BMP may be BMP-2, BMP-3, BMP-4 and BMP-9 In another embodiment, in
the above method, the neurotrophic factor may be GDNF.

[0011]  In another aspect, the cell may be a connective tissue cell, such as a fibroblast cell.
The cell may also be a nerve cell, such as glial cell or Schwann cell. The cell may be
irradiated. Further, the nerve may be peripheral nerve. In the method described above, the
vector may be a viral vector. The viral vector may be a retroviral vector, adeno-associated

viral vector, adenoviral vector, or herpes viral vector.



degeneration of nerve, conprising admnistering to an
area near an injured nerve a conposition conprising a
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BMP-2, BMP-3, BMP-4 or BWMP-9. [0013] In addition, the
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being injected with Kainate; and FIG. 4D shows CA3 section of animals treated with
NIH3T3 cells expressing recombinant BMP4 before being injected with Kainate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] In the present application, “a” and “an” are used to refer to both single and a

plurality of objects.



include cells that are found in the connective tissue,
such as fibroblasts, cartilage cells (chondrocytes),
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resistance to an antibiotic or other drug. Examples of selectable markers include, but are not

limited to, thymidine kinase, dihydrofolate reductase, aminoglycoside phosphotransferase,
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more glial cells than neurons in the brain. Glial cells create the microenvironment needed for
neuronal function and sometimes they assist in neural processing and activity. Neurons are
excitable cells. This means that when properly stimulated, an action potential can be initiated
that may be propagated over the cell membrane to transmit information to distant cells.
Neurons are independent functional units responsible for the reception, transmission and

processing of stimuli.
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conduction by reducing the membrane surface area that must be depolarized. In myelinated

€

neurons the nerve impulse jumps from one unmyelinated segment to another over the length
of the axon. It is the myelin sheath and lack of neuron cell bodies within the tissue that makes

some nervous tissue appear white as in the large peripheral nerves and white matter of the



neuronuscul ar junction. Mre than 35 neurotransmtters
are known and nost are small nolecules (nitric oxide,
wae@ypbashol i ne), cat echol am nes (norepi nephri NECT/US2006/024656
serotonin), or neuroactive peptides (endorphin,
vasopressin). Once used, the neurotransmtters are
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1mp§]g?sea,55 ossﬂ‘fsgé\lr ygt]la §Sf ersé{l@r}n%%ﬁg{ii:cﬁ@?x digh&et £8 very slow 2.5

c ells, cal
m/s88) CAR Gkdnthle af £ TRAYdibet ise roabt lseutdmamnqvaémg rﬂma&@@m@wﬁ
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el ectrlcal ul ses. ntr | cell P e th
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envirB@hert. eCIﬁés\éemblﬂﬂéltrﬁecha{mﬁfecap’toﬁxal’lsm@ ahlngsr ehksmvrbsure or stretch,

el ectrical_ potentials, 037 ur.ons
thenosecepiprse ghcggrege@ppg%}ny the &%ﬂﬂa ;ndl\kcgrglpgfeﬁptor rsucglsaésotgle gatste bud or
thogbeMF Qiftsttion NE¥o @diRn Ablehs, 6f BEshdurad absyusuﬂl}dlbumd iorthe splnal cord
peed, di aneter and the_presence or

andpanvAFIeAeR) SOPPRSDRBEEY AL AP0 o <P G Ay QIspsreomtisarons
[0069]“2' bﬁlrieﬁroﬁg oMBhitAaLeE (fh’é%@ﬁ@f clarwuﬁicummmeaahe Sljtnaﬂ_@ An

sec. Type B are al so rryellnatedflb g 'fhgeymall
axaprengs inrcan STy tn@mn@é@ttw that SOHig @Emﬂ?%%n YGF‘B s St e
vesitldk a“?% k’lﬁ%& %h cﬁ O;Llﬂstﬂic@s‘@lgdl n@R6tranShittessl Qetylkhdine is most

e Afiber is a rmli I neuro
oftemltlfer nalmtrvgsxtﬂﬁer g‘asher mh@m a‘y@oughnotagﬁ ehespsals like norepinep ine,

' A0A o | iffpuBe Fxes d
RGN LSRR, e O . o v
theadson tindlehthes eheperimnal Sutions dheavepiclss Sfse avith thgynepyone! gembrane and

ectlg?lfeoéliaﬂs[r%\&%gé 3050 e U %192{] ﬁ}eﬁrﬁfﬁﬁg@%% thOnAREGhaptic cleft

I hfor na | on fromthe environment.

to dpeeisie récapibtsdier thedte:mmi eir thp postsynamicINanpransi of e TpGeRANg neuron.

[O(P ! essul"rh% 1r?treractlon otc tﬁé neurotransmitter with the receptor causes a change in the

membrane potential that may induce a new impulse postsynaptic neuron. The enzyme

acetylcholinesterase is present in synapse to break down acetycholine and terminate the



t her noreceptors, photoreceptors in the retina, and
chenoreceptors such as the taste bud or those for
W@bkdoambisen. Associ ati on neurons, or interneur OPCT/HRB06/024656
usually found in the spinal cord and brain where they
connect sensory afferent neurons to efferent notor or
SimSRET OHRF YneRramnatiers ARS8 Hthdvettokers downmumitakert davki tip mire the
anot her via a strugture call ed the synapse. An axon

PresyRARlic PrQIhie TP 18e $EP¥Hhal buttons that contain

[0041 MEITR e SdiBhll norRsis Gl R&m nl@ IRWSHR Iay \Comietdeesh akidgle neuron.
filled with chem cal substances cal l

ed . . .
Wheeeach tof bes FeBRaRUs, TOMEQRS yPIENET RFHEOTAUSTEE inp ftg Sypapge with the
pos&ﬁl‘dﬁﬁg ﬁeﬁﬂﬁx?io‘i:&l%en@drar{e%te‘ﬁﬁﬂ@@&:@r Bt 430 UBdbrAéd@1d summed. These
chem

' ] cals [ike norepi nephrine, serotonin and GABA ma
incoping, Sigrale epAYnbR ADIIITY KE SHEIERY Wéfh regHitingpeRed methbrane

poténﬁﬁvrfé!tcﬁesd AW i SR R BB OOk @R e Sroh, NBert 8 BbtRAl pdMHiihIoNE! be
the vesicles fuse wth the neuronal nenbrane and the

initiptedir ot ransmitter is rel eased. The chem cal then

[ooﬁgf f u&&ﬁn%ﬁeﬂﬁﬁa%ﬁ@ﬂ NArWis%RAPIi 4 &diithe t&41 BRBCHY sdtatory
r nth

ceptors for the chemical o e postsynaptic.
condetitys. dfe fosfest tpmrane e apivergd memydin, shpatigmpiangadean discreet segments
i racti.on of e 1t ' ept HMitat
T
condurtiong eheeleveneal paredtiakjupmps froxmmgde iacnadethaeby 1Ehueingrihs membrane

acetyl.chol inester.ase j.s. present ;i ) . br eak
are eSS E AT T iSRS bieTYD R B Bigh o°
[004B3Ur OXNsransinal tetleyr fouad i@ thd ddnerus bystdoe arectaliad ghial ¢edik estioades are

up i nto the presynapti c neuron.to terni nat ; :
S R e R L
phaP&yti© 0&llsnepycifio Ry aduge tidsuea Celisndbiclimeahe oentrivi@rsysamandfeentral

the presynaptic neurons rel ea .pheurotransm.tter j.nt
conply 5 SEHECCA Pl FHS GREP BT REURT Spaigpal ool the
cenffEIRFD0EsyBREE Ak biadoTerigsuyte fhia seamentd ot tR@matlarkhaaths of multiple

sunmed. Th,eie I ncom ng signals may be inhilbitor&/l.or do b
Deusqrs ki the PP erpk nerpRus ﬁ&%%qaabseﬂmﬁte%f the i heath 1S made by a
sinflO8@NahA kel €aches the mini num threshold for that

neuron, then an action potential will be initiated.
[00f4]04 2f etralingrvoys s¥stM al s travel in one direction away

[00?§]°m TRE &kl 890 B¥etPfdned) UYsiGORE UL bR ankd§pinal cord. The

astest neurons are covered’'in nyelin sheaths arran&;ed
meiingeyi(durn aeatersathepid 90d SaPaied @At Artiaerish el in addition to

the @g#é&@ﬁ‘laff&%@@ 58%_ sl seeli &@%e@{a&@éﬂéﬂr@sﬁ)maj fuid is found in the

tatory conduction; the electrical potential junps.

the fwtanachiod@ sitace, eoties] canhleafdlinspinabiepdipgandbe mrn e oé therbsgin. The

pia'rﬁh\(eql' V&S i GQD glggrt dnf'% Q{hs%t}teﬁo %ﬁe‘?&bu@ ALLBI BRMvedNHe pia mater
speedi ng up conduct1 on. 43 n-neural cells found
and the thire nmager Vieube sipstinei layes. Belthueh fiprousidutaghiter lies just beneath the
trocytes are the nost nunerous and provi de support
hd nourishment of neurons. Mcroglia are small

[00gblagoTHé brimcehlte dydai hioc3 dwicwensalf thd Hsabeain, Qatlbrging prak brain
| i he ventri.cul ar st em and, central, canal of
e, P oo i i oo PR RGPS g ff pehffom. The

ceréfpemdy rredposablb Sor behstibes thought, interpretation of sensations, all voluntary

movements, mental faculties, and the emotions.
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[0047] Cerebral tissue can be divided into structural and functional areas. The surface of

the cerebrum is convoluted into gyri (ridges) and sulci (grooves). The cortical sensory and



central nervous system an oligodendrocyte forns

segnments of the nyelin sheaths of nmultiple neurons. In
w0 b@7pesipher al nervous system each segnent OPCT/H82006/024656

nmyelin sheath is made by a single Schwann cell. [0044]

Central nervous system [0045] The central nervous
mot&YySéa roah Chappah si the postf cehinad gyl‘lﬂlemd anuirad piloe, respedively. The

sensg&%&&%&g&gsﬁx%durlg#nﬁhgrﬂa\%{paﬁp noid tqﬂedb(?dgawﬁ% ﬁfo}ected after
thalmet%@&dsﬂﬂg aTlﬁcQé dielts byf tee bbﬁynwmkuiote aerﬂomemtre@ readings are
osp|nal id is found in the the sut

repressaied by BRES &Pmﬁ nSEPSBY F¢e N5 MYIOT AUl ﬁ Clngtary muscle

movéRIBktS o€ RS codtrateleal Woady PartsThe 1B assoBibifn dréastdre important for the
I nnernost | ayer and is adherant to the nervous tissue.
initighgon S 819 VeH@tpi a mater and the dura mater lies the
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just beneath the sk 0046] The brain can be
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ypot ganglia, and cerebrum
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in (HYQBBAmuf 0048] The cerebrumis the lar gest part of
the brain and is divided _ into two he
lﬂﬁ‘élHd |E‘$€tba5?4&91i18%@ (cwdate gpel F‘Eb%lgbusﬁﬁﬂ dF;F &H{J F‘B‘&éa  Winatamic
nucfeR8t 24 Nfuclel® ﬂ@tﬁﬁuﬁr &anelﬁérﬁcﬁn&déélﬁﬂﬂthmaéaaﬁ hemlsphere of the
associ ation areas, and functions in intel ence.

cerghapavhsy areTpe Yférlp gteagonqr@@é PRIMRET SHRL r1 og?aélgg p&qassmg
and HABGHEBE drBssi@Eihtlonst Mnﬁﬁt@r ing. Primary visual

assocl ation areas are |located in the occipital | ob
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regnﬁtl@n%?s%f%@o here before being projected to other

[0052] The cerebellum lies above the brainstem and uses sensory information processed
elsewhere about the position of the body, movement, posture and equilibrium. Movements
are not initiated in the cerebellum but it is necessary for coordinated movement.

[0053] Peripheral nervous system

[0054] The peripheral nervous system includes nerves, ganglia, spinal and cranial nerves

located outside the brain and spinal cord. The twelve cranial nerves arise from nuclei located
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[ 0056] The sensory division of the peripheral
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rocesses it and sends to the central

nervous system

LYPSHIEPtorsh BrRces et @ihreends Ghibe eirah fervetsed. §§nSPW input can

conﬁy@@ﬁ 688 sb@Bes(a8 @D
nmuscl es) or externa

?x%pﬁéceﬁt%?i &40 of);%os{tféﬁ oJf@Herj&lﬁtthH&I muscles)
sources as I n he sensati on of

Of BHERE pwCeT ashiahe snstting AflarpssuArasdwatorn theeskisk iAgeas of the skin
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Inpitragg dfavel P theespael eratl. aovadge indhe balgeut,rand leed ﬁm& yanmbe, sensory
corRR &t GRtefdbRA l’ﬁﬁo?&ar&&%ﬁleﬂlﬁ%rs%nsory receptors, i.e. the fingertips or lips,

correspond to a larger area on the sensory cortex of the brain. Fibers carrying proprioceptive
information are dispersed to the cerebellum as well. Almost all sensory systems transmit
impulses to parts of the thalamus. The cerebral cortex is involved in conscious perception and

interpretation of sensory stimuli.
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cortex of the cerebrum Those areas with nore sensory
receptors, i.e. the fingertips or lips, correspond to
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n that lie al t he spinal col um.
mu%%‘%% %tfﬁﬁrﬁl%asf’@cem f8%rotransnmtter at the synapse
[0039]t h Tihepdr@RtpRagiconaedn N © GRufefAlanbd 68 yRgRhétcadehdh via
to the target tissue where noreplnephrlne 'S releas d

neuggns 1 i@ AEforiony R Sgrlatiitl siEalnEeines effdithig £NSa F@wmstance

parSyRPAhARifuRASH SRR ARG BEYHORSsesHEGN S, Tt RQBRies resting
i nnervati ng sweat gl ands or skel etal nuscle

actiyijer, tHChtA5r<Bgesien. RIS iR ) ERsliahd.ong GezeyelipRis neurons release
aceﬁﬁh@l%%%&&%gés%l&é AWER &dlog &OSE&H?&?@Q loﬁﬁcﬁeuwﬂ? also release

i/ch npat hetic branch via neurons that arise fromt
acetyfchplingl onghreltegior tsue.egi ons of the CNS. For inst ance

[00&22 ?:Zgg ?t %fﬁa i, Al B ’i'i’rfe pﬁﬁen‘f leéd% %el?&'ft‘é@}{t?ati%ﬂ d%mwth and

rt’ rate. reu es resting activi
Orgmfommndug@dqvolnpmmtdﬁMPai ] mnmhcrdaf @reek(@h - 5ﬁupetf@mgy along with
r vl i e
go%h?cgﬁé}grgﬂagpﬁ ?ac?cﬁy (?rﬁ‘%) ae%gé:' gca ﬁ_&%é%soﬁk%kj o&%glgltﬁléﬁr%ag nllnl(l:lbltlng
subnm/@ms-lvaﬂlsnan Booase (MSIAMHh ¢Ebare agh Nohayamhif 8gihgr2002, 16S:

I ot el NS, .
SlO— ﬁ-\ﬁ%’tggcaﬂ ’Cléll%}%g Ilﬁjls @%ﬁ wg?ﬁSooHqu %ﬁ ﬁLngguc%on,SSmence,
1965 150(698) 893-899) observed the phenomenon of embryonic ossification and other
processes similar to endochondral ossification after inserting demineralized bone matrix into
the muscle of both rodents and rabbits. After implantation, undifferentiated mesenchymal

cells migrated to the inserted bone tissues by chemotaxis, followed by mitosis and
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organ formation during devel opnent. BWMP is a nmenber of
the TGF-b superfamly along with

w@e@mobsd: f f erentiati on factors (GDF), 0sSteogePCT/US2006/024656
proteins (OPs), and Muillerian inhibiting

substance/ anti-Millerian Hornone (M S/ AVH) (Ebara and
cond¥Rk@oa hon&pblags, WRICR aralG&xre&sliﬁbrsmgsenwrg@loeqlléarhep seprgted

extraéeglggqr rpge{yle}? It ( | Stb]égﬁgera%gg %‘f t é{%%% ﬁmg%; ate. Thls extracellular
matr&h§ %swﬂniehem@ﬁgnmmmeaé aredndyihalia cdssoste@ﬁast @rn'l Qgfpgclast
ther processes to endochondral. os 0
begagft@ appepilogpllyi qap& %&%%ﬁ‘aﬂl%’zﬂe‘ﬁ staﬁx% or %r | {)%) l?dﬁ{e tﬁﬁ{;} K¥ter 21
days S fcleCw R mRRbR bRAFHoRe dadforabd(Wang dfal eProc Nat Acad Sci USA,

l'ant ati on, undifferent mesench
sl LSS e beneE v Hah % PEEREONTRLpEckfung proces

from] V&E ﬂ%ﬁg&a@éd Bhheashtsix a0 Ql@iéﬂBétB@tUoﬁ@moﬁShogbdrcqind)tamt(EMP)

re derived from mesenc
(0068 br dt 9t Neana sl (Y aRE chile ProE Nitrhce Stiidin ddSh goioate e
1sola?ed thgg Sﬁgéﬂudésgx% SRl Blar WRightseftibadrl 131kag, an@ B0 kida each

rized through hemat opoietic and tr6eo|16€}' lat
from: ebme bOmse Stizaest eapd (Boawsy Bspg RVt b° g’pgg ater
1denb§%(gfnfn¥ J ues?&i? Hgggfi(ﬁﬁdé bR st ehebd Filspleplidee ds probes. Follow

ossicle with rmrrow o&§
up safdidohimes neeemletl shapeseatofg estdp endagepus RIMP’ £ Wgzney jand Rosen,

ciind3iger Kep 0 255D s changi ng process from the -
[0063g M ﬂﬁfcaxbtleIGMGJ ool gdnG-preesselctey el mpbge RS transforming
rotein alg: 26-
o R 34 O 5 e
37) S4Bt SAG SBMPS @freaﬁredilcbdh aﬁelaml B PEIOF fom agirhsedrs 2 15-25 amino
a01dfm§)1| e &l(g&rlq%\gba %fgs alo o 3 %9? ar%r?o %@@2 an@%uﬁ’g t&%aﬁ agBoxyl

zney,
ternBdl, wiklp 9Q0-132: arrﬁﬁQ-a&;ﬁ?)TlheataﬁBr habe pellfcomsdrvhd rf/anysm% residues,

eSO BPP R G 0E Ao BN ey B Baoa R of i3 procursor
by %fot&ﬁyﬂc%@ée s]fﬁg RaeROUS BYP! 82:( 8452695y Bachl aRdwemuature BMP

346: 0
profr i G bbb rbe i ocirahoabd S SR §Bhota) PRI
hnk(e &E&ﬁxﬁéﬂ“&n%%ﬁt&f mcalﬂéremt%as oftimeeners (Haemphthrd la, J Biol
and Rosen, B%ﬁti :elfléxgs 45 fsl} rozeln has been
Chegp.r h?ﬂou 26| 1)319%50%%‘"%95 telie g{lqag?rbg RUrSor
hnke(a th? Qémﬁgmeaﬂ% Qf s&h%@ HeRerétinGe, BIiPd asd BVEN7 haepbded shoven to be
375 am no acids, and nmature tﬁ

str@@ﬂmmhogees— i B OHTED SRS a5 Ho s RO i“ﬁ"l“’f“% stal.
cﬂ%nte‘ﬁ%l)&ng GARSERYEods. 6Y5HEl: REmpAR bIHIE S BicB ORI, 1990, 265: 13198-

neri zation after the carboxy term nal region
132_‘@)cl eaved fromthe precursor by proteolytic

[O(Q%flcs zSI %(tp eoaé\ﬁ&pr E)ﬂ[ ﬁle blol%glga ac%%lty Q§6B16@5)it isEA&Bssary to

el'n exrsts as a
undbirsbildf thel esglilatibredd Bidipeiaresprassiom axlkie srechapsmsefRMP dimerization

di syl | a
R i
it Bhyobe 1eh@ A BPBAC RES:loop3HS (HEBASOroten{Ebgra st il g}cyhenp Biophys
Regj ICrgemrnguZnatl é9%n2/?0 1%5 ?418rﬁue{)ﬁLﬁ otle)ﬁ(;r‘pcomposed of 3 domains, with two

outer domains acting as positive transcriptional activators and the center domain acting as a

negative regulator. Among these domains, the E-box (the DNA Sequence ranging from
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linked to its activity, and as such the heterodi ners,
BMP2 and BMP7 have been shown to be stronger

woreoophasens t han the honodi mer conposed of t hePGHIB2006/024656
nonomer (Kawabata et al., Cytokine Gowth Factor Rev,
1998, 9 : 49-61; Sanpath et al., J Biol Chem. 1990
246~265bp) 13 138gniZd 250%he IUSIOmﬂlsctlptlcm fhetor tapd dapian dmpgrgang gole in
t he bi ol ogi cal BCERR Aplidafed in the
regulgmgef t SRS Ofgg'\ﬁyé?l on OELVPI\%VII) Hf ol fplica

gene expression and
regulhﬂ'@n mﬂ@nldémlp&thw di neri zation | n the cel I .

0068k B bctoaal REOU ATk oyl ToelR, BiRpEey fipone

beyoﬁ&3 ltl'lé(fréxﬁ&lb"tlhﬁeh'léve( kil Hyverd éﬁt&elmle(rﬁbﬁrla thdiught that Bitgdh efrihe
ophys

Res Commun, 1997,.240: 136-14 b
ceHSp.erp@tpﬁ ‘PfSBWn%‘é‘B%l 28 FINB b ¥R fgins, V\félsﬁ} tra%: ou Ms and in

respaﬁg% Nfe fctdalld AKvAPDF HMP, inayareﬁar Ieﬂlﬁan(jdft’abrodmttlouaitfmegatl\’e
and the center domain acting

|
feedibaeb mggnalh adiimaidyrdgadng tp ﬁl@lrgeglgﬁh% (ﬁ,g, éga&r g%u §}§185 2002,
168 GOH 1'3? i k056 gxl%magdlé‘te(f BARORNIsZAs thysduettor iifd by repressive

transcripti én factor and has an HT%ortant rol.e in Smad
Smadqguﬂemlsl mgallllt%th@kﬁ%%ll% able do upRAsUlal PRESSHERYSL. re%ﬁﬂgvﬁ

protg ybﬁ%&gﬂﬁ 'ibobhﬁssr souked)i on of the cell

he blologlcal act|¥1t1es of h
[00651 e tAtg]hEt éxyraceéigla,t bvédthat:ellqu eougoted b FAYh @dﬂéﬁ’ffﬁﬂmt e as

no gglh %ﬂ & Ll Q rfl‘?ch g ﬂ) 99‘? de El(/ﬁﬂtoqm; éeﬁcr@ée 1ok ar vlfwted gdstrulatlon

out sl S, receptors of
(ng; %hh(anl@; the;ﬁmuﬁnnbaftchmdrmr(‘ﬁbm nlsd N@l@g@m@y SP§ 2004 }f(ﬁ §N?3§15)

Fo i e G BRSSO B8 s oy BRIt

negati ve feedback
NatSegr9b s374] 3dorasBRl y | eading to their regul ation (Ebara

and Nakay ang ﬁﬂk) 2002, 16S: S10-S15). Inside, the
[006ad| | sRegeptor iy ¥MPo ' ot h by signal transduction and by

[0068Pr ESMIPVEin&TRd twid diffdrens typ‘m a(mpﬂgl ava 1) RIPEerine-thEgoping d{lnase
up re ul ate essi on of
recqugér avchWae ié%ﬁ%ﬁ@nd &P Wé)e %)tgr lgagg%g fggo%hﬁh&lsm mammals

(KawA085kt A, CRSKIRXGE@ARIHadlonRel,£1998, 91 #eceli maaméﬂs the type I
control I ed by BMP bi

recemis ey isplorph@Rd ll?m:,\lp gﬂe q\%p Ot el %IFSJ %W&y s aﬁqg%' slrﬂf)@r&?fferent

be ﬁ‘a&xfih%elr deﬂvﬁoﬁ%fgl@esfa%éﬂ pﬁotemd((rﬁagora en hiar}mﬂetwe7 389: 549-
unction of chondrin bara an i.ne

55106%r S8 1BAHCtiqog 9P B0 1 P0G e G T G Keesptor

! S65 trBMWRuced MRt ety oy @ie tape I receptor. The
aﬁ%ﬁteﬁ i geg%ﬂa% gg%rs%% e

0066]. Rec fo
mg{liﬂ)@iﬁﬂﬂe CSMPLS bqamglgchobyt @maddplpfeg{se%@a y é@g&?{ F%%m 1 alﬁ%lﬁg to the

sanye s)thf and wagsdhw tﬁ951 ﬁl&n@ﬁﬁ SRARILE smadﬁmaqcpelghals from
recep ors and one receptor have been confi

TGFrB asinavtiVis. nheam&mads oue h@tpromeeytc@m? ﬁ%%%%ﬁ‘ﬂcaﬁ%w(bﬁ“e Aucleus
to ac %vate va?r?o%s ggnes.AS%na%%,) Tobl, Qm%ﬂ‘ﬁhﬁﬂ A By 81V88Ein negative regulation of

these genes. Among these, Smad6 represses the transcription of BMP and also has a role in
negative feedback of BMP signaling pathway (Bai et al., J Biol Chem, 2000, 275: 8267-
8270). Tob is a member of antiproliferative protein family and is involved in negative
regulation of BMP/Smad signal (Yoshida et al., Cell, 2000, 103: 1085-1097). Ski oncoprotein
represses the expression of BMP-signaling and BMP-responsive genes, and represses the

activation of BMP by directly reacting with Smad complex, which is a characteristic of BMP
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receptor has isofornms A and B and al though they are
structurally simlar, they show different behaviour in
WO b@i7002¢et i vati on of the Smad proteins (I manmur BCEUSENG6/024656
Nat ure, 1997, 389: 549- 551). For signal transducti on
type | and Il receptors need to forma conpl ex. |
(Walfge&QﬂJt Pfoci MatBAtddvEd &b A)y200§,085: [1H3%ei8pPo Seird he}wsgs fo Hect

i i s trans
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Structure an ransquce SI
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S SB@grodeqive s8as atdteir follicles during
S e e s

the eﬁﬁgymmcﬂaggf Fgwxagm@ng}qfﬁ@nqyg{l R 9ge(rq3g}d %)@ceglb n gngﬁrs has
been Z{BOQ L dde' B a J%EQZB B 26 betwedh ﬁ?e@s %ﬁé&by ®MP (Zou and

pro erativ rotein famly and is involved in
leWEELQelt Smenced@aﬁa?ﬂﬂoﬁgbf BVP/ Smad si gnal (Yoshi da et

BM? éf) luévng ed’ 1 21‘9191%110& O frorbiBm ]91:1- 08 Dheal el ofONERE %Sfﬁérﬁ during the

the expression o MP-si gnal i n

embBMthr momsw ekefreal sgsteranfen bph.cBMEds Pf?ée“gé‘t thg £pllagan of brain

it € h& PMYrhgicfentent
sooppepeaaet S5 i p Bl U8 5P R RTRIOR o il tnans
BMPSRAp h20bén 1@)Tated1ﬂ&94>s@d{a@9yna a@ﬂmhcmdm@@wn@@%laﬁéét an, Clin

Ortkto,pailé%) 2% O‘ab g?é)gb%ebhg&ur? 11% Vlé Irdy gl Bk Qﬁ’s%lrbed bone matrix,
achﬁd@ééeﬁt&fprdgéﬂtdradeﬂﬁj ﬁﬁaﬂh (W Ipretuces| morq\lgMPr eDlstllggig)n of BMP

400: 687-693 th f .
dep%tfdstq{)eﬁ-g g)ﬁ]t{xi/ 183 ptg%néi Bl atl oGS SRS Ner Qb Szﬁd HACHE Pkthe

NS 1I'S ongol ng an seens
corﬁfdﬂ@étect Yo AEpro QY edaviiils i BMP hresaasrc]in baselof bdom sirded oyn a variety

of qq@gg%gl%qotg S’I&lgg lgllélijrl Bt c%%%glg@s A ét%?kbaﬁa%eg% g@én c}eml)nstrated to

havh ﬁgﬁ&gct@ @ff&? |0{T‘B{e Mléhoﬁ%f heal:l%iﬁsclefiﬁ iscRERIE-286 3@)1;fu$1mn@f heart
prost at e

mugcs @eér glsal.¢§; Mok &eltl t epr d UCt ! VeS@{ %@ %Eg? ended inervom%s sgstem
in %g@ﬁ‘ﬁ&h? rﬂnd‘&f:mg ' @ﬁﬁfaﬁ 1&9&11215&@13 @ﬁéedﬂﬁg VMB 1ﬁﬂonaj;dbm1riahsav1ty and

regen%mra gﬁ‘ort e b dueglztélglpgrg M?-él\llé E’Elgclfegﬂnst[rvﬁ?g 1998,
1011%??(” 72: 738) BI\/P is involved in formati on,

ntiation and healing of skeletal system during
{0069k eBMlmetdns'lﬂl&gmy In the skeletal system after

[oogbf, th esén’? n]% [3 B8 heo a§s@§a&ﬂh§@ﬁ§§BDﬁP PR6t3info e lsid®E nerve

m cel nmesenchymal of matrix filled .
degmérhudai tmoﬁcdnsmunemge obEyaen e pregip 1‘f§| %16 # fdeseneration. Preferred are

sarcoma and chondrosarcoma (Lianjia
Bl‘?a‘?swg @%ﬁ%gﬁﬁ?‘@@ﬁ%p 1990, 257: 249-256). After
[0 pCt dherapBiPc Cemgodiiased i n t he absorbed bone matri x,
activ tes ost ni t o Qfg&@a
03] o P SreERPmtTomear Bpta paRG e B QS Siserse

VR on the tinme of

thak B dhﬁﬁaf'eﬂwdtbyafedroldageaeraqn Tofhis ey, fiheaimyentioe Siepaelis apound
mgy%retagrmmstered to human patients who are either suffering from, or prone to suffer from

the disease by providing compounds that inhibit neuronal degeneration. In particular, the

disease is associated with neurodegenerative disorder of the brain, loss of nerve cell,
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conplicated due to reciprocal reactions. BMP research
has al so been carried out in a variety of other

WO e@30exs11 0 study their protective or regener aPCTmES2006/024656
effect, and have been denonstrated to have a

pr ot ectlve effect on the function of heart nuscle in
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ent’ Tnvention enconpasses administeri r}‘? VP, adiusted 1o
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erative di sorder
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by &c’i‘&‘ hGROVES IBYrdst 1badimder tpeptRRiibn gtten tan I%Iawntwai @dmingsation,
Sci ences, 17th ed., .  Mack. Publi shi

theygall bpoqoa‘@glamzppé admingstered, il @ %er%é?o éoteavslgt {ts %ctmtlon For
e\aﬁl‘gfe ﬁi E@&E aihyP e DRENNNBIA N RXEradRhadht MRY-al@inistered w1th enzyme

tered.” Dosage regine be adj dto
nioers st PRSPy JBGTERE PEeBBRd. oot erpieesroBg i foni
surfi t\ﬁng 6&ndg gggo%y%e %Qm Sh& a8 athetalietyy p@lyeﬂltﬂlenedeﬂh@ Enzyme

e proportionally reduced as_indicated
1nhfbxtoge eluds pAncrehiec (AR pEHIIET. s FEORIPEAUOFPR SB’&ZF? VEEP) and

trasng Bﬁs%bn{é? g@dea\g Dinshieh&fhtdr "CEF CaMKRIMs @8 twdllBaNednventional

he ora I ntravenous (where water
lipssoingbl €) , i nt r anuscul ar, subcut aneous, intra nasal,

[OOJS]t %ﬁ? %VF g{)mgglgle?m %/ bE 9 ﬁﬁh Pdd ﬁa?&i’llté'i‘é]fy' d?gnt(a@ertoneally
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cel.l s, se ed i\ bhd§leYintde dRhafisREontain a
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solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. In all cases the form must be sterile

and must be fluid to the extent that easy syringability exists. It must be stable under the
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enzynes, acids and other natural conditions which may
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the %Et‘é‘%ff stRECpRed R Ihedpreparmishasttsterie mj‘ﬁzbtabteosroag]ensarﬂab preferred
be preserved agal nst the coptam.nati ng (i&e &ﬁcﬁ’ 1eld a
methv@erdﬁQ%ﬁ?t@ﬁﬁI% v uRsd %‘&%tag‘l?t gﬁ‘ﬁe'idf}ﬂ@g celpfide Wik
pov&f%p of ?neaaccﬁ% Vi dil plisSReT RidRidndledbkicdd Bgredirhnirog, a bmwously

wat er’, et hanol, polyol (for exanple,
stergb-ﬁha\eébolumrﬂbﬁgf?@ne gl ycol and |iquid polyethyl ene

[00% yC O{Vhleﬁ‘% ;{egﬁdeg 'a&%hntab%“ﬂ)r%ﬁ@ﬂe@ asmléélzrilfe& abéketheattive amr[ipound
e]get ab he pr oper can be mai ntained, .o
e 2ot o6 it Mg PR e BT
r Lhe n@'b t g@l@g‘EEQn ﬂrardtd?%oft @H’él‘l' anﬂfSiu'leC beitghaeel dtompressed
e case”’of drspersion and e use of
int® taibhtsf acit arzwéae 1@0@0@@\@r¢pﬁlbw1tbﬁhqﬁq@d gbthe gist. Jior oral therapeutic

adrgxmsﬁgtgog)?gl c]‘uv?Jl %%H%&J?x ?ﬁa&uﬁqﬁﬁc@(‘gﬁﬁf;d ByithY &cipddh®s and used in the

for exanpl e,
forﬁh bD ﬁngbsﬁbaen aibletsp fheoml tabéabfr mwh@cucapsukhe@ﬁ%’fﬁ S HISPEATYNS, HYTUPS,

wafeg%taaﬂ tE ggny < Seﬁwposg(onvﬁ\%qng ﬂ?gpapd:tl%se Lkl £ cc‘ir{@an'l nRelidagte1% by

ugars or sodi um
wefdht Of béliee cB’fn@bmﬁg gte absatypeid nhmtommmonq anst pigpaations may, of

cogéq,n:sgzzél%ql glﬁ 3),%? g%rg%pgﬁtgrﬁ%f eéan | oul? Ly !ﬂ)%uyﬁf‘% bf]thé az@lght of the

apbsor p 1 on,
unf XBIEHnRun @I FUBT R dd Mpbwds tedhrtirgpeatichlly abeﬁlh qqmposmons is such that

a suitable dosage will be obtained. Preferred compositions or preparations according to the

present invention are prepared so that an oral dosage unit form contains between about 0.1 pg

and 2000 mg of active compound.
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[0077] Sterile injectable solutions are prepared by
i ncorporating the active conpounds in the required
w@awano2sin t he appropriate solvent with vari ouUBCDUREING/024656
i ngredi ents enuner ated above, as required, followed by
filtered sterilization. Cenerally, d|s§5r3|ons are
[0079F epanhechbleys, pilis arapaiteatand thetlike maaraliouen rethe fellogeang: pbinder
ingredient into a.sterjl [ t t fi€alcium
suchpyass lgﬂmdfr%"‘é?“@? offHed I Uth S%a%ﬂbﬁ e?atl\ﬁh eﬁ&pi%ﬁt@ ARt

required ot her
phosbRE, ediigmbgrafireapeithodeasantmsare, edtaghvarel, alginie ped gad e like;
of sterile powders for the preparat
a lubrwﬁlg(:spgbpsemg%}eﬂﬂnos}@rat% ﬁlg(? Bl,sg]e ?nné%ﬁ%%g‘i ﬂjcg%g @?ér!)s% lactose or
sacclt%{rﬁr}ﬁdya&el éa\?\%@dr% ﬂh@@m&gﬁgéﬁt)éuﬁgasq;ﬁpbdtmmt foilexd méntehgyeempr cherry
ech nlque ic wder ., of
Ry Db e QS it eI RGN RS P RATY Db i ety of
the Eoo% e O HHgMidSdatiier| Parfdub toéfe chatmialstrhonbe peesebls cPBOFBPr to
the peptides are suitabl Egptected @gﬁ? SEL Opg%mﬂ%
othem@odlﬁh ¢ abysiopboEB /HBE rﬁlasaﬁ%@;“ ObPEFRS BaF R st er &
may_ Qg cgﬁ.{t iff sﬁ@ll&h APar| &eBGthd!A' b&@ﬂ}i o@reh\JMrt ﬂnayamontmn the active
abl'e edible carrier, ' nqé | osed i a dye
compamsi sucrcas@ﬁqawremmg@g%me@éﬁgw@ frabqns ﬁwei)eéva ves, a dy
n%%ﬁ@rpas' @E&Bﬁyﬁgﬁav@{ Of o8y, aﬂ}en'iaféﬁﬂm%@d ai @dparing any
i'rec

ood of the diet. For i
dosatgh @nid ;ﬁcam should deipharmaeeaticadls puterpad éE‘tSFa?Ealhyoff%‘&B’ﬁa in e agguts

L NCQr por C A0 heU6spbiaiel Natof Qistingd-release
amﬂ%ﬁg ﬁ‘ &glwkggag%ﬁﬁé tab?efs 6‘(?[Ir)oches capsul es,
prep@kdtiohs and femspaioss.ons, syrups, mafers and the Iike.

[00@32&&5_[&{) gjge}elmog}i\FWe\ﬁc | ve@é t%ceﬂ?&%@/o? @ilieAt"Nndtdes any

onpound. The percent age,
ananfll solventg, adigpessicni oersa, &natmgx apibeacteiia)aad n@@ngg agegi§r watonic and

varied and .ma opve I b sBarkn® 1
absS bt S necEenh B, INE Thf eyl s KRBT plrlceutica
acti®€ §ub¥iandee igpadinichoiwn is thehrtt Feepipawfir @s phycapsetighal media or agent

osjtians_is such that a l. 0 ! ti s

is lgg{l%aﬂgla Wl%r g]F earcﬁ\é% m(% € % %sléc' (Lgi%eté‘%grlg F‘gl?ee’glgr geli}%gnsong)%m ons 1

conBsst. NGupplerbdirpr £sedt inpient i can alse e epeemdrated into the

that an oral dosage unit form contains between about

congpositiggs- and 2000 ng of active conpound.[0079] The

[oohﬂm feitlﬁls edpetibiBy ?A\difgﬁ%ﬂoaﬂo&ﬂﬁndlhe phneiﬂerahaynpdsﬁlons:mrﬂoaﬂlgﬁ’ unit

ol I owi ng; i nder . suc ragacant.

forglcfgf; page of aiminisirat rmlbfgqrrg}'yl (ﬁs dog {.} SUCHI as used herein

b1 8hi suledhis Sinfir® o adghs B &@emtrmﬁalrah salgects to be
r&g%?ﬁﬂg%gggﬂhg§gtatoSgtarch &?QI%%C cid and t

treafed; udach cmtt C@tﬂ@hﬁ%@ p}'ﬁ%@’gﬁﬂ@ﬁl @eply 5@ ac’ugﬁ*1 dm%;[ena? calcuiaated fo
pro%lﬁ@eetgg Hésﬁgd g‘xgﬁ?éutﬁ Wt RS asibG 4t % Qvithl tBE feqfigedphagamelnaal qarrier.

['avori ng ent such as

Th@lsbecdtcammfcértm desige ypit éW@f}Sr%ﬁg e éﬂ)’@?‘i‘%lgafe\fﬁ%% BY iR ahd ‘dirctly
b0 W Cﬁﬁieﬂaln d fhe particular

de%egggfgl onwtl) {uml;l.:tez lcliar&?a?ﬁﬁ’és of lifte B®We and Ahe p

t he above t
theﬂ:aleumceeffecwmew@emdh end tpa therliraifagionsy W}{%ﬂtﬁ? é@e@g‘t fg‘?mpoundmg

oat i (g[g,s terﬁa‘f 1581I %rﬁl@aﬁﬁen{“&g lifs¥ast hg H%t}ngé fbjetsf}&"viﬁg@ diseased

or 1 nstance, tablets,
comamﬁuh@ﬂnmﬂyﬂmﬁmmhhMBdmawmm shel | ac, sugar or both. A

[008&5 up ”I%re grlxrlc%(pla BANA ﬁl%rnetdi%np id ng%ﬁlhé/cf“ for convenient and effective

administration in effective amounts with a suitable pharmaceutically acceptable carrier in

dosage unit form. A unit dosage form can, for example, contain the principal active
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conmpound, sucrose as a sweetening agent, nethyl and
propyl parabens as preservatives, a dye and flavoring
waewh/oesizherry or orange flavor. O course, aPgT/US2006/024656
mat erial used in preparing any dosage unit form should
be pharnmaceutically pure and substantially non-toxic
compoind Hﬁanﬁim%ﬁbrﬁglmd)rﬁ)()eidug {orabaultcl00P org, Bixpressad in Rreportions, the

may be incor t ed | £
SRR T AT Y B S e
compdRiBhITBGRAHhihE @h}bpﬂerﬂ@lwphameengadlemtertharqlds!agps aiie| detemmined

|ncludes any and. al | vent. di s
referpneg 9 W@S‘S"%&PSB&‘& BAgngy Oéﬁqamﬁﬁwl? Iﬁlﬂ %‘gg’ﬁ{éﬁ g sot oni ¢
[mm§pd Qkﬁgﬁ gyg&ngelaylng agents and the i ke. The use
nedla and agents for Eharnace

(00883 el BTN P ST s ca@B’t‘m.%%@o Eipoyd of

the 1ﬂﬁ@ﬁt1819 nVenticanalaide i BpRbmag eiitropatiéles anratdphiles, wecbmbinant

ctive ingredient, use thereof i e thera Utl
ceusmmbs pft xpressing ﬂ@dﬁmﬁw}daf%ﬁpmsa%%ﬁ%ff#%%%&? 8"‘“0“ of 2

nucle1c %Elﬁdas ?)gltt of ﬁngﬁrﬁ]] orQﬁhér Re@bP eicahReholf bOintrBuction include but

I 'ons i's especially_advanta eoug%é
are fmtr hmitat & paradertal, amtr@nwp@l@ti, tlnwflﬁoﬂeaé}o@g@\?nﬂ tSUPGHARFOUS:

i ere
1n’[raﬁzbgs§lgi Sglﬁurap cfgrgi Btk g&ﬂ cﬁlﬁ HohPbdfilidn¥ nly be @Slﬁﬂlﬁit d by

U £°Formas used herein refers to physi ca Yorr
any dosenehierautt, tfer euwinpiedby snfuson ay polgﬁ)gagfélgn,f@f a‘eqqutlon through

epltg?%dg ?Lﬁ‘?neélascﬁn%ég% Q. ? 50 1ta¥ SR reQAGHd Eﬁﬂéshnél RlcadaNkioy and

acti've material calcul ated
mayt e élfrmdlueﬁadttb@tMWﬂle@hdzrrmm&gqum astipd pgeats. Agministration can be

s BROEL30E bt By SERGAC Rt oy somos

rns of
or domp@ﬁﬁd)r@nofame ifiveptiarn &do hiye amﬁabnere@usl sysigmpbn @émsumle route,

(a) the unigue chara tics,. [
inclgdihe (AP ELIRH PHATRGy Ry ek HRLRT Bay be
famﬁﬁféd(lﬁl)aﬂ h@atdntricuRt icghister, iiresxemplej nttachesl wra raservou such as an

npoundi ng such an active materi
OmpRY LFesBHAR PHRATY, HE L R ?ﬁsﬁ\}’eﬁg gofeth 8, L 3o Sllinhaler
or n‘éﬁﬁl%ﬁ hﬂlf‘fohﬁtllly,‘&tintc\ﬁﬂbﬁm&o)éolgm@ dgbnti s i npai r ed. [ 0082]
e principal active ingredie oun
[008%inv el & pRecHi P s} \}gmﬁﬂ bF ﬁﬁgliaﬁlgttf) gﬁm%sqerdt ¢ gparmaceutlcal
con?:dBHH&to? Wb fitRons b ﬂl@ﬁh@ﬂtﬁ;ﬁ%dﬁ'ﬂﬁ futhe ﬁlﬁh lnyhead: ofipdattidng this may
arrier in dosage unit ormn(@unt S orm suree
be pchievedk Rripfos ex ¢.5AnH NOR kY Yy lgrg’fatlg%t P ‘?f&n gery,
top%xﬁo#gfléatﬁérégé NG chjRe8n ithTh W&mnd Ql@éé&m@@% sﬁ@ery, by injection, by
ssed pro ortlons the active b

megswéaa&thglerpbﬁegléfms of A SYRPEFHORH STPY Weans ﬁéw%piafm éﬁ-ﬁ dpglpnt being
of 2 qurou% ﬁghc‘ ?orgvg Ge r&ﬁﬁh&ds%&eﬁﬁnhﬁhﬂlﬂggm%ﬂﬂéh@n@ﬁ%aﬁsy sialastic

énts e dosages are determ ned by d
metmpfapee e ﬁbers Rrh%ra{blyu siheny g@@nﬁf@@ngﬁmﬁ@t{smomcludmg an antibody or a

re BP0 e T 1 A Bee i bR g do o
abdorto W aimtchr embodiments & compeutlionicompesitipncaibe delyoe in a vesicle,
in particular a liposome. In yet another embodiment, the compound or composition can be
delivered in a controlled release system. In one embodiment, a pump may be used. In another
embodiment, polymeric materials can be used. In yst another embodiment, a controlled
release system can be placed in proximity of the therapeutic target, i.e., the brain, thus

requiring only a fraction of the systemic dose.
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the invention, e.g., encapsulation in |iposones,
m croparticles, mcrocapsules, reconbinant cells
we apads1nf expressi ng the conpound, recept or - PETUS10061024656
endocytosis, construction of a nucleic acid as part of
a retroviral or other vector, etc. Mthods of .
[0086t I ddetigosikion RCdaidoie Heu¥phamecohagically o plgiofegically acceptable" if
intradermal, int ul ar r [ tbl for
s SRTRTO e b e B o e} AR hO e Rpervise sulabl
admPsBhtidrOdtBS - anfﬁlihﬂ? KRN0 WiEhs 1ﬁa1cbl©rheoxdn11m&jcrsd fmay "Ilberapeutlcally
adm ni st er ed any conveni b
effeqtive (ARIOBRL" OF ﬂksfoﬂla%uqt A B 1509 S 0&1%?{1?’ %ﬁ%xfﬂ“%éug‘ﬁ‘ gent is
phys‘?cﬂb lml_y's?g'mf%mn%gﬁwemms b desggblechange imthalphysiology of a
mucosa, rectal and intestinal mucosa, etc.) and nmay be
recipiefpAiest er ed together with other biologically active
[Oﬂsa’gent@ene/ﬁmzwyst ration can be systemic or local. In
dition, 1t my be desirable to introduce the dine the TGF
[00%1611 ar fa@enedifinem A rsleisractds (RBRTH OIS “’r?&o &

ROt REmERRrEPlo MEH ViakiSit S‘oyspﬁ“@ﬁhtba/ dﬁéw%e or disorder
S’up‘ﬂu ngbq gﬁ)r%ut e, including int raventri cul ar,

sssociaed auﬂnereaﬂonalmyemta@m by Yiey efiesht heieby- &1 Fﬁe@@i’ PR ffadporapy
pe 815?1% thé Sﬁn%%ﬁg%on% 2 SbieBVSHh ek fidbsRd of é\iﬂi‘@ﬁlﬁre,nuﬁkéfc acid. In

reservoir, such as.an E)/ ot
this r e@shexingint of P iroRBiiop, ahmmmlesq rgitls @Fodush theirsencpged protein tha

by use of an inhaler or nebullzer and
me‘ﬁ%?%%%i@%lﬁ gffef\cﬁ an aerosolizing agent. [ 0085] a
[oosmeci Fdrcgeﬁsiﬁadwamof thé tefhags tfegede tieraal| see 08 déﬂﬁ]m Eﬁ jols (glfnical
t he pha 0 d [ An
Phafan D TS ar ) Y TRoVer BisterifCRARS) (B PToliier, Am.
Revl [Ph&rmiAeyl. UGmG@lhBES’BiSEEBy(I%I)[ Matlagapl Scienn ROAGROHY2 \Na%%) and

f t at -
et AT b 065 7 8RR
2150kr1t9f§ It M@th@dsto@fnnﬁmrygﬁ’lbym 11b1§he fant Joe?xomhnmmgb%@n@obfgyavhlch can

cat heter Sl I n
be pseg escrgag%{ &InRH%II% 5!0@ ent IS%)Fogglg i? %/Ign'%%g%f lgg)iog?’ John

Wiy &oal,i Noug Bt end Eﬁnegleﬂ ofiendi Thgnsfanmdaﬁmessmu,ch Beboratory
sial astic nmenbranes, or fibers. Preferably, when
Magephi SipdtarRrerg, JY 5 F&P%in, including an antibody or a

[009 ptige ﬁ‘lfefern%@ aéﬂ%&‘teiMdlé?@ac1d3§bﬁ@erﬁbsﬁha}b@cb@d@protem lwkmg to TGF
erlaTs to the protein does not ab

sursrioite polapROdh e chr e NS EBUA SAURIBO B SGT T SIPTERIgn e

" Sh&l &t 1519 hB&r tnl clar @such rimslammdl sequences
thag@(ﬂré(sg tﬁzﬂg 9%62‘8%% hia ita 0ol ol %d cporkh pociaisn

ha\ceaprob@tmj% loperalyhe dinked 4o élaﬁnpqalmpaéle w@qlle%gégl%ssﬁwmf‘}?w being
1nduc c%ﬂétu%f% arfd, Waﬁﬁﬁ)ﬁsﬁ% sH&:ﬁﬁ} 4 BnA®thagicular embodiment,
I ment, pol yner materials can be used. In ye "
nuaﬁotahldrmdnbd)m arensed ia Vot ﬂlélppbféem’éiP &adigs é%’@%‘i’?ﬁ @‘é\ Ay Othet
ced in pro t recdmi@nation at
o e T
deﬂtseatsemmthd cgsmn[leoﬁaﬁ]proﬁzidmﬁmsmttad@rnmosorgeé.ezspr@sﬁl%@f the antibody
eng{glén eg(lf g, ?‘4(%1 er Ond %ﬁ%e‘gl BeHcC ‘N&JclyA@&f e} alb £"s6:4932-8935

n can ol erated by a recipient
(1589)); rmjllstxarédall NaﬂirhM%%eﬂ%mﬁl%abl e for admnistration to

[OQQH?ta aI?q,lllé(prgﬁ)é ﬁ{ei %‘%}%ﬁc%g Mo a%a’u Xl %a§ Be BeRAEMAIiS WRlBase the

patient is directly exposed to the nucleic acid or nucleic acid- carrying vectors, or indirect, in
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effective amount” if the anmount adm nistered is
physi ol ogically significant. An agent is
w@baogioadsoyyi cal |y significant if its presence rBCSUUBR06/024656
a detectabl e change in the physiol ogy of a recipient
patient. [0087] Gene Therapy [0088] In a specific
whic8ERRUEIIB ke firdtigdrsfoemad iniis tmmnrel@acmg ixs eifoe e gransplanted into

di the TGF |
the nge;}i(t) ﬁl]lhgs?eéwé gpgrgaqh?sezgg an%nh f%?elt% 1}#? 6? zeivxgﬁot & ae§ (}jzvg gene therapy

[009Q1r SORflgEp e@ﬁmﬁib@aménmﬁemumwaamadeqmgam éxtecdm a@ym@;ed in
gene t her apy. Gene t her

er 0
vivo et it mpwe@l %prggllxﬁeﬁlp%qnp c{u&t i’hlg ﬁ?ﬂ l%e z{ccgl%{phshed by any
of n&ﬁn%B%%ﬁ@tqo&rmg%rﬂ SR 4, 8 cNWG|cBhstrudgtiherh s bhit f an approprlate
nt of the invention, the nu | ei c aci}“gf éI?lP ice
nucleibetid expressivacegpoind; mimseringdhsobad %Y Reeme pgeqltar by
1nfe§{oI1 %glil dgfgg.ﬁ/%]or g@é'nu&@@%lnreflseé(ﬂ &H& vkl \Iebtﬁrsrf&t todigeciohjection
erapy, see ol dspiel et al

, Clinical Pharnm g/
of nhReMBBLABO@ Qo_‘ag%)wnhv\bpldh br \wgll- sgf@eh)@peé)&ys @rgﬁymgfgctmg gents,

enca%gﬁ%:% 1]331%' %%8%’3@@%@?{ Ileé ;ﬁrvmscgcf%féléé%@ g«lérobyggdﬁhlg%{ermg them in
link{gt39 3)pepiai’elehﬂr igamowm b Mqéhes@wleumhy adppiRistengqs Hblmkage to a

b Y X 83X
il 4 M ET ) 80, o igpien.
262t4e:2,94m4ﬂ20(g987\b)h (\a]hch:eam breused dol tage ogld dynep spasificallpgarpsing the

rece@%%ﬁ aW§ g?d§8% I L&y I?Leé‘lgap)ﬁglg 81d'}11|g54?d WI%S BinVeP8hhed in

whidH ﬂfésﬁg,%hd aﬁﬁhpl[fsep raefisogonic viral atmidatio rd}srtm rm@somgb siRvEg the

nuc}z{ge(ﬂ%a tg ag%l sg@?ﬂ%h asdo f;[% Tré% t R %e% Fn%g 1gl§ﬁteg1temuclelc acid can

be t-gf%teﬁ WP eHb Y del spedifiPeahlicttad ebcpresmﬁnnc; by ttd:ngtm.caj e 1<a(,chptor

MBI paptssadicns he EPFRN PGy i kgl A hos

cenlsmlg A t@&ﬁesemacw h&REIUERE @scohmitatipn GRultee nsd Spwthik| Broc. Natl.
I NKe 0]

ActdeBRgUS hd6SPR- g93ér(f)%§h§1ﬁ$fat%d Yo éﬁ%ﬁﬁgﬁgﬁ%ﬁg REFTL o1

[00§.ﬂssuﬁ1 §RSEdifil EmbbBinRROARI vB@bisi Bty afntﬁmbmdBWEMd sequences
cleic acid nDIecuIes are used.in whic

encpdihy ﬁ@mqlm)@pt&gcﬁr% gs Elﬁ?eli%’l%c %5%9108% %P&B% g}e pogjypeptlde to

be ﬁs%&‘ ﬂf%b‘f’l@ $hefdp§ atd APMERGnB¥ng BOIERS/ebtBR! whIkKD Fadiligates delivery of the
ono ous |Peco nbi nation at a desired site i

gengenio mspanlem Reipy il deciys-Fadpnaviel e kFoMY st 55«3%5%% s are

h | Rétfovarell Gstdr @bhtgih 88 domponents
em%{r%ktts hoefe\?&q ﬁag;g ﬁgpﬁﬁ& %%a%b@& soiO"USA 86 8937- 8935 ¥ I
nece&@BMor 18 ¢dretir packaging of thrgvirak gengm - andutgeraliqn gigihe host ce

D 0091] Delivery of the nucl eic acids into a patient
y be either direct, in which case the patient is
[009UY eCtAldyn(B/erSBs ack éspedleﬂllg attractivs vehisdss dorogelifgriigagenesde jreppiratory

epx%:;q I:l%%; 85&,"( %ftol?a.ﬁ}agly V\hn{eﬁp %ﬁ%%?o leg‘ﬁ% g{ﬂ dlg eﬁn caﬁ&' a{ milddRease.
Othdiesrghts anspleantime-basat alelivery systems are liver, the central nervous systemy,
endothelial cells, and muscle. Adenoviruses have the advantage of being capable of infecting
non-dividing cells. In addition, adeno-associated virus (AAV) has also been proposed for use
in gene therapy.

[0095] Another approach to gene therapy involves transferring a gene to cells in tissue

culture by such methods as electroporation, lipofection, calcium phosphate mediated
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the patient. These two approaches are known,
respectively, as in vivo or ex vivo gene therapy.
WO 0@9ap25in a specific enbodi ment, the nucl ei ¢ BCT/US2006/024656
sequences are directly adnministered in vivo, where it
I's expressed to produce the encoded product. This can
transb@h@ﬁ Qﬁrmﬂal &iﬁam‘ioinyUam}ly,oﬂhe rmuﬂﬂmdoftfsfrmﬁeh owndre digniransfer of a

t Tl
selecéappger 5 cp P élgeh%%lfs y{ z on@ﬁ %ggk%( 8,0 é:éclbgtgﬁeggeéétﬁ%ﬁ goolgolét@ those cells

that ﬁeﬂ@t:ﬂ&ﬁ L bhd e kkpréing M&ttrdhkfelye(b@nerﬁlosmeﬂa@r@|tlpqu| dglivered to a
by infection using defective or attenuated
pa’ﬂqﬂét rovirals or other viral vectors, or by direct

(00961 €G4 I @R Shboakast, DINA, nudleicC adtl | mglmoﬁimeﬂu mids: @ell prior to
adn@a@ﬁqﬁa?w%&{&fe%%%l%@sor 3K ge}cllegt b cgl%%n (:an be carried out

by aml GhRRPSEHRSn (18 arancﬂﬁHﬁthbI&trﬁﬁt lifgred het‘rarlsfedwm Iebg’eouomtlon,
peptide which is known to er the nucl eus,

nuclamcﬁolstlefepm with janvirgl m&@@eﬁl%’ 489 YRR FOR R e X‘&%clelc acid
etk dvitied

s R R B a 7S (i ch can be  ore

transfere dphepoplast fistoncanr| sot §pp SYIMSFRE ,tﬁh@]gwsyargggﬁﬁ)@%g} H& g for the

1ntrod%&go%]t & ﬁ))redgrp gen%F g cefl@alﬁf‘ﬁfa &k L%Hpﬁghééﬁﬂltancenw@l ghieCpresent

exes can ornmed in whic

1nvdnt1qar1dom¢¢¢>ﬁ1a’sé® I@Ceaammelepmweél ansetﬁwlal@glt%‘ E‘P&fﬂl}fu"f the
re01P1§%O§g§T%re ng?dls&gdta? g"gllé]mflﬂl%{/he%h&ﬂ@ OQId'éQOIaMQ Isﬁble transfer of the

egra anot her enbodi nent, e?
nuchitChotd @ ﬁeméllcmtha‘etmanlgbtce@ld is expressiblebycihe |°elbﬁ%‘%i°’f ggably

and tar geting a specific
he“ita@%eaﬁgs pres nlastclev fo)g fhe nucleic acid can be
(0097t r odelsetoi \nmaaa elubleicancidycaariy innastyeplofos peposdsthigane therapy
host cel I, ex Si o} d to epithelial cells,
enc BRSO ST B L RBPE P g Sipefids BOITR; BB o epithlial

endShblial CER, E&atﬁ%ﬁeﬁ 91353b(a1@,81ﬁ)1301320e}1$ shemocertes,amood cpqgg sigch as T-
342: 435- 438 (198 In a fi |
lymphocgfesy e &r léfP’g’ﬁ? 8&?[“ n ugfagmi’ﬁ%c% d Ige'eq ngew%%mphﬂs

meSREQHEYIE, gﬁﬁm@%kesp Gzﬁidu@l Stedl & progeditorTdwtls, nucplamculalabeprmtopmetm
Sequernices enco

tide t
stem|9g p@ggmtgf eells %eaa Qgrﬁéﬂg%e Img,ggwglgﬁ 11(5?21% rd lbfl)og eﬂéﬁpheral

blob@Ghihiiivet emadebivery of the gene into a patl ent .
Rétroviral vectors, aden gﬁfgto S

[Oﬂaﬁllenohhg PR Mg o I 89% er@ﬁ’yr iy 2utologogs o the
pa&eﬁ@%ltgﬁ%m% . URSfiedRata ?‘BE h\ﬁt@ﬂogMﬁCt ors contain t he

conponent s necessar or the cor ect
[009P} al Irgeﬁm@caﬂn@oﬂme@g e R $HO b?elgwglfgdcgﬁg P‘“@Rﬁfs of gene

the% g?gélqpf\ge@ NAVINAYSRS Bt HRELS meattb MRE thdify Yeglting ke that
Ivering enes to respirator pithelia beé)ause £ th
exyirbssipn rditiloer mlclle}c acml ésceonfrelabier byt equjro gttﬁxpepre%pn%gl’r SpijpRyt the

O her targets for
ap%{a%rhag?/m%cftgfase% %eﬁ very systems are |iver

t he )
[0&1001 r dh pagkvieysvier NIEHT3 entiotrarsiics vl PYP-3 05 B4 | qgeoding
ovi ruses,ha e

gelilerﬁngc\yafsr?é(p%sgﬁ 10 &t%?oxﬁdaé@ﬁlﬁt rﬂ&?an‘ﬂ;hgp ﬁﬁl{égﬂﬁ%gﬁsbﬁlgd oks. Further,

I'ng ¢ ditio

whadl ediee e’?@ssw it@the dewrbfomm Kemald)wds dwatad sigh b@HﬁT%) pdls drgaggluced with
Bl\]jIP-4 encodlng gene, neuroprotection occurred.
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i n gene therapy. [0095] Another approach to gene
therapy involves transferring a gene to cells in
wo p@soeseul t ure by such net hods as el ectropor aP€DOS2006/024656
| i pof ection, cal cium phosphate nedi at edtransfecti on,
or viral infection. Usually, the method of transfer
ExAnpiegles the transfer of a selectable marker to the

cells. The cells are then placed under selection to
[00108j0] ASAMRDED MATERIALS ANDMEEROPSp and are

pressing the transferred gene. Those cells are then

WOIQ@I i ﬁ?tgdgltgo a patient. [0096] In this enbodi nent, the
(00108 | Ailature SpehgiieDiantey Gttaioerdtsi(he-d Savesky pldppithwaight of 40010 g

adnm ni stratjon,i,n ViV . j bLNARteasier to
navE i UsG KR R b e P B E Rty By SRR i
obsdid hhatlds daww henve fegenaration autphydiotegicaluiechangss cpmmr@% ith gats in

transfection, electroporation, mcroinjection,
SIOWIRE 8% on with a viral or bacteriophage vector

[oo®ant avikhogs t he nucl ei ¢ aci d sequences, cell fusion,
chronosone- medi at.ed gene transfer 1. - '
oo P RS S B 05 ek RO By REE s FEaerires
Thub S&NRIsCHART, 2t EibEsEIMBE prodddiey BMP2f BMR4he BMROr aduGtidlousll line-
of foreign genes in cells an be. used i
derisg L BNERIBHO A0 ege Ao R i B seeh at e %0
thatt]_f}‘ﬁPt@,_eEﬁﬁ@,a?ﬁdt ﬁ@‘mvl &I_B@Ed’iét?dl lc&fil;ﬂy KZTWeSioCﬁIG?gia’gsat/ere tdivided into 5
unctions of the recipient ce ar e isrupte
gromise Egchotionmerssishd af 42 pd vl B offidite e S convo
grogf »gﬁ%aﬁ%ﬂxcﬁ'é Gnjfeli Cheh@s tife G@htbd wal didhahodifiel fitwbiasicwithout
cid is expressible by the cell and %refer

bl. )
trankgeni t Eiglsecoad ¢rosR @@@gig[ﬂu@) B qogrgaoaf*éq q r:ﬁ@ bt @Hgla/ref B?f@ef] which

wersirdated! PP fg\éﬁg-ﬁgdiﬂe@ Yol it JghdBLRD lﬁ@nsiggﬁeg cdaake tfiar group
purposes of  gene therapy enconpass any desired, "
(BNiRictoa) wac edrhpasghef rainwith eibied dnepigs. Wgh pgte reatqd; wiih sene-

mo?i?l § ﬁ%{ogﬁ%ti Bin BRIP-$ trat?sgg‘i%t Rl Eirh GRbdpSBMEY @bh)asdstdmposed
i Br 0Bl as s, nmuscle cel'ls, hepatocytes; blood cells
of sitschitia i e mpfiesc yhis, wise [ipateh 0t asse-mrEifise JIDEpIast with BMP-9
nmacr ophages,  n ' ' i GOH@S swhich
wa g Doy bl SoPRR L) A BbABREL 0P o RS KARMO RMVAS whic
wefRatrdated utidr gehemmkitied ifbrabtass wenm@INID raseeriet Hsiadegigad examination
e.g., as _abtained frgm r h
o s TrRRCE DT Bl o1 om
orolif Q8B hartdating fidit eervedfremtbothi limetrst Netvh enote|chndysien Fiesty was also

ene therapy i s autol us to.th LeRt. Iue before th
peitied oty e o e Ry R SRl e ipdsfore
expefinRntS RRE hichsriggiesic nentyctibh every cdtedrcweeki wp to Sbeeeks after the
i ntroduced for purposes of gene therapy conprises an

Surgeidluci bl e pronoter operably linked to the coding

[Odlgg]i OfNervdiiplimtynat expression of the nucleic acid is
control l able by controlli r%g .t.he. pr
f

[00182] agpe d\fgﬁtp Bt avas aegsthetized Oy ipigeiwg ﬂ%g}q%ﬁl }%frdra?eb ﬁleango%ce%fl‘ration
of 300 mg/Kg into abdominal cavity. Hair was removed from the posterior and femoral
regions of the right limb before being fixed n prone position. After sterilizing the femoral
region with potadine and 70% alcohol, about 1~1.5 cm of epidermis around the central part of
the femoral region was vertically incised and femoral biceps were pulled outward to expose

sciatic nerve. Nerve injuries were made according to DeKoning et al. (De Koning et al., J
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[00100] In particular, when NIH3T3 cells transduced
with BMP-3 or BMP-4 encodi ng gene and was exposed to
W0 b@7092501 oxi ¢ agent met hanphet am ne, the cel | BCHUS06/024656
| ess. Further, when nmice exposed to the neurotoxin
kai nate was treated with NI H3T3 cells transduced with
NeuRVBci 163 041i 239-296)18; intisiup dfershinctetwen thectbigh rad fEXAMRLIED! to

0010 1] EXAz[.rgP I§§fﬂ ;5%@%5@?@%&% r%x%gl%gt%] expyse sciatic

nerV(e 1ad ﬂf%n\fl\@@ﬂrf]ﬁg 18k ﬂérgweiﬂ%s]&hﬁatgblhtmﬁ?rﬂﬂﬁﬂﬂ)}gcrm wiglememostatic
used or this stu e reason usi . n mat ur
rorck ks o o 38 i ol FAROR 08 AR R Bt o
holcﬂ?% MRn&RARD S @plyole ik RO Bif QbABIzTad the hang agurg anfissdenteas, a
rats in grow ng sta

00104 ds [.00105
blaqkélrlse‘@hmael@moy tg forqeéﬂ it e £8 f} é‘é Fl“% E‘f?ﬁ?pﬁ?%%ﬁm@r‘ “L’anat the

ﬁxe?lxg ttl‘Re RShE RN @hg RREY Rfter r-Eﬂlkﬁlﬁmg e HabxhSst@icfokyepsy @b first or
| asts pr oduci ng BMP2, BMP4, BMP9

controlrmgm wosciieated v thr pfer avithZ:Q%oml p@z‘mpshfk%g %@roa,af"e@fnlty% 10
cell}ék)/a@sézﬁtﬁg %%klg)tf%eltvg rdr&r\?sfr@l ulﬁ‘ﬁﬁﬂ@ﬁeeﬁfé (B@ EugBjV%e second

ar e S eted | 6cal y Tot al rats
andvibe ehidi wipeauheritalt go@p@wwpmect%dﬁthgmw%@% féhr%‘aasésf Sef?tmg

t ] n wehe f r d
AR ) B TN B8 AR BRR, g o
stertlrzegttlaaajwwxﬁbd mom- nodi fied fibroblast w thout

ene. e se group (BMP2 group) was conposed
[00&(?8 r at & Ctoﬂ ?ﬂ“ﬁlreépnerves which were treated with
[oog(m]e Negké toetlicfionbteablagterfoindd dBpPaRsthetinryjibe eat \uﬂw% tshloral

o e SR Ty SYTRSBE R e
the fréfbriefddl cgetrodd Wik BAdRd 4n tiiealostg embthe Froand elmttdde as g]@ced between

( BMP9 d of t d
s SEA0s B0t MR oy e PRy PR fRRes the
recBNP9%l140i308 aed ¢he dldend Ielfetti’bd@rmppl(tﬁﬁkiﬁ ’@Bcsﬂqm) byvaising a needle

eSO b S T LAY LSSy A U, Dot

Fretq{léfﬁﬁ JRREdinkl ﬁ{r@ﬂng Gafed lan® ¥ adsrdiad lsétﬁltﬁfityth’&iseﬁtudI}as\/ere set as
erf ormsd 2, 4, and 8 weeks after the &\{?eat

Fich oS, § ToVIBAa. GPoEE AN MAABCRTSIgH toss wer
per‘f&ﬁ%& leGer] Qr\Ve%ﬁs fNieRuRRkRs We@ﬁken@éﬂ&hé%gﬁﬁmfg%fdﬁ@ tiperiment

was al so perforned with_sciati¢ ne

and Tl ks i 98 SOOI LBaa-i B UG A By s were
ta{ﬁﬁeueﬁgpﬁl@aﬁ@mud@%gw%@@%rﬁa@&n@%H QeSRNE UlekirQd @WR! Y rats were

week weeks after the surgery. [00106
selpiged/morh nglohrgyoup for the nerve conduction study and 10 measurements were obtained

from both. Temperatures of the laboratory and the rats were maintained at 25°C and 30°C,

respectively.

[00110] Pathological/Histological Tissue Examination

[00111] Examination of the nerve tissues from rats was carried out to observe natural
healing after the injury by examining normal nerves before they were injured from the
beginning of the experiment. Four (4) rats (8 nerves) were used to observe regeneration of
nerves with cells lacking transgene procedure. 2 rats (4 nerves) were randomly selected from
each group and the tissues were examined after 2, 4, and 8 weeks. For the tissue examination,

about 2 ¢m sciatic nerves were exfoliated from the area of crushed injury in anesthetized rats.
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[00107] The white rat was anesthetized by injecting 4%
chloral hydrate in a concentration of 300 ng/Kg into
w@bwoniasal cavity. Hair was renoved from the pPGI/E81006/024656
and fenoral regions of the right Iinb before being
fixed in prone position. After sterilizing the fenoral
The glgnges ininerye HoTIETVRIE oRprIveRoUHie %ﬁ@mwr&wm atfer pemg dpsed with
bufPre® R AHRIdThyt1e AIAURH 4ol SimeS RialiRh R thex%toiﬁ%—éo@ﬁ‘)ﬂ-ﬂ'& E) and
region was ‘vertically incised and fenoral biceps were
Hwédkﬂéﬁmbumm&fﬂSﬁmwexpose sciatic nerve. Nerve injuries
ding to DeKoning et al. (De Koning et
[Oﬂﬁﬁ] S%buroﬁgii 1986, 74: 237-246) by incising the
[004k3]n Betweeand Bheedkhi a@hr thedhetst iajurk rtbe njaginam tagipRtugde BF action
pot%lqﬂall Qnd &g?éeg d%%?ggﬁé{a?én‘cigf &gnpongd ?Jgsc‘cﬁeeﬁ&)rg rea&%ox%ph%ﬁl analyzed
nee j ol nt°miscles to oSe 'scClatlic nerve a en
byiqojrnpmimmwitherefemnvee ge)uppsmml sﬁtstlscanalyisis mr curratdi owt Ty SPSS-PC

crus enostatic fo c for
ST Seiatiorn e RE B g, TS BB Tty SR A7HHe 248K and i
leveﬂl dffs%hﬁh:hnde@%@ls& an0.0b. OT i degread afamgtyhand nepehevatiquplere tiétermined

of hol di ng for e.nerve injury at fixed
bygjrsg’iﬁc g‘%ﬁ?%?c‘ﬁa”i’t?f@r r?a‘iaajé? F‘I the forceps at 5 cm
[mﬁnqn1EM@MHBEE&DabWEMEHT(HBhNGESlnJuries at the fixed

rea - the stron t hol.din ft removin
ofti S n el a8t ep e beick 400 5 o iRt sty aterward
areASwh i BAET N diffelRidelveds obbdriedbeBecleadhaRowiod ivfebied, but BMP9

fibroblast (unit: 5 x 105 cell/50 M) within 2 ng%%
jand 6. At

TR %W@%iome;ﬂlﬁ?r@a:ewﬁ%% ForpRared Wih AlegErauRssY

wedl0's, tﬁ%%@ n@%@huattt%u} 1@cﬁ%l@ﬁféréﬂ%@b@tkve&ﬁ%%§ou?§(&o 05) (Table
injected with gene-nodified fibroblasts secre

1).BMP2, BMP4, BMP9 GDNF, respectively, by the sane nethod
before suturlng and sterilizing the wounded area.
L00108] Nerve Conduction Test [00109] Nerve conducti on

Taplegt Cmgewmdvmlﬁfn@meam@ﬁ@l@wm ng the rat with 4%

Lllll \W A} | II ul uL . |||\4 u\tl' ALY Ul Ul ||U Cl CLIL 1 ode \I\BS
plaéédwqﬁ cal4" wagkcl e @OW§$IWU|§¥®@§CIatIC notch, the

—reference—eteectrode—was—ptraced—oen—thefoots—and t he
Shgm o88L7e2%eet 3686 s/ pdAdedShét weenh tgibi2mul at i ng
BMP281G0d84 8nB6BRe el 038P g 14l £d70.0de!0.9Pat ch- | i ke
BMP4AESroH23.0a3608ed/6ts 39965 + BEDHr dPhO+=e08ct r ode and t he
BNPDGHER €34Lt rddd 6 WS poasS.Ahdes t5BR0<KH0m by using a
GDeRaT®&e £R20t 30688 + oA 48x3/4826nd080HEDI.O% est was done
by using KeyPoint (Dantec, Denmark). Frequency,
vity in
this study were set as 2 10,000 Hz, 2 nsec/division, 5
pective hbrve conduction tests were
[0€%¥foﬁ#§%ﬁ@¥é§§f28 %9 KMy erent s were taken from
[00 1f16‘] b@i&am’e AgtaAheatred LH@RAlY TRA eadh droup befoveetle atpevidekishowed
and 8 afterwards. ency an

lataw.qul “he § b reccdrbinienat e wumég o fiigaces betwean the |
coRed1 WRRP, Ble2 baaek ipMPaRd GBNaLHS aebv@ecﬁ; RQES 4 it ratked&tausucal

rats were sel ected from each ﬁ@ up for. the nerv
sigagfiearet (N0 udyfhangteraesolsBMEde At BMFR @BiRsi e shortened

significantly compared with the control group at week 6 (p<0.05). However, there was no

difference in the latencies among the 5 groups at week 8 (p>0.05) (Table 3).

Table 3. Latency Change in Groups
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fromboth. Tenperatures of the |aboratory and the rats
were nmai ntained at 25C and 30C, respectively. [00110]

w@aionodaset cal / Hi st ol ogi cal Ti ssue Exam nati on PODUSWP6/024656
Exami nati on of the nerve tissues fromrats was carried
out to observe natural healing after the injury by

%ﬁww res—oetore—tfrey—were rrmrured from
t he 20ewgelini ng_ ofeek he exp®ikpent 8" meekk (4) rats (8

nerves) were used to observe regeneration of nerves
Shagnt h3¢&0/1d | dERiMy04 r dhdtyeRel pr ddadk®. 2 rats (4
BMRE 1843 Ovidr e 12ardbM y 13@1%@-10%% 1P6m0dch group and the
BMR4skRies 0r e 1é@%arf-0fed b91€pP.03% 41444038 weeks. For the
BME% s lie+@xanm A2Bizdhl0 ablbf+0.08th $dp &0 nerves were
GDBYH bP2 &a0dd f A@rhitheS arkeP ©P.06t udnéda.4% ury in

anest heti zed rats. The changes in nerve tissues were

i ' i fixed

wi th buffered fornmal dehyde sol ution and then stained -

LEh t [iNn-epsin & nd nodified trichrone
["“m/ﬁ") Wﬂ@iﬁl&?yﬁ@?ﬂ%&@@%ﬁh@ s [00113] 2, 4, 6 and
[0(A 19 e Basatibé €4ita tdndomBTr niensirag oy, eatthgronpkefnenthaegpetiterdshowed

of.. act| otential and.ch during the | atency of
g S bh S ok F Gy - Sp RS O PYED Gl HhuehoyS sttty Empared
withamarniuﬁggﬂghﬂ h w%fcms gnguée g?:émmtram(pég.aﬁ)l BMR2 MiBMEI sroups
was, carried out by - rogram ar.i sons
shased SEriTicatt Kttty GRPRrrsrbid dionsentis) SFRk 6_PgLps) and
sighifidarit Brrdrenced were sho@iid thean@® of@MBEBME2 thdOhe cdfi®l groups at
ees of injury and regeneration were determ ned by

degr
Weﬁlfgﬂ%ﬁoé)é?&%‘lbled%ta as was interpreted by a pathol ogi st.
[00114] EXAWPLE |1 - WEIGHT CHANGES [00115] Initially,
the rats weighed in the range of 400 10 g. Weight
Taplg4nglangesraf ppliteflear e shown in Table 2. No difference
) r egc ?Fg;oup gt wee , but BMP9
growd wedbwed 4soreek di f ferwprkes (8<Oved5) conpared with
Ot Ner _groups at Weeks 4 and 6. Al WEEeK 8, there was no
ShamaBO8t:1cR | 0. idgh?T i c@dt +di2fff eléeb3bet ween t he
BNPDH a4 +(1pX0. 031 { T2D| 9.09 + 1Pak| €.17 = THiinges of Body
BMR4 At = I52Ex BerliinbBit al 8.69 U F9™ 2ABSvee®0 ™4t h week 6t h
BMRE k. 78t:H . 34&el0. Bhaht BB09.#7 29.207388.20 + 2777 430.0 57.7
GIIED 604 46532 BMR2: 379. 610. P04+ 86368137 +AKR0F 382.5 141.5
470.0 40.9 BMP4 375.3 23.6 369.3 76.9 395.5 85.5
: 5.0 77.6

508.0 60.6

[00120] EXAMPLE V - Histological and Patholegical Observations

[00121] Histological nerve tissue examination of randomly selected rats from each group
showed changes similar to the results of the nerve physiology examination. The control group
showed the slowest recovery rate since axons of the nerve tissues were not regenerated and
inflammatory reaction remained. The groups transfected with gene-modified fibroblasts
secreting BMP2 BMP4, BMP9, or GDNF did not show any significant difference compared
to the control group in the early stage, and all groups showed severe pathological indications
caused by crushed damage of the nerves such as vacuolar changes and infiltration of

inflammatory monocyte, bleeding of epineurium vein at week 2. For the control group, these
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GDNF 378.4 22.7 398.2 64.2 422.3 89.5 498.0 55.9
[00116] EXAMPLE |11 - Changes of Latency [00117]
w@a®elooase2 dat a measured randonly from each gr oR@I/D&f006/€24656
t he experinent showed | atency of 1.44 0.11 nsec.
Latencies after the trauma showed di fferences between

symeiiems dgesistad  Grenghout BhPreckaNbawevBIVRDT Fhel BIRE sgoupuphasize of
nﬂ?%ir%ﬁg@gﬁﬂ%g&ol?&ﬂan e?%l%q%gﬁffﬁstaﬁtﬁl Je@@ed ShOMY hARPERem showed

cles of BMP2 "and BMP9 groups were
thessheymipgarescat sveglesi 4 ansiah oy the SR BYIRG arfGRINE seaynt these effects were

mogel,r }? ?Rnr%}lt mlékst%&ﬁfé) aQ(!l5 Fgé(\‘ﬁl‘ﬁﬁ ro’f ﬂf1 Hle%lgw\é\@ﬁ)spgf O{/l\b veaﬁuolar

erence 1 n atenm S anon groups a
ch@dgéspbdlafbiati¢Tabd erBiild Tabl e 3. Latency Change in

up 4th week 6th week 8th week Sham 1. 30
[0@%1 m\ngﬁﬁiﬁl 25 0.21 1.10 0.0 BWP2 1.24 0. 14
[001235 Matedald. 08 0.07* 1.04 0.04 BWMP4 1.25 0.13 1.26

8 7 0.05* 1.14 0.03. 1.19 . .0. 1,
o2 bradire sgraga Db sugin i (iNGLS piess olgh S pkit opagpeno s
havk. 63n Wed ot tHis ttudy. OTI&Srehébﬁ]fdzﬁ]m@(ﬁd&BltéErdtMs beChaades eafier to
bAr(/pl |ht ude £00119‘] Basel i.ne @) %e“é‘ neasur ed fr]fcl)mt
OLEREH @‘?%966 HOFIsFE TF%eréﬁi?fb?‘} flo RiS F?‘P’Ef’d%d it rats in
gro%@ng?stag‘b 3 nmV. Anplitude of BMP9 group |ncreased

S|g]n|f| cantly conpared with the control group at weeks
[00123)nq Methedser the trauma (p<0.05). BMP2 and BMP9

[0cd2eu pSros 518 dnes ;pgs!?,ibﬁlltfi it cadlbdr f RFBAGRS irFAAMRA Swhsh BB were
control group a p<0.05) and _si gnlfl cant

iRtk tor 895 CRAXIMRP 25 SHAWAS ert el dbys. &t tpsiydy, gepschygpn cells
prddlﬂﬁncg BRFO |B1\@[‘ép YRS GRINPVREK 1§ac(1:ﬁ§(p wgﬁ ns G}@Q!ﬂ%}ﬂlnd a;éiJ@ |d@rectly

anges of Anplitude 2nd week
trmﬁ@kedsn@nth%pwhe@l B2V sq that BME2 EMé’é ang GNE age Seszre@ﬂ locaﬂy

To% oE 6@ r35t4 wei:lle %"%ldéd %%o S%ré% s Ograu]PG&;cns@te.&z)f 19- r§t9 w1th injured

neiSrg he {17y grotip 3ups agow®] grpun thhgam Whoge la@wedm.r\@s we@. tzemed with
R L e LR T
of @S withatljil@dmefx@@ MHith st todatedivotl ganemwalifiddsfshreblast with BMP-2
trags)ég Qu% Iﬂ?e th?rd grgu dfﬁﬂdﬁ %%ugf%v%j c&%f)osseé WP TE %Ljﬂ 1gﬁlpeldpnerves

which were treated with gene-modified fibroblast with BMP-4 transgene. The forth group
(GDNF group) was composed of rats with injured nerves, which were treated with gene-
modified fibroblast with GDNF transgene Histological examination of tissues was performed
2, 4, and 8 weeks after the treatment by sacrificing 2 rats from each group and harvesting
sciatic nerves from both limbs.

[00127] Nerve Injury

[00128] The white rat was anesthetized by injecting 4% chloral hydrate in a concentration
of 300 mg/Kg into abdominal cavity. Hair was removed from the posterior and femoral
regions of the right limb before being fixed in prone position. After sterilizing the femoral
region with potadine and 70% alcohol, about 1~1.5 cm of epidermis around the central part of
the femoral region was vertically incised and femoral biceps were pulled outward to expose
sciatic nerve. Nerve injuries were made according to DeKoning et al. (De Koning et al., J

Neurol Sci, 1986, 74: 237-246) by incising the skin between the thigh and total knee joint to
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showed changes simlar to the results of the nerve
physi ol ogy exam nation. The control group showed the
W@ k@Aesr517 ecovery rate since axons of the ner vECT/USHO€624656
were not regenerated and inflammatory reaction
remai ned. The groups transfected wi th gene-nodified
2~2.5 bmdb leagthsind exdokting dheBIPRIiGNVRA totBNMRGE joBt BB tdiegpaesciatic

ner%] Fﬁlm drgl ﬂflé r?e?{r;g xgogﬁdec& ?({151% h%%%‘fl %? c}u%hltng §vith haemostatic
control group 1nh the early stage, and all groups
fors¢pe(Edles &V emp fqn@torwbcmgis cﬂie forvelpsceldolesset authesd different levels of

I us dda e then as jva [
holglﬁlg Pﬁrfglﬂf ?r} y 8l%e sape ) Gene %holf(%n of the eltJ\?e @[ugg %Iafﬁ(gg 21¥eas, a
blaelpiimewhd mmkvdébﬂnﬂmtfomkat 3. anfmmtﬂ&Eendmnalﬁluﬂg ogrshimg injuries at the

ﬁ‘?‘g??r%% ﬁ%g%t ot ggﬁgﬁnsétlﬁ\gelt 2y hc?vlijr%,%t?eéﬁ%ﬁostgﬂc orcaaps "the first or
contht Uetup rwa Higjeges witk haffsd it f)JOS arlt doy-retifisgieibrellakt gmdily 5 x 10°

o)y St AR LSS SR O, o MGk %200 B s

andTBHeCthFt & BMntad tor WPE Kierd 1@éwad8w1ﬂargén@1ﬁbd4ﬁ@ﬂ €ibtoibiakiel sedreting
t hem showed | oss of axon, vacuol ar chang

BMEg, B GROW iesoesiwply. by fhg same grethorl besoan g and Gtpiibzpe the

woBdaraiaal s [00124] Mature Sprague-Dawl ey strain rats
(16-18 weeks old) with weight of 40010 g have been

[00]38 fPeripherakNexvadyst The reason for using mature rats

[00130P ARtk Getnbnid el rfrJnQ tHe hy%giﬁiﬁ%g Q)k1 ﬁﬁ%%ﬁerﬂﬁ’é:ﬁt L&Y followed at
nerve regeneratlon and SlO O%ICa ch anges ConparEd

wegkst % 4r autand ﬁmﬁgrmwbnlgat@tca@@d thregbald Springsthp E?é’@ Wepopespreg by the
Ra%&%ld Sethfder, OF%&théaﬂ el L gﬁl%[ vx;a?e!'r B ey fd'ratﬂétﬁ{a? q’atency

wann cell's were I nj ect é maxi num‘as wel
Tegptrauras @f tlieﬂ@ora’rdm gnd Iihﬂ rathwvere gtamﬂq;nedraatlS "Scandanie, p¢€§vely

BMP4, and GDNF were irradiated with
[Oﬁ%@ g%a?%ﬁg And were di rectly transfected into the

[OQiézl plRedab andBvesks afteribe nBMPRYBYPhe maaxgn@GDNiEergy eind threshold
ted |l ocall ot aI of r

from eacﬁ grougacaﬁ garl%zl?l% E somparing (thhfr%%ge %r%u;\%‘ aﬁ}] gﬁg%‘tlﬁ %agyés was

camed \ms by TPSSEHC ptogemo UPoriyesis@ns Clitw ¢en| eagit (gumpvwérh peefoisned by

AYPBRGp Bt S tane o et i 4B08na o7 oup. (B2
[0@]1'30}1D)EMMP(LMSQﬂlaﬁfgesromhemdlmatmcyr ed nerves, which
OB SR b SRS B A BB kbR nonea

latGRFPSTSEXU40% 3 B SecWMLhfndidl &ffed dhd) @aaS shoddcdiffeen®s between the

treated with ne- modi fied fi brob] ast. w -
copFo g EMP R Gy T G OPErRR BIEBtIES e S BB aad GDNE
gr&fps Itk S sh¥rfefed ﬂ%rﬂﬁéh@itli‘ RbMfsred WithChe 8Bt tot @t £ dvadk tdh(p<0.05)
enenodi fied fibroblast wth GDNF transgene

325 ogi cal exam nation of tissues was perforned

Table 5. Latency Change in Groups

3" Day 6™ Day 9™ Day 12% Day

Sham 11.25+1.17 1229+1.04 1285+121 11.10+2.09
BMP2 1028 £2.15 827+3.05 7.08+1.07* 8.04+3.34

BMP411.17+1.16 1028+256 9.07+295 7.14%2.23*
GDNF 7.25 £1.15% 6.52+2.18* 7.09+2.06% 6.15+2.05*
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2, 4, and 8 weeks after the treatnment by sacrificing 2
rats fromeach group and harvesting sciatic nerves
wo cwmomsth | i nbs. [00127] Nerve Injury [00128]PdiES2006/024656
white rat was anesthetized by injecting 4% chl oral
hydrate in a concentration of 300 ng/Kg i nto abdom nal
D . . 0d
fenoral regions of the right |inb before being fixed

o3P BREEVED: Bhbil o bEichii Bt £ T 5 oy

[001B6)e piBdedlint data randocklyt iheasered foal eapagtoupbefoteahd experiabnt showed

regj.o S rtically.ipncised and, fenoral hiceps were, .
i RlCR e nd e B hECORF G IR Yl BB sty win
ther@heolnpel® ADaP6ahdg afier thekama@<edsaBMPRad Bottngowls showed

.al., J.Neurol Sci, ,1986, 74:. 237-246 iLncising the
sefiiern HiTSRER SRpsien o il g iy PR TIED 5 o
in length and exfoliating the posterior and total knee

Loi nhlrruscl es t&fgxpose sciatic nerve and then

Taplgioy-hanges ¢ e mpd exposed at sciatic herniation by
crushing with,haenostati,c forceps,(Crile, 15 cm for
30 skcBAts. TdP¥or ceps’ doM d belzsgayat t hr ee
different Tevels of holding strength and to apply the

Sham 1d0.62% 41520236t HPhg ¥Qa31=f|11~80néﬂ3éb ¥ ury at fixed

BMP2844 =49 ackdli% hed was0%adid8d dA17 K Yorceps at 5 cm

BNIPb fo¢ e - nd Sdlabl Phg @-P%Hﬁ@ PPdri¥s at the fixed

GINR&3hy tHE KFlohbét HdPdIlNg™ | UéE L% ter renpving
the haenostatic forceps, the first or control group
was injected with buffer with 0.05 m non-nodified
fibroblast (unit: 5 x 105 cell/50 m) within 2 nm of

i i i 30 gauge).
The second and the third experinental groups were

injected with gene-nodified fibroblasts secreting
[0BSPR, EBMMPLEDN- Histdemial avd PythologicaHdbssavagionet hod

88 SR, B Sl BB B PALE) ARy s s
shovesdechtugdee pinfilaotm thdresubis gf thanage phystohezyexpemnatien Thacwhtrol group

f ol at weeks 4, 6, and.8 afterwards., Latenc
sniyfid @R SuRY By g stk Rioal BE P TSt Mt 1) rfiicfated and
infRatidfibdy Sadtioht @mhded. MER arvupa lirahdfscdsin ofittl, gene-nivdifiedafitebblasts

bat h ) f t l,. | atency. Te rafuyres of the
seqtaig, ST PN of REDVR B b B R el SECEREe sppaRg to the
coﬁhc:jlfggﬁ]@eﬁﬁie\é@fbb/staée,oﬁﬁ%ﬂ] gréapk ;@ho_‘ésibdk&x&i‘ipa{t&@ﬂg&%ﬁ | indicatfbns Gaused

an weeks after the nerve injury, the maxi num _.
by cayshe(t faraaeq of HiedSRYSE queh BnieeHeld ittsah 2Rk lfmgw 9bigfipgmatory
méRERA! BIEAInY dthephRIBIBNCR AR 2. BBHhS todhtrd tdréupa fiRtky SinSptoms

was carried out by SPSS-PC program Conparisons .
eEeACBI U S reckih HRe et B Lisr A 0 UNIDRAZE R i lapigigion and
vadfarichf b ewat si@hirRi rbdeaNER MMRShafR 1R HoRed these symptoms at

weeks 4 and 8. For the BMP4, BMP9 or GDNF group, these effects were more prominent at

weeks 4 and 8, and only one third of them showed loss of axon, vacuolar changes.
Inflammation was very mild.

[00139] EXAMPLE X - Neuroprotective effects of BMP-3 in response to
methamphetamine (MAP)-induced cytotoxicity
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[00133] EXAMPLE VII - Changes of Thermal Latency

[ 00134] Baseline data neasured randomly from each
w@emapodsef ore the experiment showed | at ency of PARUA206/024656

3.13 sec. Latencies after the trauma showed

di fferences between the control group, BWMP2, BMP4, and
[00GINF DMEM. wiEhesell at enailes oediBiPRr NENFHT3 gelld (comipl), BMP3 or

Bl\/g{é)l ?éggcfs\ﬁvrge: tgusnlgpt Eln@\/lg r&lf %‘l 8%{11&){*(1 nﬁE’T@gAGP‘? ‘wa?b hg@lduced
sighifitamn cxyto@fm’gem ATE @ilpSed Fig Dalatdieh tDayover KF3THY Groupy and
B A G o g i
celBalat (BIYP4, cldsed Bar okerl'BT30,. add repzesaffatiie @Hoto@aﬂﬁA?Cémwablhty was

PER AR08 8], SERANBAE TP Hone it oL (ol oo 1

[oohlmﬁs M&piu{dg&fm@ltot&%agl wae ndﬁ&@mﬁaaﬁﬂg) rr%bﬁeﬁ&ﬁ&u Itledtrée%tmmt of

eac rou efore the experinent showed

DS LIRS i oh aRse PbRERgr Gtip Ot P LA Sb BvI Group:

rep?és&ﬁétfvb CiHatdoYap OB AL RS 3V17‘31]§M15 Beal&{émah&ﬂre}ﬁés@ﬂlﬁtlﬁt ph¥ayerfph E
after the trauma BMP2 and  BMP4

Sh@ﬁo%é?dBMPgﬁﬁ”@P%eéﬁ‘? MAR: ﬁ%?é r%fé% Ve SRPENRP | MAHE ’%%Wt &&deﬂts

t-tgfhoup at Day 9 (p<0.05) (Table 6). Table 6. Changes of
Amplitude 3 rd Day 6th Day 9th Day 12th Day Sham 10.5

[00142]2 Glogrpver] BYIP41@3d 2ot prevepy M&P-Blduqedocytmtyg(sfﬁ Fig 15 ilosed

andghaééhed %a%%v%r tQQ“3T]3 h’ia%/IPéiLOGI%Zp ’l@ie %Q)swaf' nﬁhc@fks 313@33@-4 alone;

repgesaivE HtoBpt €. The baeh boy indicaBe 3@@%@@14 KRR Wit MAP;

rep; sg%ta W3 é@lgl!ogﬁh n ST 7aia A8k ¢l TShagpy @fMRpSP EQ®438udents' t-
[Eﬁ ST Ol Ogl Ca

erve Tissue examnation of randomy
teseelecxieEdopLﬂtzttEmf/emﬂnveélozvasgb@mﬁo%med changes sinilar

th S neryve t s
o DSFRPESES A GE AL YBHEHAN, B O v
netitonabd egsratiaf intrhiee ner ve tissues were not regenerated

i nfl al ry reaction renai
o8] R BB 1 HERC hBHr PR PR s R PLOUR g g ot of
huBMPEn M3 10be epi(dphyF Il hditieit 1t8hﬁ)\aseﬁﬂyocﬂlng wivd ifaramdasurement on the
di fference conpared.to the co in th rl
ne{EpisgEneraig R AP O aE et & Bt hal Byl Elabn. K
redeptdt CRbie® RSP ts 63 OX3 Gedicnefihd dipgeanyfust Reimas veesiving saline
soyﬁﬁgqhg%%\é%%;g‘laar py%gnau%gl cellalrz{}qerI (lgél IlaFr ra%lntec‘%ure{ in the hippocampus.
Animals receiving saline solution plus KA exhibited a significant neuronal loss (0.001 vs.

Control/Saline) in the CA3 area (cell population of lefi-sided C-like area was significantly
reduced). Intracerebroventricular injection (LC.V.) with 3T3 did not affect KA (LC.V)-
induced neuronal loss of the CA3 area. However, L.C.V. with 3T3 cells recombinanily
expressing BMP4 about 6 hrs before KA (I.C.V.) significantly attenuated (P <0.01 vs. Sal +
KA) neuronal loss within the CA 3 area. Therefore BMP 4 is a protective factor in response
to KA-induced hippocampal degeneration.

[00145]  All of the references cited herein are incorporated by reference in their entirety.
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
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nonocyte, bleeding of epineuriumvein at week 2. For
the control group, these synptons persisted throughout
w@200epk2512 However, for the BMP2 group, the sizBCD1S2006/024656
i nfl ammati on and vacuol ar changes were significantly
reduced and only half of them showed these synptons at
willbedosed apacknB 1o Fbuset $kalleBMBa4 theBPIram iBDNMPregeing slesaritiene and
effects were nore prom nent at weeks 4 and 8, and only
acCURRAVIE AEUSF + hem showed | oss of axon, vacuol ar
changes. Inflammtion was very mld. [00139] EXAVPLE X
- Neuroprotective effects of BMP-3 in response to
nmet hanphet am ne ( MAP) -i nduced cyt ot oxi city[ 00140] DVEM
was used as a culture nediumfor NIH 3T3 cell
(control), BMP3 or BMP4. Exposure to a high dose (InV
of met hanphetam ne (MAP) for 24 hrs induced
significant cytotoxicity in 3T3 cell (See Fig. 1
hat ched bar over "3T3" G oup; and representative
phot ograph D. Cell viability was approximtely 40 % as
conpared with 3T3 cell alone (Fig. 1, closed bar over
"3T3"; and representative photograph A Cell viability
was approximately 100 % 3T3 + MAP vs. 3T3 alone, P <
0.01 (Students' t-test). [00141] MAP-i nduced
cytotoxicity was not significantly observed in the
treatment of BMP-3 plus MAP (See Fig. 1, closed and
hat ched bars over "3T3-PMI-BWMP3" G oup; representative
phot ograph B shows 3T3/BMP-3 al one, and representative
phot ogr aph E shows 3T3/ BMP-3 exposed to MAP. 3T3 + NMAP
vs. 3T3/BMP3 + MAP, P < 0.01 (Students' t-test).
[00142] However, BWP4 did not prevent MAP-induced
cytotoxicity (See Fig. 1, closed and hatched bars over
the "3T3-hBMP4" G oup. The cl osed bar indicates
3T3/BVMP-4 al one; representative photograph C. The
hat ched bar indicates 3T3/BMP-4 cell treated with MAP
representative photograph F. 3T3/BMP4 al one vs.
3T3/BMP4 + MAP, P < 0.01 (Students' ttest). The cel
popul ation / each well was about 300, 000. [00143]
EXAMPLE XI - BMP4 treatnent significantly prevented
kai nat e-i nduced neuronal degeneration in mce [00144]
Kai nate (KA) is an excitoneurotoxin, which is
wel | -recogni zed as a nodel of hunman tenperal | obe
epil epsy. In addition, it is a useful tool in vivo for
measur enent on the neurodegenerative change.
KA-i nduced neuronal loss is via KA receptor
activation. KA receptor located mainly in the CA3
regi on of the hi ppocanpus. Animals receiving saline
sol ution showed an intact pyram dal cell [|ayer
(cellular architecture) in the hippocanpus.
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Animal s receiving saline solution plus KA exhibited a
significant neuronal loss (0.001 vs. Control/ Saline)
WO poovloae25CA3 area (cell popul ation of |eft-si deRCTZUB20M€024656

area was significantly reduced).
Intracerebroventricular injection (I. CV.) wth 3T3

What 4 daihed jsaf fect KA (LCV)- induced neuronal |oss of the
CA3 area. However, | .CV. with 3T3 cells reconbinantly
expressi ng BMP4 about 6 hrs before KA (I1.C V.)

1 SiORbhbEaNibndld Qi@ ofhetvoliipnins: Sal + KA i
neuronal loss within the ar.ea. er ef. Iish
a apr ot eYEraias parCBbIRR ‘P@%‘ﬁf&ﬁ?@“‘f 83%8&-03%1@%%%%&1 BIA S qhence
enco J}%%P ROGANDE! ofIS FGREE Rk Browlid dcAd] supbifaniify bheeurotrophic factor
references cited herein are incorporated by reference
proteins opérativelyelintked BXapPIOMAELpr esent invention is not to be
|11 C ol BEOPRBY n bUSIARAGE bl GrdarEamivitiet secdmbmhibedor
her'ei n.” Tndeed, various nodifications of the invention
resuliiig iaddiopiletiont of thermbierediedlsy3¥ed hereinwi || becone
apparent Lo %H?%S té}ﬂfécke‘ageﬂs”totaﬁ%re%&arfaﬁﬂﬂh&m @erve, such that
fo egmhﬁlﬁ escription an acconﬁanyl gg o0 of
expréSF@m bEthe UB20 &agmawﬁin\mmr_ eq rf@at: airgeed pEve i%“_seAPFFéfF‘;%’& °
of preventing degeneration of nerve, conprising: a
degeaegﬁtgqné}fi%}? e<I:1V%recorrbi nant viral or plasmd vector
conprising a DNA sequence encodi ng a nenber of a

transformn rowth fact 1o oWAULATiOBMEC
2. fa@lﬁeo?let[ig‘]cﬁcg?lﬂglgé%g?l f’v"g{eﬁwg&eg to %go%r omot er; b)
transfecting in vitro a population of cultured cells
wi th the reconpinant. vector . ' b.B_ BniPP Wik aRd
5. of Thneobed fpeitedariis Loy DRI sk 3, BMF0D
pvbpbansfected cells to an area near an injured nerve,
such that expression of the DNA sequence within the
area near the injured nerve causes prevention of
4 degRoekabl ftotfing @108 N Veherdn thEheuwbbpiocfaaior @r@hﬁ@ to
claim1, wherein the transformng gromh factor is
BWMP. 3. The method according to claim2, wherein the
5. BMAyL gwm 8oor@MPro3airBYPrHergif theWPia cohnecTietissee trild
according to claim1, wherein the neurotrophic factor
Is GDNF. 5. The nethod according to claim1l, wherein
th | NGt e whirsisWie @8lid a fibrobteeliret hod
6. acgrcl){rég‘llelrt}hé)dtsacc)&)é@a?m 5, wherein the cell is a fibroblast
cell. 7 . The nethod according to claim1, wherein the
celdy i whBGin RS fpids 26606 ehling to cl ai m
7 iy fatfiag i daim a'gltal cell. 9. The method
according to claim7, wherein the cell is Schwann

3. cel 'hie method according to claim 7, wherein the cell is a glial cell.

9. The method according to claim 7, wherein the cell is Schwann cell.

10.  The method according to claim 1, wherein the cell is irradiated.

11.  The method according to claim 9, wherein the Schwann cell is irradiated.

31



10. The nmethod according to claim1, wherein the cel
is irradiated. 11. The nethod according to claim?9,

wWoR@7002512 he Schwann cell is irradi ated. 12 TheP@®BUKDA6/024656

12.

13.

14.

according to claim1, wherein the nerve is periphera

n . t i y i rein

[ PEéneuhacd il D8 € SROLH Ay ihBBeb nBET & T
to claim8, wherein the vector is retroviral vector
adegnoa ciated viral vector,.adepnoviral ,vector, or
hensaaernd sforfie Yo ctdtm, & S el o & el Yoctar
degeneration of nerve, conprising admnistering to an

2B PSR A ST RO SPTRAL 48,

assooihel rfah véche, Mibkbvidabiceton or eBddRA] vddidr- 3, BMP-4 or

15.

BMP- 9.

A method of preventing degeneration of nerve, comprising administering to an area

near an injured nerve a composition comprising a BMP protein.

16.

The method according to claim 13, wherein the BMP protein is BMP-2, BMP-3,

BMP-4 or BMP-9.
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