NERVE REGENERATI ON BACKGROUNDOF THE | NVENTI ON [ 0001]
1. Field of the Invention: [0002] The present

WO noenbizen rel ates to prevention of nerve. degePer/gs100§021993
and pronotion of nerve regeneration using cell based

therapy. [0003] 2.NER¥ERFPGENFRATIONd State of the
Art: [0004] Nunerous studi es have been done on nerve

regeneration for injured nerve. Generally, clinical
ical treat msnt for traumatic injury of peripheral
BACKGROW Lo Thubruih

NINPFIHE INVENTION series of steps invol ving
irs amaged tissues near the localized site
[00015) 1:1 Ee‘ggghg%pﬁ'gwg?lhg an environnment which enabl es
[0002] egerm@%s@m ipfenfién rdiies & preeéntidn(dfidepd, dekehrufiers blricgpromotlon of

1989, 70: 166- 174). The nechanics of the surgical
nerve;s@&se@r@u%uwgw%lbbasydFhwzmyve directly connecting or

0003} 150 el s RRP MR RS e LIS §) % i 1 onl

[00043 ur gNoatrooe stadets hsmheaslomeon plree adgemﬂamm for injured nerve. Generally,

chmc%lgs%ggg ell ggnetz:l&éelfq(t)? rwagiégwggg@%r%whlgp% m]a'rgvg%r?pims a complex series of

steps [HvBRANERHsE retiin Adaridic ttl@éd%h A6areh& fdchlizRl 51t§ tok T@ﬁtﬁta‘nﬁ broviding an

in order to generate nuscular contraction
envirgnmkanb wdncrhleaglehléss sgieneratodn ofipscipberakbnaree (Kilms ﬂmrqnhrgj, é989 70: 166~

174). 578 oy ofhei NG PRERERF el Sin Rt Ep il rbicting or fusing

the td @ﬁ@&i&hom1899nju?e'ﬂ el 3KE A 3anda Fuded) OF Nedurddurg, }1)83 58: 631-649).
hysi ol (Lond), 1991, 441 : 243-256). Finally, th

Addltmpblsmrggfabfnqth%e%h S elRitphgrak merve ﬁrwelav@tlem(é/hélpsyeChn Orthop,
1988 95‘9‘75'3%a+2ggﬁlewﬂyasf&8%em@&%eﬂvgﬁ% Xhﬁ%tfeﬁp gregtﬁ{emsa%h as maintaining
r to prevent

cont rol exercise therapy in or
electrivalsgithdatioeakadentg generatcomtiscatyr icontraudn tvehigh betptighibit degeneration

cal l ater.al sprout.ing.of nerve un et al Kor e
0 m“A@%é‘EWJB‘F“‘IQS S YA EfoT @%@ge%m{hﬁ nemeg@g impef-al., Korean
Acadé@ﬁ 3f RBHaMilitaliOP NRMi e Acts284n) Y1999 0 028y 3c8d830 hi- RARSEiE al., J Physiol

devices are used to protect joints and prevent damage
(Londpf 190is d#t b Mﬂﬁ)ga&mﬁb’s tlmmm@utbdoﬁglesdwproaf:dmm gtill mvelve extensive
. voi s, Ph Medici n and iitation
P ARG ST BRilIATBI PG e Coalecfied Ry gamy p order to
prevefddiidcunn we\iﬂém@g@ncﬁé@ﬁfabtﬁfﬁ{wﬂ' totpP6ibte GYBStefa0 Eplﬂ@lﬁr\/geof nerve (Pyun
regeneration also invaolve the usage of biosynthetic

‘et al., fipean Aendemod Rehahilitatign dfedigine (Kpreasbi Nt 251 0ad ﬂ75)
[0005@harIlf%(‘flﬁe;tlliilbgCﬂletcfhe;.r{1 9‘91 n‘h?(ﬁ% INeLYs SR M%%dt o %I?Fe%g ??/uéts and prevent

alhmge "o erve an e regenerati on
damageﬂd)f ﬁﬁmmarﬁi llﬁments]sﬂmylﬁdl_ng t}(eLaffE&)e,d at&@OGraddid, Physical Medicine and

-.256 t . . Du u, edjt
Rehatrzll@ew»omaé%g{q%é #@%ﬁk&ewegélgg% + A900pipPA 3243 P Ig: addicion, various

experiidHi@ YenRRlS YSr nekdd %geﬁ&% A8¢ inVoPR e AREL\GKRYMhetic tubes to
Spi ne, 200 16S: S10-'S15

connect nerves or are in combination with pharmaceuticals that collectively serve to reduce
damage of nerve and stimulate regeneration of nerve (al-Amood et al., J Physiol (Lond), 1991,
441: 243-256; Dumitru, In: Dumitru, editor. Electrodiagnostic medicine, 1st ed, Philadelphia:
Hanley & Belfus, 1995, pp341-384; Ebara and Nakayama, Spine, 2002, 16S: S10-S15;
Horowitz, Muscle Nerve, 1989, 12: 314-322; Matzuk et al., Nature, 1995, 374: 360-363; Mengs,
Arch Int Pharmacodyn Therp, 1984, 271(2): 315-323).

[0006] Thus, there is a need in the art for a molecular therapeutic method for regenerating or

preventing the degeneration of injured nerve and in particular peripheral nerve.

-1-



Horowi t z, Muscle Nerve, 1989, 12: 314-322; Matzuk et
al ., Nature, 1995, 374: 360-363; Mengs, Arch Int
web@soexzorlyn Therp, 1984, 271(2): 315-323). [ 0ROB]S2005/021993
- Thus, there is a need in the art for a nol ecul ar
SUMMM\QQELIHEIN‘EENGBONN regenerating or preventing the
eration of injured nerve and in parti

deg
10007} . 1 RIEAPFr (S, REEATIARSY SToniSEs rauiseh Py mecf@écﬁzf] reggperating nerve,
compﬁgeltﬁ%ga?p%e%%ranh & REGRBRANt VIME ¥ IpPRndi§ vgétf)xe%lﬁﬂrlsﬁﬁg 4 DNA sequence

regénerating nerve, conprising: a)
encodigenge rrmmherg ofia rtmosfnbnmgrgrowtlr faktop lsu;pﬂrﬁamﬂ)doﬁ/motems operatively linked

quence enco
toa pfo mé)%l}lA n Yo A %({Pblg‘npgrﬂ%l c@atalfegpqﬁgf &1ﬂgthe recombinant
vecto P&hﬂinlg\iﬁ IaxpoFma{s@dot me Juplredet®y: andd) &J@Eﬁﬁﬁg h8Grah&¥ected cells to
vitro popul ati on of cul tured cells wit
an area g\ lnﬂmd RASEE, GHch thakenprespigniof the %Hmeaw@ﬁ vathin the area near the
S ) th B3RP
1njure§LéH F\éé (?agﬁsé;snﬂegg‘né:gﬁ%gaé:f tglr:] n%[r]ﬂ%u ?gg&ﬂﬁn}&oﬁﬁg %\Q@hﬁ?{o?%ay be BMP.
The BMP trag e BMB{2 dritMPNAThe gel gy be tahtdhnbdtiveatissae Belkr Preferably, the
the i njyr nerye causes r rat on of the nerve.
cell mieha § GREAhR o5 AT el tOrhRRNG SRy The PeNicsyrerve. The
vectopﬁla M 2 Bfal BMRoR- THENGeG6H lnagmié Q@et?o\ﬁl‘%p RE&bt, Veﬁiehé §§s‘6@1ated viral
. Preferably, the cell nay be a fibroblast cel
vectOIa aldemqweral: ebdtor, Rurktermes, vitdheecter.via avlitidme thee popiaical of cells may be

erve. The tor ' ctor., The vector
stored ot S AP FRG uf Shur gF DR LBbie bt T o
[0008Y ECt P irRERIMAY is @lko \d@etted ,to A nﬁﬁ{oﬂe@f gén«%raﬁ/@ch&% ddinprising: a)
addi tion, the popul ati on of cel e stored prior

genergting R ageqsnbiRanit viesh aruplasmigl th@o%mmgj adeNA iseddedce encoding a
myehH P%}aqg %g%engrgig %g %‘ﬁ bfﬁr%?s@éec?ﬂ ﬁlrdc’ 9 rP%Iplrlﬁg 08 %f ciltdted cells with

the regcﬁﬁlahattlvegoa réﬁm@nraqmbumxbxabf the cnluaﬁmcellsv eed &  transplanting
nprising a DNA sequence encodi ng yel i n sheat
the t%&sﬁércs {y it E?aﬁ AN UFGdAHeEY G é’t“‘rhn XPUSSHIPB 05 ihe DNA sequence

withirP AR AR 2B ﬁre ?]ﬂr&fl’ rnglqzecueiuk o frdt e Cﬂ?ér{)@nfdhe cell may be a

vector, resulti in a popu atlon 0 ture
connecd Bssuandl sichtas arﬁipblaiamcn@ eraendrvacﬂlf gbtledtliced $chwtaon cell. In this

meth g iste e AL R BT The *Ervs 38 R meo i S R R Rera merve.

nerve causes regeneration of the nerve. The cell my
be a connective tissue cell such as a fibroblast cell,
BRIESTDESGRIFHONOF THE DRAWENGS or Schwann cell. In this

met hod, the protein may, be neuregulin-1. The nerve to
[0009h,¢ rB&erPéffssmedn\f?apmbeWﬁbrhemf@? JOtc, W, ugepsood from the detailed

deser nv é\{:}g:']}g\?\%lﬁrb ECOFTE mﬁ%%ew%]&ng}a%%g&dﬁ boarrr? tghveen by way of

111ustrd‘e¢ra0ﬂl§a,chndehlmrarpnotdrmgatmrof Ili@rm"esenbmlvcm/;onammti wherein;

roo1of IR ASHHT SheVS R P Eieiord S, e terya weeks afte
1nJurquh®€IP19 S1OUS W hiBl shAirdvap @é\%&@de%egéﬂlgibn bt 54JREand AryeliB sheath, and

show a m cr oscopl C examnation o rat sciatic nerve 2
promigentk yacyotatgd changes. FIGURES 1A-1B also show a significant infiltration of

mononuclear inflammatory cells in the perineural soft tissue. (A; H&E stain, B; modified
Trichrome stain 200 X)

[0011] FIGURES 2A-2B show microscopic examination of rat sciatic nerve 4 weeks after

injury in BMP-9 group, which shows that about 70% of the injured area is occupied by



injury in BMP-9 group, which shows very severe

degenerati on of axons and nyelin sheath, and prom nent
woamagodroed changes. FIGURES | A- | B al so show BCT/US2005/021993

significant infiltration of mononucl ear infl ammator

vacuofai¢d change. tSfénepéWPhlé Qlfgﬁﬁtlw}tan"theéssﬂé noted; andgpil %Faqiqilezlgl fibrosis is
also ngrrﬁeg VJA §le L SNTEONE, L2 IghI%mggsta ?0"01;]< FI GURES 2A- 2B

M Croscopi c exam n sc atic nerve 4

[0012)eekBIGRIRIES 3IAD3 A fsHow MniBNEc$hid e QuRinatibH 61 ra3 REMEC tn@ﬁ'te 8 weeks after
about 70% of the injured area is occupied byvacuol at ed

anurYCmiaBﬂgﬁ’ -9 QoM. rvglmh W%NSg@tl@lawdcqhangférls about pfoeaf thea@xons. Severe

mono%uclear dl ?grglglu rr}/ é:ﬁ b ro(r:smt %r%ecgélg%%r}x%%l% faéceFF%r__l'gmorrhage is also
presertAn e SHONIRAE QAC PRLE sRKBIT06L B & Coﬁnd(ﬁﬁecﬁﬂlﬁirbﬁe stains 200 X &
nerve 8 weeks after i njury in BMP-9 group, which shows

100 >y aespedtaiebd changes in about 50% of the axons. Severe
nononucl ear inflammtory cells are infiltrated in
[0013bp| ndGURES factB showanicinspenie kugreinpiompk et seietdemerver weeks after

i BERRBY S B o, (o BRI, 08 P G s some

monofidRARES14AmdBr kells ranciio$ic dp epinxaali spate. A & Br atodified Trichrome
sciatic nerve 8 weeks after injury in BMP-9 group,
stainsgQ0 e shows vacuol ated changes in about 33% of the

X0 nucl ear infl.anmmator
10014 0GRS SR SHE el AR Pl 18 P GG i aecks after
injuryZ@0BMP-1 @bl wﬁldﬂ%ﬁs%c&ﬂaﬁﬂfdﬂgéﬁ B @9§10¢1l the axons. Axonal atrophy
exam nation of rat sciatic nerve 2 weeks after injury

and demycﬂmatlgn g oelpd e snishdis&vBicmotlidied disishepese $tainpd 80 < & 200 X,
@S axons. Axonal atrophy and denyelination is
reSpecﬁUF inthe center. (A & B; nodified Trichrone stains

[0015100 KGURID 6X-61 SRHR Qﬁki{ﬁbéﬁlc EQ& bt GRES Rl Qgrv% NOWeeks after

m croscopi ¢ exani nation of rat sciatic nerve 4 weeks
injuryafin eBMH ugspupn vBNFh 2shgws upacuatar c thasgeswsiny albavs| balf of the axons.

penSBR85% RARPY i sheha Ao B BERS RGOt oihpl e sans 100
x&zﬁ’ol%me%;@n$é] ns 100 x & 200 X, respectively) [0016]
FI GURE show mi croscopi ¢ exam nation of rat

[0016fci aIGHRIES VA -8B whek sniafdsespi¢ akamipaiion Bﬁ/th%ci@tiompl;ve 8 weeks after

njory R S S AR PRy (EPpul At BT he xons. Some

monoh&1&r Ninfl8miatdr Eceflpi 428 %ﬁl'alrﬁrl%@@ thd Apfheral repsldel I(@d& B; modified
Trichrome stains 100 X & 200 respectively) [0017]

Trichfon@yRES BN BREL 200w, mspedbebpi ¢ exam nation of rat

[0017?Ci agllG%l{fé \ég-gB V\ﬁgvbsmlgiotsggpic examination of rat sciatic nerve 2 weeks after
injury in sham group, which shows that almost all axons are degenerated and mononuclear
inflammatory cells are infiltrated in the periphery of the axons. Epineural fibrosis is also noted
(A & B; modified Trichrome stains 100 X & 200 X, respectively).

[0018] FIGURES 9A-9B show microscopic examination of rat sciatic nerve 4 weeks after
injury in sham group, which shows that about 33% of the axons are degenerated and vacuolar
changes are prominent. (A & B; modified Trichrome stains 100 X & 200 X, respectively).
[0019] FIGURES 10A-10B show microscopic examination of rat sciatic nerve 8 weeks after
injury in sham group, which shows that about 10~20% of axons are degenerated, and vacuolar

changes are prominent. (A & B; modified Trichrome stains 100 X & 200 X, respectively).
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injury in sham group, which shows that al nost al
axons are degenerated and nononucl ear inflanmatory
weedob®moror infiltrated in the periphery of thePErUS®05/021993

Epi neural fibrosis is also noted (A & B; nodified

DETAMEIHPESERIPEION OFHE P&mn EMBQ@MENQIS)/) [ 0018]
9A- 9 OW.M Gr 9ScC exam nati.on

100200 e Bigh<p o A “&f ¢ ol Goef Ao Lafes W%Pmngle and a plurality
of objfts ch shows that about 33% of the axons are

degenerated and vacuol ar changes are ron1nent (A &
[0021: n@wuﬁqdeberq!ml, déhe tag ‘oanepkive GBsYe &el oo) Xcell of a connective tissue"
1nclucfee§,anC{HaY ard )fOUI[lCP Oﬂ'gt]ne Féoogpj%&at 9 sug,t gs Vﬁbrgbl\%%t%kgartilage cells

I'C exam nat Ion SC

(chonalfobﬁtﬁzs)L ﬁlmdlb()hel dells (euteoflasisp ostvduly ), Sitaus sdchaé c@b@dhous extracellular
10- 20% of _axons are degenerated, and vacuol ar changes

matrixy s Welbas fatipells @sélm)%tes}rﬁm ﬁin@athTPP%qW 6FHS- sPrzfiqugblxothewonnectwe
tissue &AM e fibroBI ST e akila ;@ §¥l% Ogﬁ%ﬁb ;Igfgz}lolg:thyégnnectlve tissue

PREFERRED ENMBQDI pr e
cells ap |ﬁ|brcrbw:5t aalls. 'Gphnegive tasle @ile alse mblm(te mes‘each)mml belis) which are also

single and raljt f obj ec 02
know a5 nffatipn G0ioBlasts” Al B <pabtred bt Ggimvention STEby pgpticed with a
mixePcIRRNEClohM& tivE SSHR cellf) Gk WA a8 8bllsSofta\digl@typef ound in

the connective tissue, such as flbroblasts cartil age

[0022} ¢| | As peeddetimaniection oferdls Soens” @ellllljsre@cm:t\@ab Inggantsthat area which is
close Qécluﬁﬁ%\é{ﬁee}l 'th 1|njecnoﬁ N etcﬁhg (i)rltjlg%l egg; AL § elt %%eeﬁrir%a&%s outcome of

X, as we

regenérdting @eeldt She H{Jﬁlfeﬂrsatbl Yherehee, cthangjettioteof tfsuteat @l ifjured nerve
are flbroblasts cartil age ceIIs and bone cells. Mire
includgs @ dheapifs, of injurycemabethere cbﬁ%%@l&befqrsth%m@e@tﬁ%rcé%q fosgxpress the

effectﬁnzg Sdeg?g)h éﬁnﬁ h]\é?oi)’ﬁ?ﬁkﬁescaé?ée Lllz né(l)lv\&%hgg)? i1r%€ﬂ¥ gffect the nerve

mgmﬁﬁﬁmp@ha&h& It will be recognlzed that the invention

[0023 5&%“%@ %'%tgellr(l: %g p%&e%g?e Eg gg)(/: lE'HqtugrEcgl q%f P lgaggst %IIC\tII%C and controls
transchgggn?]n AHSctafBtibRER The %)Hin@&&ﬂ 188y 8¢ a@tﬁje in eltﬁﬁac;r boRleucaryotic and
injured nerve is meant that area which is cl ose enough

procatyetiqueelts. Preferahlye diei ramster és agiyetim alamm@lraeaobeﬂer Ibe promoter may be
COl’lStl?lHlV% yt e)g rr]esgfés Io% agc'luf:"ﬁe O%r%%rr%%tl% ethF ﬁg@g{eghé 61%1118@11? gPref'erably, the

hefef'd

promdi&dis 1ﬂ<ﬂhd1151b byeth aeémal $tﬂ1621!lluﬂ edMart phﬁEraBlyt €heDprohddita#’iy inducible by
or anywhere cl ose enough for the injected cells to

hom‘éﬁﬁpéé%et‘%lﬁe Stiflf ete; Rig epahl papPratectaints inAuciplg|byplqsyy aestals. Most
prefer@ﬁlg el ﬁ%@tetr Qs Q'x{lgtﬁltlé)trld)gglg] éle% &M)Qéhefhl?e%lsé e IRRESS elements”,

enerating outco sed
which' gdscoomtte ‘tragsunipbien,aray lzee'qmdénmfthE)I};DLNA hattor somstiucty and used with

rols transcri i n.an euca c cell, The
the coppigiibObe REGr BT ES PRISGF HEFABEBUT i b e RfinErest
[0024fNd B¢ Q& NeRéih C seRkctable MARELT ABluMes & %@né’bﬁ)’(‘lﬁ&tet‘haﬂ % expressed by a
active in nmammalian cells. The pronoter may

cell thaynsfably umaintaing ﬁ)@prl‘é@éé@doDNAQd@m ghuses theefceﬂ atbl ¢Xpresgean altered
pheno?yp%%%ﬁ 'n?orpﬁgigglcgll t?ans%r% ? 5I§bclr dn E:nhz%matlc 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 phosphotransferase, which confers
resistance to aminoglycoside antibiotics such as kanamycin, neomycin and geneticin,

hygromycin B phosphotransferase, xanthine-guanine phosphoribosyl transferase, CAD (a single
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pronoter is inducible by an external stimnulus. Mre
preferably, the pronoter is inducible by hornones or
woreioahe2205t i | | nmore preferably, the pronoter iBCT/US2005/021993

uci bl e by he netals. Mpst prefer y, the, . ) i
Protelartg%%ﬁse%sgs shen s e Horgiarae @@h\étlfﬁ eﬁ% dfovo L niding diosynthesis -
e I , :
carbarggﬂ %ﬁﬁ&?xﬁtge %}edt eméd iés% ]%Q?‘la%h tﬁhicgé&ﬂilift]{sg n%r%cfr ggltglﬁfdo?ﬂé}h@?, adenosine
deamingsed and a*patdgmecsymdteta&e t(Sarhbrohlke eprle daltcularv@loningn Chapter 16, 1989),
ress the gene of interest. [0024]

hmon%ﬁﬁﬁgﬁgfﬁl%gf mm%@?@%?ﬁ BF¥ narker" includes a gene

[0025pr OdNgt uieﬁatheke‘sn eXRE eSeRifdhif: C%rlolwﬂtl hﬁct&t@bWGF B superfamily"
mai ntains the introduced DNA, causes the cel
encong)apsreg agroup ofl str@p@mlb'hehmdymetegchhah affectpheide galml of differentiation
or na an enzynpat ct|V|t l.sol at.i.on. .of
proceqsgf Hgr biyBie Bl PR TR B Garbiar MiPiad anfSigRe substance
(MIS)' mlmﬁlu GEduaredifot Rornhi® nfedd BexC@dveh ﬁmeﬁemﬂngan et 4lN&ature, 345:167,
odes a sel ectabl e marker, such as one having an

1990)eﬁifgﬂﬁﬁlﬁli?’cde&él?qﬂﬁpﬂ%g“t HAP)sne Broguptewhishas eequired &gy dorsal-ventral axis
formafigh 'l?glrl gﬁc}rﬁ%cfgjggsﬁé“gf T Wi Eré{{l? adgétt e‘%'ai‘?}\r%m € 325:81-84, 1987),

areno
the X&iopas ¥ g- ddnedirodwat, attdch kdalizea setheargetabpole Oﬁ edls (Weeks, et al., Cell,

p sferase, which confers resistance to
>1: 86?%620&08%65 i (MASBRi &1 sBioRhere, Rignlysy Beh Canuphiyclip:957-964,
1 986)a{ifﬂlcg%ﬁﬂddﬁb@the %Sﬁeﬁﬁ%%f PhdBoRhRSRRACkIRS gt‘?ﬁ@%& in )((enopus embryos

Xant hi ne- guani ne phosphori bosyl transterase
(Thomssengetegr, dtadl, 1931484t 1pHYsentdr bdne rilolrpbt)gttrhtleeprcanmy (BMR:s, such as

t de novo. ur e bIOS car I
BMP30 0L e £ w7 e hin, o) SvBeT P iR e p 8e e and bone
formaQbm(gﬁrﬁﬁitQt asg),.J. m&n@lleﬁle %ammas ?9902{‘@%@% ?Ih HeRE products can

synthet ase (Sanbrook et al’.” Mol ecul oni ng, apt er

influené: 498@jcty i nﬁod;ff@rmletiomepmccssw meﬂmheg]cedlpngqness myogenesis,

chondiishE e HisalPo-torasd Bl BLRe L gt Iph 8SEUeY, see Massague

Cell 49¥430P1987),Shlibe isUh&drbdratethetedtlbPredérendisin idkRhiknaf f ect a
wi de range of differentiation processes durin

[0026lanbrI/1mw proteiay of dherail-PThenilyantel ipitiatly] delé}@SlZM?I??érfi darge precursor

protelﬁb rvwg(lfht I cslllé'leb gg‘éﬂp%f%’ﬁﬁeg{?te%ﬁrﬁlﬁ%gég qdit Pus et of basic residues

approklaﬁalﬂél? 1 13)4&01 Brhinol 9&Q§ frdah B htdrniklSC amaet @raGhdl regions of the
ene product, which is required for

protelae raseapgxﬁétwﬁﬁuaqlly;ml%eé aperahs dHferen fapyilyhmgebessi eanobe shéslﬁed into
d |
aisin Ry Sl FROBERe o homBbE ndhen B Rfpaouies witin

partictilar shiegroggetaabe [fioine 70% &g§6%(dmbsaci®tedqlence {dehtity, the homologies
51:861-867, 1987 h t (Ma
betwegp ae‘r%mlpsmrsrﬂ%yéf)lca ?OV?%nlﬁ%’lﬁ?s[ ylgsglggfr%@%ﬁ%)to 50%. In each

case, YU &fivE aPediQdMGRatsNS B0 MRLIMAR -1k IRBERALE bMCBRFninal fragments. For
anterior structures in Xenopus enbryos (Thonsen, et

most af the f@eily meeﬂyezsasat %5 (ba)een andied rtbe bgmedmmrprspg@cﬁeluasd)een found to

be bi@ggl&g gy ﬁft ve 85 if r (\L)Iﬁlercﬁam1 VA mely]rg)lers I% 13% Vllghl 1&5 t(ZJingg &t al., Nature,

321: 7a91d1 gzgnand mwaGFcB's (St Bt algtCal, 48:4b9; 198Dl hetthRAMhers have also
65: 13198, 1990). The TGF-b gene products can

been detected and these appear to have different biological properties than the respective

homodimers.

[0027] Members of the superfamily of TGF-p genes include TGF-B3, TGF-B2, TGF-p4

(chicken), TGF-B1, TGF-B5 (Xenopus), BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, OP-1/BMP-
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i nfluence a variety of differentiation processes,
i ncl udi ng adi pogenesi s, nyogenesi s, chondrogenesis,
whewevape esis, and epithelial cell different thT/USIZOOS/021993
l\{for a review, see Massague, Cell 49;437  1987), whi
7, BMRs8; %Wr%o%ﬁw leei0dy, @mxyonhélflé?@’néégrh@?sl éﬁﬂml@t\{/gf Inibin- -BA,

pr s of the TGE-Db f are
Inh1b1£1 h o Ze 38(} g}ﬂ arlglém of (t:lherses Fner ? gscuss \/\211 n Massagug Ann. Rev.

BiochetD62J9RIT01 Y1998 dRhigR @§1n@6@bﬁfédbﬂelr&n &l eet¥regie Mtitstentirety.
cluster of basic residues approximately 110-140 am no

[0028}ci dRrefardhly.t e @emeniofuthe Tperiamibyr of NEGFPegerenssisoflf GF-p. More

ey, B S G A S BRSPS, e, e,

BMPYi, BMME! ortiagLups based on the extent of thelr
' honology. Al t hough the honol ogi es within particular

[0029i;ubght oupsdgrstagd that omdrwélmg awism hy 1tacdealg9@tqd|eﬁm@ as above, the
protem.lg E)H!‘ 1t11¥1itec2 F * ho t sg% ee?]lge? §f ¥ rlc’;ll% gyp%r Pla ng?ngrﬂn thti §Eguence of the

protethS 208¢ptdbie aaxhhh@taammetr hﬁlmpild&s@pmegsvh&npeﬂmﬁtst fubb@ntially the
a disulfide-linked diner of Gtermnal fragnents. For

same AHBitYSe tReRroteln tormsifiBRaionia enompasssd dherddyudi ed, t he

0 F peci es has been found to be blologlcally
[Omﬂ@.?ﬁng%gL%uﬁ other famly nenbers, |ike the
[0031] nhi Nemveuy Usgpe ddrivad fronNabaiembriic Z‘G‘tﬁderilri)&ﬁdermrhd infleence of the

notocgil BRI S Vs i i Biskneddisuiad st gﬁléﬁweasgéea?mlates and

the erfd® ianBally hfse RS RormPiHR! RGikA AhbdPFroRew hicR 21t dTafle thfiral nervous system
resgectlve honodi mers. [0027] Menbers of the

derivesupbe fcentral ynepfous Gstem gensists jof ¢he) Heairt @Farh@, neT@R- 49, spinal cord. The

perip%% ngrvoéﬁﬂgyj E%}&v g:ogwlg-l;lg&}%%yéﬁ(%ﬁ R}%yeéza@éeéleural crest.

[0032Dr osN@ht | #sheAis Diliesidpted| dhlBEfg‘hou‘t/gEHe, tﬁ@? in Xep&mplex integrated
Vgf, .Inhibin- bA, Inhjbin- [ nhi bin-a, and MS.

commvarﬁatlms PHBQEK. d‘éﬁé‘% cglle (Ieﬁus%‘i% SEEURIqoLes Waguetherapgyirons in circuits
t
ranguﬁe%rmaje&c/ Qﬁ@ AL rg%}g 3?%81%:%( ! }%%? Pfde@? lCﬁBT §8§I§F‘%% BE fc%al message

transriissibe nad integratiom whilb etheofiervbgs Saspe célbsndalllyd gfialT¢eHs lassist neurons by

SupPOFGPIGORCHETERE BPSTNEL G s, TBA 25 abis.1g tmes more lial
cells BYR-néurdBYRn 8he BFaiBMBLE: cdlQQ2&ke kﬁe hﬁcrHéWoﬁﬁn@Qﬁnéela@@ for neuronal
in describing a protein by its designated nane as
functigh g somﬁgnq;;rtb@eqlsmst m neytal progessang ang actgity Natirons are excitable cells.
ue f Variatian t he,_se n
Tris BEMTNE oSt Py 27t BRERO G AR Tt may e

propaB&ttd peRt ithe 8l membrne Woi thnseXhiifiofBatidibsd aldtaral ¢etlst MRurons are
same act|V|ty as the protein in terns of function is

lndep%ahﬁaﬁl@aam@wewpor[seid%dpr KR yeceptian yganspussign and processing of
pbrvous ti ssue derives fromthe enbryonic ectoderm

nder the influence of the
[0033] In general, neurons consist of three parts; the cell body, where the nucleus and

stimu

cellular organelles are located; dendrites, which are processes extending from the cell body that
recetve stimuli from the environment or other neurons; and the axon, which is a long single
process extending from the cell body for the transmission of nerve impulses to other cells. The
axon usually branches at its distal end and each branch terminating on another cell has a bulbous
end. The interaction of the end bulb with the adjacent cell forms a structure called a synapse.

Synapses are specialized to receive a signal and convert it into an electrical potential.
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not ochord. The ectodermis induced to forma thickened
neural plate that then differentiates and the ends
W(mmm)mzabiy fuse to formthe neural tube from pdn/oé0a$/021993
the central nervous system derives. The central

[0034ger Vagt nepeans fowngrigthe lé.urmn baty ase mudtipalarameaing ghey digve more than
o PSSR 885 TORCRR APRETPLnBCO4S SH LB AR e
Bipolarr aairons[ 0D 8R] redeawe dlfesue mecoda éiamt ot eténttitio lpgh:esst and an axon

- t he b C lex in ated nlcatlo
Com%?fmﬁ& cek&?@é{ Pay d@%lﬁ@fﬁr 3’ﬁ§5°né it 41 SHiNEncgse ganglia enable
sensof}EHh &s'Iﬂcl&'drﬁb“btysthéacﬂﬂﬂﬂﬁsftht[ﬁ%?H}fe@tl fhel £xof€ ?’thout passing
conpl ex higher-order circuits. Neurons do the actua
throughethe angH hqdanblmu@m myaah@ bent:legmﬁ@d momng & GOtnleton. Sensory neurons
are in vcgusttlgcseu chsf m1 ﬁfls n h 0St L IFns 20 d 1
DS b eoefaf Ehd i Aot hsnrd SHIBHT RN s SO impulses
to cont@UiRdles AMEFIEndRl O1lRb Abtirodd) iktkMReroRBaet & diabet@Bédshetween neurons
than neurons in the brain. Aial cells create the
as parhplciupeliiat BHIErs needed for neuronal function and .
[00352()”%\)’ qgscéshetbegr/pg%éﬁ%% fuggtg?lt%géﬁie]u%&?n%stg Pﬂ&ba@é}g é:ﬁllul?lhmgnals Most
synapwdseare ghapial ;ynspSele&t@desuﬂes acthe gegyaaitt tehinahtord€in a chemical
initiated ver the cell

%hat rraﬁ? pr.opagat gd

messREcr A TelsatetARdhy EYIRHBICY MOFP (5 BFSMARGC msmbgane is stimulated.

The @ﬂ%ﬁfl@d’l‘sn@.ﬁsﬁngé}‘d@ﬁﬁl@&e@hofsyﬁﬁ& ' %%tld"@letfts tb eﬁﬁ@nl%' Pl@ptors in the
for the reception, transm ssion and processing of

Postsmapm Imemt[r@@sél]hls m@@mﬂaﬂhangﬂem dmsp@lenmt@n sdseite tdfrthe postsynaptic

n
memtRRt Srckifg <GFlibr A3foh. A SRR Sibe, e FEppEuEter junction
More e%h@BH Rguiotr@mniitersCae! kihrly dnbainokeaR) ¥MaBt nbBléciiled r@Mfic oxide,
t he environment or other neurons; and the axon, which
acetyleholine), sigtgchelagings gReepigephsine esrIPIRGin rsrRcurRacE Y pertigas (endorphin,
vaSOpI[e}%gmaxonctengg(g’_m]é %El?ﬂéﬁ%%sggﬁérzéear (:)‘éét%a u‘i&lgtbg egzgrgllthc breakdown,
dlffushmancehd¢@tms”i@tuhagre@ﬂn@nobé]ldar ceI | has a bul bous end.
teraction of the end bulb with the adjacent. cell

The jn
0036} o nionae BPYTORS BHEeVIRAPIRH 8 &35 6. m%?/’l*ﬁirfél%%d gpyglin. This lipid rich
materﬁp‘?@f@tllﬁ&ieg [ fial RER: VEcHvanh ARG ifiNle G ﬁ%xral Inbrviolid gﬁﬁé‘m and by

el ectrical po ential.[0034] Mst neuron ound in
oligodendmnytos dy theraentrall tteiryyois sy steme Ahe mgsutahey ehahles fastee nevarconduction
wo cel | rcesse Wit h Iyon t.he
by reduh g PP EBE Soaec PR i hecEro Bt 4 Mgl heurons the

nerve @hpilb&juirdsifivin Bfic Q{Iﬁ?&ﬁl@feﬁ sH%J'ﬁé}ﬁQo B)tRerQVer B8 Mgt 6{Cthe axon. It is
process and an axon com nﬁh f the cell body.

the mpglgug]?ﬂgm 91@51 hack d inegrpn el bedies within ghg, tiggpe gt gnakes some nervous
tissue%?ﬁ%r!v@hi?en%blnethé ?e[}gé) éé(rlﬁﬂgﬁ‘l”n%f‘\% %8 KiteURathY otfth?e brain. Other glial

ites to trave Ire € axon Wwth
cells, pal&sli zn;got:i’tes;m@hrtvbh/edehlstrbadml itNegxit9 N Beuranal alusritidheand maintaining
cl assi.fied aCﬁordi ngéto function. Senso qq%/ﬁ?neurons are
S

the nyGTOHIWHORMER £haCPEESHISF i ANIACY PR i BsTibist SPmEpRicstign with one
anoth@rt\MTFJiﬂ ;unMPdn@ fan@ @4 2fsct ARG VRWISREroh® it @Rk e by the regulation of
es and g ands. O her neurons, | nterneurons, "act

the thedoagbemdtonewnt Hpendyneal aslsitioe gpmal cord and the ventrlcles of the brain and
secrete the cerebrospinal fluid. Other small glial cells, called microglia, are phagocytic cells that
are involved with inflammation and repair in the adult central nervous system.

[0037] Nervous tissue is an excitable tissue that is capable of receiving and transmitting
electrical impulses. The central cell type is called a neuron. Neurons usually have a cell body,

dendrites that receive inputs, and an axon that transmits electrical potentials.
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as part of functional networks. [0035] Synapses are
speci ali zed functional cell junctions to propagate
w@edobiobao2 si gnal s. Most synapses are chenm cal BENES®EF021993

erg vesicles in the:presynaptic termnal contain a
10038} o e i 168 i sS4 PaPBY B eGP PR Gyegpe neurons. They
are ofitrPblasdMi&N b} REnAICESY RPRI QiaRA AAGhE §re%EhM@A&Q?ceT&%pecialized
. chem cal messenger diffuses across the synaptic cleft
lipoproteiniinsylation caldeshmyelen. iTrype He fipers tassy maplinatechandoeaanmnduct impulses at

214D s FRF B BFrR TR A Radb T e 5 e

Type XPfibérdlard WigRyedina@yNGPARIN datbBRr AR VEFUSSM(AE n/stgt ARBxample of a

More than 35 neurotransmitters are known and nost are o
Type hdiber nq)per.@quégle?rﬁptlml@'vg;ggq@p @é@@(ineghbq. iAfe putonomic preganglionic
it 808 0 Ao PUBSEEL 5 SABLPBLI cBhiggormaion s
diffusegpadh isrhexaeple of ralvsnTypecC fibar e renoved qui ckly by

nzypgati c breakdown, diffusigon or endocytosis by the _

[0039Er es A .(EICETQPF arg .Oetgggﬁed etﬁgturcsxﬁgn a%/eesv\ﬁo. plﬁé((\pqaﬂon from the
enviréindMis URbd Ngchmaé efrﬂe%an@ﬁa'chﬁgrs”%@ﬁﬁ% thites likdi Stefsbfe or stretch,

material is fornmed by glial cells: Schwann cells in
thermokeseplors, phetpreceptersvn the rstina, and ghembrgcepitory sdenaly the yastesbud or those

n..t he, cent ner vous. tem The | enabl.es

for ol RENYGL aflinte P RGPt otk o o Bl S and brain
wher&the§ 361heaf Rasdriatfefiheudénsde REfeRNt ABbr of Becidtely HeatdRd.

neurons the nerve inpul se | un‘g% from one unn%el i nat ed
[0040§ o g n¥RUTORY CRBIUAISAteOYIEh onpanqthergtin agtruetyee ealisA thg syragse. An axon

ends %%:ng{lé{g téﬂﬁx‘?&l I%uﬂ 15 t]h%ngmpafin R&EHERs gﬁLﬂll v?sf?(glgsﬁ Zl"hese small vesicles

e tissue t €s Sone nervous
are filpjhemth viknbiealasibstandehecalled geupaangpiieeml Asetylohsli@nis most often the

white matter of the hrain. Oher glial. cells, called )
neurolapyyiligt 8k fﬁ‘ea_?yé‘_aP??v@B?Pé‘&Ei‘}‘ih"é_t &ﬁe’?%ﬁl%blkif AOEginephrine. serotonin and
GABREMAP BRI ysBdtdepdrident & ehd RdurbRi WhB9 ahN&pulse travels down the axon and
m croenvi ronnent of nervous tissue. Astrocytes, are in

reachelf rtbet teooimaliniut@ns othe wivesiclemdusmowitterthei acugapal membrane and the

nerR L, A EARL LGP e S g JELRESM Srapic let o
speciBOMCEROREDE the CREARYIG the PbétSyrabfi€ meRibRae F icdredd1Pink MBuron.
ventricles of the brain and secrete the cerebrospinal

[0041]| yj dhe mtpraetioef (thyyppyptransmitier with| the raseptgtauses ackange in the
I I h i.nyol i [ - Lon

mem BRI ik ol SR &, nPUE R D e R A R e enayme

acetyNRoWtsterdse SSUprebeit ain  spoapiealtd ebrédks doent fa@tychsliapad! terminate the

. of receiving and transmtting electrical i | ses. The )

stimuflisn O3 nERIOFaR SRR A i3 Brokepalgror ks BRE dainia § presynaptic
neuroR @Y Germifa®d the RRENMIusdendrites that receive inputs, and

an axon that transmts electrical potentials.[0038]

[0042)ie ur brtbe entrad ervons sysfanethapy newnsOMAy comienge, orsa singleareyron. When

of ,associ ati on neurons. They are .often classifi e@g% .
cach 3 (h5 RETY BiPe uPT ot orihiaisnienFl i, Dbapse i diecapstsynaptic
neuro@lf 162E Ghevhbra®s pbicROAE WcCm tHahkd Rite@atedadrdesurfided.i These incoming

Type A fibers are nyelinated and can conduct inmpul ses
signalgtmay be inhibitory or stimulatory. If the resulting summed membrane potential reaches
the minimum threshold for that neuron, then an action potential will be initiated.

[0043] Action potentials travel in one direction away from the cell body by saltatory
conduction. The fastest neurons are covered in myelin sheaths arranged in discreet segments

separated by nodes of naked neuronal membrane called nodes of Ranvier. In saltatory



12 -120 msec. Type B are also nyelinated fibers but
they only transmt inpulses at 3-5 nfsec. Type C
wd pdoene2ex e unnyelinated, small in diameter aneCVE$2005/021993

slow (2.5 msec). An exanple of a Type A fiber is a

conduegpryr tha slfchiral ﬁﬁ@n%ltwwgs ﬂ@@ Hada P%e%mthfge ypigducing the membrane

npl e
area 1g\kﬁlg %gn@l ?igg%g Hegclgh&n g@%@gﬁgh% i Eifh@ (}‘E?Pg@‘ﬁ%ﬂ
[0044] nf oNun&hblual &dble didundi 1f1ftln5naerptaisrsyist8maa’ne ead&ﬂpglml adllsaAstraytes are the

most Hﬁé’ﬁg@ Qrgwﬁ[s 09%2)%( rhsoﬁ{n tﬂ%{fl rog Hglfrg 1%2)%151 gre small phagocytic

cells @gb\éiﬂcomal 1143688 ECIRCIhEd Bnd R A QRS8PSR SRMEMEAI canal of the
hings |ike pressure or stretch, thernoreceptors,

Splnalpmﬂcﬁﬂdc@pkfo cerebrospinel fleidi ara, caed epmmé@elqb@t dnsthe gehiral nervous
system,eﬁn hF%&PenctireochdfPor%%%gnie%éf SF the Jg?ff %(?ﬁ'i]?a lﬁgle neurons. In the
periplepal h@tvoud E ghtéancbabli edgmenh 6f e hﬁ}%}in@ﬂéﬂﬁl@&tmaﬁw dingle Schwann cell.
afferent neurons to efferent notor or secretory
[0045he yr Gertral masxeRs Wstebns conmuni cate with one anot her
i a Uk I n
004}, 2 B LEUEISE 68 Lot ENSHTISR O RTTER Wioa con. T

memr@%ml(dlura amtell arachribik sied plmilheitet\) mte(ctemdaroanih thed@NQvirt Bddition to the
tters

chem cal ances rotr
proteciiag §TEHS PRats Bomp Kb AR HERHESh e EoRaHEH Piidris fpund in the the
subarid?]ﬁo@y{ﬂﬁ@@ QeRtdl RARAHIAhD %lnﬁ%mrﬁﬁlaﬁd ltﬂek{i‘entrlcles of the brain. The pia

nor epl nep ri ne, serot onin and may be use
materde ﬂ@ndmttnoamlaydn @ndu eﬂﬂdblnraaneuhe anrvnnpmsse Bateee] the gponmater and the
dura rp%}:gr it %IQtF% ;ﬁmh ﬁ(&gﬁ rd;lﬁcg alaq;‘lgy%n'ﬁ%n §1est )fllj(set t\)/e%gf:lltﬁ Itheesskull

[0047Deur Dhd Bﬁt&ﬂb&ﬁ Bé dlﬁdé@ﬁrﬁasesasﬂa@a@ e ke BdrebrBRN midbrain, and brain
di ffuses across the narrow synaptic cleft to speC|f|c

stem. feeforehraint peludere thenbatapuss, brpathmarpes theyal sganekia, and cerebrum. The
cerebfME al@%)o?lglbteh 1r @&?s'cwluggthgg rﬁ Fr%texl[p%%éltgi -EE sensatlon% all voluntary

I'nteraction of neurotran e rece
nunwnmu&ameﬂabhaMQe;amiﬂh&nnmmbsane pot enti al that may

i nduge ew i npu na tic neyr.on, e enzyne
l00481cet‘§?r&ﬁraﬁl%§égf 5%@ Vfcge tura} ag .ﬁlg}sgen% G5 etie surface of the
cerebfRYWs AFRHMEO kA gyﬁqﬁdge‘% eﬁum @&1%1 &g}&)&&j MHe UDrtid @&{sorykand motor

neurotransmtters are e| en down or taken
areas Qgn b@ﬁ@pp@e’toﬁh@sw aputrad gmwramd qemtral@ulmna“e@em@ly The sensory area

. Stimulus.. [0Q42 n the.central peryvaus,, s stem.
receh R, RIS A S5 AP S S Gt dPR AR e AURERY afer halamic
proce$sh€:. MThOSY paRy 6Cthe YA MGth BbRARASor @@t dndfifgdlatd RiprdsBiited by more
its synapse with the postsynaptic neuron, loca

corticakeseBFHN @re@o{f Be,MoAQTrares eqntrojshyalueipgy mmql;gmgy@gergﬁ gf the contralateral
bodyé the': ?&c?eit#ogcagéys Ak i ﬂp%%}nsfom gl%aﬁgn\gbprhl)\%rgen?r

mul at or e resul'ting sunme
[0049pot €Tilie eérebraﬁcfsethe tldrgestipartrafntht beais laal ds dbridddhiato two hemispheres,
be initiated.

o A b B Rt L S D24 s s
area, hisBBMLiHE afeBl,| anBORYctidhs SR ihRIIRYeMdce and behavior. The parietal lobe contains
sensory areas and function in feeling and hearing. Primary visual association areas are located in
the occipital lobe and the temporal lobe contains areas for auditory association, smell and
memory storage.

[0050] The thalamus is located between the cerebral cortex and brainstem. All sensory input

except the sense of smell is processed here before being projected to other areas of the brain.

The hypothalamus is located beneath the thalamus and is responsible for processing internal
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conduction. The fastest neurons are covered in nyelin
sheat hs arranged in discreet segnents separated by
wmoaes01202 naked neuronal nenbrane cal | ed nodespof/US2005/021993
Ranvier. In saltat conduction, the ectri|
Stlmubo%f@nﬁx Calnajn{fRgacy b Hafem?loerhva@@mephgwgwmr Eza UBPRENt unconscious
contrdINf FRER RESuR! ?&nﬁ(ﬁ‘é&g}ev Qlark Par€ O%H&&ﬂ&n voter! M€aB&tsh bsmolality,
potential and speedi ng Up conducti on. ﬁ
hungdﬂomdwmmndoehmesadtwwd arénhaml@dnlmw dﬂl@lsyﬁtthﬂnarreendocrme cells that

led. glia es are t he St. numer.ous
releast s PR a R AL P CIE e IO e B Gy poratamus
[0051)1 crDRd b&aﬂ@%g@&uwgeayﬁg GlaRk | pallsRRC khdstanti® nigra, subthalamic
neural tissue. Cells that |ine the ventricular system
nuclegs ded:étmlwb areagiaupsotf neneons smbaqide@or@laﬁacfnmsphere of the cerebrum.
They Cz?r[e @%Q&l Nal k! &Bn(?ro?ro% &5‘}41%1?)9 FiBoP {, 1%¥(1r§1at1!)1§] prl(;cessmg and
nervous system an ol godendrocy
unconse@negtoss pitertioealmpedanmengheat hs of mul ti ple neurons. In

10052}, T6F RASTEn  clpcro s, Madd o Bneash alfrpose| e pegiy oblongata
contaggﬁigﬁ]h%%%{&}ggﬁiﬁéiﬂg[ @%?egt}gsf%& gﬁn@ E@Fgrloﬂ gFYé&gﬁatlon cardiac and
vasoroter meflixegedh¢ chona evatains, ther potiootaxiancenfsirawhiheis) involved in the

reauldlis Ogt an nourish the CNS in addition to the
s %}'& &%pbrﬁ "% or ded by the bony skull and vertebrae.

[0053¢er ePhO sereBalunt ik Gbbse tRUPEirstent BRd Wdes SdMaamfdiRiablon processed
pace, central canal of the spinal colum and the

elsewvgﬁtafbpéu g popition of gheypedy, THvepicat, pastare 4nsl ¢qwélibrium. Movements are
tlssue
o nRELAERE ch RGP 15 yBARELORY B o
[00544r acPexdpheraby@tivoudfstdmugh fi brous dura mater |i es
] ust @gneat h the skull. [0047] The brain g¢an be
[00554; vi Hag peaghsral nenequs Sé(?@‘é‘s‘“ﬁ*“d%ée‘fvsfi»egﬁpgll% SPial gpdickanial nerves
locateﬂ'mltgﬂé"{h@ brdifiFhd -gﬁi‘ﬁalf & bf}?e' Qvelxﬁ;cérmglsnetr@ atrﬁélﬁ%ﬂjr‘ﬁ‘uclel located in
hypot hal anus, basal ganglia, and cerebrum
the beerséimn and |t81vcle1$)pmesuﬁbl lecdtions camgiog dopulsbo tig bdntrol various autonomic
tion of .sensatj o al |, vol unt ary nt.s

i nt r et rmve
funetifl TP sFaef, 1 i0aS S RS R A ot s S tpOu S pneBRb Al merves are
often nhikEd' B HANthBE calry keREry dWdAntbof Bsthpéthtsand tﬁé&%ﬁ)‘ R&2l only motor or
areas. The surface of the cerebrumis convoluted into
sensogy, fiberg.rThgfedgwingdatdelisth thegrraglansyves e thedy funetigns.
sensory and notor areas can be mapped to the post
central gyrus and central sulcus, respectively. The
TableslenSanial dleeasr ecei ves sensory info fromthe opposite

NumBérdeN@et he body |tpuattibs proj ected after thalanic
processing Those parts of the body with nore sensory

I nerv@lféﬁ@lﬁ}’ngs aresleefp?r(éﬁwﬂed by more cortical sensory

II dl T IIIU notot clI\Fld—LUIIL I UI S VUI uhtat y Ilubbl T

movienBht s of the |cdnifPal ateral body parts but the

I assoOt@bmeibrar eas Métr édHOI bﬁé’&né &e hikRles Rhd b)’f’élidon of
movienent f()()AQ] The cerebrumis the Iarmast part of

IV the Bioghlearand i s MQ{Pﬂ@mtﬂohoﬁsoﬂwmm%}bher es, r| ght

V conk WHPRG ot o TERER MRS g e e sehsalih

VI Abducent Motor control of some eye muscles

VII Facial Motor control of facial muscles, salivation. Taste and cutaneous
sensations.

VIII Acoustic Equilibration, static sense and hearing
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area, association areas, and functions in intelligence
and behavi or. The parietal |obe contains sensory areas
wapaehea2et i on in feeling and hearing. Prinmary RCEUS1005/021993

X aSSQGio H%ag&f\ss f Satdon CahERiohE o f 16n, 05kt Bid AlbceP e
enporal |1 o d

and the e contains areas for auditory

X asgodéagsi on, smel Maodcomewbofyths hearaged vif@ohGEnshtien from the thorax,
t hal amus i s | ocat bet we the cerebral cortex and

e
brai nstem Al l seaﬁE?W?"P OB ISt e sense of snel |

XI 1S [PAQe&RsEd Ner ¢ \RRHOE,uRES f@th@?%rgﬁ%g Sduftieh €T

aregas of the brain. The hypotha 1 ocated

X1 beqd&tm)gidt»ealt hal aMmomrdnired pEshensnplee fonre skeletel shusgles, some
i ntlernal stimuli and the nmmai.nt nanéﬁ of .the i nternal

envii ronment . MonesECHP FFBISE RanYSCEBNt rol  of

bl ood pressure, tenperature, heart rate, respiration,
wat er netabolism osnolality, hunger, and
[0056heur Bersgosary devisien o theipesipbaral neaylis spisttmrtakes Nyt dionofarious types
of reck t}e ne%rgensdclzc;li ne gl Itse th L r el ease toxy%oci n andt ADH 6
pRiG DS RSt anfl orndsie Uik e Lol TBSKER PispReiPUL Can Come from
internbly it de8 | a8 b progfrifdzggonT kendeasposgrmgds de (jsiatkdaidemuscles) or external
nucl eus, gl obus pal | adus, substantia_ nigra, )
sources dxt Wathgricasatigr| o ygesspEegon hegt é{g)sl)heas‘k@q.ggr@gspgf #he skin innervated by
. d r .
specifE R e R R e b M B s AR, TR0 BB Sy gy gnd travel up
the spimad cordcautvexge,in ithef thalemius,cmd epnd dmsBy og thersdgnsorg oosed @fithe cerebrum.

gross ..ntenti onal novenents 0052] The brainste
Thosq 545 FHHS PSR FTSPOET bfight n&%lﬁ) 5. SOESRRAHLjPlodareer area on
the serﬁgilrg QGQE@OP%U?QB.S Flb@RO¢ a3 ﬁﬂg?ﬁ&deﬁﬂ_@é b RRRioR ek _disgersed to the

y centers for the confro respiration, cardia
cerebeihih gwehofbmost efl sensesy syBtansploansmatoimpailses ta hats of the thalamus. The

eunot.axi ¢, center which is invalved in the requl ation.
cerobi3 [ COHSRIF yBIVaH 0 Fenskgh Rerechuion 8B ricimrdticiad ofisgtrony umul
[0057pr ai Msioe ThRngl 141 HRECISE BEP gland§ LeUTBLih Gt PEtBRGHEREMd somatic efferent
el sewhere about the position of the body, nobvenent, )
systerpo e NP dnegivrtioguel theripints. thaslpamand snesclesrisrvel wia thetsomatic efferent
n e cROr e .
systery SO rREGOLSIORSEY e ol RUBRAN Yol s "REGAMBIETSY i is the
withdpeval peflex atemeharoths fisgert entactscd hid e®vaeTiwemovamenykd &move the finger
spi nal, a]gd cranial nerves | ocated. outside -t&‘(ee brali?n, .
occursy ass!})tpﬂ |SPH@ fj::ﬂe}f-ﬁ@& q)rﬁéhecxgﬁqtgﬂn o Paipieaches ghe rfuanplearly this
is profdfiv@imdcAsRiR do! dvold BurbleRiifiaEe MERE ibhAY & glddSRRE Ishiddth muscle
| ocations carrying inpulses to control various
usuallygronond thefautpspingnsystenke smel |, _vision, salivation,
ouss o <R BRSSO D BB Soo Sstem. One
brancl§ @ GRaskaHy Hét exchetrymhild ab€ ofhel Ws MHiBiforPlin SRASEEM or tissue. The
fibers. The followng table lists the cranial nerves

sympaghgdict braneh efiHier dupromiv yptemiacts & arapate terbpdy[fopshysiologic stress.
Stimuﬁi@g?@ P%%B%{lpg{rh})é{riné b%?ﬁ%&é‘%@%b@?[ﬂg%%@lga@ﬁrt}{ﬁl{ﬁe @(ycf}; ;?rgf)ares to run
or fight in response. Effects such as an increased heart rate, dilation of airways and mobilization
of glucose from glycogen stores are seen. Sympathetic nerves arise from the 1* thoracic to the
4™ Jumbar vertebra. They have a short preganglionic neuron that ends in one of the chain ganglia
that lie along the spinal column. Acetylcholine is the neurotransmitter at the synapse with the

long postganglionic neuron which then travels to the target tissue where norepinephrine is

released at the majority of sympathetic nerve endings. A few sympathetic post ganglionic
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of receptors, processes it and sends to the central
nervous system Sensory input can cone from i nternal
WGE260@0RS | N proprioception (sense of positiweT/o$20031€21993
joints and, nuscl es) or external sourﬁes s in_the
neuroggn Ul 8% tBpsep IMEE(RiBS otWeRk Alanls oheskelgtah mugcls, yagulature, release
acetyfcﬂ@irfeki n innervated by specific spinal nerves are
call ed dermatones. Afferent fibers collect sensory
[0059] npuThapdrasympahetip braneh sgmitnad coontdrbabmne ehgesyinpathleic branch via

t hal anus, . and, end fjnajl n the ns ortex of the )
neuropd iaf P i duEapial 8 b g e ey ERLpEgRE, parasympatheti
stimulati®n dol&ritis @R dyls Rfid Odectdalss, heafl fasS B0 Rehuldlestrek @i Bétivities such as

area on the sensory cortex of the brain. Fibers

digestieth r piigigrapen pinido eesstion e Lppg aregangbeniar eeugonspegleasd aestylcholine at
smarh O8RSl p oL be RSP A SR SWByichotin on e
effectoetigheal cortex is involved in conscious perception

and interpretatjon of sensorg stimuli. [0057] Mot or
[0060] , ,  Regensratipn-eilamaged Nerye Lells By, Myelin Predyging GsHs ¢

(0061319 ROSR! bpe &' drahe Hveal Sl S%oradr¥or BNE YRR o dEur two events
joints, tendons and nuscles travel via the somatic
must etwer Binit, thestegenerBomefantos puldacingasiio mass barvéabhaaswetl as the nerve

i a spinal. reflexes. xanmpl e, of this is the. .
cels fif R ReqRaNing G ke Qe RAAPIOn ¢ FFAGBH 1ot HeEUnagon gf the neurons
must YcOME In thig [@FM@,”B Narfe) bEMYGekth@Ill typeemACEs LSed kR effectuate this
sinple spinal reflex | onq before the sensation of pain
phenqtyne: Fes examplpr ainpixtugt efie¢l] viahildy indugingt eedls japd myelin producing cells
hani ' t injury. Mdtor inputs to
may g Lgsﬁ(gggggﬁ?g}%n%gé)'ﬁgar‘%%g{celr!él%ﬁeé,ual |y occur via the
[00623ut onhoiEi espsyiall e monfcdiiatd Mhst neefsaidnr of ehy/ eelvepdtlls is especially

from ti_gt h branches of the autononm c nervous system
applieahle tgrhepling sinal cgeheéamagebyyeeeneratingtthy Jampgaddieryrs. In this regard, a
RAtQEH ad SkonFatdeRliN-1i MiPEARY Phl.,1d 304N %00-
prote syS np a?ghet I C h\rt)r aér%gﬁ of(ﬂ{r%iga(aJtel?)%%meggls’ygsc?ez@n&;g tI é?(t)00703’ 4/30/2004),
whiclpexgpessientiimdicbonhyelirmtiop myayi bel wwegd endséxpesssed iBta manvadellpsuch as but not

. ..of t synmpat hetic branch is |ike st i ng on the.gas
imitqdo, e B by e e Bt o oo g see ol e digant cel type
such B heGhictive Nisdfe 84l IMGIdRRS 86t AQAihitéP i fibiblat ko R may express
ai rways and nobilization of glucose from gl ycogen
Nrglstores are seen. Synpathetic nerves arise fromthe 1st
hor agi ¢ 4 lwnbar vertebra. They hgve a.shaokt
regangl’i oni ¢ neuron t e I'h ohe o h
[0063 ggﬁlﬁft t(ff thN?[g H&‘l ﬂ?ﬁﬂ‘eraﬁﬁg OE grye P}ﬁg gr%tﬁgﬁ"ﬂ' %rom Nerve
Dege@é@it@hiién t hat |ie al ong the spinal colum.

Acet ESl choline is the neurotransnmitter at the s¥napse o
[0064}; ¢ "OppBattisHgr prkexsarmificd Forechelihs Anvantien it digistad tgdstegmining the
effect & tfl{'] ﬁlntcﬁ&gﬁﬁ)r(gtbiﬁ e BVIEh S %Mplw&P%Eﬁ@aﬁ& 5[%r$1%§feqnjury in rat.

at the mpjority of synpathetic nerve €ndi ngs. ew
Thirts yiRSptdpatilawles straatgtight) 400 U0 gnets waehused, Witiels evere divided into 3

i nnervating sweat gl ands or skel etal nuscle )
group@a{@mm%twg;l rad EAR-%de isynaierbhern hat by BMP-2rereBMP-9 group, it refers

L asY W ' I r -
o EAETERS UL BEAOBLCASHR S SRUTLIEINRDEE, R s e me
damag¢ Brdoak ta@tittss atinfekted Spragus-Dewltn eat CNSing=0 hadni@taaiiddrceps, crushing
.. _.par aseyrITIP%t hetic . . .
injurtes weré made on sciatic nerves. In the control group, only buffer with non-modified
fibroblasts were injected. In BMP-2 and BMP-9 groups, buffer with gene-modified fibroblasts
were injected (BMP-2: BMP-2 secreting fibroblast, BMP-9: BMP-9 secreting fibroblast). After

completion of injection, effects on regeneration were evaluated by 1) sciatic nerve motor
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stimulation constricts airways and decreases heart
rate. It regulates resting activities such as
wale@eseizon, micturation and erection. Long PCT/US2005/021993
pregangl i oni ¢ neurons rel ease acetylcholine at . ) o
condugipg S8y 1ererded 12 the, gagtrpysabsugamusciseapd Fo dtigalegic udies on sciatic
RS _ e I ' t he effector
nerve[lxlﬁ gi;ue. tﬁd%@o‘i&kég%ﬁrg?gﬁ%r}q %ﬁ} g rrsé%g'd Nerve Cells By
[0065) el Tie Rervduindgctioml btady @OGhled| sigificaralypsmit Giterichd in BMP-2 and
invention, in order for nerve regenerati.on to occur ’
BMP S OB raPatis B Gt T S0P 1 Woeky R Ghee i subsequently
showRIte eC g{éﬁtefl‘ 8h!the WP-?%rdﬂtpam QeSS Weldd 8ScéhifarB@ With other groups
cells That are receiving the benefit of the therapy.
(1<0.G9e Ig exesk B, ithere Heas ny epparenti differshce bé latennyoarsomgighl groups, but the
occur. In this . re a variety of different cell
amPh?‘i/d%Sééweﬁnca%/re%%r lﬂsté%ﬁ%fqgigfoeu& uate this phenotype. For
[0066¢xangl ¢he Bistvlodickl estady, Gl lgratpalahbivey denetdCidi@n&elids (by means of
~and nmyelin producing cells may be used together to
exhibjtmgegicindlppmatery JEsRADSS. [logse0l] ajons jagd s@pualprashapges) by week 2. In the
tr&3O8th tegkre SliLDRid QR 4t 5 | i
cons LGP UELREELABRY) SRl s BT, SRS Kot e of
inflamregtéorearal vargolahehatwes gede signifeantly redubéds andgdrwhiclaonly half of the

groupg{h%gxi%i.d ?h%gi(:fﬂﬁi?tig,s.a i}gg,ﬁh-/-g?éi!eryte?g %ﬂéﬁ?_g }%ré%e?re N%rg H.:arhlleg \r/educed with
only ErePhRE D Merk BEUGRS 16K iaR6d b vATRAB1aPehatpesl aaAdnflammation was very
expressed in a nefve cell, such as but not limted to

mild. Stevefifeetsc ef theselfernsiopal protedmsnpmumetieorsgoneraticanaltdyeqrush injury were

. .sane.cel |l or different.cell type, such.as connegtive ..

signi FAE 1 T Yop oS TS i, e of g e W injury.

includifg periphetal MBwetpryess Nrgl. [0063] Effect Of BMP On
Regenerati on of Nerve and Protection From Nerve

[0067be ge hEFdh: a6t RS, [a0d oY IPGHe Peiping daNodyedaifdredlxd fiprentiptian, growth and
oran R or D BB TS RS 5 stong i

growthrliffegetimioat fastoraf (GDF)narsteegeni¢ Wryteins (@Ps), Bhdr Mullstixn inhibiting
Sprague- Dawl ey strai [ v 400+1 rats_were

substafRg A TR i mans (Y AN (aegs airb bkebits spine. 2002, 165 S10-

S15). BRoAcalBNth BM3; Dhrist {UridtSMEO IR NGt dtaby BtoBNBethorOKcience, 1965,
BMP-9 group, it refers to the animal group that wll

150(698):i 89P0 @bodrved dhsl phenempnass of ambBiRI0ssH @M Andfotlear processes
s NS TR o 08 18 DS RAPI R g o e musceof
both f¥dUGBIaAg rhblitdl | KfeMiantRild, @AdiFRrdaitiadNBEEBShymdl ckil€ migrated to
_contr ol group, only buffer with non-nodified
ng

the inpergadgh . tsgqu@yéhemo&?seéqllqwﬁdmm@ogﬁ gn@m@pgﬁqﬁ@gpghondroblasts,
o5 RS 6 VB LR BE LFGHS i i
formasiear ef i thg Ctartitagb| ssiplate Afthéy extracellular matrix is vascularized through
hematopoietic and endothelial cells. Osteoblast and osteoclast began to appear locally and
absorbed cartilage was transformed into bone tissues. After 21 days, ossicle with marrow core of
bone was formed (Wang et al., Proc Nat Acad Sci USA, 1988, 85: 9484-9488). The component,
which was associated with this changing process from the demineralized bone matrix, was
described as bone morphogenic protein (BMP).

[0068] In 1988, Wang et al. (Wang et al., Proc Nat Acad Sci USA, 1988, 85: 9484-9488)
isolated three polypeptides with the molecular weights of 16 kDa, 18 kDa, and 30 kDa each
from bovine bones. Wozney et al. (Woozney, Mol Rep Dev, 1992, 32: 160-167) later identified
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conpl etion of injection, effects on regeneration were

eval uated by 1) sciatic nerve notorconduction study
W(De(memimlz at the gastro-sol eus nmuscl es, and 2)PCT/US2005/021993
- hi ic studies qQn.sciatic nerve with

humap SRS 204 Forespen fe AN utine fagie pPDBRPUsRS 2 Paphes. Follow up studies
i v

have ge?g%?& Ith;E;}ﬁﬁéﬁEé’ ﬁt;) ?tfl@ g?g rc]:fgclﬁl%gshl i ll(\g @N\/Sgpeél\%gd osen, Clin Orthop,

1998 gi%ub@-%bnpar ed with the control group at 1 week, and

onesFE! L e B PR SAE S 2 e SRS s B ranstormin
growmrta@telsa(@ﬁo ﬁogfe)ne shperp@alky @w@d&f fafd W&3er] @199@%8;5“1998 346: 26-37).
di fference of | atency anong all groups, but the
Stwcwﬁily, BMBs; argepredugedaases large pf?ewBNPf@rrgiﬂmppse{l @1‘566}5 -2f amino acid
.S [ u I roups s d _sever
signal, B85 SRR, Wi s7Fubil RIBS (IR B spporot teminal

with l@ﬂsmﬁﬂsmmol asds. (Tlhe a;nmnslaan«éllmwbcar 7 Qbﬁéh@é&ésuﬂl}ésmaﬁlblmg peptide
. In the control group, the degeneratjon persisted in i
dlmer\;@QRg after, the gar B%Y qrﬁng:}ypegloarlébpéeavp%ér(gql recursor by proteolytic

n Chtpl N exi
o R 14000510 GRTTHRS ASGE S AR v o
disulfidvelskefl i hodiodgmer ¢omRived ©f glna)sqme trtmeemersha-r@mlﬁdeﬂlaked heterodimer

even furtk reduced. Wit h onI thlr f
compgia 1ol B HEERT HRePRARE (PSR, g d EroLbREm. 1990, 265: 13195-
13250)N frt@a¥tRigl 0 Rh\GitneyiRhtior b1 e p;rdi@n @hé 86drSlikedth 88 Activity, and as such
functi onal rotei ns on nerve regeneration after crush
the hptejagimerie BMRI gnd fBMBAthave bepeshowattg. beThiesenger asuphegens than the
homoﬁn{?éﬁ/ é)hrﬁyosgcg &F :Erga H@Eleﬁelg{ EIS végbta?a[ %toa‘é Ce)cf,@h% rCyrt)wth Factor Rev,

1998 693t49x6mSampatH eBdN’P JaBiel Qhieh, €996, 165V 03 mdlazSO):el I
differentiation, growth and organ formation during

[0070f e\ elnosAerHo capifbize 9ndherhiplagicab pctivily of EEVIB, gubwq‘eaﬁm tp understand
{ r [

v A% M Q4L 508 5 RS O BN Ebprigion n e o

Althosglh bt nmeh anknewhilabeuti tha geloe eepressidd & BMH), if Ebhnmralthht it may be

regulq’tt%(gg%/ag%’i%t eii%—ﬁf’)gn Hg (glggﬁé%r%%%{ip%lhs%sgll Cgloc em Biophys Res
ComiAti, 0994 Ug4(: QB6-13¢1. W@bHiﬁG&oteﬁf&(&ﬁﬂ%ﬂe@g@Ts &Rains, with two outer

observed the phenonenon of ‘embryonic ossification and
domainsiasting o pesidesstraisaiiptignat @ctefﬁmsc tshthe aentgs dohpinaactiog as a negative
regul:ﬁf ¢ e (I)r?%S 81630 a d'em ngr]gh f gﬁl’% ggﬁ%l%ﬁc)é rlatrlglgg tfrrz)m 246~265bp) is
recognimﬂ abt alid AIBF lﬂfﬁdkcfrf}ﬁbﬁnfabt@t ethdmhse g hinifrtagelrbl® in regulating the
grated to the inserted bone tissues by chenotaxis
expreﬁléqm B Iyn e mepse BMP hah absahsen smplieateshty @susgltlgtlon of the cell
death ﬂﬁ@lare derived from mesenchymal cells, then
ecre ed extracel lular matrix, which enabled formation
[00719f t Hke bimldgidahgetividerpdRBMP a'lhltghdxtrcgtdﬁbdl at aem(msttrmepomts beyond

e B L7 R SR R S A% SR B, rcepor

of BMP%&IVHQ @ﬂﬂhl@ﬁ&?rﬁiﬁfélrﬁaéﬁsﬂkl 38Rt VA BURESHE 'irm%gpd)l{!& Qo the increased
bone tissues. After ays ossicle with narrow core
activigf of BMP, may elicit enhanced productlon of negative feedback signals ultimately leading

to their regulation (Ebara and Nakayama, Spine, 2002, 16S: S10-S15). Inside, the cells are
regulated both by signal transduction and by repressive Smad proteins, meaning that BMP is

able to upregulate expression of repressive Smad proteins (Ebara and Nakayama, Spine, 2002,

16S: S10-S15).
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bone was fornmed (Wang et al., Proc Nat Acad Sci USA,
1988, 85: 9484-9488). The conponent, which was
W(asm)omzamed wi th this changi ng process from t hBCT/US2005/021993
em neralized bone matri x, was described _as _bone

[0072,]mr phbYerixtraps bilas lﬁve(l,qup)cellst GWG@PtrPHedle BME\binglieg pegteins such as
noggxﬁ\%ﬁg: hdr’ﬁ{ wth}g %dﬁf??])}ligg@g ﬁsg%dggﬁﬁggic%ﬁ%ﬁ%&@%r Twisted gastrulation

9484- 9 88) "i solat'e
(Tsg) remhaogh alie fupicgbn ©f chorddsink (Ebaral 8ndk Nakayanth, S@lﬂeDaO@ZaC]hSS S10-S15).

Foish BB 0P 38055 BV o S ! BB . e,

1995,004! $qP%wi ng DNAs using these pol ypeptides as probes.
Fol | ow up studi es have reveal ed the presence of at
[0073] easReceptamigo ¥MBus BVP' s (Wozney and Rosen din

[0074?3 glgﬁﬁ l‘%lguzsﬁfo gvg)?d&fz ey t3 t)yzae% (kwqga}qg’:}ﬁl qefp gp'%onérfe kinase receptors.
Two typanstaptorsand bﬂw}l]beflatfzédébtof T bedd @RANEMEL REMfagithdly (Kawabata et
(Wzney and_Rosen, din thogd 1998, 346: 26-37).
n

al., Cgpk'@é pyth Factaniey, 4988, % 49¢d a@,ananala,rtgé tynedcaeptyr has isoforms
A anfi (ﬁ &%8& l%é' & #gru%tﬁmﬂ Elig'u 2 QGQJ dl@ﬁpetnlt q)%ha\ﬁ ur in their
pro th 50- § shd ar

‘ naln ann aCI mature termn
activatian bafx the Smaaln prafieingi ((Iimafhﬁlﬁt &Rl aNaﬂme at9s .38Phes4barstigr For signal

as well-co rved ne resi abl i .
wanson. Gepech 0T FEEIGR TP i TPl GGy YPE] RRRDY scgtispfed by type
11 reckftofhiRPHE didnaP thAMSdREE %Jf:élférb eﬁ%&f F\%lcé( thC The signal in the cells is
trans(g@ocessl ng (Croteau et al 2: . Each

¢d bg Smad @r@elgwp&pa@t e$macb5)(|a1gi Smad8 abelong to the same structure and

e U S SATEE S5l OBy n v
These Bmadd fdr1 BeterdmepieScovhpl 80 Adefasslo&AaRRb thethudleus td) activate various

Bi ol Chem 1990, 265: 13198- 13250). Interestingly,
genes; Rimade.nkab, Skt pshSwprti e ivekved in Reative gulatiored thase igeres. Among

these a§1‘hh %I’eé)res dth@%raﬁyﬁg)tfoneoflw zﬁﬁ’i’ J Has g'\@% r}gﬁgtl\@e feedback of

‘have omn to stronger nDrp 0gens
BMP bgmlingrpatheeyniBsied abf J tHie Chame 20000 EST: 8(26?114@561 dobtis a member of
. al.., t oki ne .G owt h Fact or v, 1998, 49- 61
antlprggf%ac{% prptey} | fam yy @nd, is Cﬂ’é‘?‘hve gg@egaélefs re&@i@%n i)gzlg\jf/Smad signal

(YosHi@PA!., b@llol(ﬁ)@r 1@33 1@@911097)' BRi &Ybok)nﬁelp‘r r@ﬁb&%le expressmn of BMP-
aCt|V|ty Of I'S necessary (o under st and

SIgnalm@g@nChBMPnre@porBw gyense apst p¢msss¢@ﬁleea¢dvatm ofelallvﬁnb)sdnr@ftly reacting

with §had SORBIElc” Shics b bnbidSichiftc ot AM QWS 8031 PHSE Nafl fhcad sci Usa,

2000,t97at14394- 12399 eSrhegu baloags ﬂ)yHB@SIhﬁllEQiflubrduﬂﬁ}DhE@blahd inhibits signal
(bHLH) %r oteln (Ebara et al., Biochem Bi ophys Res

transd@éﬁ?mﬁ MR Py soleotivel g binding witlripeepipregyiated Smad; @uh et al., Nature,
1999%6’9@83796’9 f 3 domains, with two outer domains acting

S positive transcriptional activators and the center
[0075(]1orraFmﬂ&ctresagrchwnat}nefgattmneoﬁ thg UBNPofamiAnoigrotdies & ongoing and it

scem, L HRbY VL Byt BoB T B Capoy GREEIp L Biine nerve system
(FarkdP&1D! J ARklrdiass 1999,i970001.28%), & Mdhah& SAI2ThIG DpRthalmol Vis Sci,
1998, 39: 2626-2636), lung, kidney, prostate, reproductive organ and hair follicles during the
embryonic stage. For example, the formation of fingers and spaces between fingers has been
reported to be due to apoptosis of cells between fingers caused by BMP (Zou and Niswander,
Science, 1996, 272: 738).

[0076] BMP is involved in formation, differentiation and healing of skeletal system during

the embryonic stage. In the skeletal system after birth, BMP is present in the collagen of brain
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expresi son of BMP in the nouse. BMP has al so been
inplicated in the regulation of the cell death
W(p)atohmmz;zoz [0071] The biol ogical activities of BNM?USI085021993
ario 0 .
swomb, SRR RE B ok, bt BB, B4 REHEPHH Fimipg clements

BMP talseuga‘stberehagolgua Stohe osfeosdicons£bhd chomteqatcnt (fialfPand Yan, Clin
' as inhibitory proteins, easily reac i

servi ngzr L wi t h BMPs .
Orthogn 99 "45ds 86?1%6} Altdrelracieiee BMR l%létffw@ yn ghe gRgorbedypone matrix,
[
st g L A a6 g A BB et WP PSiR R of PIMP depends
on theatmhe Neﬁkl&yamelﬁmnddpcam)ﬁbf tlifﬁ@&lctﬁ‘]:@m&lm@ be flmtshledeqmplheted due to
I ate nal transduc
remprpceaé Ireéagg aesEﬁrgh E s0 Br‘f E’dtol‘f};\{n asm_r,le g%t?lgr tESSXes to study
their ptBfcBEVH X 1BgdeR#ti®e SHRE, ﬂ{d KB IbeSS dtBon3trBLd R6 4RI & jtotectlve effect on
Ebara and Nakayamm, Spine, 2002, 16S: S10-S15).[0072]
the fupgtionraf hest masell i issherniaaadl repursior|of deart musdn (et eal., J Mol Cell

Cardlgly lgt!f\]ﬂaﬁglh?gé ?9@0 gfﬂﬁe Qﬁeﬁ%@&l ?\gou? %gg%;r& ﬁ”&g {hqg 1rﬂi‘ucmg cerebral

1shemTa/\afsetre:ﬁje@ﬁgtBMlPahtochd()Pﬁ$@) c@ityamdasgdnbeatifel Bfﬂ:ctt@ on dhmaged kidneys
chondrin (Ebara and Nakayanm S&Q%gﬁzooz 16S: S10- Sl

(Ripamypnti pag Pugeas; Rlag; l%ﬁfgn%sm 1998 @3BWP- 4 proteins
k
[0077360_2126g§>fe§?g8a_y§{@a§8%2%%0§;§ tP % TVMSBL{]E ano’llQ%G in %Zf?erentlatlon of

periptierad nebi~ves ed\antagtgtpbshe(aisymdgedmdrve Wheofcompared to the healing process of
Seéhl ne-threoni ne ki nase receptors. Two type |
untregled-&IGHBY s and one type |1 receptor have been confirmed
[00781{] BB snd KWahbalttatlasal .. Cytoki ne Growt h Factor
1998, 9: 49-61). In mammals, the type | receptor
[007%has Tlgfmrgeqmg inxengigh 18 nghdmited hb@gﬁvq methods ef gene delivery to the site of
itere$ HESSE A L A0 coh DEWAERON AIALroant \ HERGHL BHY Llor may be
used :Nalohg @s i(l8%ble B8Xprésd thebdekjred Eﬁftelﬁl\@iﬂﬁh the at’ésdﬂ.lm}dcﬁﬂn The vector
I and Il receptors need to forma conpl ex.
may heé‘défﬁtn@ﬁ of §“>é8‘t‘mb€'dt°é a8l Vacinsesq long gt pt bﬁeﬁ&}yoemw@yed to express the
tis transduced in cells by the type |I receptor.
gene@hlg{égél gnal in the cells is transduced by Snad
[0080pr ot Bhen presSireidigntiSraid Soarial b@nludﬁecbei tsmyethy theespaife embodiments
transducg.t he si

descriggd §6telT Tn@Hfl  LAETS AEoA GRS R jnkiion b g ibon A 4BR¢ described

heremSWilHi Sekbomhs 2&!)?51@510&33 tHdse GRIMRUEN RBhri ‘fx@fhs kiRe ﬁir@glgilﬁg ‘aescrlp‘uon and
the nucleus to activate various genes.

accomady Bghfiguresapech modifigatépns dravegraded to faélgwallﬂan itemscope of the appended
clalmt hﬁlséefoﬁg\g%% m%ﬁggﬁ%‘eg ﬁngﬁ' 5telﬂ[l§ti$ %%?i otfl?ﬁe Bretselm\t/ énventlon, and

ranscrlp I°0 a rorein ne
not byl @egbatikitafioBVMP si gnal i ng pat hway ( Bai et al., J Biol
Chem 2000, 275: 8267-8270). Tob is a nenber of
antiproliferative protein famly and is involved in
EXAm%igi ve regul ati on of BMP/ Smad si gnal
[0081] EXAMPLE I -MATERIALS AND METHODS
[0082] Materials
[0083] Mature Sprague-Dawley strain rats (16~18 weeks old) with weight of 400+10 g have
been used for this study. The reason for using mature rats is because it is easier to observe
changes due to nerve regeneration and physiological changes compared with rats in growing

stage.

[0084] Methods
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(Yoshida et al., Cell, 2000, 103: 1085-1097). Ski
oncoprotein represses the expression of BMPsignaling
w@pweBdRe1 esponsi ve genes, and represses the aptT/US100H021993

[0085]Of BB @Méaﬁl‘?c&kﬁfcxﬂ@@ﬁw &9 ﬂﬁh&iﬂ)nﬁnﬁ%t&@ W/Iexlntd/\/ﬁéﬁ;kheral nerves.

is a characteristic of Wang et al., Proc
Thus, ikahis s8aly, tEAbrddGE;, prgduclugewilaqnggijyIP9W flireqsly] ttﬁ«ﬁlg@cted into the

penphi:rla!aggx%ta%gqa%l W*@&U& re segr%?e% lggfﬂla} %H?'otf%éﬂa&r\%re divided

into 3 ﬁﬁlﬁ@t}lﬁhbh el RhsitteSHR2 Qaﬁﬂ hmﬁhtmﬂlred ndid@dsuTbe ﬁﬂﬁ @8yup was a control
00: 687- g

93). [0075] Further resear ch on t H fu
group oith h@tSBWPOEFeamwS?doﬂerﬁ?sof‘W%érqage oW i AR-E ifjed gg@\‘?\f“t without
transgt?%?:)r‘gtfhgélonﬂ G%P JE‘Y@M‘@% bgb)txbz?s &ﬁﬁﬁﬁ@d of rzﬁ@%xhﬁl i*ﬁﬁﬂé’d nerves, which

system( Farkas et al
were tNRWdORTth geALRDJIfRA: ﬁ&ﬁﬂlaﬁ%}h B3 t(angmnsaIEi thalthlrd group (BMP9
| nvest Opht hal.nol Vi s  Sci 998, 3 .
Eroup) IR SPTRL PLTES WShr DA Pacr Htkh angorarer Witk Béhe-modified

| ﬁbrobIaQJ \':vitﬁ hﬁ\ﬁp @L{fdnggen*e i RITHE ¥ ArixGmE1adBs of FSueeXaspbornicde, 4, and 8
ion of fingers and spaces between fingers has

weekshefeen the peatiredt by Sb@'lﬁjlylag Qdatqrfgpp@gp}g gefupcad| harpestipg spiatic nerves
used

som WAR4FRS SEHSSHR SUBAAABEN S8 SELARSE i neres o

limbs Cﬁ}f katiggtthatdripinad shsbgiak i igucobefokelthd @kpaysers nard melaglrmg nerve
he enbryonic stage. In the skeletal systemafter
condumwrt ¢verpiber ‘é’e%r‘é‘»s@rﬁ wegksiaHer B8 ISHEEEn of br ai nst r onm,

0086ﬁfr' stg and nmesenchymal cell of matrix filled

[ rm ng el enents. BMP al so has been

[0087] SOl Eieedlhite @iwas arasaticedrby agettmgdﬁ'ﬂ chiogal dydrate in segricantration of
and Yan, Clin Othop,, 1990, 257:

300 il P ab el iy HAE P OE e SR P B ATl eeions of

the rlgii;tt 15%@@%?0%%%&%9{;9&1%' bBhe ‘g@kllt@n Aﬂ@r kBrilithg the BdhiereSregion with

ution of BMP depends on the tine of
potadineentir76%4 aleohol aatzbut daehﬁlcamotiﬁplﬂﬁ@nﬁ eeguing te egnirahagrt 9é the femoral

reglor]; gfrgég(géﬁgﬁggncaﬁea g efd i?} cregglI S\ﬂLedra&\flfgf%fldg Sexggw sciatic nerve.
Nervinf\@les et Waile taBcorling o & oniry @ttﬂc((DeVEomlhg et al J Neurol Sci, 1986,

regenerative effect, and have been denoﬁftrate % lenath
74: 2}b246)ebypimsisg the skiaresecnghe thigh rad (RIS HORNE S £-2.5 om in lengt

cl.e i Car
o GYEF e FSUA et Rl Bt 2Ll e nd e
injurif tHehRerexbardaliatrselaio bermatamery ¢msterp evithrmemestatie @vpm (Crile, 15
cerebral ishenmia afte
om) 10600 645 R TMEQRRER Y P Bb 1 Eok LSS o ALY B srength and o
apply(t% Q%gg'ﬂatv'e @fq%l?ﬂg%ﬁtheﬂeﬁ% inft@¢ ansikéd @eag.a BI&ASlinel@ds marked on

0077 he present application shows that
the f(Bhﬁ;s aMﬁ ah fram ithey eids eehbling ¢rdshigelniurigs jabtheofixed area by the strongest

hOldl% éﬁﬁp E d%%agggﬁn%?@gﬁﬁg%ﬁ%ﬁ?%ﬁ ?org g:fsﬁl Zfrgtﬁn L sont opgﬁ}ﬁ% was injected
with BifR4RSith 0.09 A8lnohtnydified ﬁBd)bE)St mnuos NEtOA oeld/50 pl) within 2 mm of nerve
injury area using ultra-fine needle (30 gauge). The second and the third experimental groups
were injected with gene-modified fibroblasts secreting BMP2 and BMP9, respectively, by the
same method before suturing and sterilizing the wounded area.

[0088]  Nerve Conduction Test

[0089] Nerve conduction test was performed after anesthetizing the rat with 4% chloral
hydrate. The activity-recording electrode was placed on calf muscle to stimulate sciatic notch,

the reference electrode was placed on the foot, and the ground electrode was placed between
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[0079] The present invention is not limted to ex vivo
nmet hods of gene delivery to the site of intereset. In
woraeooohods are al so contenplated. It is al seCt/US1965/021993

. hoted that any vector may be used so long as it is )
stimulging eleetr@d@pwi%e feserdieg ¢leetepdsy Bateh-Hkorleptroder wes used es gt recording
i ecd. S
el S8 4P DTS LRSI T e P 0, o e MUY, e rere
condueKipn €56 wak dogrebeusifig lb(leylEqsiﬁt_S(Daé{t@OBEhth@. hﬁ@ﬁﬁmy, recording printing
I nventian 1S not, to .limted 1 n scope
rate, &w@ngrﬁs%}lw@heg t_ﬁlés%ﬁmwrﬁé?teﬁfn?jlﬁﬁ@@ﬁz,v%.rmwédmswm 5
mV/dRREbA, GBigeBivel Pl N&¥Pe | BYRRELOD tetsAdPirk| PRrbOdOSRry 2 weeks.
descri bed herein wll beconme apparent to those skil fed ‘
Measungmehts vegre tdkeo dronh thef mgaganigef e sspérphémandifiollowed at weeks 2, 4, 6,
cgompanying figures. ;Such . nodif.icatjons are intend )
and € EROTRRIR Bk AR “Bonl U0 i i B ol SpshiEd R Re amplitude
- betwek ltheObdsblinecxrngasvalectfde goad. PYatvaykreieldcddUémahtlPBroup for the
of the present invention, and not by wa

of
nerve| Gopflygtionoudyexdvid msasggpents ExaR/mbined %[rwmhAEgnmgures of the

- e ue- Dawl ey
abord R P s PR & 4G R PN 50010 o
[0090hav ePirhelogicabHidtologichl TissicByamibfagioneason for using
e rats is Eecause. it 1.S easier to,o(ﬁserve changes

t .
100915,c EErriBRien SIBEREYaLFKS SAE PRy SFofaSirbal ‘e Rhgesnatural healing

fler e TRIAFEEY Wdnlinfn@ R - B3 S LIRG S, inni
Rl R e R AU A Pyore I pe{doﬁ?rﬂjﬂéeclt’egmmg of the

experfmgndt Famald) patot(8i merBivPP went usqsleto pbseral regemeration dhuerves with cells

.in this stud rat_fibroblasts produci ng BVP2 and BMP9
acking e bt 2 SR PBa T MY G P HOY FRGFAMORbFybagroup and the
tissue Gverd) akanBER aferd2, BYRAd B Re88CF6t 81 ts96abxamind@lab&t 2 cm sciatic

36 rats were divided into 3 groups. Each group

nerveg YRk afelintest fram thaarsa of enyshedjinivsdinanesibetizedtiats { Thesghanges in nerve

. s ral..qr | tS: I N

s MR G0 OBl SRR SRR L ormat

solutiva hibthen staied gethchembliexydiaeosied (Hr& B) ahdiddi fipdatiphrom@MT) stains.
forrpaﬁsed of rats with injured nerves, which were

[0092{ o aPat? An3KSiyene- modi fied fibrobl ast with BVP-2

[0093) an?,gl?g%gg gnekekd %érﬁhé Her9é ﬂ'gﬁ’rgg ﬁw&a&&ﬁﬁlﬁn@\gﬁc&e of action potential

conpose rats wt Injure erves,

and chaegeasedurimig thegénencyoadli tomgdodridonuoistlasfromi ¢dchBpup was analyzed by

transgene, Hi stol ogical  exam nati.on of tissue
comppyif SRAge2EE ety 6T RS BRSPS WS eissl iy BSS-PC program.
Compagi§drs§ betivBen %ad}ﬁgﬁ)ubrﬂaﬁe@ﬁfbrﬁk@lﬂy AND VAT ¥@B ttddf and the level of
sciatic nerves from both nmbs. Nerve notor conduction

signifispnesy Waassehlas O Qer Fhsr deatessi oh igjgnaend ragangession  were determined by
histological data as was interpreted by a pathologist.

[0094] EXAMPLE II - Weight Changes

[0095] Initially, the rats weighed in the range of 400 + 10 g. Weight changes afterward are
shown in Table 2. No difference was observed between each group at week 2, but BMP9 group
showed some differences (p<0.05) compared with other groups at weeks 4 and 6. At week 8,

there was no statistically significant difference between the groups (p>0.05) (Table 2).

Table 2. Changes of Body Weight in Experimental Groups

2™ week 4™ week 6" week 8™ week
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linbs by setting the original base-line value before
t he experinment and neasuring nerve conduction every
wrdeeno2erek up to 8 weeks after the surgery. [POB6$2005/021993

Nerve | njury %0087 The white rat was anesthetized by
Shamj A8@dti28¢ 4@? Aot AT HyePdt¥.7 n460.8amteht rati on of 300
BMPXgrég 4 2.9 ab8idmi el J8¥.5tyl41Hnid70.0as4t-2noved fromt he
BMP9366.8rt 3.2 add2 Deni.&l 508010756 0508 .be: 60.ght | i nb before

being fixed in prone position After sterilizing the

fenoral region wth potadi ne and 70% al cohol, about

1-1.5 cmof epiderm s around the central part of the

[0096] e rOEXAMBEEJAI webangestof Eatengyi nci sed and f enor al

ce t X ery '
[0097tle ﬁg‘sewﬂa% rﬁf‘tg;{héa%gregwn%&;@? e%gﬁ &5 %}flﬂgenﬁ) eixpgll'lment showed
latencfy e 1KBN+ I®gl leseal Latedcibleafied|théSthumd Ql&ﬁveﬂ(ﬁffel%aaes%ﬁ)/e&mythe control

eroup; NP2 edoun oo NPT gk Hestias ok Bt Rfeghesteal significance
(p>0.09S TRE 1AEn AR IENIBD akd BRIBLEBp W&%lsﬁ&'tén‘ad @@antly compared with

sciatic nerve and then injuring the nerve exposed
the cantrioh gioup ke misela6i (pr0.8§). dlovevem ghant whas haehff@mm io the latencies among

f j 30 ds. The f
the 3 GRY GRS ER 2P ORAAGDT erent 1 evers of ol ding

strength and to apply the sane | evel of holding for
the nerve injury at fixed areas, a black |ine was
marked on the forceps at 5 cmfromthe end enabling
crushing injuries at the fixed area by the strongest
hol ding level. After renoving the haenostatic forceps,
the first or control group was injected with buffer
with 0.05 ml non-nodified fibroblast (unit: 5 x 105
cell/50 mM) within 2 mmof nerve injury area using
ultra-fine needle (30 gauge). The second and the third
experimental groups were injected with gene-nodified
fibroblasts secreting BMP2 and BMP9, respectively, by
the same nethod before suturing and sterilizing the
wounded area. [0088] Nerve Conduction Test [0089]
Nerve conduction test was performed after
anesthetizing the rat with 4%chloral hydrate. The
activity-recording el ectrode was placed on calf nuscle
to stinulate sciatic notch, the reference el ectrode
was placed on the foot, and the ground el ectrode was
pl aced betweenstimnmul ati ng el ectrode and the recording
el ectrode. Patch-1like electrode was used as the
recordi ng el ectrode and the ground el ectrode was put
under the skin by using a needle electrode. The nerve
conduction test was done by using KeyPoint (Dantec,
Denmar k) . Frequency, recording printing rate, and
recording sensitivity in this study were set as

2- 10,000 Hz, 2 nsec/division, 5 nV/division,
respectively. Nerve conduction tests were perforned
every 2 weeks. Measurenents were taken fromthe

begi nni ng of the experinent and foll owed at weeks 2,
4, 6,
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and 8 afterwards. Latency and anplitude during the
tests were neasured by the anplitude between the
whzmehine and negati ve el ectrode point. 5 ratSPOBU005/021993

sel ected fromeach group for the nerve conduction

Tableg} Latgngnghaperie Sseumsment s wer e obt ai ned from bot h.
ses—ob—tho laboratory and the ratswere

nme2 ivacked 4" vaskC and"3aek r esBBotdeiel y. [ 0090]

Pat hol ogi cal / Hi st ol ogi cal Ti ssue Exam nation [0091]
ShamBEX@uiatil on 1¢¥9 £ e4nenys 4 g.gsues . iforogprats was carri ed
BMPDUt24t:009hsenys nabur ali ggead.ong afdser olohe injury by

BMPSAAYNpNY Naragel o Rgr vepehed g5 tm%yiwe injured from
t he begi nni ng of the experinent. Four (4) rats (8

nerves) were used to observe regeneration of nerves
with cells lacking transgene procedure. 2 rats (4
[009sper VEXAMELE. Ir\anctmhgeMmbﬂdﬁer om each group and the
sues _were exam ned after 2, 4, and 8 weeks. For the
[0099i| ss%@sebsteaﬁﬁﬁaar@n«éﬁm yaBeastired %ﬁ»msf@r:btgr@umbefveesthﬁewerlment showed
1,3t
o UL o B, ey OB SR LMY bR pcanty compare wit
the combebproad atimaeks 2 pid éaftemhe rtasmap<ads e BNORL mgd BM&é)dgroups showed

ffered formgl dehyde sol uti on and n

stgnifiai AR oGS o (- CRNE) AP rodVFSoh R0 G significant
differédEs weta@dHdsvn ih POetie ¥t BV AB XA 2SarkdQR9 8dntrbl gf’oup@ aﬁﬂgelg8 (p<0.05)

weeks after the nerve injury, the maxi mum anplitude of
(Tablag)ri on potential and changes during the |atency of

conpound nuscle from each group was anal yzed by

conmparing with reference group, and statistic analysis
Thbkwashmﬁﬁﬁbeﬁmmﬂﬁu&w SPSS—PC program Cbnparlsons
z : gel t -1 est
angwgnﬁklevqw\@£k3|gn5ﬁkﬁﬁﬁce MQ$\§§R at 0.05. The

degrees of injury and rmpnprml on were determ ned by

Shmnhl c 2?5 rp%ggg y a pat hol ogi st .

BMP %&5 %%A 5] Initially,
? g. Wi ght

BMP it 64 re éﬂ hb di fference

wWas observed between each gluup at—week—2;—but BMP9

group showed sone differences (p<0.05) conpared with

ot her groups at weeks 4 and 6. At week 8, there was no
[00106} at EXAIMEBLEW s Hgstbl‘oigmahamHPﬁﬂmmgmﬂ isevvtions he

o B L 8 AL i

showé’@@{ﬁnéésrhlﬂ‘rﬁﬁktghﬁéﬂeg&@s Jf tR® nQrv@ gﬂyﬁology eXartha@tish as55?103vn in Figure 1
460.0 46.2 BMP2 370.6 24 8.3 7 382.5 14

througiBiggre Mb.Tshe R0l IBenrBshog4d zhms:lszwest I VerysoR, mce‘ﬁxo@s of the nerve
tissue?gxae‘rg n0t61%g9nerated and inflammatory reaction remained. The groups transfected with

gene-modified fibroblasts secreting BMP2 or BMP9 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
symptoms persisted throughout 8 weeks. However, for the BMP2 group, the size of
inflammation and vacuolar changes were significantly reduced and only half of them showed
these symptoms at weeks 4 and 8. For the BMP9 group, these effects were more prominent at
weeks 4 and 8, and only one third of them showed loss of axon, and vacuolar changes, and

further showed very mild inflammation.
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[0096] EXAMPLE 111 - Changes of Latency [0097]
Basel i ne data neasured randomy from each group before
w0 bweeoper i nent showed | atency of 1.44 0.1 1 PEBUS2005/021993

Latencies after the trauma showed di fferences between
[00102he ABwf thelirelgranggs ciBNbRrein angpnemporBRPdY gefotapcain theig katirety.

2 and 4, but | acked statistical significance (p>0.05).

The | atenci es of BMP2 and BMP9 groups were shortened

significantly conpared w th*#hex control group at week

6 (p<0.05). However, there was no difference in the

| atenci es anong the 3 groups at week 8 (p>0.05) (Table

100108 FREE B bty o SRR MGt more

routing. &tperithe@talBbR2 nian@4equivalehtd .t@5theOspieéific. @Mbodinfents df GHe invention
*
specig@gggi]%yp%%g%ﬁb%%iq.gﬁl}c . ﬁvéggl?soz%r(e) Axg'ltﬁ{?(?elddgé)g[segeégﬁz?ssedo inotze scope of

the clBasel i ne data random y neasured from each group before
t he experiment showed anplitude of 23.9 4.3 nV.
Anpl i tude of BMP9 group increased significantly
conpared with the control group at weeks 2 and 4 after
the trauma (p<0.05). BMP2 and BWMP9 groups showed
significant differences conpared to the control group
at week 6 (p<0.05) and significant differences were
shown in the order of BMP9, BMP2 and the contro
groups at week 8 (p<0.05) (Table 4). Table 4. Changes
of Anplitude 2nd week 4th week 6th week 8th week Sham
3.98 1.52 6.17 1.27 6.33 1.27 6.3 1.31 BWP2 6.14
1.51 7.51 1.29 9.00 1.69* 7.17 0.50* BMP9 6.79
1.34* 9.53 4.47* 9.47 1.22* 10.26 2.27* [00100]
"EXAMPLE V - Histol ogical and Pat hol ogi cal Cbservations
[ 00101] Histol ogical nerve tissue exam nation of
randomy selected rats from each group showed changes
simlar to the results of the nerve physi ol ogy
exam nation as shown in Figure 1 through Figure 10.
The control group showed the slowest recovery rate
since axons of the nerve tissues were not regenerated
and inflammatory reaction remai ned. The groups
transfected with gene-nodified fibroblasts secreting
BMP2 or BMP9 did not show any significant difference
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conpared to the control group in the early stage, and
all groups showed severe pathol ogi cal indications
w@200sea2y crushed damage of the nerves such aBCT/US2005/021993
vacuol ar changes and infiltration of inflammtory
What gppleisiedds: bl eedi ng of epineurium vein at week 2. For
t he r e S t ons persi sted throughout
L 89‘\/\%@%@8 o%e\%géegryt?n% %égv?ﬁﬁgméﬁggg.gr oup, the size of
i af | amgeddratingad decvattigdndvirahangRSmiEe ects gothpriistgntIIYNA sequence
reduced and _only half of them showed these synptons at i
encodipgey Sembsp gt 8 trapsformng gsppth Betow suparfasnly off pratains qperatively linked
to a pf9fe@r OM nent at weeks 4 and 8, and only one third of
them showed | oss of axon, and vacuol ar changes, and
f b) t hetrassfostang weriyo rai papulatibh afroattived . e 16 thélrkcomfbinant vector,
the references.cit herej n are incorporated by
resultinggin p popwafion ¢f B F‘?‘E‘H?‘f F%lsy‘i‘“‘i [00103] Those skill ed
I @) t he t@hdplMitinky thee@RBRICER, ceRS tohsh A4 Beak An R§6RH1MBMR, such that
using no nore than routine experinentation, many
expregsi]l the PNA sesuenge witide ithd areandso ieninivred rxfrve gpases regeneration of
men&¢gention specifically described herein. Such
equi val ents are intended to be enconpassed in the
scope of the clains.Wiat is clained is: 1. A nethod of
regenerating nerve, conprising. a) generating a ]
2. ¢ 3%16 msthesAccording to slaig) 1, whetein be tEpSiopRInE & g factonia BMP.
sequence encodi ng a nenber of a transform ng growth
factor superfamly of proteins operatively linked to a
3. pilbeotethod dspordimgte fobaami2g grhereinvihe BMB ipBMB-2tnd BMH-9.
cultured cells with the reconbi nant vector, resulting
in a population of the cultured cells; and c)
4. U ITRABSRRIH dcBSkdiio i Sl hkRth GRlchE i PcAe@RAisBRA11AN
i njured nerve, such that expression of the DNA
sequence within the area near the injured nerve causes
r ti.on t.he, nerve, 2. The th cording to
S oA REIR B Bing' GDFA SepSim S TR PRroPEETSH 12
BMP. 3. The nethod according to claim2, wherein the
BMP is BMP-2 and BMP-9. 4. The nethod according to
6. cilhe methodgeeerding toigkaimdy Whessinthe salhésca neree eslssue cel | .
5. The nethod according to claim4, wherein the cel
is a fibroblast cell. 6. The nmethod according to claim
7. 1 Themetlsidactordinggbiclaim 1a wherciethe aetve iF perifheraietived
according to claim1, wherein the nerve is periphera
nerve. 8. The nethod according to claim1l, wherein the
8. Vahk@dethdd Rcdidirl to B! wherein the vector is a viral vector.

9. The method according to claim 8, wherein the vector is retroviral vector, adeno-

associated viral vector, adenoviral vector, or herpes viral vector.

10. The method of claim 1, wherein said population of cells are stored prior to
transplantation.
11.  The method of claim 4, wherein said population of transfected cells are stored in

10% DMSO under liquid nitrogen prior to transplantation.
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9. The method according to claim8, wherein the vector
is retroviral vector, adenoassociated viral vector,
wa@aenosi20nl vector, or herpes viral vector. 10pCTVt£2005/021993
. method of claim1, wherein said popul ation of cells
12. rAemsth@d@ﬁrqglenmtmg)netrmﬁgmpaﬂmat| on. 11. The net hod of

f el |
2D ot SR O SRRty o i, BBE SRBRFGE 4 Dra
sequehdse?@ﬁ:pbmgtaaﬁysm shéath fegdnéraagk protdiggener ati ng nerve,

corrprl sin generating a reconbinant viral or
pPAsni érav%éqtmg BoHkse iaspapglatiopnek cslétwér&eéls eviotherfgeqmbinant
' b) transfecting in
secof VLIRS RRLORFLUNGLPEL b ), |,

r eh;onbitnaamlammgtthe xrans_:fscuéd celty uoranaarpm nedradn mjured néfve, such

cul tured cell and nsplanting the transfected
that expfesgiop c?falﬁ ;ﬁ%’é ??él‘d?f?cﬁ ‘ia]HPu‘ihéo&r??e Aga, t ?’él}&h‘r‘i ggrve causes
regen%ggﬁgﬁhg@e% the DNA sequence within the area near
he injured nerve causes regeneration of the nerve.
.13 The met hod according to claim 12, wherein the ceI I

[ ve tis ue ce

13 g AREE Y GRRII  ubrret b ST iR PR &
15. The method according to claim 12, wherein the cell
is a nerve cell. 16. The nethod accordl ng to claim12,

14, wbe srgthadasceiding tp§laamgl|3b whereg the celf is arfilroplastis
according to claim12, wherein the cell is Schvvann
cell. 18. The nmethod according to claim12, wherein

15. t Hée puedhcel avcorslingeto rekgml i2n whereirl®e cdlhés adriockliaccor di ng
to claim12, wherein the nerve is peripheral nerve.

16.  The method according to claim 12, wherein the cell is a glial cell.

17. The method according to claim 12, wherein the cell is Schwann cell.

18.  The method according to claim 12, wherein the protein is neuregulin-1.
19.  The method according to claim 12, wherein the nerve is peripheral nerve.
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