WD 2006/ 055685 PCT/ US2005/ 041631 SPECI FI CATI ON TI TLE TRANSPLANTATI ON OF
HUMAN NEURAL CELLS FOR TREATMENT OF NEURCDEGENERATI VE CONDI TI ONS BACKGROUND

[0001] The \@b%{k%?%ﬂs nmethods relate to nethods of treatijg 5@%91%5 t hrough
transpl antation of cells that are uniquely beneficial for such treatnent

met hods. In particular, the disclosed nethods provide nethods of treating
neur odegenerative conditions with neural stemcells (NSCs). [0002]

Neur odegener ati ve disorders areS@facddtled AzZBHOBY conditions involving the
deterioration of neurons as a result of disease, hereditary conditions or

injury, such as traumatic or ischeni dI8g nal cord or brain injury. [0003]
The circuitry of the spinal cord that governs contraction of skel etal

nmuscl es of tTRANSEDANTADION @F HUMANINE YRAdt CELAS FOR TREATMEND DFOr y

GABAergic . (i.e., GABA- pmﬁ gﬂﬁ lL.y.C) ' i , gl ycine-produci ng)
i nter-neurons. A notor G g%\ﬁ%éb% pﬁ‘% es fromthe anterior
hom of the gray matter of the spinal cord. The axon of the notor neuron
energes froma segnment of the spinal cord as an efferent notor fiber that
i nnervates nuscle fibers. Inpulses conducted by the notor neuron stimulate
the nuscle fibers to contract. GABPACESHRRUNR no butyric acid, is a
natural |y occurriq%sérret abolite of the mammalian nervous system which acts

as a neur ot r ansmQ00&} The diselnsadi metbedsgelaisein methodscafitecating diserdewsrilmopgh

el ectrical bl g;ﬂiﬁé\@[ o '

dysregul at i g‘%ﬁ%’%&” 8ni°r{h%?§;§{'ﬁc})‘£y ton elgi gedg?m{ %%&Dg{ggrreatﬁgeg{r ?%Eﬂg\g%ké% nmuscl e
cont r act i ongpartivéleyothe dikdosed nhethbdse prwvidedmethods rdfi fpéating yneuridegenerativns on
excitatory neuyrons, .an over-fi rhn&lﬁ% excitatory neurons occurs leading to
spastic uncSMIIDsSY Stem sghs hcontrol led rigidity of the nuscles of
the linbs. Loss of nmptor neurons results in flaccid parap)egia in which the
subj ects cannot @%98%1&@5%@%@& sordrs aufy apaiEriges, b ﬁ%i_l%o%mf%vgg [0004]
One i nst ancend ddtaMdt#dn GPRRARHA 4 o rRhf JTRHeNRS hAEL At ABSHIRENE Br If\Ry, ok hal cord
includes a conplication associated with a transient cross-clanping of the 1
WD 2006/ 055888aungticlys20banig4spisd cord or brain injury.

[0003] The circuitry of the spinal cord that governs contraction of skeletal
muscles of the limbs, involves excitatory motor neurons and inhibitory GABAergic
(e, GABA-prodﬁcing) and glycinergic (i.e., glycine-producing) inter-neurons. A
motor neuron is a nerve that originates from the anterior horn of the gray matter of the
spinal cord. The axon of the motor neuron emerges from a segment of the spinal cord
as an efferent motor fiber that innervates muscle fibers. Impulses conducted by the
motor neuron stimulate the muscle fibers to contract. GABA, gamma-amino butyric
acid, is a naturally occurring metabolite of the mammalian nervous system which acts
as a neurotransmitter to inhibit or dampen the nerve conduction of electrical potential.
Loss of GABAergic interneurons results in dysregulation of the inhibitory tonality of
the motor neuron-evoked muscle contractions. Without the control exerted by
inhibitory interneurons on excitatory neurons, an over-firing of excitatory neurons
occurs leading to spastic uncontrolled contraction or uncontrolled rigidity of the
muscles of the limbs. Loss of motor neurons results in flaccid paraplegia in which the

subjects cannot contract the muscles and are thereby unable to move.

[0004] One instance in which GABAergic interneurons are damaged in the

spinal cord includes a complication associated with a transient cross-clamping of the
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descendi ng thoracic or thoracoabdom nal aorta. Such cross-clanping is a
necessary step in vascular surgery to repair aneurysns of thoracic or

t hor acoabdom naI aorta. For the duration of the cross-clanping, a portion
of the spYR26LH does not receive blood circul ati oRCAAL204M04168C one

I schem c. Depending on the duration of the ischemc interval, subsequent
neur odegener ati ve dysfuncti on nay be expressed neurodegeneratively as

par apar es déscendidg thboaciteorethopeshbdpagial Gorf, Sﬁ@p@rbgb cﬂﬁﬁﬁiﬁg% haecds@RP5] Wiile
t he mechani smleading to ischem a-induced neuronal degéneration is only
parti al | yStPdeMascsise Surgeryigy ey snepaysmscefsthpipeicr @ theraepabdeminial ports.
excitator / t he
meur onal Yoo Mt OT ;nd OS AoBR pell o ORI told ERBELERVE | 0T
are wel | tkbdnagulation anémnpb@pmhl sthepad. the;@ndmg andtey dumtiof ofptheal cord

taken from nlmal W|thfuII dev t|c arale ia shows  a
sel ecti ve’f M’I Ism?sﬁﬂ'f dlﬁg%i'e 8 2 EXRRESur ons

persi st lﬁelﬁl&@gb@ﬂéﬂv)ély a%cpaﬁf;mfésﬁafﬂ@ -@eaapdatsﬁasﬁslomh@did p&Bplegh, neuronal
pat hol ogy in human subjects having spinal ischem c injury has been

descri bed. [O0O0fRbs] WhAeNhS nechdhish Mg foh ibiRpA- %dﬁ@&ﬁ%&ﬁb
pan-necrotic neurodegenerat I ve changes are seen affecting bo smal |
i nhi bi t or ;le@n@ramuspatymaytlallwnmémmpémd B8y Wblve@scqssm red¢asefactvityroéur ons.

During th neur onal ener [s l,schem a, an

I nj ury-deg %{o agﬁ? \?gltloﬁr%gtfagﬁd 8?06‘?’2 %‘gﬁdp?lﬁglls’am?’af%wn%hanges

such as i pépulitioatdfepinal ¢did rx&ecte@bggﬁﬁslentascmbm ﬁ@ﬂﬂalﬁswéln??ﬂﬁbﬂﬁ'f‘b@r gl ﬁbal
the .inflammtory changes

brain |schem Dependi_ng ent of injury
typi cal | y© 6, BRI HIEAt BADEiPen iy %qr@éjﬁkmséﬂ@n?lemhswb Ha" t hen show
gradual | Q%Idi’)ted'sﬂﬁét@”f[}@%}ﬂéﬁia eshS‘ﬁ? Y SelQHRE 16¥0 of Qb Unhiti6 xgysnairons

post-ischem c peri od In the past two to three deca

consi der ahowevst,falpha-tetendyeens peesisd in previnsslysischienicasyiimad [segmeids. s Sihikar

t her apeut K1) r f. r s. Thus,
cell Ii ne o*{r:‘ichéta'cug‘ill atl%l%ﬁ@g ec#“é%. %Ea)fec{é%}agm fou) a isgltéésﬁag lwgggﬁ%eﬁee%h del i vered
t o injuredescdbedons and direct spinal gene therapy has al so been used to

anel i orat e neurodegenerative dysfunctions in several nodels of spinal

injury, inclupoog] Ixecdeatthstal int rankivEsi Gvithn) fdcgid Chesplega,! Ypahartetaed spi nal
cord or genetically, mani uI ated animal s with progressive a notoneuronal
degener at p@}ﬁotlegg@rqqfvgr@@ggﬁscare seetk affecting; lyoth small inhibitory and excitatory

interneurons as well as ventral motor neurons. During the period of neuronal

degeneration after spinal ischemia, an injury-dependent activation of local microglia
and inflammatory changes, such as infiltration with macrophages, is also seen as in
focal or global brain ischemia. Depending on the extent of injury, the inflammatory
changes typically peak between two to seven days after ischemic insult and then show

gradual loss of inflammatory elements over two to four weeks of post-ischemic period.

[0007] In the past two to three decades, a considerable effort has been made to
assess in animal models the therapeutic potential of spinal grafting of a variety of
materials. Thus, cell lines or acutely isolated spinal cord fetal tissue have been
delivered to injured regions and direct spinal gene therapy has also been used to
ameliorate neurodegenerative dysfunctions in several models of spinal injury,
including mechanical traumatic injury, chemically lesioned spinal cord or genetically
manipulated animals with progressive a-motoneuronal degeneration (ALS transgenic

mice or rat).



WD 2006/ 055685 PCT/ US2005/ 041631 [0008] In general, studies denonstrate

| ong-term survival and preservation of neuronal phenotypes in grafts
generat ed {yofhd@ads tissue, but not from neural precu§§1%$m dileshave been
expanded in vitro. In fact, only limted neuronal differentiation and
maturation of neural precursors expanded in vitro and grafted into

mechani cally or chemcally injured spinal cord has been denonstrated. Cells
preferential |y d9908¢iegenemalestidiesodememmsirate dengaterne sluvival prds preygsyationtdfe
mechani sm S t r f o, Sy

conpl et el y(H;m%gﬁl %ng %Q érgilﬁ %gﬁegc?lzﬁé t%g’{[ HS(EIIE C)(r:ﬁ.#aédélﬂé%&sle €[c?)]?eh
pro-infl amm&wrspmyhmkhavesbc{enue)kpaa&ﬂ NFQJztra'.G:llB)factatorﬂ)hdmltdde nedropalevi ous

injury is |j |nvoI %}0009] Neilrod eneratio res&

particul arl a| 8’&@-}‘ fogpral BreGHISeys EpAT P“é‘ pan ﬁéﬂ%&gﬁmﬁnd cel |
death si gn%&h&h@a@nbﬂdﬁeﬁﬂaﬁw%ﬁmd spil8lU EOde R Bed Id\éﬁoﬂéu%&ase ¢t hstein
et al., 1992; How and et al urner et al. 2005) may be

i nconpat i bipsefarentially differentinte Infenon-nenremsdicell omes. t Wila dhe me@pmqml ofdghisd i s

vi ewed as | o o] n er Park. et al.
2002), and p?cfilé eﬂgal %ol'x %e‘%ggélNg@éér i 1?1}] 1581:% g%mlﬁgtgf] u%hérgfao& ‘;’H ols
restricted }@péthemﬁmthatall(ml felzase oiﬁiro—&iﬂamﬁz&&@ cyfé&tﬁaee(sua]h as TBE@SEGF@n et al.,
2004) . [0010&3‘;e f the m or obl qu in cell therapeutics is |ow cell
survival (138 Slt?ﬂ PrEGONS i fted. All of the grafted cells to

dat e undergo si ?nlflcant ceII death shortly after._inj ectlon I.n vivo. Thus,
in order to del (9091 aNeﬁ‘Pfl%{l?rﬁfémﬁé%eS@FtSc‘éIHa§1°“1&F1Bfe°1¥aﬂ frging) bidogicalt pe

[ nj ect ed alenlEihort Ol EBE: AbS: ald do eaiCGHthEIES pRsdBOlh | AEEIcasoal o Of

cell manufacturin poses regul a econom ¢ obstacl es.
Furt her nor ex,eunoki%emrauvwduseasaﬂéothdtem@tai d@f)z,sHmmland vfcalhaQOZthmtaeehalabl e to be

mai nt ai ned allueto de nst ate roduci bl e . tratl f effectlve
doses of ceZIOP )t'ﬁ%)(%ﬁ&nco&pg a%?(wg’ll a?oﬁnag tl?ﬂlrﬁé 3 dot her
regul at ory vegaidciselacianie belBSantim sighnele dllawihgDepherMioh mPﬁrk reahl L02002), %\al]

Addi ti onal chal] enges_are presented when treating neurqdegener at

di seases arfte BaRENE QINRC erafingstudicsihaveshowanogr erestrgted diffsientation °a body,

tissue, or ¢ QF 907, Xséilcéi'aﬁsﬁdoﬁei(ﬁﬂét'af &0pgJ. vous systemrather than a single
| ocal i zed ared. For exanple, in ALS, neur odegener ation invol ves sl ow death

of motor neurOn?&@lw?@ﬂleto?ﬁwrﬁg&lﬁrﬁbh@ﬂ%@?hilﬂg &ﬁxc&’%‘lbw%%llts&%}g%ggédrons i n

nmot or cortex SOSOma Bases, neuronal fruction
i nvol ves nubdn $%pohHins cells glafiedr All mf dmedgrafiechedlls to date undergo significant cell

death shortly after injection iz vivo. Thus, in order to deliver an effective dose of cells,

the final dose must be injected at least 20 times. This, in turn, requires a much larger

scale of cell manufacturing which poses further regulatory and economic obstacles.

Furthermore, the survival rate of such cells in vivo has not been able to be maintained.

Failure to demonstrate reproducible administration of effective doses of cell therapy

prevents approval for use by government and other regulatory agencies such as the
" Food and Drug Administration.

[0011] Additional challenges are presented when treating neurodegenerative
diseases and conditions that are disseminated over a large area of a body, tissue, or
organ, such as the entire nervous system rather than a single localized area. For
example, in ALS, neurodegeneration involves slow death of motor neurons along the
entire spinal cord as well as those neurons in motor cortex. Likewise, in most
lysosomal diseases, neuronal destruction involves most regions of the brain and spinal

cord. Alzheimer's disease involves most of the cerebrum. Even in more localized
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cord. Al zheiner's disease involves nost of the cerebrum Even in nore

| ocalized 3 WO 2006/ 055685 PCT/ US2005/ 041631 neur odegenerative di seases
such as P, ki'n on's and Huntington's, the affected area of striatumis
quite Iargré) oﬂqsﬁ??ﬁﬁs?ar ger than the grafting area that cBRU/H8208YUe4deXdally
reached. Thus, cell therapeutics for neurodegenerative di seases are expected
to require wder grafting procedures. [0012] There is, therefore, a need

for i npr ovesdrodedrerisive Histdseakichts Pagkisode 4 Eluatihyten's, ARSI biréBBSared BET € 1S
al so a need . for jnproved nethods of culturing and transplanting human

neural st eTRIAWR & Gl Raravamusk Jarger thaggtai raiiag aiea thahcan g sirgisdlover cone
al 1 of thercpiteYi Ph YeIPMEApbitdl kil LflgesT P0G it
Thus, this e.met hod of Treat Png ngﬁtrng%gg%g%{e}%gﬁe\?&e{éeggeﬁ&? {]i&%’ﬁ@,@&lllonggﬁ\%,

gener at es Widbugreftingpeacediabs.di f ferenti ation, permits | ong-term neuronal
survival under various degenerative conditions and maturation into

t her apeuti cal | 00| haret isultipogfoteata omedofor maproved methadsil ¢f thiesignges t hat

| ack devel o ntal cues nd provides wi de . .therapeutic .range than the
| ocati on Oqu{rgﬁlgge&gaﬁge f‘?ﬂﬁﬁé@lsvg%‘?re §lﬁiﬁwed_[f®'0'ﬁ¥°vﬁ4_énﬁp‘é‘gl <u hods
i ncl ude Medndogmspiantide! Rhdn Seud W& REB Bl A hiMEh n@&aﬂbfglg&ﬁ&rs tat BREL 1 cul ar,

t he di scl osed nethods include transplanting into a subject In need thereof

NSCs, neurginftesreygeoemednilsof the prewionsly sepndimitations andprovide ienchioral bemgfinded i n
vitro suc . | i ] ogde LV ndition. In
an " embod Ty g HEmGF ol frefdly ARGt} BB R Rk rSRRE

expandi ng,nearoaial pdiffprentiatipnt hperdnitsorongetetrs newrbraluseriivd wnéat nafbuof t he
neur odegener ati yve congdj.tion. he.donor.cells. to be transpl anted can be

sel ected t‘%gm‘?rt’é@ﬁ%‘gh?’& at“ﬂén%'r‘ré _ %Frapg’ilﬁa]%f errvé%tfs_ 3ugRt ?#a bute to

t he condi the@fons il Sy 36 Thafladk Aeveldpiedtal @6dss and PRYHes Wige &Rtdpsutf t he

di scl osed nethods include cells that, upon transplantation, generate an

amount of egertbasthe lgoptien efifhe ¢dllsithamsgivat e within the neuronal
infrastructure to aneliorate a disease state or condition. In an enbodi nent,
t he di scl osed nethods include trea3WMYyIMRYr odegenerative di seases or
conditions by transplanting nultipotential neural progenitors or neural

stem cel | s i sol[6918] Thealisciased metheds aiclude methesls dyrstreating inewrodegenerhtiend t hat
have D PRBPRE i o ERor iR nd S BLRAH 86 SO andc

~ need thereof NSCs, neural progenitors, or neural precursors that have been expanded

in vitro such that the cells can ameliorate the neurodegenerative condition. In an
“embodiment, the disclosed methods include identifying, isolating, expanding, and
preparing the donor cells to be used as treatment of the neurodegenerative condition.
The donor cells to be transplanted can be selected to correspond to the elements or lack

thereof that contribute to the condition, its symptoms and/or its effects.

[0014] The cells of the disclosed methods include cells that, upon
transplantation, generate an amount of neurons sufficient to integrate within the
neuronal infrastructure to ameliorate a disease state or condition. In an embodiment,
the disclosed methods include treating neurodegenerative diseases or conditions by
transplanting multipotential neural progenitors or neural stem cells isolated from the
central nervous system of a mammal and that have been expanded in vitro. For
example, transplantation of the expanded neural stem cells can be used to improve

ambulatory function in a subject suffering from various forms of myelopathy with



anbul atory function in a subject suffering fromvarious fornms of nyel opathy
with 4 WD 2006/ 055685 PCT/ US2005/ 041631 synptons of spasticity, rigidity,
sei zures, R doyadsessor any other hyperactivity of nuschbesusi@9dndsA met hod
of treatnent can include supplying to an injured neural area, Vvia

transpl antation, a suitable nunber of NSCs which can differentiate into a
sufficient nunber of GABA-producing neurons and/or glycine-producing
neurons to SAMMYIOROE speptities t figidity: esstzaiesc iprwalyisissor e othgr Ayperpgsivitacef ve
neural ci r'Crldl.léc?es [0016] In an enbodi nent, the disclosed nethods include
restoring notor function in a notor neuron di sease. A suitable nunber or a

t herapeutically cltiv appunt of NS r neural. progeni.tors.which are
capabl e of di ffﬁéﬁi%ﬁeﬁlﬁdioﬁ&g%?o?m lﬁ‘gﬂ‘?eoﬂlgp ‘8@“6&8&?‘1&}5&“’% 8% | east
one area ofvipeunPURGEDEduitahle nGiibér ENSTs widaeadr differéRifPiniah suriitidnt t 0

restore notor function., The NSCs exert their therapeutic effect b
repl aci ng JRRhE Oh (B APIRWARE AFHEans jander glysinc-Drosieing neyrqng do gHeruatn or

al ternativejaf t'wﬁeﬁl‘ﬁ@% ¥l EH-%"H L | Gr&fifect by expressing and
rel easi ng tro?ochli C no ecﬁ\ﬁe’sn uic B'Poljtag{:‘ft%%?ﬁtea énireur ons of the degenerating
ti ssue so ‘that h LV g [ ' - derived
neurons can be B?g%d?{ladaﬁ]t g%?%{fnéiétfetlh%]%%\hlogﬁ?%ﬁtﬂrgo?lglug%cfgétﬁﬁnegr \%%Q%r nmuscl e
wher e t he Nffstiornigagaoton nesrowdisease. rAe suifablecaimbeo one tharapesticallyreffectite not or

neurons in subje W th degenerative.nqotor neuragn,.di sease. .Therefore, in
- enbodi neHSuEt REPSCE PR HETEEFEYE VLG HEICoBB I e B PR RS, 0 1 he

| unbar cor dheikiss EcdnNBS Provi@dd fo GRMNedsn AR Iesliof f RiufiHchdet4bion, Bich BeWr ons t hat
formsynaptic contacts with host neurons and express and rel ease notor

neur on gr ovilagcnetiverspinal ud.gp restora maleriyactionn (ThetCexse| theje therppetisd s

i ncl ude pr Oéﬁ-e(é{ &grseggaggIge%kglg}eg%ghlloﬁmggm%g%c%mpr ogenitors that integrate

with the host ti rovi de one or gromh factors to the host
neur ons t her eby i f i i nr t in the
i ssue. The et HOUE R Ebifhudol B hSRAARAE G Rk Rucrt e IRRASSPRRET |
neur al pr oggniekmessiteoami reléRmgofrophis pholedulesowhick unbitetthtile asuradsf ef theve anount

of at least one growh factor is secreted b he NSCs. . [.0019] |
enbodi ment , IEFRFTEHISIELRE Ht Fage O&E%am%offw T Bérif Sotthes QG ng
?2:0 lﬁgLenﬁggf&eﬁvw nbdtEndERChd Profiptedeiairbbi Rfb ntdl fIBCold MnbRhteGRhdcle

where the NSCs engage in extensive reciprocal connections with host motor neurons

in subjects with degenerative motor neuron disease. Therefore, in an embodiment,
NSCs from human fetal spinal cord can be grafted into the lumbar cord where these
cells can undergo differentiation into neurons that form synaptic contacts with host

neurons and express and release motor neuron growth factors.

[0018] In an embodiment, the disclosed methods include providing neural stem
cells or neural progenitors that integrate with the host tissue and provide one or more
growth factors to the host neurons thereby protecting them from degenerative
influences present in the tissue. The methods include introducing a sufficient number
of NSCs or neural progenitors to an area of a spinal cord such that an effective amount

of at least one growth factor is secreted by the NSCs.

[0019] In an embodiment, the disclosed methods include providing a method
for using animal models in the preclinical evaluation of stem cells for cell replacement

in neurodegenerative conditions.



I n neurodegenerative conditions. 5 WD 2006/ 055685 PCT/ US2005/ 041631 [0020]
I'n an enbodi ment, the disclosed nethods include increasing differentiation
ef fici enc;v O# transpl anted NSCs into neurons. The method includes expanding
hi ghly en™EHEY'REEs or neural progenitors in their undFT83HP416ted state
so that, upon transplantation, a sufficient nunber such as 20% of the cells
in the graft adopts a neuronal fate. [0021] In an enbodi nent, the disclosed
met hods i ncl udgo620¢ meash NembéEmenty Mer ddciced f eeidds atthdeelihdreasifgghout

I ncreasi ng,. the punber _qof NSCs or neura progenitors_to be transpl anted. In

an enbodi rffgrentiatien efficiensy; of dransplantpt NS&si ity peweonse x Bt esthodorelrdgsopul at i on
in such ag r@?ﬁé @fﬁ@chteﬁmlo?ﬂ&ﬁﬁ pr&%ﬂ%tgﬁg?ﬂ{% teﬂénhat@ﬁgﬁ?éqé tors

conti nue to VIiVO as nany I mes an out generatlng a
t unor, theh@,byponeﬂrénspllanwbdny ai sm&ﬁmlmglbbhmdloasazomnﬁﬁa calls inléh¢ gmfied cel | s.
[ 0022] The ,c IIs OfQ,aQE'? di scl osed net hods can be isolated or obtained from
fetal, ne ﬁ? UG AT e, adult, or post-nortemtissues of a manmal. The

cells of the sed ne hods can be isol ate ined from_the central
her vous system%@(iigta Ebofiint e Genloat Botofy derlidb Sreesaeel e+ nat
di fferentipgh®el BE’Qhﬂf&Uﬁtfh'?éii ce'mewﬁﬁ‘ddtﬁn&%&mé‘h@n&ﬁb&béiam &r R gTbr yoni ¢

stemcells. For instance, in an enbodinent, the cells include

neur oepi t PE9genitors &¢ be transplaatedd Iﬁranmbnélnz?@tséh@meﬁ»gdfl@qlmes mpnang $herd. In
certain s II e nitors
| sol at ed fe ré%ﬂg&ggn tp'éﬁulgﬁ ir%esulp%gs gstﬂ{th(g&ce R ﬂ(lé}l\%gﬁéésyp{l%%gl [0023]

Accordi ng ptagehhasdbﬁmiuastedmm hadﬁb dswmamesy h tﬁﬂesrmdehﬂmuag@emnpgmded in
culture -I.n an odi t he neur al ecur sor, .cel | n be mul tipotenti al

I capé‘HE‘érf g\cr%lpgﬁg lﬁﬂyfnﬁregfﬁ‘% H}_‘;ﬁo'giﬂ’%‘? éﬂég’&feaﬁtﬁhﬁbot h neu][ ons flndt 0
g |a upon ifferentjati e ¢ e ei.ther uynd eren iate
pre-differenti éQQg& ﬁq 9f hﬁ ‘ﬁ?%‘?séﬁt‘? %{3 j isplated jor qhtaip

transpl anteghi @Bonatdl, ﬁ%r@l@b&ﬂlt”@ﬂ”ﬁos{ heresl tis§ue%ro? arhﬁ%ﬁledrﬁe%eﬂb bf %{ee ntiate
into neural lineage.” The cells of the disclosed nmethods can undergo

neur onal dliscioseemcthads eam berisalited of ebteined fowshe eentral ngyvensi systemnblends v
cyt oki nes and her. taI 0 N Nj e tissue.
[B025] " Uehgnt Rt RieBR e ERT ool B Pt Lt Tt

also be obtained from embryonic stem cells. For instance, in an embodiment, the cells

include neuroepithelial cells isolated from the developing fetal spinal cord. In certain
instances, the neural precursor cells can be neural progenitors isolated from specific

sub-regions of the central nervous system.

[0023] According to the disclosed methods the neural stem cells are expanded

" in culture. In an embodiment, the neural precursor cells can be multipotential NSCs

capable of expansion in culture and of generating both neurons and glia upon
differentiation.

[0024] The cells can be either undifferentiated, pre-differentiated or fully
differentiated in vitro at the time of transplantation. In an embodiment the cells are

. induced to differentiate into neural lineage. The cells of the disclosed methods can
undergo neuronal differentiation in situ in the presence of pro-inflammatory cytokines

and other environmental factors existing in an injured tissue.

[0025] Using the present methods, neural circuits can be treated by
transplanting or introducing the cells into appropriate regions for amelioration of the

disease, disorder, or condition. Generally, transplantation occurs into nervous tissue or
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transplanting or introducing the cells into appropriate regions for
anelioration of the disease, disorder, or condition. Cenerally,

t ranspl ant atw@noeeLess | Nt o nervous tissue or 6 WO 2006pPP0689s/041631
PCT/ US2005/ 041631 non-neural tissues that support survi vgf g?’ t?1e grafted
cells. NSC grafts enployed in the disclosed nethods survive well in a
neur odegener ati ve environment where the NSCs can exert powerful clinical

ef fects in thpa-TesihiigsueybpbsHpaert swaivehekthe grafted sebyr NSEi gspftogmployed in

neur odegenergt i Nt ' ) '

transpl ant attiﬁ%r?%glggéaogﬂgg{?a?%%%{vfgwn%??grneeg%qg%]nfﬁgébogyd an 9?‘&%%03']% S can
mgrate to tNECs camerert pdwednlelinicAceffecti ingthg, fortheoftileleyiog eble omedt hamds can

al so i nclude parti al rafting of hunan NSCs.. As used herein, the term
"parti al gr‘é?‘&rﬁ 1on :gﬁeurrg‘%eegfg‘?rﬁu‘farfé’%ﬂﬁ?Sa‘f%?iéﬁe?s(?n of expanded NSCs in only a

portion of an ar &éﬁ-‘?l ess.than an entire area of neurode enerat}g}g. For
exanpl e, partial [§ t1 Agoe &St%?ﬁarﬁr&ﬂ@&@t@ﬂ?&a‘ﬂ RECYT P50 et S spi nal
cord. At | easliyan@ehd LR @h ﬂ?xﬁ?ate & fiRttifteRdedNaeot. OACHGARBR/, Ad Hidc188kOT

neurons include delivery of neur_otrg_%pll ns and _trophic cytokines to

degener at i ngnétheds aantalse indudopartishi grafting of hempn d&I0su| Ag useddsteimiteartermTo this
end, NSCs un | NQ: RALL td f Qpﬁ pi nal
cord using t%g&%%r?z‘ﬁ ggeaﬁn%kﬁ{gé@ehlg@ga%aéﬁéﬁ og E’c?f’va\nlqgl n gcg ?g‘?]@gé Pg%glnoﬁnal
nmodel of notararencotrless thinsemaetird ares of Meuvelegenacitiog o Fexxnmplel pamialigrafting

di fferentiatign, fe t.or neuron surviyv and function i,n t
i medi at e ar@gl‘lﬁ’lﬂnwé{gﬁ% AUmBA segmeqjs | of SB'é‘aa{a?cEas ‘&e‘ﬁﬁté REeH ?Eglear ea of
transpl ant atdfRbts of K& ElonAeeefitiAg nYotor fbBrds B QidlivE Re dsurBiréphitiema et hod

of treating spasticity, rrgidity, or nuscular hyperactivity conditions. The
met hod i ncl Ltd@glc icytokipes ntp adegenesatingohestnanierl nsheons cwlal clastieal acetularal and

expandi ng | htL . . RHH' ' The

nmet hod al so%%cé%lﬁg’g%hg%ﬂlggé fg{sl?%gﬂpﬁg&h%i’%gﬁpdggéﬁg%‘ﬁ;IFPm g‘ﬁ%ﬁgmr%?trsoduci ng
a therapeut iafahingl edrfl asing\the divoloséd méthbdechave Xyeam discivip palltahsgenictanimdl | east
one area of a recppient spinal cord. At |least 20%.f the xpande

popul at 1 on 118oE S BPET ol Aeare th giny B uErEe IEVF SERBr ATSHIRI S cor o
[0028] I n an,enbeadhdtBitheurdd Quréiaididdl o 8h itheCinirh &ALk hrtd W iafspiaitaiah cord
injury, ischemc spinal cord injury, traumatic brain injury, stroke,

mul ti pl e sclasmedliag arcagremoty Gpmike arga ofdpinppgystionHunt i ngt on' s di sease,
anyotropic lateral sclerosis, chronic ischema, hereditary conditions, or
any combi nati on t[P@7@dccordingly, the disclosed methods provide a method of treating

spasticity, rigidity, or muscular hyperactivity conditions. The method includes
" isolating at least one neural stem cell from a mammal and expanding in vitro the neural
stem cell to an eipanded population. The method also includes concentrating the
expanded population and introducing a therapeutically effective amount of the
expanded population to at least one area of a recipient spinal cord. At least 20% of the

expanded population is capable of generating neurons in the recipient spinal cord.

[0028] In an embodiment, the conditions derive from traumatic spinal cord
injury, ischemic spinal cord injury, traumatic brain injury, stroke, multiple sclerosis,
cerebral palsy, epilepsy, Huntington's disease, amyotropic lateral sclerosis, chronic

ischemia, hereditary conditions, or any combination thereof.

[0029] In an embodiment, the neural stem cell is isolated from a source
- selected from the group consisting of a central nervous system, a peripheral nervous

system, bone marrow, peripheral blood, umbilical cord blood and at least one embryo.
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[0029] In an enbodi ment, the neural stemcell is isolated froma source

sel ected fromthe group consisting of a central nervous system a peripheral
nervous system bone marrow, peripheral blood, unbilical cord bl ood and at
| east ond@V@PARF8S 7 WD 2006/ 055685 PCT/ US2005/ 041631 PCTAS3WP/041631an

enbodi nent, the manmal is a devel opi ng manmal . [0031] In an enbodi nent, the
gestational age of the developing mammal is between about 6.5 to about 20

weeks. [0032] [®3erhﬁﬁmwoaﬁﬁ6nt,th@ﬁlaﬂﬁiauﬁla&paabﬁglxﬁmﬂrﬁaﬂ solated froma
human fetal spinal cord. [0033] In an enbodi nent, expanding the neural stem

cel | includes a3t B chBEdinRRYMR psdRiBhaIChde dfNtht RRVADSIRP GouRbalSR UM
[0034] In an enbodi nent, expandi ng ghe neural stemcell includes exposing
the neur &etweerpbaiibpis te abaut 20 wgeks. one growt h factor. [0035] In an

enbodi nent, the growmh factor is selected fromthe group consisting of
bFGF, EGF, TGFIG3ghk améipodimentc thetriensd stomscellhie isddted froM36hurhan &tal

enbodi nent ,. the therapeutically effective anount of the expanded popul ation
i s capabl SPIB?ICQE erating at |east 1,000 GABA-produci ng neurons in vivo.

[0037] In an e i ent, the therapeutically effectjve gnount .of the
expanded popul E@ggiﬂ&‘ e@ﬁﬁﬂ@tﬁp@h‘&tﬁ? PegaLsteny %e&Lpdﬁm?tunng the

gl yci ne- phegdrCdtéf célein thdSoskite\0f ¥&um. [ 0038] I n an enbodi nent, at | east 40% of
t he expanded popul ation is capable of generating neurons in the spinal

cord. [0039] I yocam ﬁf%@iﬁi%ﬁﬂﬁent,ieﬂﬁ%@ﬁe&&%ﬁéﬁ‘@élﬁiﬁi@lﬁiﬁéslc@(bbﬁn§ﬁ1feect ive

anount of the expanded popul at’i on des injecting at |east a portion of
t he t her apewral stem el toeat leasitone graavibdavtori nt o a plurality of areas of the

reci pient spinal cord. [0040] In an enbodi nent, at |east 30% of the expanded
popul ation is {¥3&blre an oémhtidithentethd grawtly faotoo imesgteoted fromvitter group0041] I n

anot her enbodi.nen I ce is,provided. .The neural stem cell is
capabl e OFOQSFSgQFPﬁBﬁQE%’gg@%%%&F §F t dg?mﬁ]ﬂgtaﬁsél?er peractivity
conditions. Th ral stemcel] J,s isalated.froma | and panded in
vitro to an exg%gﬁﬁ] anp%%i?ﬁﬂ’f‘?“g’r{ge %ﬁ?pg@}?&hﬂgﬁe%ﬁmﬁ%%%Wﬁ@ﬁg the stem
cell is copnamidndk e4haBRGS genckdtini apRusti1 B0 GABA fR6ducitg rRiRms tn 0.t he expanded
popul ation is introduced to at | east

[0037] In an embodiment, the therapeutically effective amount of the expanded

population is capable of generating at least 1,000 glycine-producing neurons in vivo.

{0038] In an embodiment, at least 40% of the expanded population is capable

of generating neurons in the spinal cord.

[0039] In an embodiment, introducing the therapeutically effective amount of
the expanded population includes injecting at least a portion of the therapeutically

effective amount into a plurality of areas of the recipient spinal cord.

[0040] In an embodiment, at least 30% of the expanded population is capable

of differentiating into neurons in vitro.

[0041] In another embodiment a neural stem cell is provided. The neural stem
cell is capable of treating spasticity, rigidity or muscular hyperactivity conditions. The
neural stem cell is isolated from a mammal and expanded in vitro to an expanded
population. The expanded population including the stem cell is concentrated and a

- therapeutically effective amount of the expanded population is introduced to at least
one area of a recipient spinal cord. At least 20% of the expanded population is capable

of generating neurons in the recipient spinal cord.
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one area of a recipient spinal cord. At |east 20% of the expanded popul ation
is capable of generating neurons in the recipient spinal cord. 8 WD

20061055685WRCT4#8B85/ 041631 [ 0042] In anot her enbodi NER/TULPOSIAB3LI scl osed
nmet hods, a nethod of treating chronic pain is provided. The nethod includes

isolating at |east one neural stemcell froma mamual and expanding in
vitro the neural @besi6&hbthtLerbb Bﬁ%‘# cBQd?bﬁeﬁtr%é%ﬁbds gﬁm%%aﬂgso
i ncl udes concentrating the expan population and introducing a

t her apeut i cattirgniepéiads puayidedo die nsthadiscledgscsel atthgpasgedstioncomeurad stem tadlbst one

capable of | Bonereima iRl e FERRsAGT ol Wi SRRRE BB on

enbodi ment, Thenethodld maluﬁesiedmmuﬁg @B Expandedl pepusdtion aind detfddiucingjair y,
i schem ¢ spi nal cord inury, traumatjc brain injury, stroke, nultiple

scl erosi s, @QWB giigplly, sifesiive apropypdythe Wﬂ?ﬁg?‘tﬂ\‘laéloﬂlt% éhlsast mmprer A c
lateral scl e et sﬁﬁalaprab | ACRe 899 sy gl Eﬁaﬁ ?Qé&létﬁﬂsxs paBlRY of

conbi nati on th r eof 0044 I'n an enbodi nent apeuti ca I y e?f ective
anmount of t hgenerafingdedonsiophd rmtipient spmategdbl e of generating at |east 1,000
GABA- pr oduci ng neurons. [0045] In an enbodi nent, the therapeutically

ef fective am)unt [0043]He ap)epibodipabnt, nhrpchratib paini derivespfdtnh draohatiespenatcorly  at

| east 1,ooo d l, di nent, at | east 40%
of "t he expantPBoHL FHRl rd S Geuntatc patia Bt gt He HGHF e itEsep, nal
cord. [0047] cdrébrﬂnpﬂdc?b(%ﬁﬂéﬁﬂt HuhtiHgidbugikéige, t iRy fcamlﬂaligéaalrdsys ehforid | ve

anount of the expan ed popul ation incl udes i nj ec ing at | east a portion of
the t her apeutsehisanid, jereditpryconditionsner Amy CPmb@aaorpAh@feafl ty of areas of the
reci pient spinal cord. [0048] In an enbodi ment, the areas include doral hom

[0049] In an enbd@P#rn anembodimsnt thertberapputivallyreffenevedmanptetihe px@edsd | n a
further enbo stemcell is
capabl e of t?@gfaﬁ%%c %?éf% %ledﬁghr%(?&@r’rp Pﬁnggé{{ré%[ at ed f roma

popul at on 1 hal davy e ”%8%% R BB O Pt Bl o B B BB a1
effective anpapmatioﬁ 1stdapablekspgandﬁdng)anedsm,oomg]lyslne-lptddudmgaelurbms at | east one
area of a recipient spinal cord. At |east 20% of the expanded population is

capabl e of gener gp0#g) Ik bR dintent, 1e 1da81C4094 ©Nthe expanded population is capable

of generating neurons in the spinal cord.

[0047] In an embodiment, introducing the therapeutically effective amount of
the expanded population includes injecting at least a portion of the therapeutically

effective amount into a plurality of areas of the recipient spinal cord.
[0048] In an embodiment, the areas include doral horn.
[0049] In an embodiment, the areas include intrathecal space.

[0050] In a further embodiment a neural stem cell is provided. The neural

stem cell is capable of treating chronic pain. The neural stem cell is isolated from a
mammal and expanded in vitro to an expanded population. The expanded population

- including the stem cell is concentrated and a therapeutically effective amount of the
expanded population is introduced to at least one area of a recipient spinal cord. At
least 20% of the expanded population is capable of generating neurons in the recipient

spinal cord.



spinal cord. 9 WD 2006/ 055685 PCT/ US2005/ 041631 [0051] In another
enbodi nent of the disclosed nethods, a nethod of treating notor neuron
degeneration_ is provided. The nethod includes isolating at |east one neural
stem cel | W‘??ﬂwﬁ%ﬁ‘ﬁmml and expanding in vitro the neu%&i”‘%s?@ﬁ‘f’ﬂé?ll to an
expanded popul ati on. The nethod al so includes concentrating the expanded
popul ation and introducing a therapeutically effective anmunt of the
Iex panded p ](c)pu Ihﬁ)OB Qrintago'glbr bmbﬁc}imeﬁtmfahedisdbsﬁl meth?dsi, emietlsqd oftreatiogd. At
east 20% of  the expanded . popul ation is capahl.e of generating neurons in
the, reci pMoif¥ ‘?bﬁoﬁaffegﬁ‘wadl.on[ ®soided, The E‘ﬁ%@gilﬂﬁmeﬁ 1§q{@t%@tolgas,t,@g? on
degener at i genrslestdry @81l ftfoiNa thiAMAPIAL exfahdifh iF b tHR AbuYal stedf BEINkS Gn SPI Nal
cord injury, traumatic brain injury, stroké, nmultiple sclerosis, cerebral
pal sy, epi Pxnsaded mapulptinn: onThe dinsthed ealsaripdudesprendenirating| thes ckpandsd s,

' an emboltiien AR kbt R hedBban spRl el RECWIIL e R (7o

an area ri pépulatioato htdesst omnaenefd retiplenipiial perd. Whdeasi 20% betheenpadad subt ype
produces aa‘?r Wt h,fact@r gffect,i ve in gneliorating.the notor deficit. [0054]
In an enbo H\’garﬂ‘f’,n“t‘f‘i‘ga S PESRASTRIIBS BEHTARS 180G TREPIFBLPIA COffount of neural stem
cells capable of differentiating into neurons sufficient to secrete a

t her apeut i cal | y[08p31dBt Ay ecrabasiiment o fthe, metan eurgne degeparaton Loriyes fa055] I n an

embodi ment ua&&ﬂﬁiglf}?frﬁp&r& (l;:g%:g?ﬁ@hﬁ@éﬁdl Qrdliffary) iR htiSha igyauqulélstréﬁeom an area

rich in notor ons. [ n a fiarther e ’odl_rrent an stém cel |
capabl e of multiplet salerosis,yeerebgal mpddyi spilepsy ridwitidgtdn's THisease nglotrepieriateral | i s

isolated froma mral. and. expanded in.vitro tq an. e ded. popul ati on. The
expanded pIPIT IR HTSH R Ge Ry Sosians: ¢ Y SuBpmatot WFgat fnd a

t herapeutically, tive anpunt of t X ded opul ation is introduced
to at |east one[ogs:&:[%cﬂ“ %fnl?ogiéo‘?"fﬂteﬁlf %‘%ﬁ?fﬁ?ﬁ@{‘# l.soﬁﬁ'“g gl?a?s?e"?go)“c)t%’? “* he
expanded pgpwl &t bRA rich MApaRheE Gk BARBRAEIYIghC) WHeRMS the) néd¥endl @eb@pent spi nal
cord. [0057] I n another enbodi nent of the disclosed nethods, a nethod of
treating BipARGesaspavth fagter ehfestivedn amelipratingstha swptonfieficihes i sol ating at | east
one neural stemcell froma mammual and eéfgandi ng in vitro the neural stem

cell to an expalf@édl Ipopurmbpdment, the expanfiet PePWiamiiclides ag simiAt &t i ng t he
expanded pﬂaﬂha&gbﬂncé”}ﬂdcdp%lreogf’%iﬂ%ger@iating into neurons sufficient to secrete a

therapeutically effective amount of at least one growth factor.

[0055] In an embodiment, the method includes isolating the neural stem cell

from an area rich in motor neurons.

[0056] In a further embodiment a neural stem cell capable of treating
syringomyelia is provided. The neural stem cell is isolated from a mammal and
expanded in vitro to an expanded population. The expanded population including the
stem cell is concentrated and a therapeutically effective amount of the expanded
population is introduced to at least one area of a recipient spinal cord. At least 20% of

_ the expanded population is capable of generating neurons in the recipient spinal cord.

[0057] In another embodiment of the disclosed methods, a method of treating
syringomyelia is provided. The method includes isolating at least one neural stem cell
from a mammal and expanding in vitro the neural stem cell to an expanded population.
The method also includes concentrating the expanded population and introducing a

therapeutically effective amount of the expanded population to a syrinx of a recipient
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t herapeutically effective anount of the expanded population to a syrinx of a
reci pient 10 WO 2006/ 055685 PCT/ US2005/041631 spinal cord. At |east 20% of
t he expandeWQ¥Wpe#5a¢850on i s capabl e of generating neur onsPCT/HSHo82048631 | NX Of
the recipient spinal cord. [0058] In an enbodi nment, the syringonyelia
derives fromtraumatic spinal cord injury, ischemc spinal cord injury,
traumatic brsgifal éddd.URAY leajﬁtZU%(ﬁ%hMprah(mdepopﬁﬁ{i@ﬂ RThSabl£6 RAEBindMuohs.

epi | epsy, Huntington's disease, amyotropic |lateral sclerosis, chronic

i scheni a, hdp&#isyEnry otibamciiamsping corlay conbi nation thereof. [0059] In an
enbodi nent, the nethod includes isolating the neural stemcell froman area
rich in at |east [0088]deanomaiodignt.ythe, syvingomyeliat desivae firoon fumetist yainal

produces a gr.ow: clor ef ive,i.n. ameliorating. the syrjngo .ida. [0060]
In an enbodi%r?g&r/l\ﬁug] i hcl%cuﬁrgg: {S@‘g%a(fo?%gﬁjt e tﬁ%uﬁa bs’g]é’ meapi S#rér;i%mr%ﬁh%laea rich
i n notor neutkrsis, b&Okral pdlsy, 3pilee Muntdgton'st discasss paydeechip tperhbidl@ssis,ncl udes
an anount of . neural st%m cells capable of differentiating into neurons
sufficient tcGrenacisehemiy heteditary conditions) eryany combination thesgdht of at | east one
growm h factor. [Q062] In an_ enbodi nent, the therapeutically effectiyve anmount
of the expanded [W&ﬁ%@n@mbp@n@aﬁ@éhﬂ mefhpd dugludes isaling: the agural stemowllneur ons.
[0063] In amgghhgdi : I I I xpanded
popul ati on ;ﬁr-e in?alrr(g)%lg}%:%éﬁ;a(t) I%ﬁisgéyggﬁ%fﬁtgﬁg&r‘g%%?eﬁtg dgpﬁ)ﬁoﬁéll §d§>§;p§ [ 0064]
In yet a furproducesapoditnfactor effectiveinadmeliveating ¢hd sydagabyediaof treati ng

syringonmyelia is provided The neural stemcell is isolated froma mamual and
expanded i n vitr ¢06o] &mnaezmbodimentpmoluded isolating the rexyah semccefl domh ah acea
including the, .stemcell is concentrated and a therapeutically effective

amount of t HEhdR PRMIEFYOBYpul ation is introduced to a syrinx of a recipient
spinal cord. At |east 20% of the expanded, popul ation i s, capable. of
generat i ng neuro.r@?qli g4 ?B%b‘i. e?te)é‘IepPWd‘%pg atiop Jpejudes ssHROYIH (gn .
addi tional efzhadi f@ntcens cﬁﬁ%léj'o?fdiﬁ‘éx%ﬁ‘ﬁﬂﬁghﬁ%s nefrol® ARt 1o epRRALNY i N
vitro at |east one neural stemcell to an expanded popul ation of neural

st em cel | s - itberppepticallyceffectinetamoant oflat irastrane grawtb £3staisi on exceeds thirty cel |
doublings wthout differentiating. The nethod includes dissociating neural
stem cell s from [0062] In an embodiment, the therapeutically effective amount of the expanded

population is capable of generating at least 1,000 neurons.

[0063] In an embodiment, at least 100,000 neural stem cells of the expanded
population are introduced to the syrinx of the recipient spinal cord.

[0064] In yet a further embodiment, a neural stem cell capable of treating
syringomyelia is provided The neural stem cell is isolated from a mammal and
expanded in vitro to an expanded population. The expanded population including the
stem cell is concentrated and a therapeutically effective amount of the expanded
population is introduced to a syrinx of a recipient spinal cord. At least 20% of the

. expanded population is capable of generating neurons in syrinx the recipient spinal

cord.

[0065] In an additional embodiment of the disclosed methods, a method of
expanding in vitro at least one neural stem cell to an expanded population of neural
stem cells is provided. Each neural stem cell expansion exceeds thirty cell doublings

_ without differentiating. The method includes dissociating neural stem cells from

central nervous system tissue and providing at least one extracellular protein to a
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central nervous systemtissue and providing at | east one extracellul ar
protein to a 11 WD 2006/ 055685 PCT/ US2005/ 041631 culture vessel. The

extracel | w@bookh&ks N | ncl udes at | east about 10 .xg/ lLy-D- |ysine
and about 1 ng/m fibronectin. The met hod al so incl udggcg.zﬂsg‘ﬁ’ﬂxﬂﬁnt he

di ssoci ated neural stemcells in the culture vessel in the absence of serum
and adding _to the culture vessel at |east one ?rowth factor. The growth

factor is %‘g}l@c‘f"éﬁ?l-f Tererirecllgararpieriongindes atdeast atomtst) ngtorl. of pplyPpha, aFGF
and combi Naih o4 tMABEEYT mp/he fibldREdRd g[g%tllﬁ%oﬂ rﬁéoﬁg—ﬁ: d@@%ﬁﬁ@h%g mde
[ 0066] 0

cultured cells prior to confluence. I'n an e I ment, tlte expanded
neur al st alissoeihted naurel stepaklieinche cuhiré vesseitindbe atgencetad semnr amisaddfrp067] | n an

embodi nent,, .expandi n he, _neural st.e el . includes. addi fibrgnectin to
culture rretgittﬁfnq?lggxeavegffﬁ ﬁﬁe@%f)ﬂ%gr(?ﬁh ?@@éB#h? g gar‘ff%d? ?Pi‘%f‘?d ﬁc’ﬂlg ci ating
the cells qaed pasiags 0@ bFGE, BGF, TGH-dlghd) ABGFeEy Conibifatidhs HRgdox! iTHe: [ 0069]
In an enbodi nent, the enzymatic dissociation includes treating the cells
with trypdnsthod wetheninglndespagsaging theeswitured celisnnigs i candlipnog- ef f ecti ve anount of

t he expanded po&ul ation is introduced to at | east one area of a recipient
nervous systeml@@o6] fizpn embodimentd dife penanded, aewshdiem eells peOgappbletof s

therefore ; e di scl osed net hods over existing
cﬁﬁergxﬁi’aggg it nQiroﬁ{.‘

phar macol ogi gres to provide a nmethod of facilitating the ability

of the transpla&t,,i \ . r / i | es;; whi.ch can. be
delivered to degen ;i!%ttl\lal§ %mﬁo%olﬁgnﬁ’ %’Eep%}lélhg pﬁﬂ%\&@%%ﬁ%‘f tc?%r%rswl%%so%t'a}nﬁal

bi ovai | abifibrénectid chPreYeédianat besiubld fardrage of the present invention is to
provide a method of culturing and expandi ng NSCs from human fetal spinal

cord to facilit{p068] Hhean shibodiarht,|disogatigd Mntcelld ahllepddging tHeocéllre | unbar
cord. [0073]. A further advantage of the disclosed nethods includes providing
a met hod Bfludss §nexpatly disseflgf® proportion of neuronal differentiation of a

popul ati on of NSCs. [0074] Anot her advantage of_ the disclosed nethod
i ncl udes achi e\Pfy] dn jan; eehodinagnt.c the epyERatisadissogiation daclydes teptingsthe

cells with trypsin.
[0070] In an embodiment, a therapeutically effective amount of the expanded
population is introduced to at least one area of a recipient nervous system to treat a

neurodegenerative condition.

[0071] It is therefore an advantage of the disclosed methods over existing
pharmacological strategies to provide a method of facilitating the ability of the
transplanted NSCs to secrete trophic molecules which can be delivered to degenerating

motor neurons under conditions of optimal biovailability.

[0072] Yet another advantage of the present invention is to provide a method
of culturing and expanding NSCs from human fetal spinal cord to facilitate the
successful engraftment of the NSCs into the lumbar cord.

[0073] A further advantage of the disclosed methods includes providing a
method of achieving a higher proportion of neuronal differentiation of a population of
NSCs.

[0074] Another advantage of the disclosed method includes achieving clinical
effects from partial grafting of NSCs.
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12 WD 2006/ 055685 PCT/ US2005/ 041631 [0075] Additional features and

advant ages of the disclosed nethods are described in, and will be apparent
from the f ' tail ed Description of the Inventi I gures.
BRI EF DESCR%??%R%SQE?}HE FIGURES FIG 1. Expansion of hu%@%ﬁgg‘f“%@ﬁés‘tem
cells. A human spinal progenitor (a.k.a. NSC) line was isolated froma 7-8
week old post-nortemfetal spinal cord tissue and ser.i allg passaged for
about 130 days of (03] Additiqnab fpatpses andapdvagtages, 9§ Sthe edisqlogsd wethpds) @er

recovered at N OIS A Tl N Ir=100 Pl Ng to
Cbtain the f SPaHNAck, YRS vl tebHati KO, bl AiBhibChbl DRlolioR R 1D, 0
axi s) was obwantsdnByherfigurdspl yi ng t he fol d-i ncrease at each passage.
Doubling tinme (right Y axis) of the cells at each passage was cal cul ated by
di vi di ng the fol d-increaseBRIERBESCRIIHOBOBTHEHIGEERAS cul t ure period (X
axis). This process was repeated three tines (serial expansion 1, 2, and
3). FIG 2. MrphiiGhdy Bipaaxipand&dman spinakgemalellst aArhaabd SpindlArogdnitse

contrast i 0 fixed,.unstaj ned,_ expanding cultur 20x .objective, (B)
Anti-nestin %é@@v tng g5 5o Trynss 78 W@f?&ﬂéegﬁﬂm toheL SrneloptelieNR | at ed
cul tures obt gingeafiy 9595%59%1d%ut *PBU‘B?&s%?'n@ﬁéulﬁﬁéﬁérﬁﬁ:. | &t e&ﬁ?aﬁé@é"ﬂﬁ’@d cells

of passage 15-16 were differentiated for approxinmately 14 days Tn culture,
fixed, and stdl numbepirecovered pbbarvest was divdgeddhyf the initink ¢6b%m-lr@®' r af plptingte and
MAP2; (B) Ty e t | jm; BA: Acet y | f er ase,
FIG 4. Expaﬁ@fi%ntg%?&%tﬁﬁrég%s?ﬁl%ﬁélg%%&é?ré C g‘%l?%‘é %E(%Jl?%%sen{l g%trY;f%Q% ‘g?sogeni tor
(a. k. a. NSC) obthined wasmiltsliiagehe fsldincreade 3t wabkpassage p d3dubling tiews (rizhaly m d

brain tissue gnd seriall ssaged for about 170 days, of net cul{ure period.
At each pas%’&&e?f ﬂi“?\éeﬂfé%/ Fgcﬁil‘tﬂ?é er"@éé‘é@l‘]é@dé’(y ‘ﬁ‘é’ﬁ‘P_és’{‘e \fﬂg'“?:ﬁr?ﬁsﬁléﬂceg& t he
initial cell nisey t8é eadd @fituROpdrddAX &tif). U1i8s hRcdss Wad RPSed thr&Slitheq1unber .
Cunul ative fold-inCrease (Y axis) was obtained by multiplying the

f ol d-i ncr eastseral espangiopdsda9d 3).FI G 5. Dopani ne uptake activity of expanded
human midbrain stemcells. Dopamne trasporter activity (DAT) in live cells
was det ernined frigf.a. Morakology ofexpinied humee epihalistenecalisd (dhBhase contest| onal
subline, whi gngg%ra lxcclald,]c &n% a.‘ia'rﬂa%,l a p%.gdiLg rculgu%e, 20x objective, (B) Anti-nestin antibody

staining.

FIG. 3. Characterization of differentiated cultures obtained from expanded
human spinal stem cells. The expanded cells of passage 15-16 were differentiated for
“approximately 14 days in culture, fixed, and stained with various neuron-specific
antibodies. (A) Tau and MAP2; (B) Type 3 beta tubulin; (C) GABA; (D)

Acetylcholine transferase.

FIG. 4. Expansion of human midbrain stem cells. A human midbrain
progenitor (a.k.a. NSC) line was isolated from a 7-8 week old post-mortem fetal mid
brain tissue and serially passaged for about 170 days of net culture period. At each
passage, the cell number recovered at harvest was divided by the initial cell number at
plating to obtain the fold-increase in cell number. Cumulative fold-increase (Y axis)

was obtained by multiplying the fold-increase at each passage.

FIG. 5. Dopamine uptake activity of expanded human midbrain stem cells.
Dopamine trasporter activity (DAT) in live cells was determined from a human
midbrain stem cell line and one of its clonal subline, which were differentiated for 22

or 44 days at the time of assay. The cells were incubated with radiolabeled dopamine
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or 44 days at the time of assay. The cells were incubated w th radi ol abel ed
dopam ne 13 WD 2006/ 055685 PCT/ US2005/ 041631 in the presence (+) or
absence (-wo9%oshbe DAT i nhi bitor nom fensine (10M. Cel were washed to
remove uniheorporated dopamine and lysed in a scintill d’thg}?Z@é@ﬂG& . The
total cellular radioactivity (dpnm) was then determ ned using a scintillation
counter. FIG 6. Effect of exogenous factors on induction of neuronal

di fferent iiatthcnpresam:@ (e pruabseecay(-¢ oflitlie BMhhﬂlﬁiiﬁormomifeﬂmineaﬁOpivﬁbCalm stem

cell lines. reserved neural égm cells om two hupan m d in stem
cell lines ?IS QA G VIS TP RRPL IORERG &) i3 aging lationyeqq ai y of
40, 000 celtig fBsthl walulari f&di%ac\!tﬁﬂlﬂy Whas Sthérﬂ%étermlﬁe& hfsmlgr 8SROiMakbn PFG- and

allowed to proliferate for 6 days. Subsequently, bFG- was renoved and cells
were all ov®dnted differentiate for additional 8 days. Cells were divided
into four groups based on the timng and duration of exposure to sertoli
cel |l conditi orf86. fredifiget oE©Ngenciis| factors dn indietidd2)f neBramaly diffepentiaiorexposed t o

exposed bR aaiiie HaBifatbt nERBT bR bt 8 bhee? dotperBRBea aur ng
di fferent imﬂabrsteﬁnbdls ﬁ(cﬁ:mmb hirein Hidbraindte telllihdy (BRFRMEB ariXTIERAMBY 0 SCCM
(Control, Cont Medi a hanged every ot her day, and mtogen was added

dai l'y dur |‘H‘§fetﬂP’?éVeﬂr96‘filplaé‘?da§t| n§iR5E40,000%¢lls ey well We"r“é"eﬂéihﬁmhﬁrﬁé’éei)er
condl 10 11208l g CRRLRnh Wloel 6 BBITREISY 5 qupOBybstilehty Gzt | o, L he

cells were fix usi ng 4% par af or mal dehyde an nost al ‘usi ng
ant i bodi eswawemmmd(@llsweﬁﬁaﬂomed to }itffﬁwm@tdﬁﬁ}od ad1k§t¢m8 d(an Gells B)ere as wel |

as GFAP a t e I Jco usin ective,
and at Ie%?tdgﬂ{‘ %éoqrn%(gh 3 b\%see;aeodnc%gn{n%ﬂg%g SP xposwg, i 3 ?110(’ AP+ or
Gal g+ cel |®ndﬂbﬁed thediasi @mmppmlmahuysmanf %elgrmpﬂﬁam@losaﬂtwsﬁeM any
condition, so thesge ant S _were romthe analysis, FILG 7.
Reduct i on q}’lﬂ%dﬁg]ﬂ eathQ#S&%rW%HH§W% Bc3etd; Was & @S%dﬁ%n spi nal
stem cel | SbensmbaNAY |(B6hditRRAS); £ thifd Swaleb@oRdo ﬁﬁ%ddﬁ?ererﬁﬁaeﬁn&w esi oni ng
of the lunbar spinal” cord. In one group (black circ , the rats (n=9) were

t r anspl ant(eenditigrt B); mﬁralnfogﬁhw not GKPQS It% SGQ%NG@qulnC@m)t Media wassage 16),
e 1 SRR Yo, RSHRENYA SRS el SRR Bl T T
1ng/ kg daiFgur wellboicte Igﬁlﬂiamsd i)err cohdiition to allow staining for multiple markers. Upon

differentiation, the cells were fixed using 4% paraformaldehyde and immunostained

using antibodies to MAP2ab (FIG. 6A) and tyrosine hydroxylase (FIG. 6B), as well as

GFAP and GalC. Immunostained cells were counted using a 40x objective, and at

least three fields were counted for each well. Few or no GFAP+ or GalC+ cells were
detected upon analysis of cells maintained under any condition, so these antigens were

excluded from the analysis.

FIG. 7. Reduction of spasticity/rigidity and motor deficits in rats by human
spinal stem cell transplantation. Spastic rats were produced by ischemic lesioning of
the lumbar spinal cord. In one group (black circle), the rats (n=9) were transplanted
with human spinal stem cells expanded in culture (passage 16), while the other,
control, group (white circle, n=7) received only the media without the cells. The
immunosuppressant, FK506, was administrated at 1mg/kg daily to both groups for the
duration of the study (8 weeks). The motor coordination of individual animals was

assessed by BBB scoring once every week.
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duration of the study (8 weeks). The notor coordination of individual

animal s was assessed by BBB scoring once every week. 14 WO 2006/ 055685

PCTI US2005/ B226%1055685 G 8. Reduction of spasticity/rigi AOIyUSAd/04m6810r
deficits in rats by human spinal stemcell transplantation. Spastic rats
were produced by ischem c |esioning of the |unbar spinal cord. In one group
(black circle angichlgackedittbsh @F s z{sﬂcﬁty?ﬁ’%i&it}( Bl Aotor WREIBItd IndrasPhyaRkAsgh W t h
human spi nal stemcells ex and_edpl n culture (passage 16),  while the other,
control, gr &mipalstem Peéhtrmspgn@n@q- PReshic rascweipatodnsey by hesheraigilesiohingefit  t he

cells. The | nt Nl . (ly to
bot h group%ggﬁmég?gl?i ohﬁ OEIF%?% @?%?ﬁg ‘En:.[%h %’gﬁg&éﬁfeﬁﬁg‘{tt%&gﬂ Y

coor di nat i owerf tramspliawtied vaith hamanmapisaiveiem asle sxpahded iBBE e dpassggeol)e every
week. FIG 9,.Effects of hunan reat pent _on severity, of pgotar, neuron

di sease i nW@%K‘eﬁéﬁr’ F%"ttré"ﬂs%% e@ﬁ‘ﬂgggflé‘@ﬁeﬁﬂvﬁ 9@)’){1&%“\?&%‘”@9‘1‘%& poi nt
(G E) anal ygiezell®f T infinebupdiéisa HEP08 O &P dniiBREAE® 8t 31ﬂ%/12g1§ﬁ§y 101 okh
live-cell (L, red) and dead-cell (control, C) grafts (blue). A-B. Panel A

i s a Kapl angispefor ghegturaiondf itlap dudyi (43 weplksdn The apiar goprdinatien abiagdividual
experi ment almjgag vfa%%&sre%ed%iﬂ?é &OHH% 8&&@9 ‘%J;’ﬁ course of observation
ane S t

(P=0.0003), ows“a Separatron in e two principal neasures of

nmuscl e weakness d,i i ne scor es)  bet ween e twWo..ar oups

(P=0. 00168 and oﬁ@gﬁzﬁeﬁﬁe peC }P\?@@?‘& -"' .°"E%eéf955t8},\‘ﬁfﬂ°é‘§£’fe ".nsdlg"'ﬁsesur vi val
(O, tine-torGHResoD1aaRBhowk)vith PeogiEkion (ArB)Wsarellsrehépsint EJ-E) analygder i ment al
and control rats. Panel .C. sho a significant 11- day. difference . in life
span bet vveeHF P%C%l\ﬁégd%agl?ﬁ%ﬁ“(axgzﬁ?%%% cases with piverrgliLq redd jagtidepdsssit  7- day
di fference tdan&&slﬂé %Qﬁgitbq@@_se-onset bet ween the two groups (P=0.0001).
Panel E shows a di? erence of 3, 212 cells in the |unbar protuberance

between |ive andA?i??ad\Jﬁﬁ iQE%Bﬁn(hﬁ)ﬁgrnﬁg&)sho%g%%si%?é gﬁe%ﬁ&%&%eé@

illustrates the_ erence i n notor uron | een a

r epr esent at experimeptal and norttol (amjmals tuoughovit the | copsevaf Jobsarvatmn (P28.08@3)s of age;
arrows indigate.the | ateral,. not euron.group, Size bars; .150 TAlI LED
AESon P o Betovng Sheaidindbe Bt Rt SiBgres aiRngH Peudd [BEE

neur odegenepmd iiMeline plane scores) between the two groups (P=0.00168 and 0.00125,

respectively).

C-E. End-point analysis of survival (C), time-to-disease-onset (D) and motor

neuron numbers (E) in experimental and control rats. Panel C shows a significant 11-

' day difference in life span between the two groups (P=0.0005). Panel D shows a
significant 7-day difference in time-to-disease-onset between the two groups
(P=0.0001). Panel E shows a difference of 3, 212 cells in the lumbar protuberance
between live and dead NSC groups (P=0.01). Inset at the bottom of (E) illustrates the
difference in motor neuron survival between a representative experimental (up) and

- control (down) rat at 128 days of age; arrows indicate the lateral motor neuron group.

Size bars: 150um.
DETAILED DESCRIPTION

[0076] The disclosed methods are related to treating neurodegenerative
conditions. In particular, the disclosed methods include methods of preparing neural
stem cells for transplantation into a subject in need thereof. Preparing the cells for

transplantation can include expanding ir vitro a specific population of cells to a level
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conditions. In particular, the disclosed nethods include nethods of
preparing neural stemcells for transplantation into a subject in need
thereof. R ' he cells for transplantation can i de expanding in
vitro a s&@?@i%}gg%%épul ation of cells to a level 15 WO 6%/2%&%%1

PCT/ US2005/ 041631 sufficient for commercial use as a treatnment for

neur odegenerative conditions. In an enbodi nent, the nethod of treatnent of
a degener asufficient fancinmmerciali usecasy afreaiment for neurodegenarapysl gondigions Irhan ar ea an

effective : f .heural . stcemcells sufficient, to aneliorate the
neur odegen%g%(f | v%nq’cg%d}iﬂ £ %8%.0%[%63%9?t %SE%F%HIE%& (t?\r a 1?’?8{?90 é‘ﬁagnaerFaat I ve
condi ti on @edéessupplyihgatoythiafeaameeffootivelngabet el netirab ¥ight IS safficieatises or

ef fects thereof involving the danage or deterioration of neurons.

Neur odegen@?‘ﬂ%‘ﬁf"eg’éé‘ﬁw PRSI RCIdtioide, but are not linited to, Al exander
Di sease, Alper's Disease, Alzheiner D sease, Amnyotrophic Lateral Sclerosis,
At axi a Tel angi d&PAEiAs used hesgi apiewodegeneraiva eapdiion ea inplide angddisqaspbasal
Degener at i : f S | .S€e | Ot i seqase nedy' s

D sease, K‘?rg gggd%fj?soéas?}enﬁol_l%%i) B:g%é D%Sm@%?c:ég ?ﬁéﬁgghgggl%%s g%h dﬁ%%gagg ,

Mil tiple d&é¢raramnsel Reurtnss dfeuDidseametivlPalonditions cife nadiadeh dt Rirs @at e,

Ni emann- Pi gk. s. Di sease Pimary,Lateral Sclgrposis ef sum s Di sease,
Sandnor 1 oruies &R Fidge Disciey yables Ttk Khfinit, HSRe P EYERIES O sease,
Tabes Dor spiteral Scledddis, Ohtagin Telagditdtan, EHA0E Diefdse) CoekdpPFSHdraRIE] ONS.

O her neur odegenerative conditions can include _or, be caused by traumatic

spi nal cor dontisphasa]l Degenamatinne Crgytzteldt-Takolk Disgase, Huntingfondaisease, KeiRgdy's br ai n

i njury, ang; ' : it o T | 5,C oggdgie! ude the
use of NS@ISI:Q %E’Z%*eﬁ%lﬁ%?é%g&g ﬂe{rﬁzﬁf%d e%%ﬁ%%“é‘t %gﬂ%d?#h?e??%ﬁ@égg, usedﬁer ein,
the term Sdisecss, RadnnsohdNiseaed, Pelitasus-Nembathep Disease; dethanmrRigenDiseass, or

neur oepi thel.i al prec ors. NSCs can. be unct i.ghal | fi.ned_according to
their capa qupg,ryt atﬂ#%élfré’ﬁ]ﬁ gfgu?ﬁf]glsgaﬁghg#ﬁ?ﬁgﬂf?ﬁsgeg&ﬁgfr& Dbsgﬁe’types of
tﬂe Ss\l?:s -n%élelﬂ?chaﬁﬁbﬁmgzbﬁsld a)rild:ai&,i g‘@lﬁkéﬂdkﬁsh&il | bﬁsp i@ﬁ?&l}erl Romditierbodi nent ,
t he are multipotential such that each cell has the capacjty to
differenti %FFQP“F?F{ with damagedmeurons, Other aeypdegenerative anditipng can inclyde or

enbodi ment | Nthal i h;dchéhi e%ﬁgﬂc ] t apacity to
differ enti%ﬁ %Q%ﬁﬁlﬁs%ﬁ%?@ E@ﬁ]tﬁlhfrchg celt’ tlypgélcof t he (r:ll{IS‘BﬁII%r,f gtﬁokghbodi ment ,
the NSCs fravphatid brain injusysandihiersditanytconditionsl | s gener ati ng bot h neurons and

astrocytes in vitro and
[0078] The disclosed methods include the use of NSCs to ameliorate a

neurodegenerative condition. As used herein, the term, “NSCs” can also refer to
neural or neuronal progenitors, or neuroepithelial precursors. NSCs can be
functionally defined according to their capacity to differentiate into each of the three
major cell types of the CNS: neurons, astrocytes, and oligodendrocytes.

[0079] In an embodiment, the NSCs are multipotential such that each cell has
the capacity to differentiate into a neuron, astrocyte or oligodendrocyte. In an
embodiment, the NSCs are bipotential such that each cell has the capacity to
differentiate into two of the three cell types of the CNS. In an embodiment, the NSCs
include at least bipotential cells generating both neurons and astrocytes in vitro and

include at least unipotential cells generating neurons in vivo.

[0080] Growth conditions can influence the differentiation direction of the
cells toward one cell type or another, indicating that the cells are not committed foward

a single lineage. In culture conditions that favor neuronal differentiation, cells,
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I nclude at | east unipotential cells generating neurons in vivo. [0080]

G owmh conditions can influence the differentiation direction of the cells
towar d one WOI20405585or anot her, indicating that the celRPGI/B§2005Mdt63tonMi tt ed
toward a single lineage. In culture conditions that favor neuronal
differentiation, cells, 16 WO 20061055685 PCT/US20051041631 particularly

from human : ' j : I t nd
ChRicuR ﬁLd%:i Uehin PNROLRNLIZR]y }glﬁ?tﬁ{ﬁ% lferr‘l_lﬁhu?d}g aAd aaﬁ&%gr%gﬁt d e

differentiation into oligodendrocytes I's us, the di
cel | cul t ur aéfferertiafipre inde gligasisedtooyiastio dynime). Fhuee thei & Berentiated cedlmsttured

appr oatn & 6o RBE RS wev e\E B8 Re o ARBRIR, HH BASRERRRALR noce

resi di ng i n thea@tio oneukors to AsuwoRtts can aPPBacIL H0:88 rdtide neur oepi t hel ium O her
CNS regions fromwhich NSCs can be isolated include the ventricular and

subventricul ar zQous3) The HiscloéeinaisiisGhdiede oHtANBNE MW CESsidhE Gl rdgivnk g m totic

precursors as wel| as gost- mtotic neurons. In an _enbodinent, the disclosed

met hods can TARgREHAD Spclas drepuraspitegiugh sOBer NSdegienbBrmgvHefaCFan ONS.
[0082] In aQaEBP%@la'E@ﬁﬁgﬁlu%@@g NetithicRbCariBl e &%&%ﬁﬁ@@%&%ﬁé

natural | y neurogenic ' sired popul ation of neurons. T sired
popul ati on @INS vagidns whash inclotieithétotid precedsors agpfwell aspost-thitatiovemuransalln phenot ype

whi ch can replace o suppl enent such phenotyp oSt .Qr inactive in a

neur ol ogi caleg'tb8§’&?eflf’otk? ‘{38%@%? rg\et@%q%i & e@?*"&i &15 Ferﬁflg’r?éultnoﬁeﬂo@u%t??pes,

i ncl udi ng t esopif®idinnfaliin CNSeat ment of speci fic neurodegenerative di seases
or conditions can be obtained by isolating NSCs fromdifferent areas or

regions of the Cl§hsanth asr@ssodhdnt,eiRNNSCIass Jbtpeal fr@diesn Adal WHich ek al
devel opnent. NSCs isolated fromdifferent areas or regions of the CNS and

across di f f aperallygeeyregenis for a defited populgkerdof raurest i Thel desissdopepsiasion 4 d

neuronal dif - 2t LhEY. ] : l'ian
&S 15 the GFTCEay EEETRACLE d epiife Hourbiff SRR il obl Sl B o
exanpl e, mayumPentd sedipheyotgeriestat eaotive/ina eewlapicat conditioneur onal subtypes in
culture. Furthernore, the cells froma particular fetal gestational age may
establish the pli§gassplAogarizay of diffsranceuadnal bwbtgpest inchdingethose ufed@Sdr | n an
enbodi ment of the di.scl osed nethods,.the cells to be transplanted, .into

subj ects ar &reaEIant Off SPecilif REHEOYREFRERAGVE: dFeasTSuRR &qnﬂét}ofls(ﬂantiﬁeo t9iRef BY neur al

ar ea. isolating NSCs from different areas or regions of the CNS and across different
gestational ages during fetal development. NSCs isolated from different areas or
regions of the CNS and across different gestational ages are used for optimal
expansion and neuronal differentiation capacity. One of the hallmarks of the
mammalian CNS is the diversity of neuronal subtypes. A single population of NSCs,
for example, may spontaneously generate only a few distinct neuronal subtypes in
culture. Furthermore, the cells from a particular fetal gestational age may establish the
physiological relevance of the cultured cells.

[0084] In an embodiment of the disclosed methods, the cells to be transplanted
into subjects are derived from the human fetal counterpart of the injured neural area.
In an embodiment, NSCs are isolated from human fetal CNS regions at gestational

- ages of between about 6.5 to about 20 weeks. In an embodiment, cells from a fetal
spinal cord are isolated at a gestational age of about 7 to about 9 weeks. It should be
appreciated that the proportion of the isolatable neural stem cell population can vary

with the age of the donor. Expansion capacity of the cell populations can also vary
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In an enbodi ment, NSCs are isolated fromhuman fetal OCNS regions at
gestational ages of between about 6.5 to about 20 weeks. In an enbodi nent,

cells frorwgzgogfgggﬁﬁspl nal cord are isolated at a gestﬁ%ﬁmﬁlméﬁgﬁﬁ){ hagbout 7

to about 9 wee shoul d be appreciated that the p

| sol at abl e neural stemcell population can vary wth the age of the donor.
Expansi on capacity of the cell populations can also vary 17 WO 2006/ 055685
PCT/ US2005wih 11834ge ofi the) dotme. Syeh ofgidniabantbtemporabapdrificityi NS Csamdichiespor al
specificity o i ndj cates . that NSCs behave as te-restricte

pr ogeni toréa%{ﬁ@ ch%ehﬁvse Bi g%?ireégﬁcf% RSPESIQLS, g nmpﬁp%ﬁﬁ‘f o 8F ac%‘i‘ﬂ%. [ 0085]
The propor pdpattief of B&llspopul ation in vitro includi ng GABA-produci ng neurons
is generally constant at about 5-10% [0086] The NSCs of the ventral

mdbrain, for exesy Ehe propostiofldfMed pépiudiiohne viPSERIRMAGABA floamibHe spi nal
cord at the sane gestational stage. In particular, the NSCs fromTthe
ventral i ByFEesAs ssterallyiconytant g apeut 3-4@%t o t yr osi ne- hydr oxyl ase- expressi ng
dopami nergi c neurons, whereas NSCs fromthe spinal cord exclusively

gener at e -acet y| [OA86]i The- NP Ce of thegvevhall midbrain.cfon exampls, argdistinetefromtthpes,
however, et e t r |.gul 1.0 gl by

GABA- pr od u@?% oﬁ%@%ﬁoﬁc@ t‘%h@?‘%?é‘?rg ,ate?l}]en%ar?%e%%g?% ﬁq‘#‘,%e't ﬁ’g%gﬁq' Scﬁ][ag?ﬁ% nmet hods

i ncl ude obN8C#i firgn NEBES verftrab mitlbrainy exdlugively glioe aise too tyrosia¢-hpdroxyliseons
aneliorated or attenuated, at |east, in , . by the ingplantation_ of

YT osi ne- hHFSE OBEBIBAS SPYGH SEAEFHAR OVt SRB tsrpinal ferd BHQRFEREd met hods
further ingdnefde abdtRACRING-pSatink’ SHMih&BicS Rewtahs. C Hdth tc@ll"t"y?é’st however,

neur odegenerative conditions aneliorated or attenuated, a [ east in part, by
the inpl ayimultingaudy genetaje dhel mawe- phisptens glusmts-nend)i ABAupPteducing 0087]
Thus, for .di S0 g rKi : ' se which
I's char act%{u?%égq%yre? r%qﬁ\élgsga g#’dlg‘ggta{nb\qﬁ%s}é‘?%g&ﬁlgﬁ’?’gggw ﬁgﬁag%gocﬁdlggﬁg of the

di scl osed fremhheleentmt mitbesin tditzeat senditionslafilickatad\woe ctténuated aat leasem gamch as t he

ventral mdhrain in which neur nesj s of dopanj nergi c.neurons |
subst ant i af¥ thempientation P tyf‘ﬁ’élel%% x?fl&ﬂ?"ﬁ@r??@gﬁirgr‘?g TELC GeuPD | Eﬁ%\l age of

human f et adissl6se! @RINBAY fhHel Ncludd bBtRinfl NIIRN 6inS tHef spieid abkd) @b Qrdat NEUr ONS
is substantial., Accordingly, in an enbodinent, the discl osed nmethods

i ncl ude obReFofleaenermtive panditionh camedintated) opiagisreated alclersicia part.abyydbe at i onal
age of  aboflyfdfon bty RnbER roliitd GRlindBY HERRhs.d! SO ders.

[0087] Thus, for treatment of movement disorders such as Parkinson’s disease
which is characterized by the loss of dopaminergic neurons, an embodiment of the
disclosed methods includes the use of NSCs derived from an area such as the ventral
midbrain in which neurogenesis of dopaminergic neurons is substantial, In addition,
the NSCs can be obtained at a gestational age of human fetal development during
which neurogenesis of dopaminergic neurons is substantial. Accordingly, in an
embodiment, the disclosed methods include obtaining NSCs from the ventral midbrain

derived at a gestational age of about 7 to about 9 weeks to treat movement disorders.

[0088] For treating motor neuron diseases such as amyotrophic lateral sclerosis
or flaccid paraplegia resulting from loss of ventral motor-neurons, an embodiment of
the disclosed methods includes the use of NSCs derived from an area such as the
spinal cord in which neurogenesis of ventral motor-neurons is substantial and obtained
at a gestational age of human fetal development during which neurogenesis of ventral

motor-neurons is substantial. Accordingly, in an embodiment, NSCs are isolated from
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[ 0088] For treating notor neuron di seases such as anyotrophic | ateral
sclerosis or flaccid paraplegia resulting fromloss of ventral

mot or - neur oN¥0 2086/056850di nent of the di scl osed net hods i PCTAISRS85/4ES1Use of
NSCs derived froman area such as the spinal cord in which neurogenesis of
ventral notor-neurons is substantial and obtained: at a gestational age of

human f et al e | C e, ' = neur ons
s aubst ant (7 L OB a eliblhal Y ch O PRAHOH G AR R ek o 2 0
2006/ 055685 dixedsek)S2005/ 041631 the spinal cord at -a gestational age of about
7 to about 9 weeks to treat notor neuron diseases. [0089] It should be

appr eci at ed, how§e(3p] Ittshatld ben ammentated d@svevdrh ¢hat,i i soseoéases; Ltbé limetgi afnal
specificity are fairly broad for. .practi.cal purposes. Thu N from
various ar edScthfegioal é’ﬁf”rﬁﬁw &bt Sel‘ghgﬁ’agsfg’c%{‘@gpﬂoﬁﬁsr aip% ? ﬁ%g ™ and
sacral segnBitisus 468 oPthelspRE] ¢0 SlichNBRESAR], Yhorid) Suhbi] &l 6rasugnieatst r eat

| ocati ons other than the "corresponding origin of the NSCs. For exanple,

NSCs deri vedan pgrhsed interehangsgilyide bed nandetoyize’d) logptiops gtheg than thej ¢ y
and/or rigidj : Nl | h ' . Lﬁ]&};ﬁlr- Fﬁfﬁ] of a
patient. | ?6%@6&’%‘&@ glg%ﬂ a(ffrsﬁcl)é @g Cfs"sgrlogt(?5 Jé 1%’%%%@%#& a a‘fﬁé%%d tat | ssues.

NSCs deri vedrd canrhepmed i &t spastditpdod/or tigidgy by temmeplonttngt the atils/imtoy the

equi val ent 'tg respect to .their capacity to differentiate into neurons and
glia, as wew\1111 ?s?ﬂ‘??n%e‘?tlra h and differentiation characteristics.

However, the effic] of in vitro |[saolation of Cs rom vari
post - natal and a&(ﬁfpﬁ %ﬁgsé’éﬁ 30 {’ﬁ.lbsﬁia?%vxg‘i’mtﬂ?éﬁnqtgg?'@t F‘I}ﬂt g%’suﬁfscgé?‘?som
fetal tissuerriwd Gdin fisaétttﬁfaJCs andaAdt BRUECEE Guiiititively afivienNIF: redfR¥eit hel ess,

as with fetal- derived NSCs, the disclosed nethods enable at |east about
30% of NSCs thiit capaeity tor difierratintatinto nawepng dod gligoesy wel asgndtheir grawthiagde int o
neurons in vj . -.nat . 1 .

doscri bed atiiadati SnarkBTlstpe: BowoRauB Sl STHES AP ROBBA SIS,

ti ssues is pronf earfosspodt-B8@llind\ainlt GINS cealbeaneh lewirt thgeisolaton 6ENSG¢ fomed from

mani pul ati on. of. enbr I c. stem cell s, expanded i |tyre. ~Thus, specific
neur gnal su&?tﬁlptésél,les ‘g’ghaél?Pr ATYFCH g‘tqaﬂéé’@u ?%%@Saé'aﬁgbgﬂ}eg%?’éf and
purified frgepodbered NSE, théatidcldied BRI @fdbleGelchst dbBui 309 BFRSUHEerivaUl t, as

needed, and can be used for treatnent of the sane neur odegenerati ve
condi t i ons. from neonatal and adult sources to differentiate into neurons in vitro. Thus, post-natal

and adult tissues can be used as described above in the case of fetal-derived NSCs, but

the use of fetal tissues is preferred.

[0091] Various neuronal subtypes can be obtained from manipulation of
embryonic stem cells expanded in culture. Thus, specific neuronal subtypes, based on
the disclosed methods, can be isolated and purified from other irrelevant or unwanted
cells to improve the result, as needed, and can be used for treatment of the séme

neurodegenerative conditions.

[0092] The NSCs in the disclosed methods can be derived from one site and
transplanted to another site within the same subject as an autograft. Furthermore, the
NSCs in the disclosed methods can be derived from a genetically identical donor and
transplanted as an isograft. Still further, the NSCs in the disclosed methods can be
derived from a genetically non-identical member of the same species and transplanted
as an allograft. Alternatively, NSCs can be derived from non-human origin and

transplanted as a xenograft. With the development of powerful immunosuppressants,
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[ 0092] The NSCs in the disclosed nethods can be derived fromone site and
transplanted to another site within the sanme subject as an auto graft.

Furt her nor Cs in the disclosed nmethods can be ' froma
geneti cal I‘?Oizg%ﬁ’ts?%gl donor and transplanted as an is g‘rfelré';’%/ﬁ&@f‘f?f further,
the NSCs in the disclosed nethods can be derived froma genetically
non-identical nmenber of the sane species and transplanted as an allograft.
Al t er nat i vallggrafhamsxengarafeofenibpaun fnevral prsauisonsasuch as geurabprécurseras pl ant ed

as a xeno f /1 h I, f..power ful i munosuppressants, 19 WO
2006/ 05568%&P%?P%063§%8§?%§&g{ﬁﬁglta?g?bt'gciﬁﬁd xenograft of non-human neural
"t o hunan subj 0993 AF68l FR5 40 B teweBl o5, AR Nip il meliBly iy fany

st andard nehbelimedtntisoe isodissocintee iy, gehilS fldchanfcalirheatdnbssk Hyipsead £

mechani cal trituratign using a pipet and a divalent catiogn-free saline

buf fer to ¢¥plsntrationfies s3lims byferfiodonn aspengnsien pEdissogiatedgellpt Sufficienbci ati on
to obtain kalaekyn $bWbkdn GaL4IS di1deh | ; cel |
density. [0094] 1Fr(l)r successku? é(':%m*rer c§| g%jd%%ﬁﬁﬁgaé#gﬁ&gﬁ%%%%&ﬁg%%t ai ni ng
robust anddensibnsi stent cultures that have stabl e expansion and
differentiation capacities through nmany successive passages is desirable.
As descri bed abi®024] Ednsuaedstful cemmetdialdpplivation bENSES, inmdimtenhitgarobudt and e

| ong-term staple ansi on of i ndi vidual cell Ji.ne of NSCs, fr.om

di f ferent H°&§ nﬁﬁﬁﬁgﬁe@%gavé@%g%e’&%ﬁﬂ% apd ﬂf?ﬁrg’tﬂpﬁfﬁﬁaﬁm‘?@ hQueh di sti nct
progeni t or mphY PRCEIsRE pafsafiSh dddirablel SA€@skcribdd dbd%e, RBE Bulfilté Rictifdeghy found
that pronoting the adhesion of NSCs (NSCs) to a substrate contributes to

accel er at i ProRtHRIZed tochigve lepg-team, sighle gxpansiop o an ingividual cell lingef WBGs

provi ding shanift koS RANERIRACIAS dBydlifork AR tm kit £ eft il OF
progenitor cells. ITn particular, in addition to avoi di ng excessive | ocal
cel | densprogemtodpropeniefi ni ng ni t ogen concentrations, it has been found that
the concentrations of extracellular matrix proteins affect the |long-term
mtotic and di[0D25]eTd thistendnit hapbeentsyrprisingGound that protooting theuddhesiomt ri x

t ei i,ncl | y-. D-lysine, .poly-L-1ysine, poly-D-ornithine,
Dol y- L or nit WBFE (NSRS mlubrimte Shrt o Haraieniie e B BeRE RSO acel | ul ar
matrix prop@géfitof d8lls, tHetdb§eproidinglsignifiginy Bftfancerhén® 18 Hidre réMiEPBilthmant f or s,

or synthetic mnetics of fibronectin, |amn, collagen, .
of NSC or progenitor cells. In particular, in addition to avoiding excessive local cell

density and maintaining mitogen concentrations, it has been found that the
. concentrations of extracellular matrix proteins affect the long-tei'm mitotic and
differentiation capacity of NSCs. The extracellular matrix proteins can include poly-
D-lysine, poly-L-lysine, poly-D-ornithine, poly-L-omnithine, fibronectin and
combinations thereof. Other extracellular matrix proteins can include various isotypes,
fragments, recombinant forms, or synthetic mimetics of fibronectin, lamin, collagen,
and their combinations. Altematively, or in addition, it should be appreciated that the
 disclosed methods can include any other suitable substance that is able to promote
effective cell adhesion so that each individual cell is adhered to the culture substrate
during the entire duration of the culture without being cytotoxic or retarding the cell
division.
[0096] Although extracellular matrix proteins can be effective in promoting
cell adhesion, different amino acid polymers, such as poly-L/D-ornithine or poly-L/D-

lysine, can be toxic to the cells at certain concentrations for each individual cell line.
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and their conbinations. Alternatively, or in addition, it should be
appreci ated that the disclosed nethods can include any other suitable
subst ance t Y¥@2006/036%% to pronote effective cell adhesi ®8aTRAS005@t168ach
i ndi vidual cell is adhered to the culture substrate during the entire
duration of the culture w thout being cytotoxic or retarding the cell

division 10 _ . / . : :
pr omot 1 g+ ool kel b duoh SEFeY bt 1Y Ehll BLBECOMEe DBRmRP gBdsiE ' v 11
pol y- L/ D- om boiiheatisir supfate afiféciing khesviatelityad thdoeells. o For the INSCreempbyesl iattheer t ai n

tratiops f h individual cell line. 20 WO 2006/ p55685
PCT) US2005] OAEHSF MG, MaeFfRiGHs SRobimeoan bt Sl & 6o PEBTVEREEtPEha)

amount  of thG.IH%/MEBe[ndd&:I@Q{Sitr@%mLQnInFiiﬁelﬂi)c&ﬁ'mféﬁt,rfl@@@.ﬁ@zﬁlﬂﬁ%d&ﬁ@—l@ﬁﬁe\ﬁ ability
of the cells. For the NSCs eﬁg oyed in the disclosed nethods,
concent r at i offissabredpi) Q:AHEYL HERED dufiper on walgr ahpejrad oy and ermicd o & culyre, g/ mi

and about 1 gRLiL Tolb e VRN RElaich 00 9l 8170B Beehi PP Gy 5501 ved

in 0.01M HEP ffer or water at neutral pH and app to a culture
vessel . The wesktlis then thwsmighlysinsettwhinvettr st driedhwior teatser oom t enper at ure. The
culture vessel is then thoroughly rinsed with water and dried prior to use.
[0097] The di scl oea7]MEichdnclossdnmatheds icic lalsd eindindd deubleabating theecudtukd ur e

vessels with an _extracellular. . matirx protein. In a enb(ﬁ_?i nt, th?,culture
vessel is  t VESIEFIly DPRAEIE SRR BIOG b AR (1S APV S ng
the appl i cat ir@led¥witR HbYonebli 6F BifblnB&irCderRalive tollBwingSthe %p].l‘iiﬁ.\'iﬁéd begoigbove. In

an enbodi ment, fibronectin protein prepared from human E‘asma is uSed. It

shoul d be appfiremithing, orhpelikdP-lysineadescrahpd dhover muan avbedimentmfibronsefin ce of
fibronectin . O] rgi [ fil eglin,

r econbi nant ﬁog%h%g%gg&ﬁ@éﬂ@%ﬁﬁlﬁ%ﬁoﬁgcﬁgg%ﬁ é‘%l%g(,i’ Hog{?g{}he {IC
pepti des, ananyodthersuitéiderfaral orrsomet bfBbrohectinprateiachn be used sach angrocherant |

bet ween abouf Q.1 g/nL t.o about. | nL of fibronecti an be be appli ed.
L0051 1 0 anbetist diirreetifr 2raatbingnl HEERiR o TREBRS N S e ol
cord, the Culfndelic\(RpE®ls, kil biheadHRehion mbAG S0ABobecth. PRI dr Srbothag, for a

period sufficient to al 1 ow the extracel|ular protein to bind to and coat
the culture Yetwsa about)d weank toabopicl meanle affibyengcin cambribe anplied.ni nut es to

about three hours. The culture vessel can be subsequently washed wth
water. After air-dP98nly antembodiment mclpdingdhe expansion eENECs &am yenanrspiabd wi t h

about 25 o/ ghqf b Qe VBssbCls RRRIOWHBIR! Xe/hdrY G BoRM45S5sine for a period
sufficient to allow the extracellular protein to bind to and coat the culture vessel.
Such a time period can be for about five minutes to about three hours. The culture
vessel can be subsequently washed with water. After air-drying the culture vessel, the
vessel can be treated with about 25 mg/ml fibronectin for approximately five minutes
to several hours at room temperature or about 1 mg/ml fibronectin for approximately 1
hour to several days at 37°C.  Subsequently, the fibronectin can be removed and the

culture vessel can be washed at least once or stored in PBS until use.

[0099] Alternatively, fibronectin can be added into the growth medium as a
soluble factor supplied directly to the cells. In this embodiment, NSCs can be
expanded by adding 1 pg/mL of fibronectin into the growth medium in addition to, or
instead of, treatment of the culture vessels with fibronectin. Supplying the attachment
protein into the growth medium as a soluble factor at the time of cell plating is
particularly advantageous for large commercial-scale culturing of NSCs due to the

relatively short shelf-life of fibronectin-coated vessels. This method is also useful for
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to several hours at roomtenperature or about | ng/m fibronectin for
approximately 1 hour to several days at 37C. Subsequently, the fibronectin
can be r Bdsthe culture vessel can be washed or stored
in PBS uﬁ‘twlﬁ?é%}se f0099] Alternatively, fibronectin cgélcifggzﬁ éoggﬁc"l?nto t he
grow h mediumas a soluble factor supplied directly to the cells. In this
enbodi nent, NSCs can be expanded by adding 1 jig/nL of fibronectin into the
gr owt h nedianniacturingidi ndusal ton ostl linensyeisidg cubstantaily nexact ednditivas amtt ur e

vessels wi th necti n. Su at t nt roteln into.the growh
medi um as'&" C{é‘ﬂb?k} SP%EF%P%‘?’D?HJ@H% ﬁsgﬁg pr(?gqcpre t oﬁ i ©) ar | y
advant ageaugalfstim tell g fopteRpeitlusscal e cul turing of NSCs due to the
relatively short shelf-life of fibronectin-coated vessels. This nethod is

al so useful foroo16d WO 2006/ &rtsiaediCGhe WALeP NSELGRd addsanvdftBe ClahirBg @ neur al

stemcell i ne requiri ng subst anti al | )égexact conditions and reproducibility

such as r &essplraba dgrsityrof abguwp 1{100tte ebous 28,080 £ells nersdHaER ey Sheh & Hensithieur al st em
cell line [ ted NSCs
are addeq PR HECLAREH dibelith ard WhAHln b irBiGPOANTR I, cifife VEREE T 20, 000
cel | s per avajdiag docalized Sondentratitgs of tells, to @nnchekiuhwlmme for BISCHi spersi on and

adhesi on of individual cells in the culture vessel, avoiding |ocalized
concentrati ons[0di0Lel | s,Intan eatbodimiead NSCs areibtpanded inrthd\disence[dd@dfddd. | n an

enbodi nen e e he .abse f ser |.n an emhodi nent,

t he NSCs iﬁéﬂ&ﬁﬁ?@@@ﬁf ﬁ%a&gg\%ﬂ%%@t‘“eééﬁi’n&%%@g Erﬁpggpdg%lgavg posure of
the NSCs bghd@aCiihd RECO RS cOcemBliond Spéefrmﬁlsammén@ tcdaésrtafbmieltﬁ@umﬁcm totic
and differentjiation capacity of NSC. In_addition, exposure of the NSCs to

certain @ndbdifferantistioy gapé@@hOﬁNSCeukemkbh%mm&w of thecNEEs (o cpfainr ciliary

[00102] VA MG such o o i BRIGATLIN £F oD pABGftiy Bl UPC""

process tmﬂhﬂmalsbrdestgnhmﬁsmartd”xhomﬁtﬁsavdwecbgens can include basic
fibroblast growth factor (bFGF), acidic fibroblast growth factor (aFGF), '
epi der mal grovx{d@l@%]ct or M(tEﬁﬁ)s cait baakfed totheguliimevit Any stagoof tht pulawé TGFa) , and

Copanoad. P 1ocahgee i ot 67 g Sk Selbeben R el Ao e, & o °"
i ncl udes %ﬁv@g%&;ﬂ WRGF) chlmc fibeSUIAER Blowth Blcfir (AEGI)epiermal freSiie FRthr

aggregated formreferred to as a suspensi on
(EGF), transforming growth factor-alpha (TGFa), and combinations thereof.

[00103] NSCs of the disclosed methods can be grown and expanded in at
least two different culture forms. One form of culture includes an aggregated form,
commonly referred to as a clustered, aggregated form referred to as a suspension

. culture. Another form of culture includes a dispersed, non-aggregated form referred to

as an adhesion culture.

[00104] In a dispersed adherent culture of the NSCs of the disclosed
methods; the cells form a monolayer in which individual cells initially contact the
culture substrate directly. Eventually, after a period of incubation, the cells can
sporadically form clusters, wherein at least one additional layer of cells is formed on
the bottom layer, even as the cells in the botiom layer are individually adhered to the
substrate. Such clustering especially occurs when the culture is inoculated at high cell
density or allowed to reach high cell density, which, in an embodiment, is minimized
for optimal expansion of NSCs or progenitor cells or for optimal maintenance of the

multipotential capacity of the NSCs. In the dispersed adherent culture of an
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cul ture. Another formof culture includes a dispersed, non-aggregated form
referred to as an adhesion culture. [00104] In a dispersed adherent culture
of the NSCsWS¥200¢{€55¢85sc|l osed nethods, the cells form a PONUSZ9%04163n whi ch
individual cells initially contact the culture substrate directly.

Eventual |y, after a period of incubation, the cells can sporadically form
clusters, fas i 4 ] S il : n the
bottom | ay\g??l%g{llﬁe{}?ﬁ{a%% tﬁggﬁglg%%sﬁgﬁ&tsh@ﬁ@%ﬂ ltklg?fng Frae;./efg?ﬁgdr l[eo ?lk@iew%l%ﬁ?@ adher ed
to the subsboutfeur dSycter céludivisionng especi ally occurs when the culture is

i nocul ated at high cell density or allowed to reach high cell density,

whi ch, in an enbfebioent, i Andtheri distiedlivel cHaraepdristial ofethpadisparsedohdidtés or

of e NSCs Cos i s g o BF o Br-insed cuRtiads drvfe tBonsts i s ons
PCT| US2005/ Qﬁﬁ%&mﬁg&@ﬁﬂ@ﬁﬁm&ﬁﬂ&&&%ﬁ#ﬁg%&%ﬁ%ﬁcﬁ ¥R hififepert” ©

enabled to divide in |l ess than about ays per ce i vi sion. &00105]

Anot her di sechltgeiof BISEs af the disclosed metbpds includ¢sapexpangioadhpaciiiof aclgast gbe i s
t hat the NSCs; o di sgl o t I Vi {O. er h ells,
each ret ai nlcé%% ({Oﬁféﬁ? Srrfll}l @fp%?eﬁ??%¢8%§%§%%ité/jlffcﬁcn”%ﬁg'e o) fiefér# Eﬁgg

di spersed adhkpmdead beyoud htllesst 50 callSdaublifigstietorel lBingdbernemedgendpotentdhiudes an

expansi on capacity. of at legst 20 cel oublin in the ahsence . of
subotant 1 al Hhempetatah da SHC padedndhe Sipesed Mt euli o) s Pdast 50
cel | doubli pgshdief AeRoh@atcn®nhiiRed RAEMDALC i FerBRaBbh,i Siving Nris@N i#MaRdi ment ,

the NSCs expanded in the di ;gersed adherent culture of the disclosed
net hods densmbpdimest, dp lahleass dibaetui0dn apurghgl fdifferantiation.odAn mypiny;oasesr pisleasti n an

enbodi nent 3 % on j g f iatj cases,
at | east 58&;%0{% Nggg%%qfe?%g’r%een]?@a%%g%t ogiﬁtééjir% ntgé %%P%r%éodﬂ%ﬁh?hﬂé %%{gr sed,
adherent f ornitwat is @ whdre peeférsedaformrof cpltekpthe alifférentrnoutthirecuéthodsemay bidowdi f f er ent
culture nethods, may. .al |l qw .. i.sol ation of innately disftjinhct.cell popul ations
Wi th i f1or AURORI SRRARY SistiBet SHroRulasipns Wah difthring AFERGAGR noffabi o

[ 00106] The eRh&SEVrBRiNM, al SO al |l ows clonal isolation of NSCs from a
variety of sources w thout genetic nodification or inclusion of feeder

cells. Thus, a y@ye] oW EsenPhBfu8ll alb ¥i1bws S0hN AbIAHIAQF 8B sTrdiel Square
centinmeter of cells, may be seeded in a cell culture dish prepared as

descri bed alvesiety of sources without genetic modification or inclusion of feeder cells. Thus, a

very low number, preferably less than 1000 cells per square centimeter of cells, may

be seeded in a cell culture dish prepared as described above.

[00107] A few days following seeding of the NSCs, the cells can form
well-isolated colonies. The colonies may be gfown to a desired size such as at least
about 250 to about 2000 cells, In an embodiment, at least one colony of cells is
manually picked and inoculated individually to a fresh cell culture dish such as a

multi-well plate.

[00108] Isolated clonal populations may be expanded by serial passaging
and used to establish multiple neural stem cell lines. Many such clonal cell lines have
been isolated from various areas of the human CNS including spinal cord, midbrain,
and hindbrain. Clonal cell lines are useful to enrich for a particular cell phenotype
such as a higher proportion of neuronal subtypes. For example, clonal cell lines

enriched for tyrosine hydroxylase-expressing dopaminergic neurons, GABAergic
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[ 00107] A few days follow ng seeding of the NSCs, the cells can form

wel | -isol ated colonies. The colonies my be grown to a desired size such as
at | east to about 2000 cells. In an errbodl one

col ony of ce?l E/O%E% manual |y pi cked and i nocul ated i ndivi (’:FS?‘?OISO%I%g1t a fresh
cell culture dish such as a multi-well plate. [00108] Isol at ed cl onal

popul ations maybe expanded by serial passaging and used to establish

nul ti pl e nBewres, ehadinpigiq neurensand neywans ofipiher spesifig pheaptypes gradetisalated been

I sol at ed f@ﬁﬂgﬁﬁ‘{lﬁ%ﬁd%ﬂ%@f of the human CNS including spinal cord,

m dbr ai n, rain ‘onal cell lines are useful to enrich for a
particul ar ceII otyp suc a8 %he tc]errp%{ F ﬂt on_of eurlonal subt ypes.
For exanpl e, cel | ?(t,’hé ¥4 y;; 58} fe? W&P x% a5 expressi ng
dopam ner g'shterlnrmew IllﬁéNSan KBALBAﬁfeG Itd:‘t()je ﬁahmnaewf 105 P&t it Tdubhp0 05AdddR3 1

neurons, choli |c neurons apnd neurons of other specific phenotypes can be
i sol ated (itnbenat grosdh fstogs, cReRISHS, mﬁg@g@@]subﬁangﬁs BasABrREGiEened e her a

pol ycl onal jaehtify BEEAGE O@hceRC WF Barticill® Th&kbls Ishéle af 0 be
further enlrl chigd for a par(ilcul 21% subt ype ofS rsieur ong&og%engﬁn%g)r@}qﬁe growt h

factors, cexpiessiagsdopaminergic (nentons @bé tageiylsbole/prodecing sholinsrsiel newrons dent i fy
ef fective u rQsin se-
expr essi nghgﬂl;ﬁ%%%f%%dgﬁrlﬁeér%mi C&g F[BQ %9?0[011%2 netcpro u@?lﬁggﬁ&@m rgic
neur ons féamnbé\lﬁﬁﬁ)dﬁéedrrmd-bfgatha rﬁitotii:ppmad: aad/ofl meThléfef@ﬁhtﬁxfn pliase frtheal or
conbi natio&tsbhereof be |ntrod ced %ﬂrlng the mtotic Eﬁase and/ or the

differenti 6n1‘ﬂ)ﬁa§81 fimep, 2 geeiel stery rflopgmunsreie phenotype ds, el |
line for aﬁﬁﬁ?@éﬂrﬂ%ﬁé@dsfadb%ﬁﬂ;p&i&ﬁoﬁﬁ)tréa%'Pﬁr’llﬁfsox?E‘HisEzﬁ@d as a donor popul ation
to treat Parkinson's disease. [00110] Various neuronal subtypes can be

obtai ned f rom i ggh i On Ofericht %%%ﬁil' b3l B B WbRlifcadsdih (ELASH At I on
pattern in vitro vitro results can substantially reproduced in vivo.

Thi s neansstemhatells thavipgtaedesirad digfdréntiation pattetrhen Yitem Ilee'itmrqsnlts/pamb@an be

predicted by the differentiation tern he r . Upon
I nj ection T‘%tstgmf'a eBrocher‘?a’fla‘iw ’Eﬁégf gns ,e ?Oﬁémﬂl %@w n° un rentiated
or pre- di éd‘llerzemvoaiaﬁd)eqirahaedbymuﬁﬁ‘srehﬁmmnlpattae @the@tremadens 7] wmoo

differentiation pattern_ observed n Vit Thus, NSC ing rise to
tyrosi ne hYaPIRjEcHER IHP Yueeeshg? & NS ip eitaer 2n 50kerai gﬂéowﬁ%s. ne

hydr oxyl asgRfAd4ed "ats ChoaiSs 1 1B ¥ 'lé(r%e xBAY &SB! Yivo differentiation pattern

observed in vitro. Thus, NSC giving rise to tyrosine hydroxylase-producing neurons

in vitro also generate tyrosine hydroxylase-producing neurons in vivo. Conversely,
" NSCs not giving rise to tyrosine hydroxylase-producing neurons constitutively in vitro

do not produce tyresine hydroxylase-producing neurons iz vivo.

[00111] However, differentiation cues present in vitro are limited
compared to those in vivo. Thus, a substantial fraction of the differentiated neurons
may not express a major neurotransmitter phenotype. Additional cues such as signals
from afferent or efferent neurons, or agents mimicing such natural signals can be used
to re-configure the differentiated phenotypes, either during the mitotic stage of NSCs
or during their differentiation. NSCs have the ability to respond to cues present in vivo
as well as in vitro. Thus, once grafted into ischemia-injured spinal cord, the spinal
NSCs generate a substantially higher proportion of GABA-producing neurons than in
vitro. Thus, NSCs are plastic. Such plastic nature of NSCs is a characteristic of their
multipotentiality and, as such, this plasticity can be used to identify phenotype-
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NSCs not giving rise to tyrosine hydroxyl ase-produci ng neurons
constitutively in vitro do not produce tyrosine hydroxyl ase-produci ng
neurons in \)7&6006@@6%11] However, differentiation cues pPETANSL005/MIGEILrO are
limted conpared to those in vivo. Thus, a substantial fraction of the
differentiated neurons nmay not express a mmjor neurotransmtter phenotype.

Addi ti onal  ciasisiaeds Bit9RAldRiont T ORVA' AT B0 heroLERERN IBHTARSCO"

agents mmcing such natural signals can be used to re-configure

di f f er ent i at papulshemtstrgérsct itsiprépertieduri ng the mitotic stage of NSCs or
during their differentiation. NSCs have the ability to respond to cues
present in vivo [aéll\%ll adn amembﬁdlmentTdmuhre—pmgmrgmm@heﬂhdemtrmtmg NSCs
ischema-injured s ord, |naI NSCs e a substantially

i gher - pr opol T droPBP Cors KT sa.aB i, SHBeed RPERAST PEmOlE aPgon PRALITRBCS. ar e
plastic. Sucthhréshés cBaditiems BENNSES chifirRg NSCHEH &Eir difrsreitlatdd®II§ with

mul tipotentialjty and, as such, this plasticity can be used to identify

phenot ype- 2@\%* myeds 98 euspengirerelpapesowsiswderived gelisnench e mewrab prgst
Con . Wl o HafgR! QSEDLAPH )kt Nl NI oHARL U B0cltly

re-direct its pro erties ment, such re-progranm ng
i ncl udes t r elatowngo BSEspredsedandopreghicad in motor névremsune it thespinal coré thanhame

expressi on t or neur.on_ phenoty The treatnment conditions include
co-cul turi ngkﬁgo Pf8?$°€‘r?éﬂ°§‘ é’ﬁ‘f"i‘%& cells with varl ous muscle cells
or peripheral ner syst derived, cel ch as .neur crest. cells or
gangl i oni ¢ neur orl §8ﬂ§;5 R mduee b”@h?qc@iaWVﬁXPFFS%‘BEk? aitties SRRATHBFIEICY| es

known to be Cﬂiéﬁbt?ﬁéi %ﬂhﬁﬂﬂnﬁﬁﬂgﬁﬁ?m&ﬂs AR RéatdE WitANSolREulkd) sidhCasS Ribfiah, cord to
enhance NSC expression of notor neuron phenotypes. [00113] To i nduce

enhanced NSCEBR) @é%l‘ﬂ]“brpléfptf@mn,d@'p@fﬁméhﬁgi eondifigngd trperka (ftOHhtSiﬁltﬁnSWhoﬂﬁr ain,
NSCs are treglgd é’é'llEh g %SS 1@ Sdid a{l?'oi-”@e Mned s’cr Ju%o&rophl n,

erythropoei tin, condi £1 on rom ce S suc ser or any
ot her sui tabﬁmhnlmemncﬂ:bnwﬁr Smfhl mau«emem cancknible ﬂmrmPlaged)NSCtsda‘axprassl ons

t hereof . Such mduceggé can enabl e #he .transplanted NSCs to express and
mai ntain the a’ﬁ%‘é"ﬁ@?? ?5’0 YREUI V%?- [ 00114] In an enbodi ment, the

transpl antation. | fl%ara”‘if g Bk 08, 850 i B B e St e
procedure, aincRAE prdQfiffereitlatdd RIlé for AanpeStatdn ! Por hiamaR] REHAT teRells and
for simplicity of the procedure, a confluent culture is harvested for transplantation
which comprises primarily a population of undifferentiated cells. It should be
appreciated, however, that a minor population of cells just starting to differentiate

spontaneously can also exist due to the increased cell density.

[00115] In an embodiment, passaging NSCs includes harvesting or
detaching the cells from a stubstrate. In an embodiment, the Vdjsclosed methods
include harvesting or detaching the cells from a stubstrate using at least one enzyme.
Enzymatic treatment can be avoided when the cell cycle time of the NSCs is short
enough to deactivate the mitogen receptors on the cell surface. However, the cell
cycle time of human NSCs is much longer than rodent NSCs such that human NSCs
are not as sensitive to enzymatic treatment, Thus, in the disclosed methods, enzymatic
treatment is used for harvesting NSCs derived from a human. Although the human

NSCs can become temporarily refractory to mitogen in the presence of enzymatic
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whi ch conprises primarily a popul ation of undifferentiated cells. It should
be appreciated, however, that a mnor population of cells just starting to
differenti aneousl| y can al so exist due to the ased cel |
density. [\gg%gogih%l}%ﬁé an enbodi ment, passagi ng NSCs i ncl L}lcfgiﬁsﬁgqs@égﬁﬂ ng or
detaching the cells froma stubstrate In an enbodi ment, the disclosed

met hods include harvesting or detaching the cells from a stubstrate using
at | east d??@mﬁ,ymeatedidwﬁmm@ ofr thet misogencreqentiors 0api laed taviaedecrdasedcel | cycl e
time of t}eo rt enough to deactivate the mtogen receptors on the
cell surf wever the cell cycle tinme of human NSCs is nuch | onger

t han rodent NS h t hat hu NS not as nS| Y 9 en matic
treat ment. Thugﬁoﬁ;ﬁt he ﬁln??gfh‘ﬂ’ag a&?ﬁ%?f :ll &lﬁeﬁ a’éeyused for
har vest i nGoh&ntratéar by eeief rcemmgbmmn THY CElRghn tbhefubmeiamvasmacampae becone
tenporarily refractory to mtaq In the presence of enzymati¢c 25 WO

2006/ 0556g4sysadendspod @Msﬂey&alg't F%?H](enmmnr%‘ﬁ]ééﬁ salinse buffesed tsaling, o, the
m t ogen reﬁt%ﬂfaﬁ{re‘i%%f}e-sﬁ‘@dn&eﬂg% g%f&f%@%‘?‘ﬂlbe I Ce <§1{1{?6}1. OA NG GSrivel n;Q I'n an

enbodi nent, upon harvesting o S are concentrat ed by
brief centeell§ ugatlbm reTuspendénids ipara bfredzingt hmediwas sech aa&l medias dwendend in

ol ut.i such s sa i red saline, or,

21 ter nat | VARG uPdE Rt s S S BEe S Forem onBoRE o1 Lt on.

Alternatlvely, cells n.be re-s endend re di.um such as
nedi a' pl us r@?ﬁ] Isul fo}'ﬁ%@b c1gpl lll"g{%ﬂé? Foé’ﬂl"iagega%%mé’flﬁ ?tgetgelfii and
frozen fOrofﬂiv@roaﬂﬁfor[aqg@ﬁﬁ];ed_rﬁ@loﬁl dfi&{m@t 0&h sd@bsdiment, tie sterhgelbcthtash to
maintain the viability of live cells for_a prolonged period of tinme. In an

embodi mentcan thgeadgpted éfgbe Jepdyfor @hlppeadw@eceaaarp@éaaqyaowe derawlation 1814 ppi ng
live cell g, IQntﬁtﬁﬁdéﬁr%e?}B eefd‘r 9% t§u1 bletéoﬁﬁﬁ]]%??ﬁrasiﬁéaﬁhfﬁ'&eger y site
[ 1 ons or

for i nmedi ate use. Sul e co I ppl ng l1ve to a distant
si te al so delig taidedistam muaszlldoahlpludeajewumlatlhatdemm thedii cat amaintains & akable

t enper at ur,e_range bet n b~20C. for | eas ours Live
Lol T e et Rl BEk BBt AR BT o & bk R hoSS B el o ot
48 hour s Btdted efgstabdnaddost 6°0) aridr:ﬁ)%hﬂs"fﬂl fo@fabmtcﬁmssetocuboﬁpwmur@are [00118]
In an enbodi nent, the cells are concentrated in a solution such as the

cl i ni cal | yengeafiable forreamnent of adisease o Ao sol uti ons described above. In an

[00118] In an embodiment, the cells are concentrated in a solution such

as the clinically usable, hibernation or freezing solutions described above. In an
embodiment, the cells are concentrated to an appropriate cell density which can be the
same or different from the cell density for administration of the cells. In an
embodiment, the cell density for administration can vary from about 1,000 cells per
microliter to about 1,000,000 cells per microliter depending upon factors such as the
site of the injection, the neurodegenerative status of the injection site, the minimum
dose necessary for a beneficial effect, and toxicity side-effect considerations. In an
embodiment, the disclosed methods include injecting cells at a cell density of about
5,000 to about 50,000 cells per microliter.

[00119] The volume of media in which the expanded cells are suspended
for delivery to a treatment area can be referred to herein as the injection volume. The
injection volume depends upon the injection site and the degenerative state of the
tissue. More specifically, the lower limit of the injection volume can be determined by

practical liquid handling of viscous suspensions of high cell density as well as the
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enbodi ment, the cells are concentrated to an appropriate cell density which
can be the nme or different fromthe cell density for adm nistration of
the cells. Iﬁé"ﬂ‘g’osé%odi ment, the cell density for adnmi nPST/PRPVHIBAN vary
fromabout 1,000 cells per mcroliter to about 1,000,000 cells per

m croliter depending upon factors such as the site of the injection, the
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vol e depends. oo iohe 1 niae Pah skl SESShRCOKCIP IR mpBhETRLOT,
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density as V\%Iart‘gg’g thcuvfér‘%&‘%og@ﬁﬁ S‘_’IP_@?{ %gﬂ@‘(?&/ 1’54}8 tale dREEHEY of the
cell's to cl UsdREd onhtBie HRREHssub nll 1RE prblEndel) Bfdction tivR H¥BCisBA wath hipgt er mi ned
by limts of conpression force exerted by the injection volune that are

necessary t onppeiddrdvalumen exaesrbaies segical fifls sAdditienallyegver-injectine opdaner rellal

surgery ting 0p1 Lyal. I ' t hods
has necessi e%f{seg’ tg %leip%g%{\{l)r\gglrl{l/ %Pgeéh%ﬁgr%%%%g%%tlSE/O%%)fp%ceEe{?k}@%tl l(;tﬁ'gl]y}gr?e atively
rs]matll area iar:tegipd.&% t?t@nqtehmﬁoreﬁdlemeitaogsﬂaimta,:] kown tnhaulpcdsthawa mphmded t.h :
owever, is rostatj.c pr ure exerted on e hos ssue a
prol onged i riTERATZLHOR Qd]}%%'{)&ég%?f’is’ﬁ SHPEHSIRS Horgthe ’J?Jﬁn@é‘f'i W8T u Sdcer bat es
surgi cal 1i skensifiistoinofR FghiolusttBig-oif e fenbslanted cali8 Afd inh@ils Tell nd@tttort &
conpressi on and subsequent injury of the host parenchynmal tissue. |n
attenpting tpreadingeprevanding effegiiveumeatmentshayand aslimiteh area ARdheMPTOMBSEEr equi r ed
preparation ' ' nsions for the injections. However, a
d%&n@g%ﬁtefgﬁi&op@ﬁﬂ%ﬂ%lﬁsﬁ%ﬁﬁ@

hi gh cel | nsi pronotes ti ustering of the transplanted cells and
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alimted area a conprom Ssing eanm ess atron into | ssue.
[00121] |In ceepareddy theslislosebnikthods, féwgphombel oficells araneeded pervinjeofiott. hia cel | s
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have been shgyn &0 nfotii! from the time of injection demonstrating significant quantitative
survival using the disclosed methods. Also, because of the quantitative survival,
reproducible administration of desired cell doses can be achieved. Accordingly, in an
embodiment, the cells are concentrated to a density of about 1,000 to about 200,000
cells per microliter. In an embodiment, about 5,000 to about 50,000 cells per
microliter have been used for effective engraftment. In another embodiment, about
10,000 to 30,000 cells per microliter is used. In an embodiment, the cells can be
delivered to a treatment area suspended in an injection volume of less than about 100
microliters per injection site. For example, in the treatment of neurodegenerative
conditions of a human subject where multiple injections may be made bilaterally along
the spinal tract, an injection volume of 0.1 and about 100 microliters per injection site

can be used.

[00122] Any suitable device for injecting the cells into a desired area can
be employed in the disclosed methods. In an embodiment, a syringe capable of

delivering sub-microliter volumes over a time peirod at a substantially constant flow
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after six nonths fromthe time of injection denonstrating significant
quantitative survival using the disclosed nethods. Al so, because of the

quant i t at iw@2menss685al ,  reproduci bl e adm nistration of pgegi | doses
can be achieved. Accordingly, in an enbodinent, the cel Iéjsg@gm@g&nlcentrat ed
to a density of about -1,000 to about 200,000 cells per mcroliter. In an

enbodi nent, about, 5,000 to aboyt ,.000 cell.s per mcraqliter have been used
for effect'Pges &fr afie el cap ??eﬁﬂ%@ﬁé?toet%ﬁa*fl?ﬁeﬁwugab%me%lw désxibls 30, 000

cells per tﬁﬁiﬁ%@ﬂﬂm&gui%%anbﬁrmi@jrbodi ment, the cells can be delivered
to a treatnent area suspended in an injection volune of |ess than about 100

mcroliters pefnodiRBECti ot gl bRboditientS ¥R Wsked iédqgtcttiﬁ slté ?&tt%ﬁﬁ?ﬁfo,f a

neur odegenerative <conditions of a human subj ere multiple injections
may be nmadeutsdegenenativd gondibory indudss sibileast one sareq ofirthé spimel cond. Wmwlamne of 0.1

and about 100 .m i ter [.injecti site cap be used. [001 Any

sui tabl e (fér&oggneﬁé?ﬂq %ﬁﬁg%{eﬁﬁl lafnﬁéedelE{?I q?ieaftncfng B¢ %feigggng?rerg 838% e enpl oyed
i nbt he di ls_phﬁlseﬂd llmihhazcthe cbnﬁoan_ﬂwhﬁdbﬂmmd hm?ewiéme spigmla&drl | €@ O thedel | ¥|eri ng
sub-microliter valungs over a ti eirod at a substantially constant ow
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into the denbigRe WHOUEH Baib &FIh&EVOodts fe‘xﬁiﬂg?ﬂlg ﬂﬁﬁ@lamaa{ 1@AYarOlchgr suitable

transfer device. [00123] In an_enbodi nent, "tf esired Injection site for
t r eat ment digtributedhevar cdwienareat iDue te onldimer densitycifuntees rooty wathe lambarar ea of

t he spi nal I ' . he. hpl ' t | east
one speci ?@8ﬁsggt§8ﬁPﬁ§1ﬁ°§§3ﬁ%hﬂ%@ {%(Ee&l 1g§§%d§ﬁla§gﬁv§ﬁlggég§@gc§%tr %@aﬁéﬁavi cal ,
t hor aci ¢ eafel sitebfer injegionnofdéellshelnsm rabodiatetlt, the celiscarel inmphaited @gthen, for
exanple, qnly five pairs of nerve roots traverse the bony canal of

vert ebr ae e o nﬁé’fﬁ‘eo‘f’mﬁ GOFEPIERY™Axi t i ng the spine at each | unbar

| evel distributed over a w de area. Due tlo a_I_ovveE density of nerve roots

in the |umbar [PUgfbn of It Hecrabpdiment e gells aqg ing #t beBYfeBabow Sa0dt  cul arl y

vel | - sui t g8oftofn eV i EnBodifedtethe ickls 4r injbdM R beRibeRlab6@ 1050 abBu@n
enbodi nent, the cells are inplanted in the” intermedi ate zone of the spinal

cord par erd@hsites on[each sidf of theeordnbbtilcastrivo efhbe sites sambe sépafatest byl 2at  bet ween
cbout B g5 B SR O, S5 o 8650,
of the si tdisamearbetw:cs dpjettidnesitdldyis about 400 to about 600 microns. The distance

between injections sites can be determined based on generating substantially

uninterrupted and contiguous donor cell presence throughout the spinal segments and

based on the average volume of injections demonstrated to achieve about 2-3 month

survival in animal models such as rats or pigs. In an embodiment, the cells are

injected along both sides of the midline of the spinal cord to span the length of at least

several lumbar segments useful for treating a symptom such as spasticity/rigidity or

motor neuron survival. The actual number of injections in humans can be extrapolated

from results in animal models.

[00125] In an embodiment, the target site of injection is the gray matter
of the spinal cord. Within the gray matter, the needle tip can be positioned to deposit
the NSCs at épecﬁc levels of lamina. For instance, to deliver GABA/glycine-
producing neurons to treat spasticity/rigidity, the NSCs are delivered to the area
encompassing lamina V-VII. Alternatively, the NSCs can be delivered to or near the
dorsal horn of the gray matter of various spinal segments, from cervical to lumbar, in

order to treat neuropathic pain or chronic pain. Alternatively, the NSCs can be
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di stance of approximately 100 m crons to about 5000 mcrons. In an

enbodi nent, the distance between injection sites is about 400 to about 600
m crons. Th&VQrYFAIEE between injections sites can be deCBURtmseEEsed on
generating substantially wuninterrupted and contiguous donor cell presence
t hroughout the spinal segnments and based on the average vol une of
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model s such as rats or pigs. In an enbo nt, the cell’s are” 1njected al ong
bot h si des ervi¢adtonugbaria oder toHeeat piotpamewon diseasesggh as AdS| engt h of at | east
several |unbar segnments useful for treating a synptom such as
spasticity/rigidil0§126f noThe celisiofdhe disclosedanethddsecangenerhteiangb anmbérs

i njections ip humans. can b xtr ed fromresults..in ani mal. nodels.
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of the spi natansplid, theVNSENcdnhprobferite MPLtd @wo tb HBumedUiiRisidnd 6 afobsefpesi ti oned
to deposit tpe NSCs at specfic |evels of |lam na. For instance, to deliver
GABA/ gl yci néHIgratiBerger fugther fgrepsiag thespamter of effeativgidanencellehdmBCs are
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can be delivered to or near the dorsal horn of the gray matter of various
spi nal segneatrste ifitoghe odlew seraduntling |theriyansplanhin eva growtho factossa tenzjenssapdt hi ¢

pain or chronic pain. Aternatively,.the NSCs ca 2006/ 055685
PCT/ US2005/ (5)2]1663%“88? i Ver’ E&?n(?esorxhlggr a{ehgbe%iﬁ?‘aal% o‘%ﬁercﬁl tcﬁ)@gﬁlrpgﬁz mat t er
of various s\ucoalinglygieitiesy difcofditiony suncrl trdaced| bynthadisclosed Eethodsobdeam@at not or
neuron di seases such as, ALS. [00126] The cells of the disclosed nethods can
generate | aroééh%%h’rlb'é{r‘gth?)‘lm S ity seneRie lapgRopiiabrEs RiSrTonsdn Yie dert | y

pre- di f f er enfetHis€ dhd hbdbddgBnerhivRNSdHdR s &%ﬁbé‘%@&seﬁ_ BF &duftSnanssip (O two

to four cell divisions in"vivo before differentiating, thereby furtTher
i ncreasi ng telpmentsivwludidg sédren-tenveddelaments.e| Therefgps nsubjectst arffenng aftéron, t he

neurons secrgte speci fi yrotransm.tters. Jn addifi.on, ne
secrete int o(%%%%aﬁlioﬁeotf @ﬁ@?@s % idaeg%gnﬁaecact orfzsr?giﬁlngﬁégg#ﬁhg?dvgbgl t\“7‘\7t ﬁ{cﬁ%gt ors,
enzynes and growihefhctprspémivings fid chey praeins caibe aBatad effaginell ibgitkd dikcdosedi f f er ent
condi tions. ccordingly, a variety of conditions can be treated by the

di scl osed nét ?fg because of the ability of the inplanted cells to generate
| arge numbers of neurons in vivo and because the neurodegenerafive

condi ti ons may bdO@¥#ibed bloRditipnssizrrondmeniosgTong faniemePRZY™eh APt At
neur on- der i Rtk 8FRHstincet REGREP D theSHplAtdiheftohl Rlciudl hbfe@Mry lysosomal

diseases such as Tay-Sach’s disease, Niemann-Pick’s disease, Batten’s disease,

Crabb’s disease, ataxia, and others.

[00128] In addition, the disclosed methods of treatment include
implanting the cells expanded in vitro which can replace damaged or degenerated
neurons, provide an inhibitory or stimulatory effect on other neurons, and/or release

trophic factors which coniribute to the regeneration of neurons.

[00129] An embodiment includes supplying additional motor neurons as
replacement of damaged or degenerated neurons. For example, the disclosed methods
include providing sufficient neural infrastructure within the syrinx of the spinal cord to
fill the cavitation. Neural infrastructure is sufficient if it is capable of slowing the
enlargement of the syrinx associated _with syringomyelia resulting from traumatic

~ spinal injury, hereditary conditions or any other cause. It should be appreciated that
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degeneration of CNS tissues due to |lack of such neuron-derived el enents,
such as growh factors, enzynes and other proteins, can be treated

ef f ect i velwo bibsoéresydi scl osed methods. [00127] Conditi %%/lfs?(ﬁ)%{ﬁg& ng to
grow h factors, enzymes and other proteins or substances Secre & by the

I npl ant ed neurons include hereditary |ysosomal diseases such as Tay-Sach's
di sease, N emann-Pick's di sease, Batten's disease, Crabb's disease, ataxia,
and ot her Proyiding pffigigntapeiral; Birastiusirejalse| belpy rekiavaostherr cemppligatienst i ncl ude
i mpl ant i nghe fofl h&eﬁé&%ﬂlaﬂbt&i tro which can replace damaged or

degener at ed eurons, provide an 1nhibitory or stinulatory effect on other

neur ons, and/ or ase Ol | %ﬁ‘ﬂfr'- e

regeneration of[oéllg’llgfons. *68@%%%2%)%&%%? LY uddée)egges'uppﬁ %Sgc’faddi tional
not or neunmen®nalspopudgtioas effected af diffenean eliseases deqye he rdififerentn eTherefere, fror

exanpl e, the disclpsed nethods incl.ude I di uf ficient neural
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for a given disease...JThe types of eur onal. popul atigons affected in
different CRDIMEGS fiffrienalf ppwpnglpheiaRee é’w’g"dlﬂf&%?%{&é‘ﬂ?Pﬁ iﬁeffective

donor popuhét 62 t6 prdifeteheefitidyvfttrscdle th pRdacs i@ dpbfopriektphehdtyipein el enent .
For exanple, treatnent of spasticity, seizure, mpvenent disorders, and

ot her mus cfioaPot ARk HlETNS,of 3n appropFiate meurolransmiten nhgatoppe PRiRlsp inderms

t her apeuti ' iofioh € kfotOdic 4 .atd ng into

i nhi bitor y&ﬁgé}u%{%pﬁgs%aﬁg%aﬁfg%ﬁ? [s] ycﬁ iog%?a% st lg'?d h%%g{gﬁgtﬁsgélfs of NSCs
can be asges®esl in vitro by examning the differentiated neuronal

phenotype. The in vitro differentiation pattern is then used to predict the
ef ficacy of thgo@8ll]s t olprodentwdirhent,aNSCspare dmplaptednthizty pee capablei ofo, not
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char act er isgbtypés fbociated with the etiology of the symptoms. For example, hyperactivity of

excitatory circuits in subjects can be caused by hereditary conditions or neuronal
injury from spinal trauma, thoracic/thoracoabdominal aorta surgery, stroke, epilepsy,
brain trauma, Huntington’s disease, bladder incontinence, hyperactive bowel
movement and any other uncontrolled contraction of muscles arising from injury or
hereditary conditions. Spasticity, seizures, or other hyperactivity occurs in the brain as
- opposed to the spinal cord due to a number of different etiological origins. Focal
epilepsy, for example, is thought to arise from disregulated hyperactivity due to a lack
of GABA exerting tonal control over the circuitry. To this end, disclosed methods
include providing inhibitory neurotransmitters such as GABA or glycine in the
affected areas by transplantation of in vitro expanded NSCs. In the case of spasticity,
seizure, and other hyperactivity, for example, a number of NSCs which are capable of
differentiating into inhibitory neurons, such as GABA-producing or glycine-producing
neurons, are generated in vivo to be transplanted to attenuate at least one hyperactive

neural circuit associated with spasticity, seizure, and other neuronal hyperactivity. The
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neurons. [00131] In an enbodi ment, NSCs are inplanted that are capabl e of
generating the neuronal subtype correspondlng to the damaged or destroyed
neuronal sUPPYMEESE8Soci ated with the etiol ogy of the sPEBIUSHISOH6H
exanpl e, hyperactivity of excitatory circuits in subjects can be caused by
heredi tary conditions or neuronal injury from spinal traums,
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sei zure, andin@irfugted WP siddifickntt perioll AF t@NRIi  thids, BbdIBEus 36 adbgh are
capable of differentiating into inhibitory neurons, such as BA- pr oduci ng
or gl yci ne- pisehsmis Agseribrd abatie, Seme starliecubiceta develen geszvres Qfecenal s8It ed t o
attenuate atwhiPsbnel et SlcACkiEnord T Aardl SE e aRSRO BBl Aot fom

spasticity, seizure, an neur o ac’tl Ity.
2006/ 055685 @féﬁlrﬂsmieoam&ﬂso hkielycduwec*ehmwokd&s oﬁuﬂﬁhitmey aftemeyrotgeinappl i ed

to treat epi and simlar.conditio 001 | scl osed
net hods can f?ipg Eusa T Py fraip argps. gﬁ‘@s{hg d?scl? Wg’lo 5 satppﬁﬁg’
rigidity or agy stokesubjedts suffeiee@om Phresis,0parhlyyie, %@é@m:‘oraéth&l fgtorf rom
cerebral ischem a. Cerebral ischema can occur as a result of a stroke event
in the brai Weesh, ArdsiaeaitiNe syEptamsack i n which the bl ood CI rculation to the
brain is interrupted for a significant period of tine. i's, thus,

anal ogous to the 98133l code the eashefibarcsissaccidcppraiesia. anédﬁ@@?ﬁ@k@nssubj ects
devel op sei zyges, Qc{wﬁﬁqtll%&' ﬁ?%@él%ﬁﬁ?sci@eéohtr?&mﬂtsﬂﬁf asdtgf)éecéahs%d Ry gs memory

| oss, paralysis, Icits from cerebral 1sch ma are al so
i kel y due ttnamaitmcspmabcdrdan]uqf ischbnizi inpry, orrhemfdlfteltyrmdltlons, thé disclossdpus
and/ or ot her

treat stroke § ‘Bfa]élggﬂwg{;‘?%ﬁeuf?e o g‘:ggﬁfndtop%tf’a @céem EB&E F)r@* I e,d or

ot her notor, to slow the loss of motor neurons. In particular, the disclosed methods facilitate the

ability of the transplanted N'SCs to secrete trophic molecules which can be delivered to

degenerating motor neurons under conditions of optimal biovailability. Such trophic
molecules include exocitosed superoxide dismutases such as superoxide dismutase
(SOD1), lysosomal enzymes, and non-proteinatious molecules such as cell-produced
antioxidants. Other trophic factors secreted by the transplanted cells can include
global cell-derived neurotrophic factor (GDNF), brain-derived neurotrophic factor
(BDNF), vascular epidermal growth factor (VEGF), pleiotrophin, vascular endothelial
growth factor (VEGF), erythropoetin, midkine, insulin, insulin-like growth factor 1
(IGF-1), and insulin-like growth factor 2 (IGF-2) or any other beneficial trophic

element.

[00134] Another factor that contributes to the ability of the disclosed
methods to treat a wide range of neurodegenerative conditions includes the ability of
the NSC-differentiated cells to migrate extensively along existing neuronal fibers.

Migration of the grafted cells results in global distribution and integration of donor
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speech, and cognitive synptons. [00133] In the case of paresis, flaccid
parapl egia, and other conditions associated with a |oss of control of
nmuscl e coRpbnasiosses such as those caused by ALS, trau | i cord
injury, ischemc injury, or hereditary conditions, thgﬁﬁh&%ﬁgggﬁglnethods
I ncl ude providing neuronal inplantation to exert sufficient trophic

i nfl uence to sl tﬂe | pss qf tor neurons, In particular, the disclosed
met hods f B PH% r glia and, glopglioy disperserbsupplyfthe fheeageniscelement secteted e ¢ r ophi ¢
nol ecul espypklichleelign be delivered to degenerating notor neurons under
conditions of optimal biovailability. Such trophic nolecul es include
exoci tosed supgipgyside diwidl aSEsictIcR B3 RHPiibdand!i 2584 338 shoiD 1)

| ysosomal enzymes, "and non-protel hatious nol ecules su as ceIT-produced
ant i oxi dadeliyeryOofleay therapruitic pfeteinpand substancesdhioyghdue atnesmapkpstenedndel | s can

i nclude gl obal cell-deriv n otk ophic f.act ( F),. brain-derived
neur ot r op ?((8' géétsg Je (%ﬁ?%§§§{:ufr§\’£ ?88]?%8{)&& ‘g%}l?gefl%?tg?&( VERF) |

pl ei ot r opbffevtivy deliveryaveliglebofoh eerpleuti @prowils dndGubstarcVE-CFr sueh kliveppoet i n,

m dki ne, insulin in,s‘gl in-l1ike gromh factor 1 (1G=-1), and insulin-like
growt h f aP¥epses. thecgisdlgsed methodssinglude gansplanting ther esblsiiato sprigwsntites [ 001341
Anot her f r bt Bt old ) TS thods to
treat a V\n@dﬁgﬁrtgﬁgghggpE%%érng?jﬂegenegﬁgemg?ghégwﬂ%s@ﬁlgﬁﬁg%c@ﬁe gg?l ity of
t he NSC- dintrethees) tand tepidurad spases, periphpralinereus sysi¢m eites &l well) apiits areag neur onal

fibers. rat i f e f lLs resul i n.qlobal distribution and
I ntegrati %@%ggg Og%%rger‘vé‘% i’%@b%gﬂ@%@ %&?&%ﬁgi%’ﬁ% SYR& RS and/ or
glia and gibottaheouns sitissper sed supply of the therapeutic el enent secreted by
such cells. [00135] Wde migration of the cells enables the global and

stabl e dBkdnvsle ). GipkRionlofEluaiae Spinal Qo@NduE SHM/PEILEGGTeRS t hr oughout a
nervous system and body of a subject in need thereof. Thus, the cells of

the disclosed pibsds arina@fdobdiffone Helehsyind d&vr CdfegestonilngsaREUL i C
proteins and substances. For such delivery purposes, the disclosed nethods
i ncl ude t *rpEHMmAtLY Trd-Stweeks & obdained: o Atinglp gentigupesstissyg phiha spinal ge8¢ vous
system ingl gdi h rggf:rh_ | GleRs S -1.nt rat hecal
and epi dufr§aﬁﬁgésoggig:‘:}eds,ﬁ1 gglf;i pher ﬁg‘?ygﬁ%ﬂg%st em esdl %@@ea%%ﬁkg%méaﬁt 0 areas
out si de ofritiratiom eThoresultipg telhsuspaisiodi is thenlseedgd tinto tissis anltueratesipreu| ar

system acrzlc%ted with both poly-L-ornithine or poly-D-lysine and human fibronectin or other

extracellular matrix proteins. Tissue culture-treated plates or flasks were incubated
with 100 pg/ml poly-D-lysine for 1 hour at room temperature. They were then washed
three times with water and dried. They were then incubated with 25mg/ml for 5
minutes at room temperature. Sometimes, 10mg/ml fibronectin for 1 hour at room
temperature was used. Sometimes, 1mg/ml fibronectin for 18 hours at 37°C was used.
Culture media consisting of N2 (DMEM/F12 plus insulin, transferrin, selenium,
puirescine, and progesterone) was supplemented with lhuman recombinant basic
fibroblast growth factor (bFGF). In an embodiment, a range of 0.1ng/ml - 100ng/ml
can be used. In an embodiment, optimally, 10ng/ml of bFGF is used.

[00137] The resulting initial culture consists of post-mitotic neurons and
proliferative NSCs in a monolayer. Subsequently, after approximately five to about
twenty days in culture, the dividing, nestin-positive, NSCs dominate the culture over
the non-dividing neurons or the slowly-dividing glia. Under these culture conditions,
NSCs are selectively favored for expansion. The expanding NSC population is
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subcut aneous sites. Exanple 1. Expansion of Human Spinal Cord Neur al

Stemi Progenitor Cells [00136] Spinal cord fromat |east one donor of

gest at i onal YY¥IHPS683ppr oxi mately 7-8.5 weeks i s obt ai neBCT/ES29pHesEs1
contiguous tissue of the spinal cord is dissociated in CC and Myr-free
phosphat e buffered saline using nechanical trituration. The resulting cell

suspensi on i gasédgedbp el RezyritR tidafSie sGaH dsUlsPigRiypkias TRE QellscRat@thral fnh bot h
pol y-L-ornithine or poly-DIysine and_hunan fibronectin or other.
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fi bronectin lek%reﬁ%at‘ﬁ&ﬂfgth%WC t’é&s’ g‘é"é‘@ PaSEREey [ FIAYHE 4S ﬁs"s,‘?g{p,eﬂ of N2
(DVEM F12 pl aﬂaiﬂgm@_ediﬁ@enztyﬁ@ﬂﬁﬁi&mrpsqcﬁeé 2Ppsitinhibitef, TRA& thah seldel Ak egast erone)
was suppl emented with | human reconbi nant basic fibrobl ast growth_ factor

(bFGF). I n abeseaspoile mumber af hamestedotelly arngpynted, and actieption is cerreeded fed. | n
an_enbodi ”E%nh&%{hgﬁidny ’A.J} M dta ﬁfFi?.iFgFuﬁing th!éﬁl@thog QP g;gi}aftgﬁgqn&&ﬁ%t | ng

initial culture cohsists of post-mto etirons an rative 'NSCs in
a nonol ayer . hips d§@sntdny be aéxpandedppeyonil nd' & fold f invreaseo iratpopulatienwevtile days in

culture, the dividing,.nesti.n- itive, .NSCs dom nate e cylture over the
mon- di vi i ngmrBitghe s ER ABS Altem St ropPRE- Tiredbrodde Horedhic

condi tions, replociblye SLERAin MEFNG. f1aVeiab Paskafin® ¥p &idsdelld havdBecepggagddng NSC
popul ation is 32 WD 2006/ 055685 PCT/ US2005/ 041631 passaged by mld
enzymati c t rBEefEe Widireprogucivle ierryvth cyme ppd daybling dmeofshecells) Pyriagithen  nedi a
free of ser zé?lp%sio%‘ﬂgﬁiaﬁgm @élﬂ@éxﬁﬂlé%gleﬂh, BeSiH mvo%ﬁrﬂ%%g&l‘e’ng%%ﬂfefiﬁt ion of

serummay b ol erate y the ce ' exposing the cells

Dumt |

I's best to avol
to serum sicells andarmatsenttodiangens of differentistad seuronsand glia\sEctaasctypNiHbetahi ch

ronote glial, .diff iation of the Cs., Thus, duri.n he enzyme
55 ed is gt ogﬂgﬁ%?d%'ngh%ﬁezléiaﬁ aésoelhenggtﬁ’ép S RERITOS ,m%g%f@ﬁ?géﬁt@? n d
i nhi bitor, rgisible atker ST tshmited eRdiFonaD PeGRgRors] (B8 AHALEIICO mdiRéry asgt ed

cells are counted, and a fraction is re-seeded for, further expansion. As
i | ustrated qlgogsngrocytes,siand R&é. fefigker opf aarlalj gliantlhpsy determyped Buman

NSCs can be gypaadastiReReINSOL Sfvd) IndiRGie A0S eRpReReH aJfl atighd drBfile
throughout the prolonged expansion period. An example of the morphology and the

~ nestin expression is shown in FIG 2 A and B, respectively.

[00138] Example 2. Differentiation of Human Spinal Cord Neural
Stem/Progenitor Cells
[00139] At any point during expansion of the NSCs, the cultures can be

differentiated by withdrawal of the mitogen in the culture such as bFGF.
 Differentiation of NSCs ensues within about 1-3 days after the removal of mitogen,
and distinct heterogeneous cell morphologies are apparent. By approximately day 4-7
of differentiation, neuron-specific antigens, such as MAP2c, tau, and type III beta-
tubulin, can be visualized by immunostaining. By approximately day 12-14,
elongated, fasciculated axonal processes are evident throughout the culture along with
clear polarization of subcellular protein trafficking. By approximately day 28,
synaptic proteins, such as synapsin and synaptophysin, localize into axon terminals,
appearing as punctate staining. Additional feeder layer of astrocytes can be provided
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mai ntaining their growh and differentiation properties. The cells can be
expanded reproducibly. As showmn in FIG 1, serial passaging of the cells
have beenwiejedsesss three times with reproducible growp o8o¥S0430¢d doubl i ng
time of the cells. During the expansion, alnost all S express nestin,
the in vivo marker of mtotic neuroepithel ial cells, and are absent of
antigens of _differentiated neurons and a such as type 3-beta tubulin and
GFAP. The Q dirther Rrmote 3‘6‘&1@5&@#@%9‘1 |°ﬁ%4ﬁ18%1%m8m Ag iHlBsirapsg AL 3, o

possi bl e rkers of

D1 godend e & | o oure R b R by
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Cells [00139&6& any point duri n expa sion of the, NSCs, the cultures can be
di f f er ent FEE f%yewclﬁal}%?rsons trated 4% BTG 30 sigaificapt Ripeorton Af the bFGE.

Di fferent hélrbﬁ‘é‘m@fGM%g?d‘séﬁéhﬂ@rél@ intbtGORMkon} a§e %Mspr@stelst% thb@umggoval of
mtogen, and distinct heterogeneous cell norphologi'es are apparent. By

appr oxi na{BIG, 3BhyPusence of sighificant GAB Aneusens m@u}tmpsqdeqts vsebulaass phbAs, such as
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By apprOX|na e ongat ed Cicu xon CeSses are
evi dent t IFABW poeductibre i Geitain e:uainmyg mikbhlsecble%ncaaifaihbhﬁrglomenfonsubcel | ul ar

protein trafflckln r oxi synaptic proteins, such as
synapsi n 4FBO%; ﬁ@ﬁﬁ%&“ﬁpml%@&%gggﬂﬁ%péﬁﬁﬁf P ITHo8, Jlf% 5‘3@%’ ng as

punct ate ghdl EH A tHACSehBNAL foreReifing |v%.‘ri6ﬁs ot Sleuftfy iiR8aséPal6d ByOVi ded 33
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Sxpr ess > WAl e A SHGAR Sortfhrdl AoslISHL Bk 8L AR DU Y
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proporti Oﬂxeoxfmdbhﬁn n@ﬁiéra%l%bﬁi&d%%ﬁérﬂie& in @x@inpRET Ji The B9 fard 1 SaHalliis are al so

present in the culture
passaged over 160 days of net culture period and the resultant expansion is shown in

FIG4. Throughout the period of the expansion, the NSCs stably maintain their

multipotipotentiality and neurogenic potential as well as their differentiation potential
to give rise to dopaminergic neurons. Dopaminergic neurons are assessed by neuronal

expression of tyrosine hydroxylase (TH) and dopamine transporter (DAT).

[00140] DAT expression is a marker of dopamine-producing neurons.
DAT expression in neurons can be assessed by measuring its function to transport
radiolabelled dopamine across the synaptic membrane of differentiated neurons in
culture. DAT function in cultures from differentiated human midbrain NSCs and
monoclonally derived human midbrain NSCs are assessed by the radiolabelled
dopamine uptake assay (FIG. 5). The assay result shows robust functional
dopaminergic activity of human midbrain NSCs. Moreover, it illustrates that
dopaminergic phenotype can be enriched by isolated monoclonal population of NSC
which is particularly inclined to give rise to higher proportion of dopaminergic

neurons upon differentiation (FIG. 5).
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(FIG 3D). Presence of significant GABA neurons in culture predicts

useful ness of the human spinal NSCs for treating various neurol ogical
condi tions C¥A3WE0H¥8Hecr eased GABA production in cert aPOTAISROSD41631.

Li kewi se, presence of cholinergic neurons denonstrates that the human
spinal NSCs are capable of notor neuron differentiation and predicts their

useful ness for trea41N9 VaNSeOdLenhtiy LA dHRERIEE ne@eAeH JiticuBigdual
degeneration of notor neurons. For treatnent, the Cs are expanded with or

wi t hout f ur tuseful fcrrotyqne of parkineon'sgdisesseli Sinaitasily, Ry Gernewdogramaned 8} thst ed into
! B ekl c ~ i on.: : i.n._Neur al
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expression . 0S| droxyl ase (TH) and dopam ne transporter (DAT).
[ 00140] DATC}E")##%{SB%S@%C%° a mar ker of dopam ne-produci ng neurons. DAT

expression in ne can egse [ | f ' ¢ ransport
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neurons in StethiPaogenite Tellsu nHiuinam nidbrelsl NS8Ce/proigemitorslcdrf Be diffsrattiatbdragnman

m dbrain NS and . .nonocl onal |y derived human .m dhr ai Cs are asgsessed by
t he radi ol aggF‘fr&?d 1 o%ﬁ’ﬁ‘m%e%upﬁ&ﬁ%g g&e_sg’}to(lFIP@m%)q? %&ﬁs%&%? T'shows
robust func tdiffél‘%ﬁtiaﬁ@ﬁ,ﬁﬁéfbf&‘ﬁ&ﬂibﬁ oP&dsir¥d bb(en@fyp@ UARHe ridREA rdiRient obRfecover

it illustrates that dopam nergic glhenotype can be enriched by isol ated

monocl onal puBwteawith nvagipuNsgenpisc factoss. pakn iesample| of susk| faeters eapafevaf rise to

hi gher proport. do I el £ f isal | I 5). 34
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dopam ner gi cheieanditivmed megiaftoncsertali leylls) seillubtrdtal FIG: 6Atand 6B. of par ki nson' s
disease. Simlarily, NSCs pre-programmed at the tinme of isolation fromthe

ti ssue for enhandeoldd]f f er entheatudis’ showininSHISC bAI ahd [ BBlopReervedieursl used to
i sol ate other specific desired nEurons, such afs forebrain chgljn :“‘%ipc
S .

neurons usefSAM ©eHs Peeathaked 284 platedhal andensity (40 cellsiner wellyig) gic

neurons usefdthmber slides in the presence of mitogen and allowed to proliferate for 6 days, at

v

which time mitogen was removed and cells Were allowed to differentiate for 8 days.
Cells were divided into four groups based on the timing and duration of exposure to
sertoli cell conditioned medium (SCCM, diluted 1:1 in N2a). One group was exposed
to SCCM during proliferation and differentiation (condition 1); a second was exposed
during proliferation only (condition 2); a third was exposed during differentiation only
(condition 3); and a fourth was not exposed to SCCM (control or cont.). Media was
changed every other day, and mitogen was added daily during the proliferative phase.
Four wells were maintained per condition to allow staining for multiple markers, and
three cell lines were tested: 796MB, 527MB, and 566SC. 566SC cells, which were
derived from spinal cord did not have measurable TH-positive neurons, were omitted

from the figure.

[00144] Upon differentiation cells were fixed wusing 4%
paraformaldehyde and immunostained using antibodies to MAP2 [AP20 clone (Sigma)

which recognizes MAP2ab subtypes], neuron-specific f-tubulin [TuJ1 (Covance)], and
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for treatnment of notor neuron di seases such as ALS, serotonergic neurons
useful for treat ment of depression, and GABAergi ¢ neurons useful for

treat nent ywaf gﬁgsy and Hungtinton's disease. [0014@8 r’rpl e 4.
i i F}?gqot@fmﬂuman

Dffer ent| at| on of Human M dbrain Neural Stenf Progeni
m dbrai n NSCs/ progenitors can be differentiated as described in Exanple 2.

During the mtotic period of the NSCs or duri 218 their differentiation, the
proport i oﬁyr@smaéyﬂmmlammmw%),@amﬁba%ﬁﬁ% aky) @de@ﬂﬁe(ﬁhenﬁcmhe culture
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FIG 6A an 0143 the stydies showin.in FIG 6
cryoprese E%@{?Fﬁ?me‘ik‘%%réé}’lcgn ?Ib e 9§§o?“§‘ﬁ815p'f”§rte Aﬁé‘g ‘gfrﬁghtshet y of
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and al | owed roliferate for da time mtogen was renoved
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four groups based on the timng and duration of exposure to sertoli cell
condi ti oned medPU4¥F] SCCMTheahalysisliltsttatesnthap the. hudren midbrain WCsesepdsed to

SCCM durin e | Q dlffer patiaon second was
exposed d@lrﬁgédp]%%ﬁ%%&ﬁ e’é?ﬁe§°l](sc tal%tt?gﬁar% Yot us?ﬁ??%fjf%bgﬁé p(gs ed during
different lohémmmsoalwhe(r %ﬁﬁch ferlbpﬁ)unetgﬁtdnéuréﬁsu rmsy\asvdn @yntﬁeﬁmﬁaﬁlalt o SCCM
(control or contﬁ%‘jj i 8 was cha\fgte \g{:& oth day, and ogen was
added dai Ihemiga} PWée%f%ﬂt?rFéﬁ%tbF 8 re‘F%?G X/\)é?”ll% by Sn’ioal ned per
condi tion ghilph@itBi e g%gmaﬁaﬂst fopltﬁeaﬁﬁénwfsspeaﬁel 1n&19£t§ 8 GRhlad i nes were
tested: 796MB, "'527MB, "and 5 566SC cell's, which were erived from

spi nal corarldnsen's disedsgve neasurabl e TH- positive neurons, were onmitted from

the figure. [00144] Upon differentiation cells were fixed using 4%
par af or mal dehy dsampl¢ 3. ifrestownofifipdsticdtly agd Rigidityoiui Rals by Translartazoofc] one

( Covante) [Purigh P‘%@%”gsﬁ SamuBHE: 321260258222_}5"65 Jrosi e hydroxyl ase
Ezgﬂ sF\r/v:(raé) coui(t)dggdjm ng 8 c%bﬁzr%'né{ep eSpll dg%%gepsé’ﬁgr?&t ﬁ]?ee%ﬁ?gl \r/]v:(rje
count ed f grevgaily IBdckibed 8 Phirad Q19F6AFs wed.GaSpragtie | hovleprr Dy ehched upon
analysi s anesthetized in halothane (1.5%). A 2 Fr Fogarty® catheter is passed through the left

femoral artery and through the descending thoracic aorta to the level of the left

subclavian artery. To measure distal arterial pressure (DBP) below the level of aortic

occlusion, the tail artery is cannulated with a polyethylene (PE-50) catheter.

[00147] Spinal cord ischemia is induced upon inflation of the intra-aortic
balloon catheter with 0.05 mL of saline. Systemic hypotension during the period of
aortic occlusion is reproduced by withdrawing a portion of arterial blood (10.5-11cc)
from a carotid artery cannulated with a PE-50 catheter. Systemic hypotension of
approximately 40 mm Hg can be induced with this method. The efficacy of the
occlusion is evidenced by an immediate and sustained drop in the DBP measured in
the tail artery. Afier approximately 10 minutes of induced spinal cord ischemia, the
balloon is deflated, and the blood withdrawn from the carotid artery is reinfused.
When the arterial blood pressure is stabilized (within about 20-30 minutes after re-

flow), the arterial lines are removed, and wounds are closed.
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of cells maintained under any condition, so these antigens were excl uded
fromthe analysis. In addition, 566SC cells were too dense to quantitate
after mai nt aYAAWEOFMTer the conditions described and wePETASW005/Maslded in
the final analysis. [00145] The analysis illustrates that the human m dbrain
NSCs can be influenced by treatnment with exogenous factors to search for
useful protein fagyms)or Nﬁ%f”ﬂ&‘eahﬁlu&tibnfb'fﬁﬁlﬁil &R lisRedh, (RORRBYAGTEH C
neurons. Thus, novel synthetlc/natura chem cal and protfein factors can be

ef fecti vel y BelPeEmedPTLS asspsed i epraprimately 2-day biarvlnuiies o mmw@ “Redmf ul

popul at i ons af | gﬁ

di sease. é flﬁe@%%&ga%rn%% [g? Eg%)égis:el)l C|Jtﬂ§/' an ha"é"ﬁg‘@Blsgg‘r tflbszggre

Tr anspl ant atsetentedft‘orthmnmsplannmmsthh{)ﬁbﬁbxp‘éhﬁi&ﬁ@tgg&pﬁ)tor Cel | s. [00146] To

i nduce transient spinal cord ischem a the technique previously described in

Taira, (1996) is [0@1@1@] Spr agua TRy f61ENing SeSscheic losien shadtic 266l with

hal ot hane (lmgB ﬁ FFétti%@r) catheter is passed through the | ef t
fermoral art affIe PHO-6 d ®ithdi 1d 7o haisthamne dn saom oir sl RlpRsd IO @1 of t he
left  subcl #hﬁpuﬁ{ ﬁﬁfaYatusT%?% Al fafhistcfnd) o@mlqrmber%?asfs%@n %&%ﬁhapel ow the

| evel of ao occl usi on ai | artery I's cannul ated wt

pol yet hyl ene (ghes 3@pillert havieg 2 t[mdmmz}er&fl §0a100por ds cemisetnil 4o jas piestiiteeed upon
syst o ¢ hypSraSusleRRRkY. ‘Ral bie RRGAAEDR e eaion ol ticca by
wi t hdr awi ng 50q0r10;000, tﬁ‘OOﬂr bre20, 6(])0 blvaad néukal ﬁexﬁlb@d@emtdﬂwmsapaafnjﬁcndl artery

cannul ated with a PE-50 cathete System ¢ hypot ensi on of i mgtely 40
mm Hg can e BB v ) & GrBRGeionTio8 bk Re (b5 el o defianin | &
evi denced byrig, ivem§i dtiEb@sd b%Hﬁéeﬁ' APPsedr EE—LG“ség‘ﬁf‘enQBPT‘B%a@ﬂfe?doﬂ the the
tail artery. Affer approximately 10 minutes of induced spinal cord ischemn a,

the ball oo rinjegtl@h,lﬁ taxgedefl indnepnirhlegray medenaminzeaVirV IDr (distanbe fromyrthe flersalr tery i s
rei nfused. I .e d bout

20- 30 m nut S agt of el cBla B £59eyRl:oF B, AReShithlad i Aokl 701
are cl osed. c’iﬁnktii’lﬁOBﬁ 0256 @bd BREEAICHRAYSEplatd i miktbfelatid] clédetidn 2tlagers.nduct i on
of spinal (% herrh ?(i/ e recovery of notor function is assessed in

appr oxi mat eﬁg“z %F“ PP INTECNE  ng a nodi fied 21-point open field
ocomotor scal e (BFOO] lurelgsuppresmye a@elzatqgérﬁ Vvvslnghh %B S(forgreaf OfFujlsawzefjl re

Img/kg; i.p.) is initiated in all animals about 3 days prior to spinal transplantation.
Following transplantation, the animals receive immunosuppressive treatment daily
* during the entire survival period. Immune rejection of these grafts can be effectively
prevented with FK-506. The rats survive for approximately 2 or 7 weeks (n=5 for

each time point).

[0101] At the end of the survival périods, rats are anesthetized with
pentobarbital (40 mg/kg; i.p.) and transcardially perfused with heparinized saline for 1-

- 2 min followed by 4% paraformaldehyde in 0.1M phosphate buffer (PB). The spinal
cords are dissected and postfixed in the same fixative overnight at 4°C. After post-
fixation, spinal cord tissue is cryoprotected in a graded sucrose solution (10, 20 and
30%) for a total of three days. Frozen coronal, parasagittal or horizontal spinal cord
sections (10-30um) are then cut. For immunohistochemistry, free floating sections
(30pm) are placed in PBS, 0.1M (pH=7.4) containing 5% normal goat serum (NGS),
0.2% Triton X100 (TX), for two hours at room temperature to block the non-specific
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selected for the transplantation study for experinental groups). [00149]
About 7-21 days following the ischemc |esion, spastic rats with BBB score
of 0-4 ar ycuesbdiedsi zed with 1.5-2% hal ot hane in room gj ) ed into a
spinal unit apparatus. A partial |amnectony of Thl I ?EE/U\@/‘%I)?%/QJ&?% Is then
perforrred. A glass capillary having a tip diameter of 80-100mis connected
to a pressure- contralled mcroinjector. Rats. are jnjected with 0.5 1 of

cel | susp@AEFIBACRYR: A ldolleyveddry ovemight dncubationas 4dy W, VEDOUSRIFRA Yneur al

st ent pr ogefinkRkpdefilc MtiBsfies N €Ction. Each rat receives a total of 6-8

I njections on each side of the spinal cord (left and right), evenly

di stributed be - : f Lnjection is
targeted into i%@??ﬁg?%gﬁandggt@?h? am nE%‘Z“‘i‘/’ﬁ%% fé?gﬁ?gn‘zaesﬂ%} 3%1 he dor sal
surf ace ofPBShendspéubated sothdsecindu¥ goat adti rabbitnoy modse antibddips eonjugatsdnty t he

I ncision | cle

ne i, th 3% H2 n icillin/stre In m xture and
closed in °Te§§P8F§1.arq‘e\F,'{M @x%rféﬁt%ﬂg;a‘&l/g\}ﬁg&ltlﬁfluiaélg 5hEP): &%%&%ﬁng and

| MTUNOS UPRAGSSR Reraf ABhTRR tmatie i) 0PIV PAS/( Y 287525 NG Férdable lab&inkd: |- p-)
is initiated in-al'l aninmls about 3 days prior to spinal transplantation.

Fol | owi ng expesimgutsa prizmary antiodies dhomradiSerenic stievies iararapplicd mimekaneowsly,r eat ment

daily dur] ' S | kO I | O ese grafts
can be ef FRbaRy BB ot dobitlarP Ehities' HHIRE 3 SR Mogesolh

appr oxi manekker? Inrcortrolespainatdpimary adbodies are ondtted. ) For geherk] nédledrhe end of
t he survival .periods, rats. are anesthetized with ent obarbital (40 ng/kg;
i . p.) andStming ARt Gl is added dothe rﬁnﬁbff‘apnméag i §pdntiogs. 1After iy

fol | oned - 40 afonaalee 40 f ) spi nal
cords ar egﬁlugrs{ge’gt&rehgﬁﬁnd pg(g?fr?%é&?‘%rm%g%b%%gﬁy\%ag%gﬁ? gaﬁgh}gt 4C.
Aft er posiMotecnlat Poh¢s)spi nal cord tissue is cryoprotected in a graded
sucrose solution (10, 20 and 30% for a total of three days. Frozen
coronal , par as§fios} Slidesrart enalyzedt wingspileia Fooxisces@cmiaowope 0ipegdsm) are

t hen cut. ol nghi stochem stry, free flaating sections 3 are pl aced
e, oG SRR SR by e S R Ao RE BY B0, 11 1 Fon
X100 ( TX) Phbteshdp®5 AdsbE SiktemsOMotREMEViatn! OA)! Toldontilm tcbdodatiatiopesti fic 37

WO 2006/ 055685 PCTI US20051041631 protein activity. This is fol]l owed by
over ni ght difffsens anfibpdiegtin doublp ptaingd secdigns imaganatg capfured Witha BeltaVisiont i bodi es

deconvolution microscope system including a Photometrics CCD mounted on a Nikon

microscope (Applied Precision, Inc.). In general, sixty optical sections spaced by 0.1
or 0.2 um are taken. Lenses used are 20x, 40x and 60x (NA 1.3). The data sets are
deconvoluted and analyzed using SoftWorx software (Applied Precision, Inc) on a
Silicon Graphics Octane workstation. '

[0104] The total numbers of grafted neurons immunoreactive for the human

- nuclear NUMA antibody are estimated using stereological, unbiased and systematic
sampling. Each tenth, previously-stained section taken from L2-L6 spinal segments is
used for stereological quantification after applying fractionator sampling scheme. The
optical images (1 pm thick) are obtained by Leica DMLB microscope using a 100x oil
immersion objective with numerical aperture 1.3. The optical images are captured
using a digital camera (Olympus) and ImagePro sofiware (Media Cybermnetics)
supplied with a StagePro-controlled motorized Z stage (Media Cybernetics). The total
number of grafted cells are then calculated by applying the fractionator formula N=Q

x 1/hsf x 1 /asf x 1/ssf, where N is a total number of positive nuclei, Q is sum of cells
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[0102] After incubation with primary antibodi es, sections are washed 3x in
PBS and i ncubated with secondary goat anti rabbit or nouse anti bodies

conj ugat ed P 20090568 scent nmarker (Al exa 488 or 594; 41/ RET/USADAELE3Ar
Probes). Al blocking and antibody preparations are nade in 0.1M

PBS/ 0. 2/ 90X/ 5% NGS. For doubl e | abeling experinents, primary anti bodies

from di ff er @Bint&RRT RStha MeighP RirhRfhg SHa¥Hb, %ﬂ&ué'bé/samﬂlﬁﬂ | foxvEien lMd 8¢tPki cat i on
of secondary_anti bqodi es conjugated to di fferent fl uorescent markers. In

control expé}l?f’rﬁ@ﬁ’ﬁ’b‘n@ﬁ?‘?mny anti bodi es are omtted. For general nuclear
stai ning, DAPI (31/ rﬁllzr I's added to the final secondary anti body sol utions.
¢}

After staining, (€881 Fenerowide artiuserdimensionsl: raspestacied evieyidol diee geadiedi t h
Prol ong-ant i e MR Rl 35 PLARESN ol 8703l S S RL S, AT g Ui no

a Leica Fluorescence nmcros are captured
with A yrrpus:utlspg‘pal airdsanasmsad a@d awrmgeesmmd6@y06\dab¢secﬁbﬁ 46 hsgd for hrdeddobe

Systens, Mounptain View, rmco-|ocalization of, different
anti bodi es i %@BP‘E"‘?&‘{D& ngtﬂ?eoé@t ?t%éééacgroé serigl impes IW’N’?C%“BE& aVi si on

deconvol ut i qpifEG6MBRELRRd all; Qr@sﬁlgﬁie%bteﬂl &vﬁbﬁé@ﬂﬁigh'n‘f&iuﬁ@@ﬂl% ngefl on a
Ni kon m croscope (Applied eci sron, eneral, sixty optical

sections spddedlipyment procgss @mglsgg Orfmdaﬁ@ng a\k@morp_ | gefengneer poimesn alkox and
60x (NA 1. 3) V. t Wr x
sof tware (Aperlw}pea@ngr é)gdgﬁ ﬂfsq§8i9lp c%,é&lt ‘?@8%@%1' | csqﬁiﬁ%ﬁ@%".ﬁg station.
[0104] The tnoddial bmdafoeﬂ’&e«ibrsglrIafrh)ednmembmmehnmmn&qmaevsedfahgmném ofiuman
nucl ear NUMA antl bo eol ogj cal ,. unbi gsed, and
systematic gy %@W&@r‘i’gﬁ{e g@‘i%&%ﬁ ‘iY%q?gho@%@PF%ﬁeg?R%ﬁa‘Yrom
L2-L6 spi nalonS@e rgmak Sofl freviBgdyl ahgﬁedsﬁx&rg@@hﬁﬁg Qalmifdtaapd nforthleOEIRIsEET

applying fractionator sanpling scheme. optical inmages (1 pmthick) are
obt ai ned by Firallyathexwstack af Eﬁeﬁl@@ﬁiﬁéhm@drﬁgd éanyo@xmmsrlabqlmaspwe@mde’@n ve with

Canera (0 yietYingorial IABsERLE fiod & %Zla'?%‘? rne@%cgtéﬁ&ﬁﬂp& Yed with a
St agePr o- control ﬁ%f?hﬁﬁljezo?ﬂ f’%%@%ﬁ a%a%%rﬂ%#rac |ona 63% number

of grafted cellstare en ca app yI ng romula N
Q X 1/ hsfshowed 4 disde depbrident matifetion ahklldﬁveioﬁlﬁérmloflmmﬁfbﬂzﬂ ph%nqlgm Il’nl ﬂae nucl ei ,

Q is sumof cells 05568 USZOOS/Q 631 coupted is the
hei ght sanp g PQ@’F C\é\ﬁ"e%ts 15 &8 %?Pgﬂ" tipins rrthhumsn-spRAic aytibe o
against NSE or MOC. Numerous neurons with a well developed axodendritic tree are

also identified. The majority (85-90%) of NSE positive neurons are GABA positive. ,

Expression of synaptophysin in axons and dendrites are observed in some MOC

positive neurons.

[0107] A robust survival of cells when grafted at twenty-one days after
ischemic injury is seen. This is expressed as clearly-identified bilateral grafis
immunoreactive for NUMA, MOC, or NSE, all human-specific antibodies. Analysis
of horizontal sections taken from grafted spinal cord segments show a clear migration
of NUMA positive cells between individual injection sites. The majority of NUMA-

positive cells show co-localization with MOC immumnoreactivity.

[0108] Double labeling of spinal cord sections with NUMA and GABA
antibodies analyzed with confocal microscopy reveal an average of 25-35% GABA
positive cells, A consistent expression of GABA-ergic phenotype is seen in all grafted

animals at seven weeks of survival,
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slice sanpling fraction. [0105] To provide a three-di nensional reconstructed
view of the grafted hunman NSCs in the ischem c spinal cord, previously

stored i magelodsdkees fromserially cut spinal cords ar %dﬁﬁqoosmm?i’erage’
about 60-100 serial sections are used for three- dinensional reconstruction.

In the first step, a stack of serial images is opened using ElIlipse
software and aligned using the custom devel oped Allign nodul e (Vidi To, SK).
The al i gnnent p[;(’g%%]s%t thospgpesime pointa£; sevenwesks afen gngmeb ideahlestainingnce
points in ' PLAANGRIAD 4 e, fi.r st L3 GL . of the
central caﬁg ;Sytﬁﬁﬂetb@gg%n poi nt: a'lnme\dl ISé)%v?daerde{cl)fe tsﬁgalpg)fjppgﬁghﬁé‘r’\ , and a
subsequent networkuvigiin thegrafssed al i gnnent of all inmages. To identify the
borders of the dorsal and ventral horns, lines are then draw on the stack

of previously d0ljedhly vegeionallyi will NEM A-positapsellsatow eolédalizqioa)with Fi nal |y,
t he stack revi ous al i gned and.| am par s-l.abel ed i mages are used for
t hr ee- di mﬁéﬁgﬁﬂﬁlbq‘]@ch‘ﬁﬁefﬁ@%?%mlﬁ %Bﬁdé% Peg %}’Ogﬂ?ﬁ@f SCyber neti cs).
[0106] Cul ture ugan spi nal _NSCs on rat trocytes for two to three weeks
showed a tine d@!)]e‘gcfgﬁt QEicq! pimation of Wt"eGFnsn‘g‘GWéﬁ%Ia"‘ﬁH%“notype in

the maj orgftas 40 4 BGOT PlrkidtifSerafttd Sells Swil fdivigeh1 BYans! aihil /aBre¥intdan

human-speci fic antibodies against NSE or MOC. Numerous neurons wth a well
devel oped #¥xegeredr3-3.6 dimesamorgr eells dhanootiginallyl njested. THee nel]-oydle yni{®s, 90%) of

NSE positi neur.on [ : I tIME. qpains esshan .of naptophysin in
axons and ggdgi rgl%& glf%feaé’%\gﬁ\?gg‘%icncegg rr%fw&?&g%g} o Sﬁ%%%‘(% r?g%w{ﬁ%lm] A
robust sursevetnlweelfs aftdr| gaftihg show dHKi67 iminunveeastivitgnenlyay swafweeks afiecheni c

injury is seen. This is expressed as,clearly-identif], bi.| ateral grafts

i munor eac# @8 #W@Rﬁ&mﬁ% ?165 cRﬁﬁl%aﬁeF“%m-@Bégngo%Wﬁ Youves.

Anal ysis  QéckBQFisaaiafl ThEGE! Qe haikas thdt AR ?fa?tfa& epurid B5thal A0Sk sROMENL S
s

show a clear mgration of NUVA positive cel bet ween i'ndi vidual injection
si tes. Thetheinjpsegenies skpaudvit- a popiber geuivalentstosamogyerage| ofc apaus shreeeelli t h MOC

i nunor each i ¥k ). Rl %pﬁl . ot Sl d.:sact i i th NUMA
and GABA %Jr?%élhé%sdqo legégﬁi}f?yzeg‘k {/g\nelét cg’n %gglftheriﬁpdgp%é%gg%q?lzo\eﬁfga#ag?\abgverage of
25- 35% GABAtegradsl. t i ve cells. A consistent expression of GABA-ergi c phenotype
is seen i.n all grafted animls at seven weeks of survival. 39 WO

2006/ 055685 PCTbURY 00t idaddstruction of transplanted L3-L5 segments is performed by
using images taken from 40 pm-thick serial spinal cord sections stained with MOC
antibody and DAPI (total number of 150-200 sections). Three-dimensional graft
reconstruction shows a well recognized rostrocaudally orientated MOC-positive
implant distributed within the range of gray matter. As illustrated in FIG. 7 and FIG.
8, the functional effect of the human spinal NSCs are assessed by engrafting the cells

and measuring recovery motor benefit by BBB scoring.

[0113] With respect to the degree of behavioral recovery observed in the
present study we have seen three principal groups after grafting. First, animals which
displayed the most robust recovery and the ability to walk (BBB <16), second, animals
which showed improvement in the active mobility of all 3 joints in the lower
extremities but were not able to stand (BBB around 8), and, the third group in which
animals which didn't show any recovery (i.e. non-responders). While the reason for the
differences in responsiveness to the grafting is not clear we speculate that a subtle
differences in the graft positions with respect to the dysinhibited primary afferents

and/or a-motoneurons can play a role. Furthermore it should be noted that animals
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[0109] At the sane time point (i.e. seven weeks after grafting),

doubl e-stai ning with synaptophysin and NUVA anti body show a dense

synapt ophys W P8&P5568%c  network within the grafts. [0110PCTub2ooss@iaessi onal |y
wi || NUMA-positive cells show co-localization with GFAP anti body. These
cells are typically localized at the periphery of the grafts. [0111] The

sterieo ool ¢kl 4Bt 1 Aty MRRASLELNB 67 s RUBUS 0 SYRL A Rl 70, 20

5,697 persisting g Inin al” grafts. esents an
aver age of 3x&fiifg summiysl andreentimiingpltyhinal rehabgjitatadn will likelcheassocidied wdhh- cycl e

antigen, Ki,67, i.s a narker of activ 1totic cells. Staining of spinal
cord sect i orfigtst dpgrse gf fungéwﬁ] r?ﬁ@gf{&e}gﬁﬁeﬁﬁf’aﬁqoﬁb@ ftl%%e?‘l egﬁgoup no

| munor eact isydnificaffeyovaty Wik ilahy ahingil injetell WitlhghediGm ohlpccasi onal Iy (1-2
cells /10 sections) are cells Ki67-positive at seven weeks of survival.

These results indicate that the grafted human spinal NSCs and their

progeni es expand [g{143 EREIPR'6. AReHNE /R MO RéurdlY BisBsies By TARGlntitiingsg cel | -
doublings for the initial two-week period, which then becone post-mtotic

and stably HumaybpinadVSC91The Nislsuafethe disolesed methods aBierdt ot shimiealtand L3- L5

segnents is . 1 Nng.. | s taken-from.40 thisck serl spi nal
cord secti onbgaé%] gélﬁ%egm%t ﬁ% P %‘ﬂarlgjgoa&y sa%ﬁﬁ BRpi ??3 alegﬁh%e(?ig(g@eﬁo- 200
sections). Thethedsdilowifst the atatgentidf condittaisHothidifseminagdiaiuughone te centgalgni zed
rostrocaudal |y orientate -positive inplant distributed within the range
of gray nat teFVOURASYSIqN, FUEh ag ’iaﬁ“ffhés loraligrd 1pp@articglar ayea a3 RPMALEAL ef f ect

of the humanschgniAlesbiied ébb@e.aﬁ@&_g(?@ltﬂ}ﬁgﬁf%iﬁﬁ iRl ¢he! RibEEENE mANemitEAsUri Ng
recovery notor benefit by BBB scoring. [0113] th respect to the degree of

behavi oral roteeswitel patiees ofcilie ispgmuanéal mntersenperatsy iy the ceryicel meton newmoae
principal grgyps, af . ' ' ' Wl | @%ﬁg nost

r obust recovcgry aﬁeéﬁﬁ%%b%go{r}r%@%a ttogl ﬁ@%ﬁm%%ﬁé?xgﬁ%é&l&%@é?@%m ?Igﬂgvxlm ch
showed i npr AN&Ceint the Bpinklecoad facilitatawlid teldaye of BRINF ahd) GDMWMFsandrothdpefadtorser
extrem ties pbut were not able.to st BBB .around_8), and, the third group
T whi ch o S amslie S G R LS e AT et on G meicEastiRES)

Wi | e the rap®aphduthelcBf caflické@r ences in responsiveness to the grafting is
not clear we speculate that a subtle differences in the graft positions

with respect to t[bﬁS‘]'Ytslild%me@ﬁ %ﬁ‘ﬂﬁﬂﬁ'ly%ﬂn@fhfaﬁ ﬁ‘ﬂ&lsgr_aﬁsﬂgf Rim#r NBESR@Yr ons can
play a role. Furtherimore it should Dbé noted that aninmals 40

the lumbar segments of the neurodegenerative spinal cord environment survive,

undergo extensive neuronal differentiation and promote motor neuron survival and

function both at the site of implantation and at other locations. The NSCs signficantly

delay the onset of symptoms and extend the life of SOD1 G93A rats, a model of

human ALS (amyotropic lateral sclerosis).

[0116] The SOD1 G93A rat represents a comprehensive model for the
neuropathology and clinical symptoms of an especially aggressive form of ALS.
[(Nagai et al., 2001; Howland et al., 2002)] NSCs from human fetal spinal cord can be

- grafted into the lumbar cord of SOD1 G93A rats and mice where extensive
differentiation of the neurons occurs and where the differentiated neurons
subsequently form synaptic contacts with host neurons and express and release GDNF
and BDNF, The rat SOD1 G93A model, for example, characterized by fulminant
motor neuron disease can be used to study and demonstrate the beneficial effects of
NSCs in the disease. To this end, NSC grafts employed in the disclosed methods

survive well in a neurodegenerative environment and exert powerful clinical effects.
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WD 20061055685 PCTI US20051041631 survived only for 3 nonths in the present
study. We speculate that a long term post- grafting survival and continuing
physi cal khdskation will likely be associated with | egree of
functionaﬁﬂ?g?g/\l}éesﬁﬁ Nonet hel ess, in contrast to treat %Eﬁ%@%‘kﬁo
significant recovery was seen in any animal injected with nediumonly.
[0114] Exanple 6. Treatnent of Mtor Neuron Di seases by Transpl antation of
Human Spi nAtl leadS&portibheof MEs efféctd iseclaticd td ths atlilitpofithds griftotodxpmshara i ni cal

and biologjcal benefits that are powerf.ul and significa o this end, the
i 'sc1 osed FIREEBHT SR ersn fiers FSberuney o i NS ke ARGt i nat ed

t hr oughoutméthedsCRIdy' the onket M@ Peoghdesio Bf thd!aflmafnndtor a8urdR disease dfacal i zed in
a particular area as in spinal cord_ ischem a described above. |In ALS,

al t hough gxtand;the life,spaneof, hnssasninals Pymmgreothpr terofaysy despitaithg mstrictads of t he

segrent al JRaL <HORAL Mol s limfled IFe RRIAE GRLHIRLEL neuron  col um

responsi bl®e respiratory novenments, cl osed nethods of inplanting

actors i1 om (N7 FaRr &G (NG ROROE RTRER Sird Tebbe AU bl Hor®hl ot on

host not orhunenr fehs oft bigbtugleekst géstetionalr apecane expanded jnOdettrh-fide fmadiuimeen

surprisingly, found that partial f hu SCs into. the |l unbar
segments %PXW%EUPE@gﬁﬂM?W%{ﬁ%a@I Elbqnanqgﬂgl iPRERBEHRIIOL i gﬁa%p,g under go
ext ensi ve (éhé¢'DRR| 1996).F Themité of trese Il aRy REBBIY tABSDWith QHAKYAIk Wgdiny@al and
function both at the site of inplantation and at other |ocations. The NSCs

si gnf i canthupangerlagr antigens (E&¥u) oY ansshritht 2005)-andl Rixgiea arocedures ysingthessoDl GO3A
rats, a mggl \QfcarUdRE aé%ﬁﬁéé‘l@’sﬁ%{o&ﬂk gackf?p}o?s[téd %e?&ln Qefep caéﬁr&@éd The SODI
nsi ve nodade or the n 0

@3A rat represents a conpre uropa gy and
clinical dSynihtddrEmef Care eslpdss Ebmpitkggrfethe iJolensf Bopkingd Matlisal InsfithNtigas et al .

2001; How and et al ., .200 NSCs_ f h f i nal . b

2008, et B Bk ol Lot e R AR 1S AR BB PR e O

Subsequent 1y © QPFlEs Tt s RS Gt bean e e 06 fatar Srutarpce phd GoLohang O"°

rel ease %ﬁin&@%kﬁ@ﬁ'@z@:?@%) ForsiCBb3 336 ofesiebd gérder f6antel @n LRapRCt eri zed
|

by ful m nant notor neuron dl sease can be used to study and denpnstrate the
benef i ci alspim} stereptayic wiCanden migrosepite gyidancey Pefds callsdarensepagediftys enpl oyed
in the di #IB); \‘a'/[n}éi . ' Lronment
and exert Sf%%?%@??m c'Fg)%?dca e Béeg%rlé‘géfaﬂé? é‘eli‘%'b&%?&@ A Evefea Sl

aseptic conditions via approximately eight injections aimed at ventral horn on both

sides of the ventral horn (5 x 10* NSC per injection site, four injection sites per side)
with pulled-beveled glass micro-pipettes connected, via silastic tubing, to 10 pl
Hamilton microsyringes. All rats receive FK-506 (1 mg/kg i.p.) to prevent immune
rejection based on pilot data indicating that, in untreated animals or animals receiving

cyclosporin, graft survival does not exceed one month.

[0119] Rats are tested for motor strength and weight twice weekly. Motor
strength tests included the Basso, Beattie and Bresnahan (BBB) locomotor rating scale
(Basso et al., 1995), and the inclined plane scale (Rivlin and Tator, 1977). For BBB
score testing, animals are tested for about 4 or 5 minutes in the open field. All
locomotor performance is recorded and rated according to scale. For inclined plane
testing, rats are placed on the incline plane mat, and angle is adjusted to the maximal
point at which their position can be stabilized for about 5 seconds. This angle is then
recorded as the animal’s inclined plane score. BBB and incline plane scores are

analyzed by MANOVA followed by Fisher LSD post hoc test. Disease onset is
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41 WD 2006/ 055685 PCT/ US2005/ 041631 At |least a portion of these effects is
related to the ability of these grafts to express and release notor neuron
grow h fact 8¥@20088356%5di ngl y, the grafted NSCs of the di seCowsmosemédtods

del ay the onset and progression of the ful mnant notor neuron di sease and
extend the life span of these aninmals by nore than ten days, despite the

restricted r@@ L ber ance.
[0117] Humn&ﬁg&h?%sﬁégdﬁg%&%]%d plgil%l Pk%ﬁsdt ?cg%gee gﬁpyp(@g?}%oorq{em
human f et us itlheseagit effeetaSgrafe stpat(liveralr deglecedlrgrafe)xip amedyzdd by companng agee nmedi um
contalnlngfl r obl ast vvthfa F for about 1 sages prior
to grafting ?ffS?“f’S Opget grpé)agefé‘g ﬁg?wéecﬁ}eé%fgrcﬁ“ﬁ& ‘ﬁllﬁ&étfl&?%%rtg &bl y

traced with a%%tthﬁiilzﬂﬁM@ﬁﬁ‘sLﬂﬁf&'al ANEIEIN follbeddy 18t fagefst. (HNU) (Yan et al
2003). All surgical procedures using these <cells are carried out accor d| ng

to protocol s 'anOPR)']%%%é‘@&tﬁirﬂz%ﬂ%&ﬁ%ﬂﬁ%ﬁﬂ@ﬁ%‘éﬁ'th%ﬁﬁ%c&@'(&@' Care
and Use Committee of "the Johns Hopkins® Medical Institutions using gas

anest hesi a (belew)uis dese thary fenstage atowbich ontjeone] jois: hes mayeuientsepthere ifohods.
[0118] Live t nbar protuberance (L4 & L5)
of nine- weekrmc;)‘feg‘%?fgaﬁgﬁ%%% %ﬁﬁg‘ﬂd&ﬁ? n‘fxed gender mounted on a Kopf
spi nal stereot axi Lt under m crQqs i c. gui cell §.ar r epar ed
by repetitive fr[g@iﬁ]#bwé%cﬂ? H&W@ %égﬁﬂ‘%‘sﬁ ?"rsﬁ% D%eﬁ/ l?ﬂgé'bﬁgl%f)eﬁs are
delivered unseiforntsdhidec TR biab@NEnbar SpiagioK bepadets)wieh @dchédjodatdndns ai med

at ventral hor on both sides of the ventral horn (5 x 104 NSC_per
injection si P@garf’éﬁ‘teSiaﬁ? Suthep fixed pydmpersian Wgthe same Kixatiyq éﬁéﬂo tignalg| ass

m cro- pi pet t@g FARNERIGHs cYihiBinig |1§?1§tehﬁret %‘Qﬁ&ﬁareﬁ k0 bim 'daf&e{ L6¥Ve and
mcrosyringes. Al rats receive FK— ng/ kg i.p.) to prevent inmune

rej ection bdwstaw mqmchare dlarppromwdcaaﬂuﬁwgen foatfurthien provessing: lB-8hironds areor
ani mal s recejvin SUrvi d ot nt h.
[0110] " Rat s e EU R S bl phitilith oERBR MRhrRE FEY Mot o
strengt h t ediest-¢oaghludé cips &Bgl&sWﬁeBemb&kmﬁMnaﬁeﬂsm HearantBBB)or Isammmt _or
Tator. 1677 Plaol BaE. s QBSE FURIEhgRdafEAGATL 1t SSRUG PR DR o S
at or, 0 sc a or
mnutes in tlﬁenﬁraﬁﬂortaéc&h& thAY &omﬁlﬁesowpwst BkS, FIKRNE Guinin spé&Hidpdn@nd rat ed
according to scale. For inclined pl ane testlng, rats are placed on the

i ncline pl aritianothes pellulan giaskersandds perfosmed as deseribedsin Yah et o204 at  whi ch
their position can be stabilized for about 5 seconds. This angle is then
[0122] A non-stereological method of counting total number of HNu (+) cells

as well as cells dually labeled with HNu and a phenotypic marker on randomly
selected high-power (100x) fields from our immunofluorescent preparations is used to
study NSC differentiation. One field in each of six sections spaced ~1 mm apart
through the grafting area is used from each animal. Numbers of HNu (+) and double-
labeled profiles are pooled from all six fields counted from each case and grouped per
experimental protocol. Average numbers of single and double-labeled cells are

generated for each treatment group (n=6 per group).

[0123] To assess motor neuron survival in rats grafted with live or dead cells
(n=4 of each), tissues from animals sacrificed at 128 days of age are evaluated. Every
sixth section in the L3-S1 region from each animal is sampled as per stereological
requirements (Yan et al., 2004), and a~motor neurons, identified as multi-polar cells

with a distinct nucleus and a soma diameter of >35 pm, are counted with the optical
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recorded as the animal's inclined plane score. BBB and incline plane scores
are analyzed by MANOVA foll owed by Fisher LSD post hoc test. Di sease onset

Is 42 WOwhMa6Rses85 PCT/ US20051041631 defined as the,cri;ms% I %Y?I ch body
wei ght begins to decrease abruptly. Course of illness 8 of graft

type (live- or dead-cell graft) is analyzed by conpari ng age at di sease
onset and age of death between the two groups (with students' t test) as

wel | as factoneigs| @ndqsml@ri igu¥ap etaal., &QQE ysliPlﬁfelfem:ﬂdeé‘de@yammﬁlg-gTdiﬂd test.
[ 0120] Rat\fithal‘i@e\%ﬁ’stugggd Wetaﬂal?&dfvs‘fiﬁ{n&]?d {Sx?{egon when their BBB score (see
1agé 4

bel ow) is less than onl'y one JOI nt has rmverrent or there

IS no novenen AN conS|der ri.b 121] Ti ssues
are prepared f %ﬁi‘%# ﬁﬂ?@gﬁ‘ep 3%% I‘ﬁ EUIF}D‘Eﬂ H]?:f £3r°§ osfY

par af or malsa@pledeavithihes t@@yrafgeﬂomrhemm peﬁtﬁbleczqraduﬁagﬁm& gadvhridsthadis ached
roots and | unbar nerves are further fixed by imersion in the sanme fixative

for an addiiesue§amples soaingg the emtmgisiter and arcas #rjacepictodhescrase dissgctedd ar ea
plus, 1 mnioe et Abae1 A nubealt Uiublog kidLe eSHORrabseLabipnd rozen for

further processi ng L3-S1 roots are processe separ at ol e- nount
prepar at i @m@:esﬂedamdeotalswpanas tﬁmgmeawctceassiewrﬂhd 1m&1mng@bdg 208d. eldevelsps  of

| i t the t : i | |
(35 ony . " RECARTE 38 BN R e R Lol onh Pul AR G0 Mg fd Mie ™ °"°
i mrunof | umimene@ytspaémqmmegaswadmnm TS Shrotidgen gbsbibahdt-ispedi f i C

mar ker , W|th another cellular nmarker. and |s erforrred as described in Yan
et al., 26640 é@f‘aﬁ’%ﬁo’é‘ieéﬁr%%@ﬁn@% saraR et o live STatts: "i‘fﬁastaélﬂa&Pntnunber of

HNu (+) c% gﬁagg%ﬁd‘&%id-c e ik anglyakl widd aﬁb‘-‘%SfANd\hA'ﬂ%v?éadoyar@!wQOt ypi c

mar ker on r sel ec ed hi gh= power (100 firelds trom our
i mrunof | udﬂd@pbrﬁonwaqum post bosstests Dzﬁerdnqean (&&mcmtldm betweemenimalson. One

field h th f
< used 1 ERRASRT I AR LRRCRPR ARy P BBl B0 Gt S0 pr of 1 o5

are pooled fro |xf|elgls caou dfrom c se a ou per
experi nment al ﬂ'@&f‘jg Sf’r w,&(s/tg?]a 8 todfnegfoﬁﬁpgl an to%ﬁ%?t %"g‘ﬁ%@d cells
are generﬁatined:smr sp&fam cbrdeabpapsl asgfo@ HLIS A=te BREtréphOLE3d wﬁtﬁihﬁ&]scu'[ﬁ asSess
not or neuron survival in ratsggrafted with live or dead cells ., (n=4 of

each), ti Swight markess And eansieaad fq nrtroseilylesejmembrapes. o Blofy) aresblecksdaimy at ed.
Every si Xﬁdq SEE § 140%bnkinih § 8%-dorRey 5&UmCd| theMRAGHAR GBNF sdSBHRed as per

st ereol ogi ca
antibodies (1:500; overnight, 4°C) first, and then in HRP-linked donkey anti-goat IgG
(for GDNF) and anti-rabbit IgG (for BDNF) (1:2000; Jackson ImmunoResearch)(1 hr,

RT). All antibodies are diluted in TBS containing 5% donkey serum. Blots are

developed with the SuperSignal Chemiluminescent Substrate (Pierce) and exposed to
- Kodak-XAR film (Eastman Kodak, Rochester, NY). Blots are then striped and re-
blotted with B-actin antibody (1:500, Sigma) and HRP-linked donkey anti-mouse IgG
(1:10000, Jackson ImmunoResearch). Immunoreactive bands are analyzed with Bio-
Rad Quantity One software (Bio-Rad Laboratories, Hercules, CA). Band density
ratios (GDNF or BDNF: # actin) are calculated per animal and group means are

entered for statistical analysis as in the case of ELISA experiments.

[0126] Human NSCs in the spinal cord of SOD1 G93A rats at 22 weeks post-
graftingare identified by immunostaining with human-specific HNu antibody. HNu
(+) cells are shown to survive in the ventral horn (A) and to stain, .in their vast
majority, with neuronal lineage markers such as the microtubule-associated epitope

TUJ-1. Human NSCs are identified by their human nuclear protein (HNu) signature
' 44



requirenents (Yan et al., 2004), and a-notor neurons, identified as
multi-polar cells wth a distinct nucleus and a sona dianeter of >35 pm
are count ed W 1086/@35685opt i cal 43 WO 2006/ 055685 PCTI US20P6T/08tisAili1631
fractionator as described in Yan et at, 2004. Differences between aninals
grafted wth |ive versus dead cells are analyzed with students' t test.

[0124] For A. det er.mi.nation of oF [ ' '

sanpl ed wit k%%ﬁfg @e ?/tPlPlﬁ 8ty Al %cgg& X’f%%%'%%@%@hgﬁs%ﬁg ﬁgealrnagas
anest hesi a. epifopes upecifidTibre sewralnprcirsoig nelp@nglr aid igtigl selises Amdharadfadj acent
to those are dissecte transversely fr l-mmthick fresh spinal_ cord
slices. CSF GBPGWIFQESJE%%&%A 2% h%@%&é&?wéﬂwsf 8‘?%?1%5?%[&&1 Frgellent; ot
measur ed as 6a5ed BRdiAn_ BRAGS 0N POOR (Tbhaveb s afiriohanm IR ar e
measured in F and spinal cord sanples using the B-NMax | munoAssay system
(Pronega, Magirons linggge baskd-optheinogderabizationsanEel-ls Appraximgtely Hoe-fi

Variance in epkgati S .es: {1 I: r S jacent
to grafts ar‘i(‘??%%agbé’ Iolfqgﬁlééy‘s%&?ssco %ﬁhge?egﬁ@mﬁéﬁi%%ggm‘gy i%)?/{A?% OP'?O\RBd by
Tukey's  MulHNuyghecello wprs positive fisySGFAIRC test. Difference in CFS concentration
between animals grafted with |ive versus dead cells is analyzed with
students' t test[01ROLPhY cdpacityVos hehin NECkttb rifteglatewithin the hostt digpiuycisf act or s,
Protein sanmples from CSF or spinal co(r)d pﬁgg@{ ed_as for EL| SA ar %ost

el ect r ophor d%tsd With perikarvakmerkers fpgrgtbosterelle pnd markers sglestivg fop githep host

ni trocel | ul of grfPIBHRARRS - SddliGsSar@ skt F5< 8 1 esldfish REAY oflginCPOAI1BI NG 5%
donkey serum and then 1 ncubated 1n GONF and BDNF antibodi es (1:500;

over ni ght, #gpblishrrsuronah diffenentiation, HRR-4 nmonedlodd nkdipodytfor gheapretsy@pticf or
GDNF) and anti-.rabbit | r . BDNF) . (1: 2000, cks I h)(1 hr,
RT). Al anﬁ%%lﬁialg%ss%orne?%ﬁ&eaa R (%tntglg(li rﬁl %65&%88%@??%?31% | ots are
devel oped wiepitopeieA Jarge mGinpeabf BiNaH), TOUUNKESY eells ibulénchymal| Beations) arand
exposed to _Kodak: XAR fil r’g(Eastm%g Kodak, Rochester, NY). Blots are then
striped and fPHRd i peeqniasted; hysyaanticOORions 8% BEARE1: 500, Sigma) and HRP-1inked
donkey anti-nouse 1gG (1:10000, Jacksaqn_lnmunoResearch). | nor eactive
bands are anal yz Zg] Inconforal maierosseryt i Yy CAsBVELEWARY Gells d”n%ﬁ%u ?8

Labor at or i el Gt I d@%ﬂ? N b¥ntabred |13 rACRNGRls BEVver@rct i n)

are cal cul ated per aninmal al p nmeans are éntered for statistical
anal ysi s as prepatatiensc aigimed with | TRA- b xqud r humeant-speciffio 1 93iaptaphysin xSesl densehe

spinal cordob; IRk 8 SR biufhs %gpo\é@cfa £ h(?s?%%ﬁrons, especially large and small

motor neurons. A host motor neuron is contacted by a large number of graft-derived

’ boutons. Horizontal sections stained for HNu and human NF-70 show a large number
of graft-derived axons leaving the graft on the left and coursing preferentially along
the white matter of the ventral funiculus. Cells/processes with ChAT
immunoreactivity, are used to delineate gray from white matter in the ventral horn. A
large number of axons labeled with human-specific antibodies against the
neurofilament epitope NF70 are found in association with the grafting sites, evidence
that many human NSCs differentiate into projection neurons; these axons show a

preference for the white matter of the ventral hom.

[0129] NSC grafts into the lumbar cord of SOD1 G93A rats prolong life span
and delay motor neuron death and disease onset and progression. A progression
analysis of clinical and pathological measures in cases with live-cell (L) and dead-cell
(control, C) grafts is illustrated in FIG. 9. Animals grafied with live NSCs showed a

significantly increased survival by both Kaplan-Meier and end-point analysis. A
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graftingare identified by i munostaining with human-specific HNu anti body.
HNu (+) cells are shown to survive in the ventral horn (A) and to stain, in
their vastyobhRkgédsssy: W th neuronal |ineage markers sug

m crot ubul e-associ ated epitope TUW-1. Human NSCs are %é’ﬂfsﬁ‘i"?ﬁﬁ‘%& their
human nucl ear protein (HNu) signature 44 WD 2006/ 055685 PCT/ US2005/ 041631
and their phenotypic fates are tracked with dual inmunocytochem stry for HNu
and epi t Giapdanseict plot (FIGr 9 Akshoals apsugn:ﬁuasbsepanamu betecernerpeyinental el | 5. At

t he end of pet. i 1 rats haw, r,.0b

engr af t rnenfmti‘%;1 %eﬁ%%ouég)&o %@ﬁ?v?@ﬁu&aﬂoh@%r g plgs PKB%?) cells
(70.4 f 6.0p%) fibld fagd anclined qﬂaﬂente@t bdtkes (TG, OB sholvneaggnifieatld Dowéhei r
co-localization, of, TUJ-1. qélﬁgoanatel y one-fifth (19.2 f 56% of HNu(+)
cel |'s col dEegression ifi musole Sreakness dn \aapals erpfted with 1069%08 MeEpasedctel | s wer e
positive faﬁmﬁt‘l‘ﬁthid%@c?gdﬁ@%}ﬁ@@é‘c' ty of human NSCs to integrate within the

host circuitry Is teste peri karyal markers for graft/host cells and
mar kers sel ecti e r gﬂlﬁal Clylo e stained
for HW to estzggﬁi i%e : étuao?f{q%éCS %bJ-g‘ioq{)onte%? abl'i'sh ﬁgu&%nqﬁm%

di fferent ipad)thbmancar(ﬂ3-§1)mﬁ'ﬁg kajsa;l exanfineddn\y shaatl growp off amimgls ditireceiver ot ei n

opi topes. 191y 89 AVSC T FRae & CPRE Bf "Bt | Lo 4Yophee JNEDHAROH ocat i ons

are foundnfRal®gra&ied tvith idest NSC§§§1@F8tda9s,Qﬂ1éEéa§‘§atQ§raﬁéd withi 15 NSAO#28] I n
confocal m croscopy, NSC-derived neuronal cells with HNu (+) . nucl eus and

TUW-1 (+) fesidhlarsmTherforem signifigan i 1rdey differangedndifespanceasarsybetwennepar at i ons
stained wigy Erar-lf;wqb B %ohtgP S g)bﬂg)sf)iﬁga&%%ﬁ@ﬁﬁ{e%rcﬁ% —org?tnrge st erm nal

fields of s ons appose especl a and snal |
not or neu rdamsforAnm thatoecai vendead (onlls anddatdays fod atiynals thair aye gradied evithof

graft-deriye out Qns. ri.zont al . ectlons tained f.or H\Nu and h yman NF- 70
show a Iarhdgdwﬁﬁﬁ R 8@’52‘?% ?g ?fe’é%?o}fs ﬁ% nt FifRst ’H;sfe ecﬁ‘sf‘ he |eft
and cour smg;vd@ﬁ@idatmrgm@kl(yhmd)mg the white nmatter of the ventral

funi culus. Cells/processes with ChAT inmmunoreactivity, are used to

del i neate gray [613NSwidlcicanlt @timated tiienbéanNds almdiiMeiond afeog418IMdEr Of
axons | abel.ed with human-specific antibodi es agai nst the neur of i | anent

epi t ope NrEpinals that rwoeive live HSSHand3.2ohfaxirath thah are grafted; with dead NSCseifdence
;hat many fUIBR (NRGSs Hahl GeGBh! Altfe lddivar PoRiteRhtORr AGHiRBRal doifafed@xons show

to conirol animals of the same age. A difference of 3,212 cells in the lumbar

protuberance between live and dead NSC groups is observed (P=0.01) in a

- representative experimental and control rat at 128 days of age.

[0132] Potential mecﬁa.nisms of neuroprotection afforded by human NSCs on
degenerating motor neurons include the expression and release of, two peptides with
classical trophic effects on mammaliah motor neurons, [BDNF and GDNF]
(Henderson et al., 1994; Koliatsos et al., 1993). Expression and release of GDNF and

* BDNF in the spinal cord of grafted SOD1 G93A rats is determined. Cord preparations
and CSF samples a;re evaluated for BDNF and GDNF by Western blotting and ELISA.
GDNF concentrations in the parenchyma and CSF of rats grafted with live cells (L1
and L2) and animals grafted with dead cells (C) are determined by ELISA. L1
represents concentrations through the grafting site, whereas L2 reflects concentrations
in tissues one segment above or below. Variance among groups is significant and

caused by a large difference between L1 or L2 and C groups.
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preference for the white matter of the ventral hom [0129] NSC grafts into
the lunbar cord of SOD1 GO3A rats prolong |ife span and delay nmotor neuron
deat h and dWEHEEISESet and progression. A progression BEEU§20¥40MB31clini cal
and pat hol ogi cal nmeasures in cases with live-cell (L) and dead-cell

(control, C grafts is illustrated in FIG 9. Aninals grafted with Iive NSCs
showed a - si gni T {63} hrizkBickeAal SitoklaibndkelBl AAPAMERLAND)

end- poi nt anaI ysi's 2006/ 055685 PCT/ US2005/ 041631 Ka an i er
plot (FIG 9n§ conlodls(dgadseadhi@i gramps seplse signdivaniebywd destexBeNArshevead and

control ani u our,se_o 0, pl ots of
BBB open f {581{1% %ﬁ{(?% %*(}?)lblfnze% Q)gqsgrpé/ ‘?gestt tfhg %r elee( é‘fogagg%)i QE@V\P %};EIE%

si gni fi cant lsggnsdndoweay umlagpsmﬁscbmbﬂWemlg&ﬁwaiﬁmrss Thanameloghfedwitht ed Wit h
live NSCs c t ani mal s .t hat had ead NS : 0130 The

ef fect of N%%ﬁgﬁmﬁﬁe ‘i?é‘&"rn&aru%"tf‘r‘(?‘?r92)|3qr8 5 £ RS (L3-S 1)
of Tg rats lcgntgh@E (AEbra B HETSF, HINP ceﬁceﬁ&html Wad b@97 rie%w%g/uwﬂe or
dead NSCs and eut hani zed at 128 days of age. The average |ife span for

ani mal s gr afxesinintd) ad@ﬁ@ONS&OQZng%Thmsydata\dhmpmtermﬁlseegfphifm@réaammh live

Span ocour s TRePHARROR A8 ST RRE RO B ah PRl BRY a0 BB by B A% o g

time-to-di seasmnﬁdie(tﬁ?dﬂdilmﬂawiIhMéNSﬁisnal s that receive dead cells and
122 days for animals that are grafted with |ive NSCs. A significant 7-day

di fference is obsEBYpWestni bloRing @lsdi sBORS @-HFIRE hornkizvd SIDNhEorc¥Rragbaups
(P=0.0001). .[013 %s St er eol ogl cal l hestl mat ed nunbers of a-notor_neurons are

6,418 for &higpEmads grfled Maelve NSCie RBNE Wegtem bleghingosontigms the FLISH o
grafted wit Ra@eads I\il§51"§ase'byedeter;ttﬁ]”g el@'kﬁatﬁ%&ﬁl agy ARhY bfb@t‘.rﬁgoﬁﬁo 'sﬁva"@ | umbar

prot uberance of experinmental conpared to control animals of the sane age. A
di fference obrlize® GIBYF density ofid.860rb Q1007 in diveroelt gredte apdt0®8nt Di0v2 imnd dead

NSC groups i d (P=0.01) in a representative experinental and
control rat dﬁﬁi@%ﬁ@ys of age. [0132] Potential nechani sns of

"nel ude the expr LUSPhRERARAHHES AT i s SERERTRL o BT e thadRiat ophi
effects on mmeand b&mdmmrdemms ELISONnalgsid skdN-h cofiddatslidnssi.@86 Al .

1994; Koli at sos et al. ressi on and rel ease of GONF and
014 pg/ug at the graﬁ s1te (ng) and 0.054 + 0.009 pg/ug one segment away from

graft in experimental animals (L.2). In control rats, the BDNF concentration was 0.010

~ + 0.003 pg/pg in grafi-containing segments. The differences between experimental
and control CSF concentrations are significant. In the CSF, BDNF concentration is
0.041 + 0.013 pg/pl in experimental animals and 0.010 + 0.008 pg/ul in controls.
These findings indicate an eight-fold increase in BDNF concentration in the spinal
cord and four-fold increase in the CSF of experimental animals. Together, the ELISA

- data suggest a more widespread secretion of GDNF compared to BDNF in animals
grafted with live NSCs, especially in the CSF.

[0136] Immunocytochemistry also reveals that the vast majority of grafted

HNu(+) cells are expressing GDNF. The source of the GDNF in animals with live
grafts is the grafied cells themselves. In the dually stained preparations for HNu (red)

. and GDNF (green) illustrate the abundance of GDNF immunoreactivity within the
cytoplasm of grafted NSCs. In animals that receive live grafts, there is intense GDNF
immunoreactivity in round cytoplasmic structures resembling secretory vesicles within

host motor neurons.
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BDNF in the spinal cord of grafted SOD1 (P3A rats is determ ned. Cord
preparations and CSF sanples are eval uated for BDNF and CGDNF by V‘éstern

bl otting apgafekhsafss CDNF concentrations in the parenc@gqﬁ]s?@g/ rats
grafted with live cells (LI and L2) and animals grafte des ceIIs (O

are determ ned by ELISA. LI represents concentrations through the grafting
site, whereas L2 reflects concentrations in tissues one segnent above or

bel ow. Vari ancd0khdfgpnéacelamicrossory Giroushechest mater newrgs strined vath GPYF

di fferenc Ng I 84
PCT/ USZOOS?I%eﬁ J["léqi@g?}ls& ?[ Péei rlée&r?g é& ff%%bgﬁ“@‘c%‘%égﬁ r aﬁ%ﬁs’iglg? t\(R/sé él%\e
experi nment labal(zhmuneefdélDNF ih wesiqudarcstmétnes bchest dn geatﬁi-derﬁ)sd tarmimass locatad so
est 0. 050 pg/ g at

si gni fi cant t t 0,91

thg graft %‘}% %‘ﬁ%c‘bogfl? llﬁ‘%%%é)gegg‘ﬂo%ﬁg&’c@ggr iony O@“‘F‘h“ﬁ bRaT o) cor d
of live NSinteityse a%ﬂbdi’@éss(to ldbePdll gk Serdfindlé RfheMiatifly hoke Abtd¥Hebronkhese
concentrations were 0.368 f 0.026 {.l)g/g in spinal cord selgqrrents cont ai ni ng

the graf t . and{SPNE sy lackyofjany. gordecatization of thadwo Prefeips in bowlars coafarting
experi ment £06 0.002 pg/jil. These data denonstrate a three-fold
I ncrease |@Stﬁﬁgrg§<pre55| on and rel ease of GDNF in the cord and a five-fold

i ncrease in 0134

West ern bl ot tGDnr!EB so f&%@gv{%‘ ah@ ogﬁﬁbéi%% R zﬁ%ﬁﬁn@ g% %S%t{}gt | g}le[ ]
ani mal s grgﬁﬁaﬂdmnﬂdnvdtmgestrhl&ﬁ‘ztes mam&&hmcéﬂtmtcamj, dardontrass to hise ELI SA
attern of .incre etectin 16 . kDa protein. Western bl otti.ng al so
D nous 5 CrABEHEr O DN P el COptas e Pas, B ior mg iR, SRl DEPHBL s g
0.708 f O.&3SCQeriftRAGHOA Qé&nﬂl@{nhava&dgltﬁékeﬂah Shhab taldalges it PONNH n the

parenchyma and CSF of eWperl mental rats and controls are determ ned. ELISA
anal ysi s siounogeagtbvitie nWidespread esrlogaliggiéon ofthugap qyg?-rgomysmwed@m iss te (L)

and 0. 054 qﬁﬁgaa] ﬁﬁg

ani mal s (L(% Qrv?cg cg%{ F%ﬁ%?%ﬁse?%f e %:"gﬁ{é |3§1 C\%\g&sﬁgﬁgl%éﬁﬁg% 003 pg/g
i n graft- caanslai Ahog aatpmdcd] pattdine 1mli1<fateeﬂmemGENIbfstpmlmbl§eta|ken upbytiost and
control CSF concentratio re.signjfjcant DNE concentration
o 0 041 g0 BEisy, GRS BHG IRl P ol s OB RGNS ROy ¢t & i
controls. defiReeetd thisdinegfonk Miditeat-SyraptiCirgiiter (Rind et AIGReaSE i N BDNF
concentration in the spinal cord and four-fold increase in the CSF of

experimental anoiy]srhe @pkheresistah® &fldrifled NCSs to the ongoing degenerative
process in the ventral horn of SOD1 G93A rats is especially promising. The survival

and extensive differentiation of NSCs reported here is a strong indication that the
inflammatory/excitotoxic signaling involving motor neurons harboring SOD1 G93A
(Rothstein et al., 1992; Howland et al., 2002; Turner et al., 2005) has no evident
toxicity on cells. This factor alone raises optimism for future cellular strategies using

grafis to restore motor function in degenerative motor neuron disease.

[0140] Example 7.  Treatment of traumatic spinal cord injury by
transplantation of human spinal cord neural stem/progenitor cells. treatment of

syringomyelia.

- Expanded human spinal stem cells were injected into either immunosuppressed, adult
female Sprague-Dawley or immunodeficient, athymic nude rats. C 45 contusion
lesions were produced in both groups one month prior to transplantation. The graft
recipients (n= 24 ) survived from 60-150 d post-transplantation. The human-derived

NSCs formed large cellular aggregates consisting of neurons, astrocytes and
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data suggest a nore w despread secretion of GDNF conpared to BDNF in animals
grafted with Iive NSCs, especially in the CSF. [0136] | munocytochem stry
al so reveal0o2MWansss$fe vast majority of grafted HNu(+) eerius208s/@1631pr essi ng
GDNF. The source of the GDNF in animals with live grafts is the grafted
cells thenmselves. In the dually stained preparations for HNu (red) and GDNF

(green) illystrate the undance of i_myunor eacti W,ty wthin.the
cytopl asm oqlgﬁ?%nﬁoé;ng\lsg@?es? né} %1% ey & at‘%m?i etBl Rjgteﬁtyi \ﬁéleég{r 8"1’0@15 I,lesfoﬁler eis

i nt ense CDNmmadtreappdaciag,t NewN-y/himan awicldi+Cyuérphsasic comptigidus®s sfeenbl i ng
secretory v(g)si cles within _host notor neurons. 47 WD 2006/ 0555%%'5

PCT/ 052005/48958°] PORy4aEPP- Rt JEUPOn$set SUREP PR BRFAt APIREESe B B neur on

stai ned wi tydgCRNg A8 dHH e Y&acﬁ;taﬁeysff@t 1@5&@201&16&&@ lthd grlahaslﬁe.l ekt - deri ved

termnals) indrcates the localjzation of GDNF in vesicular structures but
not in grafhumparspecfic syaptophysi inpvenoseactivity wheneled iraproxipfityt ¢febath hesit r at ed

host not or r ti . al .5 h n t IR .aptkhhodies (to
abel ol | GParref el See ALY ekl BIBR B AR RBLKSR A1 GV,

| ack of anydonor heumisil Zairiher) tbefsettilaﬁs;ilmﬂs &:ppbﬁémhmei growthu b MH-C and aH'](criirng hhost
not or neurops. [0138 ts wit ive grafts oW an orati on of pathways
origi nati ng(ﬂ?eFF léappggrg«? {0 are %thquﬁs's@iﬁck%%%ﬁéﬁgdﬁ?ﬂf é‘?ﬁ?ﬂﬁﬁ&f’t he
central cangyssesd PrifAYFERAISENS-Bké G@alitiRPRODGBl? m@@ﬁﬁgﬁg f'gﬁig%hzﬂtel: Fephier m nal s

contacting host notoif neurons, the vast mgjority derived axon

termnal s i nner841hdt sheuldcherindarstapdrihat vesouoehuniscandinedifighings to the

i mmunor eact | Vi y : I i i ophysi:n and GDNF
s obser vener iy et RERA s LA ReloB vl nC IR ARG R TS

t he cent r althe adn8hich chidiges endmadificatical caabd madeswithnoit defdaetingfadm GOMNpirits

probably taken up by hqst to euron termnals that innervate the graft
via ret rograé’gesc? ea‘?fstb?)&sda??go Iﬂ@{m‘ﬂcﬂ?piw}@% dipynisitpg ts hrgﬁ'fdg&§gw]§?ges’
trans-synapkiis thérford Riterd®i Neatetuch! chang@0Md bdURRbdREbERBNEN LY @8I St ance
of grafted NCSs to the ongoi ng degenerative process in the ventral horn of
SODI (03A rappended claipeci al |y prom sing. The survival and extensive
differentiation of NSCs reported here is a strong indication that the

i nfl ammat ory/ exci totoxic signaling involving notor neurons harboring SOD1
@3A (Rothstein et al., 1992; How and et al., 2002; Turner et al., 2005)
has no evi dent :
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toxicity on cells. This factor alone raises optimsmfor future cellular
strategies using grafts to restore notor function in degenerative notor
neuron di sease. [0140] Exanple 7. Treatnment of traumatic spinal cord injury
by transplantation of human spinal cord neural steniprogenitor cells.
treatnment of syringonyelia. Expanded human spinal stemcells were injected
into either irnmunosuppressed, adult fenale Sprague-Dawl ey or

i mmunodeficient, athym c nude rats. CiAi&Scontusion |esions were produced
in both gr S. 0 nth.pripr lo transpl antation. The graft recipients (n=
24) surV|vg%PPwmﬂnﬁgafgﬁdgs%gs “transplantati on. The human-derived NSCs
formed | arge cellul ar aggregates consisting of neurons, astrocytes and 48
WO 2006/ 055685 R 0] odendr o These .grafts invariab
and conpl etely f5%$§ (%gégn %@%@n%angs% ﬁsS%gmégqhmnmIR@%hH/hunan nucle¥+
neurons of t en coppding Bund®0Rbralfstenheslls;donor cel | populatlon These neurons
sent human neurofil ament + processes through both gray and white matter for

I T

graft neur seeni ng y unreac ‘ive, GFAP+ cells were juxtaposed with

the  donor AR QRS M ik 0BIme {08PE dhANISPLATLSuAHPROLEED the ofowth of T

and SHT+ at appeared to ari rom host sources. This line of

NSC st husaRReME ﬁeutrag steﬂ%@l?sQ§§a1cp;Erb-g@£ﬁﬁ ctﬁ}r@lﬁes@&% ablek& LJ@LIM' es favorable to
intraspinal gray matter repair oul d be un erstood t hat vari ous
changes and ”Ud&ﬁhgé?%Rﬂ§mB%ﬂ&ﬂ%an@&%%%%%é%n ﬁ&ﬁhéﬁ@m&ﬂ&ﬁﬁhﬁ%@&%ﬂ%%ﬁcr'bed
herei n wi | [,lafnARPRuRNbterh CellshPRRem Kb bR, he ar Such changes and

nodi fications can be nmade w t hout departlng fromthe spirit and scope of

the di scl ogeflertek g thedBeaMehQHS witl Mdai 3R Afodeh,Snd Nt ended advant ages. |t
is therefore intendéd that such changes and nodificati ons be covered by the

appended Chald¥hg tftLuftde MMoral smecén@}m&% QRfbcc! ai med as follows: 1. A nethod
of culturing human neural stem cel sai d nmethod conprising: providing
human neural stemcells;

2. The method of Claim 1, wherein the mitogen includes bFGF.

3. The method of Claim 1, wherein the mitogen includes EGF.

4. The method of Claim 1, wherein the mitogen includes TGF-alpha.

5. The method of Claim 1, wherein the mitogen includes aFGF.

6. The method of claim 1 wherein the solution of poly-D-lysine has a poly-D-lysine

concentration of about 100 pg/mL.

7. The method of claim 1 wherein the step of incubating a culture vessel with a solution of

poly-D-lysine is performed for about 1 hour.

8. The method of claim 1 wherein the fibronectin solution has a fibronectin concentration of

about 1 pg/mL.
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i ncubating a culture vessel wth an about 0.1 g/nL to about | ng/nL solution
of polyD lysine for about 5 mnutes to about 3 hours; washing and dryi ng
the culture vessel to forma pre-coated culture vessel; seeding the neural
stemcells in said pre-coated culture vessel in absence of serum adding a
fibronectin solution and at | east one mtogen to the pre-coated culture
vessel and culturing the neural stemcells in absence of serum further

cul turing ?.he nBurmdthedtofmaimel Mbervinttle fHrodeatissluomearmii thogdsast @ndhitopassagi ng
the cul tur .a,.confl. 4. The method of Cdaim
1, mhereingﬁﬁn%##?gaéﬁ%?kg J%%§BBE%%@59§7Q 3H§§f§ d ot Caim1, wherein the
m t ogen i ncl udes EGF 4. The nmethod of Claim1l, wherein the mtogen includes
TGF-al pha. |4 5. .Of i i aFGF. 6.
The method'%t ol & e puapasdl [ AGHE pobIEL R SOFCMARIER L Rk e,

pol y- D- | ysémyongsoeoredstls-at i on of about 100.tg/nl. 7. The method of claim1
wherein the step of incubating a culture vessel with a sol ution of
poly-D-lysine is performed for about 1 hour. 8. The method of claim!]

wher ei n t hel.f i bifbowethodofshinui ivbereinalys provided noma steinrrelisainciene p egnirgmeypus about |
pg/ nL. 50 Qe fhgs et hod of claim1 wherein the fibronectin solution and the
at | east orie mtogen are added to the pre-coated culture vessel
substantially at the tine of seeding. to. The nmethod of claiml wherein the
provi ded nediral 1l GEhGRIcRir Py RLh 1R et OIENBUIG ler GIRE YO ResSpRMCGAI S 1T
The nethod of claiml wherein the provided neural stemcells are froma
central nefi$#¥us systemtissue. 12. The nmethod of claim1l | wherein the
central nervous systemtissue conprises spinal cord tissue. 13. The nethod
of claim 12 wherein the spinal cord tissue is obtained froma post-nortem

fetus havi hy a Jeshghebifglaindewhirein B sring cgd tigruaisobipingdireir a pest-mgttem

fetus having a gestational age of about 6.5 to about 20 weeks.
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