SPECI FI CATI ONTITLE TRANSPLANTATI ON OF

HUVAN NEURAL CELLS FOR TREATMENT OF NEURODEGENERATI VE
WEONBINFIENS BACKGROUND [ 0001] The di scl osed nep¢mus2005/041631

relate to nmethods of treating disorders through

transplantation of cells that are uniquely benefici al

for such treatnent I icular, the

di scl osed net hods pg}:}/% g?ﬁét(ﬂédpﬁbfﬁt reating

neur odegenerati ve condition ith neural stemcells

(NSCs) . [0002] Neurodegene?ﬁql'r e disorders are
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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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step in vascular surgery to repair aneurysns of

thoracic or thoracoabdom nal aorta. For the duration
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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).



mce or rat).[0008] In general, studies denonstrate

| ong-term survival and preservation of neuronal
w@b@nosispes in grafts generated fromfetal ti SBCUBEUSIHO/041631

not from neural precursors that have been expanded in
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[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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entire spinal cord as well as those neurons in notor
cortex. Likew se, in nost |ysosomal diseases, neuronal
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i nclude transplanting into_a sgb%ect in need thereof
NSCs, neural progenitorsSE@ﬁ al precursors that

have been expanded in vitro such that the cells can _
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I'nclude treating neurodegéenerative diseases or
Condgbbfzgsl‘l{%y dange! apt 'd?ﬂ:ldgg{it h&%ol‘?i@t i@y Ul that, upon
progenitors or neural stemcells isolated fromthe
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



central nervous system of a manmal and that have been

expanded in vitro. For exanple, transplantation of the
wexpansisss neural stemcells can be used to i npPOWES2005/041631

anbul atory function in a subject suffering from
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synaptic contacts w th host neurons and express and .
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odi ment . t s i 4 Ll
NS T3t SR A3 4aff B 18Ted A HIRBRAY bolltihere these
cWlld Bart s tifferasiation iatopicnvirdethainformr symaptéc gowwtth with host
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newIgRs AkEpEssa end eleass Wé‘ﬁé@&roﬁr%%@ﬁ} RS he tissue.
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NSCs [@?180&u pa Empedigient. et @S@lesegnn%th@if ippluge BrovHNe Beypal stem

ch that an effectiV - I
c%lgsc?roraeufag PLQSE g?resgthgtylﬁe%gg‘?%g@%ﬁﬁe ﬁgst tﬁ@l?et aﬁqﬁogfﬁ%@ 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.



[0019] In an enbodi nent, the disclosed nethods include

provi ding a nethod for using animal nodels in the
wee@elsesTal eval uation of stemcells for cel | PCT/US2005/041631

repl acenent in neurodegenerative conditions.[0020] In

an embodi ment, the disclosed nethods include
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differentiation. [0024] The cells can be either
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[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 sifu 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 t1ssue or
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and ot her environnmental factors existing in an injured
ti ssue. [0025] Using the present nethods, neural
W@ 20061053685 can be treated by transplanting or PCT/US2005/041631
introducing the cells into appropriate regions for
anmel ioration of the disease, disorder, or condition.
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aOfell iSR! Rt iR - the R4 éF rdepineitioal y, the discl osed
nmet hods provide a nethod of treating spasticity,

rigig ! Claey Reliet hORSthodNES treafi

nethggh?%égﬁgggéﬁﬁoﬁgt?%865?'Pg%é%wd%@ %Eu?al SPEW\ reane

systidityf r@giditay,rrarrrmuscam kypoeactlivity domditions.o {The methed| includes
0 an e

~.Stemcel | ande opul ation. Th t had . al
i hEB Gsas SAE BRF LR Gl FBTL R BANICD PO SR AT G e e neura
steft EQOHE bR ExpaddRBr pipauiiosal The BieftRat Alve irditcodbertheing the
expanded popul ation to at |east one area of a

exmoilgd aopulsfipmaind drtioduging] aatherapeugceilyt pldedivpapmant of the

| ati i bl f ] [ N
oFgBie it TieP S RO R e eS0T Phbish BRI AR At e 20% of he
efRded hepusatidaris ¥epablesh deficruitiigy herey inahe woipient spinalycord.

i'schem c spinal cord injury, traumatic brain injury,

st rok2g W th RIS tEhERtOFheS 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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cerebral palsy, epilepsy, Huntington's disease,

anyotropic |lateral sclerosis, chronic ischem a,
wheedsiesF y condi ti ons, or any conbi nati on theP@piiS2005/041631

[0029] In an enbodi ment, the neural stemcell is

isolated froma source sel ected fromthe group

cone g0 BB AR B B
T e B S

' bEQ&é%ﬂ]abMt @toedmﬁmmaélqs the gestational age of the
devel opi ng mamal |s bet ween about 6.5 to about 20

eS0T S B S RS o

smmabwmmdl ment, expandi ng the neural stemcell includes
culturing the neural stemcell in the absence of
ser uood3Pe34h ehbodimeat)eRpartiti the axpansem el clindsd lcalturing the
stemcel |l _i.ncludes exposing the neural stemcell to at

. nP‘érﬁls%te@r?éHQ?W*SWEPEFGMPOOSS] hi an embodi nent, the
grow h factor is selected fromthe group consi sti ng of
bFGF 0@ In Iepmbpdiment, srgmdinaithe oawihsienenl indhedes skposing the

AR B 15 e L e

Vi volOptadn ﬁre@ﬂﬁm%d. ooV B o PapUERiFLaFy he grou

c8AdiR RS OFDFEIDEOIE, ?GFtahﬁh@éP@!Fda% cBRBHafibhOMhetcdf.Capabl e
of generati ng at least 1,000 glycine-produciiig

neur 32@3 6)1 n \.ﬁa \élglbp e Blindlhef el?t’fﬁtéﬂg efRMve Aholr®8FihetBanded

of t expande ation | capabl e of generating
populatorsisicapabieoSgnasting @t kast[IQEBIFABA -prodecihg dewrens iz vivo.
i ntroduci ng the therapeutically effective anount of
t he ¢aqEmdedn popodiatangihé thetapeeticallyjeffottiveganadunt efitie expanded
portion of the therapeuti cal ly effective anmpunt into a
pﬁpw&m tsya%bl%%%@gle@ﬁmg Felepgdi Y0eyciagProducing mgurons in vivo.
OO40£ an enbodi nent, at |east 30% of the expanded
popullB@383Anas cobodimnent.oat lgast FoYenfk ﬁhﬁtei?(ﬁ@ldieﬁmph]@t]?% Hiscapable

ofg?%/érﬁtfngp eujpo%g]nlthe gﬁ%&ﬁr enbodi ment a neural stem

neural stemcell is capable of

hypor LR IR <eiRaibort Gohind e e e Bigetiyeffepive amount of
the @Jq?e{nﬁgd bopior TRIBNRIes aRféclxPantask 4 poridn 6f e BRrapeutically

expanded
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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popul ati on. The expanded popul ati on including the stem

cell is concentrated and a therapeutically effective
w@rwansseed t he expanded popul ation i s introduckdr/Us2084/041631

| east one area of a recipient spinal cord. At |east

20% of the expanded popul ation is capabl e of

generat j neurons jn.the recipient i nal, cord, 4 .
o i A et §icBa RS Rsed Beliidsof pieuigd SFkeating
chRinhoghinfis Ffo@ﬁie'kl!’l ariehheRod ifdhides lisolangvitdedt odd\Beural stem cell
met hod includes isolating at | east one neural stem i
from p g RMlanderpeldingya vék thedicnip! stvmvealkte antexpansded frpulation.
|1 1.0 p ' T od sa :
TR L e P B Rt g B I b gy ducing o
thenspgent cadlyneffectivh enmpeudi thal dxpaeifctd quipulstioandunicastf oteheea of a
expanded popul ation to at least one area of a. .
TRCHNFR 8pipals fPidal Lot 30 Slahe Tprated REPWRYRth dfb gapable of
- af | | S ; ting neurons in the

gggggggéﬁgﬁggﬁﬂg@ﬂggﬁgyPﬁ%ggg?ﬁ?n an enbodi nent, the

chr oni . . ; : : o

g ury 2 2 hn sethert; LA Bl om Phhaic spinal cord
injojyy ischemic oieal soud tnjplye iaometiodrdn injarye strake, pallsiyle sclerosis,

epil epsy, Huptington' s disease, anyotropic |lateral . )
cglebest dﬁsg; eEHFRSH ElUNURFIRRAT LISAR @grngpyﬁcéffa%t ToHESIS,ofhronic
i@ XmFaE’HQ'eHﬁ%lJIyl%gn%ipﬁﬁse,Bf anyt Qfsthatl b, fiBe6fTDOdI ment , the

erapeutic ecti1ve anmount of the expanded

popul-at | [ : | :
Gaba B8 a0 sRBRMG oo BEREERNG cPeetriAhody 8Pl oxpandd
popelaagelstdapatlé yf géreeting \veleastdyitio GABALprodxpiap dedkons.
popul ation is capabl e of generating at |east 1,000
glyc I[O‘@FSQrIﬁ‘éﬁ%tﬂb@diﬁ%&htﬁﬂ@thef@@é@daﬂb@f@ﬁti\%‘@ﬂ&hﬁ@ﬂth.e ebanded
| east 40% of the expanded popul ation is capabl e of
pgpwatien isrgpade phaenerating ableasi 1200 Fpeine-PraugirE NERroAsH
enmbodi ment, introducing the therapeutically effective
amounf04sf] Ihhe embpeirded, gdpast 40Vt thackpasledipepeletipmis capable
gt Ie3§t a portion of the.therapeutically effective
of SERFRE IS HYTPS IR (AP U ar eas of the reci pi ent
spinal _cord. [0048] In an enhodi nent, the are .
P MR n e ABp R G ALy GReivs aagunt of
P B PoRhlIgh Ao RS Mool r Lecho ok UPthe heraputically
effeetivecamhdunit nte aphirblity off ateas af thagedpicoitpmapadnd. The

neural stemcell is isolated froma manmal and
exparo@4B]iln adicinbodintens thexpanidebidp dpral Adinon. The
expanded popul ation including the stemcell is

c g NC 0049 1Iadn anhodinidhetBPSdtd @dludy irtfdiigehl spacanmount  of
t he

[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.



expanded popul ation is introduced to at | east one area
of a recipient spinal cord. At |east 20% of the
wez@ansiess popul ati on i s capabl e of generati ng PEUUS2ILS/041631
in the recipient spinal cord.[0051] In another
enbodi nent of the disclosed nethods, a nethod of
treatd tor. neur.on.dege at,i ' | ded. e .
et ST BT bR AR g BERsds Rt o Popnbot earing
modr] neufciierenedatiah iepebvededanthe ehetiodvintluded hdldviegraalleast one
stemcell to an expandegﬁgopulatiqn.,The nmet hod al so
neyal serascellofiemnt ARyl aKkepepdingdn Wopdhanpwal gise cell to an
' ' a.th p.cal Y Oftyut
o b8 DRP TGt BhERALS KEnaRtlthe Olc! Bfpanded
pomdatimine ahd sipirndiliciograd . théhpdutiasity 20fcimie taneuak pented expanded
opul ation is capable of generating neyrons in th e
b oA Bt 6 A e8] SR bbb A0S of g expanded
PRI o0 A8 AFARABLALL ABUrERY MBS reelpREht kpRHIEd C
spi nal cord injury, ischemc spinal cord injury,
trau [ rai n. i el v
cer ehrar oy & ik, Shi MFor kA GRS frives from
tranmiatic spihat cbialt iejual, iscHeariosiisgl cottt iphirg, tramiedivibagin injury, stroke,
hereditary, condjtions, or. an onbi nati qn t her eof .
gl sc EFien CERTBE R, PSR PRIBIE T AGRS> ARSPppindateral
sd1B®si8EHétlic BRI e hrefift R caMiA6RA0F A tonibiRdtiongB&toONE
neur onal subtype, wherein the neuronal subtype

pr od QW 0 I 1.0 L i t] t

ot of a1 i DG fhe FhESY iiudeR TR R ARG M cel
fioapuh airézorich rinl at desst ameamamonial aiibtypelr whersinethecedurenal subtype
capabl e of djfferentiating i.nta neurons suffjcient to
p&@epwegra\*f#héﬁ%@ PO 1P et Prating Iﬁﬂ%ﬁ?ftl%’f- at | east

one growt h factor. [0055] In an enbodi nent, the nethod

- incl f%‘é] i Fnagmbeyliteat. (fBe capanded Ropelation riggludes gp egpount of

nkih ste 'E%{IQ rca@?x}‘if& Ogys dif{gﬁ?%@in Ningb LIS sugfifosti F@@Ecrete a
a neural stem¢cell capable o reating syringonyelia
thesapeunssligedicciieameut alf askesnone ptowts faicsel at ed from a

manmal and expanded in vitro to an expanded

popul@isispmn ad henteRaae thenapiiba inaidds risd it thet feraltstem cell
cell is concentrated and a therapeutically effective
figiroharea fich Hemelos #8Weas-popul ation is introduced to at

| east one area of a recipient spinal cord. At |east .
20% GP056hén ex prtied epdiodinant on teyrd agiaml eclbf capable of treating
enerati.ng neur.qns i the recipi . Sp d,

SR GO N criso il e 1L ReRPL BRkhe, magat and

eRpdiEN OHvBH thr@adxpagdesygopnBeo.eTha ekpanded popeldtion ieluding the

met hod i ncludes isolating at | east one neural stem
steg] cell is concentrated and a therapeutically effective amount of the expanded

Y

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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froma mammal and expanding in vitro the neural stem
cell to an expanded popul ati on. The net hod al so
WO pwbaosies8s concentrating the expanded popul at i oOPCEHIBR2005/041631
introducing a therapeutically effective anmount of the
expanded popul ation to a syrinx of a recipientspina
t | ;
se i AERT 0GR clpaBa Bt AR RULBIJ Ahchiating neurons
1nrtE©S)mrﬁrttftB¢31teB@heanﬁdal dofD58] h| an enbodl msnt , the
syringonyelia derives fromtraumatic spinal cord
I Nj UfOYs8] BC BeMnfbodhéid) tieos@ingdhiyela defideimidohr that@btic spinal
injury, stroke, nultlple sclerosis, cerebral pals
- coap nBiFEy IsChRIpiCi ﬁgll%ncoéf ey daumalio reni B D giake, multiple
h L.tar [
scze%)/sqg c?%elsnr‘%lt aley' e 11%:p§g,f ﬁﬂ‘txfgrb%gl?g ﬂ%e%s% e ?ér%{:e I%Qfel%.l sQErosis,
cliretib@themndd, beleditdrg obmditioup, bhmylmmlahatsmdhmeef | from an
area rich in at |east one neuronal subtype, wherein
t he EBHPHALn SwbbYiBtenk) the wi@Bodir@lualet solfkigothe neural stem cell
effective in aneliorating the syringonyelia, [0060]
from amisERg viethin af deasti@ae neytonak ﬁlﬁcgmeh evhggeip ahe fegraiak |S}1btype

Pfoﬁﬁpg%::%maﬁ %Sggf%églr\{%%ep {119 ﬁre sPﬁ %}'{f aﬁnarmunt

ﬁgu{‘gcﬂ)g@j;gﬁl}e [8n g%tilmten &}b& S 19&1&1 mﬁsr g ngﬂl{a;l gttghngelf 58 an area

ri€f fre@bioy ge@b®yint of at Ieast one growth factor. [0062]
I'n an enbodi ment, the therapeutically effective amunt
of t Eﬁﬁ%egnB(QﬁHﬂeﬁtt iR e'anrﬁfé@ qualaﬁtm geaeaat k@ndlnt of
| eas 00 neurons an ‘enbodi nent, at | east
ndgg, @(&ﬁl welly ahpaie mfcéttffesermatlm diiex pewraag syffmmét foogecrete a

are int 0 Lnx of th |p| ent spi nal
‘ th@‘fﬁpautlc[aé)]@f()egt]%dhve g f%frl? ?’%Pn Wgﬁl %a%? a neur al
ste ceI of tre r ella'
ot ovlal ek {vfedamegfe b e AL KRG oo of the cxpanded
p n 18 05hBIRF R atifls X 1%55@ 11000 #BuRKpanded
opul ati o The “expanded popul ation including the stem
cel (%O%Sfﬂ?%?%hﬂ)@aﬁﬁ Lnang léasﬁ ri@f) 80§ %Eﬁl%?ktjeﬁh &fllfsecﬁ{thé’ %xpanded
anmou 0 e expanded popul ation i's introduced
popilitiva @€ irrodecsdpbeind sysmixrlthewcpienispihgdastd. 20% of t he
expanded popul ation is capable of generating neurons

i N Sys0eax I Ret hefithteBinbsdinitat, £aeakal ERAEODEI kbpable of treating
addi ti onal enbodi nent of the disclosed neth ds,

syringestyebe isppavidechgThe ngpral tem qelaist isglgtednEomap gl and
nlde& % A5 RAMEShREDUL AL Ghe BEHNAED 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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stemcells is provided. Each neural stem cel

expansi on exceeds thirty cell doublings w thout
walrdobesess i at i ng. The met hod i ncl udes di ssoci aPCTYS2005/041631

neural stemcells fromcentral nervous systemtissue

and providing at | east one extracellular protein to

o e R el ORISRk 18R WO, I AACSE Hty-D-
lydihdragaesioun. 1 Hgnirefitrotectins o Thechethed asé tineludey twering the
di ssoci at ed neur al sten1ce||s in tQﬁﬁéﬁlture vesse

- digspeiafednenad stom eellsum b enlaue vassel g 3PS OF Tyeng adding
togllle J:engﬁ'ﬁ %@91 & rlﬁa\é‘f bnd %‘8&/9{ facthR® THE %’le?thffﬁ&&ofs seRcted from the

om the group consi sting of
grdiy-cabgiting aFEFGBNEGED ffﬁiFﬁaphaa r@(}fh encécﬁmbﬁiagomstmwf The

methid Pt B0 BRRaRRE dis bt cRimbot ST iheRea |
neural stemcells are capable of differentia to
neur 9GS 10 Amos mEste M0 SXPABHEd TSN nﬁﬁ?rﬂbceﬁliﬁggfﬁé%m‘?le of
} d1ﬁ%%ﬁh§cﬁl§sln‘conﬁé s adding fibr onectin to cul ture

a so [e factor. [0068] In an enbodi ment,

?kif@gé@t fglngn ebo% Ih%lit’s ggggaélt 1?1 Sﬁ"l%' ﬁ%%él]h ?ciel‘fle Ed1B includes adding

ﬁlﬁﬂb&ﬁhﬁsﬁhltu&h@ed&ﬂﬂ)aﬂatsmlubkélfs&mc| at i on incl udes
treating the cells with trypsin. [0070] In an

emboio @gﬁtn a8 LRABS@RRHL | disddelatinl | @6t talk andaksagingt e cells
expanded popul ation is introduced to at |east one area
inofudes eneyingfie dissomaticius systemto tr eat a
neur odegenerative condition. [0071] is therefore an
advaffageltn tendodiaitosibd meyhaiis dwecrlateon inclydgs treating the

€1yihar rﬁacol ogical strategies to provide a nethod of
SO ERsithg the ability of the transpl anted NSCs to
secrete trophic_npl ecul es which ﬁ e.del i vere

degeH9rat Iman spbesimeat ofherapauise ¥ SHEFEYoHEoEY © gﬁf’? fpanded
%u?éfﬁ)'n 1§tih‘!rb&déed kOQY Zehst W&le RBLLN @rreél?iéﬁﬂh@gSuspiystdﬂ@ to treat a

resent invention is to provide a nethod of culturing
naircdezxpantivacpoBEs. f r om human fetal spinal cord to
facilitate the successful engraftnment of the NSCs into

t he [om‘mmt ﬁoﬂﬁref{)@Oeﬁﬁ]adV‘hnfagetdrfeﬁleadiivdmﬁgmeﬂmds hpver existing
di sc

p]a@ma@(glg glga]gg’qtﬁgtggﬂé Itg ?Agg‘gﬁ? | :gr ov# ch é% r %ﬁ]{iﬁa{tﬂl‘é the ability of the
i dplRERNS AL tPRoRlte BoPHoMLRE whicH\¥abe 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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[0074] Anot her advantage of the disclosed nethod

i ncl udes achieving clinical effects fromparti al
w@e@bnsIegs of NSCs. [ 0075] Additional features apdI/US2005/041631

advant ages of the disclosed nethods are described in,

and will be apparent from the follow ng Detail ed

Descriptd on..of th nventi.on. an f L qur. I

D S B S Bodh foap At "R g B RS ros et ethods are
ARl inS bRMvER! bes apparéit Ndins fenfilopiggBridiled Nackption of the

line was isolated froma 7-8 week old post-nortem

Inventwn agditheafiswes-d ti ssue and serially passaged for

about 130 days of net culture period. At each passage,
the cel | nunbBRIEEOHAGRIPTIONHAF J&8: FikddRBSvi ded by

the initial cell nunber at plating to obtain the

f ol dFIChcl. e Bsparisipncef humenrspinal Cemudedlsi v Hupiad- spinal eaegenitor

| ef ' : t ai b lL.tiplyi . .
b SR 5 A5 B X K g porg e
axg%ée?@lggaésage@far'a%paﬁ 1 RPELYsRASRASEINE Defiad.C Wtakeld phdsage, the

I vIdi the fold-increase in cell nunber by the each
caluhumber rpeviersd 4t>hagvest yas Hinidedpbyo thesigitigh seil apabeeat plating to

three tinmes (serial ,.expansion 1. . 2 . Fl el
OW%ﬁBIFB@;ng%aS@xlﬁa“rF&le ﬁﬂa%%n@%naplﬁé © 2{1 g'rh&ecrgﬁes@ﬂ( X) axis) was
olRRE® bSORLRIBS/ing HRMEN-iierédsk @f eacinpasshgee d Doakihan diireg(right Y

culture, 20x objective, (B) Anti-nestin anti y .
axslofithe gelliaigack passeae ats splcpktadoby drviding fhs @?—W{f@ae in cell

cu o) [ f d il ;
ot 8P e PRI BREE TR TROC PR e e imes
(@bl apamidral, @ afidB). appr oxi mat el y 14 days in cul ture,

fixed, and stained with various neuron-specific

ant i brglieshofphblodto faxgaiddlhun{aB)spibypsted detits.a(A)Phese wontrast
(C) GABA (D@ceg?;tl) chgl i ne transferase.

. ) .ase. Fl 4. | :
vigxpeltes fied, onstrnedoprabng CAtYe ety F@!VGA(B?%%%‘WSM antibody
m dbrai n progenitor (a.k.a. NSC) |ine was isolated

8 a 7-8 week ol d post-nortemfetal md brain tissue

and iall assaged f : ..170 fi.:
5 1 SRR 5 BT 088 L o o
hiReR YShetktéh cBid, VESR eMRndél sdldd physatd &5-16ivweralliféetbitiated for

number at plating to obtain the fold-increase in cell )
approwiaratel DUy Hasi W crieg, fixedcanse stemed Wiy KREQUDBEYORsgecific

b ti . ;
oBhoqBiistrvl (Rl aAeFar (8 PR, 3, vEAC iRARS AT, ORI ©)
AkB6heEhé Fansferase.

S

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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Dopami ne trasporter activity (DAT) in live cells was

determ ned froma human m dbrain stemcell |ine and
woe@6n55683 s cl onal subline, which were differePtT/asm05/041631

for 22 or 44 days at the tinme of assay. The cells were

i ncubated with radiol abel ed dopam nein the presence

L R SEEETEE b AR AR, o
wdle Q@a@h&?toat@glok'é‘ ﬁﬁﬁcbﬁo?&t&?&d’ﬂa&ﬂﬁ@&ﬂ@@s&?ﬁk& ihtillatol cocktail.

total cellular radioactivity (dpm was then determn ned
Thesitotgl seldimridioagtivity (dpmmit wes tRinGdegminefleugingfa scintillation
exogenous factors on induction of neuronal
COH¥ter ent i ati on and dopani nergic differentiation of

St aichith SEeeh At O EFRHE DB HGR B DL AP of L rentiation

angl Ey@r@l glg dZﬁ@r@ﬁ@tlonehlhﬂaﬁi’\ﬁﬁd@Qﬂ s@érﬁtc%H h?Hes a Cryopreserved
Ity of 40,000 cells per well in 4-wel

anbe
neskdl giéssn |cnllst ﬁternpiwvem widiyEcstan @e&llmméWBMB and 796RMB)

B b SHGb o S0 SOURFRLEE s T A5 PR i

in&hé %Yc%en&ed)ﬂ lﬁ?(YY%ﬁd dilyweee priliderbRUor grdayps snasepiemny bFGF
the timng and duration of exposure to Sertoli ce

wasoretiioved mad celsdivern Al ismento diffarenttate for additiopsl 8 dpys. Cells were
dlglld,rea grrlt\é\ﬁt?)}lg ?ﬂ?@ﬁ? gasleﬁ L tHE n%k 94 Rfulto ed'faéxbgﬁlr@@@ sertoli cell

con a secon was - exposed
caahditiongd priedliurh E(S@Cngrﬁlhmd:@/l(lcmnNQ) iGre @onp avashixpdsada® SCCM
exposed during diff t.i at | d : .
ROTRTEE St IEEBEBHOR e Q5 A Fgnd et seposél Qurineg

pﬁéfggée% 63@ P@h g&gﬁﬁiloﬁv -Ya qu?@ F&2¥xpABd dﬁnﬁggéﬁ@fei‘@ﬁatlon only

ring t é proliferative phase.” Four wells
(cm&dheonmbnhrai me?duqﬂe was oot iekpamad tto TTMW Gontiohi Gt oMedia was

cepehi NSy RO 6 AP EIPOOART dLny Beh AT Mo A o Bhase.

Fﬂfr'\ﬂglsé\;%ré %ﬂit@iﬁed gerMaﬁaﬁ‘fén(tg b w 8RIniAs ebrinvileslentarkers. Upon
dr oxyl ase as well as GFAP and @Gl C
dllﬁfmmzmuasmanhedel@vvle@ ﬂmdeu@ngu e paipfirmgldghydsand immunostained

u %%ect N d e’ tg%@abn@wg dety&?r%q%d\a@{y?asmgﬁ@ %%)f N well as

G@@@%ﬁ(ﬁ@a@oﬁnﬁﬁﬁby@m&d QEIE Slekes commited asingd 40xdebjeeting, and at

condition, so these antigens were excluded fro
leaﬁathwlfseldsm@e cpunted dercedchival Fepa@tic Pt er i @?@ ey were

d{{D ctgcq p? §s§s dﬂgﬁ?ﬁ}%}ﬁéﬁn%‘mr a8y @&&daﬁ&?gb ¢@dsk antigens were

I'c rats were’ producé
eXd@&ﬁﬁkﬁnM&&m@n@ﬁg of the lunbar spinal cord. In one
group (black circle), the rats (n=9) were transpl anted
wi t hphaman reauaiadn 6t astatysgiaipandesoton defiditsuinerats by human

(passage 16), while the other,
spinal stem cell transplantatlon 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 lmg/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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control, group (white circle, n=7) received only the

medi a without the cells. The i nmunosuppressant, FK506,
wor®casissfi strated at I ng/ kg daily to both groRPEBEUSNG/041631

the duration of the study (8 weeks). The notor

coordi nation of individual animals was assessed by BBB

zgg; | Cﬁfygﬁl‘éc\{elr %/yf/@gg}mngﬂ&lﬁg’eg?&j H}%téér?%ffrgtf in rats by human

spitaleRns gdinahnspl-pationl |Sphstensp ‘&Bﬂeqirbdl[ced $§as¢hemw #sning of
wer e produced by ischem c | esiaoning

the émm‘aqr P cordn” Bnencggraup (latkaeike! %.apg pisc rﬁaulﬁ?rgb fig rats (@=13)
Wec’rg%irﬁ%la{x{eﬁewft tlgm{aﬂ %}%ﬁ e Y ctefl ?Aﬁﬁ?& af Mtk Qﬂl@%e 16),

em cel I's expan I'n cu passage 16),
wh\ﬂ\a tte dther, oditer], gwapt(fibéd triamglep n(:6) tdceidred mnbn@lbepedmawthout

o S B Sl b S SR AR CPLER T ity o bt
grg@f)& Bor 1R &lﬁﬁtlfbr%iot‘ﬁg $tuli9 (12 Reelebyr ahk eibt&f cdoREinSidadf ifdiidual

weeks). The notor coordination of individual aninmals
aniaslsawsessesbddy BBB scoing enge ooy vesedry week. FIG 9.

Ef fects of hunman NSC treatnent on severity of notor

neur PIG. d. sBffs@s b hGARANSODIreatmest etheaverityi ¢fimotor neuron disease

ingge ogﬁu Siﬁ I orgttsaqlpg aﬁbl\g\%élreéggn Z‘ég@pme\gél %Cé@é%an\?\dq{ﬁ g’nalysis
oﬂ %1}4{1‘ ;§1eJn|d %&fhomgi% RABgusgad- &a@éé WAROIM &- &411, (1D redy 8hd Fead-cell

Panel I's a Kaplan-Meier plot show ng a
(csnigoil, €) genfits (Blwprar ati on bet ween experi nmental and
control animals throughout the course of observation
(P= OAC}EOB)mel Paized KeblsidMserglstesshawatg osighificattesepavation between

e T T
P&e@%lﬁ{’)wsraeféﬂﬁ&ttﬂoﬁ% Yie tvéo Frindid RGsiiles R %%@ﬂeswé’aﬁ(ness (BBB

survi val I me-to-di sease-onset (D) and notor
arrdeundmenqoﬂ\dmr scqrEy) betvesep ethemewo abroaps FoG0dp8 r ands 0.00125,
Pan C?shows a significant 11- day difference in life
TS Vﬁlé( ‘ween the two groups (P=0 0005). Panel D shows

a Si

ast n| fi %gnt 7- dagy differ e%ﬁ (Fbrnﬂrfls\éo S}SS%F&OHSG“ (D) and motor
r01pﬁgrg9%r)s nb(]aifﬁf‘@i eﬁn&ﬁ%\l"ﬁn@c&hﬁl%ﬁ NEhePC éfﬁow@ %251%%{'1&&&1‘[ 11-

t uber ance between |ive and
dag,r dlffrsel(cl'é—@ Efb) spahnisweeant thehavd gravpm (BFOQEQS) Panel D shows a

|IIustr st difference in..notor UL Qn suryiv
Slﬁ’é‘lﬁxﬁ%@n aryeﬁgggrgﬂ? lpvgnéextﬁeql?%%P%ﬁe? féje Yegrhdt\ﬁg oﬁ’tv? of OuPs
P(m)l? Pdnef B dfvstauateRéncRasT; 3,3 120vélsi iAchE atibirngrotuberance
| at eral notor neuron group. Size bars: 150nm
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: 150pum.
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 in vitro a specific population of cells to a level
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DETAI LED DESCRI PTI ON [ 0076] The di scl osed net hods are
related to treating neurodegenerative conditions, m

w@2006i08BAr, the di scl osed net hods incl ude netPOOESWDS/041631
preparing neural stemcells for transplantation into a
subject in need thereof. Preparing the cells for

an ant ati on .can i ncl ude anding. i j.1 "
=GR P E CyBinioantion sor warre Ao Bhaelebile Pafljigny, 1o an
erRIUNTRER] @le HEEOASOR tlch@aint®Ata HegensLIvdodegan@iatd \neural area
conditions. In an enbodi nent, the nethod of treat

| inghud@sl Hopbirg i e Bea an ofispiivecenneai o neral stemh CpilY glgf?lgient to
SUpp . i b
filRRY bR BRaBbArT oo e " hesr O M
neur t . dition. [007 . . ' .
neur DZOERE P e Bonar PR e SHSEED: B8, By Biscase
ord URBFAL NorO§ynItETRk OB cliseS a3tSefectd thdreeft tisvolVirg et damage or

i nvol ving the danagg or deterjioration of neurons.
detenigraiitay eh arcatonge  DsHindessEAy e CIFiIong ecanpipciudee b are not

i ted e ' ORLrS DirS :
R e, Bl PR ot Ao
LAbaxiStickedigngitads dbdlagidcaasiny abaiavse d3isgas€po Cloipayme Syndrome,

Syndronge, Corti.cobasal eration, tzfel.dt-J b .,
Coyticabesal DegrreiaHigh.drre Zééﬁ'gféﬂo @ﬁ%?a%?y Hﬁ‘%ﬁ%@ﬁ ASCaRe, Zéeg’é‘edys
i .sea d i h ' :
ORGP SRS LoPY TSR Do s sy Pisastes, i
Setoisiz ARarkinbar Diirzases iPeﬁi@&&ﬁ@rzmbh&r@iﬁ?mdﬂiemam@éd@iSease,
P%é&?@étek%ﬁ%éggc gffﬂ?@é;ggggsg,s grarlll(ﬁlo% B?s%%see, Ssc%ﬁg&osf ]f)isease,

- sRbRatiBhRSHeORsoRIS $Hewski TRh&eaErsalkahas dgr ster s comdition

any other condi tion associ ated wi th damaged_neurons.
aGptiated vathr drdeaged ecutong.e Ot aicwiod pgeneative senditiengpsanggclude or

cause traunatic spinal . d L RHEY ol
SSRRER B, BEAUR: 6 bR HROL Y S R B, s

traeathesranl ihpky, aa0neicditaycondi@iod8] The di scl osed
met hods i nclude the use of NSCs to aneliorate a

neur AREGLTRE alibdlSscaORRiodo Ninciige UBEuBEHLINSCS he dreélitrate a
NSCs" can al so refer to neural or neuronal

npurodreeitreties condiienr obpiusdseherain, he saims oNSCiag #lgg refer to
be functionally defined ac ' . j aGi t
ngiiFt SPoRriacY PR LEn B PRHEtARell phREscEEPTHd0e n oo
figctibR@lyNBned QbERamg taShdipEyacBy tatidfepdrtigtedinng canhydfethe three
[0079] 'In an enbodiment, the NSCs are, mdlt' otenti al
msiesteet] Rytes SR (NP1 nATA, RS lFAINO,HEG B PRFEht | at e
into a neuron, astrocyte or oligodendrocyte. In an
enbof@a7ehin an kmbNSGwenarthe BNSSistaspmudtipatential spelt thabeash cell has

the lcgpalcq:&}% tE) hc%ff%?e%%%{.et Yat % 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 toward

a single lineage. In culture conditions that favor neuronal differentiation, cells,
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differentiate into two of the three cell types of the
CNS. In an enbodi nent, the NSCs include at |east

wher@enswss al cel |l s generating both neurons andPCT/US2005/041631
astrocytes in vitro and include at |east unipotential
cells generating neurons in vi vo [0080] Growth

oGO 5 530 A SRE T ST kB A SRS, o

- difffeetingiatié hté bREodeh@rotples & mtrﬁmaptTmntHetdlﬁerehﬁwad dela cultures
single lineage. In culture condi tions that favor
o e dselsednreiade MAYHLY QHSC Fenqusonsandi 9@@9@){*@ I agngmbodiment,

thgﬁﬁ@%cy BoRAE Rk PE KT MO ER'Y R0 B SﬁELESfoi‘S?es
h f
e MUBAT Ste A HRbstmEry 61 68 PRLE% S8 PR feBbs of o

nﬁﬁﬁﬁﬂﬁﬁt@ﬁs shdh #&Nhe ﬁ@lﬁdb}ﬁ[&fﬂlumt hetheATNS REione o s/hich NSCs
astrocytes can approach a 50:50 ratio. [O 81ﬁ] The

oati eisoloind inelifoths Yonicule aaétsabvﬁm%cm@@n%@, @P@N $ gnd other
neur gepl t hé%f umm%@gdrhc%gc@gcg? gﬁgve?l%rﬁom}lmlﬁgtl 8%:( Ogséinln an

eBodighyt @@ dindbsedemictivdy enar taplogr N&Qd suidiventin iregioas of a

zones of the CNS_and other CNS regions which include
deNelRINE MRS 6N as wel | as post-mitotic neurons. In

an enbodi nent, the disclosed nethods can enpl oy

resi mf}ﬁ%@] il anegnbcwhmsnt ath@é%%@wbﬁ?amﬁﬁiaﬁoah a@I\EGE(‘:S which is
%c il%f %chefgp gf{& p?#tnghd}ls&sn Obf grp%mﬂ%ﬁon of

WIS na eurogenlc or a eS|
céll%pmh?tlillﬂgd@fhﬁn@llﬂs lO{fSa sﬁfﬁcdﬁ&lrm&d hepotlypd | whichf canedeplice or
may i nclude the cells of a,specific_ neuronal..phenotype
SHitH @ﬁer&éﬁchléﬁp%’ée lpst %Uﬁ‘ﬁ‘i’té‘f?éﬂta neRElogiFAL BRG] g“'l ost or

i nactive in a neurological condition. [0Q083]. A varl et

of dil#4331 éntvarethir Sndif e?ﬁ@bt%?ﬁ’é@al SwlivRs ierleding dhepsepsgiul for

or t t
ol 7 b Sy RESLAEHE AR RO EER 45, B8P epined b
il dtingr MBCs afr@asdifferane gaJréHSSmOfreglm GN%@@\I&CHndsscross different
di fferent gestati onal es duri n fet evel o
SRERHOTAL OEeE QUIN SHRIIATTCRIRIANL oy NAGS 470 %‘feg Cﬁgeﬁeﬂ% areas or
%{? B? RETEORS. Md L& Qtdlﬂﬁ%hf‘tg\sﬁﬁt%naﬂga%%s ar& J4e&drof Wptimal

expansi on an neur onal “di fferenti ati on
egpaivnt ynd Cﬁwro:mhl tdifferbmtidtivar kapaoity.t h©neanfrahe dallgngks of the

n%g%[}g%e d ﬂ?%g@ggg#ﬁg %‘?&%ﬁ‘?ﬁﬁygﬁs PRSP Ségﬁ%i%}é%gqt&pn of NSCs,

F}t@.{&ﬂ{lg 294 % S’ntﬁﬁé(‘!u%ﬁ% n@Fatte Bﬁlﬂlr ek Esthicy Pesrohfl subtypes in

Furt er nore e cel froma partlcul ar
Cﬁl@mral Fyehemmtdrgribs callydramy pegtcabur ifeshl gaiatipral sige msyicstablish the

p[a%ﬁl\é%ﬂ:% re Jva}lc%eofgllfé SHhE egd c?e?ll I's.

[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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[0084] In an enbodi nent of the disclosed nethods, the
cells to be transplanted into subjects are derived

wo casdees human fetal counterpart of the injurkdI/ongensb41631
area. In an enbodi nent, NSCs are isolated from human
fetal CNS regions at gestational ages of between about

.5 to about 20 wegks. In _an enbodi nent, .gcell Q-
with o Sestphite Bpt S resop Al i B R R abeifiih 87 MR ifcates
thRONSCs Thdhav@ e UhteSenrieks progensibiubel B6t appleki adlgdor a single

that the proportion of the Isolatable neural stem cel
popupasitoafepllcan vary with the age of the donor.

Expansi on capacity of the cell populations can also _

var yiRiosh] tlihe rageortén pf éhedpaputatioguavitre giadwding 4188 A-producing

e et oot ot BbuBbueni tor ¢ and not a8 b ank

cell r Si e ul ati.on. of .cells. [0085] The
o opBEpb e NYseo (OB s GidPraif o xpnalenatey groinet from the
Nge@%bparh UEbRGhB ’pnaNSort Sit 4RNema ?é/sta&i@)ﬁ_ﬁﬁ ahde. aln diilar, the
-10% [0086] The NSCs of the ventral mdbrain, for
N&ganfrbm, ther eveniralt imdhraiir oxglusieel NSgiye obsenite elrdstisrhidexylase-
spinal cord.at the sane gest aty l.. st age,. hi .
PR g, foRAmifsgion RO, e VEGE gt dfispipl,cord exclusively
g% Edtd Sic¥§i choBh Brodusifig t éholinergic neurons. Both cell types, however,
tyrosine-hydroxyl aseexpressi ng dopani nergi c neurons, .
simiudipeeouishisEenerplsmithenanetsi whiqusery elremets vady GaRarppducing
acetyl-ghold ne-pr.o ' [ j ;
oG FSROEHPAERHE Pef e BRISE SRR EL Y afifle NSCs
fromil thel iveiids ngildbaiptoareat behdBGRBAR-antedidratedor atennatng . at least in part,
Therefore, .in an enbodi nent, the discl gsed .net hods
by g iraRlapiBtieR A AONBERY HoRHAEHEXRIESHIIEaf ORATHRT gl cnqugons.  The
»| | 0 .
dlltsélggééir @%@lgdyd%t ﬁ@ﬁfﬁp‘@é%ﬁ t@?t%ﬁmg% MEEMRM e Blnal &B3RT to treat
néwrodepienerativel roxgitiase -amepioetsi g dspaatederyileashéurpars . by the
. .Tt‘ie di.sclgsed nﬁt hods furt h(gr 1.i ncl. ude obt ai ni ng NSCs
inplaptAtieR ok preidc bl PR e OIS SRS er at i ve
conditions aneliorated or att enuat ed, at gea}t i.n e
par t [008y] tlius.i fapireamant frmeyemane Cirrlss $uth- 25 GHtiRIoRg discase
Wil NGl ?erf}@(g rb?lntﬁe 1680F dophitiger ifcotﬁeutrér%?‘ﬁﬁ RittboRfment of the
Hovenent di sorders Such as arklngon s di sease which
disslosdtamattiods irohatiebyhe ime df3SSCoflertiedaitm engirea swshragribe ventral

an enbodi pent of the, discl osed net hods i.ncl.udes it s
1 e PO B SRE SO ES GRR £ oy 2ddiion
' | Qn| ' r Q4RRGAAISaRS ofiRRAM TERINH S eNMRN FHuri
t}{ysﬁgggs%gnt{bi g‘lﬁkﬁll@crl}%gg |t?on,ét%g§ 'cl)\lSCs can be ok?t ai ned _urmg
whichangesgetesionaf daprmiofrgin mavronstial sueioriialp méyseodinglngin an

eggigéi?@ﬁf, l’Héc? _gi%&??%eiélfragt%&?%%%c r\?ﬁg §h%rﬁng,p KRR ok fhe 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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enbodi nent, the di scl osed nmethods include obt aining
NSCs fromthe ventral m dbrain derived at a
w@ewbasicehal age of about 7 to about 9 weeks tRBCT/DSBD5/041631
novenent di sorders. [0088] For treating notor neuron
di seases such as anyotrophic | ateral sclerosis or

Ly S R g R e

disdagdsudes the use of NSCs derived froman area such as
the spinal cord in which neurogenesis of ventral
not {
0 ‘{f ‘Qﬂéulhsoes Laibd,ah \fe% r, 0R42EA SNt caes, the limits of
gesﬁgt nal age of%ﬁﬁn&n fet0 dével olrrent duri ng
 suchiregiomsd speqficies iase Gfirly éneadafor mcrblcalnpwlfpéﬁﬁ\@ i $hus, NSCs from

subst anti . Accordi,n i n.an enbodi
vggs apatefPbaeal St AL doetigt B0986: itk ARiDeR] feements
cadohised fn@er géab(-’?y W@%Sllﬁc}ﬂaﬂté@@hd o ttRfat rlewu@ns other than the
di seases. It shoul be aP reci at ed, howeve
=)

comatondm @@gm oials@ﬁSQSh & arj erpomg Nsé?@c(liﬁf%‘/és.fm@lcemcal spinal
eC| icity. a r
| DR Gt R R T AR B0R8Es jo
luﬁl%alcwgtﬂeﬁfslo;fatﬂaﬁér&m c, lunbar, and sacral segnents can
be used interchangeably to be inplanted and to treat
nggsqt)oF SNOtH &En tahwgl%%s H‘@é&ﬁ@d ﬁ%gp?eﬁlﬂamlwndgacltumﬁsaﬂaie NSCs
or exa erived from cervical spi.na
demp@l f@ahp‘b?é- gg@nd @del dagues wsquaerltavaoq%rvaiﬁin@ NGtht Ipspect to
a e t
cg]?acntart CF%){B%% 151{%@ o %:1%‘%0111 K gg& Izlsso o gslflgt'ﬂﬁ]ﬂ ﬁoﬁh and
dlﬂ@féhtlﬁt&hlad:haﬁﬂﬂerﬁﬁldds t Hovastieshe &ffiCkncenif e ditfa tolation of NSCs

post - natal and adul t tls ues are guan atJve
@amavglpsepﬁstwt@haqde@‘yg& 831% pempch %@E fl%p ispla 1Xn of NSCs from

fei}:‘hhgs% g%%@h L Sm?]f%uafb‘ﬁﬁéan@?gplﬂﬁﬁcﬁl ofASSUE! Ne@srthdless, as with

Ir erentiation characteristics.
fetddvdered NS@Gs, éfefd1ml®ad yne(bhcfds ienablé at loasts‘dobatt 3050 o6 NS@@srived

from var.i oys st - nat al
BEPR A RGBT 3PFBR GrciREEaRHY ditp Feon o1 dites i BRpLne
aJWdQR&QO@Q&ﬁ baRsAes B | aBbV T 18E cASRET. fetal-derived NSCs, but
Neverthel ess, as with fetal - derived NSCs, the

thduscoDspdtismehisdselmadl e at | east about 30% of NSCs
derived from neonatal and adult sources to . _
di f f @Ot Vatieusi mewronglusdrigpdsncan teoobtTingd, frpms manggpuation of

oy RS A 00 R st o

thel GRS hivtydef @i diso bRAYhH pVAfi® GHn! BheP Radle vl by RB%anted
can be obtai ned from mani pul ati on of embryonic stem

callel tosingxpenthedreswit,cad nepded, anduean bpaesd ifer Heamsahlof the same
on the disclosed nethods, can be

n?%%cf%?%e&atévr%coga}qoplsed fromother irrelevant or

unvvaﬂ) 89] 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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cells to inprove the result, as needed, and can be

used for treatnent of the sane neurodegenerative
w@emdiosieens. [ 0092] The NSCs in the di scl osed PEL/DRE5/041631

can b e derived fromone site and transplanted to

another site wthin the sanme subject as an autograft.

Furthernore, the. NS in the disclosed t.h
R R A e el
poridO SRERNE BheAFafel infolifrddd subRictd. | further, the NSCs

in the disclosed methods can be derived froma

gene[{ODQ | A Yol iSRRI dhe TRINGA @ byt ARy SBARIERBGH&S In an
-~ and transplanted as an allograft. Arternatively, NSCs

entlamtlitoentl Bssug esidissasinterbby |5 liagical Giteratipm HSipE 4ritipef and a

.a xenograft. Wth the devel opnent of. po .
i e PR stk LIRS St ¥ SLipR e of FishRIGRd s, suffcient
difQRIABABE s¥eMh bRl eMcROtEls SUGEIRE toeamodd cpeasivesiota cell

of porcine origin, can be grafted into human subj ects.
dengs®®3] A sanpl e tissue can be dissociated by any

standard nethod, i an enbodi nent, tissue is

di ss[@OP4} Eat snycegsfnt ¢enmersked applidation of WS&Isi maAiRRG rebust and

: i pet a I val ent tion-f. ! ff .
o B B R B B L Sn T PR b g

mPhyP SRCERtVcOfhsiaed B @dsiiablar 9 dessiibé@l sbave] the dusturtemetheds can
to avoi d excessive local cell density. [0094]

! ; . For .

besonttniged i achinvedens-termagiphle 6¥pFISIPNCT aRded Vidyal W?lalmﬁ HJVSCs

rob and_consi, st _ e ge e
ESoHBE N LV DA Mool RIEBARLR e ciinc
p@%@lﬁﬁﬁ kofRrti@ssages is desirable. As described above,

the culture nmethods can be optim zed to achieve

| On%%do%pro shigRh& ieXRABeh Qarpfsindily foval \thal padmohgd thei adaesion

of Cs Tromdifferent areas and ages of CNS |
ofINGES EPISER) tanhiswhstratsi sontriitesgtotasepleraiing theygitotic rate of NSC or

rogeni tor properties. [ ' '
pRGSRR RS, BRRE b Rine! G Rkan] BnbdHcBmElihe 4 InohéPorkEeAulture
of NS§Gsor pr8génitorbslly. alnepptinilar, buhddititotagswedieg akcesgive hecal cell
mtotic rate of NSC or progenitor cells, tEereb ,
dHSEYT EhgmSINGARING C EHOEEh hETEBRENONS i Hfsr Boioptibpd that the
oG Bt?zgtf“ongf o B e11RIP 36 RO ?rd’iﬁbg Saffelcf‘ tRATbASWrAT mitdtic and
GOt S SUoTai ng excessive local cell density and
diTRiréittiatioh Bgpavity o &F8 Gxo Elenexteicelbulsr, matixhersteimsesanfinelnde poly-
D,tofyg%]@f 22)013/?12— enlgetr, ﬁéalq?g-ipg-&{né })ﬂe:n-at%gi}%- 102{1}&1%&,“ fibronectin  and
cShb e thakh P OGEPEG b YIRAr MEES prdibs @ idfrlevdliaiis isotypes,
matrix proteins can include poly- D-lysine, | )
fipginyatk; tepembimanipfoirys,Dorosymihtatic naimasisk w1 fibsmertimi Jawin, collagen,

fihron [ . . e .
and tle?r c%%ﬂir?aﬁ%ﬂsd. Alternatively, 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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conmbi nations thereof. O her extracellular matrix
proteins can include various isotypes, fragnents,

w0 ewonticsant forns, or synthetic mnetics of PCT/US2005/041631
fibronectin, lamn, collagen, and their conbinations.
Alternatively, or in addition, it should be

¢ Rt of sasube b e SR e ERapRAsy 35 By ner Aositea
oﬁtﬁeetﬁﬁﬁ V&gl defeGhetb GRabiRtytdTahe 68N Fdrdhy NS@R|engbyed in the

I's adhered to the culture substrate during the entire
- diddlosad mathods, tchecantrptionseofigiol ynaert cab dierwjithin aorasd of laﬂtween about

ORh 5 R B e 5L bR Y DB o e

d@écﬂﬁ@i i0.00 84 [HEEER Sufier, odivhice rae feuili plid g ibphed to a culture
ymers, such as paqly-L/ D ornithine

V?ﬁ@ﬂy Theosyiare éfeSSélalﬁ ip@ibptsd; for 11&1095 at E0Ph Seraperataye; aThe oulture
v&ROY ﬁ%eﬁ% rgﬂ%hlggﬁlse%a&ﬁh {3tk i % gt%ll tohis@e. The

ur fion can a s ct the fina

2??2@&092; ThRCBIAMTER (SR T SO Al Bl SRR culiure

v@éé@l's e¥igfah BxrdtRligiab ﬁiaﬁﬁeﬁrdﬁah hadlsin @W&ﬁéﬁtﬁtﬂemuﬂ:f vessel is
%gfr can be within a range, of, between about
trn@tp indbrapeniin ar rhgbmnectut eItz f ol reahe mdwﬁﬁ?rtrpf poly-

1.3D-oRkrY cP' ok Y9 ﬁ)t ! a?,/Ib ﬁ/ I d(‘f(%lcﬁﬁl 6390\% OW&FIEeDn'i_’&)cf?MEﬁte fibPdnectin

wat er app to a culture vessel
prh]ﬁn @méﬁaw&ﬁmslﬁﬁﬂlam adnncishatdd Iif shioull beoappradiated dowever, that

erature. The cul tur | th th I .
| am( ABEEOUIADIY Em oF SAHBS BF FBGM R MROIT GRS Ti5599h dporcine or
C ﬁ@l ABRAeCHRE h%%m% AAne | B ohd26ihUdSa 0L EofC Idkdd8tiA Nroteins,

ulture vesséls wth an extracel lular matirx protein,
syrithetiv pemxdds redt otherheheouddl umieneties | fitirgnectinat cenpembodiment,

f b d f | | he
bR Aot BE ol BoR] Ef“% S-SR i) i‘?evéﬂr@s‘? ne
S?ZE&@%C’#? SRRt ol ne e spansian Ay B Tufhah spinal
cBRPHES 'cﬂ%tﬁ@ V&Qé’l’et‘éet'i'eatéd" htha o zttghﬁf, Stubd @hﬂ)-@}ﬁﬁﬁ 3104 period

SO(’JI‘ ce o bronectin protein c be used suc
spificizinh éo aillobothenextfacdlwareprotemn to ddudid Radtcoat the culture vessel.

fibronectin, fra fibr.onectin
SugheraRs Demn et B8 Ty e A DG AP il e sy The culture
vEdsBr onasd éuBsecfu@n@}nwﬁméa iR hter. DAL SR deNg the(bultuf&%dﬁbel the
to about 1ng/nmL fibronectin can be be applied.
v[e@eta@]n bmtreaterwﬁbcﬂbn’etrﬁ5 tnagémluﬂbrﬁgecttmef%ﬁp@tﬁgtwelafﬁve minutes
tq F,e@lg{aé 8\53sth r%%éi%}%ﬁg_ltur%oorrgb?ﬁt%n% Slt %Sg%c?ﬁ;gt eﬂlp?oygmately 1
hou fol felverl diye Alk7ew t Bebeytembe tHeufiongtiatean metrembwsddand the
to and coat the culture vessel. Such_a ti period can
cpbure giessghean be washedrhiges sneeorHyae it RBE#nHbYes. The
culture
[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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vessel can be subsequently washed with water. After
air-drying the culture vessel, the vessel can be

wo e@asdssi t h about 25 ng/m fibronectin for PCT/US2005/041631
approximately five mnutes to several hours at room
tenperature or about 1 ng/m fibronectin for

appr oxi, mat el hour sever al. 70C. "
it e Purdl o GDHBE tat iz, o Flilfcioghgondiions and
rebe'dhéiB&t&’ Q8dfhs ‘?r@('ihlﬂ:% yarhedMD JreRebls oieefR mah@i@tking the
S unti'l use. [0099] Alternatively, fibronectin

nevaal steen eadldaw fonthsraplewtigusewt h nedi um as a sol ubl e
factor supplied directly to the cells. In this
enmbo@0n®0it , NS@sarc ambbéinexpahel ébldtgd 2ddisraye Bddegd tﬂLth@fcluture

LI AL IR PO TR 2L 20 R s

' cJﬂtxj?Jlﬁébel%t évrén YRR B8 hillResiint GCIAERduaP Cell LinNthe ubuidessel,
growm h nmedium as a soluble factor at the tine of cel

aymliding hgalizedpancdintiatiany of cells.do eagehsdshe erturafagdNSCs.
commer ci al -scale culturing of NSCs due to the
r el aiovel]y shokt arsérabddimiehte NSCsfardexpaaded in-thoabseuice of serum.

Th
inen oS TRt Rl i3 el PR b tvoid
:@%@ﬁletdf%m@@ th %Bﬁ@éiﬁk‘&h@ﬁé bft 3rGH GhffRSert 86 Westabllid BRI mitotic

rot ocols and manuf acturing the neural stem
ambtliffemrmatwropapméyaﬁeNSCc s edditfi@p E3ppsure odrihe NSCs to certain

th | ate Cs
SR TR o R0 B SR G 86 P i Do bt oo
@@TF)Scaﬁ%[sosaw@bﬁlzs INSCRUEH sBowle s atyided nt r | but es to
even di spersion and adhesi on of individual cells in

the '162{|f e VeRARleendVAi Bl Nilell &6 Blel ABHrLANGS RdBlof @RSculture
of cells,"to enrlched the culture for NSCs. [00101] In

paxess b cuthamet the 8Os thao & thex¥S@sie Mitegenh sam hadndeebasic fibroblast

S35 e oL b o R A B o e

(BSESs trh@sf@ﬂﬁﬁg Efd vath I£8416r-81Hh S @TGIN) Sakdf dodi beitiohd thereof.
destabl lize e mtotic and differentiation capacity

V“ﬂ?l 081 1 addi NseR ofiPAsHERd HhethdtR MBS ofSviCid @panded in at

tors such as | eukem a inhibitory factor
le(a‘ailtﬁf)o differsnt m]rh;re rfeumt O@pffoml P& culowre (iTNTiys aapgapgased form,
destapili.ze an d be i.ded. ]
CRIPEGENITEER Bo 5 qaul B0 ARSERTTG FE TS oo iget gpepension
- chlfRe. C%Bﬂh@ﬁfo@h%%ﬁ&uﬁ&n@lﬁ&@@tﬁsﬁdﬂ@dgﬁ&%ﬁgreﬁaté&lﬁmed to
Mt ogens can include basic fibroblast growh factor

ag siopciliire. fi brobl ast growth factor (aFGF),
epi dermal grow h factor (EGF), transformn rowth
f act pi0lakipha ( TiGEalispersed adhebsinhaulteesof ﬁ!@r 8€s qfobg elzyclosed

rgigsgﬁg&]at hﬁ glpfrﬁlaorsneo%o ct-:rh%d\%/hlcc 81v1c9,1 Wé 1r9t1ally 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 bottom 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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| east two different culture forms. One formof culture

i ncl udes an aggregated form comonly referred to as a
webuwshsiwesl, aggregated formreferred to as a SEGPESRDBHN1631

cul ture. Another formof culture includes a dispersed,

non- aggr egat ed form referred to as an adhesi on

culture. [0010 erse herent, ,cul t ure of
erfhog RO e TRADHH e ABRUU BRI ThenTdr 1o ¢lbfisTh less than
gﬁmhpa s ef‘céM"thialdnnd' Vi dual ceI I's initially contact
cul t'ure substrate directly. Eventually, after a
per Islt%g 13 | NCuRAlHh QN g; shﬁ@tl\%elchéra&gﬁstﬁao‘b@afﬂlecéﬂsb&sé@ laftherent
clusters,” wherein at I'east one additional layer of
cultetd & thst fherMEcs of thehhsddostekianeﬂha@sa dw1®/@ngfa1§r2tt¢1 dagghit¢rscells,

ealgﬂ E‘%Q‘Sﬁ’t%gt i tﬁé i?‘?plr?gl bﬂual lggfﬁ d(l%]gtlrj eﬁse? dherent

cu‘i:t'd{é SH8SES of t‘ﬁ@ ‘ElEHcR;sé’(ﬂnﬁfhoﬁb et ngRk lan GRpeision capacilyl ap\wetbast 20
to reach high cell density, which, in an enbodi nent,

cells doubings zedthe oabsgpp. ﬂﬁ|su@kép‘élﬁ13 @gfﬁergmtlamg@s dfost NSCs can be

T

arPEBs BRbnC Wt NSEs efpanbedriod iespersed aﬂllf@erdlcﬂtthm&ffdhe disclosed
met hods, human NSCs are enabl ed to divide in less.than

melhods flonensaips éanced| incyrapak; Sifferqyigion) erBendise: m an
R L5, R AR SERL iy O S BES oca o e

5@ \WfAESCo dﬁma{tﬁteelrﬁ@mghrtoﬁs ditosigh ebe dispertsed, radlhgrent form of
their mJItlpotent capagity._ In.an di nen t he
CUiuEp & & EXPTR BRI e ettt (Rt Rt TEtpda dey allow
hifhs GRRR el fferin®f difibreh 8 A entials
1st~3 F’Qg ?é%ggﬁﬁlﬁa?%mg%ncesof substlggt |1a e n B
e1d16ff;evmﬁtdrm viem. Most NSCs can be expanded beyond at
| east 50 cell doublings before |osing their neurogenic
pot efunileb] | n Fhe prebadinnaidd albd ellcN&‘s:e;lonad;imiatm offiN$Gefrom a

di spersed adherent cultur f .the d| ose
vaItsin A5 SOHER WHAIK Eshetifelir 'rfo tief} P &e qna?ﬁdf?ggefg‘ieﬁﬁ nghus, a

WrQseak, ma
vy ARl FORABITRE, (10 SATPEr IRA et R, may
belidetiad mnd ¢alt @lture dislnprepand as deschibedytbavihe di sper sed,
adherent formof culture is a nore preferred form of
cul t yoap71 he diAf fear éayts mubWurgesemmgaﬂsmN,scm theveells can form

i saolation of innately distinct cell pop ans 1
wellRABRIEA golaries orbn oL s b De i &5 BIEHER T phepy§ at Leas
als)({ o'ﬁovﬂovéﬁouﬁ @6@@%11 The, %ﬁeéﬁwmﬂ@ﬁth‘ag 18L68nALbRWS of cells is

nal ion o froma vari ety of sources
rrmmédnupmgah atml dnovnttitéd mihwdnaltyr td aclrashi el ofltuedidrsuch as a

1S, h us
mu ti-well pla

[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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very | ow nunber, preferably |ess than 1000 cells per

square centineter of cells, nmay be seeded in a cell
w@06105883li sh prepared as descri bed above. [ OOROPSA05/041631

few days foll ow ng seeding of the NSCs, the cells can

formwell-isolated col onies. The col oni es may be grown

to a desired size such as at ast abput, 250 t :
nesiys: £ Redng HiDuafior TR spddhY bpamaled B B tsotatea
wiB esdikGodBaibahdds. pi cked and i nocul ated i ndividually

to a fresh cell culture dish such as a nulti-well

pl at R)Olb@g )1/08] ] &9 |e%%@infén€%he§@ﬂi&lﬁ%&[‘%r e oflonal neural
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* stemlcell pine caebe aldusedetin bedhifther encishedviony petitsilag sehbispe efdiqurons.

A R o R B S U B b Pscreened o
ideh gD edestiveCisiiabrsC 6f I paktici®s asigons &lith 450 tRdsihe hhyldesxylase-

a particular cell phenotype such as a hi gher . i
expressgt denpngnergiou nerans §0dtapplyicholag-peodyping echodingrgly neurons
ﬁﬁl%l(]lLISélé 0f ﬁqi@d}ﬁi'ncd?%ginfa%oé&y T8 'd¥¥or. or chemical or combination thereof

ydroxylase-expressing dopam nergi c neurons,
 cdpABAenigbdured rdarisg thbehitaiier pliase nadfoo ke aifferastintionsptmbe of the
ot her_ speci fi ¢ phenotype

oo ;
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flﬁfeﬁe%/ %gﬁ%ﬂgg a?% d@ré&ﬁﬁ) ﬂ?ﬁ&?{o R PHIiRORM G&labe. | | Ne can

er enriched for a particular

su bm{(ﬁﬁ 18]f NEURANBus %Fﬁ}gﬁgg{ug%eeg rc%ﬂ'tﬂ% %@tﬁﬁ@ﬁ Sfrom isojation of

che. cal's, and natura ave been screene
sted ¢ddBritaving efdeeieéd ddfdramiation pavérnpar titroul Br vieuresults can be

such as tyrosi ne hydroxyl.aseexpressj ng dopam nergic
| SHelRREARY srprodreed yr chet i Hias ﬁ?qaag 61?%1?% HeiepRar gigecy of the stem
oo, e L NI oy U AR SPh M BPUR stfl ells i viro
Ulpbh tixg detivadinthulivengpst-haahsubisctse NSiasia cthdy ar undifferentiated or pre-

differentiati on phase of .the . In an e dinment, a
difisgrrdeied sice POy dor b argS 0%5%%31 Hergi @b @ﬁ%‘f{ﬂ%ﬂé“’?“spaﬁem
obdéridaes, wHbi el RSC i{;liﬁg Qfse ROBHbsihe BRdioRylak&ptoducing neurons

Par ki nson' s di sease. 100110] Vari ous neuronal subtypes

irc sitrobelso lgendmaedytosine nglboatliserproducing pewens & Wagi rfgonyersely,

. ired.differentiation.patfern ifn vitr s o
NGRS LR R0oRRY % Bl aion otabghnvivo
dgeshsrotihal tyfRfedeixylat-pefdubgeguehs hevet em cel I's in

vivo can be predicted by the differentiation pattern

of 1 'ﬂ@)mfm CcelfsydvBr, v tifffefentitRON ¢tk eflck@ft intard i M€ limited
post-natal subjects, 'NSCs, in either an
comglirkd do dimse st edvoor Thusedistbsansial ifiecaen of Heediffgrentigied sieurons
n‘Ea?/ n%t lG)%IZrH%SeS z? thajeor}tne%rrg)tgaﬁsn\{ftt\ép P ei:nfotﬁare? %d(ﬁﬁ&ﬂ%ﬁ] oﬁ’%t stugﬁ s si gnals
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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observed in vitro. Thus, NSC giving rise to tyrosine
hydr oxyl ase- produci ng neurons in vitro al so generate

W@ 2000953885 hydr oxyl ase- produci ng neurons in vi VRCT/US2005/041631
Conversely, NSCs not giving rise to tyrosine

hydr oxyl ase- produci ng neurons constitutively in vitro
. do not produce tyrosine hydroxylasg-producing ,n ons
indpeigg \Agents O@Hﬁ ﬂ"%?lkg‘\%% e‘?’},n%]g i e PE nlt%pﬁlﬂ o mcl?ﬂllgeg g\}r{{éls g Rt NSC
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si gnal s can be use o re-confi e the.di.ffer ia .
Th SROTy o eon o SRCHs PG PR a8k TheingUIEHRRtelel with
vk MEuseddlls drffetipBethl abiveis sy¥Ras-dbavel ¢ sbh las trigutab crest

respond to cues present in vivo as well .as in vitro.
céllsus, ganghienigmefitand. | NBGs icee labsai be: fregted athseackimls f golecules

the spinal NS enerate. t ' i nh
B B SRR G 5019 gl oo cance
NEQUScprd¥Si6s offidtdt Ratnphefotgpespl astic nature of NSCs is

a characteristic of their nultipotentiality and, as

suchrodihsp Pl aghi Gldu¥e CRRaRRAUNBE te@picdetdil | 6fy the dopaminergic
phengtypelnducing agents and condi ti ons which can be . .
phetmotyper oft bmhamevidhiaih, NECASE [spierarithrinelscyles grdhea lithium,

ts_p ti.es 001 1 0. [ :
b RO R Ao b BT, SPRREL T M £y g s
sGI0 cbilSSHe ahP AdrakuitBihahasidaexpr esks abtabfedmby oscreening or
neuron phenotypes. The treatnen%¥éo d|t|on§’|8§&§?e
combi:ltatwmsrﬁhﬁ@ot{ls&t;clbmdwrémfint g7 paabah hedtangPlaBief SNt 1p express
vari ous scl S .Qr ' | nervous
280 81 ‘83‘1?16. %/Oé%mglg%r%lg pgl S%ﬁ%ésﬁﬁgﬂo?al crest cells or
gangl j oni ¢ neur.ons. . C I reat L 13N meth
cockﬂ@ﬁﬂéfof n&?é@bﬁgggéﬁgaﬂ1?8%g§é§£%}§§3§%ﬂ§% methods can
RSB i st e R QT ool Wb ORsplantation. hBorspaxiatunc pield ¢fhe cells and
enhance NSC expression of nptor neuron %?{e%o& ¥%efs. lantati
fpOSBicity o thel peeccdteafcwdiiNgtt @iiFFeishacgied ffelranspiantation
opam nergi c_phenat y - j | htedVSE8s.ar 8 should b
V?l?’lgrétcé’alpﬁg?% Pho égl g& I %? 0@'&% as lf}I lﬁdﬁ?%r@mﬁﬁh&NF, SBDNF, Sho8 °

PhRcRAMbivByere tydt hr afinei populativonafi ¢dlisrjest steding tor differentiate
cells such as_  Sertoli

t cel]ls, or an ther suitable
sppeiAeoaply cap alsaexist g tgﬁh@ﬂ%@&@ﬁéﬁpﬁﬁw or
conbi nations thereof. Such inducenent N%iza:? en kg e }tlhe "
trandpPbifled NJasan erehqsiaes, DIFagiEn {ijpgices harvesting or

BRSPS Y O 0 s et

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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include pre-differentiated cells for transplantation.
For maximumyield of the cells and for sinplicity of
wo b@epswerdure, a confluent culture is harvestRdr/i82005/041631
transpl antati on which conprises primarily a popul ation
gf undi ffeLenti ated cells. It should be appreciated,
owever, that a_m nor ulation of l S,
et tegeate! destrpott oL iBe SRR SERy oAl d o degpesed
prépégiidiPoftNeCé.ncreased cel | density. [00115] In an
enbodi nent, passagi ng NSCs i ncl udes harvesting or
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congenteted cby rigief heentifligationy orle selispsan diee fuydien gvaghed “mnd re-
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~ surface. However, the cell cycle tinmg of human NSCs..is
celmichan ohgere-susapndesderit RSAECeZingh WRENTH FHSH NScanedia plus
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nariONAe. can TE U H s Py TREp At BAERLi e viaite
of MveQQ8Y fbiNa bRBomcaSRAGE oFftingd)Z iral iemibbéaicmg the storage solution
repeat ed deactivation of the mtogen regeg%)ors can
Y-

cah dwdadapted tdcher wad dor phippostlivereeds Ingasady-godsee{oriylagion to a
enbodi nment 0 i t he: A | o
o
cefld o hedistint bes awasihelddendn issilitjpandtig fhat earf immwanktpin a stable

tel;l'ﬁ%’i’g%)g? lfill;p)é,e %3%’?%5 @Bgl!lt\l}l(%’ ipSa?ldS %H@f@ &?i%lé Iﬁglg?ﬁﬁ Bﬁﬁfoﬁ.{f dLive cells
st%rtg? lra?ggtv&%% Rhogreat dnﬁrhézgﬁg gt @} apdlt 84 RBdrs 8 labeutt 4B hours are

S can be re-suspen in a freezing nmedi um such
engzBaftubtl far phatmedi ofixt diydaselbf conidieon. or any ot her suitabl e
cryoprotectant, and frozen for storage. [001 17] The
hi befonatgjon soinudn @Abodindeat, the edliacir¢ contenindted in & Iselution such

viability of |ive cells f I d I, foti

o5 thanclivasii, e, FiREaon AgEoBie M oS Ay D o
¢ P . ) I

crp ot B, Jefi o NoRRARycd bl priall, RIIRARYY WBIHSAn be the

sainiﬁlT:bdi diifféreug dronSuhe afelle dewsityi faroadminetration pyfi Hy tellse In an
" . , . j .

et LELAR L e SRR UL s

mE&BM@? b et dg0Goandiiaberinidblifer Gepending @RS fadbrs such as the

hours. Live cells stored at between about O0C and ..
sibofithed0iEctian, thdoenrodegehomtise sotushefithe 4@ cefiy siey the minimum
doesrégr{eacgstsgrtgfl E)r faotgenteﬁgl%} QFfQét, gr];d %X%it%/eﬁ&ee-eﬁéctCc%ﬂgliéfaﬁgns. 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 iny ection 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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[00118] In an enbodi nent, the cells are concentrated

in a solution such as the clinically usabl e,
whpdvenssass on or freezing solutions described aboOwES2005/041631

an enbodi nent, the cells are concentrated to an

appropriate cell density which can be the sanme or

different fromthe cell density fo m ni.stratiqgn_ of
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neserpiser he gy pha dHCe ABBMOHEhES e gyt erea in order
1B QS Se e Gl E Afoat bR C U inftdti6R Voburaé, Rovedlet, Memgirdsyatiof pressure
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exiedlied Tore theo hostetissiie randi tei prolonged injRetiank faisdagogalef swith high

.are suspended for .delivery.1o -0
injisnigh o rs aresearp sy Rty AR SRRl T b o O aBfor cels
1eafld 86t épre@idHTRnd epBEsBentp fjudyhef ith¢ dmbsi parenchyma@ntssue. In

the degenerative state of the tissue. Mire red
atéqrenting ¢xldoyapensaée [foRnaPlumenFnSYRINtH ke dgtRAs BFvgnErduLre

q : ! A i _
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dbelonelasey tight diieeriiel dfihé trawspimitecellfland inhpets dellmiigration or

of the injection_ volune can be determned by limts of ..

spispgine SEPmting redecie feagopl %F}ﬁ@q Aj %Btt?‘g ﬁ‘f?y?o?ftﬁ?%"%ré’EmS‘“g
Iy [dutdpuring the host tissue, as

S%@F&ggﬁgﬁ%%r“tggtﬁ%%sggtﬁ'ery tinme. [00120] Low cel |

sur V'ég(?lltz &:])f doriﬁrcaﬁiiﬂslt Sasléslieglgg BF girﬁ\groqgﬂ B9 alB8vivo of the cells

nece ed the delitvery o e quantity of cells
piréfi)fa?edtrl_%} t@%itd\i/@lc%edi f?ltﬁolda,_rfearer: mlmbcﬂ‘lenf celds ﬁbmn@d per injection. In
effective treatnent. | njection vo wever, |.s .
igpivin & Epes Lo Fous 4RSS (B BRPREF QT4 aRLEorisUE TPV Bre ioyn to exist
a&t%fe SB{ %o%ﬂ%e?roﬁnhfecﬁfng Noft irﬁ@:ti@ﬁs&%ﬁcﬁfsﬁgtiryg tfan{ficght quantitative
] ection volunes exacerbates surgical risk. L X
sheldvdliwied khe disvlesed njetmids.onAlsb, besruse @I the quaniistiye survival,

T

V4R OBt dofil RES corltBRYMRedTRY B @dssityayfeatioat Ujooedo about 200,000
preparation of high cell densit susBenS|ons fo

t he
defi§ et i mivsolittowdnesn emboiphente pPottenPq yio p%h?Hbtgé?sOOB cells per
tjght cJustering of the tr | :
e R
&S dRetd ¥6,000 @8lsTpBt nhayhRel id ukddni liedn anemdaneht, the cells can be
conprom si ng seani ess int egtati on into the h? t bout 100
ddliysgd to pOceRpMEnt HreacspPEed 1 a1 THEGHOR O UBE O f&i? HipB goou
survi,val in vi

microliters per 1nj ctiSn %Ete.t hlgorcéla}rﬁ)le, 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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prepared by the disclosed nethods, fewer nunber of
cells are needed per injection. In fact, up to three
w0 200h088683 | nes t he nunber of injected cells haReT/bsm®Ns/041631
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over atinme peirod at a substantially constant
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diatagee of appheximpichal Ocmicenshio shnuteTAIOdniseans, In pe epbpdigent, the
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umbar Tegion, for exanple, only five pairs of nerve
uniatsptedandrosatigunaisisongr exlhpiesesre prghauh daninp] sggpents and
ai.r of nerve roots | t] [ I g
b?sgg & tglls SVSERES, yglglrrgvczfr(fni‘éc%&asé H%%g%ﬁ%ﬁg& tagﬁ%t;? SH\AgIr%aZ 3 month
sHORAI iy affmd1ahyeels G0t ab Matsher pigabaln areginbodinfent,hére cells are
spinal cord, the lunbar region is particul ar

ineted gone bethrios of 0 e g ¢ Sl £ DT EdeEh OBt oast
ce ' | ; e s

ST el R Yy HpEE i mipgie s o
6 iR4ton survnale the dicthhymbéref o bdtmna irehimjrscag degrtrapolated

bet ween about 5 a}{wgf*l
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 specfic 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-VIL. 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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about 50 sites. In an enbodiment, the cells are

injected at between about 10 to about 30 sites on each
W@ kabe/0sf683 he cord. At | east two of the sites ceelI/b82005/041631

separated by a distance of approxinmately 100 microns

to about 5000 microns hi an enbodi nent, the distance

etween injecgtion, si,tes |j about 400 o0 .about 600
defiyeeg fuor ek i ruRiioTiet fus 2 Torlgnt yRuOR Pl Begmepts from
cefBL A toeshr RASAEr BRrdeMOtR nbhdn ke Rhitedd ALS.
uni nterrupted and conti guous donor cell presence

thr O[‘é@hﬂ%jt t herigpidialorS59 ARBloSe ARE(HOAS @8n @Bndrit® large numbers

average volunme of injections denonstrated to achi eve
ofabauwdon? /8 vinwnt Wherr vhes AFSGa ageninahlovertigepre-dilietentiasted apreor to

or pigs n enbodjinment, the cel are i.niected .
g et NSRS PR ol s Bt PR R goie petore
diffBRALANE, henayhfiptheainctRsial thevemder dlpiiative dgn@ntels. Upon

useful for treating a synptom such as

diffprestintian, Janegranstsqerete speribe nawqRaRsIitess; Jpddittp the neurons
act ual nunber of 1 njecti '

seEfpts o MRy Plred PG b Wanteleat HTPRD BBRUFBilgysy spprpes and

- ot eprReismRit subdigncear ghichsidre béndfiejadcforondiffsrenheconditions.
gray matter of the spinal cord. Wthi he gr

Apvsrdiaghy, e ferifde| nango s Be TEHES P e o 9oeipgbpgs because

iitog iR | bNSEROELIn 1ifb and

of F DY e B L BeRlrale A s SORROGS e an

beepast thel hetrodeagenkiratyve tonaliliSGs may ebed eiiseériad ot geguliein missing
area enconpassi ng | am V-VI 1. ternativel the .

clsmests cRIUgE Sy BEYT %‘rd@av‘?%g elmeRL Ah??éefgfﬁ* sséill%J %gr ﬁufg?rmg from

d{é%ﬁelgfié’l%( RN fisQfes VR BURCIS B Rah B6@0RWefived ERMents, such as
ervical to lunbar, in order to treat neuropathic

ain
growtle fizotors,conpmines andl etherrprptoims, gan bweatgstaiiecsiyely by th disclosed
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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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because the neurodegenerative conditions may be caused

by or result in mssing elenents including
wmewsosseseri ved el enents. Therefore, subjects BCF/US2005141631
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I cacy o s to produce the
eRPpE R0l atanplbeis tigught forarise 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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vivo, not only in terns of an appropriate
neurotransmtter phentoype, but also in terns of an
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ot her deficits such as menory | o08s, paralysis, or
ghdak sel-derlels ecutofropghit sfaétpn r(GEOYIBb maimdgdh@dﬁngumtrgphic factor
(]gh{s\%a,lnylgggh%%g liI r}ngl greolwetﬁ tf!ac\{c?r g\%)?gle&o%gpmnt, Qh&eular 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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hi ppocanpus and/ or other brain areas. Thus, the
di scl osed nethods can be applied to treat stroke
WG aivpes1685 suf fering from paresis, paralysis, PCT/US2005/041631
spasticity, or other notor, speech, and cognitive
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fibroblast growth factor (bFGF). In an embodiment, a range of 0.Ing/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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i ntrathecal and epidural spaces, peripheral nervous

systemsites as well as into areas outside of the
WwWo00s83syst em i ncl udi ng the gut, mnuscle, endPUEBES2DH041631

system and subcutaneous sites. Exanple 1. Expansion

of Human Spinal Cord Neural Stem Progenitor Cells
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avore f expansion. The expandi ng C popul atii on

thrsm@magwdplblonmcﬂ dxmmswnalenodt renexasmle of tlethmesphedagygpnd the
p3| n. .The ISr'a free of serum
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concentration of se
COCIRE] 0o Sharaiedomanteh Ly e Eaf i, v
S\?ﬁiﬁ/@ﬁa%ﬁﬂ&%aﬁ many cytokines such as LIF and CNTF

ronote glial differentiation of the NSCs. Thus,

duri sage, 5 y S
spec :ﬁ@q (%@inzy AL e[ﬁ% pg)ﬂft cﬁﬁn %§ dg@nt éf;%gg?\%q%% thl'%géﬂl'ltgﬁrlas can be
diffdrgtiatédn ey SeithdrawAlt céadte paﬂmge int the rultber so¢h as bFGE.

- harvested cells are count and_a. f '
Differeptigtionp pHNSCs ensues w1t in a’bou 93 daygaa tell." & Temoval of mitogen,

i

__’-t

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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further expansion. As illustrated in Fig. 1, using the

met hod of the instant invention, human NSCs can be
wezpansisss beyond 1018-fol d increase in popul at PONUSEWS/@1631

mai ntai ning their gromh and differentiation

properties. The cells can be expanded reproducibly. As
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Human Spi nal Cord Neural Stem Progenitor Cells [00139
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M%nggfﬁ énc?tE'XQ P en%:E?ﬁﬁ@ﬁ%ffﬁugnﬁrﬂrf]ﬁcﬂﬁﬁﬁ’Ne%!r'élrStélﬁ/Progemtor

etatu can
Cyllss Uahd meﬂbrzby tmmmﬂfcfethhfgarstamgnalage dphd wreckrig aitgindhyNSCs from

thé\%p%ﬂgmlr? Ltq%?t@ﬁ%%gmtal{l lp%t gd gﬁ(%}%&t E efl g (r‘eliasr &te serially
&9%%%5'0%@{ ﬁ@(f‘d%fds M%hitﬁije FeriBd Qh& ki febiidnk ek eﬁﬂlonﬁ.\i shown in
oXI mat e ay 28,

synaptic proteins, suc

F@apﬂmumt dhmaptiop rysite, suap.z e NBGsastely maintain their

mpztipggggﬁea%ﬁy g?e(? 351%1% 8w 5&%@%@ X ﬁe&f‘%s\%hgg djtlégrg 1ﬁ%t}%>%%otentlal
f t
I A M s sy

eXysessiogeridyrasiog hydreaplase (Hrand dopammgrivsnspoaies (Grila
wherein the neurons robustly express neuron-specific

ant i WGO]such BAT aupremwoa(me)rkahdf dgmnb@t@ducmg neurons.

ulin and t <%
TENECH R R -
r&l%l%e@%@sdoﬁo%gle Ritbsl af. sydspiic eaMtRand bﬁtdlfferentlated 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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stretch for several centineters. As illustrated in

FIG 3C, significant proportion of the neurons are
w@2BAesYB8T. Chol i nergi c notor neurons are al SoPQY/ESHNH/041631

in the culture (FIG 3D). Presence of significant GABA

neurons in culture predicts useful ness of the human
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de§ S0 Exaﬁ‘r@f% NSGSygh AlhY niTRYtRL Sirfbdt ke NSCs or durin% their
mul t1 potipotentiality and neurogenic potential as wel
~ diffsrentiefion, thef frep@tivn af desireg phenttyrd candegnyighad; byeirgagment of the

o R TUIE 035, BRRBL Ly SR ftors coptl of

erea2X0pasgher ditpha iy iapaaitnehirn anspibriia NYT3AS demonstrated by
[ 00140] "DAT expression is a marker

ker of
the opaditipeedpnedia Somgsertelicehs as Bivstrated FéSGsedand ABneur ons
can be assessed by neasuring its function to transport
r adi [§10a6%] ed dbptheisheliescshowdn ithEIGyavspnd 6Barersiopeaserved neural
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tivity. of hu ] ' | vkt
R Bt e e AT DD MBS SOUSE cubon f s
sellil ceiesdnbitionsd hrtikeh (RTOM, dilaledfopid HR2a)o OnefgroifCvas exposed
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pre-progranmed at the tine of jsolatiqgn.frgmth .
chmged 6Vt ot A Toi99E i soken gAY Gpeing B Fetive phase.
FOIERAIY REre 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 using 4%
paraformaldehyde and immunostained using antibodies to MAP2 [AP20 clone (Sigma)

which recognizes MAP2ab subtypes], neuron-specific p-tubulin [TuJ1 (Covance)], and
35



can be used to isolate other specific desired neurons,
such as forebrain cholinergic neurons useful for

wo ewansess of Al zhei ner's di sease, spinal chol PEBDS§I005/041631
neurons useful for treatnment of notor neuron di seases
such as ALS, serotonergic neurons useful for treatnent

of. depressi,on, BAer gi n f :
bR SR PR s L0 ths e oenicon
InlP@béRIneBrmpherdeoubtcifiveingnt 40t djectiob, didnmneast tisseafieids were

Neural Stem Progenitor Cells. Human pi dbrain )
congied /for epgh i elb FewWernpEF 4P Hfos @l T &Pﬂ% WEES driected wrg nglysis

o0 15 B B S o

- andBsisr Bradditemo S§EEC cells were tor daketh quantitaasfenmbainfenatise under
thg e R R AR RO R OB A RET g &

Dy 6] Eindt ¢ | Biveakih AlFiaAr & (B fomaR FDHE NSCs can be
in%slh%rbl{\:ﬁ%{l] rb?ﬁ?%fl@él%é‘%} \ ﬁ%&%@&% fab QP h3deatdh fo?%séﬁlll"ﬂfo%?n factor or

cryopreserved neural ~ stem
cheglitals wefirthichaimich fordiophmiredgianenaroden iy, wfvel Gyrghdic/natural
cells per well in 4-well chanber slides.in the
cheprend fed reptein fasan can Peaf St KreshEt by i hypypn QNSCs to
s i ' ot AP YL dpadifc GRdit&ioNeERh
olg@}ﬂo arg&%l?é@% ﬁ;fé?fél'} ﬁp{ﬂaﬁé’&e for\@&at F e Geditsi as

late for 8 days. Cells were

Patkinsoleddiserse. f our groups based on the timng and
duration of exposure to Sertoli cell conditioned _
nmedi Brany§EGM Trdatineheof Spatticity dARigidiryendtataipy Weamsplantation of

exposed to SCCM during .proliferation and
HW@P@%NSN%WWQ%W&%PF%Z!G;}?; a second was exposed
during proliferation only (condition 2); a thjrd was . .
expoggdl%ﬂuri ngTai findscentpasisin spigel, qadnifchergid dhe tzrppique
a fourt .NOS 0: (c
pRefih A TR dh FABETGO00N SRR S [AIEPINED) rats are
arasthedzcdiain hal cdbrier(0. 584)e A2 Gt iFbearty® vathplense passed throwghl the left

were mai ntai ned per conditign to al.low staining for
fomparel prtey nand gFg‘,lfﬁ]amF H?ﬁc Tpg thotpein e%o%g)eﬁlee Vehyof the left
}b‘.B’I &nl 2RI HeSukS(DBP) BdloWRh&level of aortic
S g%@gﬁﬁzom ggﬁ%gﬁ%cord di dgﬁ%t hav(e Brrltje')asur abl e
oddtghas ithd tad artenyrie napnuiwedwhiapobgtifiens PHS 0 catheter.
[00144] Upon differentiation cells were fixed using 4%
par afe@an]| dehydginahcbri ischematisimiadedispanginéatiorbofithe smitagaortic

Vb LAE20. L L0, A S0 SCORLESMEERD e oo o
a«?%g%§19§i'ﬁg q%ap%f%g%g %_?sxgg}%a%wﬁg 8EFortioRf WRkiial d3oddAB.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. After 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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| munost ai ned cells were counted using a 40«

objective, and at least three fields were counted for
we@awh/osfeBs . Few or no GFAP+ or Gal C+ cel | s werBCT/US2005/041631
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anal iti,0 566SC cel ) t .
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i e N R
sﬁ‘f’fatc@ oF Iﬂﬁe glhybrng (BHewR) 1Qﬂfﬂ)et[€ﬂ'ter it dfonSphé @hcision is

cord iIsc a is induced upon inflation of the
cleaedawidlo 34 E,0alahd arpeniciiafstepipimyRinompsusel angf clagad; ige2 layers.

d h
Ra&é@m@e? ﬁifvgei BIRBBEad byt trdrami v o portion of
arteria 10.5-1 | f ..
canntf1&Pk HT”((})@I%P‘PF PiSESiER) S%tﬂ"élg{n aﬂéygé%bg ﬁE]EJO%E%fhsF%]nsawa'
hgfé/l%p g 'b‘?&h qﬁittﬁj A0 CHHURS dEYERA Wi shthal MiaBsplantation.

flcacy of the occlusion is evidenced by
Fallowimgetirsplntatidn,s test aanm@ts thcelye | MmO TP s teadeph daily

the a arter Af t roxi hm f

e BB YR bRer s RS L RECB Y s b G B ctigetvely
pAREntSvill PRAS0M. t THE fm@ sﬁfvﬁ)\VB fheappeoxihhidlyal toery wiesks (n=5 for
relnfused When the arterial blood pressure is

egahalirhé peigB. (wi t hi n about 20-30 minutes after reflow),

the arterial lines are renoved, and wounds are
cl os¢aLUIDAL4&e /@htlepftﬂhe surdivet imstiods, &3P nae ewpsthetized with

pentogarg]tﬁ (46 Pn?g/lgg??% Ghd tra:nscard1a11y 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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nmotor function is assessed in approxi mately 2-day
intervals using a nodified 2 1-point open field

WO owonsi68F scal e (BBB scale)). Only ani mal s w pCT/aSBBRB041631
score of 0-4 are selected for the transplantation
study for experinental groups). [00149] About 7-21
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o acegie Shings et e e Rd PR A5 gl vanidld fimary
“huh@thaﬂﬂ@aMﬂxﬂQ@n1alr and placed into a spinal unit
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m&REsaln §¢Htfcﬂ%ﬁp&fméﬂ‘ﬂ§gﬁﬂiaf§abntﬂ5w¢s adre binift®l eFor deneral nuclear

After inplantation, e incision is cleaned with 3%

stmmg, i&lfd’la@pé(ml): is hddedstor Gt i} seponsiant antEbodisolytinged After
a

h LI
b5 s Bl A Y ok B g AP
(MdEb A BobésyD/ kg; 1.p.) is initiated in all aninals
about 3 days pri or to spi nal transpl antati on.

FoI l@WO SEAIRNEPlANLAL Qﬂn% thE e IFR)rSsce@seh¥®oscope. Images
pressive tireatnent daily during the entire

. (5§20{\51\2qj1xqi®rar©daptmrnﬂnm§l @éjnams.dmtaifcamn@s@dgﬁaerqsgedc@hAdobe
FK-
oSG aL L UL a6l €85, PG Soqyeiton o
diPRieat hntildiR%h dbEblE RRIRAGeiordsifagey att eaptufpadriitltls DeltaVision
rats are anesthetized wth pentobarbital / k
deco?vqlummqrmpgmiteam inelydking a?éatomqtmﬁsr@élarm?ﬁf%gon a Nikon
sa fol
B b BAILR et P B pey e ShAPPRIGH FEERTNRReA By 0.1

ordd). Qjﬁﬁta%jtaﬁ&d pesdek théi‘ﬁariefBOkh&O)Saﬁﬂ%@x QAAI MB). OVkes datglstts are
After postfixation, spinal cord tissue.is

d@pyvxgimdecmde@amed\ ugimgdbeft Woer se&wais! (Anpdisd (recision By on a
/%g%%irhﬁas C%]} ‘ngﬁ(sttag&?e days. Frozen coronal,

ori zon spi nal cord sections

(10 S00) 115 AT ST FASERATAGH e
- mikdET NEM L QRtROdY £18 RiitnARKNRingd Sidteofidal Li¥ESEd 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 um 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 software (Media Cybemetics)
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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0.2% Triton XIOO (TX), for two hours at room

tenperature to bl ock the non-specificprotein activity.
w(abhios/05%83 ol | owed by overni ght incubation at 4pCI/wk1005/041631

various primry human specific antibodies [0102] After
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[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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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 ci-motoneurons can play a role. Furthermore it should be noted that animals
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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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S: ; ; aﬁﬁi If{g%sle(grgntgfgpéher ‘ot grogt§en% ! an welghtm@wwe weeFly 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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[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 c~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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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
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spi nal cord prepared as f ELI SA are el ect rg‘ghor esed .
PraparAtions| slgtiedr Witki GHY-lnar SRR PR SYPIERYT Toveal dense

teg{n}apﬁgll %%&%ﬁﬁll"@dﬁft’%@%we@l 18 RosfhBurBhO CéspEihily Ta%& attsmall

contal ni ng y serum and thén I ncubated in
mciINmearods. BBNrosh mhdtbonkuesn (s]coﬁ@@IedoMearialrghmunﬂJ@cpf graft-derived

o P SR SRR By e mamber
of gﬁ%h%ﬁvkm&%%aﬁﬁg GRY Elafin tRMest AMd ccﬂﬂhh%@%t@fenﬁﬁl@y along

uted in TBS containing 5% donkey serum Blots are
thee wehitep evhattert hoft htheSusandi ghiaicubisen | Gallyprosesses with ChAT

Substrate. (Pierc ed.t a f

RN R RGP Ry 1O R ke Bl . A
Jafd KRt oed axbidsh 16Belalt with amuidandypedific 5@ﬁt1bc$11@'rw)ga1nst the
and HRP-1inked donkey anti-nouse |g

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 horn.

[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) grafis is illustrated in FIG. 9. Animals grafted with live NSCs showed a

significantly increased survival by both Kaplan-Meier and end-point analysis. A
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(1: 10000, Jackson I nmunoResearch). | munoreactive

bands are analyzed with Bio- Rad Quantity One software
W@ Bioe/o5saes Labor at ori es, Hercul es, CA). Band dePGI/U§2005/041631

ratios (GDNF or BDNF: b actin) are cal cul ated per

ani mal and group means are entered for statistica
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on their co-localization of Appr. oxi_ mat el
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exgslgmﬂrf@ al:';c{]o F&@E’Aﬁ%y@%@ﬁ . %na%\geé? (?"E% lﬁl%&hiesoﬂ’é@ﬂ' £ 115
ddy® fordreaR teat Wedehtenddatl @ ehioadd T2 «m}mfmyammatsdhatenie giafted with

peri karyal nmarkers for t/host |1 d
liege NS(ES: v eA f ggnifipatef- dﬁiﬁg gieng df t© obsg i Eme§8§ﬂﬂﬁessr?s°nset

bl h
RS PRy P o Bt o T
mno@&gff%%%iqg?c%ﬂ¥ { ot ddenRhGers Yot a&?ﬂo@oﬁ’ﬁ&fr@ﬁ@ are 6,418 for

Bass recogni zés rat and nousé epit opes,

arfithal st rBesiRliePNECpand 3A05 dogetsihatee gta‘fteﬁll\mm-glqad'NBCs ie.
1(+) cells in parenchy Tg | ocati ons are found.t

thersrara visd abgna@y REWENS 56 dyRRar Protugerapgq eﬁfpef[“é‘i%%f“qnﬁpafed

toH%ﬁt a&mﬂbﬁ S &fa%ﬁééa c[d?ge d eﬁ) dRfbrGRErANAb 12 edells i the tumbar

+) nuc cytoplasn1are cont act ed
ployubeaince eberwaal sivGonuér dedy NS egranps iipnebssrvain @G bnin 2

TUJ- | d h fi | d
ropEARART© PPETRE G S oL BU D YR BLRE 1 o host

neur on [ d 1 .

ot [aibPolkelal anedhan Gn s SERTPEY iR pEdei i B gp NSCs on
d%ﬁ%@latlgg E]ﬁo\f&dnﬁ@ﬁ;‘)lﬂé]ﬁdg%é @s@ionsﬁl@tﬂefé%e St b §Rpfidds with

ow a ge nunber of

clasgidal - depliv edffectonsn | maminradiat heogarafmeunons,t HBDINGF t angn (SDNF]

coursin f
(Henderslonget glr el 9351 eﬁt 1gtlsc|)sy et all.?P&%). Expression and release of GDNF and

' BDNF in the spinal cord of grafted SOD1 G93A rats is determined. Cord preparations
and CSF samples ére 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 celis (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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the white matter of the ventral funicul us.
Cel | s/ processes with ChAT i nmmunoreactivity, are used
wo eoodesicseat e gray fromwhite matter in the vePtT/EE2005/041631
horn. A large nunber of axons |abeled wth
human- speci fic anti bodi es agai nst the neurofil anent

epi t 70 are .f i n._associ ation w : .

or DRy eadiod at Tl cutbeRRRTRs e gt Cive-cell, 1)
andi ddn@loeNléAL &1 @)O%IDG}@Q ar hisorsifEfcan oy t hese BKISYS showed a

show a preference for the white matter of the ventr

conesmiratipn DEF) 9 IRSE OfiAf pefiie it ha giatl sitenand @814 *of-1 &/ug one
se%%@h{vgatﬁfzingfé% %pqﬂg dokd gﬁ 1?\2%?88@- o8] AYmIRE G 2REMIOPrafted with

: ase onse progr essi on. progressi on
dead IS4, sh@k ohtdntaabnawdrep® B 6® oQ D26 pgimeaisiuspasl icord segments

cogiagting e B3 o1 P (9P RR rongongiomay e G031 el dpeg/il in
e;%%%(ﬁe&??ﬁmﬁ@.@@@g (?Oﬁd@é?hlf iThaRtdaa HORESASRD Sideiot@incR¥4se in
0 ap

an- Mei er and &nd- pol nt anal ysi s.
 thé\apieasienainé rrejohset offl GDEF §yhestrodsnd o fyeifdlid daerease in GDNF

separati o t ' I d trol i mal
SRR B LRI SRRy Bl ond control animels

DL 1§y T S S S RLAIE) LB 260! Sion
ingéiﬁﬁl'al% %&ﬁ%&‘ &ifh 1iDe AR @ %I%Nﬁf%_&em betthﬂ;]g‘/ Eolsﬂé\fgfﬁ% the ELISA

onpared to animals that had received dea
pdtRABOT ifdreaseftiyedtteadingNSCé Idda postein. n¥lastemn Hlaiting glsoj ghows a

the lu r._pr.ot uber = f Tqg,rats | ' .
nqrpalizeh GG B e Lo hin Bredal v 40 §fAGeag0s2 m
addelangpgheut hani zed at 128 days of age. The average

Ife span for animals grafted with dead NSCs is 138

dayS[() 1}?{EEFE¥’§A rsf%hﬁn% b2B W {hl fJa}éh%h%%:%nél 08T $0dxpddBhental

days. efore, a significant 1l-day difference in
raks frel sparloacuicseriiede cRLEp endlysn shdwaadoseantebin phOLHB6 +

04k @i e A E 5, 00 i 08 S IOT BB SR ety rom

glaffin %Qééfﬁhéltﬁl%imQE €LY 3h tOtroNirhtd, the BONNSESncetration was 0.010
significant 7-day difference is observed in

+10.008- pg/ugiis ezraft-consimingheszmsats. t lbe difbergness hgtween experimental

(pP=0.0 0131].. St er eol 0gi I t kit .
ol S5 sl 57 Sl B LSNP BB i
obhve: NSTS BMl & eQferih@htal ainfmilBainda0.e1®@e2a6.088l paitihn controls,

dead NSCs, 1.e. there are tw ce as_nany neurons in the )
Thesebndipgsoindisaicanit s1ght-fald jaepasninaB DR hpricepraiipn in the spinal
cqntr ani .t . i If: ne
P ou ISR 0F SR ARGl S SLEN AR eher tEELISA
ANSGugERURSMbR WhiserrvadsdcRtOn0d) GDINFacompared 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 grafted 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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representative experinental and control rat at 128
days of age. [0132] Potential mechanisnms of
woewsopiees ecti on af f orded by human NSCs on degrCBUS100510#1631
not or neurons include the expression and rel ease of,
two peptides with classical trophic effects on

R N A e R L S
arfdehlﬁﬁﬁﬁ sﬁ{apﬁaws,lﬁr@h@% k) 140€ gs;m-ﬂahvsdo‘reﬂnnfalsg rinditstes the
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l arg .
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giakti @- @@bdvatitg senchuesnih ranﬂ a(r@iﬂﬂd’eheeiehtral@angt olipsontgast to the
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grafte

anlnals I'n animals grafted
mmmtdibrdamdqtylscmdesmeaﬂeccn slaglémtipm ol hmslamy@p@MSln apd §HeNF is

TG e e T
%‘?éper'fﬁ@gtaﬁhtoﬁﬁ@al Gal88s 11002 tRE/GIHNF 1§_|ib@cﬁfab@ataﬁen up by host

nonstrate a three-fold increase in the expression
metdt nelremsernuhalCDlE immervaée dur grafhgis retregadegfrgnsport and not

d?lf%e%%g&eseﬁs&r@af ek, F%@P&f?ﬁ%&@%@% ”me“g%&

nor z GDNF concent r at f1 i .

v THGBE heRparigota et b B0g ey 1ok Y Aot ddeteraive
E§se15rfh€fleﬂtfh@ heaser HyDIetE Fadistespéeid Bapidhaiies.n The survival
stern blotting al so shows a normalized GDNF, density

ami e@teﬁﬁ@e diffgemiation| o/ NSECe|rEpayteds hee dpd gropgsindipabiep that the
11% de %Plé/ & i} &%L%g&b%ﬂ)‘l%\%lv%gl 1§Ato§tn% n@%aﬁfor@%b@ G93A

experi Rent'a rats
RonkeRl & Are19et elowingd ot &L 2Ryl & &b OZWi)Sal has no ev1dent
concentration of 0.086 0.014 pg/ at. the Sit
‘fC(XL¢1§y emneelly. 0bis fagtopelynpgrisy BREISBJRE AL tuwé@ Wtegws using
%ﬁﬁg’f Xr%%lntgﬁgio?l in V\géﬁ% %ﬂ}er Ar&PBEERL, rats,

once

[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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0.003 pg/ng in graft-contai ning segnents. The

di fferences between experinental and control CSF
w@oweesiesat i ons are significant. In the CSF, BBINFUS2005/041631

concentration is 0.041 0.013 pg/m in experinental

animals and 0.010 0.008 pg/m in controls. These

findings indicate an, ei.ght-fold i.ncrea in F .
OllggBi%?f’é]ﬁ‘?qyge_tsi oh‘ﬁ?sﬁ tgﬁa&tss ﬁ afb_ ora(’ildaﬁampgeg?lyf gﬁ%\l cach lesion.
IR apBedrhel NeuSEF@har gkl MRBidhs AHeABEsnprisedesderof the

the ELISA dafa suggest a nore w despread secretion of
doGDNPelt pnpralatea. TheBDNEUrPRS aerit hamangresfeidamepitpopesges through

Cs, especially ip the CSF. ] .
oot Skt Pr PRt pcal b e g grof i, Itense
- huiinCdpletivic Csfyn?ﬁ@;ﬂiyeﬁ infMal{royeaeekits wak eotdpingsskingtyGiNbath host

The source of the GDNF in animals mﬁt% Iive,grafts is.h h
angdrgralymerony 2| sesminghyyarepeidve, (GFARTe cellsay prp juxiapored with the

SRERERLRESASY oY SL e BN o0, by s s

filsers ok appeandd gr afdeefloMI3Est sdurcesni Tieb dint dtN3@sehus appears to
live graft t i S intense F i noreactivjity in

pasERin BT A S G- 16¢ AT B0 oF LR R P U BB Fepelh
vesi @)1 85) Wishbid vRasderRIoA thRCHHr RS -chgté lan@anbédifiddtions to the

m croscopy through a host notor neuron stained with )
preRNgy gnefetredrembsdimeptsofsisgribad Her¢in willtheeappersnt fhiiose skilled in

raft-derived termnpals) indicate | i ' -

e o et ) PTGt aeh B TR e B LA (Y soiri

ardedcBhOBE the! AAsRE rhédveartiu ftiasie dirhirfidheng lth iméndeti edvantages.
host™ not or neuron. Sections stained with

human

It sig nthptedprhyistandech thaosiichs cianges #Bd| magificgiops; bg sPKFRA IRy the

inn&rwﬁﬁing host notor neurons) and GDNF show | ack of
mﬁﬁ? %%-?Bgalization of the two proteins in boutons
contacting host notor neurons. [0138] Rats with live
grafts show an el aboration of pathways originating in
the graft and innervating structures in and around the
central canal. In contrast to the absence of GDNF
protein in termnals contacting host notor neurons,
the vast majority of NSC-derived axon termnals
i nnervating the central canal co-localizes wth GDNF
i mmunoreactivity. Wdespread co-1ocalization of  human
synapt ophysin and GDNF i s observed within
graft-derived termnals innervating ependymal cells in
the central canal . These anatom cal patterns indicate
that GDNF is probably taken up by host notor neuron
termnals that innervate the graft via retrograde
transport and not delivered to these neurons via
trans-synaptic transfer (Rind et al., 2005)
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[0139] The apparent resistance of grafted NCSs to the
ongoi ng degenerative process in the ventral horn of
WEA0b/0HB8A rats i s especially prom sing. The sPeWUSRD5/041631

and extensive differentiation of NSCs reported here is

a strong indication that the inflammtory/excitotoxic
signaling invol ving not orq}g&mgns har bori ng SCDI (&P3A
(Rothstein et al., 1992; d et al., 2002; Turner

et al., 2005) .has. ng evident toxicity on cells. This

f act i igyaRieninelaied A5 oY% for future cellul ar
strategie i £ t @k iy, Obr fMRGUIRO ypdtactivit
degzlrier at‘?v%gﬂr}rlgfgo(%fﬁeﬁﬁlcgm%& gggge&IF%%4oﬁ Exanpl ey%. eIy
" colditiahsreorhpuding:r aumati ¢ spi nal cord injury by

transpl ant atj.on qf hunman spi pal d neural ..

st erf’;Cj pr oglé%ia{uaﬁ atgga[spgr’xe lﬁuéﬁtspfﬁlffﬁg VAT HYBW el i a.

Expanded human spinal stemcells re injected into,

ei t HOr i nexpARdDg pr wee said nghpl Fteﬂ’é\rl\fﬁl ta a@ﬁ?%?@wsg PAR Ao

or i munodeficient, athymc nude rats. C 4-5 contusion

| esi ons were produced in both groups one nonth prior

to transplantation. The graft recipients (n= 24 )

survgved ¢onesnteing Bk ekppaddd-gopansiphaandat i on. The

human- derived NSCs forned | arge cellular aggregates

conspst i NG BHuAEHT P BerafSiticaly t 6Fecting ObingREeREr 6yt &fanded

These grafts invariably and conpletely filled each
pdpatition. to latrleast eeeareg pha réaiRjentNginet £h effiR [abjeast 20% of the

neurons of t.en.conpr.ised 50% of the dopnor. -
BB oR £ OBt i e bnch{iha® AR reGPleht spingy pore
processes through both gray and white matter for
di stances of at least 2cmfromthe graft site. Intense

hunme®- speth¢ methodrafiftlaimyls Mheraimififorandaliqng idey v atom traumatic

noted jn.proxi,m.t. b . 0, :
BT PUabY bR 005, AR By, R O
sdidisiglonesbrilepalon epilépsyt Hantindtbie's diseasen splyatmosic lateral sclerosis,
supported the growth of TH+ and 5HT+ fibers fhat
chupipie aschemiae herefidary copdiipRss pr %f&{ﬁ%’gg%latmt °Phe of NSCs
t hus appears to possess primary fetal CNS-1ike
qualities favorable to intraspinal gray matter repair.
[0143] |t Thmethdoef Claitke i swherdint thamewat stouscedlia ed from a

. and difjcatigns to the.presently preferred .
SRR FRIFH &omb Ut SHRl SRR SHS '%|°¥%t-531&t%%‘1”8 AYSER: ArRsEipheral
mé)ébﬁé tehf) HohE nBlow, PEGFheEA HIGRE uaibilidAb dordi K66d atbatdedst one

e made wthout departing fromthe spirit and scope of
ethbeyodi scl osed net hods and without dimnishing its
i ntended advantages. It is therefore intended that
such changes and nodifications be covered by the

appended hainBhddleFAEm 3, wherein the mammal is a developing mammal.

5. The method of Claim 4, wherein the gestational age of the developing

mammal is between about 6.5 to about 20 weeks.

6. The method of Claim 4, wherein the neural stem cell is isolated from a

human fetal spinal cord.
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The invention is clainmed as follows: 1. A nmethod of
treating spasticity, rigidity, or nuscul ar

whensssss vity conditions conprising: a) isol apCHySANS/041631
| east one neural stemcell froma mammal; b) expanding
invitro said neural stemcell to an expanded

tiop; ti he. i on:
Dot | oiie, Sctetl SF "Chith LD Syhris” PBPRREL: RRD defild Wem cell
in@hdS&HuttuBx P aRdrRdraeRH alliifthd shsadcelFdstunone area of a

reci pient spinal cord, wherein at |east 20% of the
expanded popul ation is capabl e of generating neurons

in the regipi ' . cord T : f [

1 iier of e iEed B hiE LcwhErsiy BplRAAE ekl i el
in€RAeh dxppsihy thel weak Bict &l toak leastrodeignpwihyfactbr.aumat i ¢

brain injury, stroke, nultiple sclerosis, cerebral

pal sy, epilepsy, Huntington's disease, anyotropic

| at eg al ol A0k Cwhaehes rigélbt A lected from the
condi'ti oﬁgl{lee%l?ﬁigﬁyd?g%gfp E’g\?]%l%ﬁltﬂtq Ehﬂc‘é?gg?tg fg&bfl'%es}érr& I(ﬁiod
grofip Ghsisting of WAEFeE6Ft TETFradpiraa hFGT end cenbinatonssibprgptd
- froma source selected fromthe group consisting of a
central nervous system a peripheral nervous system

bonej grar r oM maloldRIeN i BlvaRgsin Wilihkiapaltically dffetidetmount of
and at | east one enbryo. 4. The nethod of aim 3,

thehexpendedt pepulatiomals ¢apabledely ginspiting atalentt| 1,060 GrhgA-producing
nmet hod of Claim4, wherein the gestational age of the
NHERE By marmal i s between about 6.5 to about 20

weeks. 6. The nethod of O aim4, wherein the neural
stemcell is isolated froma hunan_fetal .s

; | i n .
cordllz. Thbe methedpléilaiey biwhareipils Gerppe Mieﬁflﬁ"tf‘f?eamoum of
neur al . st | jn S i t Rsst NEOHR lolveh duci
T APl oo g O O el R Broducine
nduromve@npion expandi ng the neural stemcell includes
exposi ng the neural stemcell to at |east one growth
factor. 9. The nethod of Claim8, wherein the growh

factes istgel i BinC aNgéaat 1409, off EeCexpanded
EGF, ?%‘GF- gﬁgh‘gl?ﬁ‘gge‘g gjg%lhiggﬁbg\f!ﬁégt Fons thereof. 10. Th%all °

pomilitinh iotap@bid of gepemating eéuronsia thheningleatd. cal | y
- effective anount of the expanded popul ation is capabl e
of generating at |east 1,000 GABA- produci ng

13. The method of Claim 1, wherein 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.

14, The method of Claim 1, wherein at least 30% of the expanded

population is capable of differentiating into neurons in vitro.

15. A neural stem cell capable of treating spasticity, rigidity or muscular
hyperactivity conditions, wherein said neural stem cell is isolated from a mammal and
expanded in vitro to an expanded population, wherein said expanded population
including the stem cell is concentrated and wherein a therapeutically effective amount

of said expanded population is introduced to at least one area of a recipient spinal cord,
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neurons in vivo. 11. The nethod of Caim1, wherein

the therapeutically effective anount of the expanded
w@opalositedn i s capabl e of generating at | east BHCD082005/041631

gryci ne-produci ng neurons in vivo. 12. The nethod of

Caim1, wherein at |east 40% of the expanded

S R T A
thd Rkipashi6hingl doe t herapeutically effective anpunt of

t he expanded popul ati on includes injecting at |east a
portion of the therapeutically effective anobunt into a

plurality r 3 KoY jghal cord. 14.
The et houspREretind (o€ uf BRnBBS 00 0t i e
ex pdsslethga pessadrieareuia steapedil feornfa marhinghent i ating into
neurons in vitro. 15. A neural stemcell capable of
tread)i N9 sxpasdih€int Wiro thidin@iitay stef J¥USE 4h 8kpanded population;
hyperactivity conditions, wherein said neural stem
cell is isolated froma mammual and expanded in vitro
to an expanded popul ati on, wherein said expanded
popul.ation i ncl udi the stem cel.l is.concentrated and
wher®@i n acopﬁ%’&’ﬁﬁ%ﬂ%ceéﬁpﬁ cfaopy F%’ Bdount of sai d
expanded popul ation js introduced to at |east .one. area
of aDreci 1§}F@ﬁiﬂ°1@pi%arheréB‘?‘H{C\’?%ér%f?‘??tlé{? oyt 9fosd pipanded
! | flei 28, ¢ e hifed RSO, of the
o B T D ! g g B e e g
exphnidudi popphation anpable bfigenergdigateirmys i thegeaipiconwinmd gpuh
stemcell froma mammal ; b) expanding in vitro said
neural stemcell to an expanded popul ation; c)
concent r afh Ngndisy SxPenAsd1QORYbRIA @Y chftghidl)pain derives from
i ntroducing a therapeutically effective anpunt of said
trasopeivckpthapogd gt ye tschemist spinsh serddpjsry, fragmatic hrain injury, stroke,

Lpiant spinal cord  wherei n.at. | east 1200 ,
i aggopbptr AL Rare SRR 4 gAY, FHEe b fopic tateral
sciiégoﬁg‘,%hf&ﬁd RERMAi 2 SRk diar e orditiohs, orbag comblhationtheBiafi m

wherein the chronic pain derives fromtraunmatic
spinal cord injury, ischem c spinal cord injury,

traupgtic gr ookt B ¥ ¥im B, o Pein B deubl gte%%&f RSéctated from a

cer ebral E Sy, epilepsy, "Huntington's di sease, _
SRIDESI QR frbat Bleadross lcendsting, ofcicamtial rieswhuersysiem, a peripheral

heredi tary conditions, or, any conbinat.iqgn t eof . . 18,
BB [me AT BerHASER GO U afo-G BLHRe af st one
er'nﬁr}Jo:c’ Qﬂﬁn%ﬂcok{b%i%ns thereof.

19. The method of Claim 18, wherein the mammal is a developing

mammal.

20.  The method of Claim 19, wherein the gestational age of the developing

mammal is between about 6.5 to about 20 weeks.

21. The method of Claim 19, wherein the neural stem cell is isolated from a

human fetal spinal cord.
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source selected fromthe group consisting of a central

nervous system a peripheral nervous system bone
worasososgesper i pheral bl ood, unbilical cord bl ooRPCT/EHS2005/041631

| east one enbryo, and any conbi nations thereof. 19.

The net hod of Claim 18, wherein the mammal is a

deve d of
t ﬁ\ée?&grsnt a oF@t Oélggfz g}lalfnng6ge é‘(th??%’bom %}11 e%a? 'Sl celt
1n%ﬁ&é’é@:%ﬁuﬂ9§’ﬂfc Rurl semaRAuh thbdeRkDf sém. The mst hod of

alm 19, Wherein the neural stemcell is isolated
froma human fetal spinal cord.22. The nethod of Caim

er ej,n expandi t.he t
CuI tar | nghi‘ehén 31 f%l? glmlg)e;ﬁh%rmﬁ eﬁfé%ﬁ@héntggcﬂe FSstem cell
inS188é8Bxpdding TRl beth @il tEhanicastbhe grhvehahdtoexpandi ng
the neural stemcell includes exposing the neural stem

cell to at | east one growh factor. 24 The net hod of
d aiqp 23, [ r r
the B oupTRORERof of LA 3Bl B fRTgrk guERLRE LSS I Tom the
gré@tomsating o bFGES BGF, TA@B-alpthagah@F kodi cmﬁbl@laawm th&eof.
wherein the therapeutically effective anount of the
expanded popul ation is capable of generating at |east
0%1 Eﬂéﬁ' JTCINEY | 8% herdr thd MkeriRiuliesl1yoéfédiat @mount
erei n e therapeutically effective anount of
oft the eapqaied qxbpplapuﬂl at tapeblesofcgepatatiog of lagein bPa? iGAP Atproducing
| east 1,000 gl ycine-produci ng neurons. 27. The method
DOt ai m 16, wherein at | east 40% of the expanded
popul ation is capable of generating neurons in the
spinal cord. 28. The nethod of Claim16, where
i nt rAauc iﬁ@e me@lqdrfefr@gmtlﬁc‘ahvrymeﬁlﬁ éh%rﬁwtla#buﬁge%we amount
e ex ul at ]
o BB RBP4 6By pRf a0 b RRR rrdducing
nddrdifsal i ty of areas of the recipient spinal cord. 29.
The nmethod of C aim 28, wherein the areas include
doral horn. 30. The nethod of Ciam 28, wherein the
ar ea§7| nCIT \Ageme&lgﬁadfh fah $RAGRereRt at 0%t Wﬁi%m&f e expanded
erein at east 30% of the expanded
Pcﬂﬁﬂmioa;tm Oﬁpalb& mf@aaa‘aeng)ﬁe\dorﬁsfmrtMssplmlmgf i nto neurons
in vitro.32. A neural stemcell capable of treating
chronic pain, wherein said neural

28.  The method of Claim 16, wherein 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.

29. The method of Claim 28, wherein the areas include doral horn.

30.  The method of Cliam 28, wherein the areas include intrathecal space.

31.  The method of Claim 16, wherein at least 30% of the expanded

population is capable of differentiating into neurons in vitro.
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stemcell is isolated froma mammual and expanded in

vitro to an expanded popul ati on, wherein said expanded
w@oealositesdn i ncl udi ng the stemcell is concentPEL/Es20051011631

wherein a therapeutically effective amount of said

expanded popul ation is introduced to at | east one area

th e%e{(ggl Ié]%ﬂ%% I ”aeuoc%%r ge 8?%%; g ¢ h?émL g‘?qgfx%%é‘irp gald neural

st&1R BEI RSisblatelforh @Ghath@at aridxpahdedan ehirr cBﬁ) arﬁeﬂ}ﬁhﬁmtbdpflﬂatmn
treatin a not or neuron dw?ener ation conprl Si ng(
Wh@@maﬁtald%@cpandqdemmulaél@é ipcluding the siem celliis ¢onsantzd ﬁ%ﬁ%}”hefem

Y I
= s BERRAH A b b 5P L0 DAL UAMIER! i R ed o at least

orpofed af 4 meipiandpihhl ¢cortly wihkieinrg laast 2086 af ¢het éxpahded population is

ef fective apount of .at |east one neural stemcell of
capablg of geeadfmns W}Sé@ﬂ&{eqlglegﬁspéqaégorg? a recipient

spinal cord, wherein at |east 20% of the expanded

popul ation is capable of generating neurons in the

reci pi.ent Agpéthad oﬁmerﬂlngaztnotﬂfhnem nefatigh gdmpREng:

wherei n the to uron d ner g on derjves. from

t rautat | clsglﬁro%l"‘{]%ﬁ?dn?ﬂ?‘ﬁe&? nil§% aglﬁml%aﬁ cord

injury, traumatic brain_jnj ury stroke,

scl ePlosi seXR?!f}ii]@Brl’al"lf@aﬂaéi)ﬂe%ls cEhes) toﬁ@r??‘?ﬁ‘ﬁiegﬁ’ogulanon

di sease, anyotropic lateral sclerosis, chronic

i schem a, hereditary conditions, or any conbination

t hereof. 35. The nethod of C aim 33, wherein the

neurg@ st esAcedtritingihé sgjaat@pdputuion; salr ce sel ect ed
fromthe group consisting of a central nervous system

a peg pheﬁfﬁlodﬂ@lﬁg QU fhcPahelifdilly RINRL TR ARt BEMRL RORE Bhe neural

bl oo unmbi | i cal "cord bl ood and at | east one enbg(}/
- stam. cellitod smiglt dxpendsl [OpulatioB sy amkrse if 3 reeipicnhantagl cosd, avherein at

dev ' nma l..37., The. methqd of Cl aim.3 [

1Tty OBt B BRAes pa P el s RRRF of kst b ifirond 1 b eipient

Sﬁqggl\@ggp about 6.5 to about 20 weeks. 38. The nethod of
Claim 36, wherein the neural stemcell is isolated

froma human fetal spinal cord. 39. The nethod of

d ai gy 33, TR GhpLA Cdfjﬁl?asfm' §? 51131%31 e LY ‘fiﬁlem]%'heﬁégeneration

cell "froman area ric east one neurona

dé&rikk iven tral@bed Bpisai cdrd mjurgnsthesnibtsyinel 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.

35. The method of Claim 33, wherein 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.

36. The method of Claim 35, wherein the mammal is a developing

mammal.
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produces a growth factor effective in aneliorating the

notor deficit. 40. The nmethod of C aim 33, wherein the
wez@ansiess popul ati on incl udes an anmount of neuPEl/US1005041631

cells capable of differentiating into neurons

suffi cient to secrete a therapeutically effective

of at wt.h f.act .
o hi m 5% meipd bt AR Shoef Bl heseefmnn 8 TR R sloving
m&r%iﬂalfsrﬂéfﬁl@aﬁaﬁbﬁ%j tdléfboluOZ(DT%@lEs.neur ons. 42. The
met hod of C aim 33, wherein expanding the neural stem
cell includes culturing the neural stemcell in the
abs e j
ecpa ng et of Praighofs, TR ulnc A LGt MR rom 2
hueal Rtal spigsboord.| to at | east one growh factor. 44.
The nmethod of Claim43, wherein the growh factor is
selected fromthe group consi sting of bFG-, EG,
TGE- @) phay ogrbq C‘H% hg a&hﬁﬁ%nélﬂ@és‘%ﬁlaﬂ@themﬁral stem cell
met hod of arm wherein the therapeutically
frehf &c bieweridininu ait least driven@npeah cﬁ@btypg,pwlq@telrb ppifl g1egEgrabsebtype

S T e A T

t her apeut i caIIy effective anount of the expanded

popul ation i s capabl e of gener ating at | east 1,000

gI yc4’r®1e pTheimethed ofilpiona3, wheremiihe gmanded perulptignyinghydes an

n at.l east 40% [

areglag lﬂf Jegial YR Sells £9pg f;?eu f oﬁ%ﬁ%%qn@%ﬂkﬁé rs}n?ﬁigﬁe%t 19 secrete
a%&@euﬁ&uygﬂ@cmdamafgﬂ1aasmrbﬁéagrommemm intr odu0| ng

the therapeutically effective amount of the expanded

popul ati on includes injecting at |east a portion of

the Lf1er apaUbBRll of Ghli 351 YhicATRY e 18418rify Heltichhdllsiom cell

of areas e recipi ent “spinal cor 49. The net hod
ﬁ*@fna@aeatm&i%mmbmrﬂe:mom | east 30% of the expanded

popul ation is capable of differentiating into neurons

in vitro. 50. A neural stemcell capable of treating

not ofy ”euﬁ“ﬁ? g&?%fa@la?rﬁ 3%%&%&1 SR MARRUAR| nédr@Mstem cell
cell Ts isolate roma mammal and expanded in vitro

ifchudes cepagdbenpuplsten cohin thhebssinpe ebietimaxpanded
popul ation including the stemcell is concentrated and
wherein a therapeutically effective anount of said
expagded paRULehb@MLI Sldimt 3N dwaedin exgindirgagic aagahsem cell

of a recipient spinal cord, ‘wherein at | east
includes exposing the neural stem cell to at least one growth factor.

44.  The method of Claim 43, wherein the growth factor is selected from the
group consisting of bFGF, EGF, TGF-alpha, aFGF and combinations thereof.

45.  The method of Claim 33, wherein the therapeutically effective amount

of the expanded population is capable of generating at least 1,000 GABA-producing

neurons.
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20% of the expanded popul ation is capabl e of

generating neurons in the recipient spinal cord. 51. A
woredokossesd treating syringonyelia conprising: BJT/US2005/041631

isolating at | east one neural stemcell froma mammal;

b) expanding in vitro said neural stemcell to an

exp ed Jpopul at i on; ent.r at i _
popul®at | oﬂwplgﬁ 0%;%291]%“1%110%[%%63&%%{1% grgg%%ﬁ??%wgve amount
* of¢hé egpdnded popwationofs capilile of gansatihgdaplehatli,@d glyciae-producing

syrinx of a recipient spinal cord, wherein at |east
nepysof t he expanded popul ation i s capable of

generating neurons in the syrinx of the recipient

spi nal cord.52. The nethod of O aim51, wherein the

syri4mgonyehd anaesd wésClhmpra3, reterein ot d@ishal0%c of dthe expanded

injury, ischem_c spinal cord.inj uré/.,.t aumgtic, brain
pophjatipy is aprble &F R Igme L &7 Hlescibient dBTal OBl sy,

epi | epsy, Huntington's di sease, amyotropic | ateral

sclerosis, chronic ischema, hereditary conditions, or

any 4fonbi Had inssthechef eClaim533, Whereirtinwedusingoihy thasapeutically

RGBT PRl B PO
hBRPUAKSILS ¥EE Ao atdder BN pRkallle bF Bdas S estipibigspinal cord.

mar r ow, peripheral blood, unbilical cord bl ood, at
| east one enbryo, and any conbi nations thereof. 54.

The t hod, of | Me5344: ej 3008 & th ded
devel Opi ngh?ranrlrer%ha@ rgéSémfﬁg%r‘re%Vﬁ%%Hg Fglgggigm 5/2 vvhg r g)i(pr?1 nee
pdpitati@ass adpabralf difieefatinpéntd @ealoapimgiamal i s

bet ween about 6.5 to about 20 weeks. 56. The net hod of
Claimb54, wherein the neural stemcell is isolated

fro hu RLID@Lp SR &f BdatinkNBiofERt AEbPdegeneration,
d ainsm&Sl, Kawﬁ?%%f ?dr?gfu%les Psol at nga 1tnge neural st e.mg'
whekin faidnean! stemecetliis iolatecdafromemstanuna and expangded in vitro to an

P it 28l 4 0P oaa SBIVRS TLABEES, P o
: co?ﬁé&}ﬂ%@&ryeﬁldi dherSn d NBerAFdutieslPfeffdcaldn ddounthofc Baid expanded

I nc es Isolating the neural stemcell froman area
poputdticnnis imttastucedbtor Bneast 692 arghef Aveiianicingl gote wherein at least

' dj | i . .
Zé%%ﬁh\%ne)%{%ﬁgednggﬁl%? 1eo§1tn Eumcra 'éﬂlall%t cﬁfﬂk%ﬁ:@tla ' Snlgérl]lggrfsglfn the recipient
spiftd1&dtd.

51. A method of treating syringomyelia comprising:

a) isolating at least one neural stem cell from a mammal;

b) expanding in vitro said neural stem cell to an expanded population;

c) concentrating the expanded population; and

d) introducing a therapeutically effective amount of said expanded

population to a syrinx of a recipient spinal cord, wherein at least 20% of the expanded

population is capable of generating neurons in the syrinx of the recipient spinal cord.
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60. The nethod of C aim51, wherein expanding the
neural stemcell includes exposing the neural stem

W@ elob/0588Rt | east one grow h factor.6 1. The neCT08200$/041631
Cl ai m 60, wherein the growh factor is selected from

the group consisting of bFG-, EGF, TGF-al pha, aFG- and
conbi nati gns thereo e

..62. The nethod of Claimpbl,. .
Wher¥in (He Beiiedaes EBLISK P ANG QUL R IHGL gy Tom
trahGAtiR s iﬁﬁﬁ%ﬁ{& &lihsy, GeRaRk8pRhl Hhd iGN iradihbigbiait Byjury, stroke,
neurong sufficrent to secrete a t_herapeutl cally )
meltiplcidlaresianeetiralopalsy, dpdlapsty, Hhiatingtows Hliferse.orlygmppic lateral
The.net hod .of C.ai,m wherein the t '
selprin IR RS g P RS aaty R gpt PEPPRRHbh iRkcot ¢
of generating at |east 1,000 neurons. 64. The nethod

of Claim51, wherein at | east 40% of the exga ded
popuiiat i dFhe methap abClainrs lgaheic the gowe slgAsCls dplated from a
" spina rd. 65. T i ' :

59 r%’fﬁﬁl nigmiﬂht 1"'@5‘2‘?%%@5& :ﬁggl%{fyaqé ec?llh\'/vé)ﬂg%gﬁ%l?l ’ gfperlpheral
ndritfisyPRALY SBnp apatk@t,i petipherl bibes, unjbélieal ngrdibldodast lest one
portion of the therapeutically effective anbunt into a
erplprma,ae]nidtayygpmbr@ggn%&e&eﬁé reci pient spinal cord. 66.
The nmethod of C aim 51, wherein at |east 30% of the
expanded popul ation is capable of differentiating into .
neurdhs i Theimethod 6F. Clim (Bt hdredf thcamensual iher pyeloping
at | east 100,000 neural stemcells of the expanded
m ation are introduced to the syrinx of the

reci pient spinal cord. 68. A neural stemcell capable

of treating syringonyelia, wherein said neural stem

cell is isolated froma manmal and expanded in vitro )
to afb.expandedthodmflGleimosd, Wieeeinithe sastalioarbegedeldhe developing
popul at.i on i ncl udj the emcell is concentrated and
n\ﬂﬂ@?ﬂiﬁb@&ﬂ?%@aﬁgﬁ?%&3‘?‘?@@%‘?81%%i ve ampunt of said
expanded popul ation is introduced to a syrinx of a

reci pient spinal cord, wherein at |east 20% of . the
expab@ed Bhpuietroder Glaine i aBicecin thegenesl staom gelhisisJalsd from a
hi n s%r ilnx.nt e eci pi ent spinal cord.69. A nethod of

WAL SRt ro at | east one neural stemcell to an
expanded popul ati on of neural stemcells, wherein each
neural stem cell expansion exceed hirty. .cel

( I
dou bﬁ?-ngsTWF md . (fl]ragp SRt Vhic Agcludes igolstipg the neural stem cell
frglglm gféangéh di 35 9%k@bhd Yol %b%&)@,%%éiﬁ shidORRuronal subtype

nervous systemtissue; providing at |east one
pexiucaeeirbwitafacior effestivetio amelborkting thevysisgdmyeliter ei n t he
extracel lular protein includes at |east about 10 ng/nL
of poly-D-lysine and about 1 ng/m fibronectin;

58.  The method of Claim 51, which includes isolating the neural stem cell
from an area rich in motor neurons.
59.  The method of Claim 51, wherein expanding the neural stem cell

includes culturing the neural stem cell in the absence of serum.

60. The method of Claim 51, wherein expanding the neural stem cell

includes exposing the neural stem cell to at least one growth factor.
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culturing the dissociated neural stemcells in said
culture vessel in the absence of serun adding to the

we oboswsvessel at | east one grow h factor sel BCT/@82005/041631
fromthe group consisting of bFGF, EGF, TGF-al pha,
aFG- and conbi nations thereof; and passagi ng the

& aith 6o TistifhoGet:8 arbeinEe s o 5, ERpa0ds Fom the
orGaPaRkRIS o WG E RmE,I'BEF - APhb MEGI @ @hsbinations Tikeeof.

met hod of " G ai m 69, wherein expanding said neural stem
cell includes adding fibronectin to culture nmedi um as

a sal,ubl ef a . t f i -]
ai s %81 acTisgrees of Bty i o o RoR R ABR s an
' arﬁéﬁk Uﬂ%rzﬁ&hmﬂs@aﬁﬂﬁs of Hidferamiatif@intd heurmes sufticieht to secrete
aim:’ erein the enzymatic di ssogi ati '
a therapeytieglly piective PmopRt of %t?f%ﬁﬁfs?fw. 81‘%51 ‘%ﬁ rrrg? hlogc lo? des
Claim69, wherein a therapeutically effective anount
of said expanded popul ation is introduced to at | east
one 68, ea Tie methed iofiCinim Abrwlmrsinghe themneoticalkyagifegtive amount

neur odegeneratiyve. condjtian. .
of the expange popu{atlon is capable o? génerating at least 1,000 neurons.

64. The method of Claim 51, wherein at least 40% of the expanded

population is capable of generating neurons in the spinal cord.

65. The method of Claim 51, wherein 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.

66. The method of Claim 51, wherein at least 30% of the expanded

population is capable of differentiating into neurons i vitro.

67. The method of Claim 51, wherein at least 100,000 neural stem cells of

the expanded population are introduced to the syrinx of the recipient spinal cord.

68. A neural stem cell capable of treating syringomyelia, Wherein said
neural stem cell is isolated from a mammal and expanded in vitro to an expanded
population, wherein said expanded population including the stem cell is concentrated
and wherein a therapeutically effective amount of said expanded population is
introduced to a syrinx of a recipient spinal cord, wherein at least 20% of the expanded

population is capable of generating neurons in syrinx the recipient spinal cord.
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69. A method of expanding in vitro at least one neural stem cell to an
expanded population of neural stem cells, wherein each neural stem cell expansion
exceeds thirty cell doublings without differentiating, said method comprising:

dissociating neural stem cells from central nervous system tissue;

providing at least one extracellular protein to a culture vessel, wherein the
extracellular protein includes at least about 10 pg/mL of poly-D-lysine and about 1

mg/ml fibronectin;

culturing the dissociated neural stem cells in said culture vessel in the absence

of serum;

adding to the culture vessel at least one growth factor selected from the group

consisting of bFGF, EGF, TGF-alpha, aFGF and combinations thereof; and

passaging the cultured cells prior to confluence.

70.  The method of Claim 69, wherein the expanded neural stem cells are

capable of differentiating into neurons.

71.  The method of Claim 69, wherein expanding said neural stem cell

includes adding fibronectin to culture medium as a soluble factor.

72.  The method of Claim 69, wherein dissociating the cells and passaging

the cells includes enzymatic dissociation.

73. The method of Claim 72, wherein the enzymatic dissociation includes

treating the cells with trypsin.
74.  The method of Claim 69, wherein a therapeutically effective amount of

said expanded population is introduced to at least one area of a recipient nervous

system to treat a neurodegenerative condition.
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