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“hﬁééﬁgg BACKGROUND OF THE | NVENTI ON FI ELD OF THE
\ ™ [0001] The invention relates to tr cREHEI006HPTIT
central nerv system |l esions, particularly to
treatnent of '$YF é\ﬂA@éPSFFﬂMﬁEFTMHETREEATED ART
[[0002] Lesi ons ‘W A NERMOUSB¥STEM 6ESUDNS syst em
("CNS") tissue for a nunber of reasons. One of the
| eadi ng causes of CNS lesions is stroke. Stroke is
- characterized by the sudden | oss of circulation to an
area of the brain, resulting in a correspondi ng | oss
of neurologic function. A so called cerebrovascul ar
acci dent or stroke syndrone, stroke is a nonspecific
t erm enconpassi ng a het erogeneous group of
pat haphysi ol ogi ¢ causes, including thronbosis,
enbol i sm and henorrhage. Recent reports indicate an
i nci dence exceedi ng 500000 new strokes of all types
per year. Stroke is a |leading killer and disabler.
Conbining all types of stroke, it is the third
| eadi ng cause of death and the first |eading cause of
disability. At current trends, this nunber is
projected to junp to one mllion per year by the year
2050. Wen the direct co8Y@Eare and treatnent) and
~the Indirect costs (lost productivity) of strokes are
consi dered together, strokes cost US society $43.3
billion per year. StroRdQ1Pe# &ty are classified as
ei ther henorrhagic or ischem c. Acute ischem c stroke
‘refers to strokes causeq%ﬁghggronbosis or enbolism
and accounts for 80% of ' rokes. [0003] The four
maj or neuroanatom c i schem c stroke syndrones are
caused by disruption of their respective
-cerebrovascul ar distributions. [0004] Anteri or
cerebral artery occlusions primarily affect frontal
| obe function, producing altered nental status,
i mpai red judgnment, contralateral |[ower extremty
weakness and hypesthesia, and gait apraxia.
[ 0005] M ddl e cerebral artery (MCA) occl usions
comonl y produce



contral ateral hem paresis, contral ateral hypesthesi a,
i psil ateral hem anopsia (blindness in one half of the
visual field), and gaze preference toward the side of

| esi on. Agnosia i s conmon, and receptive or
e@%opgfyg?@e aphasia may result if the |esion Beth}2806/097917
t he dom nant hem sphere. Since the MCA supplies the

USFEOF MATEIIALY FOR TREATMENT @?@m; m and
SYSTEN LESIONS v vvorseEt%han that of t eo[ItI%i\}g?Lﬁrrb.
[ 0006] Posterior cerebral artery occlusions affect

vi sion and t hought, produci ng hononynous hem anopsi a,

BA0KEROURD o TeEINVENTIGN agnosia, al tered nental
status, and inpaired nmenory. 2 WO

BE16) OPAHEORGENISDN06/ 007917 [ 0007] Vert ebrobasi | ar
artery occlusions are notoriously difficult to detect
[oagayise t h ieamEen felaibein tiltmetnsr 8énifdl ABVBLs BRIMA
kstonbepdricularhing tebimd begiaief i cits. These include
vertigo, nystagnus, diplopia, visual field deficits,
OFSORIBTEON dysEHE RELATEDZ@R®RI hypest hesi a, syncope,
and ataxia. Loss of pain and tenperature sensation
[oona) s on Lesiens part folrh @ edntiabievaityeRi (‘6N Rfslie for a
hoaler dfteasont s sie.of Gt I6adiNY calisb BESNBNEHbIESs bl ngs
Strokenis chbicdetetiked by tHeaslddemlogs of SROBlIdM RS AeslditHeons
beajn, sesultingfio o carrespdneing ieds of paseRYic fodiohl ARBYaldd Se
terebravhsouler actidetiive stuite Sodema lstrolts 181 iRmsPécifid BFR| Y,
eieormpagbing @i fiktetogéricouk atduprof pambpdsivicyid cRBRS) hdiudidde
tSwombesis, embolism] agknimorehalge) Retardt reptetsvadivate an
inbidents exceeding 500,000 hewlstrokeysisil $ypee pep gedrd iStioke is a
lerdis fkier and/disatder) Combirdig alhypedof strekd it is the third leading
- pyusearf death andftioe fitst leadipd/chuseadfdisabilifyl Pt icliradtitinds, this
nurnberdel prgeaiecionjapptapye milioh per yea byrthie gemrs2058] Wisen
thestrectaosts (sarerand ibauenthendibe dedirett aostsalldst piductivity)
off stighpe aregsmsideradrtogether strakies sostridthsduiaty $¢8.3Million per
§ﬁ§o Sioles eravenily tiver dassified es witherffmmathagiadr éfchatnic.

eyie frchemiapiepke reforsdo stiakasaused/by thuwlivesis dreersitin
et Agaeunts\jarsE0h of all eirakest he subcortical cerebrum and
brai nstem_Lacunar infarcts commonly occur in

Sent s Whe fous major neginsantolicischamic stioke symduinagsoares

saiser Py disnetion of thelsrasnectivarsrebrovaseular diskibutions: ocess
gﬁlpl ed |ipohyalinosis Is thought to cause |acunar

<.

4k ct 5. AmeBongsebrabarasy osclesionsrorigyanti aifest frontal ok
Detony Biagucing giered apivial wtatus, impaited iudament, mentselateral
VepREemigveakpesreanst hypgsthesiaand gakfiapeaxis d

@@b -defined subcortical |ocation, |acunar infarcts
| eMifdig,corabral antery (MCANoecsiansicommanbnprogiuce
,f?'cei?e’m'e%féﬁ'soffmﬁféﬁ&%?'dw%&%‘%la,[!wﬁﬂ@’fﬁeqlmmlamﬁia

S ) eneshalpofiip s ficld), bd 9aae Biefarercetowarst thp side

o 0B AgRqsia gicAmENone andeacaplivg ar gxprsesive sphasiamayn
fgpulL ¥ Ihs Insien pegurs iy iBe daminapbheynispare. Singe biediGAi

PPUes h SR TRweaKReE 106 e *IPvandsface ise. |

ually weesg thanihakeftne lower linlit el et adher ence cause the

!bg tion_of blood clots that either enbolize or

& ude t Restaiior&elebral asleryqaeivsions aliedt yisisn andthawaiti s

F?fé H'i!we;%ﬁg anopsiakeastical piindasesrivisualagnosian C

Flefqnenial staius eliehmempahl asi a of the cerebral

arteries, and prol onged vasoconstriction from

m grai'ne headache di sorders. Any process that causes

di ssection of the cerebral arteries also can cause

thronbotic stroke (e.g., t3aumm, thoracic aortic

di ssection, arteritis). QOccasionally, hypoperfusion

distal to a stenotic or occluded artery or

hypoper fusi on of a vul nerabl e watershed region

between two cerebral arterial territories can cause

i schem ¢ stroke. [000111Turning to henorrhagic

stroke, the terns intracerebral henorrhage (I.CH-.and

hermorrhagi c stroke are used interchangeably in this



[00012]In I CH, bleeding occurs directly into the
brai n parenchyma. The usual nechanismis thought to
be | eakage fromsmall intracerebral arteries damaged
by chroni c hypertension. O her nechanisns include
WE 280600196240 di at heses, i atrogenic anti coagul at iP@T/US2006/007917
cerebral anyl oi d03| s, and cocai ne abuse. ICH tends to
b§0GATnd | Nedebrobasiasarterg obelusions doe adtosiousnediffiding t he
t Heleahhesaugaitheyreausecewidb ahlietyof amlalnedia) cledsliar) dhd
aticdinstern deficits HEnese éwiuaie viehigopmyatagnius) dlpleglabws@;n feld
h definits hdygphagish éysarthriafiadiahitypestagsia, Ggncdpe, dada@sie. oss
pebsainerd ferpeated sepsdtioa ovaws on tifedptilatdiraltfaes Arwimat ona.
Acoéredateral haugr lnasetrasi, aniériastrekdsairoduce $iRdings 6R¥ne side
ootihe bodheniB0- day nortality rate for henorrhagic
stroke is 40-80% Approximately 50% of all deaths
oF2908] wi t hiThesermsclusions mé® deourrfer. a YDRBAT r€3doaE. ERIBSES
f may Nse frem itiunkeant, thecextracmraniabarddriey ok marety, tHenight-eidsg
t ¢iraytaiion (niradoxicalismbbiilg. cteesundes bhear@biSenic emboli include
[ vOvia] tmogwi (eng), iGNSirbledormsis, emduichiiiis gsrosthutiogdray S,
i mgral thyembi((eg), genvoeetrdiahnf:afctma IMBradrial fibrdllatiegidilatedf a
peartienyopathy)santkattialanyxosast Mi istassaidted witle b 2<% ndiléince
neftembaip steeke, of wiiph 8% mentr io thedistagandh afterrddins i n a
central nervous system |l esion. Unfortunately,
nk9gPehal (lengpatinksdeaceountior 13-Athf Blbcerebral infarctiond
r&bisaelly iarelegbesmalliterainal pasiulajure Thihegeheortital cerebfum
riW brainstens Laguneniafagels icomimonlygoge iy patiarts with ectal vedsab
rdiggashssuchies diapetasi anditypeitensiont §malf emboli o arf lassjtuand
tFH@C%S& Heghlipohyalipgsis [sthowghs taieause lasungminfarcts. i Tine reabt
Pfxlacungs swdraraas inghile puenmdionpaes sensery, ardatakicng

fW@ﬁ%ﬁ@k@&ﬁ&pﬂ%@fﬁbew smathsizeandswelhdefiried subcortical
PERtan Jacurap aree dowiet lepd doimsiaBmestsiim cegniions reowsy

e O lavelff coRsFiQMsiesscer tai N neur ogenesi s net hods
Sﬁ hese nethods have not been clinically
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uni't conprising: marrow adherent stemcell -
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derived neuronal cells present in an anount
sufficient to facilitate functional recovery of a
patient suffering froma central nervous system
| esion follow ng adm ni stration of the
RS 0258her ent st em cel | -deri ved neuronal cBET/ES2086/007917
the patient; and a pharnaceutically acceptable
carrier. [00019a] Di scl osed is a neuronal precursor
c809042p bt ailmieH,hjeedingrmedursidiestiytintatthobraof parenchyma. The
adheal erachgnismigs tiolight {6 be laskage fiom ismatl intaterebtal afteries
i §ameged by echmeicbypertegsionsOihekmechaidddibtilde bieeding
ad es.tigfeggenicanicanagutidon.wesebodl amybidusis; andibocaine
pAbese: {oi tends|tgbefound dnctestairusitel dvibefboain tineuding the
niiEaRs, puiamen, eerakeliima aedbrafrostemhin addiiah tethie spéa afithe
i Braiinusedby Werhemoarmagye tie swiasinding Argimtarebe dambgadshyn
s iegsiedredussd by the massxifestiofithé beroatothal A generahinortse in
sinfraprgnishpreseure arsiyldecun hedfedayonartalityratevfer yeradrhisyk
pBlf Pkeris 4080%0 foproximately 50%anf atl Heathaspar withintthe @rst 48
pPWﬁded a graft formng unit conprising: neuronal
precursor cells obtained by transdifferentiation of
0PI adhOthaicarzes o@D desighs ese panvientionallya ki,
siFidipg dirumasnd yarieys disesseaatthe NS, recovery of a
patient suffering froma central nervous system
| BOPH; s chétprling ENSdpaionstiagiieates neskegenebisoivd. tip
aieRTealen pldieuensima reglen oirapationteciinsye that il dfsnterest, he
paiHdiRg bubppf limitad ta replesempriaf demagedpetibhsin@agentral .
W yPW“'g'@ﬁ’?ﬁﬂHﬂfﬁuné@BeﬁQl{(%ﬂi@@ } isspe isaveleknown
FEln arativeliegpieralive eapacie dThedienersipn obheve f or

;{%r?‘?? P tee 2qultds largaly estrictediia iwe regions cthve SMZiging the
) Eﬁlé‘e‘gg‘ 6% th%sy@mwﬁwee oftbp deptate gvs iimited
N ﬁf?&"@%hﬁ‘ﬁ qeR slemonsiried meuliag frog endogenaus
FEPFURY StRIT calithathad reigpgtedtorgitie-P¥éed above for the

r@ ‘ﬁictur Oof. . medi canent, for the treatnent of
ineg &4i ¢ .0 'ﬁ%ﬂ 2 P s srllﬂ?ﬁ reperiedyth @R@in wher ei n
LGt ‘f"wrfé Sibult iS¢ meihads hvg agtdieen slinigally syegassiul
?g,%,gf e eineeled srs tuethig AT omposoR el otreare
DDeits Woleg o e o Betime eeP FgBiets Sybdoniane
provided a graft formng unit conprising: marrow
adherent stem cell-derived neuronal cells present in
an anount sufficient to facilitate functi onal
recovery of a patient suffering froman ischemc or
henorrhagi ¢ stroke follow ng adm ni stration of the
marr ow adherent stemcell-derived neuronal cells to

the patient; and a pharmaceutically acceptable
carrier. WD 2006/ 096640PCT/ US2006/ 007917



BRI EF DESCRI PTI ON OF THE FI GURES [ 00020] Fi gure 1

shows results fromthe MCAoO procedure. [00021] Fi gure

2 shows results fromthe MCAo procedure.

[ 00022] Figure 3 shows results fromthe MCAO

r . Figure 4 shows results fromthe
Summsgﬁ[s'gé'd{dg@%ﬂmozq Figure 5 shows results from

t he MCAo procedure [ 00025] Fi gure 6 shows results

ooo1§r°mtB% Q@eﬁo WhCeork 91 6Lk ale r colls; an
Esldmln {h% i ] ij%éﬁ% p m% @ V\ﬁre urzse?voﬁzusysten(:
lesion Oofgblhtg% f ndt rré?:%@ bethe Y . Figure

OWS resu fromt MCAO pr ocedure.

[00017] 000293\@) gHEI@séHQs a Hg{Llﬁlﬁcdcnﬁﬁ?mnbh%ulf@épprecursor cells present
in an BMBGRMIRIent @D PRAkItE %Hcﬁo rebAE 668 Watientf @it @om a central
nervou¥lefteRlIOfi@Hdiving ARRILIE@WT GhelrbusdiRBreb @St desis fortBépatient; and

a phartnaGeUMEdNy 2RIt rie] 000321Fi gure 13 shows results
fromthe MCAI procedure. [00033] Figure 14 shows

[000181esul t Alsé rdmobée idVEAhethod cetiprisng: [0O0B4] Fiagwweadhbrent stem cell-
derived hewsnal esild; tisd Bdomidtdreg MeAmappocdtencet ste@BSEMegurearonal cells
to a pdteent buffssing &ewl & sertrabmeitvhes MEEM frsmodd@neamount sufficient to facilitate
functioh@00@8¢¥iof thegalightshows results from the MCA

procedure.
[00019] Also disclosed is a graft forming unit comprising: marrow-adherent stem cell-

derived neuronal cells present in an amount sufficient to facilitate functional recovery of a patient
suffering from a central nervous system lesion following administration of the marrow-adherent
stem cell-derived neuronal cells to the patient, and a pharmaceutically acceptable carrier.

[00019a] Disclosed is a neuronal precursor cells obtained by transdifferentiation of marrow
adherent stem cells, for use in the treatment 'of‘_ischemic or hemorrhagic stroke.

[00019b] In one aspect, there is provided use of the neuronal precursor cells as disclosed
above for the manufacture of a medicament for the treatment of an ischemic or hemorrhagic
stroke in a patient, wherein said medicament is to be administered in an amount sufficient to
facilitate functional recovery of the patient.

[00019c] In still another aspect, there is provided a graft forming unit comprising: neuronal
precursor cells obtained by transdifferentiation of marrow adherent stem cells, present in an
amount sufficient to facilitate functional recovery of a patient suffering from a central nervous
- system lesionischemic or hemotrhagic stroke following administration of the neuronal precursor
cells to the patient; and a pharmaceutically acceptable carrier.

[00019d] in yet another aspect, there is provided marrow adherent stem celi-derived
neuronal cells for use in the treatment of ischemic or hemorrhagic stroke.

[00019e] In yet another aspect, there is provided the use of the marrow adherent stem cell-
derived neuronal cells of as disclosed above for the manufacture of a medicament for the
treatment of ischemic or hemorrhagic stroke in a patient, wherein said medicament is to be
administered in an amount sufficient to facilitate functional recovery of the patient.

[00019f] In yet another aspect, there is provided a graft forming unit comprising: marrow
adherent stem cell-derived neuronal cells present in an amount sufficient to facilitate funcfional
recovery of a patient suffering from an ischemic or hemorrhagic stroke following administration of
the marrow adherent stem cell-derived neuronal cells to the patient; and a pharmaceutically

acceptable carrier.



[ 00037] Figure 18 shows results fromthe MCAI
procedure. [00038] Figure 19 shows results fromthe
MCAlI procedure. [00039] Figure 20 shows results from

MCAl procedure. [00040] Figure 21 shows results
"#41203?’?%@40?'@ procedure. [00041] Fi gure 22 shoREl/Us2006/007917

f the TA procedure. [00042] Figure 23
;%ﬁ@rﬁ?ﬁfn&ﬂrﬁﬁ 'EQEF@UBEﬁcedur e. [00043] Figure

24 shows results fromthe TA ‘procedure. WO

20889248 6 6 4 Egre Ushous rewits fremthe BICAcRIrgeedure5 shows
results fromthe TG procedure. [00045] Figure 26
sHB0R21 esul Figurer 2 ghawaresdis frmmtheddGRo pfdaeaEs] Fi gur e
27 _shows results fromthe TA procedure.

[ dBORFR] Fi g viglre § shawasesulis fromshé MEACtrecetGre.

rocedure. [00048] Figure 29 shows hi st ol ogi cal
PJQQF??@!; fr d'Lr'Eltfﬁé %ﬁymsggs frpmdio BCPioguoeedate. shows

hi | ogical results fromthe Exanples. [00050]Figure
19T, ¢ s Bhews srmalls from dvMAe o

syrviyal. [00051] Figure 32 shows results fromthe

Nmzéfoce {fuEe 63D00s pspityfien tssMEAoWsocedstd. t s from

t If(?ooygﬁo prl’?g%?g %rsﬁc}ws results from the MCAo procedure.
[00027] Figure 8 shows results from the MCAo procedure.
[00028] Figure 9 shows resuits from the MCAo procedure.
[00029] Figure 10 shows results from the MCAo procedure.
[00030] Figure 11 shows results from the MCAI procedure.
[00031] Figure 12 shows results from the MCAI procedure.
[00032] Figure 13 shows resuls from the MCAI procedure,
[06033] Figure 14 shows results from the MCAI procedure.
[00034] Figure 15 shows results from the MCAI procedure.
[00035] Figure 16 shows results from the MCA! procedure.
[00036] Figure 17 shows results from the MCAI procedure.
[00037] Figure 18 shows results from the MCAI procedure.
[00038] Figure 19 shows results from the MCAI procedure.
[00039] Figure 20 shows resuitsr from the MCAI procedure.
[00040] Figure 21 shows resuits from the TGI procedure.
[00041] Figure 22 shows resulis from the TGI procedure.
[00042] Figure 23 shows results from the TG! procedure.

[00043] Figure 24 shows results from the TGI procedure.



[ 00053] Figure 34 shows results fromthe MCAI
procedure. [00054] Figure 35 shows results fromthe
MCAlI procedure. [00055]Figure 36 shows results from
the TA procedure. [00056] Figure 37 shows results

WO WA TA procedure. [00057] Figure 38 il |RCIVUS2006007917
graft survival. [00058]Figure 39 illustrates graft
sUpoesdl . [KQOe 2 Bhows esdlls Bhvadse TGEproesiurd.s of a
beam bal ance test. On day 28 after transplantation,
t He00&In s cRigure 26 showe rdshiBs Gorn tiee TBDyweckdaresi gni fi cant
i nprovenent, conpared with the MASC and contr ol
grio0s] *: Higle @B shows resulls Bdm HRODE0Ir6¢aguree 41 shows
the results of a linb placing test. The nmean scores
f 4000473 NMCTigure 8P shmds teseaitd\kSA they TEipraesders.
significantly different to that of the control group
o0QMg] 21 iglirel 29 sB@vs Aikletogicabesults faing thefb:aamies.
di fference between the MJG and MASC groups. *:
p{®Y] p<Cidure OB MsiglogiEak@suitsdnsn tHeExaampldst s of
a Morris water maze test. For the final set, the nean
| $90058) ti FigureB1 Hibstratbifugctiongl neasvesy gmi friattaotvival.
different to those for the MASC and control groups.
[ (RA952] Fi glnigurel32 simyvesrestits fravs tiet/dCAS proceddrer naze
"spatial probe trial". Anmong the three groups, the
b 883052k s | Figuyred shwsaiendts ffapn theHdCADGragedurp, and
statistical_ differences were obtai ned between the MJG
gf¥953hnd Figsre3shshowsresyts. from theddCARrodedurep<0. 01 WO
2006/ 096640PCT/ US2006/ 007917 [ 00063] Fi gure 44 shows
r EO9B4L 1 r Slaumsceshows resuisifrag iheMGAIpsekadoreExanpl e 9

[00055] Figure 36 shows resulis from the TGI procedure.
[00056] Figure 37 shows results from the TGl procedure.
[C0057] Figure 38 illustrates graft survival.
[00058] Figure 39 illustrates graft survival.

{00059] Figure 40 shows the results of a beam balance test. On day 28
?ﬂer transplantation, the mean score for the MNC group showed a significant
lmgrg\;ement, compared with the MASC and control groups. *: p<0.05, **:
p<0, .

[00060] Figure 41 shows the results of a limb placing test. The mean
scores for the NMC group and the MASC group were significantly different to
that of the control group on day 21 and day 28. There was no significant
difference between the MNC and MASC groups. *: p<0.05, **: p<0.01

[00061]) Figure 42 shows the results of a Morris water maze test. For the
final set, the mean latency time for the MNC group was significantly different
to those for the MASC and cantrol groups.

[00062] Figure 43 shows the results of a water maze “spatial probe trial".
Among the three groups, the best results were obtained for the MNC group,
and statistical differences were obtained between the MNC group and the
other groups. *: p<0.05, **: p<0.01



[ 00064] Figure 45 shows results from EBST perforned in
Exanple 9. [00065]Figure 46 illustrates graft
survival according to Exanple 9. [00066] Fi gure 47
shoms raft survival according to Exanple 9.
#0gure 48 shows the results of Nissl BEHUSHIPOTILT

accordlng to l e 9. DETAI LED DESCRI PTI ON OF THE
| NEBeRG3ION AFlgmpRngms@sq!fm@esmmsomemtgopmdme in
unExgeRleddl y and surprisingly discovered that the
problens and |limtations noted above can be overcone
byl09P6dt i ci Riguterdd showsesulls fidmsiEBYE perfdrarediimExample 9.
particul ar, the inventors have unexpectedly
di B986%r ed Figure 46 llostratasgrafbswviva ascardingdo ER@aplersd/ or
M\Cs and adm ni ster those NPCs and/or M\Cs to a
pak008eR] suf Figriendy showimatattemvivallacemrding ts Exgraple
l esion in an anount sufficient to facilitate .
f UB8P6dnal Figee\As shows therespita ofdiss| staliQBRIcHhing to
appfai® 9di scl osed herein has several advantages over
the rior art. First rovides for a dose-response

%ﬁ"@}ﬁ@@%ﬁ@ﬁﬁ”@ﬁ@%THE\PNHENHW cian to tailor the
surglcalégrocedure to repair the central nervous
system | é8i onNFR@PHETIQMt by patient basis. Second,
it rOV|des for an all ogenei c approach to
erp[gg I nent Thetinyentors hgve pagxpeeledly isad sumesingly siscovared
NPt e arablemand lisitations rated ebqusraanbg avacomedydracticing
prif% INYERipnitglased dersin. o papiculas, theyipverdersiage uoexpaciedly
c ficpueien At ippossible togimdde NPORendier MNSatartdesmeinigtor
rERRaNEGE 89/BnMNGCs e apatient sufferngfrom,a eemsral RprEsus system
a|“?% r‘f"é‘r"“"ﬂ?ﬂ"’ésﬁé igientde facligase &unctional ssowary chtheatiental

red to use of other
nﬁf’ﬁf‘%& S'ﬁhe?m cﬁﬁfﬁ% spd hereinhiasseyersl ayiantagasmpver the
ﬁ?’@ﬁﬁ for ,?r e %Pn%%ﬁ@onm that samallomasr
P i repaic s cenizal nervous system
%;? 'H aﬁ?—f tFamvwgs fqrmﬂl_lpge
t
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MBERfNRIGNG di ng NPCs and/or inventive grafts to a
pati ent.

[00071] All publications cited in this specification are hereby
incorporated by reference for all purposes and in their entirety as if each
individual publication were specifically and individually indicated to be
incorporated by reference.
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[00073] "Area" neans a region or defined volune. For
i nstance, an area of the central nervous system woul d
be a region or defined volune |ocated in the central
nervous system [00074]"Central nervous system
WOHPEIsE0event " or "CNS i schem ¢ event" nean®CTAIBR006/007917
occurrence that results in a |lack or physiologically
si [@o0T2]c ant “Administering? naéans lpesvilifig NRC @ndler Rivefivelgrdro
cempatint.ner vous systemof a patient. In a preferred
enbodi nent, a CNS i schem c event conprises an
i sonerd]c st toke” m¢dHIGrapiofentiefed velunl Sor fstiae, an area
| ecfitoeberdral hEMSus Sstapnivotle 863 ragion e defifeddoNMEa8sated in
nmethé cextral oervogs sypaterd] seased neuronal central nervous
systemtissue, or a penunbra surroundi ng such
dajfagat], naiGantral nesvous@ysten istheadsekniren*ONslischemle al
nesveot] sneayis tapotclssnee thabreagiiniaiack GihysisbrRalyC
e vaigrificant teguetidmeofibiood figw ¢ en grea of theacemtref eV system of
enbpatientnin,a rrefeomred haaglodrrrmnt akEYS ifchefittdvefariniptises an
neseheoEc stpsteem ti ssue” neans a tissue conventionally
associated with the central nervous system Brain
t i[88@&P] and "Geintral nenooud systemlesian”®r MOMS lidsiont tregns an area
exdWpmagedfmaluntiicuing, er disessed ystrenaltdeatralmen@es tspstam
ertisedt, ok atpenuinbtzhsunpuediamsudhrdaereged melfurctioning, ent r al
nedisesged sewooahcentalnervouh eystém tis$ue, demaged byne CNSUS
sysahemia ¢vant er biug homemhatmrtage dn byreferrédembadimerty ent .
slemaihaaigstness). occur as conventional |y under st ood,
throu h oxyug:en deprivation, and other associ ated
s an ebgralp\eomyetsﬁsteﬁ tissust mbaps iatissieoconsractionally

aﬁé@@%ﬁﬁ@ with ke eqndral neﬁrmmsv stemu rRraindisalie amtepinat gbrd
méigpue aneaondipdiing sxapilasieeetret npauskystem dspiec Certaina
oNgrhogimets akthy @r@en’r inexntien eenoempgeninahsevewsesysteof tissus,
né\iiestn iegepnéal ngreusystemndisskrmhasbean damagedfoytandschemic
f (ENERt &VCP idamagemay qepds asconyendignalbsyraaestand, theaugh) |

X%F nAspsvRiane ARd ghenassacialed sRSeases BNA Ry-pEodycts of such

é’& PitvRioB And Ga5QAtsd easgadese i n nurine nodel's, or

@ dela di scl osed herein or known in t he art).
Rd %{7 g&qﬂeﬂwﬁ%eaf” meqRas t*‘erraeweyy SCNS functiori with
meesly G gd Fg?eé’ﬁ ?"ﬁiés"!fﬁ'f“ﬁ@*s"fo bser ved
i eyro 9%96' B?fagrrrﬁ shargdgintigef Bigt upgiion (.ereBF, E
r &8 @P@ ﬁgbrérnea urergent,qi éehwae‘wctroat(e%s
t ﬁ%ﬂl’\pm gudifory gtart gmngg nggglg,%chpertrgoq%dr%{pw herein

in;the a endenpyaf they
é’{eé‘PHEe aa;;isrzgg il ;

Yarese AHReEBRI G ontrol
ERRRYlal E%gﬁc pp b @ feeoypry retums the
p g'{"? ete 6 '|5' e ergral or
c GBS PSP‘I"ﬁtrRﬂ’ 38 e”P§? Bebyp " f?"aée §t't_ﬁa 9Holpt er |
0 el regoy 6{;}’ or instance, a patient
[ CrENfT %ﬁ}'s rﬁ@g 8% GRS aﬁfear“%ﬁrsweoar@n@tﬁaror
n da Vf% “CNS tissue fornerly

a I .eSi on c%nd ubseofgsnt functl osrry%j(el
% ﬂi Néq %&yd YO'¥e 'ﬁf"ﬁ ?Tdaé U/rreans

0 et roni *hsg L Bnerasentye

r Wh acce abl , rr
fN ﬁgg ,;i%ﬂnaﬁ gi %z% &
|
a?%rﬂ%'g e@éste% ferjd i e 91 g%@?t‘erﬂi prgtprred

enbodlnents NPCS are present substantlally wi t hout
M\NCs. In still other preferred enbodi nents M\Cs are
pr esent substantlally wi t holit NPCs. [00080]" Marr ow
adherent stemcells" neans a type of mtotic nulti-
potent cell that gives rise to a variety of cel
types: bone cells (osteocytes), cartilage cells
(chondrocytes), fat cells (adipocytes), and other

ki nds of connective tissue cells such as those in

t endons.

/\f—ﬁm_q



[ 00081] "MASC- deri ved Neuronal Cells (MNCs)" neans
post-mtotic neurons that (1) are derived from marrow
adherent stemcells, and (2) that express neuron
mar ker s |nnunoh|stochen1cally and exhi bit neuron
Y 9eP6649s i n el ect rophysi ol ogi cal anal ysi s. PGUUS28b/w7917
nmet hods of generating MNCs in vitro may be found in
PCIMbedBieol ablureNUSPEs add MMCaaTe egpratdey conmhpiaied e f
knethar praferied embodimentsiNBGs laee pressht substdisialdy withdut #INGs.
t hinsstifl pthen piefaredsombadingerds MNGsyaropessehtatibd@hiisllytwitbut
of NNRes set forth herein. In an enbodi ment, hunan
M\Cs are MAP-2+, neurofilanent-M, and beta tubul i n
| 1 j00080]. . “Mﬁlcomadheirém:s’@nnmlls'eﬂmanmq/tybe ofisftdtid multi-
i smtamte:eﬂ/m@@ giuss rigp BAGETEY dfwell fygeqbode ctllsqostebeyidiys
ustartiagheelis édiondpepes) ifat ckitss@dipboytdQTAntRBE OB bf
Susarabtiyertissueomlls sficthamitibsanin thddcmsar e known
conventional ly, including those nethods discl osed,
f d008&Hnpl e MASC-deiiivied NeStrariat €ePafMMEs)b5m8ads pedniittic
Canepensethat ([ oo gielivadtrun mesmmsadnecl stemeretiramd (2) ther v
0 c@iptﬁﬁsd\ﬁurgg@ww]s invbanohistecimemiodligding exlibithewbnart ery
I i RfgReries in[elrobeplysiingicsanalysis " Suitehlesnétheds of generating
riANGE ieyilie Men beffounsiin G0 A4T03/01€68.0 MAICst firsdusediusing other
r é@?’?ﬂ'ﬂ@ﬁ keowa in the ertenay alsaibe usest In the mhcticetos tiésinyention,
i ri®1lpRg aythey meablhe|definitienio MNCe skidorimrbereinofin danaged
neipRadimen, unasVINGs are MAGL2+, sipurtoiamicssMenand beta tubulin
[ dBb it Tkt Thvespmadiars may belused toNpaste MNEausing EACS
t Halfovdigpipgluciion of MBIGsusing the sachniqueridistioned icel |
nsﬁ%ﬂpﬂ?éﬁb?@f)f Stiltable methads of harding ¥9sarakapwn
p wantieprllyclepipding fioge matherisrdisaiesed fonexans in NRiGsd
PP@EWE%@?%?@QFHQ@?ﬁ@GFons Ca, and
Ib@B%Tndrg and precursors of any of the
fd n“@ﬁﬁ%ﬂ?'%t’emmﬂtﬁﬂ%ﬁm}}@l% oduced
rromgaggerent stemcells (MASCs) according to
d| s &EP9NS R PW@@ZB@"@ pr oduced

u t her, .techni gues kn the art may al so be
u (8%4 t he ?Hrgger]eggﬁg}eayﬁvl\% f%g%‘?ﬁ'@t@ﬁ of §@‘¥T|°B$1 nds
ao'&fJPE it sipeue batis phintaresidpaiding but
%@eﬂ GSHFPRRIFCR cendral Refygks Rystasn

i tls 5
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qug characterlzed by the presence of
neurotransmtter synthetases or
neurotransmtter-rel ated protelns and by the
secretion of neurotransnitt®rs, for exanpl e

neur opepti de Y and substance P. [00087]" Neuronal "
means neurons, glia, and oligodendrocytes, and
precursors of any of the foregoing. [00088]"Patient"
nmeans an animal, typically a nanmal, and nore
typically, a human, in need of treatnment for a

di sease or disorder. [00089]"Pharmaceutically



[ 00090] "System cal | y" neans throughout, or throughout
substantial portions of, the patient. [00091]"Ti ssue"”
nmeans a part of an organi smconsisting of an
aggregate of cells having a simlar structure and
WORBKH0oEH0 A preferred tissue, according to tHEE/US2006/007917
invention, is nerve tissue. [00092]"TGA" neans
transi ent global ischem a. [00093]"Transpl antation”
vioness)i s udEdren{sloneamIahyoiihéd imputseasontitictingicells RBANS
t domsilutecthenerdin, ahinabeolunng epe Metes CaunbBtinglofaNnutieteddell
peddyeavith.onéraxmesgre dediitéscandsingle afbn. ogieB®ticall! neurons
rera chgtattetiedd by leatilun witteagibbdias fd Mapl Aaspfilambatiioshd
risgta-albsin lie(.auTwl- Do Olesiral oellsxet Blsoehbmichazaby the
tprasenek af hedrotrengnittdrisynthotased bisrsdueotiadsiti-hatated Prdtdls
sangebytat isecrotion SORAbiransmistdis for erahplatnedropBBIRIRSY and
demefaapeent of a cell along a lineage different from
that classically associated with that cell type. A
NPMBS7JAND ‘RebRMACHEBhEALUGCRB/RINTE] drid@NGoddidRitifes, and
[0O0854rs of amy efithofbiregoitig,. NPCs are used in the
practice of this invention as part of GFUs that are
t[eeeeR) ant ©dtientt mepad areatimal, Hipicaling evdmmal, adthirotehe
NRtsallyr athwman, idneécofdraairar ford disesseroprzbrdzel | s t hat
play a role in the functional recovery of a centra
{e00af)s sy'Phemdoesticily accdpleblepedriiahtneafr®any anxdalpl e,
gREentsodisperdiof neadém toatings, arttibactenal agents rattifungpl aeeats,
dayopgridctants depdonicisndhahsogriien délayiag mgentsedng, thelikss tred ered
diofmpafikla mithtpbaimaceutidal adminisitiatioroof NRGs omef MM@S. The use
¥ gueh medinandageals iowel kriwede ther artut Exdeatinsofar assgnyhave
FonyapRng raedia of agenbis intampglible véthNFTSs emwitheliCs haser
fthgreef io fag inverdiye &Ms i$ eontéraplatednner , treat nent of
central nervous systemlesions is p035|ble
[1eR199%] Pr eﬁwte@u:aﬁuﬂmea@ﬁ&rpwm 106 thrareghieutisubstantial
derigns ¢f. digpatisgbh NPCs are di scl osed in
PCT/ JP03/ 01260, --to Dezawa et al., entitled Method of
$909d] ent @wwgmwaa negt Beperoanisryaensiaiiag of an i al
egpregaienf seilehapingcesimfansigicire ped bctians ¢ prefsataddispye,
?P§H§W§F9ﬂHU“W%W€%’%ﬁﬁee@%weﬁama ). In particular,
the "neural -precursor cells" of Dezawa, as described
1939924 hout T@EW%@BSIPW giehal [sehgnaip. i n Exanpl e 7, may
g@ d a§Tthe NPCs of the present i nvention. Dezawa
%0 ses, TERsRaigiaSUhihs used SYMARYAOHEIK MR i at ed
958 Pifta Meang e Ragement p nqrh%e%d&eew%éw"amweaef a
E'a w&o e ﬁ@"? I% Poip- sty Peind
ran B\gqgg F@Ptq qEoLRor SR cpllscheings
FH’%O"T‘ %rﬂ'g cf??m .‘a-ff?a '?Qf'?ffrl"} the segnalet carriers
resent venti.on ca I ncl ude:
gf@ B efggf Jreap Réeve w'%g@f ace Lalong 2
fgergn dc’??nb Y}G‘?‘Wﬁiat Wi )MEP oi l's,
pol yet hyl ene gl ycol s, glycerlne propyl ene gl ycol, or
ot her synthetic solvents; antibacterial or antifunga

??eIliﬁ@é“W?@%@%@%@;@%@d@oﬁﬂﬁbﬁ@me@F
E’%ﬂ o .'*‘nE e éﬁmﬁ%d;t%i é“’iz%f %éSL?S
LOW t e in e
ﬁ[%ﬁ%g% ?ﬁ% ?‘E@Pﬁ%ﬂs%}; l%‘.'% 'E % \%‘lﬁe@ "

SOdI um chl ori de or dextrose. pH can be adj usted wth
adds or bases, such as hydrochloric acid or sodium
hydr oxi de. 11



[00098] In an enbodi nent, graft formng units suitable
for use in the present invention conprise sterile
conmpositions that conprise the NPCs. For intravenous

adm ni stration, suitable pharmaceutically acceptable

W ras/ees40may i ncl ude physi ol ogi cal saline, npcTrEsbe/007917
isolyte, plasma-1yte, or phosphate buffered saline

( PBSamplenNBEE coald @fferdntigte Gitt nelshs Bt FdpidedRnfagkder
t handagenodksurons. Aeendtivaly, IPEs BE8S BitblenBatd iRb Sl Selifor
f | nedrohs tHab seceateqidwth iddtors A Fhesydron@iarattorst iaedvelStrophic
( prolpdty of ldaimdiged ne@Bndand il ek f0RHionAIGEcREAT A that PY
us mapnem treatiriing ofaehbalar o isystem, ledidhs T8 pAdshigl N9 a
certain particle size in the case of dispersion, and
by [00006Ldi n@refairéENPEsERY-prefirtedinbihods bf f6vidhg Bl NPCs
undexdisdiesedonBCTTIP0S/00L60Me Deaatalstel. aastitiel MaretR) &nd
nuBiffepentiptiegiativeiny Boad Katrol hetes i Tl Btd Renaddi9andf
ni SkeletogAhiseiesCelld bly Taansian@®Noh Btfe {WGawa®S In particular,
dethernéard-mbcursor delis’@e Deaawa, G we8cribet! thvolighdd€ Dezawa and
pr ifpertdulee i Bxanygte Tomay be usexagPleNPCaIgfaRS present invention.
poDgzdventistissasithdt IMaSOmmal beltransdifaeilidiedintosiaalivaim
c hbrecumser.calls dhat-bes hah Ysertiess (RN POSEr tHE e EdM Y BREbAt
in the GFU. Generally, the inventive GFUs may be
pr®68EEd by In emcodiroes, GRS may BRGsefulih thepratidel dfthis
v elhvettionwihetmanenticlip aceephase cardérs pesfal inGRORIGIURE gradent
opinveniighlcgn étchele: stage éaitanic buifers) FRS) xok/te; Btoniky dluetts
ab¥eh. as[vE0e9 0pnmal saline sfpedidits,| polyethyiene afyeoissglyeerine,
f oprapyleneglytn, deRber sinthéte solveatst antibatterigraantiinganagents
unsuch@sssgebicacits tHimerosals Eimethapdim-sulfametioxarole malidixic
urfdid mrethgnantinelbippyrete aimétfafurkotoir mgcroaystaidemd gee fkey m
asaniioxidanis suenas asaerhic acdd physdiwa blsylfits; shelating ageintsssuch
s A% AT Aihuliiera such agacelgtes, ¢itrates,ur phodpjhates; tiod agents for
t riba edigstmant ghiopisineioastsodiuphciirdedw siagfesboplican be
c Aiusterswith peidgiet kasas.rauigh as Gudmelilonc asfd diR@slium hydroxide.
cal cul ated to produce the desired therapeutic effect
i 1088 ci atlnew sphadineend, graf forming ysita suitabla for ved in the
cFPFeY invenfioncoanirise sterileieripesitionsthg egmprise tis NCanFor
ddSERyenPT sRymipistralion, swilabla phamasaitigellyiagcenialiye camidrs may
di!Peldqq phyg Fﬂﬂnemqrmsqmﬁgw@. RiRsmantytte ar ghosphatst
t (gféss,a"% B3y Iniad gpses. thao@BY sust be sferiledpthenthon any
acH; VNG S dhat gee prepenthancbshouidhediuichio the extrat thateasy
c ﬁ‘@ﬁn g&g@%@@%%ﬂum can Bamakreained, forpxaiples By ysing
T

ne an

RN, oy, malptaining 2 eerigin Rarlinie sige intbe pase of

prdP E %1:@ IncidingrsugActanEl T he @) mupt be stablapader the
biSPIBPNSH manufagiy ,é‘f‘%siﬂgqermra%@ﬁ PIgsepd againsttheo
alfNRMiRmINg Aciqref nigioptga Ush 8p Baeietia and BRgiaBo ut
56’96%9 bgge.

Oi( t“gfc%{mﬁa%- il begielemblesto inglede, for example,
ch AR R 0 sug;begngﬁ%né%leg AL

p FGAN 30 W"?/ﬁ'itg"’FP t%\l%bt \4 Generallypthetavesticut
158 et | Sriscapetathg bl o A §ierlgsicle which
1 S9gns & hasiaffisnession, padiugyarsteptioliyathar ingredients fpmhe
GFISC ERHMEEaY¥8ed in a contai ner, pack, or

' ﬁﬁ er tagether with instru

d ?t%ons for
alHOSEE | o Srepll blaniacans ety cescien
a | LGN Qi ommipg U Heage fom< for eane ol pministiaing and
g"‘ﬁ 6P <10 oy Uil dosgpe orpy asdsetl herein refers to
trgg}%‘@@"g] B S po QSeEabr i poectfo be
preath 1 alpmppdiment gach G dosags deim canipie a predetsrmined
track the mgration of transplanted NPCs,
differentiation of transplanted NPCs, survival of
transpl anted NPCs, and so o®. Various cell |abeling
nmet hods may be enpl oyed dependi ng on the pre-clinica
ci rcunst ances under which the | abels are to be read.
For instance, fluorescent proteins (green fluorescent
protein, red fluorescent protein, etc.) nay be used
as in circunstances in which a detector can be
suitably placed near the transplant site.

Sefpilgl sqgim cllerdey &iGldNan




[000104] Materials: Cryo-preserved NPCs, PBS
(I nvitrogen 14190-136), HTS-FRS (BioLife Sol utions
99-609-DV), GFP-Lentivirus stock suspension with a
titer of approximately 107/ m, Hexam di ne Brom de
‘b Vﬁ?ﬂéﬂe) (Sigma (H9268) -1 or 2 frozen aPCHUSIOB6AE9L7
r%g , Sterile Water, USP, Opti-MEM (I nvitrogen),
anﬂu szﬂf NE&:5 gaicuisdedito frefuse dimediesiretMPerapeutic effect in
ZOWPGQMWM@IWMU[MW& RhEEPadimabion/ fof e
st geft famingeniidosageionie obthediventbrearewiotatb@by ¥ind Qﬁ'ect[y
megRPEDde{ @ndhe: unintue charadtgrisivao thoNECs| the frRDIAS
Vi ’ihé'@eﬁwrc afieqt to\her@hieEﬂtmraﬂﬂsme)inniﬁ;ienemhér@biﬂwtﬁ@hﬁ of
f r SIMAONOsiInG bif&is, foTketrsbbmbnCe) individugia THeaitnger of RECs in
pL gsEUnitdosaag forequrelerablyycaberagydnioh BBELEODN callsEh P
él% 1 Bﬂfioa@@uﬁ @raferably fromealraih (0,800 celists aBbutaah ingMsn
%F'Rfag?fr lycfmme;@mso.aao eellSR@abauttS0\vhiNiBA cells. The
i o rgrafhurihdusdgeriorn préfaelyi &6 vaRYfrom
L&%ng rq?B%{u de@baiintPoaOtcelis/ul:, raadsfcmebreﬁér;b!y%ﬁ%ﬁoﬁt
ava %IPHQJ%’?QLIWUJQQ gelsétlur er, such as the
W 8B]gen system referred to above. [ 000107]In

/—i

Caf\/\#ﬁaﬁcmé@.bthl nidREs, pek) e nsérhe
VeheliM EWSrfayadwma@@tfom Thegrdftstean dfefég)?? stored
pF&E%QiB’F gteyeg( “Ept the centrifugations steps,
y ar erforrred in a Biohazard Safety
Lel " aMpetipisianay bedesiebletto tahehtay NFSs
an 'E?U%%I Thiswjay be l@blepn pyebelimival {18, dorrhuradn)
he ﬁ\lﬁﬂatfqn genspiantéd BBGS, différeRation of

' opiante % 120d sgoac KMasoligdlon
rr] '? 5 SHRAV3l of tanspiantediNPE
caye t' V RESMRIgYed éﬁﬂem @t e poe-ginitabct ed
fﬁl T BN r £| oA febairepd b Eboinstance, al
i D ﬁe ns(greqpdliofegcent protein.red Bkoreseant piotsimetap
rrE‘ b ” C‘r Hingigneesa gihinh adetecteraasi beysuiiablg placed
m? i on flask; and culture cells in a
3 g& g tar overg cght [ 000109] On t he day of
vI WFW@ ¢ I"§|"f gan-glintnek situations, and
t ys?d?’ & ayembediment beain
O%Qfseﬁﬁwe%enbp@i%f@lﬁﬂ or
(gby ' ” W& "eﬁﬁ’ﬁmiﬁ profgin) gliakgbritiary
Vidh W sPesifigmrotalnbioridentity
gr, 'FP 6sc dhe aHmbgr piqesitive
%‘5‘ "%”“’ R
umg
JQ‘EBL&EB RS'EJ e pros ?? 5 b elolted
SHIV
%mé”dbet ”eg '9 Hoton o plymggPtgp e

distance from the anterzor aspects of the brain that contam GFP-
other label-posifive) profiles. P-positive (or

[000103] In an embodiment, when labeling NPCs using GEP
following materials may be useful; o o (e

[000104] Materials: Cryo-preserved NPCs, PBS (Invitro

gen 14190-136
HTS-FRS (BioLife Solutions 99-609—DV) GFP-Lentivirus stock suspensnon)
with a titer of approximately 107/mi, Hexamidine Bromide (polybrene) (Sigma

(H-9268) — 1 or 2 frozen aliquots @ 10 mg/ml), Sterile Water, USP
(tnvitrogen), and Fetal Bovine Serum (Hyclone). Opt-MEM

13



[000110] On the follow ng day, renove conpletely the
viral nmediumfromthe flask. Wash 6 x 30nL wth 10%
FBS in al pha MEM Collect 5ml from each wash for
infectivity testing. Replace with fresh culture
WRHAISHnd put the flask back into the i ncuPEE/BS2006/007917
[000111] Next day, harvest viral infected cells, count
at@04185% u s FelPtlientivitus stock stispensioh umsy bef obtgRed!! i N
HFSTPRECiallydor mades Gising @ dommescidllyzavaiabis Igtsisueh as the
DeRowerkentiviahEspressien Spstemgavailabledrorm BTy CaHiisad
T i partieitarcibe pLentitéh GatewayVerRy g beonbihed iy
alBRibgasspiitd, aveording ts e amdrafdctureroditstions] Rfevehtualy MBY
t REMTUGe suitsibie GRPJattivingesuspendionsse for graft
adm ni stration. B. M\Cs, AND PHARMACEUTI CAL
CEMOAEEITI ONBaITeifREFehD GhBIER] hay be perdaetRasdinythe
affensfedigniprotosals praitable femothe hiintifactivesichasasie Rftloglh
gFydten refaued toraboveanspl anted into patients. The
intent is that the MNCs play a role in the functional
r 8fly oin anotheyieotbodiment,preticndaticting NPSs@isingasFp, Shof
i illeiag imethagistrarit barugeiar Celt haratingeprocedures Rksapk the
nERRiygations stens. prefetatly are pedosndd in a BidMAzard Safety Cabinet
2ERYETB9 Wb ETEEIUCHILLOT Oy HeQpertad By absaiving 10/MgSof
a@caytpse@q 8y mbofifideriie Méatert UsPoandifiltesing trrbudviNDs. 28 niicron
it bR tesultanbditerRiGisakspBtion tan De disidad ito aliquots and
eHefed peteriad from light a5i-29°6k ent i at i ng/ | nduci ng Bone
%r{" w interstitial Cells Into Nerve Cells and
V8, Mhagay hefore virahinfections plater NBQs Not T225GRRR

(mﬁ?@ (g%u_ml PHhe g2 rlirémediuneat axdansy ofmlllich cefls per
B
jcular_ in Exanple 1, may be used as the MNCs of
gisen?”
AKST Eh A% AES inrelphadBandaiml phtheMNCs
t %%
n
éro ‘factor (bFGF), and ciliary neurotrophic factor

Gsls N Crie G§hdnrubmier aveanighd i n
%{%‘2’ taf kgl infectioRathawdie lestdrus Istuick at RT and
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' b gt S ng. Replace fresir culture medium, and put the

ator.
[000111]  Next day, harvest viral infected cells, count and re-suspend
therp to a total volume of 360 ul in HTS-FRS and transferred to a 1.5 ml
sterile, DNAse-free, RNAse-free, pyrogen-free microfuge tube. The infected
cell concentration may be set to match an appropriate transplantation volume.
The cells may then be held on wet ice until use for gratt administration.

B. MNCs, AND PHARMACEUTICAL COMPOSITIONS THEREQF

[0001 1 2]  Inan embodiment, MNCs are used in the practice of this
invention as part of grafts that are transplanted into patients. The intent is that
the MNCS play a role in the functional recovery of a region of a patient's tissue
_that is 9;|jnterest. In that manner, treatment of central nervous system lesions
is possible,
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i nvention. Pharmaceutically acceptable carriers
useful in GFUs of the present invention can include:
sterile isotonic buffers, FRS, isolyte, sterile
dlluents such as water, nor mal saline, fixed oils,
W PYEIHA%ne gl ycol's, gl yceri ne, propyl ene gPGRBI2006807917
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ts suitable for use in the present invention
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dependent on the unique char acterl stics of the M\Cs,

fobetparti ﬁiﬁé&be&ﬁ@@&%&béo&f aqe gf\lgd and
Dl g ks ingi bl oo

MNPs in each graft unit dosage form preferably can
vary from about 1000 cellg to about 1 billion cells,
preferably from about 10, 90 cells to about 100
mllion cells, nore preferably from about 50, 000
cells to about 50 mllion cells. The concentration of
M\Cs in each graft unit dosage form preferably can
vary from about 100 cells/uL to about 100, 000
cells/pL, and nore preferably from about 1, 000
cells/pL to about 50,000 cells/pL. [000118] The G-Us



[000121] I n an enbodi nent, NPCs and/or GFUs accordi ng
to the invention nay be adm ni stered using
conventional protocols and routes of adm nistration,

can be optim zed using conventi onal P{#eR006/007917

nts of NPCs and/or GFUs to be administered to
Vil
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26- gauge needl e and Ham |l ton m cro- syrlnge (or other
suitabl e size syringe) nay be nade, in which the
needle is manual Iy guided to the graft sites using
MRl inmages to insure propﬁ{ pl acenment of the NPCs
and/ or GFU. Injections, ef erably as bol us



injections, may be nmade to the graft site(s).
I nfusi ons rates can vary, preferably infusion vol unes
are fromabout 0.1 to about 10 pUm n, nore preferably
‘%{)g &bout 0.5 to about 5 pUmin, and still nore
PSP288#% £+ om about 1.0 to about 3.0 pUmi nPCT/RAS29p6/007917
n‘?}odl ment, the needle may be left in place for a
od WPCTRANSRIANTATABNy ranging from about 1 to
? t 10 mnutes, nore Freferably about 5 m nutes,
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and continuing at 24-hour intervals thereafter

Dosage ranges preferably nay vary from about 0.5

ng/ kg/ day to about 100 ng/Kg/ day, nore preferably
from about 5 ng/kg/day to about 75 ny/kg/day, stil
nore preferably fromabout 5 ng/kg/day to about 50
ng/ kg/ day. | ntravenous injections may be adm ni stered
as a bolus, at a rate ranging preferably from about
0. 005 to about 0.100 nmUm nute, nore preferably at
about 0.050 mUm nute. [000131] NPCs and/or GFUs



[000133] I n enbodi nents, NPCs and/or GFUs according to
the invention nmay be admnistered locally to a
patient's central nervous systemlesion. In a

“preferred enbodi nent, the NPCs and/or GFUs of the

654 hventi on may be adni ni stered thr ougRCTAFS2006/007917
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elnt pati ent
or ot her SU|tabIe i nstrunment to expose areas of the
dura just above the target sites. [000138]1n an
enbodi nent, a needl e pass using a 26-gauge needl e and
Ham | ton m cro-syringe (or1other sui tabl e size
syringe) may be made, in which. the needle is
manual |y guided to the graft sites using MR inages
to insure proper placenent of the MNCs and/or GFU
I njections, preferably as bolus injections, may be
made to the graft site(s). Infusions rates can vary,
preferably infusion volunmes are fromabout 0.1 to



[ 000140] Addi ti onal techniques for inplantation may be
found in K S Bankiewi cz et at, Technique for
bilateral intracranial inplantation of cells in
nonkeys using an automated delivery system Cell
VR HEP0EMt at i on, 9(5):595- 607 (2000). [ O00IBKIYUS2006/007917
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in the treatnent of central nervous system| esions.
Furt her di scussion of these nodels can be found in
the literature, particulaﬂPy C. Borlongan et al.,
"Transpl antati on of cryopreserved hunman enbryona
carci noma-derived neurons (NT2N cells) pronotes
functional recovery in ischemc rats."” Exp Neurol.
1998; 149: 310-21; and C. Borlongan et al., "dial cel
survival is enhanced during nel atoni n-i nduced
neuroprotectlon agalnst cerebral i schem a." FASEB J.




TABLE 1. PARAMETERS OF NPC TRANSPLANT EFFI CACY
Test bj ecti ve Reveal s | oconotor deficits after.
stroke and recovery after transplantati on Reveal s
sensory-notor abnormalities after stroke and recovery
VP 2086/09664nspl ant ati on Reveal s cognitive def i BCT/ES2006/007917
after stroke and recovery after transplantation
Readraihistedrg tret MBIC scapid &lo GRU silodally fota paticRey eantl aaiven
of systanelesiah is thbathetpatientarimimnas systemnay bedepoasRe idide
t r ha blodriraiRbasirs Therefore, dhe eharced afimtriunorepdction of thed
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gr inéreasbd\NR€s thdughamehunBSHbresshnty atilatia be yequiied g AhSthtr
Tl @jvantage bElogdltaeimiaizicdtion is mbieqrédss tafgetiRg ofMNDs to the
f i @GNS ddsion. aci di ¢ protein [000145] The data obtained in
t he Exanpl es bel ow reveal ed that, in the nodels
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s /8¢ Beadialisgranualiy guitied fo the grast sites using MR ihagesdpiiure
p PRel Plageant of das MNGasnsias bt Injeatianst prefasably es belns e
(d@??ﬁ@% Heayelbe(nade do aféwr - {nfiggiongrdteBadpVanh
t d¥efpraplyinfugip ¥plyatesiake Bipm abnut@e1 tox ghowb 1@ ybiyen, mere
c defraRly from hﬁtftuﬂefai@tahwb‘é Bl/avirk and stilhmetsgpreferakly from
pé‘\bf"étr iUt 3:0nd-mie IeR embodienest; thaneediewsai benafidn
§tf°fa%ef b fiEne; prefgrally gangingdior abavs pltaabey 10
arW‘ %E fe@biboehy minuless fallawing dnfegipmmallowing the
ther ? ﬁﬁ?@a Balﬁft fraplace, diasediednny be raised a sharte
363 QUL mfo %hwb?%@"bm%epgef%blw@owﬁemm

%%’0 [ Epegyelsmaiiy ranging from

S %g °‘&f #"B‘i@ g ?fﬁfably apeub 1y ginddgs. iThe

f &WHH ven %@ ejyqung ﬁt% €80 e P\‘?ﬁ%
d.'%%?aé%aa'é?sgﬁﬁ? fﬂlf@&h? P?‘fﬁ? Epa rr%%w wm anesthesia.

4°§§§5’i”" Sic G' mtvrera w# S Sbbls [ 23"?‘3"
% |p§{e,r%q, agfnee ded,

S| Fi? t 8? ”69‘ 8E°r‘?e g &ay be
0? . 'vé e H§ Hf R T 2 e

sugg QP?”{Q?Q{ qﬁ(é%oé'eﬁwp&tpra "s whi ch produced

a g angAdgg‘g h| ocaﬁrpal datn? ay% ectlv ng
LigiAiaTe é "’I’i" 41; "ot ffaw@g !uég s
ﬁzﬁ et”h ¥ a“BA LSRRGy 5%95'

h| pp n)pal stroke may benefi t from NPC

t [@B?ﬂ]am l?xt &e%in embodiments, immunosuppressive agenis may be
administered together with the inventive grafts and/or MNCs. These agents
may help to suppress rejection of the MNCs by the patient's immune system.
Examples of immunosuppressants useful in the practice of this invention
include, but are not limited to antimetabolites such as azathioprine, alkylating
agents such as cyclophosphamide, folic-acid antagonists such as
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[000147] Hi stol ogical results at 5 and 12 weeks
post-transpl antation indicate that NPC graft
survival medi ated the observed functional effects.
The data suggest that transplanting 100, 000 and

WEHIGMGAPCs produced better behavioral recoRGIYS2006407917

the | ower dose of 40,000 cells. The correl ational

afmg @gau@armp@mlrme §:MP) vaycopheholeitd (O¢IDERt),

efOyelosperingrA arst Taugljnurs: (FKHD6). sAiprefatterbimNRiARsWspResRivad

t BEeRids GFA.aReA suyrbtaived fren awarigty iohsairsask BicRidin

oBapdimaung@alnjection;unanifachaed te Nevartis Phaei AG, gg\gﬁ

I §mtze«1andsfon Ndvattisrithaappeeniicdls Canmbratioh SNSTdr) Bt Was

shienpvaroNbe reliable for marking grafted NPCs.

Furthernmore, with this nmethod, NPC m gration was
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i foubgsp ieluslinglesal, kheamnddive Dosingrof inihendsuppressian®@agy vas
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of MRpdiment, fhedmmungsuppredsantrhayibéddased ttanrgepisised by

TERNspfARéation and chatinsinged slitable intervatstherdaieatinan of t he

c®nbadiment: thedmeunesuppedsantymay baRedtbeginnimgaln the day of
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8 '§Rding prﬁéﬁabgg@m abiyé P §08 teabmuh 0. 108 aildminute) atore

rﬁrﬁfﬁ’(a%@f@b@@rﬁ Ghiddinute. t hi s preferenti al
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RHSSYptemsleip may dgfteedlagen an
e'“ af 8t fr?g‘raﬁtf’s’ﬁ‘PtéﬁP%ﬁﬂ@ﬁsmﬁmﬁﬁ%@ QftNPCs,
L | g Rawley raéh
@ ?P&?fe %'H%‘P%KM%P)«MIG
’ i %@m @&k (Thase
ugv L s F'% 'ﬂ%ﬁagﬁw@ﬂﬁome
68 J
%ﬁ'gﬁﬁ %8 el f‘arra ;%r iy g the
oREENTAN ¢ -lﬁp Feéag Pﬁ'@%ﬁm @ﬁan'a EO'T“? Qﬁ'ﬁ“f?ént of
L ol é VEBD ’?H’é’a es R s
R CPG i,
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group, but not as nuch as the NI\/C group.

[ 000152] Anot her advantage of MNC transpl antation
according to the invention is the greater survival
rate of MNC as conpar ed, £br instance, with the

mul ti potent MASCs. One nonth foll ow ng

transpl antati on, approxi mately 30-45% of transpl anted
M\NCs were detected while only 10-20% of transpl anted
MASCs were detected. The greater survival rate of
MNCs may provide an advantage in functional recovery.
[000153] I n the current study, some M\Cs in the



[ 000154] The Exanpl es set forth herein are neant to be
illustrative, and in no way limting, of the scope of
the present invention. [000155] Experinental

rocedures. Al animals initially received MCAo,

06664y stroke surgery. At about six weeRETABLWE007917

the surgery, animals were tested on el evated body
sWWAS exarBined Badederol selested anmbldvblrs weekeaaindr 2rmeais post-
t a§nsp@mfafioani mal s that displayed significant notor
deficits were subsequently used for transplantation
subi§8144landThefeliowing tegts wareadsed in tha euttbmiehietdrmiinatioh 6y
t r Beth ¥ienstepke gpensfien ang tramspiantatioh peocedaes bib eetsortlljh mére
gi Yetall belowabhe mannaymiperiomingRibaga/ s ICaNTbh EaSvAatal
r abereiisang weuld pise betundgrstacsiftty anepéskieinlthalage St r oke
Type Sanpl e size (Approx.) NPC40, 000MCAoa MCA!' 10 TG 8
1086@@%&%‘1@“&@&@ FEPE TRANSPIOWMONSEBICMCA 10 TG 8

Test Obijective
EBST Reveals locomoftor deficits after stroke and

recovery after transplantation

Neurological exam Reveals sensory-motor abnormalities after stroke
and recovery after transplantation

Morris water maze Reveals cognitive deficits after stroke and recovery
after transplantation

TTC histology Reveals extent of cerebral infarction

GFAP Reveals extent of cerebral infarction and host
immune response to transplant

GFP viral vector Reveals survival and migration of grafted NPCs

Neu-N Reveals neuronai phenotypic expression of grafted
NPCs

Legend: EBST, elevated body swing test; TTC, triphenyltetrazolium chioride;
GFAP, dlial fibrially acidic protein

[000145]  The data obtained in the Examples below revealed that, in the
models studied, animals transplanted with NPCs displayed significant
improvements in both locomotor and cognitive performance compared fo thelr
pre-transplantation baseline performance. The two higher doses of about
100,000 and about 200,000 cells promoted better behavioral effects
compared to the lower cell dose of about 40,000 cells, thus suggesting a
dose-response relationship. Robust recovery from stroke-induced behavioral
deficits was seen as early as one week post-transplantation and sustained
over the four weeks post-transplantation period. Significant improvements in
motor performance (using the elevated body swing test and Bederson test)
were observed in all three stroke fypes. In contrast, significant improvements
in cognitive performance (using the Morris Water Maze) were more robust
and stable in MCAo and TGl transplanted animals compared to MCAI
transplanted animals. All stroke transplanted animals locked healthy and
there were no observable overt adverse effects during the study petriod.

22



[ 000156] Al I ani mal s underwent stroke surgery,
received transplants of 3 needle passes (MCAo and
MCAlI) or 2 needle passes (TA), and were treated with
dai |y cycl osporine-A (10 ng/kg, i.p.). [000157] The
W&’rﬁ“i’épégf‘&nder went weekly testing for the fi rREI/US2006/007917
weeks post- transplant. Half of aninmals were
e (A09446]z e d The typevad sitskepappeansitabs plfactor ifi unctional recovery,
hingthal wigliecllistrake yigets didplayied sigaifieamtahpionéments immotnd
gperfarmanes; iMGA9 aphEGbtrgnEplanted@nisals snowethsbiier grcatdrph
Thegnitystpedbrmarneeaompates! todCAl igasplartiedamicials, The
beemonsiretivn of significantresatereof toth tratr aed cagnith fuedishs in
pWEAcaNdol transpliadted animalssmgssts thad tese b eckel oddls
awbich pgadyced)basel gafidlia@nd hippotdp@sl dEmage, respebiively are
s EseeRaivectodYR(y iramsplantalicovidragolbiioivese Ghseokatiossitoger y
Belifioal appiicaticssveyld Bdicatedbatpatierds with fivsdchasahyangtimandl s
r BigReRentpal leckermadbensiit fimem BPCritinspledtation.t he st udy)
Transpl antation (Six weeks post-stroke) Behavi oral
t K088 @%eﬂiéolmi@ resuite aldsantht? weeksoskdrsplantation
plhdicate thg rarait pumyalEuediniediiebaerved Gmclichahetidcss. The
P& svgaestivrbinanaplapting 00HAXKrds200,0080¥PCs prodissidiigtier
crabavieral regovelly thatithelowsy dpemef 40,00GR#s. Theroirelatiorsal
sYysRe helwveen gt euvivgl and belmvitiralreffecis darther stppmort that
Uthr¥dpg NPEsgrorapied\be (naisnandisodbitive 1eqdvaryd strdiRCGaimals.e
| dte grafs sunyivelias datersunedgisipariae lentidaisdateling/apmroach,
v@d taisisERlegy Wagehawa (ke wliakle far sasking yeafted NRIGs. needed
1 f{'i*ﬁf Motk Willhijmethed e rigralian wameasily teched. fi | t er ed
(.S Opti-MEM nedja (G bco / Invithgq%en) 1 %
bal is vi MepeiigingAnipe flraliedyns. Beppears thstiths mplersevere
$THYRIBA90: @8 SRR \" MEAS39E MG Nathe bgttantne erigration
I NFES,) n stVII'}ede d g?éfﬁg]ﬁgﬂ caused by TGI appears to have
Fesuited in less migration of the cells. The observed ability of NPCs to travel
long-distance to the site of injury indicates its potential to migrate to and exert
reparative effects on specific stroke target sites. The results provided in the
Examples below support the view that NPCs that migrate are more likely to
differentiate into neuronal phenotypes. There are many factors that might
have confributed to this preferential differentiation of migrated cells, including
but not limited fo host microenvironment and type of stroke {location and
degreeftype of cell death).

F. EXPERIMENTAL OBSERVATIONS AND ADVANTAGES of MNCs

[000149] Although both autologous and allogeneic fransplantation of
MNCs, including pharmaceutical compositions that comprise MNCs, are
contemplated by this invention, allogeneic transplantation (same species
grafts forming units) is preferable. In an embodiment, allogeneic
transplantation mimics the clinical setting in which allogeneic transplantation
of MNCs in patients suffering from central nervous system lesions may take
place. The results from animals trials of allogenic transplantation of MNCs in
animal models of sfroke are provide in Section J below, These models are
useful in understanding the efficacy of the present invention in the treatment
of central nervous system lesions.

[600150] The resulis in Section H suggest that the MNC group showed
significant improvements in the behavioral assessment tests compared with
the control and MASC group. In histological analysis, the infarct volume

measured at 41 days after MCAo did not show significant difference among
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Detailed procedure 1. Warmcell nedia in 37C

i ncubator. 2. Add polybrene to 10 pg / nL (Add 10
pL of a 10 ng / nlL pol ybrene stock solution to 10 nL
media. Mx well.) 3. In a separate tube, Add 1 nL
WP 26/0266¢hensi on to 1 nL medi a contai ni ng poP¢BAUSLIEs007917
4. Rapidly thaw a SanBio cell aliquot in a 37C water
bathtee Gowse Garapared with MRS EE, MNGH demwinstatdd Yighebsurd¥tgl
entafip @nd langerprepariionecf MNG@s shmvedrrieticopel ratker pesitvity ahdg
10ngHritpexetipaimthy RBSbrain.x gently and spin at 1000
RPMs on a | ow speed clinical centrifuge, room

t k9815 ur eTheoMASRLaresp derBonsBated sfightiimptovembntsive

s uprhamierab asgegsmestiesle mdmpateld withl doatroligroud, bilt ript 8 WaTUTR Gis
melde MG aroabni ng virus. (fromstep 3) 7. Transfer
contents to one well of a 6-well plate; place in the
3710002l bat Anothareclvaatage HOVNG-transplantation abkshiraptoltise i n
10nyantign ke seatersgvivahiateof MBC dResmppreddfor eistace wilD
pLheRwitpoterbMASCst Greongrih fallowingftensplantatidn, Apploximately
Epfietitie of transplantadddNCeivere dete@etl whileomly 1020, dfor

t riEanspleatet MASPs wpliEtadBeThrdreatar sungedl sate A MNGssmay
wetrevide,ap advastngedn funstionsl revavery. sensori not or and

cogni tive behavi oral neasures in the pharmacol ogy
st[ﬂa‘?@] of INtescuiesbsidingomes MNGs inthe nortaxn striaftinesiad ed
BJHRPOSATAYS dusaen @%ﬁm@ nwitis in tiazhos( i) which
B&GEIdd0h bebsesyashindas -@o[RIIEO I sigrificadt Beithyioral
S\Aii“ﬁg?‘@@%ts (HBs NINCaneup s opesied Blabinatedsiianted 34 Gy

t degintaiagd peurppglohrEactarisiesin tashaest bilain, and contributed to the
unctional recovery in the MCAO rat model.

G.  NPC EXAMPLES

[060154]  The Examples set forth herein are meant to be illustrative, and
in no way limiting, of the scope of the present invention.

[000155] Experimental procedures. All animals initially received MCAo,
MCAI or TGI stroke surgery. At about six weeks after the surgery, animals
were tested on elevated body swing test, Bederson test, and Morris water
maze task. Only animals that displayed significant motor deficits were
subsequently used for fransplantation surgery and randomly assigned to one
of the following freatments. Sample size for each arm of the study Is given in
Table 2.

TABLE 2. TREATMENT CONDITIONS
Total rats used in this study

~ Grafttype Celldose  Stroke Type Sample size

(Approx.}
NPC 40,000 MCho 8
MCaAl 10
TGI 8
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refl exes and asymretrical trunk function. The EBST
test has been denonstrated to show a |l ong | asting
deficit foll ow ng MCAo and MCAI ischema in the

. Borlongan et al., "Loconotor and passive
‘g(\?g@%gr%‘@ defi ci ts fol |l owi ng occl usi on of t hBCHISEP6007917
cer ebr al artg Ph SIO| Behav. 1995, 58:909-17. See
al so C. Borl99f¥8n et GO "Eall y assessment of notor

dysfunctions aids i MStktcessfi® occl usion of the
m ddl e cerebral artégy " Neurbreport. 1998b;

9: 3615- 21. béﬁas al so been eval uated in neura
transplantgp par ®s forlOchronic stroke. C
Borl ongan et al., "®%My assd¥snent of notor
dysfunctions alds i M@uccessful occl usion of the
nhg% gscer ral artery." Neuroreport. 1998;

] % o ppgssyentsiigke aurgerimeceived transpiamtas3
ta ; Meher 2 Rredleipzsses (). aindiviete treated
Sg'chﬁ SP%@P 10rgkdd-Pdonsi sted of a clear

as X (40 x 40 x 35.5 cm. The ani mal was

% g wﬁ" “‘%‘#"r@"’%@@e@v testing fasithe firatvbiweeks post-

: B rgémwemvma@w 3l Wesksposbisansplantior a

S.o e (Fﬁ linfgrg{ien angearafi servivel, phreretypic
db h%9 and Tﬂgﬁg' re Pt the animals weyie agaijestedas
c%ggs’e o ﬁ'@gti! %a 'ﬁ a1 2erks postarivakgdn order to
aﬁ’%@@' ei% siqloginad effects ofi Nifes. ;b’@scfarﬂum of
t he "body. W&M ng, the animal is placed
back in the PIeX|gIas box and allowed to nove freely
for 30 seconds prior to retesting. These steps are
repeated 20 tines for each animal. Normally, intact
rats display a 50% swi ng bias, that is, the sane
nunber of swings to the left and to the right. A 75%
swing bias would indicate 15 swings in one direction
and 5 in the other during 20 trials. Previous work
with the EBST has noted that |esioned animals display
>75% bi ased swing activity at one nonth after a
nigrostriatal lesion; asymetry is stable for up to
si x nmonths [000163] Beder son Neur ol ogi cal Exam
[ 000164] The Beder son Neurol ogi cal scal e neasures
sensorinotor tasks. J. Bederson et al., "Rat mddle
cerebral artery occlusion: evaluation of the node
and devel opnent of a neurol ogi c exam nation." Stroke.
1986; 17: 472-6; M Al tunbabic, "lIntracerebra
henorrhage in the rat: effects of henmatom
aspiration." Stroke. 1998;29:1917-22. Previous work
has shown neasurable deficit over tinme as neasured by
t he Bederson nodel in both the MCAo and t he MCAI
stroke nodels in rat. [000165] About one hour after
the EBST, the Bederson Neurol ogical examis conducted
followi ng the procedures previously described. A
neurol ogi c score for each rat is obtained using 4
tests which include: (a) observation of spontaneous
ipsilateral circling, graded fromO (no circling) to
3 (continuous circling); (b) contralateral hindlinb
refraction, which neasures the ability of the ani mal
to replace the hindlinb after it is displaced
laterally by 2 to 3 cm graded fromO (inmediate
repl acenent) to 3 (replacenent after mnutes or no
repl acenent); (c) beamwal king ability, graded O for
arat that readily traverses a 2.4-cmm de, 80-cm | ong
beamto 3 for a rat unablé to stay on the beamfor 10
seconds; and (d) bilateral forepaw grasp, which
nmeasures the ability to hold onto a 2-nmdi anet er
steel rod, graded O fora rat with normal forepaw
graspi ng behavior to 3 for a rat unable to grasp with
the forepaws. [000166] The scores fromall 4 tests,
whi ch are done over a period of about 15 m nutes on




[000168] The Morris Water Maze assesses several
aspects of cognitive functioning, including task
acquisition and retention, search strategies, and
wperseveratl on. The water naze task is presumsd to be
Q084995648 t 0 dammge in several brain areas HOTAER2eMW/007917
by MCAo including striatumand frontal cortex.

[000169] About one hour_ after the Bederson

Neur ol ogi cal exam aninmals are introduced to Morris
vat er maze in order to #&dkeswoePati al nmenory. The
Morris water nmaze consists of an inflatable tank, 6
feet in dianeter and 3 degglorslégl; The tank was filled
i(Sitiwdsks poatefrorspomly atiidls B gaRECIRIohWeR HHiuag: RAR Jildy)
of mlk. An 11-cmtall pI attform made of clear

Pl exi gl ass with ar_.Surface 10 cmin dianeter
has pl aced |nto1a"8?'a"%’l%'68§ Ve Peshstake) pool . The

bl atformis 1 cm below the surface of the water and

{ hus Bliatdentebts ORedkly@varidemeial amint SNWddRd pdsbrdndSam@ion -
he pool is divided into folr quadrants of equal
pur{ace, 2o ey HiGheq of Byt Rl 8RSl PO,

clbl LILLY) l ITC

starting p03|t|ons (north, south, east, or vvest)

Wroesayes CaleeBbiihdAs @Fq_nt,@%ﬂi%&%ia]s%ﬁ]at fgp
. of i i efi ve Itn@f ?va

fehtiifud syktbntlasy "' i
t@éﬁe% r@‘.\)@&%néﬁ’? q ; r e
changed after eac r%’ih“ al . rgt%lg?la% vvas gl ven
aRtRidisRb&daq 60 seconds to find the platform and
afd xi mately 30
93\\%’;@\“4'%\%?3%& Etﬁutwn@tsgét?g{?tfllfegégd % @ ét:)I on, for a
tﬂ%’iFetﬁf B&.ﬁ@@@mfmwanﬁs@fc{égenmﬁﬂs&g&ﬂe@gr m ned

a6 weRpReapdrbxitBely Bt10P 8ahefio k@il i nd t
pVigdl saspBneiohhi n approxi mately 60 seconds, it was

pl aced on the platformand allowed to rest on the
phetafled présydupppr oxi matel y 30 seconds. After the rest
pEWath célhaedidin 3VE indudaRE back in the tank and was
t2Pdeichohdaere thao pg/mice trials. The training day
corfads e dlof a30tmg Ank polent efdck REILEEYIOWRST E RIddIiC v
ovellay 2 (for probe trial, see below). After each
t3. 4h niseparkatd tabe, aAud 1 matwraig;uspmzdn&b 1WAIS micbRobtaRfRS
ipohdrerege on top of a heating pad. The swi m paths
we RapidhnihearaeshanBio eclivdlidedt it arser@ wattr bat, Rihsk Viahwith
&% Btreanok Mipeuyh. an i mage anal yzer. Escape | at ency
t6. veld tentiresmmtertdie epl Smf. eentrituge taist donkamiagy Mo titeprani mal
veamet d’53; mulx féralyratspioran 1000 8PMsash 4 Rw @86 slinical
aequifigie, raom mpenesunsad erinutegze t ask. Swi nmi ng speed =
SaGentiy pigehdd sSreapmetrate oy resaspand edll pellstbsEME t he
poewarmedaoedia contaioingviatis (fromtskeps3)t ask. To assess
e Fednisfepiconthetsid abé weiroim6 vl plate;fpif@-is 4RBTIC Mdbstor;
timgubktedot B-hourspl at form i n t he pool was undertaken on
daWash celieinpiérrok ptesgemed PBEpvispent in the former
9 Resuspeng oslist in @ phRBSramnitdia ef chdic) 0iafeieMre 1 Stmbke
Sppendarf be. Ieepgindes. Peliscard nely foctransplan@tion.ed under
aseptic conditions. MCAo stroke procedures were taken
f0UrSehe |Bahavigral tesls: Animads wereuubjecteddorti@ fodavihgpngan
gensgrimotoremdaoguitios béhasiol measiresiy thetphamadeloggistidies
o NRCe@vaerdingo hedmmniiom barrier does not inpair
retention of passive avoi dance? Neurosci Res. 1998,
32:195-200. Determ nation in each ani mal of
successful occlusion was &t ai ned usi ng a Laser
Doppl er that reveal ed significant (>75% reduction in
cerebral blood flow during the 1-hour occlusion. MCAo
produced consistent striate] damage. [000171] MCAI
stroke surgery: The MCAI surgical procedure is
described generally in Y. Wang et la., "dial
Cel | -Derived Neurotrophic Factor Protects Agai nst




tenperature at about 37 Deg C throughout surgery and
until recovery from anesthesia. [000175] Statistical
anal ysi s: Behavi oral data were anal yzed usi ng
eat ed neasures of ANOVA with statistical
V@g’ﬂ‘?’?%@ﬁnce set at p <0.05. Posthoc tests iPEIURLOWN007917
conprom sed t-tests to reveal significant differences
(p's < 0.05) between treatnent conditions. Exanple 1:
MAlsvated Bpdy Swingldet (EBSW) Four \\eks
PolfprrisV¥aiepMare VW4 [ 000176] The test ani mal s
unBedefram Neurelogical $oabecedur e as descri bed above, and
wer e eval uated weekly for four weeks
pol000160ins pElevatad Body Givry Tdse(EBST) owi ng resul ts.
[000177] EBST: For the weekly testing over the four
welR@169dst - The elavaied bodysviinntesEB6A) incANDYA basiv pediad
SI fiexes ead esyminetricebiaunkduction.f Bot BBEFResP hashsdh 06, p
leppsiratedteyshaw ajanghestieg defiutfolmings MgMofandancAl
ef'ﬁ‘é@ﬂ%ﬂ indberaipot: CoBorbngan-etsl, 100)meler andipassive
ob%“’é’ldé'@‘ép qficis following)occiusien nithe middie cerebray anterg.” Physiol
si ateri 98t 5@99%6'60 5&6 also &a Barlofganietal, CEaryesdessmerstiof
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[ 000192] MMM Probe test: Tinme spent on the platform
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b t é hlgh doseb 200,000
produced better recovery than the low dose 40,000 cells at 2 weeks (p's <
0.05), and dose-dependent effects (200,000 > 100,000 > 40 ,000) were seen
at 3 and 4 weeks post-transplantation (p's < 0.05) (Figure 4).

[000179] MWM Acquisition: For the weekly testing over the four weeks
post-transplantation, overall ANOVA revealed no significant main treatment
effects (F2,21 = 2.87, p = 0.08) (Figure 5). There appears to be a trend
towards longer MWM acquisition fime over the 4 weeks post-transplantation
period as revealed by longer acquisition times at 2, 3 and 4 weeks compared
to baseline and 1 week post-transplantation (p's < 0.01) (Figure 6).
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[000180] MWM Probe test: Time to find the platform. For the weekly
testing over the four weeks post-transplantation, overall ANOVA revealed
significant main treatment effects (F2,21 = 61.33, p < 0.0001) (Figure 7). The
higher doses of 200,000 and 100,000 cells promoted significantly shorter time
locating the platform than the low dose of 40,000 cells (p’s < 0.0001).
Improvements in the time to find the platform were significantly reduced in
each of the four weeks post-transplantation compared to baseline {p's <
0.0001), with a trend towards better improvement over time in that
transplanted animals performed better at 2, 3 and 4 weeks post-
fransplantation compared to 1 week post-tfransplantation (p's < 0.0001).
Posthoc tests revealed that the higher doses of 200,000 and 100,000
produced significantly shorter times to find the platform than the low dose
40,000 cells across the 4-week post-transplantation period, with clear dose-
dependent response (200,000 > 100,000 > 40,000) seen at 1 and 4 weeks
post-transplantation (p's < 0.05) (Figure 8).

[000181] MWM Probe test: Time spent on the platform area. For the
weekly tesiing over the four weeks post-transplantation, overall ANOVA
revealed significant main treatment effects (F2,21 = 15.19, p < 0.0001)
(Figure 9). The higher doses of 200,000 and 100,000 cells promoted
significantly longer times spent in the platform area than the low dose of
40,000 cells (p's < 0.01). Times spent in the platform area were significantly
increased in each of the four weeks post-transplantation compared to
baseline (p's < 0.0001), with a trend towards better Improvement over time in
that transplanted animals performed better at 3 and 4 weeks post-
transplantation compared to 1 and 2 weeks post-transplantation (p's<
0.0001). Posthoc tests revealed that the higher doses of 200,000.and 1 00,000
produced significantly longer times spent in the platform area than the low
dose 40,000 cells across the 4-week post-transplantation period (p's < 0.05)
(Figure 10). -

Example 2: MCAI Results — Weekly for Four Weeks Post-
Transplantation

[000182] The test animals underwent the MCAI procedure as described
above, and were evaluated weekly for four weeks post-transplantation with
the following results.

[000183] EBST: For the weekly testing over the four weeks post-
transplantation, overall ANOVA revealed significant main treatment effects
(F2,24 = 76.30, p < 0.0001) (Figure 11). The higher doses of 200,000 and
100,000 cells produced better recovery from motor asymmefry than the low
dose of 40,000 cells (p's < 0.0001). The motor asymmetry was significantly
reduced in each of the four weeks post-transplantation compared to baseline
(p's < 0.0001), with better recovery displayed at 2, 3 and 4 weeks post-
transplantation. Posthoc tests revealed that the higher cell doses significantly
reduced motor asymmetry better than the low dose, with dose-dependent
effects (200,000 > 100,000 > 40,000) seen at 1 week post-transplantation {p's
< 0.05) (Figure 12).
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[000186] MWM Probe test: Time to find the platform. For the weekly
testing over the four weeks post-transplantation, overall ANOVA revealed no
significant main freatment effects (F2,24 = 0.62, p = 0.55) (Figure 17). Over
time post-transplantation, significantly longer fimes in locating the platform
were noted (p's < 0.001) (Figure 18).

[000187] MWM Probe test: Time spent on the platform area. For the
weekly testing over the four weeks post-transplantation, overall ANOVA
revealed no significant main treatment effects (F2,24 = 2.01, p = 0.16) (Figure
19). Although a trend of fonger times were spent in the platform area over the
4-week post-transplantation period compared to baseline (p's'< 0.001),
transient dose-dependent effects were only seen at 1 week post-
transplantation (p's < 0.05), and not in the other weekly test time periods (p's
> 0.05) (Figure 20).

Example 3: TGI Results — Weekly for Four Weeks Post-Transplantation

[000188] The test animals underwent the TG procedure as described
abave, and were evaluated weekly for four weeks port-transplantation with the
following resuits.

[000189] Bederson test: For the weekly testing over the four weeks post-
transplantation, overall ANOVA revealed significant main treatment effects
(F2,23 = 47.33, p < 0.001) (Figure 21). The higher doses of 200,000 and -
100,000 cells promoted better improvement in neurologic deficit scores than
the low dose of 40,000 cells (p's < 0.0001). Improvements in neurologic
deficit scores were significantly reduced in each of the four weeks post-
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significantly increased tinme in the platformarea at
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pmple ndstolpgisal Fsaminaganmet 5 WeeksHast dranspiantation
e ects (F2 9 = 23. 02 p <0. 0005) (Figure 34).
P %1 t e Rendarly.seisg! zrirs waret quhanizgded & wastke post-
'oa S@T%‘é%% eglﬁal&ﬁ@"pmamretwera it b 26
L ey stplotype sl exsadingpmusetitativeor
%%elisfs\ﬁ@ & d%qp‘%rfoafﬁg paﬁraé&auaware@dmmahmmu lon
Fitfes Gerithe e f higiglogicakpasamelers, spécifidally on
Heing, d*ffe n ﬂbg ¥ Markers tgstest Paermiypic expsessinn, orlya
r@?)eeé?]é@s%rl PYRR FE'SWF'?‘} reduced neur ol ogi cal deficits
ost - tran ant atr on conpared to baseline
“ﬁgg‘ﬁe o 8 4" 2 gplfiugrescence neygaled doge
gdr (gﬂ %gq H1A09.899 7 46,008)agress allikmesstroke

Q%Sa( rerﬁ?-?r dMaapeell cernte of GFPF2, 9

rev dse of 4¢,00-calls sesulted imlawe at e

633% rreggafrsnwmmroya igher dqsen oh #0G:RAN
041 ?J“fﬂ' ber% afrelgmm FPogsitive grafts.

0NGR! anddl G| teansplanied

i Senne

QV @me acrfés dQ?eQB) (Figure 35). These
ten t differences in MM
?ﬁ%‘é? ‘{L’%%&g posg\}r?'i'?%{qqqgh ﬁﬁ&gy orm avai |l abl e,
gg é’ t Iranspl ant ati on.
[ 39 be y{l;’f3 'E@@ﬁiz on the platform
area. For the 12 post -transpl antation testing,
overal | ANOVA revéﬁ@gé no srgni ficant main treatnent
- effects (F2,9 = 0. 6) (Figure 35). These
results i ”i@b%be noyé. gnr fi csemt di fferences in MM
probe test, 1.e. E pl atform between
basel i ne and 12 vve post tr nspl antati on. Exanple 7:
TG Results at Twel ve Weks Post-Transpl ant ati on
[ 000210] AxgpBbVe VREks f ol lgpwi ng transpl antati on,
the test animals t hagaunderwent the TG procedure as

descri bed above wergseval uatgd with the foll owi ng
results. [000211] Bederson test: For the 12 weeks

POUB 95 anpkind Sbir&atidn8 Deividén graft survival and functional
recovery: Regression analyses revealed that the higher the number of
survrvmg NPC grafts (200,000 > 100,000 > 40,000), the better the functional
improvement (Figure 31).

[000196] NPC graft migration: GFP epifluorescence revealed that majority
(approx. 55%-85%) of the transplanted cells remained within the otiginal
transplant site (Figure 32). In MCAo transplanted animals, several GFP-
positive cells could be eastly identified within the original strrata! transplant
sites (62%); in MCAI transplanted animals, GFP-positive cells remained within
the original cortical transplant sites (53%), and; in TGI transplanted animals,
GFP-positive cells remained within the original hippocampail sites (86%).
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overall ANOVA reveal ed significant main treatnent
effects (F2,9 = 184.02, p < 0.0001) (Figure 36).
Post hoc test reveal ed significantly reduced
neur ol ogi cal deficits at 12 weeks
WRX06/0966Ms pl ant at i on conpared to basel i ne (pPCT/US2006/007917
<0.0001). [000212] MW Acqui sition: For the 12 weeks
pbloweveraii sppeans tiat both IMGAG argl MOwkiraisplaAtdd\dhimay eal ed
ndisplayed Mocamigrationf grafted cellstconfizest t& TG afsprantéd 31,
panin@ls; Non¢helges, vi@d migraliers was ebsartes, thedirafsdecelle
s reymdin@dwithin thef Jeneh begetiaredVitdthalogratt siidration ihMORERas
bebssirvetowithin thbZtredberk, ip MEAlwitainsthé aated, aedin TG within the
[ bippoaBipshMERifabigraties in bdth MCAwarid MGAL hies eHpadtaiay by
Forafted eelisdiningdhs ispbartie peaumaimadm thaet shleturh et icogex,
ofaspettivelNriheraoredbrldCAD gnivkticbiotiatorl (1.8 meetame Horsal
elofveptrel (ERaMe) midation of gelDaloy) the Biriptal éscBahic pRaambec
t W% obsayead. Edr MCAhiafmedialttd interelddaiadm) migration dricall we
phea¥ beni Gt trareplasteld sinjmels, -grafamigedtontvads oharactenped be t 0
b@EBtHosidive SBEFs ddxmified ih 0G0CA2 bMNGABTelions €S8 mnl &rte0.7
sHENaW; respecipielys from theorginal Eév ttamepladt sitekek s
post-transpl antation testing, overall ANOVA reveal ed
sk@ ﬁi?ﬁ]canﬁPﬁmrﬁn@wQemssi@t fGraftad INFQ cBilswdre3Dsitipe for
oGbAY (atmuy e agd p vemdewiselis Rescelispeebiabi were also positive
segNeeN ¢ Bath hesapadamseas-locatized with BEPp Tt dembsematansat
1wergeeRgsigpkior ¢l dasep pad alhifiremtypesmplstroliet o basel i ne (p
<0.0001). Exanple 8: Hi stol ogi cal Exam nation at 12
Ipds Meﬁcgﬁeﬁﬂmtéﬁweiv\e ks PosiT tansplaatationg
nimal s were euthani zed at 12 weeks post -
t P% ant Ak iwelve weeks follewiag fpnspdentation; Heites animadly thats
gaﬂ ng the HGl RagedirrpsHiegedbedorbaya st eval@ed with the
DllowingresWisance and ot her i mrunohi st ocheni cal
iers specifically on using different antibody
toE%%f:eE‘frt b4 wepks postrphaniantalion toating, overall
fg* Fraical D Fealmenjgiieats (G2 s 11.84, p < 0.005)
'Qt‘r-% Sthnnteslireyesiessjonidicantly feguesdampior answmetnote
%ﬁ\ée S8 '@SE'@"%’ gheyuRgred ischrsetitroipra@ 80 NcAl 4

[000200] Bederson test: For the 12 weeks post-transplantation testing,
overall ANOVA revealed significant main treatment effects (F2,9 = 41.83, p<
0.001) (Figure 32). Posthoc testing revealed significantly reduced neurological
deficits at 12 weeks post-transplantation compared to baseline {p <0.001).

[000201] MWM Acquisition: For the 12 weeks post-transplantation
testing, overall ANOVA revealed no significant main treatment effects (F2,9 =
0.36, p = 0.71) (Figure 33). These results indicate no significant differences in
MWM acquisition between baseline and 12 week post-transplantation.

[000202] MWM Probe test: Time to find the platform. Forthe 12 weeks
post-transplantation testing, overall ANOVA revealed significant main
treatment effects (F2,9 = 6.18, p < 0.05) (Figure 33). Posthoc test revealed
significantly reduced time to find the platform at 12 weeks post-fransplantation
compared to baseline (p < 0.001).

{000203] MWM Probe fest: Time spent on the platform area. For the 12

weeks post-transpiantation testing, overall ANOVA revealed significant main
treatment effects (F2,9 = 6.18, p < 0.05) (Figure 38). Posthoc test revealed
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TA 4 100, 000MCA04 MCAI 4 TA 4 200, 000MCA04 MCAI 4 TA 4
[ 000217] NPC graft survival: G-P epifluorescence
reveal ed partial dose- dependent graft survival
(200,000 = 100,000 > 40,000) across all three stroke
. WO00609%6¢8, 27 = 14.88, p <0.0001) (Figure 38)PCINESIONG/007917
cell counts of GFPpositive cells revealed that the
| sigeificautyinméastd, tididindied platforesarbs ethd wedi@poatmber s of
s tramsplantgtichrdempasad tobasginef(p %,0,0d1).l e bot h "hi gher
doses of 100,000 and 200, 000 resulted in higher
nixampde &f MEAr RestlfxgatGhirelpo Weeky Post-RianSplahbfich
observations were consistent for MCAo, MCAl and TAd
t {Q002p4fant ad twsiiemrbeaks follmuiveiransplatatios the RPaaMalsehat
eanderaeht thel MOAl peocedurel asdestritdd abovewarl dviafalid with the
didlibeingmemdts( F8, 27 = 1. 37, p> 0. 05) (Figure 39) in
the percent graft survival were obtained across the 3
di08205]Thi E£BSIgFestree 2hateksqosietransgiaatation tsing, dveral
b&NOVAorevealed siggificatd sein tneatmeni effesis{ER9 <1H.62)ip @b byos)
b{Figtya 3t jnPostboc ast evealed signkfiGantly reduced motor asymmetry at
202 BeekspetPETIHLISASEE/ RaPAled thBASAME (INRQ.apoal.t
mgration: In agreenent with the 5-week histol ogy
r £190206], CBRderpor lesbries dient2weeksqmisbtlarisplntatioh eastiny,
(eyssalbANOBBYeBB4d sifnifidant mabrispimatt effecie (F29 Ea2d, pod
wPO0m) (Frigune 34k Posthed teist remegledisigni§icantly rdducéCAeurological
t defiedp Rt werkamioshiranspiantation coGparef ds baselive (x k)sooon
could be easily identified within the original
st00P2Q |  t MY prcawisitien:t Ber ihe 22weekspadBabnsplantsnant ed
alepHiRg. verait ANGYS revealed ao bignificaniimaittredtinkiineftelots (F2,0 =
o}-PGi Ml 0-30(Figuea 3%); Hrespiresils dridicate (w=iogifican diffefencdsdn
t MY grayisiian katween éase@mrpbﬂ weelepeséirassplantatione d
wi thin the orlglnal poca% sites (919 . It
aﬁ?ﬂm t WV f‘?bel\ﬁﬁﬁto the platfswl dor G thivesliss
yenienkion testige oevesll AMOYA e ealpdal dignifinanpmeind t o
ﬁ@afmf*-dr?éf PigAF 28 -a‘?a?% $0.78biHigire B5). iiese rasylaindisate
%\@%@%ﬂ differenpgs ig MW Meprobe fash 1.e.¢ With thecplalfarm availahie,
Pl bqsél"geei‘“da??e‘é(ee}f postirapspianiationni gr ation in MCAo
\é@ﬁ thlnthe strlatum in MCAl within the

t%’f' me stqe? Apagrea (for the 12
,pg ’%f @&PW@I% B0 Kignificar{s
Pe - E Q %6 I‘F'ﬁP'i?gf@-h@qsg (E‘Fﬁé#'fﬁ c
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%ﬁq it ?ksrfé"g“%"ﬁr @na'?'?g]  gringals et
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mere detected that mgrated along the stri at al
penunbra, cortical penunbra and CM of MCAo, MCAlI, and
TA transplanted aninmals, respectively. |Indeed, NeuN
i mrunost ai ni ng reveal s tha¥ these cells express such
mar ker for mature neurons. Overall, about 25% of
surviving GFP positive cells are NeuN posi tive across
stroke types and doses; in cells that have m grated
away fromthe transplant site, about 60% are NeuN
positive. These cells displayed neuronal norphol ogy,
characterized by el aborate and | ong processes, which



[ 000220] Graft-host tissue pathol ogy: There was no

evi dence of tunor formation using Nissl staining in

striatum cortex; or hippocanpus. Exanple 9:

Addi ti onal NPC Testing in Stroke Mdels [000221] The
WORPHYE648f this study was to exam ne the thhérCIpE06007917

benefits of NPCs in stroke animals. Behavioral tests

¥, psel. 7é¢p(Figwre 87). Thew resulis imdicate ho SighficadtWiferdrRBS in

ofMWMeargpisiion batvesen bieseling iand i 2 wetk posttai_bRhiafen, Was

carried out at 1 nonth post-stroke, and animls were

| [9R9R88L pp MY ¥Erobleidsy: Virmielto OyditheptationmA FobmA, 1 2Meks

piigransplpniptiomtesting; ovérall ANOYAareneaMdsignificant main

p&saimanteligritaiiza + 6rdspK\0L0B(Fibures7).LPeansy ©5t rafshied

n é@ﬂ@ﬂ@ghhtadlucqsd ttifner torfing éheqlatiorra et P aetREIp s ranydation

c Ranpared fo bastling (MapPH0v1). 14 and 28

post-transpl antati on. Successful transplant outcone,

af00089dal e#VBY Ryebetest: rikime sperdfonahe phtfotasaical FoNRE 12

d¥seks Rasgiransplantafiol testing covesliAN O'B& ceveialed shpifiedAtORain

aRgatment efasty (€219 8L op FEIOSR(FifLi8 2R P Jdiesctesteralkd

t Figafieandly insorasied itimedn the platfedn areaatoizayeeks postdose 90k

Nienispiantatian gamapered ta Baselinge(( < TI980hunber of ani nal s

for each treatnent condition corresponded to a

r B¥mpled: Histelagieal Fxaminationati1@tWeeks Postiiranspléntation

per group). Animals not reaching the criteria for

b@ﬁﬁgﬁir al Aliemalning apineds Wwira suthasiaed gt $2weskistposind a

sksalaptation GeerT ahladlo| Gghtitativesxmiyseswef grafistrvivabandded

i Tigratien beged on Bisepifueresagnsetandtother immadohistestemical

cRarpragtes. sperifiqaliy an exioe differegt antibedy marikess toedatent

i Rlenolyels exprespiensverggondugisideal | y, nost stroke ani mals

H@@@%@? such criteria, with at |east 8 subjects
to BN el WaltR Verkiswesktransplent bistolagial yses.

| .ani mal re i munosuppressed (10 ng/ kg CsA, hp.,

"iaf@)jpet hrl t tPECketTYRs . Sqroplesze] Al I ani mal s
[ I‘I._l,él ally ( ed o0 stroke surgery. At four weeks
ahlt r the Surgery, s vere tested with the EBST,
foll owed an hour | by t e Beder son neur ol ogi cal
exam Onl Y, rH gal S at di sp} ayed significant notor
and neur ol (93!(9 | defpeYts e subsequently used for
transpl antation sur and vy andonmly assigned to one
of the fo?og:go g tr nment s:7 TABLE 5. TREATMENT CO
Gaft typ do c rokezType Sanpl e size NPC

TGl 4

[0600217] NPGC grait survival: GFP epifiucrescence revealed partial dose-
dependent graft survivat (200,000 = 100,000 > 40,000) across all three stroke
types (F8,27 = 14.88, p < 0.0001) (Figure 38). Mean cell counts of GFP-
positive cells revealed that the lower dose of 40,000 cells resulted in low
numbers of surviving GFP-positive graits, while both higher doses of 100,000
and 200,000 resulted in higher numbers of surviving GFP-positive grafts.
Th_ese observations were consistent for MCAo, MCAI and TGI transplanted
a_nm]als. However, when percentages for each cell dose were calculated, no
SIgni_ﬁ.cant differences (F8,27 = 1.37, p > 0.05) (Figure 39) in the percent graft
survival were obtained across the 3 doses. This suggests that percent graft
survival in both low and high doses was maintained, potentially by CsA
immunosuppression.
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90, 000 MCAo 10 NPC 180,000 MCAo 10 Vehicle ... 0 MCAo
10 egenani mal s underwente surge%received striate:
(MCAo) transplants, and were treated with chronic CsA

_ 4] Ani mal s were again introduced to the sane
“L(g‘f%ééﬁ Bt behavioral tests at days 7, 14 arRfTfES2006/007917

post-transpl antation. For clarity, a schematic

dilefi248] i s NsiCogaldeigiationsvin agegsmens witl theEiEeKRistology

EXgsits e apiflygresgencrreyeded diaé majarigelapprox. 65%-90%) of the
transplanted cells remained within the original transplant site. In MCAo '
transplanted animals, several GFP-positive cells could be easily identified
within the original striatal transplant sites (72%); in MCAI transplanted
animals, GFP-positive cells remained within the original cortical fransplant
sites (64%), and; in TG! transplanted animals, GFP-positive cells remained
within the original hippocampal sites (91%). It appears that both MCAo and
MCAI transplanted animals displayed more migration of grafted cells
compared to TG transplanted animals. Moreover, when migration was
observed, the grafted cells remained within the general target area, in that
graft migration in MCAo was observed within the striatum, in MCAI within the
cortex, and in TGI within the hippocampus. In addition, graft migration in both
MCAo and MCAl was characterized by grafted cells lining the ischemic
penumbra in the striatum and cortex, respectively. Furthermore for MCAo, a
medial to lateral (2.0 mm) and dorsal to ventral (2.5 mm) migration of cells
along the striatal ischemic penumbra was observed. For MCAI, a medial to
lateral (4.5 mm) migration of cells was seen. For TG transplanted animals,
graft migration was characterized by GFP-positive SBDPs identified in the
CA2 and CA3 regions (1.6 mm and 0.8 mm away, respectively, from the
original CA1 fransplant site).

(000219} NPC phenotypic expression: Across stroke types and doses,
the approximate survival rate is 15%. Within these original transplant sites,
most of the cells retain their beady appearance, and are not positive for NeuN
or GFAP. However, in MCAo transplanted animals, a few of these cells
exhibit NeuN and GFAP. GFP positive celis were detected that migrated
along the striatal penumbra, cortical penumbra and CA3 of MCAo, MCAI, and
TGl transplanted animals, respectively. Indeed, NeuN immunostaining
reveals that these cells express such marker for mature neurons. Overall,
about 25% of surviving GFP positive cells are NeuN positive across stroke
types and doses; in cells that have migrated away from the transplant site,
about 60% are NeuN positive. These cells displayed neuronal morphology,
characterized by elaborate and long processes, which are abundant in MCAo
transplanted animals. Further GFP epifluorescence microscopy revealed the
distinct neuronal morphology found in each siroke type, as well as NPC graft
cell-to-cell contact. Some cells (about 5% overall and across stroke types and
doses) exhibit the morphology of glial cell which was confirmed by GFAP
staining. Most, if not all, GFAP positive cells were found near or within biood
vessels,

[000220] Graft-host tissue pathology: There was no evidence of tumor
formation using Nissl staining in striatum; cortex; or hippocampus.

Example 9: Additional NPC Testing in Stroke Models
[000221] The purpose of this study was to examine the therapeutic
benefits of NPCs in stroke animals. Behavioral tests were used to reveal

motor and neurclogical functions of transplanted stroke animals.
Transplantation was carried out at 1 month post-stroke, and animals were

38



Behavi oral tests (One nonth post-stroke; Only animals
reachi ng and exceeding the criterion wll be
hereafter included in the study) Transplantation (1
nont h post-stroke) Behavioral tests (days 7, 14 and
WB209¢/8%6640r anspl ant ati on) WO PCT/US2006/007917
2006/ 096640PCT/ US2006/ 007917 [ 000225] Al'l surgi cal
priveesosuppressed daibniic Cecosporden (68RP10 Mo/kgONs! thiRidRout
Tibe ané-rainth post-rapsptattition tiedlanime, LogbibIbe aha nbdBRgical
nopekigrmance. of transhlartied ketsiwéerchpaicertived Ate3686 7, YNERd o8
d epest-barepicntediva, Swocesefill transplant vetodmé, ke bl Usi on
s \efminatidthef aM@ffiaaciolis BPGrddse ety v dvalRkatBSsing
i le@matabebéviar ssutneumldgidabpeivimariteough t he carotid
artery to reach the junction of the MCA thus
bI[8@0Z28Y t Hdnehd went 3 freaimbniorontiitiense Ot BiuARAIgkd)dow dose
ar0sNPC, asd Wghldcas 1BoloNPChEhehureher obdnivhls!ibreach iRatment
r icghditieroramesparaledtio d reguired yanmgls sizelfon iatisedl #Rbses (n=10
i POr group). niroalg notreaching tie anitetibiforbehaviviat aficits ¢75% on.
Thiéssed pwingractdlyzndveascore 6 2. Srimdeunfiogidet BkdrR) were not
ndeluged by hatstuslys Tibus, enitrEdthatmeachieddhdse titdria drldigthose
diexpreding theser titeriaweneindudedtimiperstaly! Dyp2dhally,andd-sgakge
S iaﬂ@%ﬁeﬁq%@ suchiogiteriopwibnat leasb® stbjdds heededrtopafidehe
s gerglusive; statistica! avalgsesnalbartinds weanimninmosuptédsed (10 mb/kg
e &8y il dallyydhiopgleout e shadyot i d arteries to bl ock the
MCA. The right MCA was occluded for one hour; a
o OB &3Ir oé‘ﬁ Roisiadningially reseiMBAV@anastrake yurgesuat four Weeks
nENeTHAE syraenr animals wara teatet] wittolhe BBIST, falinget anhdusiee
oPY feBadefsopineuralogisab gxam. Graly enitetsithétalispdayted stordfittite
c Biefar énd nratelosicel defictinwere subsemiestiywsegHoniparsptankstion
28goery a8 sandomly, asgigneg tp ade ahitie followingdteatrmentsonet er
ronotes main e._of body tenperature within
ﬁor mal |imt;s %32%5@41@%%9@“9”5 occlusj on and
reperfusion, |a Lag@kpdOPHIchl dolfSirbls 88 | THE Topp! er
probe was pl geed at” the Tiewfbo QT 4H& dUTapdifrectly
above the expected T nfarqtgibilal @kal €Ji o0 (JAP. +2. 0,

M: 2.0, and{DV: vefi® nm)| T @ Ngasyés c¢r edr gl bl ood
fl ow before, degendidl animds aidénesnt sogeduysry, @ateived000226] Al |

surgi cal proc&RiE SUCARR fersRiatid Bt WP ERReEr Wilisept i c
condi tions. Under equithesin (3 nvkg 1.p.) anesthesia

(90022 s CAEmISRONGr agBiRiiftrddabersMe sArhE bai ﬁt g%ﬁ%@fo?al

i tegtb attae A4 antiREposttratiPlantBosli FoPeiblil, & BE
sliagramustpriolided seloant eri or to bregma, 2.8 nm | at er al

to mdline and 5.0 mm bel ow the dural surface) using
a 28- il ® | TIMEIINE OF EXRERIMENTAL BROCESBRESd human
wer e obtai ned from S#weBisergery nc. and t hawed | uSt
r to transplantation surdery. Viability cell

coupt s, gpsi ng Trypan Bl u@ecewsdigzison net hod, were
conduct efrpmpisi paststipkea@rinemals sekihing argiRglekdiiyRIch cifefny

r the transpl aff'Sf OB INcded inthestuddni nal

recj pient. The pre-determ neé cell dosages (90, 000
and 180, 000) wer e DBmswbntativn (Jinjooth pst-shatied S

nstrating that these dosdges are within

t her apeut i cal byhaabhiesisi@sps HASROR pbRRSEstantation)

[ 000227] Transpl antati on surgery was carried out

wi thin 2 hoursafter thawng thecetts—tnfustonrate-
was 1 ul of cell solution per minute. Follow ng

i nfusion, a 3-m nute absorption period was all owed
before the needle was retracted. One needl e pass was
used, but there were 3 dorsoventral deposits, with
each site receiving a 3-ul®cell solution. A heating
pad and a rectal thernoneter allowed nai ntenance of
body tenperature at about 37C throughout surgery and
follow ng recovery from anesthesia. [000228] The

orie- hour MCAo stroke surgery produced consi stent
behavi oral inpairments at one nonth post-stroke as
reveal ed by significant biased swing activity and




WD 2006/ 096640PCT/ US2006/ 007917 [ 000229] Fol | owi ng
random assi gnnents of the stroke animals to either
vehi cl e, |ow dose 90k NPCs, or high dose 180k NPCs,
Wlﬂ\g@@w veal ed significant treatnent effects for bot h
te (‘g s <0.0001). Pair-w se conparisons RGTAES26/007917
t reat ment oups reveal ed that as early as day 7
%1"@#[%' piecedirebwercaondudted uiner aveptie
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digitized using a PC based | mage Tool s conput er
program Brain sections were blind-coded and
Abercronbie's fornula was ,used to cal cul ate the tota
nunber of i nmunopositive é@lls. [ 000234] MPG sur vi val
foll owi ng transpl antati on was assessed using

nonocl onal human specific anti body HuNu, human cel
surface markers which do not cross react with rodent
cell surface markers or other rodent proteins. To
det ect expression of neuronal, glial and
ol i godendrocyte phenotype in cell grafts,
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[ 000235] General ly, the NPCs survived well in the
striatumwith a few neurons positive for MAP2
expression at 1 nonth post-transplantation. The graft
urvival did not differ significantly between the two
“2)0@86’?98??& s of NPCs. NPCs reduced the i scherB@/Eape/007917
lgss in the stroke penunbra. The two dose |evels
s HARRE%k mbstovwingrandam assigamentsiof thewtroke esimats to either
ef’#’@el?slowga%%& NRCs H highadasiey86k NPEs phO¥Atreve dlad
gﬂ\f gant reatment effeqinior bothwestep’s 0009286} Peir-kxanpl es
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were given food and water freer The I\/CAO procedure

[0Bg23] TOGNEC %@M\@iﬂfo%w’ha% n ésQ
monddidhal RimaH spechisRAHIHTHMNL, %hh‘l all

atiiety Bo AGtaNI@ss réact@vuﬂﬁfi%eﬁ%%ﬁ SRk Ra otﬂ rr%g&%br al
enbolismin rats in which recircu atlon can
introduced in the ischemc area."” Jpn J Stroke. 1986;
8:1- 8, and E. Longa et al41, "Reversible mddle
cerebral artery occlusion wthout craniectony in
rats.” Stroke. 1989;20:84-91. Briefly, under deep
anest hesia i nduced by a mxture of 1.0-1.5%

hal ot hane, 10% 02 and air, a mdline cervical

i nci sion was performed, and the left carotid

bi furcation was identified. A probe made of 4-0 Nyl on
thread with a silicon rubber-coated head of dianeter



[000244] On day 7 follow ng the MCAO procedure, rats
were anesthetized with intraperitoneal injection of
50nmg/ kg sodi um pent obarbital and placed onto a
sterotaxic frame. In a prelimnary experinment, the
WOPU6648 ea was produced in the |ateral ar RCHES3IN6/007917

approximately 3.5mm |l ateral to the mdline. For
t PERERS-ahe defestexprassion bnatsenaiegliabaridoligodéndrocyte
pah cetl g@ftéeml@g@p@nl@ermnai analypissieu-bifand GFAP,
81@8 Lised) sesrastivaly- dbeertdlsurfaceamarkefs gsmeybalte migration of
be’$"éﬁ%‘§jNEQS+ ne (PBS, pH 7.4), was stereotaxically
injected into the left forebrain fromthe follow ng 3
| seins: Ceperally.deNERd sunived avellén therstriaurh hdthlar fegma,
aReuroRspodiie far MAB2 expressien atrflemanit post-ttarkplantitipb.hThe
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ufder N Wﬂ%’lﬁﬁ ntation of non-treated intact MASCs
(R’ ﬂg and the NMC group, into which MNCs were
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[@R)UQW?’]“‘F‘HE ofdl$50pg obthepeerent Byention. dammge was

eégb SI ng the follow ng tests: beam bal ance
Imb—é?%%?ﬁﬂ&iw Morris water maze test.
Ianée t est Ilnb pl aci ng test were
d HHtyieg Of %va@nﬁilaﬁgcﬁnoam ation), 14,
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4G, ﬁQur*oﬁl% qoHER (R HE’F
Bé::tﬁ% ::gfiit -ﬂg@ﬁ?gﬁ%‘aﬁ Eot??@.mﬂs& lwn%%iﬁ%ﬁ
fohq,é‘sagi ,ﬁéﬂé@g cri t_esrl a. i mredi rgt% g%ﬁ ogosm
placing of the linb: a score of O; |ncon'pl ete and/ or

E@bgy d ( RO saRdsk-pl aci ng, including interspersed
“flaili'ng: "I, and no placing: 2. Visual, forward
tactile and | ateral tactile, proprloceptlve sti mul
were given to right forelinb. Forward tactile and
| ateral tactile and proprigceptive stinmuli were given
to right hindlinb. Proprlggeptive adduction test were
performed in both forelinb and hindlinb. Total score
ranges 0-18. [000252] Morris water maze test
[ 000253] The Morris water maze test is a useful nethod
to assess




cognitive function. Several nodification of this test
has been reported. A version of the test generally as
reported in A Fukunaga et al., "Differentiation and
angi ogenesi s of central nervous systemstemcells
WOHPEHEEd Wit h mesenchyne into ischenic rat HOTAIN006/007917
Cell Transplant. 1999; 8:435-41 was used. This test
WER00242F or ivxte Wistan rdywaGhin®200ag5040nat kept drddm A
p derhperaiupn2t 1) VARG 12-h lghttdaridoens), and iy ghas 186d ain
e sigy dreplyaTHeoMOAQIpraceiues wad a modifeatidrosfahe ey
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aRﬁm&é@OﬂdV@meffpfmd Houseaiterdie octhusiondhrioagh affOminres
ewihdrawalphtheqroised the platformlocated area was
neasured. The tine spent in the platforml ocated
oi?48243t whansplamatigmasur ed. [ 000254] Hi st ol ogi cal
analéﬁi WD 2006/ 096640PCT/ | | S2006/ 007917 [ 000255] On
1 r aP8 dae ¢ ollowing the MGAQpIasedidei nafssweraainesthetized
Pt inisarasiioneal ipipetiemef0medy seeiumpentoharbitas aad Hieoad oryto
vﬁ §tﬁrq§a>ga/f;grgqa ina W@;mpl@qw@xwment the infarct area was produced
dB rtheb frore apprioximstel B §amy kateralite the wisliaeIFor i on
E 'P'F nt%@%@fw@arqhﬁ brain pareeciiyme; thelcell suspension,
9 0;95*@.980 a*.tta% pwﬁmaawm hesphatei huiferad saling
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¢0g‘1 rporatlon Frederick, MD). The
S culated general |y as descri bed

%f S' yf“ﬁ&ﬁ%%ﬂ ”%19 ﬂ&'f‘*é@ gA B P %s*ea.t%
st Ci esgﬁ
fo?ee n el % jor e G’
HalepEare fest
vverg I'ncu a @?\Q]nng 9 %‘éP URRaP- 2

B [ nhe| m Germany), p-tubulin3
0100%8% %%QH' Q NF- M (1: 200, Boehri nger

g&g B%%Iinli % et 89 %0%133%%@ sg%ggiomo or
G- Con|" uga ant| §% 1B ETRAICA P VIUSIY I e Dixon et
Eugene, OR) (for MAP-2) or anti-rabbit 1gG (Ml ecul ar
Probes, Eugene, OR) (for P-tubulin3, NF-M Tuj-1 and
GFAP) was used as the secdfidary antibody. TOTO 3 was
used for the nucl ear staining. Specinmens were

i nspected using confocal |aser scanning m croscopy
(CLM5) (Radi ance 2000, Bio-Rad, Hertfordshire, UK).
[000257] I n each rat the total number of GFP-1abeled
cells in the whole forebrain was cal cul ated. The
nunber of GFP Iabel ed cells in the hi ppocanmpus al so
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di fferent anong the three groups. On day 28 and 35,
the nmean score of the NMC group showed a significant

i mprovenent, conpared with the control (day 28:
= day 35: p=0.0001) and MASC groups
%9}88@9%’2 0. 0007 respectively). Al though M¥I/EF2805/07917
shovved sli g{_ht i mprovenent conpared with the control,
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0

50]dayé5"—@—9—@£@2 and 0.0211 respectively).
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into the Infarct TocuS was observed. There seend to
be no difference in the nunber of inflamatory cells

that infiltrated inot the infarct | ocus between the
MNC and MASC groups.
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WD 2006/ 096640PCT/ US2006/ 007917 [ 000270] A | arge
nunber of GFP-1abel ed MNCs were i nmunopositive for
MAP- 2 and showed neurite devel opnent in the host
brain. They were al so i mmunopositive for Tuj-1 and
WO 308¢6¢483. I n the ipsilateral hippocanpus, ReVES2e08/007917
bodi es and neurites of GFP-|abel ed MNCs were al so
siRAALEED beOrNfByMIptas weressacideangth ddnaabi-2n of 5
GPerichamitaldverass @hd pedusedNEnseRtiBaBOoGt 0.9% Jafife VAP- 2
( &atlowsd byperivdat-lysine-patajormatdshlde METRES0IGHoncR! deneiy ©
pdssaribed irf o McGranrst @L, Beriadste-IfsRARrdbintalganybs BRdtive % e
| apydixatigndoi immunbelMB@smicroscbpy. h dHisteHin CBE .
n8§ét 22407683 bherbraiowvasas intddPodal btk of 2rhm b3S
aHeiNQUBraip Matrtk (GABdc. VGRARKshia, kKi).SLOpfR@icReRReRt 8&Edns
oWergmade frameaciF-bibelp Sectionsavere Istencarwiththenttoxylin and
cEpsin fit&E)td evelidts theeinford atés. 2% dmaged. o Sedliins were
r epuredivgian e, 1xTrbjedtive leas Lodercd ligheoildréeepé, anliii: Rsion
pBIERAS Weee s usinglStiandmage (Sdom GorpbR0R, idbddiek MBY The
nipfasel vobmevascaleubted\G@erally astdesivitsid previalzyan R, wer e
189808018 ahnd BetNLYTatedpyEtiood onmebsuriag bABYintdrct
t YA ahEerab Rigod R Methdt ¢8%G;10:300429, airdichpreséditgs a
higraentage ofdhe valume afibplcantraidickMBEmisphere. det ect ed one
month after the transplantation. The survival ratio
"giﬁedie% %&n&g&%&&n@ﬁﬁgﬁ@ﬁhwam bstizated ith grimary
_ MRLER100) Boahmegei reimpGermriahy), pabulind
98y Sigmap NissowRsN790 (16200 BoeB¥eo MabhissimyBeenany),
D90+ BARCO G, arGHAR (11400, RekoMB&ICa 4°C nvernlght. ast |
exanFlagiEr46nreniyogtas satiunquae AS (MolettlanRrobed) Bvgags, ORI
-_2$ Praninpihi lad (MakcylanBrabenduugene cORpffortfsiubuling,
ur !#6? 2R CHAP AvasHsedassthe seco @] antibady. TOTQPwas
t&ﬁﬁﬁ orf

AU 74 SlajiRg- Speciaess wesklinspeateseusingdanfocal laser
SPNEH VROSEEPY (PLMS){Redianee 2000vBiReRad, Hertfordshire, UK).

4] Ref er ences: 4)000275] Ai hara N, M zukawa K,
‘?‘%% Ngﬁﬁa?elﬁ 'aﬁ#%ﬁ tgbnymbesiof GhPZabejeciealls in theiwricker ct
TepraTy, Q?F‘i‘ﬂ'lﬁf?q'r; e duEberpbarPda ells ndbgni ze
REETRYS o ralctipied P8 $8MRNAY nmze learning in the
' ai . .1994: 33: 483- 488. [000276] Al t unbabi c
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the three groups.
[000261] Beam balance test

[900262} From day 7 to day 21, the mean score was not statistically
different among the three groups. On day 28 and 35, the mean score of the
NMC group showed a significant improvement, compared with the control



[000279] Bj orkl und A, Lindvall 0. Cell replacement
therapies for central nervous system di sorders. Nat
Neur osci . 2000; 3: 537-4/4. 0 \S;\D7 000280] Bor | o

0 6640PCT/ | | S2006/ 00791 or | ongan ,

“%aﬁ%q%g Sanberg PR Loconotor and passi veCT/US2006/007917

avoi dance deficits foll ow ng occlusion of the m ddle
c Eay78ap=GP94s fay PhyRsOAN00R3 N MASC IBouUrsdpS0.04 7117 0.0007
[ SoedvEED AlbREGIMMABC groyn showed Blightémprosieraest cobipareni ¢
cith eenirale stalistigabiv sigrjficanhdifferencensauld tetrbegiedected on
bfanee Brddh(RiaAP) er does not inpair retention of
passi ve avoi dance. Neurosci. Res. 1998, 32:195-200.
[ 6}99263]) Bokimigagingtest Hi da H, Nishino H Early
assessnent _of notor dysfunctions aids in successful
oti00gadlon bhererveeraing gfalisticat difierancesrbetvsen the mraanespomtaf
1963 groupssiiom sigy 7to dap 88| Bodayoriyend BvihemIMOandWASC

MRS BRYEC aygignifieant improsmaé regnprRreTwitisipe @onis! igooupof
%g%ﬁ: £58,0022 and R85 ARYBYTI0023 abil A1 1 despiectacly).
n  RmERn Sepreshowed i sigsificam eifiesonse bebwesndhg NME
i %Q‘I'\é‘ﬁ?@ grayRs. thigyg et ths entitopiod Bigatl)- 21.

[ 8 4] Bor | ongan CV, Yamanoto M Takei N, Kumazaki
!\ﬁ8 %upaﬂ&ﬁﬁ%’@,@m Sanberg PR, Nishino H.

ff@iﬂ ® 1 THRTERt sy S pat et Sagh et fous s
é%ﬁéﬁrﬁ'bﬁ}&%%ecam@, aon I8 sH0wm In g0t eseah et P,
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experi e 'oke: in vivo evidence agai nst an
. : . : . 7.
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Example 11: Histological study

[000268]  The infarct area was located in the lateral half of the left
hemisphere including cortex, striatum and hippocampus, and formation of
cysts and scars was observed in most lesioned brains. The hippocampus of
the lesion side was atrophic and showed partially irregular arrangement or
loss of neurons compared with contralateral side. Infarct volumes were
measured in all MCAO models. The mean Infarct volume in the NMC, MASC
and control groups on day 33 were 50.7+10,9%, 51.0+10.2% and 50.9:11.1%

respectively. There was no statistically significant difference among the three
groups.

[000269] Transplanted GFP-labeled MASCs and MNCs were located
mainly at the boundary area between intact tissue and infarct area including
the ipsilateral cortex, corpus callosum, striatum and hippocampus. The
infiliration of inflammatory celis into the infarct focus was observed. There
seemd to be no difference in the number of inflammatory cells that infilirated
inot the infarct locus between the MNC and MASC groups.
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"22. The use of any of claims 16-21, wherein the marrow adherent stem cell-derived neuronal

cells are obtained by:
providing marrow adherent stem cells; and
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21. The use of claim 20, wherein another location in

the patient conprises a central nervous system

| esi on. 22. The use of any of clains 16-21,

wherein the marrow adherent stem cell-derived

‘neuronal cells are obtained by: providing marrow

adherent stemcells; and inducing the marrow

adherent stemcells to form marrow adherent stem

cell -derived neuronal cells. 23. The use of

claim?22, further conprising: transdifferentiating
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nNeus@N8t & fokiSing unit of any of claims 27-29, wherein the marrow adherent stem cell-

derived neuronal cells comprise a label.

31. The graft forming unit of any of claims 27-30, wherein the marrow adherent stem cell-
derived neuronal cells comprise human marrow adherent stem cell-derived neuronal cells.
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