WD 2006/ 096640PCT/ US2006/ 007917 USE OF MATERI ALS FOR TREATMENT OF CENTRAL
NERVOUS SYSTEM LESI ONS | nventors: Mad Dezawa Keith Mri  USE OF MATERI ALS
FOR TREATMENT OF .CENTRAL NERVOUS SYSTEM LESI ONS ( BACKGROUND COF THE

| NVENTI ON FI ELD OF THE | NVENTI ON [ 0001] The invention relates to treatnment
of central Weildips648yst em | esi ons, particularly to trertesdesdkrat r oke.
DESCRI PTI ON OF THE RELATED ART [0002] Lesions can formIn central nervous
system ("CNSff) tissue USE @FMATERIADS FORERISTMENEOST the | eadi ng causes
of CNS | esions is strokeCESTRMNERVEUASYSTEM i£m3iog t he sudden | oss of
circulation to an area of the brain, resulting In a correspondi ng | oss of
neurol ogi ¢ function. Also called cerebrovascul ar acci dent or stroke
syndrome, stroke is a nonspecific term enconpassi ng a het erogeneous group
of pat hophysi ol ogi ¢ causes, including thronbosis, enbolism and
henorrhage. Recent reports indicate an incidence exceedi ng 500000 new -
strokes of all types per year. Stroke is a leading killer and disabler.
Conmbi ning all types of stroke, It Is the third | eading 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 costs (care and treatnent) and the Indirect costs (I ost
productivity) of strokes are considered together, strokes cost US society
$43.3 billion per year. Strokes currently are classified as Stites
henorrhagic or ischemic. Acute ischenmic stroke refers to strokes caused by
t hronbosi s or enbolismand accounts for 80% of all strokes. [0003] The four
maj or neuroartatom c i schemc stroh&{ﬁ% drones are caused by disruption of
their respectlve cerebrovascul ar di iti ons.
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[ 0004] Anterior cerebral artery occlusions primarily affect frontal |obe
function, producing altered nental status, inpaired judgnent,

contral ateral |ower extrenmty weakness and hype. sthesia, and gait apraxia.
[ 0005] M ddl e cerebral artery (MCA) occlusions conmonly produce

contr al at emal 20b@ovsqar esi s, contral ateral hypesthesia, POFusRic0BhT

hem anopsia (blindness in one half of the visual field), and gaze

pr ef erence | de the | esion. nosia ls. conmon, and receptive
Or expr essi %%%%Eﬁ%g@s F@RT&%T@%@%@&JFR%HER&Q%t he doni nant
hem sphere. P supplies the upper extremty notor strinp,

weakness of the armand face is usually worse than that of the | ower |inb.

[ 0006] Post ef,i A I sions affect vision and thought,

pr oduci ng h@#o%;%@%?rﬁgﬁ%ggv%ﬁf@&rt i cal blindness, visual agnosia,
altered nen , LApaired nenory. 2 WO

2006/ 096640&@#&%%@/‘&%&6@0007] Vertebrobasilar artery occl usions are

tori I inh{ 1 cul 3 REGFUSE: Wi i et f
(r:]?a(rjlir ;Fuﬁe?/ db-lﬁflg Cug‘iﬂ}\’gﬁﬂ& |Cta gﬁe?g‘?ficgl %s?’e%ﬁesg’%(t%@lr Lgeyvgrt I go,
Sio ,S:fa% gm ?r@e? HBL! . . :
nystagmus, diplopia, Vvisua lel'd deficits, dysphagia, dysarthria, facial

hypest hesi a Egyjpgﬁ'q@“@p e Ayeh @R of pain and tenperature sensation
occurs on tﬁe i psilateral tace and contral ateral body. In contrast,
anterior st{gges Profediehs dandbi@fh @AraAMRNeLSISyBim MoNIPRsueNG

[ 0008] Thesen@asaris raREnBYNE 6EME IdaRingaVdds i ONSIEsiIbRAEJUBke. EMDOl | may

ari se from ghekdieahdraciehodeby! thd QLEdUndbs AT ICRELIRDN 6 an bAlAlthe t he .

ri ght - si dedpir, eatufiihg aha COREPEAZInG Riss enikalrtidgic neicnkmeaslied cardi ogenic
enbol i i ncl cstebroshstuisd bodidurt obétrdi@.sgndroing, sticke & a adrepesifistergandocarditi s,
prost heti c wadonemksingra haterdduneots groep gf pathophysiciogic daddes] intladiaggi on [M ],
atrial fi brinrdraibasin emiinlisat,eckd benebibagyo padden) repantwindiateadn nyxomas. M s
associ at ed incidhnee @«8eingEIteNE pevo Biralteb of albtypey mhapanfStwdikedda 85% occur in
the first nieading&flemanddisable@00anbiaty el typen bhstvke, ibisdlo trd lending3- 20% of al |
cerebral i nfausetof demth and thesfiral iegdingwasise of dibabililyrahy current ends) thisascul at ur e
of the subcBITPds Priscksria itnainte wneaniion oay Yaarkyiiigyern2ehl tWhemomonl y occur
i n pati ent sthgidimciaeaisi(care aud fregtnaaniland the DAiresd copts et esodustivity per t ensi on.
Snal | enbowfsé'ﬁ*s%amﬁegw%reg%@ rokeserst U sagatyihigst lilipr pethought -t o -
cause Iacugﬁer_a"i eSraumethea S@E?Irﬁ%ﬁ(&% ﬁrr’h%]?fr'%‘f?@?“?'ncl ude pure
mot or, pur e "SERES ?‘,mc %‘;%%?%f}g" {EoRep &7 Yy SiPEiRRES OBgMYPISTLe of their
SRS SRR 087 cal

smal | size | ocation, |acunar infarcts do not

Iead_toirrpib nts Ln dlgnition MenDL Y., geect&, or |evel of _
consei ousnes <t gge it e el e AR P08 st on are

cer ebr al

[0004] Anterier cerebral artery occlusions primarity affect frontal lobe
funetion, producing affered mental stafus, impaired judgment, contralateral
lower extremity wealmess and hypesthesia, and gait apraxia.

[0005] Middie cerebral artery (MCA) ccclusions commonly producs
contralateral hemiparesis, contralateral hypesthesia, ipsilateral hemianopsia
(blindness in one half of the visual ficld), and gaze preference toward the side
of the lesion, Agnosla is common, and receptive or expressive aphasia may
result if the lesion ocours in the daminant hemisphere. Since the MCA
supplies the upper extremity motor strip, weakness of the am and face is
ususily worsa than that of the lower limb.

FOR06] Posterior cerebral artery oeclusions affect vision aid thought,
producing homonymous hemianopsia, cortical blindness, visual agnosia,
altered menial status, and impaired memory.




artery branch points, especially in the distribution of the internal
carotid artery. Arterral stenosis (i.e., turbulent blood flow),

atherosclerosis (i.e., ulcerated plagues), and platel et adherence cause
the formation of bl ood clots that either enbolize or occlude the artery.
Less commioGapaBes®f thronbosis include pol ycythem a,phfddofossis anem a,

protein C deficiency, fibronuscular dysplasia of the cerebral arteries,

and prol ongegh ms Ocon%r’iéb%dagfhr gjtr‘é glar%is‘re seﬂa&ggfaﬂrcﬁ fders. Any
id

process that g can cause

t hronbotic SE;rra d Ipﬁ) ﬁ)&gfﬁi&& ;ntegryszjr
a

Cccasi onal | yge [g @

hypoper f usi oge m’ 'em g%%ed&%ﬁ&ié 6@&9 %rr cer ebral
arterial ter édr%ﬁ%fét&é! b%a? 1 QfiRist, SRIPIBE Srokés ﬂjé&jce[fﬁgﬁ)l éif? HH@&:@Q tO
henor r hagi ¢ gthekedy ddie terms i ntracerebral henorrhage (

henorr hagi ¢ stroke are used i nterchangeably in this drscussron and are

regarded as moggpar at theBbtlsibrisOfPesiRr foh aghtety sa8sd@EMehiten of ischemic
stroke. | CH megatsd fforh B REAJ O eRPd@hial 200416 oraiatels HOkRE.saBd i S

associ at ed Witchlatibg{paradomichiainbol). Taé esurtdosf caiogbhialmbbl Motk ons. Patients
wi t h henor r hagitarstromkige R, s aittal siehbsis, andbeadif palsthrsevailaayi ¢ deficits but
tend to be nmumai thrdmbi @, pahvesatdalnibrietosdticatiial fistiiatike, diladi ents with

I nt r acer ebr atartibegas:tta) el hiykahys. (M ihassecitied diéth l3e2-3% linddemde ment al
status, sei zafregsholimsiudesofavidchvin beow in thadisbmenthraledMhy per t ensi on;

however, none of these findings distinguish reliably between henorrhagic
and i scheni d0883]okes . LacViRr 2UEGIS0B604TRTTIAEN00 G GeED Y iffgoma] | n | CH,

bl eedi ng occandsghiiydaive the seall esminehyasciaiue fymsubemieal caeobalm nechani sm
is thought t@dduainggpakrounpighiaERaremnaRly Se@r Brredents with simed vesaehged by
chroni ¢ hypéfitaais: wiah acxkeetcaannh ynaiessiphcinaleniiol soamy silat heses, '

i atr ogeni ¢ ﬁ?@ﬁ&@”ﬂdﬂ’?%"”%‘%&‘r'ém%ghhtﬁﬁﬂ‘l‘edﬁ"é{”é‘r infaRgls-cidledno® abuse. | CH.
tends to be FOHHHY ‘?ﬁ‘r@ ?K"’zﬂf‘?ﬁ“%ﬁ'ﬁ@ HWFW@"‘P&@%’%S@‘?%’?EM ﬁﬂ?’ﬁ XChe t hal anus,
put anen, cer'?ﬂ%ﬂ’qr el Higir sl girgiang wielldglinadsubericalt  he brai n
i njured by E? (?68‘2%‘05 VFI mtsf ﬂ%"gﬂ?? i?ﬁﬂ‘Pﬂ‘B“W%‘inr?ogﬂﬁmbé"%ged by

pressure pr SOUEIG Bt of the henmat oma. A general increase

§;°

in intracra occ r rtoalt ratlefor

heror r hagi ¢ m F[ lare % occur within
the first 4 m ﬁrrero ro Bvent i onal | y
known, i ncl IY&&M&U(% QH?A];] Treating
CNS | esions 4 uBE H i scm neurons in
a region of g érﬁ%t s.ékk} bélFé’r?erﬁr rotel © eﬁdHn %ﬁrtomds@&! ﬂisiQUt

limted to o$ Jana .% Hﬂzﬁéb%ohéincﬁioﬁﬁﬂ&rrﬁr e} VOUS system

| esi on. Unf gbindle@sbrdehe Wr9Bfdceb céds§§ldi§sécﬁm¥‘@f|the gy for Its limted
reparative/ p@aaesad ba\fﬁ'ca%@ﬂﬁbxwetlcﬂh%kg@é‘@r fduind) tRhadieMbi@uUr ons in the
adul t i's | aiggebidhestdiiis) Sdcdsoriald HyBShaision HRI ©\Wstbhdlich® t he | ateral
~ ventricles, aRddsd@HHHANPBIbRISIGHUTS Winctdbe WRBAS Eregithlibiwddn t ed “
neur onal 1 ephaceRBAl AR fepfsricdammnshsaketbniestdiel ng T rom endogenous
precursor stemcells that had mgrated fromthe SVZ. [00015] Sone initial
success has [mEEn] r epquirgth Wikehoatagigistiolas Hedgeasdsioerabidiods but t hese
met hods hav @emotrhb@efiCie) dri lenbdrshagicaters brel usedintavsieingadily inthist i s needed
are met hods dsedsskaongiaisire rayasdddata saparato priitpfrahhen®errhagied in the art for
t reat nent ofransfoiniaion peisstaimsic siysltee IGH asdooms.for SBblMMRNEIE0THIE all NVENTI ON
[ 00016] Di sclsitvslexd dnd isnassatibed withripghes nrglalilp raies tiamgerabat difsatiiopsecur sor
cells; and Patients with hemorthagic stroke present with similar foecal neurclogic deficits

but tend to be more il than patients with Ischemic stroke. Patients with

infracerebral bleeds are more likely to have headache, aliered mental status,

selzures, nausea and vomiting, andfor marked hypertension; however, none

of these findings distinguish reliably between hemorrhagic and ischemic

slrokes.



adm ni stering the neuronal precursor cells to a patient suffering froma
central nervous systemlesion in an anount sufficient to facilitate
functional recovery of the patient [00017] Al so disclosed is a graft
formng unit conprising: neuronal precursor cells present in an anount

suf fi ci ent W®zbaadckdot at e functional recovery of a pati eptvusishd@rding from a
central nervous systemlesion follow ng adm ni stration of the neuronal
precursor cells to the patient; and a pharnmaceutically acceptable carrier
[00018] Al so ghomakpsedii £ b@ﬁhgamﬁ@mmcﬂyn@um@rb%h ghRdcHyRfa PMs adher ent
stem cel | - desial asbchavsm Rethoug: tostie 1aaichge drnérRdlaRtRerdbhe afBfidsoW adher ent
st em cel | - dedamagediepeinosit hymirtessito Gth@ahématisas ifckie BRclihgm a central
nervous syst distHeass, datrdganie Bnicmayithation, bérebisbahylbidodiaGintiicbadire f uncti onal
recovery of thieseptCH mtls td RORES] iAlcedaidisties indiebriam, mclgaiag the or m ng uni t
conpri sing: tatanow; pothmes e ratietum celd braid etdny, eeladdifionao de e bsthpr esent in
an anount subfarcijendd hothé &embirbagee thewaobumdia breeean @eYavbged pat | ent

suf fering frpiesaireemduatd bethearss sfistiefitiedenutonia A gasergyinadbabainst rat i on of
t he marr ow attheerenial presaswe slaly odewr. Vee 3drday owdblity sitd &or hembileagiat i ent; and a
phar maceut i celfthg inde-8ptabprrogamatelief0% pbabdedisticsa withiuthie Srsh4Bieur on al
precursor cel@WsS.obtai ned by transdifferentiation of marrow adherent stem
cells, for use in the treatment ofischenic or henorrhagic stroke.
[00019b] I n oh¥80LEpect Otheraruses ©r NS fediers Breeonventipraliiknrwnal precur sor
cells as di s'@F'H%'@ﬂt’"QB‘W@”FHﬁnqtﬁéﬂsﬁﬁmﬁcﬁé@%?%of a nedi cament for the

tr eat ment of an schem c_or_henorrhagi c stroke in a patient, wherein said
medi canent 9 ]be aﬁﬁﬁﬁlﬂgs%%quﬁ'rawwat%aﬁvmswer%n @dfieto facilitate
functi onal ;ﬁtﬁ "ﬁ"ﬂ'on ég’@?wtﬁt’§‘*’t‘-ielthatd$16ft'ﬁ*€?eshspect there

i's provi ded ' gef] P%‘ﬁé!"“b 8t sor cells
obt ai ned by ¢ md SHet a 8‘3“ Ve ?@@ ?ﬁ”eé?\?’ KRS, present in
an armount s udrln‘!i' r?.%u Fg ?gﬂ :39 BT’W Jpatient
sufferlngfr&g}aq E}q gnee §P ®henor r hagi c
stroke foll i@“ﬁﬁl‘:@ a@éﬁzgﬁ %E:Q'age to%r %%%T@d‘?l I's to the

I ®'n yet anot her

patient; angyge 'tﬁé nﬁ&g |er
aspect, there is provi de marrow a %eren. stem cel | -deri ved neuronal cells

for use in tbgofs}eat SSdnhERkiatduct&EHREHEeR FeldRBP MR BGtdn ST T oke. [00019e] I n
yet anot her resR@Ehesis RRERIE Buh@M AeHd RS Rt Bier dificaR/ duaRer ent stem
cell - Accordingly, what is needed are metheds and composiiions that overcome

problems noted in the art for freatment of central nervous system lesions.




derived neuronal cells of as disclosed above for the manufacture of a

medi cament for the treatnent of ischemc or henorrhagic stroke in a
patient, wherein said nedicanment is to be adnmi nistered in an anount
sufficient to facilitate functional recovery of the patient [00019f]In yet
anot her aspect, there is provided a graft formng unit conprising: marrow
adher enBUBIVARYC@T THEEYENDOMeur onal cells present in an anount sufficient.
to facilitate functional recovery of a patient suffering froman ischemc
or henorrhagic stroke follow n 1% adm nistration of the marrow a t]erent stem
cel | - delIP¢ neur%ﬁ%‘l’seée'fsl g pghe Q??‘@tpm il WQ?'nﬁggifﬁs?rcﬁ? £y, and
accept ag?"%‘n‘éfﬁp?q F”e”gﬁf’ I‘—'l ErgErE
.shows r &GP PETATENEHECHEAS T %t% ?tona rﬁﬁ%@%% "GUF ’erﬁt shovvs resul ts from

the plpcedurg, . iQCQ(%%a] L U8ty " GrsHCAR: dure.
[oooggf\%‘) .«ao%tsfﬁi B B T B

shows r LSy diE R8s o'ﬂ%i Mn?&&%éﬁof tBQQ&%é&A?b%D@oﬁceﬁmme paRwt bed f rom

t he MCM, phamedisrigniy LaQRRekMHgwie 7 shows results fromthe MOM procedure.
[ 00027] F| gure 8 shows results fromthe MCAo procedure. [00028]Figure 9

shows rpewigs frousd Hiecidbdsloisps oetitdr @mplicig28rtFtigy rmeartir-sthewst sesubels from
t he MCAgerpedaadoze cells0QBaJrRngriay e miomsadtesut sienf ¢arietiveg vMOAINal cells
pr ocedutves patient suffering from a central nervous system lesion in an amount sufficient fo facilitate

functional recovery of the patient.

[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 celi-derived neuronal cells fo the patient; and a pharmaceutically acceptable camer.

[00019a] Disclosed is a neuronal -precursor cells obtained by transdifferentiation of marrow
adherent stem celis, for use in the treatmeni of lschem:c or hemonhagm stroke.

{00019b} in one aspect, there is pro\uded use of the neurcnal 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.

[00015¢t In still another aspect, there is provided a graft forming unit comprising: neuronal
precursor cells obtained by fransdifferentiation of marrow adherent stem cells, present in an
amount sufficient to facilitate functional recovery of a patient suffering from a central nervous

" systemn lesionischemic or hemorrhagic stroke following administration of the neuronai precursor
cells to the patient; and a pharmaceutically acceptable carrier.

[00619d} In yet another aspect, there is provided marrow adherent stem cel-derived
neuronal cells for usé in the freatmenit of ischéihic or hemorrhagic stioke.

[0001 9¢e] 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 hemoirhagic stroke in a patient, wherein said medicament is to be
administered in an amount sufficient to facilitate functional recovery of the patient.

[Q0D19f] In yet ahother aspect, there is provided 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 an ischemic or hemoirhagic stroke foliowing administration of
the marrow adherent stem cell-derived neuronal celis o the patierit; and a pharmaceulically

acceptable carrier.



[ 00031] Figure 12 shows results fromthe MCAI procedure. [000321Fi gure 13
shows results fromthe MCA] procedure. [00033]Figure 14 shows results from
the MCAI procedure. [00034] Figure 15 shows results fromthe MCAI

procedure. [00035]Figure 16 shows results fromthe MCAl procedure.

[ 00036] Fi gt@ez0ddessésows results fromthe MCAl procedur epct@fdfdhidigure 18

shows results fromthe MCAT procedure. [00038]Figure 19 shows results from.

t he MCA! pr odéiEF &EJERDBINFOFUTHE BIBUREBVS results from the MCA! -
procedure. [00040] Figure 21 shows results fromthe TA procedure.

[ 00041] Fi gur 00208 howFigues dlshswé reaond fisn el MOASEREFe. [ 00042] Fi gure 23
shows results fromthe TA procedure. [00043] Figure 24 shows results from

the TG procdddd] WBigoo 6! R4 {bInARDAECAR pRdckd(,R0044] Fi gure 25 shows
results fromthe TA procedure.

[o00223 Figure 3 shows results from the MCAG procedure.
{00023 Figure 4 shows results from the MCAo procedure.
[G0024] Figure 5 shows results from the MCAo procedure.
[00025] Figure 6 shows results from the MCAo procedure.
[00026] Figure 7 shows results from the MCAo procedure.
[00027] Figure 8 shows results from the MCAo procedure.
[00028] Figure 9 shows results from the MCAo procedure.
[00029] Figure 10 shows resuits from the MCAo procedure.
[00030] ~ Figure 11 shows results from the MCAI proéedure.
[oce31g Figure 12 shows results from the MCAI procedure.

- [00032] Figure 13 shows results from the MCAI procedure,
[06033] Figure 14 shﬂws results from the MCAI procedure,
[00034] Figure 15 shows results from the MCAI procedure.
[60035] Figure 16 shows results from the MCAI proéedure.
[000363 Figure 17 shows results from the MCAI procedure.
[06037] Figure 18 shows results from the MCAI procedure.
[39038] Figure 18 shows results from the MCA! procsdure.
[00039} Figure 20 shows resuii'sr from the MCAI procedure.
[00040] Figure 21 shows results from the TGI procedure.
[00041] Figure 22 shows results from the TGI procedure.
{06042] Flgure 23 shows resulfs from the TG! procedure.

[00043] Figure 24 shows resuils from the TG procedure.



[ 00045] Figure 26 shows results fromthe TA procedure. [00046] Fi gure 27
shows results fromthe TA procedure. [00047] Figure 28 shows results from
the TA procedure. [00048] Figure 29 shows histological results fromthe
Exanpl e& [ 00049] Fi gure 30 shows histol ogical results fromthe Exanples.

[ 00050] Fi gwreexpdaskdsbustrates functional recovery and gs@diis:sefodisyl

[ 00051] Figure 32 shows results fromthe MCAo procedure. [00052] Figure 33
shows resul t gohgeyp t hes 5mm§@@.ﬁ&{)@gﬁ-@;§}&gg,§&34 shows results from
the MCAlI proceduré. [00054] Figure 35 shows results tromthe MCAT

procedure. [ GO8%fE]F 9WiRire326 SAWSeb@SUdnthb MaThidieq & procedure_
[ 00056] Fi gure 37 shows results fromthe TA procedure. [00057] Figure 38

i |l ustrates goedge]sur Figiad 27 SRABLHIsTOREhd TG blodsdur@t es graft survival .
[ 00059] Fi gure 40 shows the results of a beam bal ance test. On day 28 after

t-ranspl ant at i[edu47{ he e 3T sigvd resultsiorMVE TG prpedinowed a signi fi cant
| mprovenent, conpared with the MASC and control groups. *: p<O0.05, **:
p<0. 01 [0oo48] Figure 29 shows histological resuits from the Examples.
| [000497 Figure 30 shows histological results from the Examples.

[00050] Figure 31 illustrates functional recovery and graft survival.

[00051] Figure 32 shows results from the MCAo procedure.

{00052] Figure 33 shows resulis from the MCAo prééedure.

[00053] Figure 34 shows results from the MCAI procedure.

[000654] Figure 35 shows resulls from the MCA! procedure.

[00055] .Figuye 36 shows resulis from the TGl procedure.

[00056] “Figure 37 shows resuilts from the TG procedure.

[00057] Figure 38 illustrates graft sur-vivai.

[00058] Figure 39 lilustrates grait survival.

[00058] Figure 40 shows the results of @ beam balance test. On day 28

after transplantation, the mean score for the MNC group showed a significant

improvement, compared with the MASC and control groups. *: p<0.05, **%
p<0.01 .

[80060] Figure 41 shows the results of a limb placing test. The mean
scores for the NMG 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, Forthe
final set, the mean latency time for the MNC group was significantly different
to those for the MASC and control 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 MNG group,
and statistical differences were obtained befween the MNC group and the
other groups. *: p<0.05, ™: p<(.01



[ 00060] Fi gure 41 shows the results of a linb placing test The nean scores

for the NMC group and the MASC group were significant
of the control group on day 21 and day 28. There was
difference between the MNC and MAW groups, *: p<O0.05,
[ 00061] Fi gwroezcd@osssiows the results of a Morris water

ly different to that
no significant

**: p<0.01
MecEusRedorTDr t he

final set, the nean latency tinme for the MNC group was significantly

di fferent to fobosy forrighe M%@n@%uﬁ@mém@ed@é@uﬁm}g[e&%

nong the three groups,

the results ofxsmpi@per nmaze ''spatial probe friar

Rigure 43 shows

the best results were obtained for the MNC group, and statistical
di f f erences wenes4jbt ai figateietshews rashits MICEGSTYRTamtEd IR ExahgD. gr oups. *:

p<0. 05, **: p<0.01 WO 20061096640PCT/ US2006/ 007917 [

00063] Fi gure 44 shows

resul ts fromBeo&EFjson Kigetidedluekatbe grafiduivivabxaonlig; 8 ExBREREY] Fi gure- 45
shows results from EBST perfornmed in Exanple 9. [00065]Fi gure 46
i1 lustrates doaggsisur rigak 4dcborslgml suoivEkeompidingdo Ex@OPBEL. Fi gure 47 shows

graft survival according to Exanple 9. [00067] Fi gure

48 shows the results

of Ni ssl stal[ﬁﬂﬁﬁj’]accdﬁ@lrﬂd&wm@me@!fe of BisFl AtdiiiR BESCRISI ON OF THE

| NVENTI ON A. IWI’I
DETAILED DESCRIPTION OF THE INVENTION

A INTRODUCTION

[00068] The inventors have unexpeciedly and surprisingly discovered
that the problems and limitations noted above can be overcome by practicing
the invention disclosed herein. in pariicular, the inventors have unexpectedly
discovered that it is possible o provide NPCs and/or MNCs and administer
those NPCs andfor MNCs to a patient suffering from 2 central nervous system
lesion in an amount sufficient to facilitate functional recovery of the patient.

[00069] The approach disclosed herein has several advantages over the
prior art. First, it provides for a dose-response relafionship that can allow a-
physician fo tailor the surgical procedure to repair the central nervous system
iesion on a patient by patient basis. Second, it provides for an allogeneic
approach to engraftmerit. This is useful for characterizing the NPCs andfor
MNCs and/or graft forming units and providing GFU to GFU (or NPC to NPC,
or MNC o MNGC) consistency, both in terms of the cell batches and
transplantation procedure. Fuither, use of NPCs allows for mare precise
reconstruction of the central nervous system, as compared to use of olher
multi-potent cells. This is because a significant majority of neuronal precursor
cells, more than other types of mulfi-potent cells, will adopt a cell fate of
neuronal cells when differentiating, rather than differentiaiing into other cell
types. This can be imporiant when frying to provide control over
fransplantation outcome and limits the posshbllities of undesirable {or
undifferentiated) growth of transplanted cells, Addifionally, use of MNCs Is
desirabie because the cells are more differentiated multi-potent cells which

may provide for improved junctional recovery.

[00070]  The present invention will now be described in more detail.

DEFINITIONS

[00071] All publications cited in this specification are hereby
Incorporated by reference for all purposes and in their entirety as ifeach
individual publicalion were spegifically and individually indicated to be

incorporated by reference.



[ 00068] The i nventors have unexpectedly and surprisingly discovered that
the problens and |imtations noted above can be overcone by practicing the
i nvention disclosed herein. In particular, the inventors have unexpectedly
di scovered that it is possible to provide NPCs and/or M\Cs and adnmi ni ster

those NPCsyangitapedCs to a patient suffering froma cepiggbisnessypus -
systemlesion in an anount sufficient to facilitate functional recovery of

the patient. [oBRP%91 TRAGRRREBA ritbAChOvEMgIITE dhati indAKeRlnsdgvant ages
over the pr.i[ﬁ Qgg F?\rst ?’?@;rovﬁdgs forg a dose- responsegarel ationship
that can all ow a. physician to tailor the surgical procedure to repair the

central nervopgeslSt eMak&Siniing B régiftPér RithedVolAé.! BondaRkSanyaegnd, 1t

provi des for gih@édREaPRaIsusaRBe id 8 & Refitf SridRRRSd volMeSiobatedimef ul  for
char act eri zi nge thgr-NR&SoaneVsein MNCs and/ or graft forming units and

providing GFU to GFU (or NPC to NPC, or NINC to MNC) consistency, both in
ternms of the ediq)bat cloesram@dnictasmtimichérhio rvartoaedisdschbrid her, use of
NPCs al | ows f@ientraicanp BREbsReRGonstresdtsina laok ot fisysivkpicalyl nervous system
as conpar ed tsgnikentedodtibarct blobd flowphiandrea ef ths cefthil setveudysiausd a

si gni fi cant napatient. yinafpreferred sabogimentua SHIS isdielrd; evank eorbfizas et her types of
mul ti - pot ent iseHetrd; stwilkkel adopt a cell fate of neuronal cells when
differentiating, rather than differentiating into other cell types. This
can be i npor t[EM75phen "Cegiragetvoupsiand esioohen ©NSdesion"teans pharesat i on

out cone and |df dietmeged enalfopsiichingi oridiscasdd natiensil eeiiiabngrepusigyefe®it er ent i at ed)

-

35—3»

growt h of tr dissys, 2naeengebiasurpdniing syeh dampaged enadftneiaisgi® desirabl e
because the clsdagechpeurap ceofidl neveyr $va W?rtqmﬁﬂg?éﬁf ad3i% s which may
provi de for iipghemieerenteidy dpemorieseieayin 4 pelmep rmbogimesknt i nvention
wi Il now be dEs&hpggstrekaiore detail. DEFI NI TIONS [00071] All publications
cited in this specification are hereby incor orated by ref re ce for all
pur poses and [pRp4 i‘lel r Q P?“’i‘é' og{%sgsfer%/ ?ﬁ'feég?g?'gﬁ gﬂ?ﬂ bn were
specifically 35‘?1 B R |‘1? 0&‘ ??é'&f"ﬁﬁ Brd r ef er ence.
VO 200610966 Beg'g t fﬂ W su rOV| di ng
NPCs and/ or yzg\}’é’ﬁ g“?? ' Ve S[ﬁ@@ aé regi on or
oL e o *@ ? % < ey o wl}gggﬂ s oa“&;r 3 i st omvoul ¢
[ 00074] " Cent rd% m;}:{%{);{ % &ﬁaﬁé C even%l YAk I sc é'm c event”
means any occufrence t at resu ts in a |lack or physiologlcally significant
reduction of jhdged fl opyl@eal rélofyOhebioms Rtolaly cPENEGRsaY aluem of a
patient. In %Lesﬁf 8 &s RRAUs R mired Chiver @Qﬁ@jg?enﬁéfﬁﬂit conprises an
i schem c st r%ﬁmbmtogxcal parameters characteristic of that function (i.e. CBF, EEG,
cortical expansion, ete.), or by measurement of behavioral function {(e.g.
rearing or auditory startle in murine models, or other models disclosed herein
or known in the art). Recovery is determined by the tendency of the
measured variable o approximate the values observed in a normal or confrol
poputation. Functional recovery can be complete, i.e. the recovery returns the
value of the mieasured parameter to the value observed in the normal or
conirof population, as determined by appropriate statistical methadology.
Functional recovery can also be incompiete ot partial. For instance, a patient
can experience compiete functional recovery of a measured parameter, or
5% recovery, or 50% recovery, ele.

[00078] “Functionally recovered area of the central nervous system”
means to CNS tissue formerly involved in a lesion and subsequently
functionally recaverad through the practice of the present invention.

[00079] “Graft Forming Unil” or “GFU" means a composition that (1)
compiises NPCs andfar MNCs together with a pharmaceutically acceptable
carrier, {2) that is intended for administration to a patient. I a preferred



[ 00075] "Central nervous system | esion"” or "OHS | esion" neans an area of
damaged, nmal functioning, or diseased neuronal central nervous system

ti ssue, or a penunbra surroundi ng such danaged, mal functioning, or

di seased neuronal central nervous systemtissue, damaged by a OHS i schenm c
event or bwoudkemesmhage (e.g., in a preferred enbodi neotpshesmmeraihagi c
stroke). [00076]"' Central nervous systemtissue" neans a tissue

convent i onal | gmbsaehahitirdd ANRAOLaREINNCS brd WHHRUS] SRRkl fi N tissue
and spinal caftHertpré®ted anBodMBNtsINACS 8 pRSaRTUBSafall¢ RARGAMNIR], vous system

tissue. Cert ah%ﬁwﬁﬂh@ﬂbr%ﬁéé efbodiiRnRI@NEs brd prynt SFAATSHhcGeNt ral
nervous systaursssue, wherein the central nervous systemtissue has been

damaged by an ischem c event. Such damage may occur as conventionally
under st ood, tjpoogQh oxygeowdepsicvbdtbaelidntkans hefpeas ametieder- cascades and
by- product s glotechil thepgivesatsedn aaadetp st adlitpicertbaaseld@sicocytes),

[ 00077] " Functgapitade cols (themdrocytesniat ¢dile (adimaytesy anf oftdiSdfidsngit i on wi th
respect to a dNBedlizsiismueaslitaichrasiimes ietanbens. by neasur enent of

neur obi ol ogi cal paraneters characteristic of that function (i.e. CBF, EEG
cortical expdB€RHE, et VAPC-dativey NevmsalCalls (MNOGE) bwhay postahitetionct i on (e. g.
rearing or amumsyh%t(‘e)rare derfvgd ioni merreiw adihgent sfermpealsrandd@pihet di scl osed
herei n or kndXArasa newen aerkers Ruuwwlisjochemigglieand exbiitipgurone t endency of the
nmeasur ed var iPigReEtiasgn gegireptypalcgicelpnalysisy Seiteieweiheds phoeneraingal or

control popul“é&’?%ﬂ‘ vileq fey b feund ﬂ%’@@@@wm%%ﬁﬂbé\" duqed ysing ofheie recovery
return a t he 'GEiNipes foqdn feitipay @ 8rb§d’§? ,rn %P‘[aﬁ I%é"ﬁﬁ%‘@ﬂved in the
normal or corfrYid r&??mﬁ?" ﬂh pPidst e statistical

met hodol ogy. &i (S ”‘rgg %’ 4}:1‘ f‘%b%t?f Rial. For

i nstance, a p3j '&nj{u“ 8@‘5 ‘45@8 & of a
measur ed par ajiet et j T etc

[ 00O0OM " Funct i ) rﬁggﬁgé tem' nmeans to
CNS tissue f%g ! ?@)gig\{ 0 %g ?@B@ﬁ’t’flijnﬁ% ctionally

recovered throug e prac I'ce Te present invention. [00079] "G aft

Form ng Uni tr[ tﬂfsz%GFU‘ &E@%e&wsﬁﬂg}a{%%eréb%l iR tockiddiogonPri ses NPCs and/ or

M\Cs toget he ar maceut| Cc y acceptable carrier, (2) that is

i ntended for rggbhEani St FAEA® dofis AidAd b&Bbral Abrpudiigh erred enbodi ment,

m xt ures of |E|PCS and MNCs are expressed contenpl ated. |In other preferred
embodi ment s 4PT € BIAFSMnesiDSEAY thalioYyenblahenss M¥ehs ahg still ot her
preferred e @abﬁmfeejel\w&e@bﬁropé BERAY's S4HUBHRATY Flidirel, IndRing NECS -

[ 00080] " Ivarrﬂwrmtwﬁ@mpra%ée@hpaldbma?mmom'hxerten@ér néhicab egstéfl ti - potent
cell that giwemnrise to a variety of cell types: bone cells (osteocytes),

cartilage cells (chondrocytes), fat cells (adipocytes), and other kinds of
connective t [EX88] cel MewereEhPasutsooSelld (NFRGadosss cpiR0B8ia Mk, der i ved
Neur onal Cel espréddN@slitt antaihsr goistarkersshedficeunandg prdutsof/heurar e deri ved
from nman- ow puigeniémicelst and eeidedysdinan (RYSEH AP ex@Enaieramiatointomar ker s
i mmunohi st ochewpesldiy, aad dligodenticcyinsumapresusoes ¢fiaag of the foregoing.
el ect r ophysi bl apembddime-NECscashé-pudiecdipomuasonfadgeratsibinrgisNCs | n
vitro may be(Mdu@s) donermiaFidmesits PBOICSHNOS PrEtiEacsasNrRGsot her t echni ques
known i n t hepducerteysing ciierfechaispeds imowihis 1pe ait tiag elsotbetused ritheent i on, so
| ong as t heypimekae effiids tiueation: scleng ps Megsness thefdsfivitiorel N Gs sat fortn
embodi ment , #efiEn Avplewsblyy WP OBRompristbumat NPGaetthough NR@elofodber tubulin i1l +
(i.e. Tuld- 1#@%%?@@@ sprEiseare alsaenprinpassad wihin 8t seppe MRS lnsinfigp. PACS
fol | owi ng pr efiragntmicss, tﬁfﬁgﬁbﬂ@m@cﬂ'ﬁﬁ e £ crBsed in

CD105+, CD31-, CD34- and CD45%5-. These markers may be used fo isolate

NPCs, preferabiy human NPCs, using FACS following production of NPCs

using the fechniques disclosed in PCT/JP03/01260. Suitable methads of

handling NPCs are known conventionally, inchuding those methods disclosed,

for example, in published Unlted States palent application 20020012903 {0

Goldman ef al.
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PCT/ JP03/ 01260. Suitabl e nmethods of handling MNCs are known

conventional ly, including those nethods disclosed, for exanple, in United
States Patent 6,833,269 to Carpenter. [00082]"MCA0" neans m ddl e cerebral
artery occlusion. [00083]"MCAI" neans nmiddle cerebral artery ligation.

[ 00084] " Newty ogieiesssd S' neans the (re)generation of neugRf@RE7REUr onal
tissue in a region of a patient's tissue that is of interest, including
but not limted to replacenment of damaged neurons in a central nervous

system | esi qgpoded0085NeliRH (g HéarE R ggﬁéﬁm ééor{db%a)ceﬁmaﬂs celI's that
are m toti C.oonSitine ARSHARS spifal BENA! COMRISNRY 6F ®ReGdkddecfior neur al
Precur sor / Nkt bRE 8P o delites andBdinleaben BRdhdmhrAMSRESs NPCs can

di fferenti atfe HdAcBNN Teadioh ¥ith aRtbales 3R hegwhiemenARarr ecur sor's of
any of the frategolmno (ié‘ﬁuh?nﬁﬂ%rdé%%%&ﬁﬁfﬁé%nﬁé@ﬁwmd from =

mar r ovv. adhgy&hcs benBeat HPSFDetases o neurotransmiiter-related proteins

accor di ngt ol YUss sdcsétionioPRbdrbFAREIMRES (6 BXBRpleMBGRpRpIRRUC 8L USi ng ot her
t echni ques kanpsindgpt he art may al so be used |n the practice of this

invention, so long as they neet the definition of NPCs set forth herein.
Pref erably, [0RBI] conplbarenkitimaansNUsonsadiih anhbiighiEsiredyted ber nmanmmal i an
speci es ar e pacsicsoencfcanyas fadompgbihgn the scope of this invention. In an
enbodi ment, NPCs, preferably human NPCs are Cl1J29+, 0090+, CD105+, 0D31-,
CD34- and O[MM88] ThesBatieml kessms mryniwalUydchlly @ maroihal andP@s, preferably
human NPCs, typidally FAGST, i1 hepaiol epimedtior A diseate dREod®i ng the techni ques
di scl osed in PCT/JP03101260. Suitable nethods of handling NPCs are known

convent i onall®8982] nc| (Bhargaceidiseiyascagdde anger” owsas ampaneshnp in

publ i shed UsP W&’WOV&O@?@WC%MJ% éﬁﬁhﬁé’f@ﬂ@m%&mwgﬁbﬂg@wamn et al.
WO 2006/ 096 6H9PTIFULBEDS elayiigr chibg fike. aaf afsf  t he

i npul se- con&ﬂ‘@?? 't%‘lI Pgarwut *?‘ﬁffaéioﬂﬁfa”% ﬁPh‘J“‘& FRatedStum, and
nerves, con§ %‘ﬁh ﬁﬂﬁﬂt% | kpap ‘“?B g}f\ég wg}g&awve dendrites and
a single ax rﬂ%’l?f': Ea &M e Pl ®y“$¥eaction with
anti bodi es ﬁ'é"l?l" QH%}?t cBeta tubulinill (i.e. TuJ-1).
Neur al cell aI SQ chara r otransmtter
synt het ases bﬁ% {ye éisf Fa("gﬁprb etﬁﬁgé}g’ndg%bys?ﬁé! secretion of
neur ot r ansmPt 8?30 pgx%rrpl e neuropeptide Y and substance P. .

[ 00087] " Neu e tes, and
oL or e gt &t %%T aReHEASe o b ShiBndand e

é?@rgéhst ani mal
thal %gﬁh ¥a. @ hunanbﬁlé'lphee o%‘sg"?breatnent for

typically a, £
a di sease or diso c?er 86 9] Phar maceutically acceptable carrier” neans
any and all rgpp92; “TGI" means transient global ischemia.

[00093] “Transplantation”, which is used synonymously with
“engraftment,” means the placement of non-endogenaus cells inan area of a
patient. Transplantation may be aliogeneic, or non-self cells being
transplanted. Transplantalion may also be autologous, or self cells belng
fransplanied, e.g. from one tissue to another in the same paftient.

[00034] “Transdifferentiated” means development of a cell along a
lineage different from that classically associated with that cell type.

A, NPCs, AND PHARMACEUTIGAL COMPOS!T&ONS THEREOF

[00095] in an embodiment, NPCs are used in tﬁe practice of this
invention as part of GFUs that are transplanted into patients. The intent is
that the NPCs grow and differentiate into neuronal calls that play a role in the
functional recovery of a central nervous system lesion in the patient. For

i1



sol vents, dispersion nedia, coatings, antibacterial agents, antifungal
agents, cryoprotectants isotonic and absorption del aying agents, and the
i ke, that are conpatible with pharnaceutical adm nistration of NPCs or of
M\Cs. The use of such nedia and agents is well known in the art. Except

I nsof ar as yamweEeiy@nt i onal nedia or agent is inconpat pbl@sibddaHPCs or
with M\Cs, use thereof in the inventive GFUs is conterrpl at ed.

[ 00090] " Syst egk&ﬁi &ﬁﬁd&rﬁér@h‘@?@k’ﬁo nQkodshE 2 jantial portions
of , the pati epiay bARMST HeS PBmallR NP sRRLH ol naa ;ar@eﬁao i sting of
an aggregat e ﬁéur@ hﬁiéb%%(été‘grcﬁwﬁfa@l&@r%%éﬁébﬁ#ﬂﬁc@ e preferred
tissue, accor difdy b dhhfgdd Weidisdnd arcﬁﬂ*l@i?ﬁ){l@hdnlaﬁf%h@fe nmeans

transient gl Ob@hnéswémb@e of cERRA BbrvdtiasaRinaRtiakd E@rpassﬁ%” ch IS used
synonymously with “engraftnent,” means the placenent of .non-endogenous’
cell's in an ajeeassyf a Pﬁf&rﬁ%NP@f@%@é&ﬂ@ﬁﬁl%d%ﬂpr@ﬁﬁﬂg lsee@eReES, oOf
non-sel f cel | sreltidchgettrePeRlROt/etEs0 odMsalvakt al, eAlitled@yetabee be aut ol ogous,
or self cell shifferengatingAndupliray e, Maragy intarsitiuiclls tits BlefetCeligaaiiher in the
same pati ent . SkOE00 Mudeciadetls b TreeaikeirmpddbichnGars“ Disatip reparialara cel |
al ong a | i neatye‘mhicfrileramtsdrcaln thidtzovlaassdestibed thosgicudDedawd &id t hat cel |
- type. A WPCsip pﬁNbulBHﬁFEM&@IﬂﬂT TAdy teCedsks THaONISCd bﬁlﬁﬁ%a{sﬂﬁﬂ%}rém an
enbodi ment , NP@swver disdses thatMASSsprache-tansdifetentisledinitvietraion as part of
GFUs that ar epreewsegsichntebaieiid el este’N : WWHVEREE. t he NPCs grow
and differentiate into-neuronal cells that play a role in the functional
recovery of dA%8@Hral Rembedinans Civsinea nuseRl ke paclieoef ther  exanpl e,
NPCs coul d dilnfestient Peareepcaytisalibancepiablelsatie B gfdtic pregefenous
neurons. Al téPYPélt‘PR‘r§¢W'"°[N%5f%lsﬂtﬁaicfbﬂ§?fénff tigolyteysderia dilentsel |'s or
neurons t hat %"@Bﬁéf‘@tﬁfWﬁ* allpe.diked ofs, pelyeigylena dlygol 8¥e¥ingay have a
trophi c acti i'® g{éug RETH °§ﬂlae’§§ f"??é‘?ﬁ"al‘%frﬂi‘f'fuﬁﬁﬂlagﬁgéovery In’

t hat manner, fa&p ﬁﬁ?ﬂrb'ﬁ e[i'?{‘?eéf’ 8@ SHiEmaY 6?{% q d'ﬁ‘@sm bl e.
[ 00096] Pr ef er g’cmﬁ@ ﬂﬁ@’&%’%@f Wﬁh“ 5?
anfioxidanis such ds ascorbicaci urso itm bis chelati gagents such

as EDTA,; buffers such as acetates, ditrates, or phosphates; and agents for
the adjustment of tonicity such as sodium chioride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide.

[ounas] In an embodiment, graflt forming units suitable for use in the
present invention comprise sierile compositions that comprise the NPCs. For
intravenous administrafion, suitable pharmaceutically acceptable carriers may
include physiological saline, normasol, isolyte, plasma-yte, or phosphate
buffered saline (PBS). in all cases, the GFU must be sterile (other than any
NPGs or MNCs that are present) and should be fluid fo the extent that easy
syringability exists {proper fiuidily can be maintained, for example, by using
materials such as lecithin, by maintaining a cetfain particle size in the case of
dispersion, and by Including surfactants). The GFU must be stable under the
conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria and fungi, as
described above. In ceriain cases, i will be preferable to include, for example,
sugars, polyalcohols such as mannitol or sotbitol, sodium chioride, LICK Na
butyrate, and sodium orthovanadate in the GFU. Generally, the inventive
GFUs may be prepared by incorporating the NPCs info a sterfle vehicle which
contains a basic dispersion medium and optionally other ingredients from
those enumerated above.

[000949] it is especially advantageous 1o formulate the GFUs of the
invention in graft forming unit dosage forms for ease of administration and
uniformity of dosage. Graft forming unit dosage form as used herein refers fo
physically discrete units suited as unilary dosages for the subject to be
freated. in an embodiment each GFU dosage form contains a predetermined

12



ar edi scl osede05/ 01260740 Dezawa et al., entitled Method of
Differentiating/lnducing Bone Marrow Interstitial Cells Into Nerve Cells
and Skel eton Muscle Cells by Transferring Notch Gene ("ezawa"). 'In
particul ar, theJ' neural preciarsoricellsr of Dezawa, as descri bed

t hr oughout Wa2W@e@ssetéd i n particular in Exanple 7, nmay bepwssdsasetrhe NPCs
of the present invention. Dezawa

di scl oset t f | agUaiASCHPCacalitotsdiphddece el dabisl b@BbdRIARAT

pr gepEepi | s, , essaoisbmtwititthe abjuiiel! bhivkize NRCWAREHer. PoRieRikdsh thﬂLeet

[00097] | n enbgaftfesming, untElosageipiecitae fubntion atd\@oBicd blyIRE8 o I'S

i nvention. Phégneadendon dal dniqueccepiadisticsad tivd NP Ss, Hicuid} of the
present i nveniip@cdiselieddb beachisvead, he thediotionire ifhetdr iSthe ERSe 1 SOI Yt e,
sterile di | uebmposuding MECederdhe treatnwat ofsadividals. Theeshsirdcs nppQly et hyl ene
gl ycol s, gl yc@hget usitalopagmiony Ipyaferably oan vt EomspBLhEDDGeBOLY €Nt S;

anti bact er i al 29Kt BAHIPR geilyapreierebly Sosuaboutt), 8melbioabaal o hiibAer osal ,

tri met hopr i m{% Mg Pregsablpitom alwiut 50, R9Cceds fogbonesteimiceBs. NTHROUT at e or
ni t r of ur ant oi &% i atefNGs i eaghl graffaniiidesagedonri orefetEbh CarpueRfr@§ ascorbic
acid or sodi qH; IGPV? : f‘éﬁ@@‘&t"ﬁﬁqf’%g@iﬁf%, guohompr&EEAly flauf Aisg such as
acetates, citr S/ toAbouh PR PR eelisfll. agents for the adjustment of
tonicity suc o di ig] h&&ri de or dextrose. pH can be adjusted with
acids or bas gge Sficn, dLef |bgincudediina genteiben paskhyodispender, [ 00093] | n
an embodi rrentataé&, "t tfrgp 'g’gﬁ’su‘?ﬁatdﬁ“@ﬁﬁt‘a’bl Hhe grpftyare rrefetahly stared ent

i nventi on conpri'sé HEEY

e”’tonpositions that conprise the NPCs. For
i ntravenous LRdStrat i.tabl har naceutical |y acceptable carriers
may i ncl ude E?gﬁf* , ﬁ;%%fﬂ% Uérﬁlmy e rPﬁ”
phosphat e buff-ase {08 3 ij
(other than ghysplrtes @icd/ ¥ tr

Jeglitg e label beiCst e, or
¢ S;;@ & {at’; CF?@,@- reishupan)st eri | e
extent that R@skhgINdth I bé: By gj 'z]‘;] "t WEIGHS 8- mai nt ai ned,
for exanpl e, cilYimafnBss TRIE EE%he? 6Lk Cleiuy iy
gggge.
Slim

(?3 eqtiaienof uid to the

BBy ntai ning a certain
particle si ZmdrdschRreah 8Lk ot b High L kg, syr  act ant s)
The OFU nustmbgbs usdd & id $tBfcds9R hghg'b%teﬁfo ﬁgﬁﬁ}?@ f1d storage and
must be preswsar etk tRgapIAGLsitkhe cont am nati ng SCEIon d grpka& ani sms such
as bacteria and fungi, as described above. In certain cases, it wll be
preferabl e t[G0#102 udeVhéoansyaPéRyratiadadite InRBhHALCH RALRis4ch as nmannitol
or sor bi t ol ,insmuivbistochdmicaldalybic tay¥e detl." RlR enfodinkpe g, or t hovanadat e
in the GFU. sesfiznsahdyhe ddubly-mmsumiobiaiefdiureBRiuBRsPER PRl ﬂypj Jicor por ati ng
the NPCs i nt@her Osli@bésibas-mimiinHEN@bNQ@n@ﬁGh@b@m{;@x&aﬁ) il iRy On medi um
and opti onaldoicmbiein (Cirgi.diradv @anfaligmdehtioe e @PsuIRy ,ﬁ&,{é&) @b@gﬁﬁy [00099] It is
especi al | y dwueonebgeoustic, glislpomiipadendtdegid@rbliedl T RinyaY 8tdsfiffei N graft
formi ng uni tPrefisdges gigemsnifiody ans theafunm@nbhietis s3iréshgamiek Halhbar m ty of
dosage. G afSSimaiefibmprding fo thefdgarérobimcasedior thnfame MRe Vel 8ot 0 physical ly
di scret e unidisiibstion ae tetal GAFt (ar gthdolgbelpsositioe ptdfites sty iRCEaldumtde treated. In
an enmbodi me®¥ dgieRinEg thelaeadge tedraincontiingst bapt Wk GEPRidREde (0AD
20061096640 B¢ [B8slowsiyelmaties iprven il seftionRos nudiptyitgbytiet 0 pr oduce t he
desired thef fremdhe aieripraspeets of teiborin tiat ¢oridie GFEqdsties (ghar maceut i cal

carrier. ThEYEHEEPHROSEYRIIHONIRS. the graft forming unit dosage forms of the
i nvention a_qe-u gbét ated by and di rectlé dependent on the unique

char acterisEPé), f ttﬁ‘gaW@Od'Wﬁ'ét-WB‘?ﬁ belingMNRGsarsingeBER dhef f ect to be

achi eved, alffo¥HEM3SHAlsIPPbhe UssiHer ent in the art of compoundi ng NPCs for

preferably opRe e %Py ). ffdirentigustodk wnpersidns,  nor e
preferably pg rHAEY "}’%‘a iR Brsmide (ppiyorenelSigma The
concentrati g dt Zﬁg@hq_ ) gAYy SlesleVeler WS OpdedBMy can vary
f r om about pL Yo~ ABdtretab! NE&I|'s/pL, and more preferably
from about 1,000 cells/pL to about 50,000 cells/pL. [000100] The GFUs can
be included in a container, pack, or dispenser together with instructions
for adm nistration. The grafts are preferably stored at approxi mately.
37C. [000101]In certain enbodi nents ¥ nmay be desirable to | abel the NPCs
prior to transplantation_ This nay be desirable in pre-clinical (i.e.

non- human) nodels in order to track the mgration of transplanted NPCs,
differentiation of transplanted NPCs, survival of transplanted NPCs, and
so on. Various cell |abeling nethods nay be enpl oyed dependi ng on the
pre-clinical circunstances under which the |labels are to be read. For

i nstance, fluorescent proteins (green fluorescent protein, red fluorescent
protein, eta) may be used as in circunstances in which a detector can be

the treatne % i ndj,vj du jé. The nunper of NPCs in each graft unit dosage
f orm prefer g i ;ﬁga 1 SPANSTRerodt % SBS hvirogb 64 19D-186).| i on cel | s,
BN ey



[ 000102] When anal yzi ng engrafted brains in non-clinlcal situations,

I mmunohi st ocherni cal analysis nmay be useful. In an enbodi nent, brain
sections may be doubl y-i munost ai ned for green fluorescent protein (GFP)
or other cell labels, 13-tubulin Ill, NeuN (a neuron-specific protein),
glial fibrivweamyoesesiedi c protein (GFAP), or 04 (an ol i gedensgsagitarspeci fic
protein) to identify neuronal, astrocytic, glial, or oligodendrocytic
profiles. Thqosesobpr of GERSbhhVIEs Boak shondio may 8 ¥§R-apt i body and t he
nunber  of celdomnear@a!@wm@eﬁaﬁxgwomewwM:ﬁ&é LQghd 0 the

Aber cronbi e aamPewéi lentifial EirassidkSyststh WBitdle Sird iYL, YhRg, total GFP
(or other | almd) ipesiidiarahepRéiteps mﬁgv&a&%ﬁ@&#&{_ ﬁ{gﬂ\ ning the
area of the IBRH rsed atddrdigy Rithé ARGLER _l?ecﬁi@ﬁé,%&ﬁarzt&%ﬁi ot ner

| abel - posi t i wejdupe sfiiableIGHMenvdry stbpdrisionect i on and mul ti pri ng by the

di stance fromthe anterior aspects of the brain that contain G-P-positive
(or other | af@oifeisi t inva) erpbafinétslabeiPQ0dHael periamnariredidiRib thahen

| abel i ng NPCYawsestign GRfycotshavaflaiié uirige mahefidiaks si@adBe WNeEddon

[ 000104] Mat ekysitm ref@rgdiopbeser ved NPCs, PBS (I nvitrogen 14190-136),

HTS- FRS (BioLife Sol utions 99-609-DV), GFP-Lentivirus stock suspension
with a titer[8018Hpr okiarather grboditett, wHex kalbitignPBresiigder i ipé ybr ene)

(Si gma ( H 928ywing mefhogs mayderuseful:dieftending@rovgdure}, exepitid e Wat er,  USP,
Opt i - MEM ( | n§&'ttifugrlians stapri prderablymow perforded ima Bibliadanh8jfety GMBinet

2006/ 096640PeSE52 006lYbrENS Slock GoloiesIAY bF Praperediby idisselvisy dOkngsefspensi on  may
be obt ai ned ind| mhef Sipriigiaéer dBRopnd teringdhtoligih # P.25usictoabl e kits such
as the Vira r %Fr‘?{s‘izi Fﬁﬁerﬁﬁﬁk\é’g§ﬁﬁ¥ﬂfﬁﬁtt@rﬁi‘(‘%¢dﬂmaﬁﬁ®tﬁ s | nvi t rogen,
Car | sbad cA)SiEf PRPHeC R ighta 26 Cent | 6N5 Gat eway Vector may be combi ned

with a GFP 3 ie, ccC I’gl to the manufacturer's directions, to -

eventual | y %g% '”9256;& %3 3’;@ %Sgp?t@%aﬁt%g’fﬁ?gggg}ﬁifmgé%] In an

nbodi t, el | gﬂjﬂ ' t 'ection

Sr o?ol:g}ag avaa::-51 ’i%' SUPPE BelsR 2l R P v le ,bag‘ifﬁe%?@hf he Invitrogen system

referred to [ QQOAQ GLL Br ARPhREE: odi ment... when | abeling NPCs using

GFP, the fo't[lEé’ :Hbeﬁ@étgé&%ijﬁ&ﬁ% ﬁ%@%@f@ adg aé@gﬁﬂures, except
HIEET]

the centrif yggUusansr b SRine®fSPET ARL ¥Ral Gzard Safety
Gabi net._Levahndod thafbaib B0ty oA A6 il.;}ﬁée i
U

di ssol vi ng’

Gl ]
10 g of polpylybRMAE at B fial Ebn@nuiG of Rudk ¢l oo : through a
0.:25 11 Cr on ofd il fiBAFE 20k HAIK, and A SR RIS Ut:ﬁ' éf in be divi ded
into al i quotschaeaiipbaikefid R 2alibs! R@tmdﬂ@%ésf to c )8] The day

bef ore viralncupiiecti on, plate NPCs in a T225 flask

{060110] On the following day, remove completely the viral medium from
the flask. Wash € x 30m! with 10% FBS in alpha MEM. Collect 5ml from each
wash for infectivity testing. Replace with fresh culture medium, and put the
flask back info the incubator.

[000111]  Nexi day, harvest viral infected cells, count and re-suspend
them to a total volume of 360 ul in HTS-FRS and transferred to a 1.5 ml
sterile, DNAse-ree, RNAse-free, pyrogen-ree microfuge fube. The infected
cell concentration may be set to match an appropriate fransplantation volume.
The cells may then be held on wet ice untif use for graft administration,

B. MNCs, AND PHARMACEUTICAL COMPOSITIONS THEREOF

[t00112]  Inan embodiment, MNGs are used in the practice of this
invention as part of grafts that are transplanted info patients. The intent is that
the MNCs play a role in the functional recovery ofa region of a patient’s tissue
fchat is eél_interest. In that manner, treatment of central nervous system lesions
is possible.
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containing 30 mM of the cell culture mediumat a density of 2 mllion
cells per flask; and culture cells in a 37C15% CO2 | ncubat or over ni ght

[ 000109] On the day of viral infection, thaw the lentivirus stock at R and
t he pol ybrene stock solution In a 37 Deg C water bath. In a 50nm fal con
tube, add ZBmMocgéss@we- war med (37C) 10% FBS in al pha VEMBUskid@zaf t he
thawed viral stock to obtain a nediumw th a MJ around 10. Add the thawed
pol ybrene at a final concentration of 1Qug/ml (1,000 X dilution). Renpbve
the ol d medi {A0AAYM t RefARIBVINCS asd prefercbdadethodsat piovisingrsush MNECs nt o t he

fl ask and roete Geases RGCK/JBO0T280; to Bezwkiabsels enfeidmgthddes f1 ask into the -
37C15% CO2 i Réfepentioling/ihdadiBineMarhey idrsidhal Culis dady Nerneraalie anonpl etel y t he
viral medi unBkelsion MusdeQedls ky ThaisterioNB Gee (Dednwh(YdirBSti¢utaral pha MEM
Col | ect 5ml #heonewslcellsiat Petaova, iantlestibed thyoughstt MeyawRepiace with fresh

cul ture medi particardn pramplad, fiapbk ubed&s hatMNGhe' theygrebatt tvenfdd00111] Next
day, har vest Derave diggigses el megbivsadhspenisteamceelis eayiepend themto a total

vol une of 36Waradificreriipted intSneiranal callisthatrare thenaseiullasshelviNgsaofithe,
ONAse-free, PIRBEIvEREON. pyrogen-free nicrofuge. tube. The infected cell

concentration maéﬂbe set to match an ag& (frl ate transpl antati on vol une.
The cells ma be[“t"i’élrﬁeﬁﬁdﬁﬁ'?‘?ﬁj'ﬁ@“ NGs rpaebe gredypedifromaRCai st rat i on.

B. M\Cs, A Gﬂ [9ERETiE ifdbieie Pubamemolin enbodi nent
M\Cs are us o) htfﬁ‘ft%r @5 BN Aligly npupiroRitic Gelaft s that are
transpl ant e l diprqtop ‘ﬁé@e‘lt‘h@'ﬂweg B1¥Yy%a role in the
functi.onal QB "a patient's t| ssue that is of interest.
I n that nan c% ner [OUS em | esi o}pg is possible.
WO 2006/ 096 n 78 8?95&‘ G :ﬁr eferred .
met hods of pravkaL ?%‘fﬂt to Dezawa
et al., enti ,f i n Prow
Interstitialp, S

Transferri ng;u ég adid, mGt,V :;u'%%ﬁ%g cel |l s" of
Dezawa, as %ﬁﬁﬁe@%aﬁi% ?r@’f‘ﬂ?ar@@ n"laHm Eiads i arrpl e 1, my
be used as tfgoldirss chhtae%sajrsi&%eﬁj Jriau&N& dliritd; %ﬁé& t hat
mar r ow adherREDTH; BIFES slich &PdbebRed, bARER bf osiHaat 8 éggn@sfaﬁurona' cells

that are theie agedtibnas tdristy MYEsaOEodie cRIBRESHdkORNPHRER be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide.

{000118] in an embodiment, graft forming units suitable for use in the
present invention comprise sterile compositions that comprise MNCs. For
infravenous administration, suitable pharmaceutically acceptablé carriers may
include physiological saline, Cremophor EL.TM. (BASF; Parsippany, N. J )
normasol, isolyte, plasma-lyte, or phosphate buffered saline (PRS). In all
cases, the GFU must be sterile (other than any NPCs or MNCs that are
present) and should be fluki to the extent that easy syringability exists (proper
fluidity can be maintained, for example. by using materials such as lecithin, by
maintaining a ceriain parlicle size in the case of dispersion, and by including
surfactanis). The GFU must be stable under the conditions of manufacture
and storage and must be presetved against the contaminaling action of
microarganisms such as bacteria and fungi, as described above. In certain
cases, it will be preferable to include, for example, sugars, polyalcohuols such
as mannitol or sorbitol, sodium chioride, LiCl, Na butyrate, and sodium
orthovanadate in the GFU. Generally, the inventive GFUs may be prepared
by incorporafing the NPCs inte a sterile vehicle which contains a basic
d';)sperswn medium and oplionally other mgred[ents from those enumerated
above

[000117]  ltis especially advantageous to formulale the GFUs of the
Invention in graft forming unit dosage forms for ease of administration and
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[000114] I n a preferred enbodi nent, MNCs may be produced from NPCs using
neur ot rophi c agents. Useful neurotrophic agents include but are not
limted to basic-fibroblast growth factor (bFGF), and ciliary neurotrophic
factor (CNTF). Suitable nethods of using neurotrophic agents with NPCs in
vitro may W& 20¥(Rseb4 n PCT/ JP03/ 01260. [000115] I n enbodiemossisio@pils nmay be
useful In the practice of this invention. Pharmaceutically acceptable
carriers useinfornify «Geusagsl Gréfefopniag anit désaye finnGR 1Red hiE i@RstoSt eril e
i sot oni ¢ buffffwsisallyriRSrete sinity sdted st eniidrpdolidges fur thessudlecets beat er, nor mal
sal i ne, fi xetpatdd. dn @Wﬁh@é@a&@%db&ge@m@ﬁaﬁ&apﬁﬂﬂghﬁm gl ycol, or
ot her synt helqaﬁfify@fmﬁss:aitaﬂﬁwd:ia@CEiUBQﬂmcﬂesmﬁhémpgwﬂcmanms such as
ascor bi ¢ aciassoginflomevibehé requiredpbdopedutiva wlfriendik epaditdation foathedi xi ¢ aci d,
f net henar ni rgsaihfagpingaini dosags formes eftaminegntiomacy didried bglasd dinettly he | i ke;
ant i oxi dant deggidend en fucgigiaccharicirigicssb iedviNGs. s pirtigylarchel at i ng agent s
such as EDTAPerBpgitisefeiie heashigeast antibe liniiafos éserant inthesiibat es; and
agents for t%@ﬁ&éﬁ‘@l%ﬁmﬁgtmﬁéﬁﬁfﬁieﬂy@@%\ﬁd% IhelnumbettfMNRIdn or  dext r ose.
PH can be a gef yiitidgsage 9em prefesaldisgan vaik fromsbayldi0s8ieelisrtoc aci d or
sodi um hydr @de’f b‘["@@@‘i‘@ﬁ?‘lﬁfﬁfaw B0 GEPHG;000 &‘f’fﬁ.ﬂﬂb@hfrﬁ(ﬁ?mum ts suitable
2

for use in tR EWF‘?’? Uﬁ:’ipm%q(?@ s taabhout 20 wliepesiia. i es t hat
conpri se MN t'? "%M%ﬁﬁ‘u@a"’ﬁ t4O8RGIRIM §(ﬁfQTQ'HY§a'beHY maceutical ly
accept abl e %‘ 8 ¥§ ely, =8d Mo prefaraioliior EL. TM

( BASF; Par si t‘ﬁﬁt? 448 ryte, pI asma | yte, or phosphate

buf fered sal ase ? L% q§ s erile (other than
any NPCs or £’ C %ﬂﬁﬁ? i ‘ép?? Plﬁtt_agﬁgzﬁre extent that
easy syri ng% anty PAEHP for exanpl e,
by using materl ssuhaé IeC|th|n by nmaintaining a certain particle

si ze i n thegagegot g Itnﬂ:glde Ao B BRI The ST
nust be staﬁ@ Q(?Rétt %ﬁfg m‘é Srh%mm Soiﬁfg 93 efn%p?@% and nust be
preserved a RN such as
bacteria ang wamf¢raa§pa é@mE'?@ iR %ﬁeu Rgmods be
pref erabl e beeipriyssBepdridin i@oun’ﬁs%z%é§undé‘? GdRbLSIs SRG as manni t ol
or sorbi t ol be Ee@l Fer itaes Fiordsbédt pro¥ind@rodratuBresadid phdtgih Uay o t hovanadat e
in the GFU. fugensent prateld, laeo.] MNEDS 368 Ao SirdmsidRePaRMEsakicbncor por at i ng
the NPCs i ntam tze siilblylptaceeivieal @ Whhsplant oitd, Alnsligy Magbe pslicned Si on medi um
and opt i onalsiyy otiventidmgmettiodntssich aothectihdseyeaBrmERAIedl aheye. [000117] It
i s especi al hgteddbanrt ageous to fornmulate the GFUs of the invention in graft
formng unit dosage forns for ease of adm nistration and uniformty of
dosage. G af0012Hm n@henianaljpisg gegraftedhraiss ircmd-diaicel shuatiiher s t o physically
di scret e unifteurebisicehemisalmbaysmalossgedulf bran érebalibprichralio be treated. In
an enbodi nestclientomabe/ddedniembnrstainifongasen Bugresedot molein(GFPyoant i ty of
- M\Gs cal cul @fbercrell dahsiso Bduleulini Nl (padunonepagiapioteinf glatibrilaryassoci at i on
with the retfifli¢ Betqin€Fmidle ot Pd4an dipdensrocylmrepesife pidtidbidentifyor the graft
form ng uni ﬁemﬁéﬁfﬂ%}ﬁlﬁsﬁ'@f of pltgofendseviie aradiles. dhe number dfposifive di rect |y
dependent offelipRiol gidiee atibedicanskhepyrakerof cellsexpqssing GFE mawhs cul ar
t her apeut i Ces@mpgqgtach rding g dhe Abrgrembiecorretion famua.i Bresvaiwibeefent in the art
of conpoun %ﬂ@@“ﬁ é?ia&%%Pmr@m%%ﬂ @PS*F‘fﬁﬁrWﬁ%’ﬁlﬁE be pRieuiggdber of MNPs
in each gr yt nigg H1g ?fﬁ? Fa@T@g‘ 9 adpasi 4Pt GFRRpeibEeder 1000 cel |'s
to about 1 HigriRRErPesify p fesrige i sesen Bedimufilygdyded | s to about 100
nillion celd igangedram e 6&“ ‘8¢ coplg F‘f’*ﬁcﬁl’ﬁb"edﬁbut 50 nillion
cel | s. TheI Eﬁf& Pﬁ“‘@ﬁp ! SURRY PRIGIOHERECATBY m pref er abl y
can vary fr %ﬂfﬁ?g "R ViFal jryie e ooveder IM/IBzawand nor e

ferably § i) ”e‘l‘"‘dﬁﬁe% tf°§‘/’ ity t@@s?}é@t ion) 911 §ire [ 000118] Th
PreLeran! Y e é;i i rﬂaﬁﬁ %g i TR
|nstruct|o ° @%@9‘? Gd dS‘ﬁV %‘r rgug ‘r"?s SR P%4%r ed at
appr oxi mat eI G“H"certain non-clinical enbodi nments it nmay be

desirable to Iabel the MNCs prior to transplantation. This may be
desirable in order to track the mgration of transplanted M\Cs, further
changes to transpl anted M\Cs, surV|vaI of transplanted MNGs, and so on.
Various cell [|abeling nethods may be! Sempl oyed dependi ng on the

ci rcunst ances. under which the | abels are to be read. For instance,
fluorescent proteins (green fluorescent protein, red fluorescent protein,
etc.) may be used as in circunstances in which a detector can be suitably
pl aced near the transplant site. Labeling may be perforned using
conventional nethods, 'such as the Invitrogen GFP-lentiviral system noted
above. [000120] When anal yzing engrafted brains in non-clinical situations,
i mmunohi st ochem cal anal ysis may be useful. In an enbodi nent, brain

e e— —



C. NPC TRANSPLANTATI ON [ 000121]i n an enbodi nent, NPCs and/or GFUs
according to the invention may be adm ni stered using conventi onal

protocol s and routes of adm nistration, and anounts of .NPCs and/or GFUs
to be adm nistered to patients can be optim zed using conventional dose
rangi ng t echmnpgeewssi0NPCs and/ or GFUs according to the pressmwbsaomsenti on
may be adm ni stered alone or in conbination with other substances or
conposi ti on& Rout ePOTRANSPAABITAZIOMN may be chosen from conventi onal
routes of adm nistration known to one of skill in the art. [000122]It is
cont enpl at ed {H@I2t]r anmEnerhiaddinentyiPCs bed/era3RUseskcotdingy e vari ety of

met hods, i ncl intemigningy beatdrhinisfetesicistiig donfentioned pldtdcolsgthdabuteebect | on

cannul a, needkdmnisirsiumtnd amotiyts bIPAs bad/ordBFUY bitemdaitigefdies, €. 9., a

bi odegr adabl epaitgptsuias belbptimized esing cutvestiafsl debeirmghty @Ehriduesaip el SO Wit hin
the scope of aihdon GRlémadconting OONd @8RG eaiivd/nuay KeFidiniseasChIGE ¢r0 t he

i nventi on mayisembitaiien witeobdr systaaecal coyposticmsp Rouestof i n whi ch i nstance
parent eral ro@deBistafion raay haehaser fromsoveniional ravtesi ofedminstiation al  (such as

t hr ough | nt er HEIWrde oas pesklin thesabt i d arteries) adninistration are
preferred rou es of system C admnistration. System c adm nistration

t echni ques ca da pt Bgoplegiplaiect il anepiaptaton wib bagairiet sty ar ecur sor
cells general Y etréhmﬂs?éset!ﬁee@nebefdr%b@@ed g infusion through an'Mientipaar t eri al

adni ni str atr r§f'i=”i’)tnﬁ'lb3’c‘€ﬂ3§tﬁ“t’?ﬂ witing cawigale.fa t r aumat i ¢ brain
injury." J ca 4 P gihesiegies g1 adgnisiralisna e aise witbblienent s, NPCs
and/ or GFUs a%(?B‘? e | nventi on may be adm nistered locally to a

patient's ce s é?:l esi o referred enbodi ment, the
NPCs and/ or % st red t hr ough an

hot
i nt rapar enchygn E bl %rﬁl fn P%l ?t ?f r nd/ or GFUs
locally to a d%?éti'd !EE %&Iﬂ{x{i 'r[ati f(% r,bna patient's
i mmune syst ergd%yf?g@ % c fI er

Therefore, thexpha 8&6@9& f gﬁ st may be
educed, and dliosEINIsEp ol érte?i'éfa\’dn’f # 55;9 &eﬁggn though

| MUNoOsUppr esSaNhaddt bf un‘f%& He&in i@y

adm ni stration is nore precrsetargetrng esron

[ 000125] Wien fbecanap! ant énsodinbAsaNees hhdbr G@Jé’%ﬂﬁﬁ(ﬁe%@ oS

transpl ant at inesy bmrrhﬁst@@ﬂrlb@ﬁly% pé@nﬂ@e@ﬂr@f%cﬁ&%&ﬁeﬁﬁéﬁé&% pr ocedures.

I n such proceeiees] erhifRlip@it] BBINACE arsidrels @k p&ﬁ&imﬂ%rﬁdﬁm@ head is

pl aced in an biRiminstgat ithbegtsireneapacidhomblome. ARGdVARadE s Oposi ti oner

Wi th nicro-i mfegtiseringlizeNBCo\vad/ot BEUs toadally toBuyidtiefel Ratram¥nkas made in the
patient's sksyitenddsivg isthdetiteglatidnts innome eydtan naiyibeaddsendits nkidgent to
expose ar eas fefbleddebrdinriargess Theafstve, thidehdnesgatimsiuhersjccid& 6] | n an

enbodi nent, &Psdyitie put siaydiengdized fargithg ehaneeslbiaraib surblagiimhdyare

m cro-syri ngéic(@ﬁefbe\rwrth@mmaMLmoswmﬁymﬁ mijlehaynbey rdgairah denotiter Whi ch the
needl e i s naAddEntagegiiodeiddndnisimiogiampregireds: agjeting SMIFCemghs to insure
proper pl ace®§tieadn.t he NPCs and/or GFU. |njections, preferably as bol us

[000125] When fransplanting info a ceatral nervous system iesron,
transplantation may be carrfed out using stereotactic surgical procedures. In
such procedures, the patient is anesthetized. The pafient's head is placed in
an MRI compatible stereotactic frame and the micropositioner with micro-
injector placed over the skuil. Burr holes may be made in the patient’s skull
using a dental drill or other suitable instrument to expose areas of the dura
Jjust above the target sites.

[o0G126] in an embodiment, a needle pass using a 26-gauge needie and
Hamilton micro-syringe {or other suitable size syrmge) may be made, in which
the needie is manually gulded fo the graft sites using MRI images to insure
proper placement of the NPCs and/or GFU. Injections, preferably as bolus
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I njections, may be nmade to the graft site(s). Infusions rates can vary,
preferably infusion volunes are fromabout 0.1 to about 10 pUm n, nore
preferably fromabout 0.5 to about 5 pUmin, and still nore preferably from
about 1.0 to about 3.0 pUmin. In an enbodinent, the needle may be left in
place for WOos¥pd/sessof time, preferably ranging from abectoseedsmesibout 10

m nutes, nore preferably about 5 mnutes, follow ng infusion. Follow ng
the peri od V\hﬁ;eeﬁmstdwjmméhetdiﬁebm‘f&sﬁé{%) PhRGRns fiés AMsEHE My be raised a
short di st angrefepibifieftsibh yolabes trelffom hiouR DAub ad&lt TOLIMR Smiveef er abl y about
2 nm and t herpréfetadiyifronphtsn 050 absutadiihino@al stip icr®prefiralily #Bm Pr ef er abl y
rangi ng fromaiboout.0 & abontiB. 83l trina kot efdSodinet! 86 nedds Mmapbefiarabl y about 15
m nut es. The paceiforgepariay of timp, referabiprenging framabbe 103tbedt1o t he wound site
can be cl osedninutesnadre prafakbly apouts mintks fokowhas infesion T Poldwielief Or recovery
f r om anest hediedod Wo@ObA7} Aerdigisdeftn,pldce, ihe nedalipmanbe plisae) sl anti bi oti cs
(e.g., Cephazistanee, Beferapikahout innidoiabout 10 tiimdayie)prefasblyesbadi mhstered, as
needed, as p&nd theh hellbnplacgifoaly piddiona pegedeltine; petaiabie sangigticli ot i ¢

treat ment nmaypbpé Soviien deabqd SO minvies, owiré prefesabhaabeek § 8 nikadesp eTtieod,

pref erabl y ugvingeawaydhysbe sinadignste geiap!, howsupimitessn bpposedini sti c

i nfection. @D@Pﬁ%}“ﬂ@idﬁkﬁeﬁbﬁaﬂ theerainniquerstofeg fori ragrivant fearh enestiessizbe f ound i n

| < S Banki eW| cz et aI Technl que for bilateral intracranial inplantation
of cells in e%[?? &%E@H’éﬁr@éﬁf@!@ﬁ@@éd?ﬂ fcarie.y.. Cel |

Transpl ant at | 8H ‘G (W g ‘33 @)@'@X?@Fﬁfﬁ e%ias negdedtli nent s,

i m"runosuppre§§ ﬁ?’@ ”’"ﬁ A{‘ %ﬁtpq;éﬁa"fﬁfésgjﬂgw i nventive
grafts and/o ﬁ%}? x\‘fg Biryiw tp ¥$ on of the
NPCs by the é??"@ﬂ?”@ew p%?t"@ rhg %? ‘i?F’%RI y when the graft and/or
NPCs are ad red nosyppressants usef ul
in the pract d%% HE% dI g%l ed to

ant | net abol i

cycl ophospha i a on| St s suc Pé'xate or

ner capt opur i ne cophenol at e (Cell Oept) Q/cl osporine-A and -

obt ai ned fr%ﬁn%ﬁé&bﬁe@ér@%é%n I nj ection;
nmanuf act ur edmBy hdi YPsupipfesBhak MR APH eaapggg u oL artis

Phar maceut i cgd ﬁm@?@@@i&ﬂﬁh@@r&ﬁ'ﬁ%@? NEg) »aréfécﬁﬁmi

[000130] I mnmwmﬁmhasmmbaﬁadg@mI:@ir@rpe&ﬁ@é/oﬂh‘é%e%Y ioh Of routes,

i ncl udi ng oriattudél bpt are ABthirhitad to PAGMBEBbEIfics BIBHNRASAMBFSANIdIRY vary

accor di ng t cagehts sueh us eyaipHobshdnioe| TORHRIY RESRAlisHdn BBE patient. In an
enbodi ment , htbolreratenanppaEeSaite (GRP)haycpRatbiAMICEmepypri or to

tr anspl ant atCyiospathesband Facmbmas (Buseabheriater mpumobligireatker. 1n an
enbodi ment , adest is @sAn Esdppaesistained fray Derdyoedothes) moludmger the day of
grafting (a foimene®, ynjéclion; heoufscipestby ovartisl Phasm=ah@, Basat,i nui ng at

24- hour i nt é¥wigkdandior Nafarés Phddosegdicela QyawraiioafMoalis), ey vary from about
0.5 ny/ kg/ ddyerweeraddut 100 ny/ kg/ day, nore preferably from about 5

ng/ kg/ day to about 75 ng/kg/day, still nore preferably from about 5

my/ kg/ day t d04HSAl Sdommyneepigesanta mankerrsiniisteled byicomsielyay be

adm ni st er edoyss. ndhsingsoraial.p.aand bt Oesitenf fymprestipprabiants mayvagout 0. 005 to
about 0.100 Wfﬁaﬁ%ﬁwwit@esf‘@f&@mﬁn uppregist endthesatieninimen e.

[000131] NP@H&%WM A nraessHBRTRESANb e e desesivd davstaore adrmi ni st er ed
usi ng converf@l %ﬂtattﬁ’t"cﬁ’@W!’%mé’Fﬁjatr%'ﬁ%@%‘“&W%Wﬁfﬂaﬁﬁfr dnigon, and anounts of

Tacrol i mus ( @_{g@ ﬁ@@h%ﬁlmmmm %ﬁ%tméng . GsA. may
[d’f‘%l
Y!

NPCs and/ or ’} WSEE’@"F%?@“F F@aba% despddegimningendhe oy ofed usi ng
convent i onak “ﬁ a OUhAPYE eest Hﬁiﬁ@g”@hﬁﬁ%@mga bhalirng to the
present i nv %‘F‘ﬁ @F@SERPST BB VEHrH BBPWRS on Wit h ot her
subst ances rr@Fk "@%‘/ Hf" %‘i‘i"@ﬁf@f*laéﬂ”frﬁaygllbﬁldehosen from
conventlonal qt{?“% gfo/delyite pboUS the art .

[000132] I t 52 "&tfaéfﬁ“???df‘feﬁ*ﬂ%{ﬁ% %’@#ewﬁlﬁswl%ﬂa@d out by a
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variety of nethods, including but not limted to infusion through an

i njection cannul a, needle or shunt, or by inplantation within a carrier,
e.g., a biodegradable capsule, but other routes of admnistration, are

al so within the scope of the invention. [000133]1In enbodi ments, NPCs

and/ or quwmemmng to the invention may be adm ni stergdshamaidty to a
patient's central nervous systemlesion. In a preferred enbodi nent, the
NPCs and/ or ﬁ{@sa@fngtm@femab@ﬂemEWQWng@m,ﬁmét,%,%d through an
i nt rapar enchyrgérahdt houfp.03d vanhiage. of adni ni stering the NPCs and/or GFUs
locally to a patients central nervous systemlesion is that the patient's
i mmune syst e{@omagijpe I\ma’ﬁﬂxerUblaeb@'&mg|ﬁ£thb||;ﬂv@ﬁhdhrrﬁd‘ybé)arI’i er.
Therefore, t hambifsneeasing corenneabproricbe mno foutdief MAEhidastidh enhost may be
reduced, andatrbenickiNEESs anll/logGaUS tche admialsianaytopatidmecgased even t hough

I Munosuppr esplémized sding ¢onveytidnal dose uangig ledmbiuesr NRGy and/agerus | ocal

admi ni st r at i eccardngrieribe presenidevantivrgety he adiinfiRiEsd slond brdn CNS | esi on. D.
MASC- DERI VEDcEURG#AIwiBE e r EROMSRICANT AT EMNifc0Q0RG4A:s of mmissttidnent , | VI NCs
and/ or GFUs aeydedhogpniiom hevientooat ioules whgdrisisaalivniinewe teesheusfi ng

convent i onat sk pitaeatts and routes of administration, and amounts of MNCs
and/or GFUs to be administered to patients can be optim zed using
convent i onal [@8%@% anbjisgniemtiaied inettranvriEstaionvibeGauisdacty di ng to the
present i nveYiriebnofmesingss, inglying Sulorab iimbed adnfsion threughisndaiestion wi t h ot her
subst ances o?ar&‘ﬁ Q%'r%‘U"ﬁRB[ﬁl@@PWf%@hW%‘t&%fﬁ%rﬂ -%e§ be chosen from
convent i onal PiPAg" cagaWPrﬁPlﬁf’Fh&f [yesi GAminisiralione arsr alsgwithin the t he art .

[ 000135] It i nt on will be carried out by a
a” ?
é%ﬁff*fﬁﬂ IRPsMeRiBugh an
te

variety of
YRYSEYSERR 5EeRi M A carri er,

i njection ¢ ] ﬁaﬂ
e.g., abio

@ E‘ gé
I i t hi
or e 4 gf fntfgt

patient's ce

HAYSHECR IS on. are

zﬁdvar'a?p LPstS’ MNCs
cally to a
anée@; m ?Z eé?%b%’l rrent, t he

MNCs and! or od P Soimon e bélff%n 'JQUW’\% i through an
i nt r apar enchyga sgd%i'éﬁthc;gg}e usﬁﬁﬁ*e antgﬁmn{a er and/ or
GFUs Iocallmd\@n@g@aﬁm@?hgmm%ﬁ&{ is ¥ § Hasc!sé w@e i hethat the

patient's inuBesknst em may be 'l ess actl ve i nsi de t he bl oo br ain barrier.
Therefore, the chances of imunorejection of the MNCs by the host may be
reduced, and.t heppisaperVGD BEBRDNAL GEMATRABIRIDNTAGHRased even though

i mmunosuppressants still may be required. Another advantage of |ocal

admi ni st r at ifpeO43g] NOIiL ap LRGLERePKINESIang/® CFMGEScd@ing betheNS | esi on.

[ 000137] Wherinventmrsinka bé adginisiéred asing ebmantidret Miolso!s Bal edndsas on,

t r anspl ant atédoinisteajioheantdlamrtoupts o UNCsambostRsbhaciinnistegisal procedures.
I n such progetientesan béepijpsizedcuting conaeivnbbddse eshgingliectprfueent ' s head i s

pl aced i n aMhiR} andop@EUbhecosding ivdbaprssentimentoremaly bdiadmihistep@bsi t i oner

wi th ni cro- iafnecy & cqphbination uib otieh eulsstandes oBeompdsiibes Rayedrs made in the
patient's slkdiinisteitiogmay dervhasendrant borventensbioutsaiof adhisistratr unent to
expose ar eakne#n ichenecefiskill jnibe albove the target sites. [000138]1n an
enbodi nent, a needl e pass using a 26-gauge needle and Hamlton

m cro- syri n@lﬁg(i@ﬁ] ot ids ceniempipled that frensplantaipe)wilhby cirdedreutdy & n whi ch. the
needl e i s niARlY Pimghipdy nalwlinglart getdimitedite bkusiesithrgughRen infesties to insure
proper pl acERERtE GEcdiner s ki naplawtation Wiljins caders e.gpeef erabl y as bol us

i nj ections, W&?Qiﬁéa%&@ﬂ”?? PH@W&?‘@%P‘E@{"%‘W@WW@E@ g wilhindge can vary,
preferably F’?ﬁﬂ‘fs‘?é‘?ﬁ'ﬂb‘mﬁ'ﬁﬁs are fromabout 0.1 to about 10 'IL/min, nore

preferably Ld a)ou ) 0 about 5 anni and still nore preferably from

about 1.0 t 'fﬁemﬁﬁ‘ﬂ%{&?ﬁé §fs ﬁﬁm%@ti@é@%nnéemf;&v be left in
l'r{yg Caé ?5 deglo

place for a"}ﬁ’%ﬁ@@ﬁi (;F iment, th l\ﬁ ﬂ’@' ggﬁ ;Qfgﬁﬁ?}enm?mgf about 10

be administered through an mtraparenchymal mute An advantage of
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m nutes, nore preferably about 5 mnutes, follow ng Infusion. Follow ng
the period wherein the needle is left in place, the needle may be.raised a
short distance, preferably about 1 mmto about 10 nm nore preferably
about 2 mmand then held in place for an additional period of tineg,

pr ef er abl y waamgésygestir om about 5 mi nutes to about 30 m puireswodmrer
preferably about 15 m nutes. The syringe may then be renoved fromthe

patient, the xmmstefind BiedMICHEn&HOSETs loﬂai@ﬂ@ﬁ@ﬁ‘!}&f?b cél%}’eﬁhéwo@é”'d the
patient nonitQEeeh BObn [SSRAES YaldnPSnan@itdyeBmanal BORIS MR alERsI cs, (e. .
bupr enor phi ne&leamdd@ram baufibt, Chhet&lo@, the%@mzammnurﬁﬂejmbkaﬁhblvl b.i.d. x
days) may be @NCh by SHedtioRtnag HeRERMeE, and Shenaahos of GRat survival may be

sur gi cal / postinatagideabn fodgR imasesuprebdintt 4l maydetraguied MAYother cont i nued
post - sur gi cal ddyaiitage ook bdmttdrafien isathre preeke taiidtinguwp MNTs3I0 ddays fol | owi ng
surgery, to STipisa. opportunistic infection. [000140] Addi ti onal

techni ques for inplantation may be found in KS Bankiew cz et al.,

Techni que f or[08413%1 er AVhemtraraphatinginta apniatrenioon spétemeaddian, i N nonkeys

usi ng an aut dreatgldntdiiini ey e syrsitd out LBl sicTedndiplsantiat prongdi@é¢sh)in595607
(2000) . [ 000%s4ith preceduresyitive pativotiis mosstsstizedmilrosiippi=issidieplagatins may be
admi ni st er ed and@dk dopmatible Istarbeladtiofemmd and the micrepositiditenwitii@sro- These agent s
may hel p to dulpgeaderedavectieshiulbf Burhieoloaneay bymptieinthe pafant's siuiimune syst em
Exanpl es of |Hﬁ1ﬁ9ﬁd§iﬂﬁ?ﬁ)¢%@%@ib@‘ sydielfle nstrymentdo pipsse eraasef theldus i nvent i on
include, but I¥tabesithe fargataies.o antinetabol ites such as azat hioprine,

al kyl ati ng agtents such as c%cl ophospham de, folic-acid antagonists such as

5

net hot r exat e 01%} ea egl E‘ Af-eayasdig
Cycl ospor i ne- ”H "‘Fﬁ Or (O - V@ oSt F‘@quﬁﬁﬁ‘#‘oﬁh Pfésm ve
agent is CsA t‘ raddadig '"QM 3%;5510' udi ng as

Sandi nrmuna,

|P Pat ' . Vet
el %‘%ﬂg}f i m%%%%%i% a%ﬂﬁ%;gz q%g:j 2 sy

of rout es P tEb% ,#Ucr)g?
vary accordn gk ta Bé‘ Hife, & REGSS AN patient. In
fa ! Q b aﬁéﬁ%m{}ﬁ g% a1 e

an enbodi nen

tHDFEi?m LLOr to
transpl antat 'p@;'ib Wisadse Hihdca! h@nbé&l@&r‘é 8 rki r. Inan
embodi nent,  yYRGRkATHEE a%% t%%z?ﬁﬂ?rt@%mﬁ%‘?ﬂﬁetﬁ BRI BLeH 3 f day of
grafting (ap@h@tﬂeﬁ%@hap 0N ForMLHRiBRR eSO Y, Brataaly Eilnghienny at

24- hour i nt eyt S iReLe 8 Aifiut 3PRFAAES, hARGBEiRPAR} S5y riMMes/ane f rom about
0.5 ny/ kg/ dayyringe A9\ herlO rdfidved/idaythe FRlcht Mickairmbdin dhh BECRBENT 5

ng/ kg/ day t oiredmatiimidh layBlds ahd @b paieht thorioree [P etdenbirom bhesihalout 5

ng/ kg/ day to about 50 ng/kg/day. Intravenous injections may be

adni ni st er ed [®e138]bo| Asalgedics (¢.61, bupramgphige)ana batiabtics (fgom about 0. 005 to
about 0. 100 Gkphayukre 50muy/ley,pieh.&dabb o) mabbe bdiMbBéed iy nvatied, E.

EXPERI VENTAL s BSES\Rd s(@bisaiddat-sindlpieEsSuads. NREsioidbh3diAhdyteigh bot h

aut ol ogous anahiialitdgresireungicaiinfs ph aricatiedperiof, fefessbly mclowdi dags

phar maceut i ctiiowingpagetyi orsupphest opporpurisfieinkie@s)y. are contenpl ated by this
invention, allogeneic transplantation (same species graft formng units)
is prefer abl B00140]an Additatiahtashnicacs fogiaptaniation ey pledoeratn &S i mi cs the
clinical set Bangevier elisl.c rechinigygdprdisteral infopiagiat implaptatiof oRPdis in n patient s
suf fering fr@enkayAusag aneriaed geliver dyelmo f-altdyanspleataipadil)iBscl osed
herein are tH¥ (288 ts from stereotaxically transplantation of NPCs,
according to the invention, into the brains of adult male Sprague- Daw ey
rats that halPBOTEEN s'ﬁﬁieﬁéﬁéﬁnhoéhfﬁ?%I‘fémle‘%?'f‘é‘ﬁi?rﬁﬁﬂ‘éﬁ 8681ys BaY-Peisi on ( MCA0) ,
m ddl e cereb?‘ﬁwméﬁef@rt?gﬁ‘@awlbwecwﬁ ity ek MNiBs.gTsglagpetsheri a (T ) .
These nodel smﬁ)’Belﬁé%Wﬂpf@%? raIFEEISY é.iFﬁJ H’ SPH@%@B%‘W"&“%W@% esent

i nvention i nf¥ Hgm'g’lp ét'Fe agl P@?‘f’f“i’ﬁ‘éﬁ”@ﬁ% Furt her

di scussi on ol t‘WB(ﬁ’gF t"’@é’ %ESF %?fl‘j’?eak%mﬁl cularly C
Bor i ongan eta@I”SS”’c'TF’ﬁﬁ@ ﬁ’%ﬂﬂs@??rﬂ’ﬁexﬁ’ B RR AN enbr yonal

carci noma-derived neurons (NT2N cells) pronotes functional recovery in
ischemic rats.” Exp Neurol. 1998; 149: 310-21; and C. Boriongan et al.,
"Ghat cell survival is enhanced duriné nel at oni n-i nduced neur opr ot ection
agai nst cerebral ischem a." FASEB J. 2000; 14:1307-17. Each stroke ‘ani nal
received a graft conprising one of three cell doses: about 40,000, 100, 000
and 200, 000 vi abl e NPCs (these nunbers are understood to be approxi mate as
used hereinafter). Transplantation was carried out at about 6 weeks

post -stroke, and aninmals were i nmunosuppressed daily with Cycl osporine-A
(10 nmg/ kg, i.p.) throughout the post-transplantation survival tine.
Loconot or and cognitive performance of transplanted rats was characteri zed




was exam ned in randomy selected aninmals at 5 weeks and 12 weeks
post-transpl antation. [000144j The follow ng tests were used in the outcone
determ nation of both the stroke operation and transplantation procedures
as set forth in nore detail below. The manner of performng these tests is
set forth ®slcwMi@sescherein, and woul d al so be under st opdr/bssomnero@i skil |
in the art. TABLE 1. PARAME | ERS OF NPC TRANSPLANT EFFI CACY Test Obj ective

EBST Neur ol ogictiadtregaieinr Merdaptopulic(e-MRy myBepreabistel (cemeayor deficits after
stroke and r €ycosgyinediemid TacRiligis @FI-806)0 A Fefaad Fnri@ibaahirediRie0r '
abnor mal i ti esgaitieCsAt Cokmagnbtdredavar y valdhess sbiiress Mokitkldson Reveal s
cogni ti ve deSaoditsnmb®enjestion keanafadiureoMeswirisiirarma hanspiant ation  TIC
hi st ol ogy Rev Eaitsertzxt ériNowkrtic @hefmabulivalssCaptrator@ivebiayeshg ext ent of
cerebral i nf HaotvegrNand host i nmune response to transplant GFP viral
vect or Reveal s survival and mgration of grafted NPCs Neu-NReveal s neuronal
phenot ypi ¢ eliS0&43i oninufurgrsappreskants may be administered by a variety of

reutes, including oral, i.p., and i.v. Dosing of immunosuppressants may vary

according to the nalure of the immunosuppressant and the patient. Inan

embodiment, the immunasuppressant may be dosed two days prior to

transplantation and continuing at suitable intervals thereafter. In an

embodiment, the immunosuppressant may be dosed beginning on the day of

grafting (approximately four hours post-procedure) and continuing at 24-hour

intervals thereafter. Dosage ranges preferably may vary from about 0.5

mgfigiday to about 100 mglkg/day, more preferably from about 5 mg/kgiday

to about 75 mgikglday, still more preferably from about 5 myg/kg/day to about

50 mgfkg/day. Intravenous injections may be administered as a bolus, ata

rate ranging preferably from about 0.005 o about 8.100 mifminute, more

preferably at about 6,050 ml/minute.

E. EXPERIMENTAL OBSERVATIONS AND ADVANTAGES of NPCs

[000143]  Although both autologous and allogeneic fransplantation of
NPCs, including pharmaceutical compositions that comprise NPCs, are
contemplaied by this invention, allogeneic transplantation (same speciés graft
forming units) is preferable, In an embodiment, allogenele transplantation
mimics the clinical setting in which allogeneic transpiantation of NPCs in
patients suffering from central nervous system lesion may take place.
Disclosed herein are the results from stereotaxically fransplantation of NPCs,
according to the invention, into the brains of adull male Sprague-Dawley rats
that have been subjected to middle cerebral artery ceclusion (MGAo), middle
cerebral artery ligation {(MCAI) or fransient global ischemia {TGI). These
models are useful in understanding the efficacy of the present invention in the
freatment of central nervous system lesions. Further discussion of these
modsis can be found in the literature, parficularly C, Borlongan et al.,
“Transplantation of cryopreserved human embryonal carcinoma-derived
newrons {(NT2N celis) promotes funcfional recovery in ischemic rats.” Exp
Netrol. 1898;149:310-21; and C. Borongan et al., *Glial cell survival is
enhanced during melatonir-induced neuroprotection agalinst cerebral
ischemia.” FASEB J, 2000;14:1307-17. Each stroke animal received a graft

- comprising one of three cell doses: about 40,000, 100,000 and 200,000 viable
NPCs {these numbers are understood fo be approximate as used hereinafier).
Transplantation was caivied out at about 6 weeks post-stroke, and animals
were immunosuppressed daily with Cyclosporine-A (10 mg/kg, i.p.)
throughout the post-transplantation survivel time. Locomotor and cognitive
performance of fransplanted rats was characterized weekly over a peried of 4
weeks post-fransplantation, and again once at 12 weeks posi-iransplantation.
Histological examination of the extent of cerebral ischemia and graft survival
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NPCs Legend: EBST, el evated body swing test TIC triphenyitetrazolium
chloride; GFAP, glial fibrially acidic protein [0001451The data obtai ned
in the Exanpl es bel ow reveal ed that, in The nodels studied, aninmals
transplanted with NPCs displayed significant inprovenents in both

| oconot or amd 2@megskdei ve performance conpared to their poesdstibeiéant ation
basel i ne performance. The two hi gher doses-of about 100, 000 and about
200, 000 cel | swas oaRiRs iﬁ%ﬂ&hlﬁ%@&é@érﬂﬂn&!@fa’f5%&%%@&&%0&@63 | ower
cell dose of g fnd8aP00 cell's, thus suggesting a dose-response

rel ati onshi p. Robust recovery from stroke-induced behavioral deficits was

seen as earl yjoesiqge VRRKoRNGhg lbRVEPS Bk HRMuREtheSAssBiimadnever the four
weeks post -t rigols pleafbrd bsRamey areidranSpigitbdnoRtdediHeR 58 \e8MBIRA fn breNDL OF
performance (daingidoverel muariedf batymBiyitiget®esd iseBioRRdREAARL €St) Were
observed in ahdreibhurgievaid Slkehé ypesstobdbeomd ¢faRil in k@RI f 1 cant i nprovenents
in cognitive performance (using the Morris Water Maze) were nore robust
and st abl e i nTABLAD].&RRAME TERSOSTNAD TRANSFLANT EFE0REY ed to MCAI

transpl anted animals. Al stroke transplanted ani mal s | ooked heal t hy and
there were ndlasbservabl e overt Quiselivge effects during the study period.
WO 20061096640PCT1US20061007917 [ 000146] The type of stroke appears to be a
factor in furdd®¥bnal recovery, Revealgdacomieior defigis aerstkke amd mal s di spl ayed
significant inprovements in notéeovgerdfisr henselentai@no and TG transpl ant ed
ani mal s showed better recovery in cognitive performance conpared to MCAI
transpl ant ed NgFoRgieal exae  denoiavedsersoprmelogaliroroaliies efensieky of bot h
not or and cognitive functions @RdF&RsTRY Hauraneplanteligispl ant ed ani mal s
suggests that .t hese two stroke nodels which produced basal ganglia and

hi ppocanpal d4Hgwater ®eépct i vel Ve@?@“?fgggg]ﬁ Ity @fterostiqise apd SE9BEint at i on.

Extrapol ating these observatio é{%argpa application would indicate
t hat patient i t.h fixed basal .gangli nd hi canmpal stroke may benefit
from NPC traﬁs‘m%ﬂ?g‘t—w on. [000&?’?%???‘8%00 P%%E'%E'B%E‘B'PE at 5 and 12 weeks

post -t ranspl @_{p@gi on indicate H&%ﬁﬁg
Iy

Vi [ dth
observed functional effects. Tt-'hq ! i%gﬂﬁ%ffi@gtf%%%g:@%ﬁ nzg (1300, 000
oral

and 200, 000 NPCs produced bett &r behav recovery than the | ower dose

of 40, 000 cel i rrelati E@,W mﬂﬁ%ﬁ i val and
behavi oral efc%*%c\?%h‘?et?%her supgg?%ai_té at élﬁdr?'e:ﬂgé ng rgf%lrdorm é_éd t he notor
and cogni tivegrgeovery in strokgvahs ABkSnai %G’ﬁ%ﬁ’e’%ﬁﬁg{"ﬂw@é‘%@' was

determ ned using the |entiviruggdmbel I ng approac i s strategy was
shown to be reliable for marking grafted NPCs. Furthernore, with this

met hod, MPG wegsralt ERST V@S eabbddy dwinpleed TTC AAMLARIJRGPEIRGM Blose; t he stroke
type, it appemep, yhaiibidie ao@icersiekere the brain danmage, as seen in both
MCA and MCAI, the better the mgration of NPCs. In contrast, the mld
brai n danagejiadss]d bYhd Gitaabpdesdintie havlasdsivn redediad thag s Megr at i on of
the cells. Thedebsexictdasials ftayispibniP@dth NP Osrdiapitlved elpgHidast ance to the
site of i nj uimyprovestiesdd ia ottt IscpodientiddoghiiverpafoahandecoandireXiontelr epar ati ve
ef fects on spesidnsplasiokieadeling ptrfaimbeg:. Theeva Mghdrdesqgyw ofdbdatd | n t he
Exanpl es bel 699,8@paet abouh200,0cdllh gromipasbetleabehavigraibliealse nore likely to
di f f er ent i at eompared fudbe e cphhdesst ofpbsut 4060 eclis; huranggdsticg ar s t hat mi ght
have cont ri béessdesponsairdalinnghipr Bohushrecaidry fem strole-inducegfbaliagomt ed cel | s,

i ncl udi ng bugefisds Wit ppaneas eaivisssneniesk peshviransanaionand suplminedf st roke

(1 ocati on aneved & fewrwegke pobl-isuisploatadion period, SiEMPERE MENTAM@BSERVATI ONS AND
ADVANTAGES omme@rfqr@@ﬂqm@ﬁmth@ aighated badvaaning lesiours! Basersanltesenei ¢

t ranspl ant at Wei¢ dyservaminsll ¢ W@I&ﬁ@k%@lp&hdﬁ Aotk sgalficant ippovernents t hat
conpr i se :MNGS, cognibivecpasioanignas (Haing $ha Mpis VaierMazehwersl moganieist

t ranspl ant at #shstedamdis e endd & trapsranted ehimgls gampapdite ferable. in an
enbodi ment , #@NSBEEIEIEBINHRYTIRRe Fepwienigchirieals leeked benlldandet ting i n

whi ch al | ogeEe8rF S oppeiietle Pyrrt BFveracaierts dydig Bastudypefied.i ng from
central nervous system | esions may take place. The results from aninals
trials of allogenic transplantation of MNCs in animal nodels of stroke are
provide in Section J below These nodels are useful in understanding the
efficacy of the present invention in &he treatnent of central nervous
system | esions. [000150] The results in Section H suggest that the M\C
group showed



significant inprovenents in the behavioral assessnment tests conpared with
the control and MASC group. In histological analysis, the infarct vol une
neasured at 41 days after MCAo did not show significant difference anong
three groups. Conpared with MASCs, MN\Cs denonstrated higher survival ratio
and | ar gerwprogmeidton of MNCs showed neuronal "marker paSisidaitishkdrepnd _
neurite extetion in the host brain. [000151] The MASC group denonstrat ed

slight inproppoems i mdspa &P&baﬁﬁ%@%fa&ﬁ?ﬁ%ﬂﬁgﬁ %&é}kth control

group, but n&tth@cwgmsﬁ&éé}ﬁnyms%%:gdm% ek tage of MNC
transpl ant at p@nRee, MOD 4 TEBrankRXRSd ammals%hbﬁé‘d BéifeR | yival rate
of MUG as COBRANEE peffstinahbs banssted W MOAL RS sPEhbH BAhRIY e mont h

fol I owi ng trmﬁ@isaﬁﬁ@mf%mmmr@wve@tc@bath&aﬂ&%.ﬂfcogxﬁgm &Bh@f?« M\Cs ver e
det ect ed whi MeAoriny TEI 12R%piaited hamselsagdeet: thMNSaWRE 8raiel Reddsl. The
greater sur viviieh prodieedtiashiNEnhgi@ynpiionocaapaliaatiyereagtildly, fnct i onal
recovery. [ 0@6dbivieno NPE icanspntatisd, Gstyapotding @k shsdtvdiaas gort ex, striatum
and hi ppocangnsaidepicsivn atoetl inditate fiaopatefitsivatrfixed badahgtiigia bast br ai n,

whi ch coul d hiptochmpolbdeke ethylbentfitéroANFQ irengplantdtione t he signifi cant

behavi oral inprovenents in the MNC group suggested that the transpl anted
M\Cs mai nt ai [48@it47¢ur dlialologhal metltsr at Stand 4 2 weekhpodhoratspardation and

cont ri but ed indgicataérat MR grfdurvied oediateditne ofrenieBADctional eticids. Th& NPC
EXAMPLES [ 00bH%a)gpiet tEafdrmEBlsnfS'@t’iOD@ﬂﬂ landh 80GOOD PSS peeinted metor

i || ustrat i vedehgyiaral fecaverwihan therowiendgseof 49,060 edlopBheoforelational esent
i nvent i on. [@@b’i%& pen QW@J&IW%& yiersl effijcts fanarstigparhthed al |y recei ved
MCAo, MCALl cUviving BPEs Reomgied) WOtmaf@tF@G'ﬂ'ﬂ‘éﬁ recqveekis skpkeanimale. sur gery,

ani mal s wer tr@éq'@@fb?ﬁ‘“é‘l’%\‘ﬂé‘ﬁé‘& ahgted §%W91§‘9t*%§'b"m%§%'ﬂ§6ﬁmp@§t and Morris
wat er naze lt?g ?"99 Y{E?rﬁ'f'%""i‘ﬁ e ia‘?g kg grfled UTES- not or  deficits
were subseq ?f)motﬁéﬁdt i® e NRHPigHtg wggp@g%jragw randonl y assi gned

to one of trﬁo ?{ owi treatnent 5. Sanple. si ze Jor each arm of the study
is gl ven in ral a]n-rag EE(E eon } ‘.= L LT @e etterg}\e migrag@ used in this
study Gaft crtf KPEs. @g‘eﬁ g:ﬁl% s u ec% f)y Gl appears fo have

resulted in Eess migration of the cells. The observed ability of NPCs to fravel
long-distance to the site of injury indicates its potential to migrate to and exert
reparative effects on specific siroke targei sites. The resulis provided in the
Exampies below support ihe view that NPCs that migrate are more likely to
differentiate into neuronal phenofypes. There are many factors that might
have contributed to this preferential differentiation of migrated cells, including
hut not limited to host microenvironment and type of siroke {focation and
degreeftype of cell death).

F, EXPERIMENTAL OBSERVATIONS AND ADVANTAGES of MNCs

0001491  Although both autologous and allogeneic fransplantation of
MNCs, Including pharmaceutical compositions that comprise MNCs, are
contemplated by this invention, allogensic transplantafion (same species
grafls forming units) is preferable. han embodament, allogeneic
transplantation mimics the clinical setling In which allogeneic transplantation
of MNCs in patlients suffering from ceniral nervous system lesions may take
place. The resulis frem 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 eificacy of the present invention in the freatment
of central nervous system lesions.

[000156]  The results in Section H suggest that the MNC group showed
significant improvements In the behavioral assessment {ests compared with
the centrol 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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(Approx.) NPC40, 000MCA08 MCAI 10 TG 18 100, 000MCA010 MCAI 10 Td 8
200, 000MCA010 MCAI 10 TG 8 [000156] All ani mal s underwent stroke surgery,
received transplants of 3 needle passes (MCAo and MCA!) or 2 needle
passes (101), and were treated with daily cydosporine-A (10 ng/ kg, hp.),
[ 000157] Thevargomsdssiounder went weekly testing for the fiCstusthovmeks post -
transplant. Half of aninmals were euthanized at 5 weeks post-transplant for
hi st ol ogi cal hnelgres. Coripafed@ItEANECs] MNeE aérheritrard it kysiavi val ,
phenot ypi ¢ exjtieasd arger piogorticg cAMNDS. shdied hestnabatkeepadiivithlhiig Wer e again
t est ed behavimnzitd extediod inf the heatfirgin. eut hani zed at 12 weeks post-stoke in
order to assess |long-term behavioral and histol ogical effects of NPCs. For
clarity, a sdiedetijc dihaddadCigeouprdewichseatbeblight improvements in

behavioral assessment teste compared with contral group, but not as much as

the NMC group. :

[000152) Ancther advantage of MNC fransplantation according to the
invention is the greater survival rate of MNC as compared, for instance, with
the multipotent MASCs. One month following transplantation, approximately
30-45% of transplanted MNCs were detected while only 10-20% of
transplanted MASCs were detected. The greater survival rate of MNCs may
provide an advantage In functional recovery.,

[060153] In the current study, some MNCs in the certex, stiatura and
hippocampus demonstrated extension of neuritis in the host brain, which
could not be observed In the MASGC-group. Hence the significant behavioral
Improvements in the MNG group suggested that the fransplanted MNCs
maiivtained neuronal characterisiics in the host brain, and contributed to the
functional recovery in the MCAQ rat model. '

G. NPCEXAMPLES

[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 MCAQ,
MCAI or TG! streke surgery. Al about six weeks after the surgery, animals
were tesied on elevated body swing test, Bederson iest, and Momis water
maze task. Only animals that displayed significant motor deficits were
subsequently used for transplantation surgery and randomly assigned to one
of the following freatments. Sample size for each arm of the study is givenin
Table 2.

TABLE 2. TREATMENT CONDITIONS
Total rats used in this study

 Grafitype Celldose  Stroke Type Sample size

(Approx.) _
NPC 40,000 MCAo 8
MCAL 10
TGI 3
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Stroke surgery 1 Behavioral tests (Six weeks post-stroke; Only aninmals
reaching the criterion were included in the study) Transplantation (Six
weeks post-stroke) Behavioral tests (Wekly over 4 weeks and at 12 weeks
post-transpl antati on) Euthanasia at 5 or 12 weeks post-transpl antation

[ 000158] CelWYO HAHE6$49ng Usi ng GFP-Lentiviral vector sysPERUSIHICHEP-

| entivirus systemwas supplied by Dr. Didier Trono of the University of
Geneva (Geneva, Switzdpf88@). N wereifabel ed using the foll ow ng
general scheme. Mnor variati oMCAIn nmet hdd were tolerated. Materials
needed 10 nmg / mlL pol ybrene st @&k solutBon / sterile filtered (Sigm)
Opti-MEM nedia (G bco / Invitrogen) 1 % Fetal Bovine serumw th

anti biotics (Penicill #0008t regvgfyci n)1& wel | plate approxi mately 1X106
San-Bio cells Viral suspension ail ed®rocedure 1. Warmcell nedia in
37C Incubator. 2. Add polybrené®to 10 p§ / nL

[000156]  All animals underwent siroke surgery, received fransplants of 3
m?edie passes (MCAo and MCAI) or 2 needlé passes (T Gl}, and were freated
with daily cydosporine-A {10 mg/ky, i.p.).

[000157] The animals underwent weekly festing for the first 4 weeks post-
ir_ansplaﬂt. Half of animals were euthanized at 5 weeks post-fransplant for
histological analyses of the cerebral infarction and graft survival, phenotypic
expression, and migration. The rest of the animais were again tested
behaviorally and thereatter euthanized at 12 weeks post-siroke in order fo
assess long-term behavieral and histological effects of NPCs, For clarity, a
schematic diagram is provided below.
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(Add 10 pL of a 10 ng / nL pol ybrene stock solution to 10 nL nedia. M X
well.) 3. In a separate tube, Add 1 nlL viral suspension to 1 nL nedia
cont ai ni ng polybrene. 4. Rapidly thaw a SanBio cell aliquot in a 37C
water bath. Rinse vial with 70% Et hanol; wipe dry. 5. Add entire contents
to a 15 niwoemdadsfadge tube containing 10 nlL pre-war medediBSE00o89gent |y and
spin at 1000 RPMs on a | ow speed clinical centrifuge, roomtenperature, 5
mnutes. 6. Gently pipet out the supernal and resuspend cell pellet in 2
mL prewarne¢l media containing virus. (fromstep 3) 7. Transfer fontents
to one well jof a 6-well plate; pl &ekeagwdgshe 37C i ncubator, Incubpte for
3-hours B. Yash cells in 10 nL prewarned PBS, twce. 9. Resuspend cells in
20 pL PBS of nedia of choice. Trapggf@bml@s@ 1.5 nL Eppendorf tubg, Keep on
ice. Cells argh@asyost-Srokb; rmlnﬁﬁtr@i:hlﬁﬁlme %%}m& Qnrt@st&d?fst S:

Ani mal s werg subjected to the follow g sensorinotor and cognitiye
behavi oral peasures in the armacol g st udi es of NPCs according to the
i nvention: |Elevated Body W&"*PB%‘HS% BEFPORBIPHEL Water Maze (MAW)
Beder son Nepr ol ogi cal Scal e [ 000160] Elvevat ed Body Swi ng Test (EBST)

[ 000161] The| el enaire@drabrody (veaakingvet €8écké BREI)2 wems pébFaldpSikistoppst ur al

refl exes and asymetrical trunk functilon. The EBST test has been
denonst r at efl to show a long | s“ ! of c!)stt folllantV\itng l\/CAo and MCAI

i schem a in*t I 5 ; Ve
avoi dance deficits fol | ow ng occl u5| on of the i ddI e cer eb aI artery:

Physi ol Behaagodd¥]S1 881 BOR4ikd UsR8GHE- %&mi%&tb%%.erne%m "Early
assessnent Obni9ky: pIRA b9 THSDibRr THAB RS e Wniedity b GaRevf the
m ddl e cer ebcheds, [ShitterlantigUNFOMIRTE 1absR88RINg Bi3BilGriRd gerldrainas al so been

eval uat ed i nschesealVihdraasaions iribmod Reredicasd.f or chronic stroke. C
Borl ongan et al., "Early assessnent of notor dysfunctions aids in

successf ul dédsledsisotesadt he m ddl e cerebral artery? Neuroreport. 1998,
9:3615-21. 0 mg/ mlL polybrene stock solution / sterile filtered (Sigma)

Opti-MEM media {Glbco / Invitrogen)

1 % Fetal Bovine serum with antlbmtacs {Penicillin / Streptomycin}

6 well plate apprnxmately 1X10° San-Bio cells

Viral suspension

Detalled procedure _
1. Warm cell media in 37°C Ihcubator.,
2. Add polybrene fo 10 jg/mb

(Add 10 L of a 10 mg 7 mL polybrene stock solution to 10 mi. media. Mix
well.)
3. in a separate {ube, Add 1 mL viral suspension to 1 mL media containing
polybrene,
4. Rapidly thaw a SanBio celi aliquot in 2 37°C water bath, Rinse vial with
70% Ethanol; wipe dry.
§. Add entire contents to a 16 mL cenfrifuge tube containing 10 mL pre-
warmed PBS; mix gently and spin at 1000 RPMs on a low speed clinical
centrifuge, rcom femperature, § minutes.
6. Gently pipet out the supernate and restispend celi pellet in 2 mL
prewarmed media containing virus. {from step 3)
7. Transfer contenis to one well of a &-well plate; place in the 37°C incubator;
Incubate for 3-hours
8. Wash cells in 10 mi- prewarmed PBS, twice.
9. Resuspend cells in 20 pi. PBS or media of choice. Transfer toa 1.5 miL
Eppendorf fube, Keep onice. Cells are ready for fransplantation.

[000159]  Behavioral tests: Animals were subjected to the following
sensofimotor and cognitive behavioral measures in the pharmagology studies
of NPCs according to the invention:
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[ 000162] EBST i nvol ves handling the animal by its tail and recording the
direction of the swings. The test apparatus consisted of a clear Plexiglas
box (40 x 40 x 35.5 cm. The animal was gently picked up at the base of
the tail, and elevated by the tail until the animal's nose is at a height
of 2 i nchewdHoaawssabove t he surface. The direction of p¢imeszewsinogly eit her
|l eft or right, was counted once the aninals head noved si deways
approximately 10 degrees fromthe mdline position of the body. After a
si ngl e swi ng, EltheedBidvedwihg TRkEERSTPack I n the Plexiglas box and al | owed
to nove freel pokiokR&r MeeqpieMpri or to retesting. These steps are repeated
20 times for eakhoaiammdiogiddsaakl y, intact rats display a 50% sw ng bi as,
that is, the sane nunber of swings to the left and to the right. A 75%
swi ng bi as wdibelisohdi EeveiddBedy Dgisg TestERSTi rection and 5 in the ot her
during 20 trials. Previous work with the EBST has noted that | esioned

ani mal s di spli&§t871b% Ohastdatad gy avingéest (E587T) onesuentbhsiabbsoah

ni grost ri at alrellexes e asysymeidtalyrunk funtiitdsl §he&EBSTdedtdias bremont hs

[ 000163] Beder@@?@ﬂﬂéai@%ﬂﬂcﬁypm loBg &sting Gdio Biving: MBPderrsidviCA ur ol ogi call

scal e nmeasur dgchg@ipso fharetent. tGHeodongen ebald Srogomoter and! passiRat i ddl e ,
cer ebr al artéi‘f%‘d@‘(l@l@ﬁ@tﬂ%"waﬁf geglysiom o thetipiddlpserebrai adetdvidiysiohent of a
neurol ogi c e Y dPPHIP8908 1o ke alergG: Bortongarn & al. ViEary essasaeef of

"1 ntracerebr eﬂ‘o éﬁ‘ﬁfluf‘ & 3d Ip jecaessiul osplpsien of tog mirkiimessarakarisinat i on.
Stroke, 1998; Y bAPAGAP-2d. {ieR ala b vmfvatrsinaetisl e deficit over
time as meas J‘fa ttof? Eﬁcﬁ‘i.‘}ﬂ'é strpke. FoBerangan gido &Y t he MCAI
stroke nodel € eg ] ?ﬁssgﬁf’@?guﬁ'%"fé@%ﬁ"ddﬁe Beder son
Neur ol ogi cal “S¥XH Fi€E%o 88'&? B Hg> the procedures previ ously

descri bed. A 0 [ r._eac r (o) ta si.n 4 tests which
i ncl ul:l,e: (a) E‘% gE%S. VO?VG@%@%E“ % ?ﬁj tb e rfj'ﬁ r aded frijm
0 (no circli E(é g&ggpﬂ 5, 11 e SIS hi ndl i mb
i b blg éfﬂ b & g i ndl i

retraction, z@véfé Rl e g F‘i" ff"’z% &)t he

n Rféh?gtifﬁéf’ e 3u céPHﬂc%h eef%% eaﬁ és? i ke 5/ tdd oM 0

repl acement) mtdﬂﬁéb rh's g@ pr aQnr;lQ is af:% readily
traverses a hedp xé’erél 9'&9 mBe eIl)Pfo Qéooﬁdéﬁﬁm%‘ ﬁn 0 stay on

t he beamforrﬂa@s S ropRthd thdRha mfa@rﬁmﬂgriﬁt%&m h nmeasures

the ability tplap %rﬁmn@b:%snmﬁﬂ@rmé SimShefer bOSingd RARE 1d afn@r arat wth
nor nal fOfep&Wh@hQﬁpW%Qh@fglt%s wéllBinfigste a5 bAlngd B EdiRts axP Wi th the
forepaws. [ 060166 bifeedsary ZBiihls0Prélidusdvorientisthe MBI ha Rid0RR over a
period of abslonddbaniinnlstdiplan-T536 biasetadsmititindane dichipated to give a
neur ol ogi c dsifbrcsiriatadleeion; 4evaxharynis pableiftlup iseameontds?) . [ 000167] Morri s
Water Maze (MMM

[000163] Bederson Neurological Exam

[oon1e4]  The Bederson Naurological scale measures sensorimotor fasks.
J. Bederson et al., “Rat middle cerebral artery occlusion: evaluation of the
modet and development of a neurologic examinafion.” Stroks. 1986;17:472-6;
M. Alfumbabic, "Infracerebral hemorthage in the rat: effects of hematoma
asplralion.” Stroke., 1998;29:1917-22. Previous work has shows measurable
deficit over time as measured by the Bederson model in both the MCAo and
the MCAI stroke models in rat.

[000165] Abouione hour affer the EBST, the Bederson Neurological
exam is conducted foliowing the procedures previously described, A
neurologic score for each rat is nbta;'ned using 4 tests which include:

(a) observation of spontaneous ipsifateral ¢ircling, graded from 0 (no dircling)
to 3 {continuous carcl[ng)
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[ 000168] The Morris Water Maze assesses several aspects of cognitive
functioning, including task acquisition and retention, search strategies,
and perseveration. The water nmaze task is presuned to be sensitive to
damage in several brain areas affected by MCAo including striatum and
frontal cowoeres/feeB0169] About one hour after the Bederscwiudseisnoioogi cal
exam aninmals are introduced to Morris water nmaze in order to assess
spatial nenory. The Morris water maze consists of an inflatable tank, 6
feet in di ang}esntaiderd Hiedimbdetpctiohhehitlamkasipes the bbigt of\Hielanib@alicm of wat er
and nmade opaiguepibge thd dindlimB aflemit isafspiabéddatesally b 2dostcal, lgrapkedfrbor m made of
cl ear Pl exi g fimsevistdreplacément]) @r3 Sepd@oenidice mnutesdhranet er was placed into
1 of 4 posi tieplasement});he pool. The platformis 1 cm below the surface of
the water and thus hidden fromthe view of an animal in the water. The
pool is di vi{gkekdrmwalking abilityuguidedsh O $oraf rabieiabadily bbvereean 84-cnFhe test rat
was pl aced iwideHi®-podinofhesiniy dfnea st deatdd totdry ardhikbegrd ferdlleased at 1 of 4
starting posicPadisatdhorth, south, east, or west), which was randomy
determ ned, and were | ocated ar bltrarll at equal di stances on the pool
rim The pl d6}iiaierakderepai arasg, Whick ﬁ@aﬁ#ra%ﬂhe a@lfftytt%aolgémqﬁaﬁyv quadrant 25
cm f rom-t he iBeter slae! rqh gradesh ¢ 8?)(@??“"@/&@”%8%@@&' gPeiing Belieiof rj al . The
ani mal was dP\?’éW%f?ﬁP@ﬁh‘?@t@ﬁp‘ﬁ bel¥ARAY% 0 find the platformand all owed
to rest on h& ?tformfor proxi mat el 30 seconds and pl aced back In
starting pos[ %t oﬁh@é‘ct"@ei""b?“@tqs@ (FO8@ QYT 8§ft| ons

det er ni ned tes ongach ag eSFE'FP‘é@V't%eﬁ ‘i’ﬁfi“f’ﬁé’elﬁ Hogif at f orm wi t hi n
appr oxi mat el ﬁ% SEE “"f’tpoﬁ%i esFUtelf on the platformand al |l owed to

rest on the rm.tor . v, 30 seconds. After the rest period,
the rat was i§+@'§2ﬁ bacRFH 0 was tested again for 2 nore

Conduct ed ofodRisa) "0 ﬁ@w&ﬂ B zafasée SEH doRffuelay was
conduct ed or&u g utu%du% cm a?ﬁ‘?e Eledal raining trial
and t est i ng,otliGekfibn, MR, ﬁ@ﬁma @%%Q;é e e GGt ng_pad.

The sw m paﬁ@%@&?ﬁ!%d@&e&@bﬁ f bf‘iwdA STt G BRE FloR Léd?tei‘ conput er

t hrough an I'mage anal yzer. Escape latency tine to reach the platform and
path | engt h (dmRedNi MbosVEHE Hour bitdrdnd b@dd@é@irf:afrabg@éa%x&r%emms assess
acqui si tion aeé intr BN tEMofFRARabAGKze U JBTIdg:sBRE8Th dhbyl angt h/ escape

| at ency was MgslwhRr 25866 didie ofa andtabiatink e feyt inldianiitsr dnd 3Bés task. To
assess r ecaldeepf Thd@inRlat itsdvigo$2 tn@fwater 68 Se¢OBshqueyadiingal Wi th no

pl at f or m i n s0beni pOEIlk.Wars 1 tahetl plettarmomadayf dear Plexighasedihteageuiaf ti me spent
i n the formeurfpleatd @n n glaseter oas pasedrintu 1 oi4pbsitibfO MRS LMIAThset r oke

surgery: Al pigfumgischtm peloedbe sedacsaf érecmatesuaiidiols hiddier fraus Bptviav condi ti ons.
MCAo st r oke opaaridut sdhavwater.t dkepod isodividdiEnioifoierpbdeels dfeqpadr t i cul ar from
C. Bor | ongasursdceadrea. Tighlesitiatway glasgbinitieepod! faning ¢hie side phthe &nk Wi t h damaged
bl ood- br ai nabdrel¢asedadbt sf 4 otartingraisitione {emthi sntiqfeaplaeswess), abthdance:

Neur osci Reas 1ggRmiBdetasaalend Berelondtad pibirarilyrat eqed distdneas oof successf ul
occl usi on wd paol Hinndéie piiingn wak denatedio sl reiddle bathesoutsiaivest si gni fi cant
(>75% r edu@uadsant3$ aefrebilad Petlgiod Thesiarapmintivgsichangedradier eaddc| usi on. MCAo
produced cofil-sTenanioprvan giveraprigdnaipe Ucﬁ?lsﬁrgﬂm fied thelpiatioimgedy: The MCAI
surgi cal pr 8iire res of dwcplpia GeARENINglely0secopisprdplacad bag i al

Cel I - Deri ve!!\ mﬁ%p%m tor pdetabef §‘§@@F‘§f¢(§j%ﬂ mtiong drierniaed atiuced | nj ury
in the CereFgpmed)ihesat faﬂfﬁé‘? f“"@l thel\iié‘fﬁeﬁé’@tfémﬁ"thfﬂ?m?x@a&@m@ 4348. The
Laser Doppl E#COfds iayvaphlacesy 5‘? ?imesﬁo feshen ﬂ@rpiatm\rforpr oduces

consi st ent B‘?WF‘H@F"'H Eﬁﬂ@ #ips Pleced bagsiBl  occl usi on
t echni que @% te é’@ ‘ tf‘g P@gtdéiééi"%%‘ﬂe °vent ral
m dl i ne cer ‘?FQ—L tr;gmgﬁ:lay r ?rlpé%b%@?bs?%w é t hr ough

the alar fo r‘l’&laﬁ?&‘i’%q were used
5 %@%g BT
h?SBocS:a(r)rpvmal 1k tRE@P%FWW %@%‘? b@{s%wew & Pr ecur sor

Cells were pr ovi ded by SanBi o, Inc. (Muntain View CA). These cells were
produced generally according to the teachings of PCT/JP03101260.
[000174] Grafting Procedures: All sur&f’cal procedures were conducted



under aseptic conditions. Under equithesin (3 n/kg i.p.) anesthesia

(ani mal s checked for pain reflexes), the animals were inplanted with NPCs
directly into the striatumfor MCAo, the cortex for MCAl or the -

hi ppocanpus for TA, using a 26-gauge inplantation cannula. See generally
Y. Wang et v ze06/@64al Cel | - Deri ved Neur ot rophi ¢ Fact or p@roseedmsgai nst

| schem a-Induced Injury in the Cerebral Cortex" 1997, J. Neuroscience; 17
( 144341- 4348 aagehs GoquBsiidnart ganwater-alaze 257 SWEDARNE ueibgmf, cryopreserved
human enbr yolemgtiéascapaiaimneyinns ussl eesen shd Hbi3 &ﬁ{:ﬂt of rBfsQiRieSS functi onal
recovery in Kaskh@oessesataali ofthe pieform bositlO8 5049:0pdGraie tHSWRRIESer ved
NPCs wer e obphiforstindis pap! e unddriutds od dag D;aseskrbaaid of tMeadehi kY cel |
counts, usi nfeToyphaatiBinupositon wiss raonitvetdhod, were conducted prior to
transpl antation and i nmedi ately after the transplantation on the | ast

ani mal reci pl®RE7CITheMEAedbie Nimey: Albsurgidd pesedtés @0, coh8G::&P0 and

200, 000) ref BRdes geepiic sopdiinns ofiChioabbie pretédires Traam tbafbatth@n surgery were
carried out pwkie i2pedenar fefm 6 Beiiengen gt alh Lleali¢ sycldspbiiss-an rate was 1 ul
of cell sol ul“ieﬁhﬂl"p‘érfafﬁi”ﬁhﬁ@mam blgodl-begin befriias idoes hal iBpaii retdréiombs or pt i on
period was aPRSedveidIses NaveosseRen- 49 §2ﬁéﬁ-’2%t Referindiemtin pactpad and a
rectal ther nIHBRLY SHegetdl avstisiop uips afleinpérdinga baser Dappiat the? Deg C

t hr oughout s’i‘f?“’%% ‘%S'ﬁwaﬂﬁ?w%)mwmfsﬁ@maéﬁ%q Frvetharing[ tbO 045 St at i st i cal
anal ysi s: aIMQfé’t%{‘”q\%ieé CoReiFlgAetiala dagagepeat ed neasures of ANOVA

oy ool BT

treatnent c inst a"_ il

Post - Tr anspl S en[|1 [Vpmg ) E

as descri be ﬁatl n & 6 % i‘?"dYan%%ﬂ“%ééﬁge”
_port-transplant at i ?%ﬁ?ogﬁhs J* ¢ famage000177] EBST: For the
vveeklytestl rt |.ant ation ovraII ANOVA
ORI aﬂ%&ﬁ .»&igsm&@rbsmgfeﬁsem @@H A ?%“’5; ! 2. 0001)
(Figure 1). TRSeRESBOIENGma s gm @%u s; ?fo%ﬁﬁe Yigie 0. 000> 407000)
nere also ossaiktrgiariindthipe Bl i ti cantly
reduced in easfosibr {SWRIkRL THRAE éhrﬁkﬁ%ha%rb@ Q%o%tté g gred to

basel i ne (pcéreﬁra@:s@ﬂ&ﬂib,,wwédh ﬂ@ﬁﬂg% n;bg ggcovery Séen at one week
post-transpl antation (p's <0.0001), and with stabl e recovery displayed for
the subsequeouo1rhy ee NoRRIS! MeSkmstl GIBP NBlkALIfBurRPBloGalest S T eveal ed
that the si grovidedagtSaneiduiet] gVMoliaiiiar CARYTH¥BS Edllsderd phRiBked

post - t r ans plgemerallyi saxording totie hdHigls AGOTRFORE2d0NT ee céll doses, but
dose- dependent effects were seen at 2, 3 and 4 weeks post- transpl antation
(p's <(105) [QUEHGEr e W@M@%ﬂmﬁeﬂﬁ&fsv&éﬁec@mﬂ}deﬂ testing over
the four welRdergeentic condifinnsl Hndertduifiesiv@nallkh i ANEMVAI@e@hrdlsi gni fi cant
mai n t r eat nBffcked fos paig reflees)] the @ijadls wpredOipROE)Y WiRINRCediRkty fitte hi gher
doses of 208ecdityn frMivAnde: eatexdordGA & Higlobampusfor TGERRIAG | N :
neur ol ogi ¢ @&Pidauge @éﬂﬁf@@ioﬂh@muiﬂeSB@mﬂﬂmﬂb%Wﬁmgﬂ&Q “GbilGei{ p's < 0.01).
Inprovenent@e‘i“{?dﬁ\!ﬁ!ﬂf@mﬁ e agior Peitects Aoains! Isvbemiadndmietiilgjarytih sher educed | n
each of theCrighral kadps 9t J.tiaunessienneal’i (Bh:49igadiand 6. basel i ne (p's
<0.0001), wPeiPngar eeie “trommianiativetal ervopiepersedimeran ewlyonalme i n t hat
transpl ant e?i*@ﬁ‘i”ﬂﬁﬁ?“ﬁ@r”%%d“ﬁ%@@lfs) gronmlesjunptidnal rewwkey in

C n e set at < 0 05. Posthoc tests included
SHEAE St rgical pEigeddre (pdescabar 05) bet ween

d %E urotroiig F f’b‘?rﬂtﬁﬁtﬁr Weeks
3

A ddPH the McAo procedure

mﬂ

post -t ransp g &P@& 11988449&;@@%%0%09%3@@@ HWRCstweom (p's <

0. 0001). P 8‘?: sefisqlasael herain. YTty cellaeunisedsing i on i n

neur ol ogi c YsEon et oepie serquciedarsrp Aansplantatioi andnot  di f fer
acr oss the @t%% ﬂ&F‘o’E P*%*Eﬁfm 8 Upg \gHl sptbenb EeciimntO0® prerd 200, 000
produced b e[t Po?h@(}i%i’@g O&W)W@W@%tqwmt&rzf%eks (p's <
0.05), and ¥ ek, wies ovbwillbnB Bous =B0) wer e seen at

Acqui si ti ong g‘{ 1ean RIeEmeHgd Wae plevrd befie thgdwrdle was

post -transp A o%%z? a A espameEgmaBtadeghioty cant mai n treat ment
effects (F2,21 = 2.87, p 0.08) (Figure 5). There appears to be a trend
towards | onger MAM acqui sition time over the 4 weeks post-transplantation
period as reveal ed by |onger acquisi®ion tines at 2, 3 and 4 weeks
conpared to baseline and 1 week post-transplantation (p's <0.01) (Figure
6) .

{ afef X2
3 and 4 weq an% 6%6% ?‘E{'ﬁf’ £ M@ (b obceligoltinn Rernytie fﬁaﬂowmomm]w\m



WD 2004/ 096640r CT/ US2, 006/ 007917 [ 000180] MMM Probe test Time to find the
platform For the weekly testing over the four weeks

post-transpl antation, overall ANOVA reveal ed significant main treatnent
effects (F2,21 = 61.33, p < 0.0001) (Figure 7). The higher doses of

200, 000 anwolEe/®eaocel | s pronoted significantly shortervsmeebmeat i ng t he
platformthan the | ow dose of 40,000 cells (p's < 0.0001). Inprovenents in
the tinme to fammbrathee gilabbhtA7rDaRE Graighoitfduedny hod wrRidkeeskry Rogach of the
four weeks pesgsiitasinspl antati on conpared to baseline (p's <.0.0001), wth
a trend towards better inprovenent over time in that transplanted ani mals
performed befQi8i7t 23i@stnatianhee Behpdsital datanenl anlyakd ogngonpared to 1
week post -t r eapepled messines of ANSVA WithOddiblical Figaifittoee kelsdtp < ®usal ed that the
hi gher dosesPesineoesS0tliuded cbMPrdUSedirtests bedvedl gighfficaaaireyensdor t er tines
to find the {Wutf&bhbetivaen trthmeniroddiSenstO, 000 cel | s across the 4-week
post-transplantation period, with clear dose-dependent response (200,000 >
100, 000 > 40Emm5ﬂes’3éef§¢é9 @saﬁawwméwrﬁ@yrmhwpsent ation (p's < 0.05)
(Figure 8). [wosa@rfatigébM Probe test: Time spent on the platformarea. For
t he weekly test| ng over the four weeks post-transplantation, overall ANOVA
reveal ed si giPP{%@nt Fha festanimalpinderwentdee MCAPprocpdurerss dpggribed< 0. 0001)
(Figure 9). JJfcHihusre gualuatedveolyfagdur asakspal-tawriestation pitbiet ed

si gni fi cant Iffz"‘?“fi I[tq mes spent in the platformarea than the | ow dose of
40, 000 cel | < Ti Jres s ent |nth platformarea were
significantl e ‘nE f J‘R‘g ?p?ﬁ*'anspl ant ation
conpar ed to ﬁ'l" og ﬁ-‘fgﬂﬁ

' 0.0t Fg B?ffﬁ%fb 3
i mpr ovenent é/' Gi& E?ﬁ%g dy g;r‘ﬂg etter at

and 4 weeks

post - t r anspls 5\‘? Ted that the

hi gher dosese&,%, Fonger tinmes
spent in thegp cross t he

. féﬁ

E af's Byd P
4-week post +fgh érﬁ!a b tﬁgcfé‘%fs' tﬁaﬁ Eﬁuo}x‘? anpl e 2:
NI CAl Resul tzgy g@ﬁt{%eggbgt_tr\gﬁ shiRs 82] The test
ani mal s und@bwbutt&teel\ﬂ%be:m&@ 8 @ﬁﬁfz ghd were eval uat ed
weekly for frangplaveeich (pesd a.bsRRFANaN! ati on wtth the |OWI ng results.
[ 000183] EBST: For the weekly testing over the four weeks post -
transpl ant af@an7gjov eBakibrsAMREA Fa\ieaeskBleglig dvenhe fo@iweeks aent effects
(F2, 24 = 76 ratsplgntatiod, 0004l ABVaUERakl)signtenthah eeatinsesidfs 200, 000 and
100, 000 cel (2,21 adwsSep <0 BKFigEre@Y.chy HighemisRisQf 206¥00&id Y than the | ow
dose of 40, 60Q0¢ktels prphsiedbeb@thprovdhenti®haurolagiy BRI toMBSha gni ficantly
reduced in &wdowdbse biedd e calie Rs< Pad).Impavepbats tratdwslogloagmited to
basel i ne (i ferepwertigniioantihredacddan erdtaiee fpudwegiteqyatt at 2, 3 and 4 weeks
post - transpffﬁmﬁﬁwfaiﬁﬂcmafwdf}bemhee(@/9&0@&1);%attﬂeadtnvgirm cell doses
si gni f i cant Pgiler étprosemanitayer iy inthatritynpdented animals peverhaibatiesa, Wi t h
dose- dependént 2 4 Weeks pabboomiantdionGosparedd; 00BEkpegn at’ 1 week

E

@ =5
=

2/
5.2

post - t r ans piraprplntadian (s s 0Nk Pogih %tﬂﬁtﬂ repgaled gt the significant
2006/ 09664 0ISHRESHID pEYOlPgiCsfigberpss Rd digekaesteansplamation did naeekl y t esting
over the foliFerfERssibe thves ﬁ%{ﬁﬁsﬁeﬁqba&theh@h&o@&@qo 0AN@wd 208060l ed

si gnifi cant*'-’r H"??d bregﬁf'i?éﬁ‘fe%ffﬁéé‘ﬂ%f pso 40,808 cgfs at g vweskoBys ¢ Fi gure 13).
The hi ghest 2’1 Repdentefiats (UG HI0S19:800er 40,00 wieearenen i n

neur ol ogi ¢ YeFd W% ResHrasplankion gus 1 8<00) fiowre 4D00 cells (p's < 0. 05):
no signifi C@Qb fe wee,f u d bet ween the nedi um dose of 100, 000
cells and t §ﬂ\g Cqgs Upsswesigy foting ovey ﬂ"P #eekents in
neur ol ogi ¢ O‘(ﬁé"?" |"‘1"‘f t’] ’Q‘W%téﬁam egliteht of the four
weeks post- 8“”?0’ Fpearsjo e adrandol) , ‘and stabl e
over tine ! 5'@%?3‘(9’" P%‘Fﬁ: tH@'ﬂ%ﬂé"’é‘Fﬁ“@@ll doses
across the t&\% g %ﬁ' Fggl g 4 wogks compaekt s reveal ed
that the hi ghes ose 1ore O'bmﬁjﬁgé) #WeP)recovery than the
| ow dose 40,000 cells at 3 and 4 weeks (p's < 0.01); no other significant
di fferences were found between cell doses at earlier time points
post-transplantation (p's > 0.05) (F%ure 14). 1000185] MAM Acqui sition:
For the weekly testing over the four weeks post-transplantation, overall
ANOVA reveal ed no significant main treatnent effects (F2,24 = 5.78-16, p>
0.05) (Figure 15). There' appears to be a trend towards | onger MMM
acquisition tine over the 4 weeks transplantation as reveal ed by | onger
acquisition tines at 1, 2, 3 and 4 weeks post-transpl antation conpared to
baseline (p's <0.0001) (Figure 16).



[ 000186] MMM Probe test: Tinme to find the platform For the weekly testing
over the four weeks post-transplantation, overall ANOVA reveal ed no
significant main treatnment effects (F2,24 = 0.62, p = 0.55) (Figure 17).
Over time post-transplantation, significantly Ionger times in locating the
pl at f or m veoeossebaed (p' s <0.001) (Figure 18). [000187]ddékisRsoebeeizest: Tine
spent on the platformarea. For the weekly testing over the four weeks
post -transpl antati on, overall ANOVA reveal ed no significant main treatnent

ef fects (F2,[2007802. OV ProBe W8k Tk GHIR! 1O biatidht. @R Meddyend of | onger
times were sipsiitg over thb eoup hvabkopdst- 8aespldRion  dveraA-AMEska RQSHz4 r anspl ant at i on
period conpasigiicant hais ébhineen( pifets #2091 61.83, anso.end1) gaggedgngadent effects
were only sdughentiodeswseB0,p08aRd 1G0GQ Nt Mdﬂ?grﬁfcﬁﬁﬁ)%%odelaﬂ}ﬁle not in the
ot her week! yotadiay e pistfoparthadbe (g dose D408D0 LHlisgpis @ GAR01).Exanpl e 3. TA
Resul ts - Wiellorefrentsfoie fivdeck sindtet plidifoan werasitGiidantly fdaﬂeég&&] The test

ani mal s underask of thelfer Webkp pad ddosplardsiiod esopaied do bixeiie: (pand wer e eval uat ed
weekly for fGeH01Wedks tpodttowards beltanmprbiamentiotds tifkeinfiiedt] owi ng resul ts.

[ 000189] Bedédragaplanied animatsrparioemevbiaiiey at 2 Standg woaels poste f our weeks post -

t ranspl ant atﬁaﬂmlaiﬁia@fmommm1%&1036!1‘&3189!&11%1@3@{3 €«R0B0T)r eat ment effects
(F2, 23 = 47 Fy3ihop lests pudsleq the ﬁhe@n@@)dmﬁhef Hi0Mrardd9e$H00f 200, 000 and

100, 000 cel [P oaificandy shorter tipes iafirsibe platferaulhan Ggilewdess cit scores
than the | o998 &eltacuessdop 4week postdrasspiantgtimn enoﬂ,ng A% in
neur ol ogi ¢ G’@??‘Heﬂt EpANEg (9000 {?Q%ﬁ@ PY0)seemdictiandd waehs of the four

weeks post - PorrtaRspipaiation (Po 8RLEIREE $lo basel i ne (p's <0.0001). Post hoc

tests reveal t C red on i neurologlc deficit scores

at 1 week p%‘%‘ié?%ﬁ @Ws‘%gg%{?s %G"Fh %PS%@F’%ﬁg‘&N@fﬁﬁr ee cell doses,

but the hig very t han the

| ow dose 40, ég “ﬁgg 86 hd dose- dependent
ifi

egsil B
%a%n i etanun ge
ffect 20
Sostect?a(nspE?% OS(H e@ %Eﬁéﬁr@ f?' I, tha 6'%’? Gg (P:,gﬁl sition:

For the wee ggga §pl over al |

ANOVA revea 8, p <
gér%ﬁ?lec[? was

0.001) (Fig i
0000 o b %’i e @'%%i@égoﬂs e

transi ent spgobd) P&%sdt@ﬁ&%@&%@tﬂw%@ﬁ rrdo%&'iﬁobéé @ﬁoal yeek
post - t r ans phraghicd AhitaRRAL r&;mehakﬁt@’tfet&%ﬂam i %%00 and 40, 000

cells (p's dodd A0 celld8E08d e U, weeRHDSE trafplahBlibh P&idd (B @35)2 3 and 4
weeks post - {Rigusepbpnt ation conpared to baseline and 1 week

post-transplantation were noted (p's < 0.005) (Figure 24). [000191] M\WM
Probe test:Edampist MCADREdEtsp! Babhiyfor Four Wheketegitl y testing over the
four weeks Pessplantaiiopl ant ati on, overall ANOVA reveal ed significant main
treatnent effects (F2,23 = 30.98, p < 0.0001) (Figure 25). The higher
doses of 20@R000RE]andltk0®siGotnae bhderpritbd RICAS pgoedure aptibsoribbdrter tine

| ocati ng t hebqyeaarfdovere ehanaiot webdyviatdae webkelfodG8nspidritsiohwits < 0. 0001) .

| npr ovenentibe ifellowiig resulte. to find the platformwere significantly reduced
in each of the four weeks post-transplantation conpared to baseline (p's <
0.0001), wilPROE3 r erfeBEBWEerdke Weeltytestingovsy éedonr veaslis postre i n t hat

t r anspl ant dingplenialien, puernb AMSY Aosvealed significanhaiei tweibkent effects

post - t r ansdFa@tat (%, eonpap@l (tieure 1dhdhe highekdoses of 280.20midant ati on (p' s
<0.0001) ; HO&IREcelivrpduges\helipeigceveay fr@m@qiwmm&séwaoﬂh@w 000 cells
pr oduced m%ﬁ?ﬁf’é%ﬂ@q9e*?§rﬁlbﬁﬁé’rOthe’Bﬁﬁtf@OWﬁwm@mﬂ%ﬁimﬁnanﬂban t he ot her
two doses dfduasd imeerhal hefounaecksgwptisansplaptationic@npasedio baseline

post -t rans Pﬁrﬁ%@@%h jbyhesa’ [asovendis igyed 9%, Bend Ravasikpphstgher doses

exert ed betg FPip aﬁgﬁtﬁf’ﬁeﬁ rﬁYﬁﬁ' h?igﬁzﬁlgﬁgfﬂaﬂgﬁp ﬂjggn’ﬂ)b the | ow
cell dose osepdpp ure 26
[ 000192] M/\ﬂ%ég?) 1gu(§él% %3,33 i U‘Srﬁeﬁﬁ@%w‘l&@& pRshiapeia egﬁwn (PRe .
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weekly testing over the four weeks post-transplantation, overall ANOVA

reveal ed significant nain treatnent effects (F2,23 = 54.06, p <0.0001)

(Figure 27). Significant dose-dependent effects (200,000> 100,000 >

40, 000) were seen over the 4-week post-transplantation period (p's <

0.0001). |wozoiobécen, over the 4-week post-transpl ant atgmorms@ené®d, | onger

times were spent in the platformarea (p's < 0.0001). Posthoc tests

reveal ed that the higher doses of 200,000 and 100,.000 produced

si gni fi cant | joobthger Bed@soseentor etk atifi9 bveraieRut Raskstpag. | ow dose

40, 000 cel | straispBntatidn,LoverdieeNpos fevbbien siphifeinbinaPird@hemérbdls S <0. 05). Al

2 weeks post{fi2Zarspbant a0l (Fiqnt Y3} dehigibssiose of Pogjormezens oduced

si gni fi cant | gromotegidretter improwatnt inmetivtoghl defitiDsdtray 1Ran GRNIPAES dfo t he ot her

two cel |l dosé@0Gheeds 40s 8%)05)Fogigicas)diferéncasples: Hundbaivebpgiecal

Exani nat i on mediém\iek sf Filk060Teedln apd thetiaw dose df 40000 3¢IRarEigokyiasel ect ed

ani mal s wer dmpmvemsnissd natrobgivaielict prosts-were aigsifitany adduead saeh Tabl e 3) .

Hi st ol ogi calofdsaisineethsresiviansplantartior doropared ® Haseline (par.e®@1f,or each dose

and stroke t . M@@Wdimyherqm he algnifeanbdifibrpaess mawbeh @il y be

performed orfQ§eaperosiheiwasiklynstroingly wores iy’ adeD5p nP@RRuEpsts | uor escence.

For the ot hepvaslest haidhe bighepladoaest 200:000spksprbtivmidibgtierreasienghai f f er ent

ant i body martRe oy desed8igiceheiiorngdy} wedseip's s, naoethsr sigrifisastr al

descri ption q'@efg?%mwpéﬁetﬂ@_&]‘W@Qjﬁﬁﬁteaé!iﬁf fimeaiointsgmpstepi f | uor éscence

reveal ed dod&rsiapairiens PR (Flawe14al (200, 000> 100, 000 > 40, 000) acr oss

all three str, S g 32 .= 3]3_ .9€ p <0.0001) (Figure 29). Mean cell

counts of CEMH Wy (;g\ffz{? \g’ahﬁ Kly frsting qéar topyforr weekso, 000 cel | s
Qi i

resulted i '.A';_‘ 1y i g‘é: 2% 3% pignieang iz ealippnt) e bot h

hi gher doseg, 6f . 100 et f%?ﬂ%q 1L ; '8 2R F’W@P‘% of

survi vi ng B3 Iy 5'19@?;{‘(85 gj’gﬁia %‘t RBst ent for
%i&% ta \y per cent ages for

2 = tion Guies s
each cel |l dose R/\erem(r?a U, fa’anoilnsi g%lffﬂic #Eﬁ”fq‘ ences (F8,32 = 1.67,

> 0.05) (Fysgers0) vl HenRRE ke R inS Rl Pl o0 acr 05s
the 3 dosestesﬁﬁ@b%r%e‘%uy@e mﬁg}%@&@% g\; o ﬁ%veelﬂgﬁ ft type Cell
doseStroke fyAficar MiCrSAtARn (B9 05D, W/t 35) ¢ ref&%‘ 05 MCAI'5
TG 4 200, 00eMefRst-transplantation, significanty longer times in iocating the platform

were noled (p's < 0.001) (Flgure 18).

[000187] MWM Probe test: Time spent on the platform area. Forthe
weekly testing over the four weeks post-iransplantation, overall ANOVA
revealed no significant main treatment effects (F2,24 = 2,01, p = 0.16) {Figure
18). Although a trend of longer times were spent in the platform area over the
4-week post-iransplantation 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 ime periods {p's
> 0.05) (Figure 20).

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

{009188]  The test animals undeswent the TGl procedure as described
above, and were evaluated weekly for four weeks pori-transplantation with the
following resutts. '

[000189] Bederson fest: For the weekly testing over the four weeks post-
fransplantation, overall ANOVA revealed significant main freatment effects
(F2,23 = 4733, p < 0,001) (Figure 21). The higher doses of 200,000 and -
100,000 cells prornoted better improvement int neurologic deficit scores than
the low dase of 40,000 celis (p’s < 0.0001). Improvements in neurologic
deficit scores were significantly rechsced in each of the four weeks post-
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MCAI 5 TG 4 [000195] Positive correl ati ons between graft survival and
functional recovery Regression anal yses reveal ed that the higher the
nunber of surviving NPC grafts (200, 000> 100, 000 > 40,000), the better the
functional inprovenent (Figure 31). [000196] NPC graft mgration: GFP
epi f | uor est@aE/vedeal ed that nmajority (approx. 55% 858¢Trafwdslerssr
transplanted cells remained wthin the original transplant site (Figure
32). | n MCAotrensplesititian teipari tmbsseliseper ab.00F- Peshéd 46isGaldatgcoul d be
easi |y i dent thit e signifioant redrestion ingicnadioght défialt adordy #NSAAHosE! t€S (629 in
MCAI t r anspl ensptintationidsiot GifEr gosistthy threstdisios @Bt hightdbsdy t he ori gi nal
cortical trah8EleandsI00s00(58%ced helthr réqovai@indnrihae R do3k 90 0aD IcBR S,
OFF- posi t | veﬁfc%lﬂlesldﬁelmkaép{swm}ﬁ%] mbdom-d@maénthﬁaﬁ@mmbﬁl tes (86% .
However , é@?gn@&%% 06@) visme hedvoatel veeslts Mt ransEadaioanpeck @os)nal s di spl ayed
nor e mgrat| @rafted cells conpared to TA transplanted ani mals.
Nonet hel ess, when m grat I on was observed, the grafted cells renai ned
within the geRBTHN t AMWid Aemasifior: fFor Hwtw@kbfﬁeﬁﬁnggvmﬁx@fwrmé@o was
observed wi tﬂﬂsﬁ""ﬁffff@’ ion enerali ANGXIrevapieH signifibant it teogtmeantd i n TG wi t hi n
t he hi ppocarfg%ls (E2-88 = D%y Pat 109 1) (Fidver R3Mvitiawewerdihidaignifivast char act eri zed
by grafted efl'tlelff?ﬁg"’"’tsrf@h{%%@ﬂfy bogriipe fgrhiohient dose 06200,880xmlland cor t ex,
respecti vel yPr Rerareieat sigificenidmproyement inpcyuinadbe kask af 1 weekm) and

_,“T g‘ H?_rﬁ"ﬁ‘? ﬁti‘? @ tep olber floses po P, A0ang 0081 i scheni ¢
penunbra wasv ook OREAACAISTOR timas at 23 qndl 4wesls ni grati on of
cell's was s ﬁr%gi‘lgé @%‘E%EEF[%E\;E’?’ eﬂmmkweqjmﬁ-fmﬁsgwataﬂgrm was

osT

characteriz i dentified |n the CA2 and CA3 regions

(1.6 nm and e §§( ely fé m h |naI CAltranspIant
site). [000 glgrg @ s t: e wepld Ywere positive
for GFAP (a gp %sgqna %qger rle"?ﬁ" were al so
positive forhi 26 (? 095 091 I | ese

obser vat i ong,-Wes g C@ °ft E’%e of stroke.
Exanpl e 5: Wﬁ@ hﬁrﬁh@%m "i@ft‘&?th i‘:‘d‘%ﬁ [000198] At
tvel ve weeksgad ﬂtﬁé‘&d&gm%él@ﬁd&-ﬁf&%‘%ta‘n%onh%pé t_underwent
the TG proo@dol ewis adRHE by ds BRRY RnpMBlandy é}% e fol I owi ng
results. [me;mmmagrpeﬁb@emge\f@glﬁ% d}ﬁisclwéé;@ ,{ esti ng,
overal | ANOMAmp@ee &l edn@ﬂmef($Q@d?—hraﬁﬁléhiétfeﬁ%gﬁ@()(ﬁ}ﬁ ‘?—% E% = 11.84, p
< 0.005) (Fr@ea:ed%)thmm@@sé mgrwu%izsqﬂnéa@alsfghﬁ%{t Mni@guced mot or |
asynmet ry atma2todnekBe pagibmi than i @hérdivb dBsEUT00, 860 Ine (p <
0.001). [oocaBGEE B@déﬁsrm‘ekk@stt-hﬂﬁemlamtbﬁ)nl&rmW<p%’9 Wﬁﬁémkm%nt ation.

t esting, higher doses exerted better improvement in finding the platform compared to

the low cell dose at 4 weeks post-transplantation (p’s < 0.05) (Figure 26).

100601 92} MWM Probe test: Time spent on the plaiform area. For the
weekly testing over the four weeks post~transplaniatmn overall ANOVA
revealed significant main treatment effects (F2,23 = 54.08, p <0.0001)
{Figure 27). Significant dose-dependent effects {200,000 > 100,000 > 40 ,000)
were seen over the 4-week posi-transplantation period (p's < 0.0001). In
addltton, over the 4-week post-ransplantation period, lenger fimes were spent
in the platform area (p's < 0.0001), Posthoc tests revealed that the higher
doses of 200,000 and 100,000 produced significantly longer fimes spent in the
platform area than the low dose 40,000 cells ai 3 and 4 weeks post-
transplantation period (p's < 0.05). Af 2 weeks post-transplantation, only the
highest cell dose produced significantly longer time spent in the platform area
compared to the other two cell doses {p's < 0.05) (Fxgure 28).
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overall ANOVA reveal ed significant main treatnent effects (F2,9 = 41.83, p
< 0.001) (Figure 32). Posthoc testing revealed significantly reduced

neurol ogi cal deficits at 12 weeks post-transplantati on conpared to
baseline (p <0.001). [000201] MMM Acqui sition: For the 12 weeks

post - t r ans NeE%oh t esting, overall ANOVA reveal ed nBCHPSpWGM0TANt nai n
treatnment effects (F2,9 = 0.36, p 0.71) (Figure 33). These results

i ndicate no significant differences in MMM acqui sition between baseline
and 12 week post-transplantation. [000202] MMM Probe test: Tine to find the
pl at f orm FoExample¥2 HiebitogicabExaminalip! airit WetlorPesdSramsplagietionl | ANOVA
reveal ed significant main treatnent effects (F2,9 = 6.18, p <0.05) (Figure
33). Post hoc {08893 evBaidsenls sgatied eaimelsyvare dulbatzead atd weelbipost-t he pl atform
at 12 weeks Pa¥planiabnr (segdisdis InHishingioabexarbabonsalénadin(ipd 402-801) .

[ 000203] MWW PrBbRmpiesiormasl dose and sirokerwep l/gcordinglyayemtitalios t he 12 weeks
post - t r anspl APAECEE 691HI¢ @%‘Vibﬁg%?gémﬂ grafendval @ud gigratiss asetiopant mai n
treat ment ef ﬁg&?ﬂ‘ﬂ(‘@??@ﬂﬁe-& ﬁh@&@efd{‘%‘ygiwpﬁﬁmt%ﬁpemlhQ@ t est

reveal ed si BH7g fEeprlaptiberds Baker i dalec pheteiwipparesion ank® at 12 weeks
post - t r anspl SHER BRI PEY4SS: basel i ne (p <0.001). Exanple 6: MCAI

Results at T é | ant ati on [ 000204] At twel ve weeks
fol | owi ng tr?eﬁéé FErap g?ﬁ’a%arﬂﬁﬁ F’E\ﬁ%ﬁ?“ t he MCAI
i y

procedure as agrpgs albihreadtivhe resul t s.
[ 000205] EBST I %0 {SGHDtS 9*:% overal | ANOVA
&

. B SHb b
reveal ed si ' resulled gplo
Ik E}?E%% o

0. 0005)

(Fi gure Sif).a_% . | m%éx%rﬁf X IEB‘EB(? asynmetry
al 12 weeks b obddint 'Fe‘?rt%? or CAPRH T rdped00L)

overalt AOURI L P S kel 10y,
<0.01) (Fi chitin Fosebosbeshentheal od STon Pl nant Py oridiata

neurol ogi cal deficits at 12 weeks post-transplantation conpared to
basel i ne (p TABLEAD Five weeks post-transplant histology

Grafttype Celldose  Siroke Type Sample size

NPGC 40,000 MCAo
MCAI
TGl

100,000 MCAo
MCAl
TGl

200,000  MCAc
MCAI
TGl

Foie: Al o T P

[000185]  Positive correlations hetween graft survival and functional
recovery. Regression analyses revealed that the higher the number of
surviving NPC grafts (200,000 > 100,000 > 40,000), the better the functional
improvement (Figure 31).

1000196]  NPC graft migration: GFP epiflucrescence revealed that majority
(approx. 55%-85%) of the transplanted cells remained within the original
transplant site (Figure 32). In MCAo transplanted animals, several GFP-
positive celis could be easily identified within the original striatal transplant
sites {62%); in MCAJ transplanted animals, GFP-positive calls remained within
the original coriical fransplant sites (3%}, and; in TGl fransplanted animals,
GFP-positive cells remained within the original hippocampai sites (86%).
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[ 000207] MMM Acqui sition: For the 12 weeks post-transplantation testing,
overall ANOVA revealed no significant main treatnent effects (F2,9 = 1. 37,
p = 0.30) (Figure 35). These results indicate no significant differences
in MAM acqui sition between baseline and 12 week post-transplantati on.

[ 000208] MM dProodiestsest Tinme to find the platform For phgushdeswenis

post-transplantation testing, overall ANOVA revealed no significant main

treatment ef Hegber(FdpRars Baldfih MCAAnEICAIRasHIMidPanimdlgese resul ts

i ndi cate no gisgiaidd sartmdisibeormars ddis MilbaceRerdashspih@ed W th the

pl at f or m avaahifialse Noh@hSES) whas Rligritfonaft chienB thd@oked éBSPl ant ati on.

[ 000209] MWVWMdriathe! Wit the Hen@aspeet ares, ik kiext plaftifighibehescadRas t he 12 weeks
post - t r anspl aleatddanthireist stighung Welalal wiliiows doslve aneth TE! Witk cant nain
treat ment ef hippdcan(pu2, Oraft nligrbBon ip battMBAY abfNIDA @as Bharadibese biyesul t's

i ndi cat e no giafiad télkdning did Edretcpmumbritihpsiabient #gltcortex,e. , W t hout the
pl at f orm beteaperiviipsairihaenae tbr MCA® elmatia tie kicazl$nb ant)adridakrsaExanpl e 7:
TA Resul ts @tveltugl (2.8 iépkirstos bf dellamioppdng sitizterisdreM0AER]mibrd wel ve weeks
fol | ow ng t renspbsentedt FarCAha medid todaters (464 tingtmigraticreofweid wehe Td
procedur e ass&ddsktel Bddroabadedwenimalsy aifafl anigidlion whs ¢Hveadieizbdby ng resul ts.

[ 000211] BedePEGmpositiva SBIPBs idenified In thedld? A3 regivsp (b6 tat amh0.Fest i ng,
overal | ANOVATY&Na@yalesaediveli frane thetorigiehCAT tranaplant siedf ects (F2,9 = 184. 02,
p < 0.0001) [%Fi 1tgqure 36%. Posthoc test reveal ed significantly reduced

neur ol ogi cal I98RFA7; t SNEE phonahmig@xppession: Prafted NG eails waregwsitde & t o

basel i ne (p SOAD&PLIL STbesha vINARY 2el§?-Sicelivrer brai) ware alsp paridves

post - t r anspl ‘ghbia-qRotp Pr@ &y ep-inoplizedoniik G dhiperiohssrveligs f i cant mai n
treat ment ef¥EEEEHEoNigorall dysemandpiligeYPesef §pke- 37) . These results

i ndi cate no sianificant differences in MW acquisition between baseline
and 12 week %E‘?ﬁaﬂ%{,ﬁ@%ﬁ%fﬁgﬁ_Wfb@g@i@ﬁ\%%%lfwlqr@g:onn me to find the
platform F%ﬁé‘@%} 12 P\ﬁme/éi’?e weeks following transplantation, the fest animals that

underwent the TGI procedure as described above were evaluated with the
following resuits. :

[0G0199] EBST: Forthe 12 weeks post-fransplantation testing, overall
ANOVA revealed significant main treatment seffects (F2,9 = 11.84, p < 0.005)
(Figure 32}. Posthoc test revealed significantly reduced motor asymmefry at
12 weeks post-ranspiantation compared to baseline (p < 0.001).

{000260] Bederson {est: For the 12 weeks post-fransplantation testing,
overall ANGVA revealed significant main reatment effects (F2,9 =41.83,p <
0.001} (Figure 32). Posthoc testing revealed significantly reduced neurological
deficlts at 12 weeks pest-ransplantation compared fo baseline {p < 0.001).

[000201] MWRM Acquisition: For the 12 weeks post-ransplantation
testing, overall ANOVA revealed no significant maln freatment effects (F2,8 =
0.36, p = 0.71} (Figure 33). These results indicate no significant differences in
MWM acquisiion between baseline and 12 week post-transplantation.

[6G0202] MWM Probe test: Time fo find the platform. Forthe 12 weeks
post-iransplantation testing, overali ANOVA revealed significant main
treatment effects (F2,9 = 86.18, p < 0.05) (Figure 33). Posthoc test revealed
significantly reduced ime to find the platform at 12 weeks post-transplantation
compared to baseline {p < 0.001).

{000203] MWM Prabe test: Time spent on the platform area. For the 12

weeks post-transplaniation lesting, overall ANOVA revealed significant main
freatmenit effects (F2,9 = 6.18, p < 0.05) (Figure 38). Posthoc fest revealed

35



post-transplantation testing, overall ANOVA reveal ed significant main
treatment effects (F2,9 = 5.14, p <0.05) (Figure 37). Pastine test

reveal ed significantly reduced tine to find the platformat 12 weeks
post-transplantati on conpared to baseline (p <0.0001). [000214] MM Pr obe
test Tine wpendsoimss he platformarea. For the 12 weekSpCrius2o86/07917
post-transplantation testing, overall ANOVA reveal ed significant main

treat ment  ef bgtigarky cfbaSod 8 n Po HhBA) aldkld 2 Redl pofoSt hoc test
reveal ed, si gahddifaibhYohpaie8asBkeaikd® ¢ 0.000)e pl atform area at 12 weeks
post - transpl antation conpared to baseline (p < 0.0001). Exanple 8:
H st ol ogi cal ERAPlRMEN Rdsultd @R RIS ks PR TR Atk [ 000215] Al |
remai ni ng ani nal s were euthani zed at 12 weeks post- transplantation (see
Tabl e 4). QUERDEZOAL | VAt BRNeYERSs Afloghg frinsilintitea) iha it AhigkRithen based on
GFP epi f| uor eseenet: tianiCal ﬁebedm@eéucﬁbaeﬁi&memke Pahandt wiksthespeci fical Iy
on usi ng di f foiowing resatts.body markers to detect phenotypic expression, were
conducted. [000216] TABLE 4. Twel ve weeks post-transpl ant hi st ol ogy G aft
type Cell dof@035] ok eERSTieFSahpH2 webkepdshipnaplanjaibP&Hn§Man04 MCAI 4 Td 4
100, 000MCA04ANOX IS eTElet! st B0 DMIAdGSatuRnt difects (F2,9 = 23.02, p < 0.0005)

{Figure 34). Posthoc test revealed significantly reduced motor asymmetry at

12 weeks posi-transplantation compared {e baseline {p < 0.0001).

[600206] Bederson test: For the 12 weeks post-fransplantation tesfing,
overall ANOVA revealed significant main freatment effects (F2,9=9.29,p <
0.01) (Figure 34). Posthoc fest revealed significantly reduced neuroiogical
deficits at 12 weeks post-iransplantation compared fo baseline (p < 0.0001).

[000207] MWM Acquisition: For the 12 weeks post-transplantation
testing, overall ANOVA revealed no significant main freatment effects (F2,9 =
1.37, p = 0.30) {Figure 35). These resulls indicate no significant differences in
MWM acquisition between baseline and 12 week post-fransplantation.

[000208} MWM Probe test: Time to find the platform. For the 12 weeks
post-transplantation tesling, overall ANOVA revealed no significant imain
treatment effects (F2,8 = 0.26, p = 0.78) {Figure 35). These results indicale

- no significant differences in MWM probe fest, i.e., with the platform avaitable,
beiween haseline and 12 week posi-iransplantation.

[CO0209]  MWM Probe test: Time spent on the platform area. For the 12
weeks post-transplantation testing, overall ANQVA revealed no sighificant
main treatment effects (F2,9 = 0.15, p = 0.86) (Figure 35). These resulls
indicate no significant differences in MWM probe fest, L.e., without the
platform, between baseline and 12 week posi<ranspiantation.

Examnple 7: TGI Resuits at Twelve Weeks Post-Transplantation

[000210F At twelve weeks following transplantation, the test animals that
underwent the TGl procedure as descnbed above were evaluated thh the

following resulis.

(002113 Bederson test:- For the 12 weeks posi-transplantation testing,
overall ANOVA revealed significant main freatment effects (F2,9 = 184.02, p <
0.0001) (Figure 36). Posthoc test revealed significantly reduced neurological
deficits at 12 weeks post-transplardation compared to baseline (p < 0.0001).

[000212] MWM Acquisition: For the 12 weeks post-transplantation
testing, overall ANOVA revealed no signilicant main treatment effects (F2,8 =



TA 4 [000217] MPG graft survival: GFP epifluorescence reveal ed parti al
dose- dependent graft survival (200,000 = 100,000 > 40, 000) across al
three stroke types (F8,27 = 14.88, p <0.0001) (Figure 38). Man cel
counts of OFF-positive cells revealed that the | ower dose of 40,000 cells
resul t ed i wdxwmesabers of surviving GFP-positive grafpSyowhichesbot h

hi gher doses of 100,000 and 200, 000 resulted in higher nunbers of

survi vi ng GFR.gI0p =t 6.Y8) @itk 7). THRS QRS RtiNalel (NS G SRRsieLgpt for
MCAo, MCAI ammmacqaiéiam%mbﬁﬂa@ﬁhé@#@z Qvﬁé?ﬁ%{-irg' m@%‘gﬁ’j‘e‘%g@es for
each cell dose were cal culated, no significant differences (F8,27 = 1.37,
p> 0.05) (Fi ¢uooets0) MWMITaoPeEEe Mimg ik theipmirnal. MY phl&lkged across
the 3 doses. pdttimnsplggendrstcbiig oRLICBIOVA Fbhled Blovinkal nidlh ot h | ow and

hi gh doses wasainehtdifdcta@2, oot enty abloy) Eigulsdy) PEHRGS MRPFOSIAPN. WO
20061096 640PEIgaiUS2AY Eekiliad fitfie OGS biviSonpatailZtwaBig basiRRsplhMaiar eenent

wi th the 5-weakpdredtodbasgineg ®subd.0801).GFP epi fl uorescence reveal ed t hat
majority (approx. 65%90% of the transplanted cells remained within the
original tral¥gret sMéVi FrobdviEdto Thanspinbon the phatiorm lafea. FoY Bical?

GFP- posi ti vewesis| ppstlioanisgldnéation $dsiiyg, iodaall ANDYS relvédiedsighifcaatmghnal stri atel
transpl ant sireaigetzdiats (FAOMEABY,tr B8P (Rigtied37an Posihsc teBveasi ti ve cel |'s
renmai ned wi t figrificenty ociegsediime b thi pltfon ams pt Ehweskgmst-(64% , ‘and; in TG
t r anspl ant ed¥@Pigaiaon eEmparedite haselinselpl<D.8@ithi ned within the ori gi nal

hi ppocanpal sites %gl%. It appears that both MCAo and MCAI transpl anted
ani mal s di spEXaraRfe $pHistatogie Examisrtigh af 12 Weeks Posthrapapleutation TG

transpl ant ed_ani mal s. Moreover, when nigration was observed, the grafted
cel | s remai S{Qﬁo i1 hi i\ IREaiERERdRalE tefresutianized at A2wests peskf t nigration in
MCAO was obsé‘?’\rz%gmg"% Sﬁﬁé ley Pyeniitdlive gnalirses oforath syndvebearbrt ex, and in

TG within tHE&HAPREB (GRITLBG %ﬁ; ,ﬂ“f?gé&?ﬁffﬂ'ﬁ Hisfoskemigalbot h MCAo and
MCAI was ch %‘%’E? y B é?a Ut ¥ Qe anpibpdy gnarkersite defedh ¢ penunbra in
the striatu ShavRS P ERESSIPLIFIE PORPUFSY Furt hernore for MCAo, a nedial to

lateral (2. d 40, ventt i gr at | f cells along
the stri at e Penelm ek Bho St PR 2 et ol to 1 at ora

4.5 m i of k= T transpl anted animals, graft
i aration v HhE c&%@ by R s PP ®eing | dent i fied in the CA?

m gration was ¢ ract 0

and OA3 regigms (1.6 aam0and 0.8/ away, respectively, fromthe original
CAl transplant site). [000219]%,@ phengt ypi c expression: Across stroke
types and doses, the approximaig surviygal rate is 15% Wthin these
original transplant ggh@so nosicad thegcells retain their beady
appearance, and are not positiggeaif or NguN or GFAP. However, in MCAo
transpl anted animals, a few offgihese cells exhibit NeuN and GFAP. OFF
positive cells were detectied thado mgrated along the striatal penunbra,
cortical penunbra and GAS of MA&, MI Y, and TG transplanted ani mals,
respectively. Indeed, NeuN i mneiostai néng reveal s that these cells express
such marker for mature neurons. Overall, about 25% of surviving GFP

posi tive celli2ifle NOFS weltistivivel: RFfogIMsremkecd ippesedpsisdasas; in cells

t hat have nigpendedt gelbyuiivahi206,600 ¥ 406G PIGRE0,800)scradzclithie® Yhakee NeuN

posi tive. THEge(FEAN = 14i88p & DM Crikiffiqureads)mblephakb gyuntedfabiict eri zed by

el abor at e apesiiverrgliprevealed it theHpwir dese oL aoe!s FesulNa I¢w anspl ant ed

ani mal s. FuR#Resrs chrurdping IGItT-peaiynamilsi whittseiphighendsabedf 100@00di st i nct

neur onal mofFhdiYIP eeulied in highathmieroisuryvie GEEB-paelive grafthiPC gr af t

cel | -t o- cel INegRbsevaticsmere sengstent ieMCAYMM cali TG fngdandsk st roke types
and doses) ®&¥mpli Hopguenmwh n@mg?iams gt eagh ceb dpsawvbrercatesistedomd i r med by
GFAP st ai ni@%ﬁ%&@'ﬁeﬁeﬁgﬁﬁj F8d7)~ 1,857 HE5) Figuee 88 in rapereent grafid near or
wi t hi n bl oo Ve Yigre oblpingd zotseiterd dasest ThiE suauesisdbafaleompyt gifier e was no
evi dence of SHYFRIN PR IRy pioch high dRspawasdnaiaioiied indentialsly €94 um cortex; or
hi ppocanpus™ M EQRECHIONddi ti onal NPC Testing in Stroke Mdels

[ 000221] The purpose of this study was to exam ne the therapeutic benefits
of NPCs in stroke animals. Behavioral tests were used to reveal notor and
neur ol ogi cal functions of transplanted stroke animals. Transplantation was
carried out at 1 nonth post-stroke, #hd aninmals were i nmunosuppr essed
daily with Cyclosporin-A (CsA, 10 ng/kg, i.p.) throughout the one-nonth
post-transpl antation survival tine. Loconotor and neurol ogi cal performance
of transplanted rats were characertized at days 7, 14 and 28

post -transpl antati on. Successful transplant outcone, as reveal ed by
determ nation of an efficaci ous NPC dose range, was eval uated using

| oconot or behavi or and neurol ogi cal perfornmance.



[ 000222] There were 3 treatnent conditions: O (nedium alone), |ow dose 90k
NPC, and hi gh dose 180k NPC. The nunber of animals for each treatnent
condition corresponded to a required sanple size for statistical analyses
(n=10 per group). Animals not reaching the criteria for behavioral
deficits (V3PAMBWSEH swing activity and a score of 25 PeE/US2006DDYI cal
exam) were not included in the study. Thus, animals that reached these
criteria andjottase] exnPedratnidiation: di agreementwithehd Holedkl ABiddyyt he st udy.
Typi cal |y, nostitsGRikepiforesabsce reaedimithatundjortty (dpproxasswidols) af meeast 8
subj ect s neetiensplantqur @ils tenaimetowitidn e osviatlitehsdalt siaah e Al aninal s
wer e i nmunos bpppisntethnirids nghvegl GER:positiye gelisleduly/he bhgilgidgaaisd t he st udy.

[ 000223] Al | withimdilssorigihiat $tediliel/transplainisiids (A226); istM@Ndrasspmigeaey. At our weeks
after the suﬂg;émais, GaRiprreitiee orlisgemaisedditvin the arigipabBEcal fraisplawed an hour

| ater by theSiBsde#%handidul 6 sonsplantasienimalOFRP-poditivelcslis teataindids pl ayed
signi ficant Wiileiheaiginaliprcegipebsited €317 K sppeerethstipdie ii@futdng used for

t ranspl ant at Mei! g@??@" danimala Aigolysd mswi migedon of eakedofellthe fol | owing
treat nents: 9EEaedo HkianseintedanNoeEngogossn whepidiation wisse St roke Type

| i ze » Be grafied selirorpived a@himde general target area, in that
Sanpl e size e T I WD s D s striatum, In MCA within the

cortex, and in TG within the hippocampus. In addition, graft migration in both
MGCAo and MCAI 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 siriaial ischemic penumbra was cbserved. For MCAI, a medial fo

lateral (4.8 mm} migration of cells was seen. For TGl transplanted animals,
graft migration was characterized by GFP-positive SBDPs idenified in the
CAZ and CAS3 regions (1.6 mm and 0.8 mm away, respectively, from the
original CA1 fransplant site).

(000218} NPC phenotypic expression: Across stroke types and doses,
the approximate survivai rate is 15%. Within these original transplant sites,
most of the cells retain thelr beady appearance, and are not positive for Neui
or GFAP. However, in MCAo transplanted animals, a few of these cells
exhibit NeuN and GFAP. GFP postiive cells were detecied that migrated
alonig the striatal penumbra, cortical penumbra and CA3 of MCAo, MCAI, and
TG fransplanted animals, respectively. Indead, NeuN immunosiaining
reveals that these cells express such marker for mature neurons. Overall,
about 25% of surviving GFF positive cells are NeuN positive across siroke
types and doses; in cells that have migrated away from the transplant site,
about 60% are NeuN positive. These cells displayed neuranal morphology,
tharacterized by elaborate and long processes, which are abundant in MCAo
transplanted animals, Further GFP epifiucrescence microscopy revealed the
distinct neuronal morpholagy found in each siroke type, as well as NPG graft
cell-to-cell contact. Some cells (about 5% overall and across stroke types and
dosas) exhibit the morphology of glial cell which was confirmed by GFAP
staining. Most, if not all, GFAP positive cells were found near or within blood

vessels,

[600220] Graft-host tissue pathclogy: There was ne evidence of fumor
formation using Nissl staining in striaturm; corfex; or hippocampus.

Example 9; Additional NPC Testing in Stroke Models
f000221] The purpose of this study was o examine the therapeufic
benefits of NPCs in stroke animals. Behavioral tests were used {o reveal

motor and neurclogical functions of transplanted stroke animals.
Transplantation was carried ouf at 1 month post-stroke, and animals were
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MCAo 10 Vehicle o MCAo 10 Legenth AU animals "Klement stroke surgery,
received striate! (MCAo) transplants, and were treated wilh chronic C sA
[000224] Ani nal s were again introduced to the same battery of behavioral
tests at days 7, 14 and 28 post-transplantation. For clarity, a schematic
di agram | s wir moirgbesto bel ow. Table 6. TI MELINE OF EXPERI pEdsibosR@EEDURES
Stroke surgery Behavioral tests (One nont hg;o?]t -st;oke; 5 02‘1 yﬂanl el tsh
reachi ng and i@xeeesippestaedaly viHRIGyeRsddnlA RRADES BRfCIp ) M u% in the
study) Trans Hh@@ﬁ@ﬁ]gﬁaﬂ podt-faiRpBnRast sElivake. Mﬁz\ét&%a% nb&ologickdays 7, 14
and 28 post - tpefosiines bRg@Rblanted rals were characertized at days 7, 14 and 28

post-ransplantation. Successful transplant outcome, as revealed by :

determination of an efficacious NPC dose range, was avaluated using

locomotor behavior and neurclogical performance.

[0002221 There were 3 freatment conditions: 0 {medium alone), low dose
80Kk NPC, and high dose 180k NPC. The number of animals for each treatment
condition corresponded to a required sample size for statistical analyses (n=10
per group}. Animals not reaching the criteria for behavioral deficits (75%

biased swing activity and a score of 2.5 in neurologicai exam) were not
inciuded in the study. Thus, animals that reached these criteria and those
exceeding these ciiteria were included in the study. Typically, most stroke
animais regched such criteria, with at least 8 subjects needed to provide
conclusive statistical anatyses, Al animals were immunosuppressed (10 mg/kg
CsA, i.p., daily} throughout the study.

[000223]  All animals initially received MCAo stroke surgery. At four weeks
after the surgery, animals were tested with the EBST, folfowed an hour later
by the Bederson neurological exam. Only animals that displayed significant
miotor and neurological deficits were subsequently used for fransplantation
surgery and randomly assigned fo one of the following treatments;

TABLE §. TREATMENT CONDITIONS

Eample

Graft fype Cedl dose [ Stroke Type size
PG, 90,000 MCho - 10
NP , 180,000 MCAo 10
i Vehicle g MCAG 10

Legend: All animals uniderwent siroke surgery, recelved
strialal (MCAg} frangplants, and were froatsd with
chronie CsA.

[000224]  Animals were again introduced to the same battery of hehavioral
tests at days 7, 14 and 28 post-transplantation. For clarity, a schematic
diagram is provided below.

Table 6. TINELINE OF EXPERIMENTAL PROCEDURES
Siroke surgery
i

Behavioral tests :
{Une month post-stroke; Only animals reaching and exceeding the criterion
will be hereefter included in the study)
i

«

Transplantation (1 month post-stroke)
i

Behavioral tests (days 7, 14 and 28 postfransplantaion)
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WO 2006/ 096640PCT/ 082006/ 007917 f000225] Al l surgical procedures were
conducted under aseptic conditions. The aninmals were anesthetized with
equi thesin (300 ng/kg, i.p.) and checked for pain reflexes. Under deep
anest hesi a, ani mals underwent the MCA occl usion surgery. The MCA

OCCi | | s101Y¥Q ¥e¢efsede i nvol ves insertion of a suture fiéemenisobivough the
carotid artery to reach the junction of the MCA, thus blocking the bl ood
fl ow from t hé0tsaaspn élsuiod] Eroteiuyes vese vehductad uhag@mskiie circle of Wllis. .
The right corpmiticar T ahimals erye avesthetient with egitisssth (380 dig rough a
ventral mni dl Bnecheoked foapainmefiexeantUndendeép huestetiasadfadandédwent made of
sterile, nontheddGAlsetilsiossrpery. [Ee MCornclusioo i9chniguis nvbies dlian@i er of the
suture tip té ﬁlédrﬁtf‘ﬂﬁnzetltﬂwomigaoqeﬁctammﬂea@ the juriebar ofeent . About 15
to 17mm of t NE4s thusrdocking dechioodilow irers 8ret @unnhiororardiieadenn et welasf t he

ext ernal andhites fiede VS| thedighéedramon carslibarkery vas MeAifisiladr i ght MCA was
occl uded f oriselatedibiopgh a vereal midline servicaindsionf TheflarvsA semas dtd,y resul ts
in maxi mal i MEEP ef siere. nor-abaenbable suturen@ thiegny Ing.)awith i demeterohtset i p of t he

enmbol us haveS¥Ediprapsied W%P@&nﬁaégwﬁ%ueﬁ@amszewnmmmutrsfam mal s

wei ghi ng bet! % Hig-qugire Blgmeniwacinse th jirciion efdbaexteaamdmet er
promot es mai 'R ﬁﬁr@“‘éﬁﬁ%@& OP@FHE)@'PM < Ti¢ it MGfowaspedudat fas. To
determine su ”Sa f%"p@pﬁﬂﬁ”ﬁ'ﬁw@%@s'émml er was used.
The Doppl er [tﬁ’Be ‘I‘féh%l%ﬁ“ao‘@ﬁlﬂ%’étblegnabove t he

expect ed i nf; P rﬁ 234 9&,6%‘?%?5? aﬁi?”si@a'fba“’wswe'gbmgmavqgw 4.0 mm to

ter promofesipaipiepp O(S
reasur e cet TiEg s Sé{;" %I ondi ti ons.

bﬂggrzzg]qﬁ: ![ r]@géigff?g‘dm (%2? @ﬁ é% gw@ﬁ %‘i’jatf ¥ pain

reflexs), t p %1%0 X Yer* into the
striatum (0. d W “?ﬂb'f"i‘%e and 5.0 mm
bel ow t he dural sur ace u5| ng a 28 gauge i nplantation cannul a.

Cryopr esent ggogpsgpn u@%@mgrﬁgg@ﬁ@gm@&m |Rr i), and thawed just
prior to traps@lieid AldeReGihEsA {3 mYkFH | adebtesh Ll ﬁec;eéé'rd?g Trypan Bl ue
excl usi on Mphaefiees ke SAMEMHRE ifIbREd {vﬂh NPeasPlanueki iy pRy | medi atel y
after She tmansphtani (@5 mm @orfoh & Bragrha,ans MM (afPQ tPh&ithe o @opre det er mi ned
cel | dosagesnr( %6000 and! RRcENRIngELEghaRaMpRAtR Sinnslaudi es

deronst r at i gydpiedertdidaenaasRUeFeRobaMmdd om SheBiaaas bng @ldwedgidiect i ve
dosage rangeriof DARA2AEaimspk gury.aViability ol oeurys, WeiAg GRpkh @icout Within 2
hours af t er extlitwsion mgthiokiewerel dosdudiaf prir entrarasblanistion dndiinn@ddizedty | sol ution
per mi nut e. aftel the Wangplantdtiesionrthe msGrimalutdpialis Digprealigmincademas al | oned
before the rdesaties (HHEOT @1d HAN,G09) werechased dh pilqi absliasalemoasithiingthatt here were
3 dorsovent ﬁwedémwseWﬂhintheealﬂuf!@ﬂtreﬁeféweﬂwaggrmg% ul cell solution. A
heating pad and a rectal thernoneter allowed maintenance of body

t enper at ur el Oé’pzaﬁout Tameplaniedeny#ooery 3@ gonied anowithéh 2 boimgfterecovery from
anest hesi a. "ERIEZIE Fellte INféartaia wagde! ﬁﬁﬁ%ﬁ@u@memm Fdioméry consi st ent
behavi or al i" 1 @U’@tabrﬁﬁ@tl%ﬁ@ﬂﬁdp@ﬂta lswedkeforesthe ooeriie wds by signi fi cant
bi ased swi ngﬁfﬁieﬁvﬁ:’ﬂ & @i W‘fbﬂfrﬁgi daiut e wekes3 dorsB@STalgiaposeder son exam

respect i vel ¥h ggipicdacaidng p 8-4 celosalutigsr A psitg ded ¢fid misectalni mal s in bot h
tests. Pair JRiTeMeighpioned sRinisasnge ohbedceapepise ahrbopb8E'Cst r oke

per f or manc eMEHINAEE syFeRLprd fﬂg‘?/‘@ﬁﬂéﬁfoﬁ%fmm%ﬁﬁieﬁﬁpal rments in both tests
(p's <0.00 aII stroke an Is |ncluded|nth|s study. WO

2006/ 09664 eq# % %/Wﬁ*fadtrogﬁ&ew%@u gnnents of the
stroke ani G% 5&'{‘%% fnon b.‘:bﬁlgfliﬁ(@ﬁt dose 180k

%

NPCs, ANOV. 1”“? E%?ib@ @P drSEPRMhest s (p' s
<0. 0001) . iﬁa ﬁ%‘s%%‘f? HF“E“?‘EF&P %% $oldpelad ed that as
: §°§l Ela“%?fe t ranspl ant ed
pagrgpﬁn ‘P m{?EQr@POQd’éﬁﬁ oration of

early as daxe m ?%
5 ol

w th NPCs, 3%?

behaV|oraI ICItS C ar et g%lcle treated stroke animals (p's <
0.05). This behavi oral recovery by MPG transpl anted stroke ani mal s was
sust ai ned at day 14 and day 28 post-transplantation, in that MPG G-Us
again regardl ess of the dose pronoted significant attenuation of both
not or and neurol ogi cal i npairnents cﬁhpared to vehicle treatnent (p's
<0.0001). C oser exam nation of the two MPG doses reveal ed that the high
dose 180k produced significantly better anelioration of behavioral
deficits conpared to the | ow dose 90k across all post-transplantation test
days for EBST (p's < 0.01), and at days 14 and 28 post-transplantation
test days for Bederson (p's < 0.0005). Results are shown in Figures 44-45.
[ 000230] The present behavioral data denonstrated the robust



t herapeutic benefits of NPCs in that behavioral recovery was detected as
early as day 7 post-transplantation. Results further reveal ed that the
positive outcone of NPC grafts was stable up to day 28
post-transplantation (the study cut-off period). Although both |ow and

hi gh dose Wi ZMR@8653¢ onot ed functional benefits, the higtrakswopeovi ded
significantly better behavioral recovery than the | ow dose. [000231]All
st roke ani maid$0220]t hi Bollewirayrandome assigrumanss pfiinestsokd anifgald B&ither

vehi cl e- t r eav@itklatiowHeseciikri? Gs, o bigh dbsel B0INBCsaANOYRserasdd e behavi or al
recovery, théignigtanbireimett affectsgossitblestsdpn<dLO0S hgPdlewiski ci al effects of
t he i Mmunosu@pnEsisers bebegeralscainent grrupsireussiey thal aseady asdayz pogpor at i ng
delivery of ¥aspigniportstpkeantiaisiatpere banspiotidngthiPCsmagicdiéssl y after
stroke. The ¥tBepessd exililedisniicaniemsliorafionhel hehation defidits con@d r anspl ant ed
stroke ani mefosehislriasntas stnke apimelspisrc®0%) Thinbehavioralpensvery byf f ects 1s not
likely from YVRE Yeriaded: Sxingals yas sedaingsl at dey dhent dagRdipestd cel | s.

[ 000232] Henaff%s?giaﬂwﬂ%@ ENRC aggitrespieions i the dbsegpramstedonduct ed t o
nmeasure the ?’r%ﬁ& W ﬁ%ﬁ@lﬂé‘t‘géo rTee{of andaneerlegicahimpaligienty camplied | magi ng
system To ¢ I"8 t@a%é R <Pdi0iie Claspeeraginaton atihe svoIPS desss used = 2

rum (thi ckndS¥™ %1 %Gef’ﬁéaﬂlfﬁ@fﬁlwéﬁﬁ%“@r%ﬁhe@ﬁpwfa| | brain
slices (me)J° l F%’ﬁ' l&(ﬁt‘on random y |
sel ect ed an|t P si ?ﬁ‘b H% 8pd 98 Pastssues were
processed usk eﬁ%ﬁ”’&éﬁ%@ t 519U 918 ShPWeBdur es. 20 pm

cryost at sect ne t|ssues were be exam ned at 4X magnification and

el b o TR0 P RESRL V.Epagdata%fm%%t?amﬂ 0%3, Brain sections

were blind al cul ate the total

number of '%Hjﬂ%’eéﬁbé! A ke %ﬁ‘ | antation
was assesseguishiat RORhs BUBR NS uman cell
surface mar kiigy B fer )mm@gmhféw;dmgﬁbs@ Slhotgy f ace mar ker s
or other rogeittional BERME, B hiddERl #&HIKKNGHES 3#; , glial and
ol i godendrow@e@mgpﬁ,ﬁ@ecel I graf ts, 1 munohi st ochem cal anal ysi s,

Neu- N and GFAP, was used, respectively. These cell surface markers al so

reveal ed m gagRBON Ohlf@ﬁaf@éﬁlﬁdlsm st 008 hiFenRugpdeYsed N8 (ANPCs survi ved
wel | in thevshitledicatadwirbke anifnally diehistAplaICsy obyevAns bdddRRrgXpression at 1
mont h post - recansy] @isteliirated tib @ogpildé tosfuundingtendiicki Rabets of her

si gni fi cant ingimbresnppiesidnt Coivas dosepleeivatlg inndudiRGacorpiteing @skuged t he

i schem c cebfthealsy dtpre-Seokstpedkae, dueng obiranediiay hiver stioke Thevel s showed

al nost t he sbhspsveskhsbaviowt raseverp beiag fmied fof ME fandpiinged stile t hese anal yses

i s present egnimgisHngoate §al ratBurde, of WNChEPRRICES(LS 80RS BReTnomtianml es set
forth bel owrdPengaBREsTeN RS sel buidorathewmfiededls n no way |initing, of the

scope of the present i nvention
[000232]  Hematoxylin and eosin (H&E) and Nissi staining was conducted

to measure the maxdmum infarcted area in each enimal using an NiH imaging -
system. To caiculate infarct volume, the following formula was used =2 miri
{thickness of the slice} * [sum of the Infarction area in all brain slices (mm?)].

[000233]  Alone month post-transplantation, randomiy selected animals
were euthanized for immurniohistochemistry. Tissues were processed using
standard ABC method using the following procedures, 20 pm cryostat
sectioned tissues were be examined at 4X magnification and digitized using a
PC-based image Toals compuer program. Brain sections were blind-coded
and Abercrombie's formula was used {o calculate the fotal number of
immunopositive celis.

[600234] NPC survival following transplantation was assessed using

monocional human specific antibedy HuNu, human cell surface markers
which da noi cross react with rodent cell surface markers or other rodent
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[ 000237] Experi nmental procedures. [000236] Cul turing of |SAASCs and neuronal
i nduction [000239] MASCs were isolated fromWstar rats generally as
described previously in S. Azizi at al. "Engraftnment and mgration of
human bone marrow stronmal cells Inplanted In the brains of albino

rats-sim | wpizbiemsssi® astrocyte grafts.” Proc Nati AcadeS¢is2édsdni71998;
95:3908-13. The | SAASCs were | abeled with green fluorescent protein (GFP)

by retrovin proféu%tw&bwalegf&% FRRbRnACNAER YRphStaregasr al |y as
descri bed i npfnobpeayee ,mmu@fﬁdhgmﬂﬁr%]gsgggggj@édmm rats i nduced

by transpl anm&u@éaeé Bhv‘é! (TRt ich SRt ainads BB fevaBIch O x%ﬁ&nodfal cells.
Eur J Neurosce;qgramamii 1771-6. [000240] Neuronal induction tfrom MASCs is

general ly as descri bed in M Dezawa et al., "Specific induction of

neuronal cel {0§0£35]M bGageaRly, HRVNRCY SurVed@dl & tanshianplviiead fe@n f or

aut ol ogous t naumep poitifaMAP éxprdssioast 1 ntDOpdd Badspihididn. thé ef ly, a
vector (pCl gretshivioB) did et differ shgificheiyNetvadenithd fvac®lsk ivals dlemasn (NI CD) was
transf ect ed NACs redidad thesiohgmid qdies tiratiie s2OROp4iumbins.r Dgevo@ess. , Car | sbad,
CA). Cel | s wevals sledvest ighoblyth€ddife aftbmof ddurdaysue ffscts.nOa@tiopn of MNCs,

NI CD- t r ansf elbesiandySes isnereserdario fidureself-4hce (60- 70% confl uence) and were
i ncubat ed i n al pha- MEM cont ai ni ng 10% FBS, 5pM FSK (Cal bi ochem La Joll a,
Cal i for ni a) ,Hi On@/NfL EBXPEIPLESepr ot ech, London, UK) and 1Ongim CNTF (R&D
Systens, M nneapolis, Mnnesota). Five days I ater, cells were transpl anted
into the MCABIPZAEI npdBie Exponmeratehforbbeiow arpedantiioded|usdive; andint r o,

i nmunocyt oc HENWat #iting of ferscepneidne piesentimentab (Signa, St. Loui s,

M ssouri), neurofilanent-M (NF-M (Chem Gon, Tenecul a, Californi a) and

bet a- t ubul i H9P&G Y pe 2% Sigma, St. Louis, Mssouri) were

used as neur 95% of MNCs were shown to be

i nmunoposi tl[@@lefzgfa (g‘é’é‘“ﬂ%f" PW)W nmodel :

2004/ 096640P 917 tar g 200- 2509
were kept’ at ytm ?'%W‘ ‘Sgari’%sﬁen i} F’Yas%rs%%«ggcl e, and were
gi ven food i on. of the

O A G Ea el
B?gr‘ﬁdzdsri;,%f B ;g: aﬂ @&gﬂ S s
Y ﬁarg@xtn t%"l\d&%l St : ‘

whi ch reC| I G @éh@ ot pn J Stroke.

1986; 8: 1- 8neARGefe ts?xhuced s‘é%ﬁlérl?da Qegartery

occl usi on Wbbh@%n%wmw o8 ! By SiroscRi20 @41 , 4-91. Briefly,
under deep anesthesia induced by a mxture of 1.0-1.5% haI ot hane, 10% 02
and air, a geEb2s0p CNG&Rl inkidios oM MBSCOHRIJREMRF as a8ibifinleft carotid
bi f ur cat i on DeRswa deat, “Epilic iiuefiaber ndadaaiend frdmMshemdrdtaadme th a
silicon rubbeitsareidppiichtvn oraiitdbqai® tratspfndaoh WASHH Reett ed into the |igated
external caroed;tiReTEr-y0.apdeity aut@ pCintice-NicD) cokehmalihcrbehi d artery to a
posi tion 16irb&ouiuarammisre(CDIwasidrefectdduniongas eusing gery, rectal

t enper at ur e Lipafectapin2GlionBeitegemeenp., 341568 (G Caisher@sdleadbmek- heat i ng pad
(BWT- 100, Bi448 Risettr ¢dysCemtieduction ofMMICs, NICRyieanstbetpdJAS@S weki al bl ood gas
anal ysi s vvasuhmi‘izfzmdrmde 607 130 2onvfmsnom) iand everesidcdizi®hin SRGEAkEM t hr ough
control of todaiangsitieFRs, &ldd 8k (CRbiperdhudiaciollaeCrlipetidpioegndhours after

t he occl usi bRGF {Feprgtech, loBdom.Wik)mdd d0ed/md CNTRERAD@ystems,

[ 000243] Tr ahépicantlist Momepata ZFivadiams ladery cFlisfwire transpdarttddbintdIA© procedur e,
rats were aN&gtthet magel. dpchatapterizpbeindnedMNOsjieeitioon of 50ng/ kg sodi um
pent obar bi t EimyngYischeaiginwes parlamed o faikMAR-Ralni8ignian S pwisl i i nary

experi ment, Wﬁﬁ@uﬁ)nﬁ%lﬁfﬁﬁia@ﬁ@fd\ﬂ\(\B@Nﬁr(ﬁbﬁjﬁ@fémﬁ@mehelal Geldorata) amdea from

appr oxi mat ePsiadulniirhisolne B{B- e inBl{Sidres, Bhd.ouisoMisspasysransesitdson I nto the
non- necr ot i ECUPRA MaSERTa AT % REMYES Wesr slisuimdtp e immongresiive of 8000- 16000
cul tured cefﬁr§‘eﬁﬁ"§5‘|‘?§$ phosphate buffered saline (PBS, pH 7.4), was
stereotaxic %#/ﬁl njected into the left forebrain fromthe follow ng 3

| ocati ons:- NomMed i medsht erior to the bregma, and 2nm |l ateral to
the mdline and at 1.2mm depth fromthe cortical surface in each case.
Total nunbers of transplanted cells were 2400048000, [000245] Three groups
of animals were prepared; the control!’2 group,




whi ch received only PBS (w thout cell transplantation) (n=7), the MASC
group, which underwent transplantation of non-treated intact MASCs (n=10),
and the NMC group, into which MNCs were transpl anted (n=10).

[ 000246] Behavi oral testing [000247] The severity of neurol ogi cal danage was

eval uat ed wgj Raekabige f ol | owi ng tests: beam bal ance testydmmﬁﬁb@g ng test
and Morris water ne test. Beam baI ance test and Ilnb p acing test were

performed on 4 (] k 1 28 and 35 after
MCAQ. I\/brrls{m Mo WE"‘R %)e 4 foll owing the
MCAO pr oceduwgter ﬁ}@g 8 /4 al ance test is
used to assegés(ﬁ[}&? a1§ r'ngl af? érf éH%i hﬂ%ﬁﬁﬁ% %({Ie. &gl out .
general |y as dgagfle ?éf'nﬁiﬂ’é of féb@lex@b&@ﬁl lﬁFaE wh:ch urd percu55| on
model of  expaidERMAlcal Eérrﬂrdctﬁbéﬁ M HdiséHithid ba

67: 110-9. ScefaradE, WakgDaatd "RbvdrhiBienfbdio weRSaCar Fhichici t?‘t'aﬁﬂ ng with a

st eady post Ub@ntéb&ﬁtyﬁméﬁs OBHHRE 1689,20:84 190 e BREBMINRr A6 %\é%thegxa graspi ng
the sides of mt;fh@adbﬁ@%@eﬂ%effahad@)yhatameﬁ@ﬁta%lmeﬁ@a@ra HRlise paw(s) slipping
of f the beanterdibalaidsRias Gerfdmba|matise o chbad BiRRcAtich Was iddnliieag of f: 3;
and failing AfpfotiehtadeadmoNyibn Hredt kienPeiided rkcpbcfc®hedtdety ON: 4.
-[000250] Li nbdiphater 0gninewts [f3eAabitiofhe ijdtabemaal cag it estryaan nes

'sensor i not or advahegt iati temintarndli catotip lagtetyrig 2 pesienet8rua flionsmal , tactile and
propri ocept i bturstiomuiring Msmgaypecthbtemperagmwamhiatntmdiﬁmérbed
previously i ¥ .M380C Byinka éredbhick-hiltiog pah BWEAN0,Rio Beecarcidebntef | unari zi ne
prevent s senSorlitdotayedehan). Petend binod gas soalysicwhs perfoamned and p02 at s.

Stroke, 1989wa0maBRBIct3Y05-120mndtr thstgh tonie! eidariandsthetic dsticanas al so
per f or med, a@%ﬁﬂﬁfugl@hwapﬁﬁfﬁfmwﬁ@ﬁﬁbﬁ@Iﬁeﬁlwmfémmgeg %0mird out in the De
Ryck et al . Vihdrayabof igprabgch test, scoring was based on the fol | owing
criteria: inmediate and conplete pI acing of the linb: a score of O;

i nconpl et e AREP343] delm%-ﬁ@ﬁ@econds) pl aci ng, including interspersed

Ilalt::ng nd nopagln? forward tactile and élz%tﬂe;alrd
t:gtl Ig and Q\la %E%n{oggel '“18@} d:’f ‘F‘gée‘gﬁ%gl\?@?gg%ﬁ‘dm F?gnm?o ri ght
o i O %%j%é’ s :@535 R

[ 000253] Thgq('h?ggba Al tic ra p ¥ eh%% 5s cognitive
funct Lon, S48 H% v?és He8@fa§ anﬂb%z sﬂfete%tf #%?%ﬁ*@?ergmv?;f: on
and angi ogerie,%eafg}t S?r?én‘h ;m@g' 593?21?& z%}?g apted with

e -
TESENChy e |gabf chieh 1 Shalfmibth oPfaisBiantaehls vira 2 , 8: 435- 41 vas
used. This test was perforned from day 36 to day 40 ter MCAO. A pool
(diameter 156gupa gjﬂeptmre%-%ﬁatpmsanﬁﬁﬁe%%mﬂaeﬁmﬁei g@blr m (di ameter
10cm was | cekfad dhiyPRBS #hvithdub Beistin RERtafdn) (e WRé RIastegdgs,ed opaque
and i | Ky Whitich urkieient baidpidiation ol hsn-86uM Rt gég en:0f0) Lhg ROOl  vier e
desi gned as Nﬂ,chmu§ iBROv¢h TN sabert hranspiatied (k,em in the m ddle of a
guadrant, equidistant fromthe center and the edge of the pool. A rat was
rel eased i nfgog2ae} waBehafisraMee@e starting point and allowed to swimuntil
reaching the platform and the tinme taken to reach the platform was
recorded (mgpoozar 01 The Gewmitpoidsurcldidas damage WissdvaReiddusidighé ask using two
sets of foufoliowingltsstameamdiaiaiceJest dnsamatiny RsitkadMorAé vater tiz@ef i rst set on
the fifth dégst. Heaat emahcefiedtied debqiatigetst verspafdnabd prdbe7 ustal was
perforned. Thiose rasplaiklion), 44121788 end A atienOmD yMorelt entdromaze The pl at form
was renovedmn@etfmmada‘tenmwy%ioowe’dﬂttmngsﬂmrimmp%&ﬁeonds The nunber of
times each animal crossed the platform|ocated area was neasured. The tine
spent in thEUORERI or Bebmdalande dpsbdr ant was al so measur ed.
[ 000254] Hi st ol ogl cal analysis

[G062 The beam bhalance test is uséd fo assess gross vestihulomotor

funclion, and was carried out generally as described previously in C. Dixen et
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WO 2006/ 096640PCT/ US2006/ 007917 [ 000255] On day 41, rats were sacrificed
with adm nistration of a pentobarbital overdose, and perfused
transcardinally with 0,9% saline foll owed by
peri odat e-1 ysi ne- par af or mal dehyde fi xative solution as generally described
in |. MLe&P HWo/ghbsd " Peri odat e-1ysi ne-par af or r nal dehyeeriiszetdmer A new
fixation for inmunoel ectron m croscopy? J Hi stochem Cytochem 1974,
22:1077- 83. Bhg'Afiull perovasion wiodehbicexperdmsial bidiniejusy ftharRr thi ckness using
Brai n Matri x NeBASulgntos7yem mocks Beoriag vidhasddiming follokingiesikat  sections
were nmade fr bakedohwith asleadPpostinendivmne oaitte 0pdf iNctbRafeaaEsxFi N and
eosi n (| - 1&E)P; graspingine atdes fithel bebar arid/oasiesky midvement g eencddr @6t | ons were
captured usi pgw) dippbigjoffdbe bearhedsitemging ta bhiagid omihe besepRe faikd t he
| esi on ar eas ofied; end fallipg difuke heprBeilib mo lafferget 1@ Seliance Gdiapgrwat 4.0n, Frederi ck,
MD). The infarct volunme was cal cul ated generally as described previously
in R SwansofU§e5¢| . | Limk pleciaiesbmat ed nethod for nmeasuring brain infarct
volunme." J Cereb Blood Flow Metab. 1990; 10: 290-29, and expressed as a
per cent age of0RENlv ol Theelinel plekied desh exainiaessyentorineatvsiplegragion [r0BUL56] For
| nrunost ai ni REng Frspaeses o wisusiciaetle andiprapéasepiverstipulirandywasnt | bodi es to
MAP- 2 (1: 100PS/EbBAY perpsellymrinseitnd roaviershyy M. Ds Ryglet 4n3 (1: 400, Sigma,
M ssouri), NERE Stgke Aiodak Bynateing REVATES epnsermpior detigits afterl: 100,
BADCO, CA), Broveyag! fﬁff}iqu,fat@ak !IEKSN O3> 383vIBenR; Grromtjossitivel uor
646- conj ugat SHUGHRY e % papgepprgiherccopliigdadie OR) (for MAP-2)
?‘ﬁﬁ-g

i
i -r abb Ea ¢ Dprygke! algitide, Sor epgh tegt @Maki n3, NF-
T o1 and 1o e ol éﬁ'ﬁ'ﬁi’%\%g"!wgwag ssed Tor
i B 17 88’?? plget 91{9?‘ %{ig\)cal | aser -
oLy "g‘-"ﬁé Rclie

Tuj-1 and o
scanni ng m ¢k, kigtepl ire, UK).

t he nucl ear S e?gé,g}sgiélg _ 2

| . 7
e S g?%%g 335:%1’}% i
hi ppocanpus r?%gﬁfﬁgg ﬁ%&;{%egéearremway” aq"i“g'mb

%%% tal analysis

[ 000259] The behavi ora eval Uation data and infarct vol ume data were

anal yzed usijpgos2nonyigRsabey nilasiyies ANOVA. Wien the results were
significant (p<0.05), Student-Newran- Keul s post hoc procedure was used at
a 95% si gni floowess] | evigk-Mothe weilr WRTe M:tish RRMFRhRY ARt standard
devi ation, unbeiSe OhRRVESRrEMETtatd @RS Rslss Refaypdical ATesting
[ 000260] One vworsd dificciesi\feAGralinsis peidhes el Fuaithgalst bl Peimra b fe:
t ranspl ant atandmpgiegsrsis of cghttal pedeunsysianh sgintrlls Reflaméd super e apparent,
and the neameseodgnfcdntodatipnichtvizhr abalt BatspingVwodo,BassUaty=st i cal
di f f er ences wadnthit lvet whs parfgnedfiom 00826 thpeaatiddhenoeapest [ 000262] From
day 7 to daydigmetet hElare aepthciiice:) wes preparest At estapealidiform (diameter

10cmy was located 4cm beneath the surface of the water rendered opaque

and milky white, Four starting points around the edgs of the pool were

designed as N, E, S and W. The plaiform was kept in the middle of g

quadrant, equidistant from the center and the edge of the pool. A rat was

released into the waler from each starting point and allowed fo swim uniil

reaching the platform, and the fime taken fo reach the platform was recorded

{(maximum of 120 seconds). Rats were fralned in the task using fwo sets of

four trials on each of & consecufive days. After the first set on the fifth day,

instead of the second sef, a spatial probe frial was performed. This test is fo

estimate short memmory retention. The platform was removed and the rat was

allowed 1o swim for 60 seconds. The number of limes each animal crossed

the platform-located area was measured. The fime spent in the platform-

located quadrant was also measured.

i600254]  Histological analysis




different anong the three groups. On day 28 and 35, the nean score of the
NMC group showed a significant inprovenent, conpared with the control

(day 28: p=0.0041, day 35: p=0.0001) and MASC groups (p=0.0471, 0.0007
respectively). Al though MASC group showed slight inprovenment conpared with

the controlwo mbadeksbically significant difference coul gmghedRBofet €ect ed on
day 28 and 35 (Fig.40). [000263]Linb placing test [000264] There were no

statistical d nc roups from day?
Co day 21 OLAEssEeong d&‘“@@“&%mm%ﬂ% % d a significant
i npr overent, f&l@ﬁ@@bigeﬁ&dé e ﬁeﬁﬁﬁohﬁé[d&y%mxit as 6 8.%% and 0. 085,
day35: p=0, 0@@ziBb@in0. Adkhncesnenkiomty {e, ore showved
no si gnifi canéwSidtoRTeeeURSINESA Hibes "aﬁ ; Rir'dughout t he
entire periodgf42H1d)as, [@@W@Mbﬁﬂiﬁm\%%ﬁtmﬂ@c% fn ¢66] The mean

| at ency ti meusieg BreteRair (BAS heselanabkdhre] UK 1@ ik d%%%é‘cnbﬁ@ subner ged
escape pl at f wera rosdshmmeadibibdkgSeddng Meregahe@hvitt RENABLSS a8 Oups. The NMC
group showededdie(H&E)d eafiudiathenesrc ae. mg@ﬁoﬁ&cﬁdng\nﬁé%‘”m and MASC
group. The neapturkdtigngy Tkichiecherietdndee adgit nsiebs@pe i tAPicaiad t he first
set on day 4d@redeweresitacat esing Bginn imagniScilinfCeyrage, PetivRKNMDRerHYMC and
control group&ugtyoDn@3aS catudla@dGtaBralie spdesdived previbhign4?) .~ Al t hough t he
NMC group shoumerion ¢t eindareyiaupntatddmsthod fammdaatigryraihinf@ct 0 t he escape

pl af f or m t havelWisT JdaveipBioad Blowtisiab cEI90y1 0530041201 areberrediéd &y #nce di d not
exi st. [ooom?arﬁageﬁémo\wmm offr@benttatdtertl hamispdheien t he NMC group shoved a

signifi cant rovenent _conpared with the control (p=0.0419) and MASC
group ()=0. d48a356¢ F| fymumséaliieguine semiospeen: inaubathd with atiharym | ocat ed
quadr ant wa<intiRedieg 'zl(ﬁ"ﬂﬂ/@ F*@“ r MieoR th@@ngblﬁﬁsbmngm fi cant

di fference '%P?Eg Misetrpgiee- nBedringeyidn %B@H& CeriignyA3) . Exanpl e
11: Hi st ol ogiEA (T3P ﬁFé\P F”é’rocp kg £4) abd Gl ayermichd n the | ateral
hal f of the F' Ejf" at fgﬁe w?f?f‘%ﬁ’?ﬁrrﬁ%ﬁﬂesm@pocanpus

and fornati By %r sr8 EUQW@WQ&? (fpikfubHB®: br ai ns. The
hi ppocanpus | Ed %’%‘1 ¢ @T%ﬁ@i"‘faﬁé} y irregul ar
arr angenent e, Infarct
vol umes wer € n%é 'Gdasc%p C%ﬁ ng'%‘?g’a{ﬁe Reshie: Ul une in the

50. 9i : 11. 1%485 Tant
difference &Rk dé &giu%rt f%ﬁ ransp Fanted GFP- | abel ed MASCs
and MN\Cs were Iocate mal at the oun ry area between intact tissue
and i nfarct [gyee8sj nClogsdisi 5@: ddosil ateral cortex, corpus callosum

striatum and hi ppocanpus. € infiltration of i nflanmatory cells into the
infarct focproess] obsgs vashvicFA USSR Bhtd SndRAQ vOLIESEENGGe! N t he nunber
of inf| ammabeslyzaialdd 4 Rittrepdtbd icabRes bRNEVAL Deh MAkE\RFS bet ween the
MNC and NMASEiggifica $p<0.05), Student-Newran-Keuls post hoc procedure was used at

a 95% significant level, The values are presented as mean x standard

deviation, unless otherwise stated.

M, MASC aighd® é o fid tjaﬁhewl%%%r%@p Fag,e;gé ;/%ﬂgeﬁvmoq fo: 2% and

Example 10: Behavioral Testing

{000260] One week after MCAQ was pesformed, and just before the
ransplantation, severe right side neurolugicat deficits were apparent, and the
mean score for each behiavioral test showed no statistical differences among
the three groups.

[006261] Beam balance test
[000262] 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, campared with the control



WO 20061096640PC17US20061007917 10002701A | arge nunber of GFP-I| abel ed MN\Cs
wer e i nmunopositive for MAP-2 and showed neurite devel opnent in the host
brain. They were al so i mmunopositive for Tuj-1 and 13-tubulin3. In the

i psil ateral hippocanpus, many cell bodies and neurites of GFP-1abel ed M\Cs
wer e al so wooewswadbe NF-M positive. A large fraction efrGRéoclsdel ed
transplanted MNCs were positive for MAP-2 (84.08.1%, whereas only a small

nurber of celday 2085-®.0085] 4y S5:He0.068AEnd MK gr30Ps (pE-009727 bldogr cont r ast

the |arge majeapodiveip) AMASIGH MASC BRoub@Rbwa Sight ERERRAsIMRdOr Dot h

neur onal (mﬁ{ﬁthe&p&oiiﬁaﬁﬂh@lym;mdN%rMce@ﬁ@d@:btiﬂédét&? 9 mar kers. The
per cent ages ddy MEhd235 @RMEEAP- positive cells among the GFP-1abel ed cells
were 1.40.2% and 4.8-11. 0% respectively. The formation of neurites in
MAP- 2 posi ti [802683C cidmbolandrig teet found. [000272] The mean nunber of MN\Cs
and MASCs in the host forebrain were 132501126 and 5850997. Approxi mately
30-46% of tr@AeRE4nt ethdbiGsrare slailicd difiecereatibetonet the médnescoleasfd, 10- 20%
of transpl anthe diagGsToneday dés dayt 2id Comley 28 rith 38 fthe NMtand MABSpI ant at i on.
The survi val godps groged pNEnifioant ingraverieintonipred withite eulrsligantpi al | y hi gher

t han MASCs. (daydde=h0pPbethPU8s, dapied: medh02fansed. 0211 mpb@stiveig. 790160 and 89%
of them wer eHowapzr,dasinern scorgishoweshrn signifivant difernisistween hehiMast, was
47066 and 0.%%MASE ops tyeyghaul te estieweried (fiaérost of transpl ant ed MASCs
wer e negatlve for both neuronal and glial markers. [000273]1n all groups,
t unor formatt[i0 s rideriapedenggazeiesl he brain parenchyma up to 41 days

after 4] R ferences 000275 hara N, fvlizukawa K, Koie K
Mabe H, N| S ee{f‘%ff‘" ?FF?P gt"l:?a Sﬁfgﬂ@ﬂdﬂ?‘?%m i ncrease
GABA rel eas 3 de ear ning in
the rat. q’g %I'SICBm re &ling J, Del
Bi g| 0] I\/R f’é rﬁggg "?eﬁn gnqy fht oma
aspirati on g %en St okes, D. ,
Auael i B b {p 2 respec‘hvely}

9 ' {Fig. 412) u gruup showed atendency to take shorter latency

time fo the escape piatfem than MASC group, & stafistically significant
difference did not exist.

[000267] in the spatial probe trial, rats in the NMC group showed a
significant improvement compared with the control (p=0.0419) and MASC
group (p=0.0453) (Fig.43}. The mean lime spent in the platform-located
quadrant was the longest in NMC group among three groups. Significant
difference existed between NMC and control (p=0.0339) (Fig.43).

Example 11: Histological study

[000268]  The infarct area was located in the lateral half of the left
hemisphere inciuding cortex, striatum and hippecampus, 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 confralateral side, Infarct volumes were
measured in all MCAQ models. The mean infarct volume in the NMC, MASC
and control groups on day 33 were 50.7+10.9%, §1.0%10.2% and 50,9£11.1%
respectively. There was no stalistically significant difference among the three
groups.

[000269] Transplanted GFP-labeled MASCs and MNCs were located
mainly at ihe boundary area between infact fissue and infarct area including
the ipsifateral cortex, corpus callosum, shiiatum and hippocampus. The
infiliration of inflammatory cells info the infarct focus was observed. There
seemd 1o be no difference in the number of inflammatory cells that infillrated
inot the infarct locus between the MNC and MASC groups.
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cells inplanted in the brains of albino rats-simlarities to astrocyte
grdfts. Pros Nail Acad Sci U S A 1998;95:390843. [000278] Bederson JB,
Pitts LH, Tsuji M Nishinmura MC, Davis RL, Bartkowski H Rat mddle
cerebral awipenys@ead usi on: eval uation of the nodel andeEavgicepi@ept of a
neur ol ogi ¢ exam nation. Stroke. 1986;17:472-6. [000279]Bj orkl und A,
Lindvall 0. Cell replacenent therapies for central nervous system

di sorders. Nafgode]r 0Sglar, @Q&Qbé"ﬁ&@Mé@e!ed’@ﬂ@@%@@rﬁ%%?é%ﬁﬁ%p%/ 007917
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parenchyma up to 41 days after MCAG.

[000274] Referehces:

[060278]  Aihara N, Mizukawa K, Koie K, Mabe H, Nishino H. Striatal
grafts in infarct siriatopallidum increase GABA release, recognize GABAa
receptor and improve water maze leamning in the rat. Brain Res, 1994;33:483-
488. .

[000276] Alturmbabic M, Peeling JJ, Del Bigio MR, infracerebral
hemorrhage in the rzt: effects of hematoma aspiration. Stroke. 1998:29:1017-
22.

[000277]  Azizl, 8. A., Slokes, D. , Augelli, B. J. , DiGirolamo, C. ,
Prockop, D. 4. Engrafiment and migration of human bone marrow stromal
cells implanted in the brains of albino rats--simifarilies {0 astrocyte grafts. Proc
Nali Acad Sci U S A, 1998;95:3908-13.

{coo278] Bederson JB, Pitts LH, Tsuji M, Nishimura MC, Davis RL,
Bartkowski H. Rat middle cerebral artery occlusion; evaluation of fhe model
and development of a neurclogic examination. Siroke. 1986;17:472-6.

[000279] Bjorkiund A, Lindvalf O. Cell replacement therapies for central
nervous system disorders. Nat Neurosal, 2000;3:537-44,

47



Ungsuparkom C, Hi de H, Sanberg PR, Nishino H dial cell survival is
enhanced during nel atoni n-i nduced neuroprotection agai nst cerebral

i schem a. FASEB J. 2000; 14:1307-17 [000285] Brundin P, Widner H, N |sson
OG Strecker RE, Bjorklund A Intracerebral xenografts of dopam ne
neurons: twWe awlssad | rMmunosuppressi on and the bl ood- teams:bmfobioer . Exp
Brain Res. 1989; 75:195-207. [000286] But cher SP, Henshall DC, Teramura Y,
| wasaki K, Sharkey J. Neuroprotective actions of FK506 in experinmental
stroke: in vipgg280li deBaRNGERITNG Cabll DANISHK6FH. 0¥tdndBCARNISvd Neur osci .
1997; 17: 6939 adiidarice aeifd fdiuwvigasciBsioh bkka idiNcelebrM drle@n @Rydisl JoI kkonen
Siveni us J. Behdeness 6aboefifect of the al pha2-adrenoceptor antagoni st,
ati panezole, in linb-placing task and skilled forepaw use foll ow ng
experi ment al [B0edKe. Rakbhgan N Fojisalel VWostariabe B00HER: 1didsolinel#000288] Chen
J, Li Y, Waniijdctiorin rais with damaded Bloopprain baiherriapendiiapiiersadriton of

i nt r acer ebr abagsivarssgitianmealegosdRdsof@O8n 8T 182t r omal cel |l s after cerebral
ischema in rats. J Neurol Sci. 2000; 189:49-57. [000289] Chen J, Sanberg
PR, Li Y, VaifgoEs2]l u Baricasn O, HEa Hoaliginr. BRapessesSmed@hdpmidn | nt ravenous
admi ni st r at i dysfusictiongrpids inpbddeseial oasusigniol bedniddielowebrabaiteay.i oral deficits
af t er strokeNpworeppd. 1988,rBEEI5-2001 Nov; 32(11):2682- 8 [000290] Chen J, Li
V. Wang L, Zhang Z, Lu D, Lu M _Chopp M Therapeutic benefit of

i nt ravenous E’Hﬁgﬁﬁ]st r%%f‘ioﬁgﬁ'b@vbgﬁénqiﬁ@ﬁﬁ@’ﬁkbﬁ%ILe@é’[Mr§?é‘PP@rP%er ebr al

i scheni a in F&EpEPlanigtionpbcryopigseryed hypgn epbryorghearcinoma-derived

2006/ 096640 %%W%?%?WW@%@W@%&&GW ip jschemigrglgtH®nt of neur al
injury with NEFPWS SR P-21. _

[00G284] Bordengan CV, Yamamoto M, Takei N, Kumazaki M,
Ungsuparkorn C, Hida H, Sanberg PR, Nishino H. Glial cell survival is
enhanced during melatonin-induced neuroprotection against cerebral
ischemia. FASEB J. 2000;14:1307-17

[000285]  Brundin PP, Widner H, Nilsson OG, Strecker RE, Biorklund A,
Intracerebral xenografis of dopamine neurons: the role of immunosuppression
and the blood-brain barrier. Exp Brain Res. 1989;75:195-207.

[000286]  Bulcher SP, Henshall DG, Teramura Y, lwasaki i, Sharkey J.
Neuroprotective actions of FK506 in experimental stroke: in vive evidence
against an anliexcitoloxic mechanism.J Neuroscl, 1997;17:6839-46,

[060287] Butovas S, Lukkarinen J, Virtanen 7, Jolkkonen 4, Sivenius J.
Differential effect of the alpha2-adrenoceplor antagonist, atipamezole, in limb-
placing task and skilled forepaw use following experimental stroke. Restor
Neurol Neuroscl. 2001;18:143-51.

[000288]  Chen J, LIY, Wang L, Lu M, Zhang X, Chopp M. Therapeutic
benefit of intracerebral fransplantation of bone marrow stromal cells after
cerebral ischemia in rats. J Neuwrol Scl. 2000,189:49-57.

[000289]  Chen J, Sanberg PR, Li Y, Wang L, Lu M, Willing AE, Sanchez-
Raros J, Chopp M. Intravenous administration of human umbilical eord blood
reduces behavioral deficits after stroke in rats. Stroke. 2001 Nov;32(11):2682-
8

[000280] ChendJ, LiY, Wang L, Zhang Z, Lu D, Lu M, Chopp M.

Therapeutic benefit of infravencus administration of bone marrow stromal
cells after cerebral lschemia in rats. Stroke, 2001,32:1005-11.

45



cells. Lancet Neural. 2002; 1:92-100. [000292] Chu, K, Manho Kim Kyung-1I
Par k, Sang-Wk Jeong, Hoe- Kwon Park, Keun-Hwa Jung, Soon-Tae Lee, Lam
Kang, Kyungm Lee, DongKyu Park, Seung U. Kim and Jae-Kyu Roh . Hunman
neural stemcells inprove sensorinotor deficits in the adult rat brain
wi t h exper wegexeadssdsocal i schem a. Brain Research, 2004r@@d6eatAbroib3
[ 000293] G cchetti F, Fodor W Deacon TW van Hone C, Rollins S, Burton W
Costantini L@0okeHCSoChopy MPLINETRAhANEbRISIA Bljey a1k nraﬂoﬂ%g{)%; xenogr af t
survival in téie pdicepiensit 2002;1:9@ngd r anspl ant at1 on 2003; 10: 41-9
[ 000294] Dezawa M Takahashi |, Esaki M Takano M Sawada H. Sciatic nerve
regenerati onfdo028t s ChaluG &tanhy Kim,aQangAH:a, IS9Rgefuld oMy e di T ferenti at ed
bone- nar r ow EwooRatk, Keld-BwaBung, Sobeuaesed, LA &hhd Kylidddi 1Qe, bﬁz 95] Dezawa
M Kanno H, KasRanpS&édngQhdibaniHaeymRehNHuliaakedml Sfem taild ifrdYe Yamada H,
Sawada | -1, $sispifaer dbiicks mihaadylt rst braitavitd exBemiddital Yocal @ehdmia Speci fic -
i nduct i on of BréuResesiche 28004 f8HaHd marrow stromal cells and application
for autol ogous transplantation. J Cin Invest. 2004; 113:1701- 10.
[ 000296] De HPERZNI VaGicruadihit fsxddr WBBegenmsTW| vanHamg CeRalllys Janssen PAJ.
Phot ochemi cdPurinkostedal £.C flsansam Dzimmeungrmeneenmisrs selowsot fomeusd deficits
af t er neocor¥inegiEitisaniietindhe primaie draisieokbanspBERGV2ABAR:43DO0.
[000297]Ding Y, Li J, Luan X, Ding Y1-1, Lai Q Rafols JA Phillis JW
Clark JC, DI990358] ExRezwaddJekaleshti ErdiMagakapgidsavaraih Sdatmge i n
i schemi ¢ rat”ser‘ferfégewgﬁ%’é“é@%@éwﬁdéﬂ’ Wareplapiatieroeidn vitie difotpatidied s and
cel | ul ar ovePBRPREY Fronea collsubon +piprel 3080 69&T Ace. 2004; 124(4583- 91.
[ 000298] Di X% Ly%h BG, Povli shoc 'JTM Fi ndl i nfgS RL, Hamm RJ, Mar marou
A, Young HF’Y gé FEZRWE ng&éqg ,]% g@ﬁ%ﬁvﬂ'ﬁ éB’f‘B@rmsr’r@M brain
injury in tHéiéa é\l?:g%mﬁg ﬁ;ﬁw . 5?%?[‘11 tighimura T, Kilada M, Suzuk

» 1de'C. Spediiic indudiiot of neurchal cells from bone marmrow stromal cells

¢

?nd- application for autologous transplantation. J Clin Invest. 2004:113:17071-

[6002961 De Ryck M, Van Reempts J, Borgers M, Wauquier A, Janssen
FAJ. Pholochermical stroke model: flunarizine prevents sensorimotor deficifs
after neocorlical infarcts in rats, Stroke, 1969;20:1383-1390.

[0002971 Ding Y, LiJ, Luan X, Ding YH, Lai Q, Rafols JA, Philiis JW,
Clark JC, Diaz FG. Exercise pre-conditioning reduces brain damage in
-Ischemic rats that may be associated with regional angiogenesis and cellular
overexpression of neurofrophin. Neuroscience. 2004;124(3):583-91.

[000298] Dixon CE, Lyeth BG, Poviishock JT, Findling RL, Hamm RJ,
Marmarou A, Young HF, Hayes RL. A fiuld percussion maodel of experimerital
brain injury in the rat. J Neurosurg. 1987,67:110-9.

{000299 Fahr A. Cyclosporin dlinical pharmagcokinetics. Clin
Pharmacokinet. 1993 Jun;24(6):472-95,

[000300] Ferrari G, Cusella-De Angelis G, Coletta M, Paolucci E,
Stnynaiuoie A, Cossu G, Mavilio F. Muscle regeneration by bone marrow-
derived myogenic progenitors. Science. 1998;279:1528-30.

[000301] Fukuda S, del Zoppo, GJ. Models of focal cerebral ischemia in
the nonhuman primate. ILAR J. 2003;44(2):96-104. ,

[000302] Fukunaga A, Uchida K, Hara K, Kuroshima ¥, Kawase T,
Differentiation and angiogenesis of cenfral nervous system stem celis
implanted with mesenchyme into ischemic rat brain. Cell Transplant.
1999;8:435-41. '

4%



[ 000299] Fahr A. Cycl osporin clinical pharmacokinetics. Crin Pharnmacokinet.
1993 Jun; 24(6).472-95. [000300] Ferrari G Cusella-De Angelis G Coletta M
Paol ucci E, Stonmmiuolo A Cossu G Mavilio F. Miuscle regeneration by bone
mar r ow- deri ved nmyogeni ¢ progenitors. Science. 1998;279: 1528- 30.
[ 000301] FuR{tizess9selél Zoppo, GJ. Mdel s of focal cerebrabuszediemia i n the
nonhuman primate. |LAR J. 2003:44(2):96-104. [000302] Fukunaga A, Uchi da K,
Ham K, Kuroshima Y, Kawase T. Differentiation and angi ogenesi s of central
nervous syst ERISEHM c éluuichi, ip Manbsid Mabdd) Akizs Roahyor, TafitawanRer ni c rat
brain. Cell Twarswaanta NA99S: BatdBiadleitardBuR G H0RSEHRECENARRPA61007917
[ 000303] Fur uitaeiplimos, aNotendinl Nanrepratecide Agenivimegjorahs, ischainjid BiSawanot o, Aki o
Kawamur a, Nob &paiane aad rarologisi Reficts MierdlocalfrogetTaliatnelots Mavagihas a.
Tacrol i nus, Kipgendauaial slcbereprabbleed Flow SaletsbolisangdBiideateed) 2ooBeni ¢ Brai n
Danmage and Neurologic Deficits After Focal Cerebral |schernia in Nonhurnan
Primates. JolfU§aP4lof Ghrbpwia Of) Goraakr v Whishow ! Sidifed re&hing83- 1194, 2003
[ 000304] Ghar BR&TECHK foayihe dxtersl Tontalwaitehearrogentitiniddelcererehi ng
i npai r ment s FIYHETPRS: p guditalverang srantitalye casearisep dnfos! radlondatidke cer ebr al
artery strok@sions {glsi PefavBrain fResq2Ri% 156826wé- conparison to focal notor
cortex | esi o&a ' raté Begj%v Brajn_ Res. 2005;156:125-37. [000305] Gonzal ez
CL, Kol b B. ar i % i g’r%r‘%"‘??g@?%" Pffdiftarerdmodsls dhetel@ our and
brai n mor phof bgy @V Eyy 2 B RIOCGh 5 1 §eYgee-4090;18:1950-62. .

[C00306]  Goto 8, Yamada K, Yoshikawa M, Okamura A, Ushic Y. GABA

receplor agonist promotes reformation of the stiatonigral pathway by

transplant derived from fetal striatal promordia in the lesioned striatum. Exp

Neurol. 1997;147:503-509.

[000307]  Grabowsii M, Johansson BB, Brundin . Survival of fetal
neocortical grafts implanted in brain infarcts of adult rats; the influence of
postiesion time and age of donor tissue. Exp Neurol, 1994:127:126-36.

[000308]  Green R, Odergren T, Ashwood T. Animal modeis of stroke: do
they have value for discovering neuroprotective agents? Trends Pharmaco]
Scl. 2003;24:402-8.

[800308] Hartings JA, Williams AJ, Tortella FC. Qocurrence of
nonconvulsive seizures, periadic epileptiform discharges, and intermittent
rhythmic delta aclivity in rat focal ischemia. Exp Neurol. 2003;179:139-49.

[000316] Huang, J MD; J. Moceo, MD; Tanvir F. Choudhrd, MD;
Alexander Poisik, MD;Sulli J. Popilskis, DVM; Ronald Emerson, MD; Robert L.
DelaPaz, MD; Alexander G. Khandji, MD;David J. Pinsky, MD; E. Sander
Connolly, Jr, MD. & Modifled Transorbital Baboon Medel of Reperfused
StrokeStroke, 2000;31:3054-83. :

[000341]  Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keere CD,
Crliz-Gonzalez XR, Reyes M, Lenvik T, Lund T, Blanckstad M, Du J, Aldrich
S, Lisberg A, Low WC, Largaespada DA, Verfaiflie CM. Pluripotency of
mesenchymal stem cells derived from adult marrow, Nature.2002;418:41-49.

[000312] Kaminska, B, Gaweda-Walerych, K, Zawadzka, M. Molecuiar
- mechanisms of neuroprotective action of immunosuppressants—facts and
hypotheses. J Cell Mol Med. 2004;8:45-58.

[600313] Kotzumi J, Yoshida Y, Nakazawa T, Qoneda G, Experimental
studies of ischemic brain edema. 1. A new experimental model of cerebral

a



[ 000306] Goto S, Yamada K, Yoshi kawa M Okanura A, Ushio Y. GABA receptor
agoni st pronotes reformation of the shiatonigral pathway by transpl ant
derived fromfetal striate! pnonordia In the | esioned striatum Exp
Neurol . 1997; 147: 503-509. [000307] G abowski M Johansson BB, Brundin P.
Survi val oWofeseedsseleocortical grafts inplanted in braiprrost@esedzsi7of adul t
rats: the influence of postlesion tine and age of donor tissue. Exp

Neur 01. 1994; &dflidAt Bfs inMIHEPRSTSIAIA ol bEMBSAIRA iNthe ArRWRRGds. Ani Mal
nmodel s of stJpokicstrotte. 1de8)s:have val ue for di scovering neuroprotective
agents? Trends Pharrnacol Sc!. 2003;24:402-8. [000309] Hartings JA,

Wl liams AJ,[0Tegidp| | &dhfam@dcabe Bnsimatalh O Kanuimilss NeRadihz Kr es, peri odic
epi | epti f or nBdo SchagsgB Okamndi, itHated, rhdzant AL Bydihfrbre pdab-tefiicreti Vity in rat
focal i scheneie-gifgreiiaiinat of rRQ08Y 4iRkMAEed mpANH3LeMase J MD, J. Mocco,
MD, Tanvir meudnswihMNoggiviyr aAdemedindding Bogerd) lifferbBiBoh) 2003;6823pi | skis, DVM
Ronal d Eners®a, MD, Robert L. Del aPaz, MD; Al exander G: Khandji, MD; David
J. Pinsky, MD; E. Sander Connolly, Jr, MD. A Modified Transorbital Baboon
Model of RedB8¥3318kd $ondiielRa Pokiechslono ABHINGOSHe6d rahafiadatidnfoang Y,
Jahagi r dar BlCkRdiGiHAeyoRL: 208658789€8. RE, Keene CD, Ortiz-Gonzalez XR
Reyes M Lenvik T, Lund T, Blanckstad M Du J, Aldrich S. Lisberg A Low
WC, Lar gaesd3¥f318a Vepdzplka PeVeghsien Ly GofsistebnsMelizenSs BrdboymiR, st em cel | s
“derived frorffR8ul varrgita iy DeGesaies, Rty Ei Moreopn M, [FodiogndiAKani nska, B,
Gaweda- Wal erRyBYN LxTranspiapfation ofiguliygd bempmpeyreat aplisdaspasientadhopr ot ect i ve
action of i o NEPIeY sANULER S and hypot heses. J Cel| Mol Med. 2004:

a:45- 5. [ORRRARNIO! 2w, Kol wln, QRSTRA'E W20 5o EXPer mont

components on the tissue uptake indices of cyclosporin int rats. J Pharmacol
Exp Ther. 1988;24:740-3. '

[C00318] LiY, Chopp M, Chen J, Wang L, Gautam S C, Xu Y X, and
Zhang Z. Intrastriatal transplantation of bone marrow nonhematopoietic celfs
improves funclionaf recovery after stroke in adult mice. J Cereb Blood Flow
Metab. 2000;20:1311-19. :

[000319]  Lindner MD, Gribkoff VK, Donlan NA, Jones TA. Long-asting
functional disabilities in middie-aged rafs with small cerebral infarcts, J
Neurosei. 2003; 23:10013-22.

[020320]  Lindvall O, Kokaia Z, Martinez-Serrana A, Stem cell therapy for
human neurodegenerative disorders-how to malke it work, Nat Med. 2004:10
qupi:842-«5€)._ :

[000321]  Longa EZ, Weinsteln PR, Carison S, Cummins R. Reversible
middle cerebral artery occlusion without craniectomy In rats. Siroke.
1989;20:84-91.

[004322] Mack, WJ, Ricardo J. Komotar, J Mocea, Alexander L. Coon,
Daniel J. Hoh, Ryan G. King, Andrew F. Ducruet, Evan R. Ransom, Marcello
Oppermann, Robert Del.aPaz and E. Sander Connolly Jr. Serial magnelic
resonance imaging in experimental primate stroke: Validation of MR for pre-
clinical cerebroprotective trials. Neurological Research, 20038:25:846-852.

{000323] Makino 8, Fukuda K, Miyoshi 8, Konishi F, Kodama H, Pan J,
Sano M, Takahashi T, Hori S, Abe H, Hata J, Umezawa A, Cgawa S,
Cardiomyocyles can he generated from marrow stromal cells in vitro. J Clin
invest. 1899;103:697-705.

g1



studies of ischemc brain edema. 1. A new experinental nodel of cerebral
enbolismin rats in which recirculation can be introduced in the ischemc
area. Jpn J Stroke. 1986; 8: 1-8. [000314] Kohyana J, Abe H, Shimazaki T,

Koi zum A, Nakashima K, Gojo.-S, Taga -r, kano H, Hata J, Unezawa A. Brain
from bone:woffiismpesmt "neta-differentiation” of nmarrowmEtmenssdenined

mat ure osteobl asts to neurons with Noggin or a denethyl ati ng agent

Di ff erenti at jowp324001416&%gR3 ©G, Gteerd BHVFABIHB®ME DL, Genkbabeipr L. Achim
C. Neural trHnBelEAYD, GRstcns MEL rRécevery ofbdrBomBstbOmRbion 2PRPHSaPR 25- 30.

[ 000316] Kondmidalderddal\iehspteiicthronBoticisdcision d rald Strars. 1694 Thul bom KR,

Gebel J, JanggtsmgP, DeCesare 5, Elder EM MG ogan M Rei't man MA, Bynum
L. Transplantation of cultured human neuronal cells for patients with
stroke. Neur[si00385] 20@arsbaI68S; Rididy0U0.3AFicsaneitvecddniPaadd dgs W
Chaudhuri G ddfisiis neroanabebinodd oteimenibARS. 2EN3{4det 43kagsue upt ake i ndi ces of
cyclosporin in rats. J Pharmacol Exp Ther. 1988; 24:740-3. [000318] U Y,
Chopp NI, Chi8fU36] wandalsumca i, dsahBi &, Wiianabexy, mecﬁﬁ’aﬁgsfﬁctedi ntrastriatal

t ranspl ant at ¢iisabsfidsonef GyelospENTYd ah exideogeiiendde cokbel artguy oves Juncti onal
recovery af t@clusiondiie Sah 200817:581-660. J Cereb Bl ood Fl ow Met ab. 2000;

20: 1311-19. [000319]Li ndner MD, Gibkoff VK, Donlan NA Jones TA.

Long- | ast i ngg’(’ PO i orMdeleand XpiNakanek K. Iﬁ’eﬁ?‘iﬁﬁ“@ma%@ﬁf&*’%@WWY@ snal |
cerebral i nfiAgtes A newixgigrsier immuslectian mimasgopy J Higod®eo] Li ndval | 0,
Kokai a Z, YioHem §8(42h 0% 8%t em cel | therapy for

{00328} Modo, M, R. Paul Stroemer, PhD; Eilen Tang, BSc; Sara Patel,
PhB; Hefen Hodges, PhD. Effects of Implantation Site of Stem Cell Grafis on
Behav;eral Recovery From Stroke Damage. Stroke. 2002; 33:2270-2278.

[000329]  Modo, M, R.P. Stroemer, E. Tang, T. Veizovic, P. Sowniski, H.
Hodges. Neurological sequelae and long-term behavioural assessment of rais
with transient middle cerebral artery occlusion. Joumal of Neuroscience
Methods 2000; 194:99-108.

[080330} Morris R G M. Spatial localization does not require the presence
of local cues. Learn Mofiv. 1881;12:239-260. :

[000331]  Nikkhah G, Rosenthal C, Hedrich HJ, Samii M. Differences in
acquisition and full performance in skilled forelimb use as measured by the
‘slaircase test’ in five rat strains. Behav Brain Res. 1098;82:85-95

[000332] Nishino H and Borlongan CV. Restoration of funclion by neural
transplantation in the ischemic brain. Prog Brain Res. 2000;127:461-76,

[000333] Nudo RJ, Larson D, Plauiz EJ, Friel KM, Barbay S, Frost 8B. A
squirrel monkey model of posistroke motor recovery. iILAR J. 2003;44:161.74.

f000334]  Orlic D, Kajstura J, Chimenti 8, Jakonjuk §, Anderson SM, Li B,
Pickel J, McKay R, Nadal-Ginard B, Bodine DM, Leri A. Anversa P. Bone
marow ceils regenerate infarcted myocardium. Nalure. 2004:410:701-5.

{000335] Pakzaban P, Isacson O. Neural xenofransplantation;
reconstruction of neuronal circuilry across species bartiers, Neuroscience.
1994;62:989-1001. :

[000334] Pedersen £8, Zimmer J, Finsen B. Triple immunosuppression
protects murine intracerebiral, hippocampal xenografts in adult rat hosts;
effects on cellular infiltration, major histocompalibility complex antigen
induction and blood-brain barrier leakage. Neurosdence. 1997;78:685-701.



human neur odegenerati ve di sorders-how to make It work. Nat Med. 2004; 10
Suppl : S42-50. [000321]Longa EZ, Winstein PR, Carlson S, Cumm ns R
Reversi bl e middl e cerebral artery occlusion w thout craniectony in rats.
Stroke. 1989; 20: 84-91. [000322] Mack, W, Ricardo J. Konotar, J Mbdcco,

Al exander WwoGossmsssiiani el J. Hoh, Ryan G King, Andrew poriledcugiorr Evan R
Ransom Marcella Oppermann, Robert DeLaPaz and E. Sander Connolly Jr.
Serial nmagnetic resonance inaging in experinental -prinmate stroke:

Val i dati on O!{}ohﬂﬁfOrplgﬁtg,-gg‘lj'ighiﬂgﬁls’q#éﬁgg’ ePkRCHLYE LS LS, m:Neur ol ogi cal
Resear ch, 2003:s%w35a.BR4=y 183 &hl}@abrpo infaritkid %’J‘ﬁ[ﬁ F%,?j]?a’s, Koni shi
F, Kodama_H, bdfamios reansty Noind Sbatimehi cofical Binictior A r Hepi B . Utezawa A
Quawa S. Carghining Fcphebiigaty ngﬁzﬂs{e@ta\@aﬁ&é@(ﬁa{ FREEAM 008, Egg.el ls_in
vitro. J dingdmvest. 1999; 103:697-705. WD 2006109664 ’ 8 6/ 007917

[ 000324] Mar kgraf CG Green EJ, Watson B, McCabe PM Schnei derman N,

9
Di etri ch VD, [0@isasher RRdiBergREc DpbpanthiGepsaiokeaioigact i on after distal
m ddl e cer eb2¥¥;28r25846¢. phot ot hronboti ¢ occlusion in rats. Stroke_ 1994;
25:153-9. [000325] varshall JVV, R dley RM Assessnent of cognitive and
not or def i cilf80338] a rRuitergd., Hoate IN..oTussr, Gk&onlpolRR K, CRROY3AR4:.53- 60.
[ 000326] Mat ShnSerdosr, didshid MEAmbikg. dltatrec i¥chanwliebinaie modeRest ri cted cl i ni cal
ef ficacy of @penoegwisimonkeys: Beliavital,anesioimaging adl anateniedisaldyar t ery
occl usi on. INqueclegical Reosargi2 5003 ,62068-T900327] McLean | W Nakane P K.

Per i odat el ysi ne- par af or mal dehyde
{000340] Roof RL, Schielke GP, Ren X, Hall ED. A comparison of long-

term functional outcome after 2 middie cerebral artery occlusion models in
rats. Stroke. 2001; 32:2648-57.

[000341]  Sanchez-Ramos, JR. Neural cells derived from adult bone
miarrow and umbi_lical cord blood. J Neurosci Res. 2002:69:880-893,

[000342]  Sorensen JC, Grabowski M, Zimmer J, Johansson BB. Fetal
neacortical tissue blocks implanted in brain infarcts of aduit rats interconnect
with the host brain. Exp Neurol. 1996;138:227-35.

[008343]  Stroke Therapy Academic Industry Roundtable (STAIR).
Recommendations for Standards Regarding Predlinical Neuroprofective and
Restoralive Drug Development. Stroke. 1989,30:2752-2758.

[0003441  Sullvan PG, Rabchevsky AG, Hicks RR, Gibson TR, Fletcher-
Turner A, Scheff SW. Dose-response curve and optimal dosing regimen of
cyclosporin A after traurnatic brain injury in rats. Neuroscience. 2000;101:289-

{000345]  Swanson RA, Morton MT, Tsao-Wu G, Savaios RA, Davidson C,
Sharo FR. A semiautomated method for measuring brain infarct volume. J
Cereb Blood Fiow Metab. 1990;10:200-293

[000346]  Szentirmai O, Carter BS. Neurosurgery, Genetic and cellular
therapies for cerebral infarction, 2004;55:283-6.

[000347]  Takamaisu,H, Hideo Tsukada, Akihiro Noda, Takeharu
Kakiuchi, Shingo Nishiyama, Shinfaro Nishimura,and Kszuo Umemura,
FIK506 Atlenuates Early Ischemic Neuronal Death in a Monkey Model of
Stroke. J Nuel Med 2001;42:1833-1840

[000348]  Toda H, Tekahashi J, iwakami N, Kimura T, Hoki S, Mozumi-
Kifamura K, One S, Hashimoto N. Grafting neural stem cells improved the



fixative, A new fixation for inmunoel ectron mcroscopy. J H stochem
Cytochem 1974;22:1077-83. [000328] Mode, M R Paul Stroener, PhD;, Ellen
Tang, BSc; Sara Patel, PhD;, Hel en Hodges, PhD. Effects of I|nplantation
Site of StemCell Gafts on Behavioral Recovery From Stroke Danmage.
Stroke. 2092.2088209¢0-2278. [ 000329] Modo, M RP. Stroememys2@eaTamy, T.
Vei zovic, P. Sowni ski, H Hodges. Neurological sequelae and |long-term
behavi our al #epEFed mpatial eogralia: indischerticaats Naurcsel idell, eocehebral artery
occl usi on. J&FGANSGR Neur osci ence Met hods 2000; 194: 99- 109.
[ 000330] Morris R G M Spatial |ocalization does not require the presence
of local cuelP00B&Hdr n Nokrgya Ao¥aruy2nad, SamwalIQMIBad)dd kKHabhé:d Rosent hal
C, Hedrich H HeadniMultipotenit friagpeistresal ool fioejisiablettoaniuaad ful | per f or mance
in skilled fesastppdiesisie vive. Sl HedolblPoRH§1:167T-805case test’' in five rat
strains. Behav Brain Res. 1998;92: 85-95 [000332] Ni shino H and Borl ongan
CV. Rest oratﬁ Bﬂ:’ftﬁi f UYRIPE I ﬁ‘gaWFdWafﬁﬁrdﬁsﬁeaﬁﬁﬁfwth?ﬁg@mdwl schemi c
bral n. Prog B ﬁﬁ’oﬁéél in bignd and braindissye follpwinp BEsiommiid iggiontsinson D, Pl aut z
Friel KNpomsgh W@ke‘iﬂd&ﬁ?d@@ Breiiy Hgs- r%@?*gﬁ%r‘h*t@ey nodel of poststroke

rmt or reco \#, 003 61 74 [00033€$Orl ic 0, Kaistura J,
Chimenti S, dlk oo JgandBiagly LR, Nadal - G nar d
B, Bodi ne K rakand 'g’gfg WW'@@!’% differaniiateina e i nf ar ct ed
nmyocar di um f{ﬂﬁe %‘53;? 7(?)11 r 00335] Pakzaban P, Isacsen 0. Neural

xenot r anspl 3[86@‘:152?” Zhang K and Terrence J. Sejnowski. A universal scaling faw
_ betwsen gray matter and white matier of cerebral cortex. PNAS, 2000, 10:
56215626

[000353] Zhang RL, Zhang ZG, Zhang L., Chopp M. Proliferation and
differentiation of progenitor cells In the cortex and the subventricular zone in
the aduit rat affer focal cerebral ischemia. Neuroscience. 2001;105(1):33-41.

1000354) Zhao LR, Duan WM, Reyes M, Keene CD, Verfaillic CM, Low
WC., Human bone marrow stem cells exhibit neural phenotypes and
ameliorate neurclogical deficits after grafting Into the ischemic brain of rats.
&Exp Neurol, 2002;174:11-20.



reconstruction of neuronal circuitry across species barriers.

Neur osci ence. 1994; 62989-1001. [000336] Pedersen EB, Zi nmer J, Finsen B.
Tripl e i nmunosuppression protects nurine intracerebral, hippocanpal
xenografts in adult rat hosts: effects on cellular infiltration, major

hi st oconpati bility conpl ex antigen induction and bl ood-brain baffler

| eakage. hburoscience. 1997; 78: 685-701. WD 209%4.096640PCT/ 1182006/ 007917

[ 000337] Pl aut z Barbay, S, Frost, SB,Friel,KM Dancause, N, Zoubi na,
EV,Stovve,AI\/lC,U'QF@EP’I ‘BM and RJ Nude. Post-infarct cortical plasticity and
behavi oral recovery using concurrent cortical stinulation and
rehabilitative training: A feasibility study in prinmates. Neurol ogica
Resear ch, 2003R3J800ncug) pleOO0B8E8] *tsineh by epnsdiferemiiatins pf neprrow edhomntfsigm st r oke.
Neur ol Reslis @004 maGfR2tt-f 4 meJiGOeB I HRaicitver gf iBhsmiKbraumorhagic stbhcioar ,  E. |
Konpol i t i patikat,, whichih, saitf medibqaent iditp bdhdmiodralicunar amodid suffisieht dEacHdxofogtion@hr oni ¢

i schem ¢ stdveker®mpi@bati N cynonol ogous nonkeys: Behaviral, neuroimagi ng and
anat om cal study. Neurol ogical Research, 2003, 25:68-78. [000340] Roof RL,

~Schi el ke GP, R?ﬂrhéuseld%hmﬁth&lmm@cﬁm@fﬁ i35 bd ARGstedQANBfUNCt i onal out cone
after 2 mddl e cerebral artery occlusion nodels in rats. Stroke. 2001,

S oy RO KRG R Re e bt dliBh Sl RSl KEAIM 200

bone nmarrow and. umg ga éord ur oscl 893.

system lesion o fme patie
4. The use of claim 1, wherein the medicament is to be administered intraparenchymally.
'5. The use of any of claims 1-4, wherein the neuronal precursor cells comprise human
neuronal precursor cells.
6. The use of any of claims 1-5, further comprising allowing the neuronal precursor cells to

migrate from a site of administration to other locations in the patient.

7. The use of claim 6, wherein another location in the patient comprises a central nervous
system lesion.

8. The use of any of claims 1-7, further comprising providing an immunosuppressive agent to
be administered to the patient.

9. The use of any of claims 1-8, wherein the functional recovery is a partial functional
TECOVETY. '

10. The use of any of claims 1-9, wherein the neuronal precursor cells are allogeneic with
respect to the patient.
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" 14. The graft forming upit of any of claims 11-13, wherein the neurOnaj precursor cells
comprise a Jabel. :

15. The graft forming unit of any of claims 11-14, wherein the neuronal precursor cells

comprise human neuronal precursor cells.

16. Use of marrow adherent stem cell-derived neuronal cells 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. '

17. The use of claim 16, wherein the medicament is to be administered locally.

18. The use of claim 16, wherein the medicament is to be administered infraparenchymally.

19. The use of any of claims 16-18, wherein the marrow adherent stem cell-derived neuronal
cells comprise human marrow adherent stem cell-derived neuronal cells.

20. The use of any of ¢laims 16-19, further comprising allowing the marrow adherent stem
cell-derived neuronal cells to migrate from a site of administration to other locations in the patient.

21. The use of claim 20, wherein another location in the patient comprises a central nervous
system lesion.

22 The use of any of claims 16-21, wherein the marrow adherent stem cell-der]ved neuronal

cells are obtained by:
providing marrow adherent siem cells; and
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26. The use of any of claims 16-25, wherein the marrow adherent stem cell-derived neurgnal

cells are allogeneic with respect to the patient.

27. A graft forming unit comprising:
marrow adherent st_ém cell-derived neuronal cells present in an amount sufficient to
facilitate functional recovery of a patient suffering from ischemic or hemorrhagic stroke following
administration of the marrow adherent stem cell-derived neuronal cells to the patient; and
a pharmaceutically acceptable carrier.

28. The graft forming unit of claim?27, wherein the pharmaceutically acceptable carrier
comprises a solvent, a dispersion medium, an antibacterial agent, or an antifungal agent.

29. The graft forming unit of either of claims 27or 28, wherein the graft comprises marrow
adherent stem cell-derived neuronal cells in an amount ranging from 10,000 to 100 million marrow

adherent stem ¢ell-derived neuronal cells.

30. The graft forming 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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3. The use of claim2, wherein the nmedicanent is to be admnistered to a
central nervous system | esion of the patient. 4. The use of claiml
wherein the medi cament is to be adm nistered intraparenchymally. 5.
The use of any of clains 1-4, wherein the neuronal precursor cells

conpri se huggni,pesanal precursor cells. 6. The Héﬁuﬁmﬁ Pf clains
1-5, further conprising allow ng the neuronal precursor cells 10" 'mgrate
froma site of adm nistration to other locations in the patient. 7.
The use of claim6, wherein another1f2€ation in the patient conprises a
central nervous system | esion. 8. The use of any of clains 1-7,
further conprising providing an i mmunosuppressive agent to be adm ni stered
to the patient. 9. The use of any of clains 1-8, wherein the
functional recovery is a pmﬁghgggﬁtl EEROMELY. 10. The use of
any of clains_1-9, wherein ' | eéu\\r of _cekls are allogeneic
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patient; ai agphffnaceutical ly geceptabte—Thrrier. 12. The graft
form ng unig of cla&im11, wher¢ir the pharnagtedtically acceptable carrier
conprises & solveny, a dispersifor] nedium anjartibacterial Jagent, or an
antifungal%hgeﬁ@f‘ - 13. Theljgraft form pgfunit of eithdr of claims 11
or 12, whereein theigraft conprifjsds neuronal prdcursor cellg[in an anount
ranging frgnl 00@ to 100 millli dn neuronal prgcursor cell .+ 14.
The graft &®rmngyynit of any of jclains 11-13, fwherein the|neuronal
precursor ¢&lls conprise a | abel. - 15. §THe graft forming unit of any

of clains 11-14p-erein the ndurjonal precurgor| cells conpfifSe hunman
neur onal precursop icells. . ' -
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16. Use of marrow adherent stemcell-derived neuronal cells for the

manuf acture of a nedi canent for the treatnent of ischem c or henorrhagic
stroke in a patient, wherein said nedicanent is to be adm nistered in an
amount sufficient to facilitate functional recovery of the patient.

17. The use_of claim 16, wherein the nedicanent is to be adm ni stered
local ly.  WO206{66§he yse of claim 16, wherein the mPGTUEHAHIMIE to be
adm ni stered intraparenchymal | y. 19. The use of any of clains
16-18, wherein the marrow adherent stxftell-derived neuronal cells

conpri se human marrow adherent stem cell-derived neuronal cells.

20. The use of any of clainms 16-19, further conprising allow ng the marrow
adherent stemcell-deriv r ' froma site of

adm ni stration to other M%&oﬁ%ﬂ%&%ﬁwgﬁgﬁé% 21. The use of
claim 20, whergin another location in the patient conprises a central

ner vous syg,ten?r €El on. 22. The use of any of clainms 16-21, wherein
the marrow@adh2fent stenjcell-derived meuronal cells.are obtai ned by:

provi di ng &rrozv_adher ent stemcells; @and inducing tjhe nman{ew adher ent
stem cel | s_f.ﬁt 0 fgr m mar rofv adherent stefn cel | -derived jneurongl cells.

23. The usg ok IR hirm 22—furttier conprifsi ng: transdiflf erentijati ng the
marrow adhgy ertt5s{ émcells intp feuronal pregursor .cells. angd inducing the
neuronal pee of jcells to fofmineuronal ceflg. 24] |The use of any
of clainms B6- girt her conpr{sijng providi ng dn i munosuppriessi ve agent

to be admi o stetati|to the pat i entj. 25] The use of anpyf of clains
16- 24, whegei n7khe|functional fedovery is a parftial functi¢ral recovery.
26. The us& of anyjof claims 1p-35, wherein {hg marrow adhenent stem
cell-deri v@ nzééJLJmal cells are gllogeneic with respect to{tihe patient.
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27. A graft formng unit conprising: marr ow adherent stem
cell -derived neuronal cells present in an anount sufficient to facilitate
functional recovery of a patient suffering fromischem c or henorrhagic
stroke follow ng adm nistration of the marrow adherent stem cell-derived

neuronal ¢ e patient; and a pharnmaceutically arrier.
28. The gr:{‘vﬁf%ﬁ?ﬁtﬁﬂb unit of claink7, wherein the pha?ﬁg@g%wggﬁlfy
acceptabl e carrier conprises a solvent, a dispersion nmedium an

anti bacterial agent, or an antifungggfZgent. 29. The graft form ng
unit of either of clains 27or 28, wherein the graft conprises marrow
adherent stem cel |l -derived neuronal cells-in an anpount ranging from 10, 000

to 100 nillion nmarropeMS™ tRequisitionieviered weeksal cells.

30.. The graft- fornmng Unit o any._.of gl

, e marrow
adherent stem celfl -derived neuronal cells conprise a |abel. 31. The
graft form ng uniit of any of clains 27-30, wherein the marrpw adherent
stem cel | -’_(;I.er Bﬂeﬁ’ neuronal—cekll s r‘nn‘pr‘ii.- se—human. nerrbw-adherent stem
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