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 respective cerebrovascul ar di itions. [0004] Anterior cerebral
artery occlusions primarily affect frontal |obe function, producing
altered nental status, inpaired | qﬁﬁéwacontralateral Iomer extremty
weakness and hype. sthesia, and gait apraxia. [0005]M ddle cerebral artery
(MCA) occl usions comonly produce contral ateral hemniparesis, contralateral
hypest hesi a, ipsilateral hem anopsiaiid ghjindness in one half of the visual
field), and gaze preference toward the side of the lesion. Agnosia |Is
comon, and receptive or expressive aphasia may result if the | esion
occurs in the dom nant hem sphere. Since the MCA supplies the upper
extremty notor strip, weakness of the armand face is usually worse than
that of the lower |inb. [0006] Posterior cerebral artery occlusions affect
vi si on and thought, produci ng hononynous hem anopsi a, cortical blindness,
vi sual agnosia, altered nental status, and inpaired nmenory. 2



WO 2006/ 096640PCT/ US2006/ 007917 [ 0007] Vertebrobasil ar artery occl usions
are notoriously difficult to detect because they cause a w de variety of
crani al nerve, cerebellar, and brainstemdeficits. These include verti go,
nyst agnus, diplopia, visual field deficits, dysphagia, dysarthria, facial
hypest hesi %0 Bgsiweqe, and ataxia. Loss of pain and tenpewatissmogensation
occurs on the ipsilateral face and contral ateral body. In contrast,

anterior st S..on e sj de_of the body only.
[ 0008] These §§§E§% %’%%TI?E%WEQPP& BV “Enbol | may
ari se from Bl e extracrani al arterles or rarely, the
right-sided circul ation (paradoxical emboli). The sources of cardiogenic
enbol i i ncl in mtral stenosis, endocarditis,
prosthetic @ﬂ?ﬂ(%db%r a|ﬁ‘§ﬁ§¥5&ﬁ{3§' g., in myocardial infarction [M],
atrial fibr gar di onyopat hy); and atrial nyxomas. M is
associ at ed ﬁ%@bﬁgr%%nce of enbolic stroke, of which 85% occur in
the first Wi‘afte eL&%%ia't&%%éﬁde%ﬁ&r t??t%ﬁf%ﬂ@fsyét&f] 13-20% of al |
cerebral infRfy 2R é’ﬁé‘:ﬂr} Seavekey errn vascul ature
of the subcortical cerebrum an ra| nstem Lacunar infarcts commonly occur
i n patient sppsthinsiaiN o epgekedAR8fafr such as di abetes and hypertension.
Smal | enboli or an in situ process called |ipohyalinosls Is thought to
cause | acungigopf ar ciSaiorNQnTB%H nGRATEMehAGS Biters Y ON? E}T@s%ub'ﬂﬁ'allde pure

not or, pur ensRRSYTYoasohsl OHE ST the EMiNga0dstor ENSIkSIons Blstwkd.t ue of their
smal | size gigkaielchardetehinarop®be0ddendads dfeBalidten to haaraddr tha)f arcts do not
lead to i NppialryeRiuBinG Ih § 09RéspoAting RBEOF YeurdiPPeRncta. Alsoveliedf

CONSCi ousnes&srebicfAR R Zhedant st steskermndrsineesirokd i hnerhetificteanc! usi on are
cerebral arémsondassing b hptirodeicoesgeop af pathdphydidtegidicsegesbiatiuding of t he

i nt ernal cathotrivishsiy; tmbylisnArandhealonbibgn dlemsn{ leparls intivalewrent bl ood fl ow),
at her oscl er nsidendd exeeeding £§@9,00@dew shojiee 9f all ypeb pirybal Strakdliea ence cause

t he for mat i leadiog kb disaiar. Chmbinmigtell dypee wbeidkedt isrihethird ledglinghe artery.
Less commoncaiggoédeah and thenisideadingeiuge of gioaljlty:t Mewirant teerele) thiscel | aneni a,
protein C de#pesrdmpipjectdie dis toengmilp ggﬁwaabbmwrmww arteries,

and prol ong@ﬁ dirgelvestsdeae ent gratna addhalnfiock eedaded Pipdtisiddl s. Any
process tha®f %@ﬁ%ﬁﬂdieﬁﬁ'@%rﬁﬁé‘?ﬂe@fe’"{ﬁ@k fasb g sosielydiPekbilip Bercan cause -

t hronboti c 'Temf%%iﬁr?&"‘%'fﬁ%ﬁ% g) pippiradis SR, anent ' s).
Qccasi onal | H t§lﬂf g%ﬁ if'okteacausgp M(‘J?FP'E’*’B?‘S BERTARNSH artery- or

hypoperfu5| %"f"shed regl on between two cerebral -
arterial fogpé ri es causenlﬁﬁ MOOM Trlﬁ%%xrng to

henor r hagi ¢ g% €and

henor r hagi PP 5&"5 FEY % ee%p(? gea !ar %ISSI on and are
regar ded as D@ par a éetréi)rélr rﬁartl “985 i schem ¢
stroke.

associ at ed %}&?%ﬁh tﬁé‘sz é;g% in ar | ons Patients
wi t h henorrhagi c st ke present sSim a oca neurol ogic deficits but

tend to be pppe ill B ) I ents with
%8 ugi Mﬁﬁﬂb RebiiE %ﬁw A) Eh&c n"nBKI?p cﬁx&é

|ntracerebr&g a?&lehe% BBE eYaith &[%d nent al
status, seig if%?%é’\ﬁ& 4 2, iérpr _ &s&ﬁe%@

however noefﬁh es?o CASh sla'lé'c@ﬂﬁ’soﬂ' §r’id r@g tﬁr of g em)rrhagl c
and i schem ge§t # ¢l638sion YQAIAY 08 001 ]In 1CH

bl eedi ng ocgiphRedthk aphénbxtrBifly HH?O%@J Weﬁ@fé@émgﬁm-ﬁhéfadé%’a' mechani sm
is thought §giaiewbea h{ig@r{p,émleh,m@tracer ebral arteries damaged by
chroni c hypertension. Qher mechani sns include bl eedi ng di at heses,

i atrogenic @numcoagte@éte@%ce@ml@ﬁaéyn@mmiszenmcsmaﬁdnsmgmﬁ abuse. | CH
tends to beprbaudst hamdfhioak hefiddsihedritel Binghdss, 1iBgd! ddhéiga,t he thal anus,
put amen, cesilasal honkl Sads Rl impakehinemdnaddi tion to the area of the brain
injured by the henorrhage, the surrounding brain can be danaged by
pressure produced by the mass effect of the hematoma. A general increase
in intracranial pressure may occur. The 30-day nortality rate for '
henorrhagi c stroke is 40-80% Approxigrately 50% of all deaths occur within
the first 48 hours. [00013] Ot her causes for CNS | esions are conventionally
known, including trauma and various di seases of the CNS. [00014] Treating
CNS |l esions inplicates neurogenesis, i.e. the (re)generation of neurons in
a region of a patient's tissue that is of interest, including but not
limted to repl acenent of damaged neurons in a central nervous system

| esion. Unfortunately, neuronal (CNS) tissue is well-kngwn for Its limted
reparative/regenerative capacity. The generation of new neurons in the
adult is largely restricted to two regions, the SVZ lining the | ateral




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

form ng unit conprising: neuronal precursor cells present in an anount

suf fi ci entwhoodeastdd t ate functional recovery of a patigRlyssathesimng froma
central nervous systemlesion follow ng adm ni stration of the neuronal

precursor ce ot table carrier
[ 00018] Al so Edéég hﬁir}gi%%tﬁgﬁ Eﬁ%ﬁ%ﬁﬁ&ﬁ%ﬁg&&%ﬂ w- adher ent
stemcel | - dgLi\u gev gpd Lg gir {081 #Bfgr ow adher ent
stem cel | - degg Mag@ asfét@a! central
nervous systgmq e SidABmb&a &«jfﬁ@ ps ége,.td bf Al eﬂ% uncti onal
recovery of é&}grae@éra:% y. :;B%}Qaa%l %hﬁa‘?ioﬂét&%@ﬁr%deﬁin@mﬁé% bné 9@31 ng unit
conpri sing: Hm|hé BYmARIREr ent st em cel I - derived neuronal I's present in

an anount sufficient to facilitate functional recovery of a pati ent

suffering frmuog centTidse BRSNS HHPbAT fo 8 vaity & rbawnad Eafbidiini strati on of
the marrow aghebRs frdh BN ReH) the exira@shisiestennadr, eally, hd yht-Bijedat i ent; and a
phar maceut i celtduatiacpapidalital eamioli). Fhe sh@OESFakidlogehiosamboli FcRidBeur onal
precursor ceddivilaritrambigd.gn)in itan Sitnbéis reatdbdzeditiso prosfhctidvdiea).adher ent stem
cells, for usera ihrdnie (¢.0.00t myporbrdidliirsadeton [l joatrifidibmliatibagliiatedt r oke.

[ 00019b] | n oeediampaethy);tdndrabisl siyporaus.ddlds asseciaibd it arfel; dnmddenpe ecur sor

cel |l s as di saflepgmiic sitnire coffudicht 8986 mecw frelbe GirsemohthafteeMi.canent for the
treatnment of an ischemc or henorrhagic stroke in a patient, wherein said
medi canent i[§084 be ddéwlmmrdnfarctscrdenunthora@oiific ciallickieprabnfarciiorbaci litat e
functional rasigiseply igfolderibe el terminal Godlabraridhe subcaiiorliserebapect , there
i s provi ded addrainsiemokagungs iofarats PRy oARY Inadieds with smell vese cells

obt ai ned by diseRsediuch as diabeles pogh hyrerieasiphoalipaitol or an Brsiel |'s, present i n
an anount SLﬁrP‘F%*ﬁﬁﬁ'{edt"BO“f‘%P‘Fﬁi% 15 toushhiocppsedreunat biassts 181 raostat i ent |
suf feri ng fr‘i?ﬁ’f'%orb AFHERFY é‘?“l)%i]gcmd tq” B‘f%ﬁ?%ﬁéﬁ‘f‘@aﬁxlchemr rhagi c

troke foll tiﬁﬁffﬁ CUEEHs to th
f)a'[ |Oeﬁt C)an 0"?;} ?"(WP %1%8?‘3“ ?Wl%ﬁ"' T ey nsye? angt her .

aspect, t her'®@eFg" v?sﬁ'dherent st em cel |l -derived neuronal cells
for use in t 1to eat Sﬁl} i che |c strok [ 00019e] I n

yet- anot her §, CO lru % erent stem

cell - deri v g t gl%ﬁ m 3&1%9)332 uf acture of

a medi canen e |n a
es gﬁﬁgre tlo qha? ftl‘?

patient, 958% sls'th

suffici ent t@;ﬁ% i t@&,@e Q mt%ﬁ,(@ﬁ@ﬁdén ,.aqgr%; Q@Olgf] In yet
anot her asp éetéi’rﬁ e tridy, %Ma &fibriyed Rzﬁéécoiﬁéixﬁéﬁbﬂ?%hﬁ%nb PFsing: marrow
adherent st gghgsd rdeve%pe%c%@tna@eéds%s BRSSA of the @dheBfEPUNt SUfTi Ci ent
to facilit ataﬁeﬁé&‘ﬁ!&d %u&@ﬂﬁ&xﬁﬁ&l troRe RA§. AImaS Horghid Agué rom an i schem c
or henor r hagk&esionOie: g@lrﬁygbiﬁrﬁ@ibh ggtapfo 4 fndiRrgrow adherent stem
~ cell-deri Ve%cﬂ@@'écpé‘rﬁé é{lé rﬂxsld&%fl@&htr%?ﬁble grsBedPRalomaetdncal |y
accept abl e @@ bbebral ?&% RIGRIai BhiGh EEhaFHESIGLRES [ 00020] Fi gure 1

shows results fromthe MCAo procedure. [00021] Figure 2 shows results from
the MCAo prgemdd)e. [URMRALRefsiadicShols iHedsmististirdoemmrdine MCAo procedure.

hemorrhage (ICH) and hemorrhagic stroke are used interchangeably in this

discussion and are regarded as a separate entity from hemorthagic

fransformation of ischemic stroke. ICH accounts for approximately 20% of all

strokes and is assoclated with higher mioriality rates than cerebral infarctions.

Patients with hemorthagic stroke present with similar foeal neurologic 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.



[ 00023] Figure 4 shows results fromthe MCAo procedure. [00024] Figure 5
shows results fromthe MCAo procedure. [00025] Figure 6 shows results from
t he MCM procedure. [00026] Figure 7 shows results fromthe MOM procedure.

[ 00027] Figure 8 shows results fromthe MCAo procedure. [00028] Figure 9
shows resuMi®Gzbe/msssohe MCAo procedure. 1000291Fi gure le@cshewssdeeatl ts from
the MCAo procedure. [00030]Figure 11 shows results fromthe MCAI

procedure. [00031] Figure 12 shows results fromthe MCAlI procedure.

[ 000321Fi gur gob3zp howsn K% blckding bosirt biecdifefio PE0fRA PaRnclyRRAOPRE Fi gure 14
shows resul t ssdal arechigsiyisithomyho RestUieskagb RN B4 igtricerebbal Shows results from
t he MCAI prodseaged by Qﬁ&%hﬁiayﬂn@orﬂ.@tﬁémmhéﬁsmb frlude eting MCA

procedure. [ 0ROBGEEIiggenit antdiansiations vbrebral amvibitibgs, Madlco@imcedur e.

[ 00037] Fi gur ebiise. Kidtemds eshe fosnd inesriainaitdAThebraperiolging ERO038] Fi gure 19
shows resul t thafanom, pitembiAdergetoedurdaraih @603 M Ridiivreo 2@ @bowvstheesul ts from
t he MCA! pr obrituinipred 9004 pFmbgoage, @ik ssirowsditgeisaintcan bedembbed B3 procedur e.

[ 00041] Fi gur pregure powbicedbyihesndss effediiod thitGenmtoee dugenerd] DRM424 A gure 23
shows resul t igtrigraniat presspGk may ocauiuTee 3P-08PaR}Hitgtatefo? Aembrovmia esul ts from
the TA pr oc#itkeds 40-02%20p@000BEL0FIST HUSDOBEISOREOIItHirOMhO 4t F8 gur e 25 shows
results fronhee TG procedur e: _ _

[00013] Other causes for CNS lesions are conventionally known,
including trauma and various diseases of the CNS.

[00014] Treating CNS lesions implicates neurogenesis, i.e. the
{rejgeneration of neurons in a region of a patient’s tissue that is of interest,
including but not fimited to replacement of damaged neurens in a central
nervous system lesion. Unforfunately, neuronal (CNS) tissue is well-known
for its limited reparative/regenearative capacity. The generation of new
neurons in the adult is largely restricted fo two regions, the SVZ lining the
lateral ventricles, and the subgranular zone of the dentate gyrus. Limited
neuronat replacement has been demonstrated resulling from endogenous
precursar stem cells that had migrated from the SVZ. '

[0G015] Some Initial success has been reported with certain
neurogenesis methods but these methods have not been dlinically successful.
Accordingly, what is needed are metheds and composiiions that overcome
problems noted in the art for freatment of central nervous system lesions.



[ 00045] Figure 26 shows results fromthe TG 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] Figure 31 illustrates functional recovery and graft survival

[ 00051] SLYVARYIX SHoWSVENEWIN s from t he MCAo procedure. [00052] Figure 33 .
shows results fromthe MCAo procedure. [00053]Figure 34 shovvs results from
t he MCAI Brocedure_. [00054] Figure 35 shows re ults fromthe ] d

pr ocedufB01910005 8 erSH o3¢ BHBAL PRETTRE rPedy ”FPG‘F" eFE%%’é%fuP%s to

[ 00056] AATHDPiErAgr NIRRT (P rﬁ“t%%?“?%ﬁ Hpé IR FE" 38

i 11 ust r §BIER NgnAmounl Fielea) © RubyR 8T GG ar’a es graft survival.

transpi nf*iig“ni Sl Eﬁ%ﬁ@ﬁ?&%ﬂ?ﬁ%‘% ot rec i
Ul sunt n t
irrproveE@cif S0 AT 1 et fger aptsf@ﬂ@.srw; PRGBS fo a2,
p<0. 01 fOR0&Q éﬁh@ﬂ{:@c&ﬁatag qw;snetrhe results of a pl aci ng test The nean

scores for the NMC group and the MASC group were significantly different
to thatpofitsihe coudd akcigrcaup @matay &npsisidg dprygvidiBy rdremeadiasnhetem cell-

si gni f i ganed dedifred eslispaltkbdmeieisteting tHeNGramdadviaiang sieopes-derivega@ugBal oetls

p<0. 01 foCOpSEhFufare Han showwtrat evauesystes lefiominvy angunigti@Eierde daqlikde . For
t he fi niahctivedl redolrery pbae piisenéncy tinme for the MNC gr oup was- si gnificantly

different to those for the MASC and control rou 62 Fi ?ure 43 shows
the resi@P¥lof a Al discipgpsels a gl foaping U8 (90 fﬁi oups,
t he bes‘ﬂeﬂi”%"s’ﬂﬁ“{%“a{/\%ﬁ"‘é pf?é?%'ﬂéa 3?’8?“%%@ ! tt § gpa
di f f er esHEEEN P%‘i"@fﬂ"’ &R 155p8 g '°£ ?§t§| ggf[:” A R«
p<0. 05, Siem celh 510 %@Etﬁ@&ff‘ &350

[00019a] Disclosed is a neuronal precursor celis obtained by transdiﬁerentiation 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.



[ 00063] Fi gure 44 shows results from Bederson testing perforned in Exanple

9. [00064] Figure 45 shows results from EBST perfornmed in Exanple 9.

[ 00065] Figure 46 illustrates graft survival according to Exanple 9.

[ 00066] Fi gure 47 shows graft survival according to Exanple 9.

[ 00067] Fi gtw@ez0agossésows t he results of Nissl staining ageewshohbet®y Exanpl e

9. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A. | NTRODUCTI ON [ 00068] The

i nvent or s haBRIER®OHSSRIEVION eFdrsuFmuRENgl y di scovered that the problens

and limtations noted above can be overceone by practicing the invention

di scl osed her[@0020] | n Figurd d whaws rdshies frdty 8RUIACA0 PRYEdNBEXpect edl y

di scovered that it is possible to provide NPCs and/or MNCs and adm ni ster

those NPCs arf@8@r] MNCEFidue 2 gainiseedults fbhatid MEAbpRsBedueent r al  nervous

systemlesion in an amount sufficient to facilitate functional recovery of

t he patient. [f®BEHI] THiguspPshaehredulaotansihe MEKepcddife Sever al advant ages

over the wprior art. First, it provides for a dose-response relationship

that can al | 4890231 phy Sigureath shows sistitrirahibe MOAD matedur@cedure to repair the

central nervous system | esion on a patient by patient basis Second, it

provi des for [%{Wzéill ogElgerec shpwometitstionetig MGAa preoedurdhi s is useful for

characterizing the NPCs and/or MNCs and/or graft formng units and

provi di ng GFEYYESIGrU Figkreanbehaves mmds fiom e NCAapid@ureonsi st ency, both in

terms of the [%):3!2 bat ches and transpl antati on procedure. Further, use of

NPCs al | ows F re pPEE SEhvesdepdefoat he Mo araeedgiemt ral  nervous system
nul ti-potent cells. This is because a

as conpared e of _ot he _
si gni fi cant @P‘gai ty OB eﬁ[ﬁ'iﬁ\“éﬂreﬁf"égﬁf‘gﬁ? MSAo oceree t han ot her types of
mul ti - pot ent S, W.ll t acell fate,of neuronal cells when
di fferenti at Pﬁgﬁg}r at \rll\f:e!?urf%g%%&sfr?ﬂﬁt@ﬁf’f“g%‘? AORIecesStfer cel | types. This
can ‘be i npor swhe rvi to_proyide con | over, transplantation
out cone and nggs tkq:éﬁ%%s’%gsohlo?”ﬁr?sé' Sg?mﬁlhedlgé?\pgmcgdve@r undi f f er enti at ed)
growt h of tr ant |41, it of Cs is desirable
because the [?g?:fﬁg ar gq%%rsél133@@%?%%?%@%%#@&%@%‘? cel I's which nmay

rovide for g ved i v resent invention
\?\/i |1 now be [ggz'%l?i bedﬁ#{g&%&g@ﬁg%@@ﬁ%m%%&é%%?1] Al'l publications
cited in thigospeci fig@k&ggsﬁbﬁgﬁg@%mg@%%{ﬁg WPy reference for all

i Vi

purposes and in their entirety as if each in ual” publication were

speci fi cal | yjoeesd] i ndirguglsl alt lshob fHsald ®in i1 f@@Aﬁﬂ?&%ﬂQFb{ ated by reference.
WD 20061096640PCT/ US2006/ 007917 [ 00072] " Adm ni stering” neans providing

- NPCs and/ or [Densdht i vEFiguir@fis shtws Rsiitd Adithe NOAG RIcafif£a” neans a region or
defined volune. For Instance, an area of the central nervous system woul d

be a regi on [@03GRf i nEhuve i@ sBowoRalIBATIMheMC AN delrdler vous system
[ 00074] "Central nervous systemischem c event” or "CNS ischem c event"

means any od@f36Ence Fiduet 17 ebubd silts feont e @Al ppfiesiu@). ogi cal Iy signi fi cant
reduction of blood flowto an area of the central nervous system of a
pati ent. | ni%P08YESf er Figtreeh® otdwrensyltsdroBNBe i@ @ndadaneent conpri ses an
i schem ¢ stroke. '
[39038] Figure 18 shows results from the MCA! procsdure.
[00039} Figure 20 shows results 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.



[ 00075] "Central nervous system /|l esion"” or "OHS | esion" neans an area of
damaged, nal functioning, or di seased neuronal central nervous system

ti ssue, or a penunbra surroundi ng such damaged, nal functioning, or

di seased neuronal central nervous systemtissue, damaged by a OHS i schenm c

event or bwmubgiedssshage (e.g., in a preferred enbodi nefiysheRRfsNagi c
stroke). [00076]' Central nervous systemtissue" neans a tissue

conventi onal Ipgg@ggoci Qﬁﬁﬁe%&ﬁbﬁé\%s&%ﬁ?ﬂn@%eﬁ@lgﬂ% mystem Brain tissue
and spinal cord tissue are non-limting exanples o? central nervous system

tissue. Cert gotogrbodirRig 86 Shovdd@sRisgRnhe TRY BRLEQRe CONCErn centr al
nervous systemtissue, wherein the central nervous systemtissue has been

damaged by amnpegmpem cFigam@msnoﬁ&sCrﬁs@@rmﬁhaHmﬁMur@S conventional l'y
under st ood, through oxygen deprivation, and other associated cascades and
by- products qféoms@gh defuie/2s slvsassuirssactharedpoasdnses.

[ 00077] " Functional recovery" nmeans the recovery of CNS function with
respect to aj@N88] esi Fiyuas2Bsticarsigieldgiesl rdxests hymnmasxangn@nt of

neur obi ol ogi cal paraneters characteristic of that function (i.e. CBF, EEG
cortical expd®ddh, etrgule 3Mshoms histelogicd mesutts bm iehExangiad. function (e.g.
rearing or auditory startle in nmurine nodels, or other nodels disclosed
herein or knd¥#50h t h&igaret 3. illgdratasduyctipaal detorenyiand drafysurdiesit endency of the
nmeasured variable to aPproximate the val ues observed in a normal or
control popul@¥5dh. Fhigets Bheiowsdeslis fpmdhe Msdoqwegsidatee, i.e. the recovery
return a the val ue of the neasured paraneter to the val ue observed in the
normal or cof808R! pophiokie Frehows reradis figinibe M oaperedpiel at e stati sti cal

met hodol ogy. _Functional recovery can al so be inconplete or partial. For

i nstance, a PEPrEht chHuedfahonicesulis fipndpe MGAhRIOPRES- recovery of a

nmeasur ed par , or. 75% recover r 50% recovery, etc.

[ 000M " Funct f@ﬁ%ﬁy rE‘@Br\?@efg‘“ﬁ’Fé%%g?%PW %m%‘l"c §ous system means to
CNS tissue f ly ipvolved.in a | esion.and subseguently functionally
recover ed th&{?ggﬁ thep’ﬁ?’{ﬁélsg'gwgfeﬁ“ﬁﬁ rB?‘ég%ﬂ?F‘?rH%ﬁ’fef“on. [ 00079] " Gr af t
Form ng Unity " GFUE kLI conpri ses NPCs and/ or
M\Cs t oget herraoi%g?]h aU'S‘ g'fr%%gisgu :ggéﬁaﬁ‘glhé@gg%{ra@l&gé%dgﬁ‘i-er, (2) that is |

i nt ended for gni St g:at i : i in a preferred enbodinent,

m xt ures of K‘igggnand ﬁﬁl%g%gr'ﬁe&g%&egs%e é%elrifterrpl ated. In other preferred
enbodi ment s&@@ﬁ?%]are ﬁ%@%@ﬁﬂ@h‘%&%ﬁ’éﬂ Arkygi W thout MNCs. In still other
preferred enbodi nents Cs are presSent substantially w thout NPCs.

[ 00080] " Mar r eosuther efgurs UOBhERS kife reBRANS adehiRBisfle Mst Ob Gaydd ti - potent
cel | that giafes tehsRaritftion, e Mhkcek Beht MXPESLp BRRRCLLLSREPEt eocyt es) ,
cartil age céelripsoveaidaf)doaexbe sith haliAse 4 doRtlblRRSE.ES h<0.850~0t her ki nds of
connective tpssite cells such as those in tendons. [00081] aMASC-deri ved
Neuronal Cells (MNCs)" neans post-mitotic neurons that (1) are derived
from man- ow [gdésajent Efieavdehbws trendsyB)of limb pRxPpess. TR Anmar ker s

i mrunohi st ocdverdsdar thy Naltigrexih el thedaS CyirqupoRee bigRificdrly different to

el ect r ophysitbhtafitteatonfrolairygi &n dsgu2t alrl day RS Woes: wis gesiguigdanng MNCs | n
vitro may bdiifferems: hawdGThd RDE? adPBRSOMGBspsp a0 osd-*us<on@t ot her techni ques
known in the art may al so be used in the practice of this invention, so

| ong as t he)08HEl t hd-iglee #AshdwninefredlEsf 8 donisordter rharediest. Honthen

enbodi ment , firahset hnOsaa leterigpiin@dor he NP graapwat sigkificanil diferentt ubul in i1l +
(i.e. Tul- 14y hopaéydheARErandmeplrdlegrosd to i sol ate MNCs using PACS

foll owi ng production of M\Cs using the techniques disclosed in

PCT/ JP03/ 014887620 t dfiguse AR shevastheresitia af ¢ wylewNese fpatid pohe trial”.

convent i onalAeng fhe thier arguesh direbers resplie watesihialaasfor the MNGarpbe, in Uni t ed
States Pat eff\dgiadisieabdiierencesiqra sbignedbobsnthaldNG greumand fiedd| e cer ebr al
artery occl §81658°YP800BY-OMCAIP<Ufdans i ddl e cerebral artery ligation.

[ 00084] " Neur ogene, si s" neans the (re)generation of neurons and neuronal
tissue in aregion of a patient's tissue that is of interest, including
but not limted to replacenment of damaged neurons in a central nervous
system | esi on. [00085]' Neuronal Precursor Cells (NPCs)" neans cells that
are mtotic, express nestin and othef cell markers specific for neural
precursor/neural progenitor cells, and areterived-from MASCe. NPCs can
differentiate into neurons, glia, and oligodendrocytes, and precursors of
any of the foregoing. |In ailLenbodiruer4NPCsseanbe produced from

mar r ovv. adherent -stem cel | s ( MASCO)

accordi ngt omet hodst | i scfci Sel fi rrPCMP03/ 01260, NPCs produced using ot her
techni ques known in the art may al so be used in the practice of this
invention, so long as they neet the definition of NPCs set forth herein.



WO 2006/ 096640PCT/ US2006/ 007917 [ 00086] "Neuron(s)" neans any of the

i npul se-conducting cells that constitute the brain, spinal colum, and
nerves, consisting of a nucleated cell body with one or nore dendrites and
‘a single axon. Biochem cally, neurons are characterized by reaction with
ant i bodi eswooreedvlmpsse neur of i | ament-M  and bet a- t ubul i n péitrogicesmorsinl- 1) .
Neural cells are also characterized by the presence of neurotransmtter
synt-het ases OJoGOS3]r Ot I ARSEIMt=PowS ARlsalieflon BREGLHIS: p¥rtdrieagecr etion of
neur ot ransm tgeinple bor exanpl e neuropeptide Y and su stance P.

[ 00087] "Neuronal " neans neurons, glia, and oligodendrocytes, and

precur sors of[oaogajof tmgjré%&gwmmsuitﬁ)ﬁ@ﬂ&}?m’qieﬁ&mied ineaasplan, ani mal ,
typically a mammal, and nore typically, a human, in need of treat ment for
a di sease or Eﬂﬁeﬁﬂj}der F:@t@@%gl]ds%tasgmﬁemmmaﬁdwrcm@aerﬂxahbeg;arr| er" - neans
any and all solvents, dispersion nedia, coatings, antibacterial agents,
anti fungal adgen$ss] cryioguret@chams grafisatviml eccamkhgdb Exapple@ del ayi ng
agents, and the like, that are conpatible with pharnaceuti cal

adni ni st rat i dBOGFTINPCTigure g shiigs theTasulta 98 Nis$i séarihg sedirdinglod agents i s
wel | known i rExamplea®t. Except insofar as any conventional nedia or agent
is inconpatible with NPCs or with MNCs, use thereof in the inventive GFUs
i s contenpl at[é%lTNE@@mm@QEWEJH@*NV@Hﬁ@Nthroughout or throughout
substantial portions of, the patient. [00091]' Tissue" means a part of an
or gani sm consi sti ngfof a7, Eﬁﬁg HES of cells having a similar structure
and functi on. A eferred tlssue accordln to t he invention, is nerve

ti ssue. [000 sgtgiy discovered
[ 00093] ' Tran é’ﬁ? %ﬁ ?W’a‘ét;ﬂgaftn‘ent,"
neans the pl %Wn‘;‘ﬁ‘f‘ %’ﬁe‘é %Hg e‘ Ve XRECHA ent

spl ant ed.

Tr anspl antatl 8'3“{3”5@ gL
Iy ansplantat i %%«E%?: ﬁ%@?ﬂ«%méﬁf% et "i'%if"@ YRR

00094] 7 ti |
E:h £ ar Ln[ a?f%mgéen_ '1% f%gécig@ﬂe‘?&%; sgﬁi%@nlt %Ls V& tﬁ‘e AI ns\g%g
/ t, NPCs are

AND PHARMACE
@} ﬁaﬂe’nﬂﬂéﬁéﬁ | $¥t0A8, rﬂ%\hdé%ffo@: :

used in the d,,p@ &lent
transpl ant ed g drigfdrgnent Nenik @@%ﬁif&cﬁ@é&t&ﬁi&@g t'NE@@C&ré?uWkﬁ”d
differentiat WIN@% Qndﬁﬂ*ﬁrﬁﬂﬁimﬁ@'dnﬁs hidbrobidmy GFU BlErl [oriNre fuwred,i onal
recovery of armmt foaiNOPEIRILENSY HoBnl teHisT tdbaliatcRad ikt For — exanpl e,
NPCs coul d dinkheianitiontRodatume, Taiihen ss¢ balPCcealcdedodamagestiendogenous
neurons. Al t egavablinwgiby of NPGanie0d ubtods fstaradsicainpaieatte ug bidthetel |'s or
neur ons t hat negibpeatbst glaVitis fsdetaus. a Fodsangnaiotity of actirons preyrdaave a
trophi c act i ceilsy nare thamathed types obmslfiquetend cellst ik edoftwred fdeaf recovery. In
t hat nanner, nenmasinelit whén difetenidingomiheo thasylfleemiibitg ivloothes cplbssi bl e.
[ 00096] Pr ef eltypeehmﬁi@@aahd pnpdriant wbémiying tsprofige eontrdi ovgs uch- NPCS

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. ,



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, thed neural preciarsoricellsr of Dezawa, as descri bed

t hr oughout ploemgmdeand in particular in Exanple 7, may herusedosdri he - NPCs
of the present invention. Dezawa '

di scl osettfi a SCal « ' Hinatinged ' LAl
pr gepEepi | s, a?gy} pest i ﬁ%ﬁgﬁ%’?ﬁsﬂeﬁl@%ﬁgd@r tf i%ﬁﬁrﬁgiirgerﬁt%?t{b?\%ﬂslt%t
[ 00097] I n enbodi ments, GFUs may be useful in the practice of this

i nventi on. P';?b@‘meu'["_@@éal“he%ﬁ§§%gﬂ@f|&@ﬁﬁédﬁi[lﬁnélsﬁéﬂﬁstéd&ecfd&eé)f the
present i nvendfiyaiicdiRal hdtoliiSstemiviiuld IR & B brelehNEd Riifine IbRRed SOl Yt €,
sterile dil uept sests he@buy\@fs®iin, Normal saline, fixed oils, polyethylene
gl ycols, glycerine, propylene glycol, or other synthetic solvents;

anti bact eri aljoogzqnt i fgegakl reg@LE Systait Richamia eeattborC'Casi iskheinltd mer osal

tri met hopr i memghf avehbanpsciuaendathaidesilis irae ladk onpyRibhatsale hi ppurate or

ni t r of ur ant oi gigrifitaat redugtivhal Bloadiow fvearl drke pf thatemkd dembws seem @s ascorbi c
aci d or sodi unpdtiestl if stprefenbé babodimesige GNS ischeimiasvdsDidnprisus &er s such as
acet at es, ci tisdised; stmkephosphat es; and agents for the adjustnent of
tonicity such as sodium chloride or dextrose. pH can be adjusted with

aci ds or basd§0&ich d€ehyamevkbssysteratssignber "Soidi lesioiyorapg adereal 00093] I n
an enbodi nentgf dgmaged, rmifuhefipning ergliscasedmusorfabeenigbngriousisysipiiesent

i nvention cog piiss ©F 8 penirnbracurpwising wel demaged amgiiundieningrNPCs.  For

i ntravenous dtivian¢d neurenal sentsl perbiesypled) v damaged by aédEpt abl e carriers
may incl ude p¥EfeImn Sgrben bxanemaThage (HasH 2 Prisged cabodimesha- | yte, or
phosphat e bufffegioshagigisiraié®)(PBS). I n al |l cases, the GFU nust be sterile

(other than any WPCs qr. MNCs that are res,entg and shoul d Ee II uid to the
extent that d3&/%yr i nyaBFaNeYOUS PYsien f3Ug R4S g gfle PORERUPIBY g nt ai ned,
for exanple, ° é‘f’\@" 1SN RIIE(OUR S Te%ﬁ“ﬁ ??ue%’?,dgpi‘g%i ng a certain
particle sizdSPYf FRAVEAGHINGEXgMPIGS O a U PYPISH egHs) ctants).
The OFU nust Odimeie.o ﬁBFes?'PF V{B %Lid“ P %@ig’ § & 5@? t orage and
b Nob ﬁeﬁ'g eﬁousg B beg g%? N gar g‘?lisnsgsuch

gy Lokl S Ol
preferable tqg ?i\?gﬁl-} 'gvatgl 1 Gth gao gar ss, p%ﬁcya @6‘?}8 S

13 .
og%{é}[@s des U SUch'as manni t ol
or sorbitol, s6dium CH?OI’I e, Lia, Na butyrate, and sodi um orthovanadate

in the GrU. 1Y orli@iohdl YevbiyemERSERcoREyIoE ERBtksBY witncor por at i ng
the NPCs i nt Geghett 18 iSs YRRCAsS MR CRREy e uRASE od! SPersi on medi um
and opt i onal lpk;RbRigidan B4 fHefN shdraddnstid esRatlriBh Al eopberg, [00099] It is
especi al | y aqyaphiaseaviorn, @td 0 bnsy mbssutdierftbtBetkviokdl Aurciore@lg. on i n graft
form ng unit EaraeR al@drp shilke iR AREnemoads] dolidr aldden drRrbssédhdremm ty of
dosage. G af tor ki RAh&IBH] FIRBAET I dtdthitedusate RpEeidy oféfeers to physically
di scret e uni fgessuicdedriate Wjrmeimaiestoesudsathsbied slbh&aial diohiolt reated. I n
an enbodi mentpopasionCiUnggRYRch@rtanid aimslels, ip. ddatesvaiyvedimsWe:
20061096640 Pgalta? MReiek:nRkmararuetot fotthe wilud\BESenealia theatoadaltop pr oduce t he
desired t her apritdi popwiétices tis Heleasined bhadpooprisitd $tafdieaimestiuidoldy.phar maceut i cal
carrier. The Fapeivnki reatdeoncdrosisd beeingerapittefaypaitiay Ronirtstthosagmtitnlr s of t he
i nventi on ar eadexaizack bymglaig fohiotiend! Fecodery @hd ereaserd phemateroure

char act eri st i76% retovelg oNBPEH, re¢dverypeart | cul ar therapeutic effect to be
achieved, and the Iimtations inherent in the art of conpounding NPCs for
t he treat menf0d978] ndi Virdwibsally ereverediesa affthaNROsal nereasisygiem? t unit dosage
f or m pr ef er alplepne ENCMStipsdie Brmerydutoiveddina dedidneandeulsaswently bil i on cel | s,
preferably f funetiensaivrect@eeddhroush be pmctgrool tha pesaifiinvesiiorcel | s, nore
preferably from about 50,000 cells to about 50 mllion cells. The

concent r at i ofP#FSNPCs “Gfﬂﬁéﬁwﬁﬂgﬁéﬁﬁ oAU RspRg e @Wﬁ%@h@&(&bl y can vary
from about 16ompdsasdiffes ay/enfdiCs getheowit 8Pharpceulicady aasertableef er abl y
from about 15808 (&l thayipintgnded s gdmiftstation i paliepl. . Inpowefere] 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 enbodinents it9may 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 |abels 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



WO 2006/ 096640PCT/ US2006/ 007917 [ 000105] A GFP-Lentivirus stock suspension
may be obtained commercially, or nmade using a commercially available kits
such as the ViraPower Lentiviral Expression System (avail able from

I nvitrogen, Carlsbad CA). In particular, the pLenti 6N5 Gateway Vector nmay
be conbi neswvontebdinsas4®-P cassette, according to the manubersmendos17
directions, to eventually produce suitable GFP-lentivirus suspensions.

[ 000106] I n aneebhdRebrtaRiiure SR CaritBMNDS aReEbRISEBIcAiGRbSRadId 0 t he
transfection ghetmpeRlsd avibbdibhte NECYark hesBRsubashtewithesgs the

| nvitrogen syatsgiotef geferdd bmbalimients NRGO 2RMbne8Mshatialghediient , when
| abel i ng NPCsNmsgng GFP, the foll ow ng nethods may be useful: Cell

handl i ng procedures, except the centrifugations steps, preferably are
perforned in go@nhazdvirSataehyrefodibneicld evwrhs 2 typd of alitshd @0m- St ock
sol ution may pugemicephnbgivasyrisdits aabndingf ddl thpsoiorpakidfoerecytes)l nl  of
Steril e Wt ercarfillsf® colle Chbndrbetes)giat duile Gatipayies R bndiedinds dft er. The
resul tant, fidoheedide dssuelcelbosuchiaanthasarin teeddisvi ded into aliquots and stored
protected fromlight at -20C. [000108] The day before viral infection,
pl ate NPCs i 08081225 fMASK-dasived Naimgadlelgi(MICsY meavepbstanilaiar e nmedi um at
a density of rEURins|thak)ees tlerivedifrofm mewow adfeerentistaur ecllsednds(2) ihan 37C15% CO2
| ncubat or oveéRISgANEFROIRIGTOMTEROhiggehemioply and axhibdceuon, t haw t he
| entivirus sthsenerias iRplegiiephypislogiss g Sultaile meihads efganaraling7 Deg C
wat er bat h. IMNGS Bodrs mpyba faunddn PaiidPaahi2ed Mes pafvead ysimafhero% FBS i n
al pha MEM and® Uust I ip sl gy lge beuser inthe peeligapfdNipEwealionwi th a MO
around 10. AJE '¢mA% hexmee ?(gﬁq %%MNQ‘W ﬂhég?ﬁ‘:‘én‘ﬂrﬁ@t ion of 1Cug/ ml
(1,000 X dil bg)’"m!? s |“-giﬁ AT 'é/“%l pdbeipitubtlin 5nq " add
the viral mdthft& TarGh dge § e TRy B kSR 5ot MNES SO 3-4 ti nes.
NGRY lg 1<h suiEing ey ciu(%ﬁfisgﬁ o1 On the fol | owi ng
Hii ngg}%e [E(ﬁea?e' .ei'rl}M}S 6 x 30ril
: orif fl X [0 SRR B UV ect i vit y

Return the fl ig%%% Ao/

day, renove Q ‘he-

X di

with 10% FBS E ﬁg

testing. Replggtcgé]vm res‘% cUl Ut e fredi um and put the flask back Into

t he IncubatorﬁudgggOH%&Q{yt‘vO%mgaagev(%gé&_r%:aﬁlgllﬁ&;g#gg ed cells, count and

re-suspend themto a tota ne o S and transferred to

alsm steFédgg,g} ONAs@CAF BRanEMIRBs EérBBal MEHPARALA €€ m crofuge tube. The
I nfected cel " concentration nmay be set to match an appropriate

transpl ant at feupey Ium\]euTé;%jZlﬂ@emmé Nycherabiéd & eiroMalanfice until use

et

for graft adibiroRiinRéiedn a rBoiolVDEE patNEs REOBRVRERUFifiédbsiORMadRG BLONS  THEREOF
[000112] I n anoeniediiRipace fAafmayseteirond e RheAHeARuIbydEhS 1 nvention
as part of glefdns that are transplanted into patients. The intent is that

the MNCs play a role in the functional recovery of a region of a patient's
ti ssue that [G065] i nt &¥easdnal Precuizat Colln(MOICs)"tmemt welfy thafare aibti@l nervous
syst em | esi oaspress pazdis klbd ether 40 206K GREGAOBOTUCS OO DO TISIrd!

[ 000113] Pr ef progediidviiglis, ambenprastiesd-eamfdAF @ NRTs @nodifdentpisioih MNCs ar e

di scl osed i nnRCPhsl ROR/20d 2BEudendroDges\wendgrealsors efrsny of te fvepdiogl of

Di f f er ent i at Ingy.¢mbadsnen- oG ciebe-prodiatciyy maraiv-aBbblegt-stamaeler ve Cel | s
and Skel et on{MASEHeceeHing thyyretodaEisciorEdin INGTET0RE0.( NBE€sawa" ). I n
particul ar, Ppiedutateusing ofiartéddiniques Raowivia, thaigrt ey elsobedisetlirdighout Dezawa
and in partie@ctge ofhigiosenion, o longps Heyuread thedefiniionpiddP CF setathpr esent

i nvention. Degtaiia FupiswEblysiB Ce samprise honanbiies althoughdiR Cedl dtheray be

t ransdi f f er eMETEHEN BpROAPSHES RISAANCYBPIssed WAHkn fescope af thisdiwentiers t he MNCs
of the preselitan gukgiime. NPCs, preferably human NFCs are CD29+, CDI0+,

CD105+, CD31-, CD34- and CD45-. These markers may be used fo isolate
NPCs, preferably 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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[000114] I n a preferred enbodi nent, MNCs may be produced from NPCs using
neur ot rophi ¢ agents. Useful neurotrophic agents include but are not
limted to basic-fibroblast growh factor (bFGF), and ciliary neurotrophic
factor (CNTF). Suitable nethods of using neurotrophic agents with NPCs in
vitro may we zéemeydsd N PCT/ JP03/ 01260. [000115] 1 n enbodigmarbseaddids may be
useful In the practice of this invention. Pharmaceutically acceptable
carriers useful in GFUs of the present invention can include: sterile

i sotonic bufy 6@6@ FRSNel2f #trﬁean%taaybme@hgbmé@dwﬁ@ @fsat er, nornal

sal i ne, fiXQ@nQiuis PRSP DNl MiDhdivesIborERtihg 6 2 RidMitdeRe 9! ycol , or
ot her synt hajoii wiRbME BF Fore?dtiridRRE bR halngR ax8A! RlodREAkalfgREksysSUCh as
ascorbi ¢ acifle cfhdrhéBRR%uRy: rebdibh®4th @RlitJltes Wi hB@sAGRkA-MaHd di xi ¢ aci d,
rnet henar ni nR¢6 B Al(Ee. Q’fuJﬂBtN@irﬁF@ﬂ&Qﬂe%lﬁ%@%{a’i&é@bﬁmnd the like;

ant i oxi dant $rs4éBe 8EndssiRIBinfteAS thddises @ haurtirsiifdrirGated PR)@Rd Ny agent's

such as EDTAndbyhfiesserstitnlor asuraesisaiiess, 161 dxembRheudbepiteophad es; and
agents for tshestagdiasst ment of tonicity such as sodiumchloride or dextrose.

PH can be adjusted with acids or bases, such as hydrochloric acid or

sodi um hydr ¢oGuEa] [Oﬁﬂé&ﬁhﬂlmmamﬁmmisnglm andyolaotiedidroeytasgamhi t s suit abl e
for use in prupcesefidnyiahtherfolegoingonpri se steril e conpositions that

conpri se MNCs. For intravenous adm nistration, suitable pharnaceutically
accept abl e ¢ef088pr s rfagtianficharmie aplapkial ggealila sathinaleandomereophor EL. TM

( BASF; Par sitypically, a iNirgan), in mesdraf rsaiment fond diseasepdralinmeddryt e, or phosphat e
buffered saline (PBS). In all cases, the GFU nust be sterile (other than
any NPCs or [N&8] t hat“Pmrﬁtﬂpﬁié@@fYt%CG@ﬁ@?ig GaEied means pOy @nd @l t he extent t hat
easy syri ng&pivenisydispergesmepinogasiings, ﬁﬂfth "@'aﬁﬂeﬁfér #riifuncgl ggsats, f or exanpl e,

by using naF@fPP‘élf%Ct%ﬁ%HO%'qaé’élaPﬁﬁ’rﬁﬁﬁ iyl e lie. dantarear ti cl e

si ze in theCemBaing WB‘PE Feceiicalasin rqti EP&HPG E‘EW%{@?a-WFé’Fe The GFU
nust be staﬁfﬂvjﬁgw 5‘ a%ffiﬁ%ist;‘%inﬁ E‘gﬂ e?g%}gﬁﬂg%ge and nust be
preserved a s such as
bacteria an ef?ﬁiﬂ??t‘eé'é"e%q‘éec@gF %%’" certal n cases, it will be

preferabl e | ude,. for. ch as manni t ol
or sor bi toI ggf :ngé‘?ﬂaéyﬁge%ﬁhﬁ?a%ﬁé@yr@ﬁ@%%’gg@% ﬂra% ort hovanadat e
in the GU p er% FRE i nventive GFUs may be prepar ed by i ncorporating

the NPGs in ter%assu\ée loShéa hsha mgrﬂ%oﬁsla o@aﬁlspers'on medi um
and optiona re tQ céti%%@ Seter o RGN A DRAARAN Y, [ 0001171 1t
i's especi al {? GO isl 1R @ he of "the invention in graft
formng unit s orms?or ease of admnlstratlon and uniformty of

dosage. G a dm@g]rm NETHR eaf9Fa% BloBHaschempd herein refers to physically
di screte unlts suited as unitary dosages for the subject to be treated. In
an enbodi mepip iohQ WRIRQO LI EnanyiRERt At ned quantity of
M\Gs cal cul 9é %rﬂf ARRYESHe cém‘éhmdmhi&ﬂa@gmum cetiefif @S hrebRf @Ssoci ati on
with the regaﬁernedmhggmamﬁmﬁmﬁﬂae SiRgeh@eé, or iessipestisbepat i on for the graft
form ng uni fragipsagel. f e tatiohendyalerid antolegaistocdattcells iyngnd directly
dependent opahdpanitt, ele frelhasnadiserd stanotheph thdearhdNestient.he particul ar

t herapeutic effect to be achieved, and the |limtations inherent in the art
of conpoundfdegsdiNCs flransdifierdriietiiimertnodevengmentefal il aldng anunber of M\Ps

i n each gr afirieagaidiffedad &gm thalralaspicelfyersabligted awith treat yelf typen about 1000 cel |'s
to about 1 billion cells, preferably from about 10,000 cells to about 100
mllion cells, nore preferably from about 50,000 cells to about 50 mllion
cells. The concentration of MNCs in each graft unit dosage form pref er abl y
can vary fra8m abd¥Es, PO EBARMASEUTICAL SGMAQITENS EBEREQN., and nore
preferably from about 1,000 cells/pL to about: 50,000 cells/pL. [000118] The
GFUs can be[qﬁﬁﬁfﬁ]udedlﬂw&ﬂb@ﬂlﬂlﬁmin@BCS eecised it thetipsantine ef thiso ether with

i nst ruct i onBvedionagpiadiof GFalsitea arerliensg Faéﬁdéﬂtﬁrpéﬁ?ﬁ%f Ehabloptist ored at

appr oxi mat elipt he N Gromowspdifeeantigierintadeuonalfelathobpgpairdeisei t my be
desi rabl e t&nftigse| regpve ciabrety sty EiREEHEM itthe RatieThi Eormay be
desirable in order to track the mgration of transplanted M\Cs, further
‘changes to transplanted M\Cs, survival of transplanted M\Gs, and So on.
Various cell |abeling nmethods may beienpl 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 mnethods, 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— —



adm nistration. System c adm nistration techni ques can be adapted from

techni ques used to adm ni ster precursor cells generally, such as those
disclosed in D Lu et at, "Intraarterial admnistration of marrow stronal
cells in a rat nodel of traumatic brain injury.” J Neurotrauma. 2001 Aug;

18(8) : 813- Wi 1@6dked] | n enbodi nents, NPCs and/or GFUs gaegetmsbdkerd9 t he
invention may be adm nistered locally to a patient's central nervous

system | esi Onexérﬁ'plé bﬂﬁ%&:ﬁﬂ@&ﬁéﬂm Meur&ﬂ%ehl?ﬁa&%y rUs Of the
present i nvengigi GHAT AL prs%gr dﬁféréﬂrﬂs%{e%@'gﬁél%g nute.
An advant age ﬁéuragg%ggsgcggté DébwiR: RS hé@éé SPﬁtw_,patlent S
central nervoysiy ér‘i 88k ﬁHﬂzrd»r%dnB%ﬁd &B?ﬁﬁéﬁdﬁﬁ%c&e tem may be
| ess active i mahA&, FBmbhiastdeRfanervbad §ystim leéfbﬁgz&fpeémethe Chances of
I mmunor ej ection of "the NPCs by the host may be feduced, and the chances of
graft survivajocong] be Pmﬁm@bﬁmﬁpr&m@%mp@ﬁmhg%ﬁaﬂﬁﬁ%tl 1 may
be required. MptditosadinePERgrROT1d60eR Dadwn Rt &, eAlitledMdtBod® € preci se
targeting of Difesntigirighaduchis BemiMdarowW DROHES]CHie mib Nengta¥sbhag i nto a
central nervoBieleiys Mestik Exiloby Transfanigl NodtreGere“Devsway. tapdri@darput usi ng
st er eot act i ¢ #efpperaipromenedelist sf Dézavayehdegcdsedhmoaghout Dezped aeht | S
- anest heti zed. m'blaéncp!atin@@hmldwéanhytm@edae&e NP@noiNRE praaidtvantien.

stereot acti c Pezmme dsubseh@arivtisisosatbomsdiietehtisiedmtvinygract or pl aced over
the skul|. Bupecistieslsdipt-tye tiRTASEINEE e WTE @i reSinifiiventiimg a dent al
drill or other suitable instrunent to expose areas of the dura just above
the target silPB8I7][ 0o0nzeIbodimaits: AFbLSMaMe usgfuhindhie pragiessofiiisng a 26- gauge
needl e and HdRYanten Rhamsceyiicalibrccepiebisrrpierssiseiubin @Fl4s ofdhepicseide) may be
nmade, in whi dﬁV@tﬂﬁ‘éﬁ ﬁ@'wpléd%sf%wﬁatow hyfieraedRedsatie st dilushises usi ng’ MR
i mages to i nstfed g_@e Ceaiaeiixgd Ofs, eeixpiodenaelywrs: giyesrinenj ect i ons,
preferably ad'e QIY"I‘? @EP ﬁ’é}‘“ sglgerp%@gtll@qg:tqr 'ﬁb"f@‘@wg@ﬁt@@'@

| nf usi ons rat%’§ lr-Und f"éeffﬁ?ﬂ F‘ﬁh E’F%ﬁ”"fﬁ’é‘?fﬁ ?-é’ar‘ﬁ‘%‘ﬁt about 0.1
to about 10 H’et %{6@ FF’ C °§’ Uni n, and

still nore pr enbodl ment ,
the needl e gy, rf“:ﬁ y rangi ng
from about 1 li §udfré)g tﬁe E}?’;gomggt es,

foIIovmnglnfumn eln sleftln

pl ace, the nqggigy; My ;.bsnte bae e@li,% ;bnﬁt hﬁt Sl r%@ fhe@bout 1nm to
about 10 mn t Ri&le Ceyfor an
addi ti onal pltaionts ntt%sz ftﬁ@gta. e Al es Lo
about 30 ni matm;wg;e:egfeg;@mb r;me@ Q?te 0§ d1ge’ may then
be renoved f npmicieaRat ey, lnbﬁ@aé@éuﬁd U SueHd R dnyrgnat oni cal

| ayers, and NrocP@tMRO$ tHﬁ@ﬁiet;Qé&Qtt)fe{hﬁ sheaa e fiyid kb @@aﬁ%ﬁﬁt@?@ée@

[ 000127] Anal ggsidgebility(dxists prépep NENBY &N Bithaitithed Yo BiPipls; by@8ing-

Cephazol i n, SehtefsikeichlaMiedkhin, By mentnisiay 8 cefi@ly ph€cadize i St of as needed,
as part of t kispststagi ead bpmsiudihy gifsahntpl TeedBUesust Pakisblkeqlndsr theeat ment may
be conti nued cpoditicrawf gianatdciuré and storagetaad dedt nepressivedigefiet gl y up to 30
days fol | owi egniamirgéiny action o8 uwiiprnaganiopp suttuas [sictetiaiantl @gigi, @8.

[ 000128] Addi tieswmibed tbotmimestil ases, kil be atdfanblotyinbiedé, domnekainipld, < S

Banki ewi cz etugdrs, polyboholk gueh fomabaitohtesabitol, sbdiamrchinridé, LiGipNant at i on of
cel I s i n nonkelysstesindgodnnouttoratadiceltie@FY. Spstelly, thalaltdntive

Tr anspl ant at iGfibls 94 BE)e Pepab@irhy iROGPYratiiObe NFY)slinic @astdrié verdcibadlichent s, _
i Mmunosuppr esgiigias adenicslispeysidensdivnrindtopliedlly ohet iheredientstrairhe | nventi ve
grafts and/ oihUNP@QUmWEEgems may help to suppress rejection of the
NPCs by thenE)atlent s i nmune system particularly when the graft and/or
NPCs are adni(f0§8kr ed dyesnssialinpdvpntaaravplodgmtale inmBRdugfithessant s usef ul
i n the pract inventsn ip grast fprmgiag tnib¥rsage fuoe fonsase af admigistratioriandd t o

ant | met abol i FRERIE Af dosage Aot GPFINELNoRoUSoTh g5 HsrsHheseis uefrsds

cycl ophosphafigisally dispreleinitg suilg ispsdasages fasthastbiestteRat e or

mer capt opur i freated. gn eTRRAYpR:FSE G U wsppeiopnrontales pdspdaieriined and
Tacrolinmus (FK-506). A preferred i nmmunosuppressive agent is CsA. GsA may
obtained froma variety of sources, including as Sandi nmune@ | njection;
manuf actured by Novartis Pharma AG Bd8el, Switzerland for Nevartis

Phar maceutical s Corporation (Novartis), East Hanover, NJ.

[ 000130] I mmnosuppressants may be adm nistered by a variety of routes,
including oral, 1.p., and i.v. Dosing of inmunosuppressants may vary
according to the nature of the imunosuppressant and the patient. In an
enbodi ment, the i mmunosuppressant nay be dosed two days prior to

transpl antation and continuing at suitable intervals thereafter. In an
enbodi nment, the i mmunosuppressant nay be dosed begi nning on the day of



variety of nethods, including but not limted to infusion through an
i njection cannula, needle or shunt, or by inplantation within a carrier,
e.g., a biodegradable capsule, but other routes of admnistration, are
also within the scope of the invention. [000133]1n enbodi nents, NPCs
and/ or GFUSYQ29eews4lg to the inventi on nmay be adm ni st etgasieagedésy to a
patient's central nervous systemlesion. In a preferred enbodi nent, the
NPCs and/ or CRugitityfol NREsmalenizitdd o pveittt B dBYediReRgBiRi i£d through an
i nt r apar enchy#esccisiiun wih tha reqlinad pagemaebuiiRdntanics. B PpctilBoh ke nd/ or GFUs
local ly to a gafifeming unéxbsage forny oliiie hysitematS@bE@RdIL o %l?re&t@e patient's
i mune syst entieagpddnd oh §ssuriqud chardotsisties drite: NIPCD thdsafidyRar 1 er.
Therefore, t hieEheuficedied o bemahiover), end therimtihtidng enHNRGS e LRGshoSt may be
reduced, and %anpopiding BECsfforghatreatmenvenalividumls, Tes haas&aasRBegyen t hough
i munosuppr es¥¥hgeafktritdosagsyfolye praferably edi vay Gbihaboachamoiageoof | ocal
adni ni strat i GiPoFs! hillipe cplise pieferably frgmt sboyt WEOORIRENs foabbiXetddNSILEeSi on. D.
MASC- DERI VED %%mer%a@ymmmm @ [a0RUBEY mioarceBsTbO@d™ENt , | VI NCs
and/ or GFUs %&W PfNRGrein angb graltomit wasagedormupreler sthe Oy aopirita
convent i onat 1[5005%@ dsfigln do pBeHtdO0.8P0 gelislihi and ravieqmefcmbly fampais of MNCs
and/ or GFUs to” DPeipinh fo abort 809G cslisfiiient s can be optini zed usi ng
conventi onal ﬁ“ anq’b chni ques. M\Cs and/or GFUs according to the
present i nver{ o . '?“sbteé'ﬁ‘é‘éﬁeélf_fbﬁéﬂ@iimmpmiuﬁsﬂa‘nser with other
substances orj r:?(f']s longiRiEdaingraieny Hhesqrpfie wemreferablystatdsen from
conventional routé %@Y n?ni stration known to one of skill in the art.
nr}g&s&l ant ation will be carried out by a
y

000135] I't i -1 hat
\[/ari et y] of I ﬁﬁgg{#::j lna[iﬁi:he cif% &gsifpls terlapsl e N#Gough an
| aq%‘mrasﬁ fa
e.g., a biodggipga d%ﬁ(?&é%

W

injection cappgb@; r{§ ?H?S‘\!g?ﬂ?gﬁég 3¢9 §ig- RP-humam carrier,
i ral Ifted

al so within {B&ireGaREodd '5% I

and/ of GFUS Geghanes Mint iy Eg%‘iﬁiﬁ%%ei eigred Locally to a

patient's CefidredcefMQIMBINE (GSh Bifdr Q%hpiotekmnﬂ] %e t ﬁ%%g?e§§5 ment, the

Saeiffementationf on, are
AeHertls, MNCs

i
e
M\Cs and/ or fibiBe aded £36nRIEHRAENESRERhLR] d g through an
i nt rapar enchysmkheteikBlantAliteadvant age of adm ni st'ering and/ or
GFUs locally to a patients central nervous systemlesion is that the
patient’s inj@0oE02pystwhemayalped @efarRetbais nohIentdSubliggd- brain barrier.
Therefore, tigurhbisioelsenitalizmlyse hedyaetisei of ahike, P brdije host may be
reduced, andsectimnsamnmedoubly-igmairiosSined ifdt@ﬁredﬁﬁwoﬂ%‘cérﬂﬁ&ﬁgéﬁ FBY&N though

I munosuppr e¥Beellabels) B-tubejin Be Nee ¢ nedon-Spiteerotarly alideRipy | ocal

adni ni st r at | as#tid Polein (ERHFY.corst (anragddendroofic Mpesid &oéhﬁmﬁh@ﬂt esi on.

[ 000137] Wheretraagk pstrasyiiaglialntroligodemitacgiic profag UReS R0l SSH98-

t ranspl ant atPreiesfane siwer anlitiodyl aod theusinbgr st @lieekRedsing S Blagak Procedur es.
I n such pro&SHrled acedding fn therftbergoraiie stinediog RskulBhaheabiugRligs head is

pl aced in afisyRuienaphicid GF Psforpibot labt]) posfiva pefitsthdy e dialaResi ti oner

wi th i cro- ibjdgieBiing|tag awacy e hirhie coklalning Blemst 109 FPRRYItE (grade in the
patient's 55 ef,%%‘rﬂ?gg*gehgﬂﬁi% ingyvieryl fifrseofiomand smitipiiheeby thet r unent to
expose ar eadSHop flamdiie antpiienasapey of dralathgttontiin 6FP-{RA0AER] | n an

enmbodi nent , ehleReRosRIPraleng a 26- gauge needl e and  Hami | ton

iﬁ?l{! ot her suitable size syri g\gje) may be made, in which. the
f

m cro-syring ) I
needle is WE% é}ag fwﬂ??ﬂ'mﬁ@-@m% ebelingd Gegising GFP, thermges to i nsure
proper pl acBHEHPI BRSNS MACke 43eflor GFU. I nj ections, preferably as bol us

i njections, . e die Lo (Ehe ggr aft si te(%. | nfusions rates can vary,
preferably EnLl : qeggﬁ? HPeTesasRdASe, FESviiroglm t41900136),L/ mi n, nore
preferably Froin. % o) g“%&?fpg“?v Grfi L erdiMiissitodi sumpersiaor ef erabl y from
pl ace for - ‘% ptidl about 10

i nut es, ma)ﬁ@ﬂ}p:)drge&érga% yég%% it eWhﬂ%@ ,”e?(rjl | owi ng Infusion. Foll owi ng

the period wherein the needle is left in place, the needle my be raised a
short distance, preferably about 1 mmto about 10 mm nore preferably
about 2 mm and then held in place for an additional period of tineg,
preferably ranging fromabout 5 minut®s to about 30 minutes, nore
preferably about 15 m nutes. The syringe may then be renoved fromthe
patient, the wound site can be closed in anatom cal |ayers, and the
patient nonitored for recovery from anesthesia. [000139] Anal gesics, (e.g.,
bupr enor phi ne) and anti biotics (e.g., Cephazolin, 50 ng/kg, IM b.i.d. x 5
days) may be adm nistered, as needed, as part of the

surgi cal / post-surgical procedures. Antibiotic treatnent may be continued
post-surgically for an extended period, preferably up to 30 days foll ow ng



met hotrexate or nereaptopurine (6-MP), mycophenolate (Cell Cept),

Cycl osporine-A and Tacrolinms (FK-506). A preferred i mmunosuppressive
agent is CsA. CsA nmay obtained froma variety of sources, including as
Sandi nmuna, |njection; manufactured by Novartis Pharma AG Basel,

Swi t zer | andvd omsdagmr t i s Phar maceuti cal s Corporation (MoyetiohGdoreirast
Hanover, NJ. [000142]i mmunosuppressants may be adm nistered by a variety

of routes, i{osti06] Nng ABRIP ehtivitus sPBEsthependiRPinBPLObLh Iy NOSUPPr essant s may

vary accor di ngminterdiflly, sahaticeusiiy 4 BRnnBrEMNP SHHIRKE REelIch 28¢hd he patient. In

an enbodi MentviraPbeer IBTHMRBERREAG PSSR vRRROBGH MR g SR AP t O

transpl ant at iGx). mm;m@pn@zﬁawmafeabweﬁWrﬁéM&;nf JERiHLr- In an

enbodi nent, tGI@mumsm@ﬁ@ﬁﬁtﬁémmb@rﬁﬁﬁﬁgct@ﬁglt@@\mﬁw@? e day of

grafting (apprekceatizbl GRrHenbdisSupesisiopsocedure) and conti nui ng at

24-hour intervals thereafter. Dosage ranges preferably may vary from about

0.5 ny/ kg/ dajoacdiepoutn a0Sbalikattdapeingonsy mrmtiomad scchiopig @yt 5

my/ kg/ day  t o tratwedtion Sraiepbleghvaiiighle Sbimlthe manefgief, aPhy/nk IAURARRUL 5

nmg/ kg/ day t osgnrefgfecig/abgralay.” | ntravenous injections may be

adm nistered_as a bolus, at a rate ranging preferably from about 0.005 to

about 0.100 [RORISIt e, Inmypthepembediniohl waen Ebeling NP@SGIBFAULE. E.

EXPERI MENTALolpsdpRysiiodnsiasys ussinhCriGasdiv prresurtf08i4a 1 t hough bot h

aut ol ogous afRitHgaligansres. prepeplyae perfamedin ABIGsazar Shiot Capinet

phar maceut i cat¥etdnposivbienn stock splutiempey be preparsd bytdissoleing dptgadfed by t hi s

i nventi on, ‘I‘% nd mhol figsiaWetar WP andifilferysdivioush g DBtmiEmnni ng uni ts)

i s preferabl 8% arﬁg‘é' b ditvred stock riyiemendetdiidesiittamliquatoandr m cs t he
pieg Prote W 4ot etePe transpl antation of NPCs in patients

clinical setf
é%trgm lesion may take place. Disclosed
OC

suffering from trat!nr oS S , )

herein are tg} f@iu Cf :fae ViER inagetion, pigle dppdReafiaskn of NPCs,
di ¢ Emln fdbe c THiC )

according t q A€ 17 ; Bjcé iak G

'r*‘{iiaﬁ dejsity g{¢ millien elisperague- Dawl ey
rats that have ‘bee PGt e NERPAE et er y occl usi on (MCAO),

1 ddl ' i . i.ent gl i schem Td).
L T

. ; 3 g b
. 9 : PCrurth
e SRR e TR
Lo Somtene demB g I IIRREL, |
. . } U . : F - d , | ..
i schen ¢ r afsck ' gehtPhNRWHna foril 89 Simkd Orediby the ﬁaﬁﬂl&g@{ogp

o @0 et al.,
'CGhat cel |l s$uwuwatgal i s enhanced during nel atonin-i nducéd neuroprotection
agai nst cerebral ischema."” ‘FASEB J. 2000; 14:1307-17. Each stroke ani nal
recei ved a {iafitgjcononitsé fRgowing daf, ibMbeecaifpibie USSRl ARAMN iy 000, 100, 000
and 200, 000thei fsk SVBEPCS x BOiEGIEh NOMIRESSIN AR WIEET SHIRRES MO caFP! OXi mat e as
used her ei nuhsiefor infdtiaitysipbtingt Rephieewits feah cliRge Mliua aﬁcpﬁj{tthe,ﬁ weeks
post - st r ok eftagkrigich miotle dnonbater. mmunosuppressed daily w th Cycl ospori ne-A
(10 ng/ kg, i.p.) throughout the post-transplantation survival tine.
Loconot or alf@0¢btini t Newd dpgrHapveshvics irdéctéd eelis doant £ re@hspap@s characteri zed
weekl y over thamdem toldl wfiure psiosul polT STFR e isnkRired® 2 §Bdp@gai n once at 12
weeks post - fiedasipNase-fied, GiNAseifsteo brgperatree xadaongt inde. ghelidiectext ent  of
cerebral i sgeeneerwptiorgmay be seiteimaith amagprepdals nedplantatiandaihy, sel ect ed
ani mal s at Senwalip saridenize heid ke webse untitussfiramtibidnanistrgfB0144] The
following tests were used in the outcone determ nation of both the stroke
operation afd t M PRk RiABMAGES Hahk SOMROSIFIOND THEREDFTOr e det ai |
bel ow. The manner of perform ng these tests is set forth el sewhere herein,
and woul d dP9BIEE uriaén srthedimapt.dwiCa aresigediin tha pravticaokthis TABLE 1. PARAME |
ERS OF NPC 'T{eRtiappaRart efgraiénint aredraoppladied info mRigTtsNGbe oitadiiciabt exam Morri s
wat er maze igfeiw?s“*@% Biindhe fisefiena secayeryof & tagskef apdtisdsdiusrey af t er
transpl ant 484 dhorgigest. Sindeataraniendieaimens Rbearkmi nenwys aystem letiorske and
recovery af't 8‘?“3591%nspl antation Reveals cognitive deficits after stroke and
recovery after transplantation TIC histologyReveals extent of cerebral
infarcti on GFAPReveal s extent of cerebral infarction and host inmune
response to transplant GFP viral vectior Reveal s survival and mgration of
grafted NPCs Neu- NReveal s neuronal phenotypic expression of grafted



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 &{H208@ési ve performance conpared to their pregimesmpliant ation
basel i ne performance. The two hi gher doses of about 100, 000 and about

200, 000 cells pronoted better behavioral effects conpared to the | ower

cel | dose of [(i§dt3] 40PRIETadNEs ahth prefatagignathodsat arotidiig-sues PTSe

rel ati onshi pareRiignicsed irceOVAPY3/0 1280, 5t Dedewaichdy catklddahetddsfal deficits was -
seen as ear | PifeserdiningieddcingdinetMammplntersiilial Cells dutd NenetGdilsedd over the four
weeks post - t Phgisioh dusaieiGslis pe ifrapdierdBigdiitéh Gam (“Degmnat)e epdrticdldr, not or
per f or mance {heshewaldels”of Bezaved abddgoribed tigoughstt exdwBedéirson test) were
observed in B#ficul#iieExaupledemay pesised as hoMNGsf thapgaertt irvanilon. npr ovenent s
i n cogni ti veDperaxisaiosee tal glangw-hdhekprisiesn whis eraylleze) were nore robust
and stabl e i Fadifirentigted @to newnrgl icali et aia iherluseftorgibe HENGsoolNIBA

transpl ant edP&APHEVENtOR | stroke transpl anted animals | ooked heal thy and
there were ng observabl e overt adverse effects during the study period.

WO 2006109668 @ﬁiusz’@@amf@v%?mf)e@a@ﬂbm miplee poduged diom MpPears to be a

factor in f ’t‘ﬁf“ girapRic APEpts, Uisﬁf“{ pRirogRhjcaggnts indudglbat aigingh| s di spl ayed
si gni fi cant :E}: ?1 Igrop rgé'P'T@F g@@d cifigrgedrtonhds fackohnspl ant ed
ani mal.s sho g‘%& l"]‘%g SEHIATOPRC Bes o MRANEES fotBar ed to Mol
t ranspl ant ed"8h vgdi atl on of SI gni ficant recovery of both

hi ppocanpal i ot ant ation.

Extrapol ati o) | d i ndicate
ce

\.mx Lfe
t hat patient 1dild dheSE fg y benefit
from NPC trgagwt@ag’}a.@am an{e%l:':*’c]%g&h 0.4 m% M 12 weeks
post - t r ansplRat ActiRRampme 'tﬁﬂiu%té Ahitr u%n%ﬁ‘ t ed the

observed f ungtibadais atch%@%eorﬁﬁ%cﬁaér%o&u&m@tﬁé !aﬁr{%s%mzh ng 100, 000

rsrtlj;gresagdt ﬁ%%g%epiauné g Bﬁ% ﬁhéls EHS Cﬁ%ransagl anft;%éan: Im{;tl an

and 200, 000 ANRESTA LORS 8GR 4RIEE AR 81 pHoSRRYES ¥nd Jalitd fof | over dose
of 40,000 cahd sdjustheniaidrdigislenad saih YHBRINGTINRRIIPATchn BE Vi val and
behavi or al  ekfusriisviucide@f bassRpidch dsltaiircationd ydiner ddfen RfcPsREeLd the notor
and cognitive recovery in stroke aninals. O note, graft survival was

det er m ned §8%igs} he it antinkbdiment, gl fomgn@pmiseaidhle RAdsd Ritse St r at egy was
shown to be prasendibVentibw comprise stgilgeanpettioNP@at chrmpriseGINCS.eForwi th this

met hod, MPGinfiayeadusadmivistradias,isuilalile pbirethce(itROIG/ 148 Reaide naiio: may t he stroke
type, it appwiude phisiviogital saiinee Commepter £hd Vb (BASF; danagenyds.jdeen in both
MCA and MCANomessel, sstvtes plashe-iyle grrathioophatd bileEsl saline (RB®)riasdl, the nild

brai n damg@%@uﬁ@&m&mgb%@ﬂaf@h@r@mw NRGabitMNCS thak aes ni grati on of
the cells. Prseoiged shayidha !’Iltm!smbta exfputthaiessy ayrisigabiliy gxidis{pmpere to t he
site of i nj fHigiy s keanaigiaj wﬁgﬁ@mﬁlﬁlb}tl@mﬁl@a{@w& sughandeciikior by r epar at i ve
effects on iping agefgp pa ig thepaasephdspargion.and by dndusig i n t he
Exanpl es bePEREAIHHote @Rd musthp stakle wﬁ@%m?nmdrimgtnéménda@que likely to
di fferenti afd ?tﬁfaﬁeﬁéﬁf‘?ﬁﬁaﬁe piseriyey gealnsithpstaunipatingmptidnaet or s that m ght
have contri Hlﬁr‘é‘i‘{g?'# hpuch éﬁﬁt’e@ﬁ Qlf”’"tﬁ‘ ﬁséﬁ@ﬁ@?éﬁbw &t ceriait at ed cel | s,

i ncl udi ng bfSeRol Wi ilbﬁlp(%‘arap@ R A ©F s5atUpie- ek Pobyaipolglssudt st roke

(1 ocation afi ”‘&8 ‘7% 'Eﬁtffhi H L Nﬂh uysesernoreiNm OBSERVATI ONS AND
ADVANTAGES E G‘*EVSIQF aubrl PERRERRYeNei C
transpl ant a ¥t5‘ﬁ°r8f’ra' cfb |°@ﬁta‘rl§(ﬁ%§i tions that
conpri se 883 "%9‘ 'Bﬁhosﬁlqﬂté@éﬁ%‘?fb

transpl ant a oﬁ (sarre speC| es grafts form ng uni ts) | s preferabl e. in an

enbodlnent on S setting in

whi ch al | o @ﬁ%ﬁ éﬁ%‘a&%ﬁ b %?] {? ﬁ—@l’l ng from
central nervous sys ons THRE iﬂrgﬁ ° E"’P% P389 rom ani mal s
trials of allogenic transplantation of MNCs in animal nodels of stroke are
provide in Section J below These rmdel s are useful in understanding the
efficacy of the present invention in % he treatment of central nervous
system | esions. [000150] The results in Section H suggest that the M\C
group showed significant inprovenents in the behavioral assessnent tests
conpared with the control and MASC group. In histological analysis, the
infarct vol unme neasured at 41 days after MCAo did not show significant

di fference anong three groups. Conpared with MASCs, MNCs denonstrated

hi gher survival ratio and | arger proportion of MNCs showed neuronal marker
positivity and neurite extetion in the host brain. [000151] The MASC group



hi ppocanpus denonstrated extension of neuritis in the host brain, which
coul d not be observed In the MAWgroup. Hence the significant behavi oral
i nprovenents in the MNC group suggested that the transpl anted M\Cs
mai nt ai ned neuronal characteristics in the host brain, and contributed to
t he functi OR0¥/8&dyery in the MCAO rat nodel. G NPC EX@RUuESIT9D00154] The
Exanpl es set forth herein are neant to be illustrative, and in no way
limting, ofurifoemifodpesafe. Cnafl forreiag ohit dovaga fararas Us0d Adlzh rEepsatbi ment al
procedur es. physically disdrete iunits sufet s ueitey deshghioRo theMubechb bEGL st r oke
surgery. At frstad Isiax ewbokinat eech GFlé dssaggdorn combdinggd redgtegniteist ed on
el evat ed bodipasiiy 0§ MNSstcaldBbdet toprodues the desiiedvberapsutivadffect imaze task. Only
ani mal s t hatasgpgafionydth the gervired phamecswdicaldefrieci Tihe specifcatiobeteent | y used
for transpl aehfasingsui gesggedfauny etonyention sieylicdiceti dyang dindetly he f ol | owi ng
treat nent s. doafidant sn fie Yriqueccharackerigicsfof thediNECadie partigitaren in Tabl e 2.
TABLE 2. TREMGREPRicEiRg iTbershizwndannd the §mijglams inherdrit i1 the adypf Graft type
Cel | doseSt rgRPoTRgiey BhGsi fer bk feaimapheidadyiduaiacIDe 00BMSAS BINABAR 10 TG | 8
100, 000MCAo Ecivemtupit iepaeon ooiveAn ¢4 VDAl 2bauigiooo@etsss] Al | ani mal s
under went staPgwie! killpy eells, Predurably Bem ppasi MRcsiivie aboutidedniiopasses ( MCAo
and MCA!) orce¥s. mise peeferally fom ol 50,000 relfie fonhorbat eillionicelis. déel y
cydospori ne-cﬁf‘((ya@ h g’N ?Z}?ac[‘@fﬁ@tlwg?ﬁ%geafﬁffﬂﬁﬁﬁefﬁwnéﬁ*wéﬁﬁ‘ weekl y

?

testing f ut $p0 gel 160,00 /ilnEnd prere prsferaly Fens wer e
eﬁfhgzgzegrgﬁé \&%@"ﬂ& 2¢ ﬂgﬁ)gﬁe“ﬁé‘ I'ﬂﬂhi st ol ogi cal anal yseg of the
cerebral inf o9 b n
m grati on. {% e?];flﬁi

% N

g Sft ur.véi_v I,.n her}%l rgic expression, and
gnst 2 4 "gmi!%%én f ;ﬁs_g?%"g@ﬁ%ﬁﬂs‘ﬁr @I ly and
t hereafter it (:fiJ WESKTEERH O SREIPHS BERLPeEbY AL s ong-term
behavi oral an I'Stologli cal effects of NPCs. For clarity, a schematic

diagramis pigayigied ReLQWin non-clinical embodiments it may be desirable fo label
the MNCs prior to transplantation. This may be desirable in order to track the
migration of transplanted MNCs, further changes 1o transplanted MNCs,
survival of transplanted MNCs, and so on. Various cell iabeling methods may
be employed depending on the circumistances under which the labels are o
be read. For instance, fluorescent proteins (green fluorescent protein, red
fluorescent protein, etc.) may be used as in circumstances in which a detecior
can be suitably placed near the transplant site. Labeling may be performed
using conventional methods, such as the Invilrogen GFP-leniiviral system
noted above,

[0001120] When analyzing engrafted brains in non-clinical situations,
immunohistochemical analysis may be useful. in an embodiment, brain
sections may be doubly-immunostained for green flucrescent protein (GFP) or
other cell labels, -tubulin i, NeuN {a neuron-specific protein), glial fibrillary
acidic protein (GFAP), or 04 (an dligodendrocyte-spacific protein) fo idenfify
neuronal, astrocytic, glial, or ofigodendrocytic profiles. The number of positive
profiles for a given aniibody and the number of cells expressing GFP may be
estimated according fo the Abercrombie correction formula. The volume of
distribution and fotal GFP (or other label) pesitive profiles may be calculated
by determining the area of the brain containing af least 10% GFP-positive (ar
other label-positive) profiles in every fifth section and multiplying by the
distance from the anterior aspects of the brain that contain GFP-posiiive {or
ather label-posltive) profiles. In an embodiment, MNCs may be fluourescenty
labeled using retroviral infection via the pBabe neo-GFP vector. M. Dezawa
etal., “Sciatic nerve regeneration in rats induced by transplantation of in vitro
differentiated bone-marrow stromal cells.” Eur J Neuroscl. 2001;14:1771-6.
The procedure may be modified such that other flucurescent profeins may be
incorporated info the vector.
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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 antation) Euthanasia at 5 or 12 weeks post-transplantation

[ 000158] Celwa embyedshdong Usi ng GFP-Lentiviral vector systwemusHneeo@aP-

| entivirus systemwas supplied by Dr. Didier Trono of the University of
Ceneva (Cenev&. SWREZERANSPLANNROONwr e | abel ed using the foll ow ng
general schenme. Mnor variations in nethod were tolerated. Materials
needed 10 ng 63240l ylrasremisddirdntsPOs aiodior/GRIeddcb&lidg tbigy ed (Si gna)

Opt i - MEM nedi avéiGiob cmy/bel auniitisiegein)siily dnietional Badoal SRrb@E: bt h

anti bi oti cs (Péminsirhiidnpand Shoept oECs pndonv@iflUis plbat@inapgegiwat el y 1X106
San- Bi o cel | spatients cas iie petisized uBlag abmettigrabded wareginglicchiduasc giHcsedi a i n
37C | ncubat or andior Gidds smsbrdingsiodhd predént prysrtionimay HefatthidiBtepdd adneforl0 ng / niL
pol ybr ene st otlconbinatiprowita othikOsubistameel er.colvpssitioms] Rpute8.of I N a separate
tube, Add 1 nedoiisipticaurpbecinser fom avhvenidichrastestaiadministdby br ene. 4.
Rapi dl y t haw ¥osayigpae eeskill githeprbt in a 37C water bath. Rinse vial wth
70% Et hanol ; il\/l e dry. 5 Add entire contents to a 15 nL centrifuge tube
contai niing 10 GHE" e- %?@Hteweﬁﬁt‘?ﬂﬁﬂiﬁ@?wlﬁ ¢ gamied 00Uy RPVs on a | ow
speed cl i ni cal3EMHA Metinge, Ineldng Pelnos imiies @ infusion thiauek an idectident | y pi pet
out the superﬁé‘é‘e”!ﬁﬁl?eﬂ@s%%gé oIy implsiglatien within 2 cairiep cethet ned nedi a

cont ai ni ng vi'¥ _Qf?dﬁf)lg,ﬁag? P b3y other roytes Qi pdipinisplicangre di Wikin el | of a
6-wel | pl at e: SSEPREN? BVER®MR7C i ncubat or, Incubate for 3-hours B. Wash

cells in 10 _ r PBS,, twi.ce. 9. Re end cells in 20 pL PBS or
medi a of choi 6:{7?}\% ' S?W%Fﬁ\%@s ﬁﬁccﬁr?i@%&&ﬁ ?‘V?rﬁﬁ?ﬂ,m‘??{elﬁ) on ice. Cells
are ready for %epe E % ic . _apa'tlent,! which instance parenteral routes

suth 98 Rt (i.v.}, or intra-arterial (such as through Internel or external

carolid arteries) administration are preferred routes of systemic

administration. Systemic administration techniques can be adapted from

techniques used to administer precursor cells generally, such as those

disclosed in D Lu ef al., “Infraarterial administration of marrow stromal cells in

a rat model of fraumaitic brain injury.” J Neurofrauma. 2001 Aug;18(8):813-9.

[006124] in embadiments, NPCs andfor GFUs according fo the invention
may be administered locally to a pafient's central nervous system lesion. Ina
preferred embodiment, the NPCs and/or GFUs of the présent invertion may
be administered through an intraparenchymal route. An advantage of
adminisiering the NPCs and/or GFUs focally to a patient's central nervous
system lesion is that the patient's immune system may be less active inside
the blood-brain barrier. Therefore, the chances of immunorejection of the
NPCs by the host may be reduced, and the chances of graft survivat may be
increased even though immunosuppressants still may be required. Ancther
gﬁfsar;tage of [ocal administration is more precise targefing of NPCs to the
esion,

[000125]  When fransplanting info a ceatral nervous system lesion,
transplantation may be carrfed out using stereotactic surgical procedures. In
such procedures, the patient is anesthetized. The patient's head is placed in
an MRI compatible stereotactic frame and the micropositioner with micro-
injector placed over the skull. 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 syringe} may be mads, 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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[ 000159] Behavioral tests: Animals were subjected to the follow ng

sensori notor and cognitive behavioral neasures in the pharnmacol ogy studies
of NPCs according to the invention: Elevated Body Swi ng Test (EBST)
Morris Water Maze (MAM) Beder son Neurol ogi cal Scal e [ 000160] El evat ed Body
Swi ng Test WOEBSM644000161] The el evat ed body swi ng t estp¢ERSdsoBEBUr €S
basi ¢ postural reflexes and asymmetrical trunk function. The EBST test has
been denonst na;*eamnsmmmadé;mmeb@sﬁsﬁagjtdafuhi@hé reh€d dAWaRg MCAo and MCAI

i schem a in theferabijdmusiofvolBods agofordabadl 0.1 0 BBRAMDLLmiAHoRasSi ve

avoi dance defprefitablyffii alviub0.5¢0 abostisqn/mih, AliestiThie SrekRuaPirah artery:

Physi ol Behawaboi9p8io #RuOBO-ul ninSteamémioodinerBohie nagAd mel ballefi in” Ear | y
assessment ofplavetfara phriet whtimiorsfeablisrahging frera edsdtul toeseliumi on of t he

m ddl e cer ebﬁ‘ahuias,timrypfefédahly@beqxtd:“rmmutb@%llnm@ ;aﬁ:éﬁn2$o{tdv¢|n§1m§ al so been
eval uat ed i n pegod wheremammaﬂ& &tiefoin phaedtle gesdld oy bbrasdda shigroke. C.

Bor | ongan et difitance, iafergblyaatoet Smenip abbutribtran, rdyrefonsfetsblyrsoai Zigini n

successf ul o@efthsndsiddf plave feri atdidditiossl ghbried atdinteg prpfordidvirapigihgdiom 1998;
9:3615- 21. [@Qqﬂ@passﬂqawta@mmmm%nemwammynmut@s taie and
recor di ng t h&yigdedudy then be ramevegionybe paiest theswountimie atusecnsd sted of a
cl ear Pl exi glita@nabanicyl dayess. s0d $regmtignigngnitoreddoraatavaly fres agestitdsia. pi cked up
at the base of the tail, and elevated by the tail until the animal's nose
is at a hei gi{ % i ABMEEsieS; (@8) bupeNaPhing apd entietics The.. di recti on of t he
swi ng, eithe eP [gr%r‘\‘ Kg: MyB &0 363 ARESHTEN be admiisigipdnsscrded] noved

d 28 urg -é%fgwﬁw @Snﬁﬂwiﬂf@t eniapaydte t he bod
o1 deveys app g’wﬁﬂ%&o g gw e iendgeie the body.
al lowed to ntngviSHIOG; Slt?afesﬁ@eaﬁ nishe f

' retesting. These steps are

repeated 20 for I ntact rats display a 50%

swi ng bi as, B?éf{,} %ﬁ‘g “f“PLf\fA‘)/ m% f’ %‘"ﬂd ?( nd to the
right. A 75%s e ] eta!% \%3 qgﬁn ah trac Fion and 5 in
the other dugs g?é 7!‘ A el ous V% OHHS noted that

| esi oned ani ma s disp ay >75% bi ased svm ng actlwty at one nonth after a

ni grost ri at aggghession MR nt hs
[000163] Bed:g] %g%ﬁé% %dmﬁw rlé%{g’iaéq%'nﬁs i | ogi cal
scal e rreasurmayﬁ@pwwﬁws@rm;b BfdfiSof th N t%@r;saﬁ‘ént’énmm dpddl e
cerebral artgiricReghhehams gRRanAT NPs efe é nHRARS %&: Opmi‘nt of a
neurol ogi ¢ eRampial dfafmundduppredsart 885l i thé r&ticé\/bf B st[

" nt r acer ebriabudre ior dirb@@ﬂimltbdttb%nﬂmétab@ﬁésegﬁéh #f azAPEHHAE B éﬁh ation.
Stroke, 1998:itsUtT ad ycidindeshantids\aic-dtRSarBdonRigBRaE us abl € de icit over
time as nmeasuethdirdptd dranBedacmaine (B}, inpedphédbidte ccdBdprand t he MCAI
st roke nodel Gydaspotitte-A bOOTAEDIABO(RK-508). Aquferadd iginbeuidaSkivet he Beder son
Neur ol ogi calagerbimUsa. CsAduay eldaihed fromiangrittyef piuwesdincEingreevi ousl y
descri bed. AandimolmR, dijscionemboradued by Movariis Bhéraian®@, Bsiehg 4 tests which
i ncl ude: (a)Svwizsdanddoi Novashs Biponmaendivels GopsidtatéNatariis) Bdstng, graded from
0 (no circl ifgfpveoNd (continuous circling): (b) contralateral hindlinb
retraction, which neasures the ability of the animal to replace the
hi ndlimb af IB90%53¢] i s tasippeinpesisaris mdy bp asinintstered dbyammarigtyaded from 0
(i medi at e regeaduhing opbln, preiV. déesingnl mmresupiessants way bary
repl acenent )accorga@g g maie rf "ﬁﬁi“ﬂ?&@?fe@ﬁ%ﬁjéﬁﬁ thefpaticni. dmant hat readily
traverses a SNbRdEiaRtdee ingounasLpRiagsabERY be desaddwo dayapriantabl e to stay on
the beam f off@ @’%@tﬁ’ﬁd@d ogRnuIngist syitetde ifetyaly Bewglion. gnabp, whi ch neasures
the ability & raunnsHRRIPeFRSt BRY B8 detedhsainigEandte day o a rat with
nor mal for eJR %W?Bﬁ’”rﬁéog grgﬁedgre} atd eovdBYiBY eb24hetsp with t he
forepaws. [ Qggaq‘;@ﬂsa%ﬁm@&r V"Wﬁfr%rﬁ ahpet Gone over a

period of a ﬁé} aba‘t‘fi@g{gﬁ/ggﬁo give a
lday ntra‘?gnous n;iec?l ns m misierea asaholus @ata INorris

e
=l

neur ol ogi c
Wat er Maze
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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 comoOeos6/4990169] About one hour after the Bederseumdiessoaiaagi cal
exam aninmals are introduced to Morris water nmaze in order to assess
spatial nmenorate rdiyngBrEfiBIWRIRe BbdR D06 N abdk 8.106 maAnihth| Abbl e tank, 6
feet in di anptderapRdt Bbdueoios0etmmindiee tank was filled Wth 12 cm of water
and made opaque by adding 300 mM of mlk. An 11-cmtall platform mde of
cl ear Pl exi gim:wgi t hmc@iafn@wr@IFuslabéc&dﬁgi@ﬁqgmvbmdﬁimﬁeﬁr was placed into
1 of 4 posit admmistered bsing ootveniidal pbaichie ramd rsutds of Bikrlistwtié)engur f ace of ‘
the water andmihuis ciNEGeaniOGFUS & be afmiofsierst taiatalts ém Behe wat er. The
pool is divi dgiimized osifgamveuiiiabdiitss rafgirepediniqaesf BPSs andfar GFbe test rat
was pl aced i actdwingtedhe p@senignteniorsindg be Bdinhistdredhédoandrinel eased at 1 of 4
starting pos cembingtioqndintdthersobstagces as tompesitivest Routehofchimkaistratandom y

det er m ned, &® bashesdandom eavanisinglravicl pf admisgbialiondnetafce® ain the pool
rim The pI asiibinihevad | ocated in the mddl e of the south-west quadrant 25
cmfromthe pool rim The start point was changed after each trial. The
ani mal was gF@Qi‘ﬁ% pr Bj& opatemplatentheblairplantagon wildetdagiegioat hoa m and al | owed
to rest on tY@‘ %tp peShedst '@ﬁfuﬁlﬁaP@W%mée@tosm”uwmmwnmjmt@oed back In
starting posfd ”?WG%WP%PFW“T@'%'PE withig i agfrienta-ég2 posi t i ons

det er ni ned af' e?alps't“ﬁebqi&fhef mufesPf egminisiglion areplepaithip gt f orm wi t hi n

appr oxi nat el loq t | ace atformand all owed to
rest on the ?& g H’% % %%Jé&?&rdmﬁﬂ'@? "t"’ﬁﬁﬁ%st peri od,
ﬁ

the rat was % EE' éﬁﬂg’ﬂ%@i%fs ?E’Pgﬁs S’Pgrnl%j rr\DN:i g

trials. The

conduct ed or, A"?\Vta 9@& h training trial
and testing, ﬁ &z atl ng pad.

The swi m paty éb a conput er
t hrough an 'P@P@@b t%ay Bra'?t Bgatform and
path l'ength lﬁaﬁa@@ R dsﬁ prgﬁfw@?g assess
acqui sition dﬁfvaﬁtﬂge mg@; ag&;ﬁ;ﬁtﬁ Qﬂ\@, f ngt h/ escape

| at ency was qig8dsion, assess the- rmtorlc act|V|ty rats in thls task. To

assess recall of the platform position, a 60-second probe trial with no
platforminhe ppEcC-BERNMAETREURKSRLGECAYRANSEDREIGRNt age of tinme spent
in the former platformposition was nonitored. [000170] MCAo stroke
surgery: Al I[08t43g] calin pi egddument, MBICS s GFUGccdiilgfo B8ept i ¢ condi ti ons.
MCAO st r oke iprentietoag be wemnidtake osihg oomichgonst prefoablybad rdufedds® ti cul ar from
C. Bor | ongardatinigttation,"ddarasmiutiscof didEmandier BFinjodetddaimiditretiad S W t h damaged
bl ood- br ai n petients ezn beelinnptd usigpcanvertionnt doza rafgingdsdinikgeavoi dance:

Neur osci RedNQ988/0i32F195c200ng Ddbe presasitihentinmagehadministredf successf ul
occl usi on waonatar i eusbination gvith ollws eubsbymes er canasitiors: dédudel «fi gni fi cant
(>75% r edu@dingnistiation ey ibeahotdndudn torowntend wgteslsbadministratiomccl usi on.  MCAo
produced cokBewi imnesafsiddinetheddimge. [000171] MCAI stroke surgery: The MCAI
surgi cal procedure is described generally in Y. Wang et la.,- Gial

Cel | - Der i vedPQMiapbt r dinrentemplaied tmt deagniantaipaiwibbe cadedoitdylanduced | njury
in the Cerelfdgty comelagds, inchaimg it neldiieddp & thrpught aroinjeetdn 4348. The
Laser Doppl ERFRiEE nﬁf*@@00%@!!’&%5%@??1@’}53&%@'&“&3 Gﬁfi'lgramgaﬁt MCAl produces
consi st ent EEPEgEERLlY aRRRle. bintercpuiss puadmigisirjienyare Alsa wibiodbe  occl usi on

t echni que waSPREA e 'W@Pﬂdeep anest hesia, animals received a ventral

m dl i ne cerklm%gj nci si on. . The ve tebr arteries were isolated through
the alar fo of f’%‘ﬁﬁb?q"?‘ ‘Pts'é‘@i?W?é‘g 0('/ F S pr@rdipdioihe wemtiops were used
to ligate b Wﬁqqﬁﬁ/@@m lagiers @chni que has
been shown or e prgsept ineRtio Mgkt

hi ppocanpal %3 erf’% q\lrb‘ﬂ ?ﬂ’r‘é‘?mpy@@ Puls Apgdvantag@iir onal Precur sor
Cells were provi ded by SanBio, Inc. (Muwuntain View CA). These cells were
produced generally according to the teachings of PCT/JP03101260.

[000174] Grafting Procedures: Al surdfcal procedures were conducted under
"aseptic conditions. Under equithesin (3 m/kg i.p.) anesthesia (animals
checked for pain reflexes), the animals were inplanted with NPCs directly
into the striatumfor MCAo, the cortex for MCAl or the hippocanpus for
TA, using a 26-gauge inplantation cannula. See generally Y. WAng et at,
"Aial Cell-Derived Neurotrophic Factor Protects Against |schem a-1nduced
Injury in the Cerebral Cortex" 1997, J. Neuroscience; 17 (144341-4348 and
C. Borlongan et al., "Transplantation of cryopreserved human enbryonal



above, and were eval uated weekly for four weeks port-transplantation with
the following results. [000177] EBST: For the weekly testing over the four
weeks post- transplantation, overall ANOVA reveal ed significant main
treatment effects (F2,21 = 57.06, p <0.0001) (Figure 1). Dose-dependent

si gni fi cantweeisbeskeis (200, 000> 100, 000> 407000) were al sorobserssedr (p' S
<0.01). The notor asymmetry was significantly reduced in each of the four

weeks post - tr%ﬂéﬁ%ﬁb%@@ﬁ%ﬁﬁdF@@lo@ﬁ@%h@éﬁéx@s%erﬂré?n@t@@és) with the
most robust ragekeEMoSRIAatdthe ﬁ@tﬁaﬂ!’*@ PHmBRRSyslanapbarRbabiRB isies <0. 0001),
and W th st abhebloegawat Yarfics el B chiifbes ubiRRaMRRIediBh BftMeeks

post -t ranspl aukes bpthe HoRbinhg Be ke icad, v end Eantdaads grdtsisiigs) sy Gant

reduction in in@tadedasymimul imdudostppissgatt sill rapdelraqiiat] pRodbd not differ
across the t haientagd bf loas edwmiduiicosensie peoide trgenges MNOWbtheseen at 2, 3
and 4 weeks poidsigsivanspl antation (p's <(105) (Figure 2). [000178] Bederson
test For the weekly testing over the four weeks post- transplantation,
overal | ANOVALOENZER| e Wherginarisphabitg int ancanirabatement spdtbmdésdor( F2, 21 = 9. 65, p
<0. 001) (Fi guraps@Bintaiiinentyy b carridd seisusoly sROSGIAEAI0 sauibal fdcOOMescdhl s pronot ed
bet t er i npr ot pilocedures ihopaipntisdabsinetized c Brestishinhdadds pleveddose of

40, 000 cel | s grgiSl sonpatily staregadicdran e andithe memnosiigie vdibfilciot scores were
si gni fi cant | ynpdedegdioyeethiciskal. Burehdlepmaykseiade the patan€pbiadt at i on
conpared to BE®E|Edseia Pﬂléor@}hﬂ cofitzble strament dq @WS? giegs 9 thealuraer

i mproverrent dWEE Rb@vierthe [aigelisdest r anspl anted ani mals perforned better at 2,
3 and 4 weeks post-transpl ant atl on conpared to 1 week post transpl antation
(p's < 0.000 Mﬁ%‘s htat gp 'F@@Eé dl?ﬁafs‘tsl‘f@ %? grygecestileddduct i on in
neurol ogic d "’i"Hl"ot" “3‘8%“'@?“ ? ui ersé’ﬁg afﬁrﬁﬁde‘di"tjwmﬁﬁ di ffer
across the t f‘e'éeeé‘i %? gu‘ a@%‘b"é rt?’200 000
produced bet 5‘?‘@858%? 13 f ‘ll’riaglyé? eeks (p's <
0.05), and d 39 9. _ gui'ﬁ wer e seen at
3 and 4 vveek P Y é 3?5‘? 2 n@; - Ao 000179]M/\M
Acqui si tion: abi ‘ é/ r?? té blé left in.

post - transpl ét‘d% rEB(YSf ﬁ r&BGuctl,Igtgl b@é%t hmai n treat nent
effects (F2, %r%ute e & He%oﬁimf #g a trend :
towards | onggg AR @ggﬂn§héé grthg mé?gg kROt & & d?.pspl antation
period as re\ﬁ%@n@éj pRdfel 8RO oubHAY t§'abbt§%"!0trﬂuﬁf‘tﬁa@tpr era%lyaéib@ut“zw S

conpar ed to hasflhheiga Blabe W6ieH RORbNAIPBASDIFARAbIRIaKIP rahgrg bl (Fi gure
6). WD 2004409 64Rnkis &@@é%ﬂﬁéﬁt‘é@@%&@& dtk abeitudsd. THee to find
the pl atfor meyringe midyeharelpk Famovied FohiBle PiaInt, tewb @I siteeak Be closed

post -t ranspl ardratonfital 136y, ahd H\KMAnt iRvEaleddorsegivieh fe@n bndamhdaid, r eat ment
effects (F2,21 = 61.33, p < 0.0001) (Figure 7). The higher doses of

200, 000 and 01840 cahdigesicsy @y e dugbgnplineant laytisibist{er. ti ne | ocating the
pl at f or m t haBepheeokig§0 dagley, 0, 4.0d 00D dae) sy bp adminider@00d) neetiafir ovenent s in
the tine to &spatt biithe plraichipont-aegabpromdiresadintifiolcickatedntimasch of the
four weeks poatintedpspsangtcatiy fan ao erjeadetpdriod asfeltdbheu( o' 3 dayd. 0001), with
a trend t owafollewihe stngeryi psupperssmppoiusistic infectiom t hat transpl anted ani mal s
perfornmed better at 2, 3 and 4 weeks post-transplantation conpared to 1
week post -t r EMEpENt abddiio Eﬁi@hmqmmmﬂwamﬁsmrrwbteéettrsim@%al ed that the
hi gher dosesBatkiexdce €6d. nmt@fmaiﬂﬁimééﬂn@ggmifnﬁi@molfyeﬂgmbrter times
to find the praksysusing BasuitRattddelversyaomo Gl demsslantation (EXRIE4- week

post - t r anspl 8t @P%@®n period, with clear dose-dependent response (200,000 >
100, 000 > 40, 000) seen at 1 and 4 weeks post-transplantation (p's < 0.05)
(Figure 8). [960bAE1] Ningerisinaebodiments, ImmENesyBRresEYe gritpmay Per m area. For

t he weekly t%@'ﬁ‘*f‘ﬁ@“ﬁﬁ@geﬁ‘ﬁ‘e‘ﬂ'@biﬁ‘ﬁ inesfe Bgﬁaﬂdffﬁr‘}%%‘l?‘énﬂéﬁsie(ﬁﬁeﬂféverall ANOVA
reveal ed si W?Y"%‘ﬁl‘ﬁ SWWSHF’I@%W@%MW ey terpationtsimminegystgme 0. 0001)

(Figure 9). S‘?qg@“é "&H@ 6‘5’9996*“&36'“‘1’%”“ orot ed
si gni fi cantl P?)js\s@ arFl 8"t ShazahiopTig e Y#iBg| ow dose of
40, 000 cel | sSPEHSPUL 68615*0? %magﬁ ?‘ﬁ%goﬁ‘l’%‘t‘ $¥ fSar ea were
significantly increased in each of the four weeks post-transplantation
conpared to baseline (p's <0.0001), with a trend towards better

i nprovenment over time in that transpl &ted animals perforned better at 3
and 4 weeks post-transplantation conpared to 1 and 2 weeks
post-transplantation (p's < 0.0001). Posthoc tests revealed that the

hi gher doses of 200,000 and 100, 000 produced significantly |onger tines
spent in the platformarea than the | ow dose 40,000 cells across the
4-week post-transplantation period (p's <0.05) (Figure 10). Exanple 2:

NI CAl Resul t s-Weekly for Four Weeks Post-Transpl antation [000182] The test
ani mal s underwent the MAI procedure as descri bed above, and were eval uated



[ 000186] MAM Probe test: Time 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 weeznetseeks (p' s <0. 001) (Figure 18). [000187] MWbdomherdgest: Tinme
spent on the platformarea. For the weekly testing over the four weeks

post - t r anspl awifadiienste oonerdiptopAiKAMB-MRY AatethehSlatei(GBIGdMANt Mai N treat ment
effects (F2, Z4closiriBd-A and=Trolifus (Fit-go6)e Alshierdl ihAWeRugorbifRd of | onger
times were spgaitis OsA.hGsphalyicbtanedniom Dvaet) didodode flciRRRlast r anspl antati on
peri od conpaSendimmina®gljestior pamsfabufiiy, NévaisFrenha AGS8agependent effects
were only seSmtamahdm&lovm%hﬂmpﬁcﬁm@drp@ﬁhdrﬂmvé@s)o@st ‘and not in the
ot her weekl| yHeasstertithe periods (p's > 0.05) (Figure 20). Exanmple 3: Td
Results - Weekly for Four Weks Post-Transpl antati on [000188] The test

ani mal s undef0R@R¢2]t heinP@ingsupreskants msy esdminblecdthoy exrieind wer e eval uat ed
weekl y for fowtesaisekidingord,-itpr,aand piaBosing ofimmunhsippessbants aisiyRgryr esul ts.

[ 000189] Bedegg@rdingintthe mgure: didhaiewhingsiesessant apd dhre patient. duan weeks post -

t ranspl ant at PHhodinesl i limmuowippssealit owmydieglesed Gardayspiiortor eat ment ef fect s
(F2, 23 = 47.sspaniaionsnd ceringing et suitable frfervals teseafigosiasanof 200, 000 and
100, 000 “cel [N ﬁfethew*éﬁwe@sqpﬁfﬂswémmems%bﬁmwtmﬂjeﬁay:eft scores
than the | ow'd %( Pr%ﬂfejehr T hogrseskprecedyod end confistingahBhheuri n

neur ol ogi ¢ d'@ “tj ?@Bﬁ@s %ﬁ@egangﬁwrietea@ﬁwaymé@w aheueBBh of the four
weeks post - t f §Yé‘EP’F@fQ§@§E|Wﬁ@E(b@U§5%/k9@@1) Post hoc
tests reveal ’f’ é? N Eﬁﬁre cffqrﬁﬁb?‘ﬁsﬁ%WW%@Pé‘b@éflmt scor es
at 1 week pogt” 081% 336 P¢ pdipinistoreskas @ halusgEde cel | doses,

but the hig %g‘g%[gt o au OBVt &%%er y t han t he
| ow dose 40, weeks (p's <0.005), and dose-dependent

effects (20Q; 000 . ,

post-tr ansplcgnt aFX%%% égﬁq)ﬁ;@§@w\%%%%ggfﬁmhqw sition:
For the wee tation, overall
i e s e
0.001) (Fi g%ﬁtezﬁﬂate i‘é%ve Saﬁé Gl t;a%easn g’f,f 7 Vas

achi eved Nl aar e ae e Ghe G SO é ar@atfa ced 2
transi ent singniids (5@0 n:daﬂﬁt@r\/gei chl dlogérdid tl‘dn@ Blak

post - t r ansplpatéritt bR ﬁa@r@atrgmetmghyge@tgéwn @ﬁe faceloo 000 and 40, 000
cell's (p's DifidREherckh@eand flits ﬂr@ﬁg@reowmuﬁréds@ranidaaﬁéf :@;bc@ 3 and 4
weeks post - arendiphanthetiventien imatedriics bbakitinkfe 8hdgde-NBRIY ra

post - t r ansplimifate beenebecteatie chiddh serebral &G oddtisBar(RICAH), m:&cﬂQOlgl] MAM
Probe test: c@ieteal adedyiligatiohh®IQa adrfranstentiohobal leehenig KFSM).t 'BiRdsk ng over the
four weeks pusielstaransgilidntadérsiandioy heaficadNMie pevedtiivéntidrgniifd cant main
treat nent efrbaient 6F@2nR4E nerdlis $8sterp lasidhs0 Fuier(didcgssieon @heseThe hi gher
doses of 2001008 cande I@MIGO thedibérbiirgy parfiotledy €i Bmichpametdly shorter tine

| ocat i ng t hélrphspigrdationtohamyopivecivedigioseembivaty @aRinala-deripgd s < 0. 0001) .

| npr ovement 8ewans FETAN sedis) profricted furtcgonsl sedoperminvectensc gits.f Ezant |y reduced
in each of NeEro.JEPEMASRI-BlistndtQ. dedphgant cl il OBliciashaneidatio baseline (p's <
0.0001), wi efapced gudngtrosiatanir-ibeésced nelilopratedior agalnst eerebialre i n t hat

t ranspl ant e@ckginias] BAPER ¢ 208 WS0TdY. Faclskoke atimw edesived a graft

post - t r ans pFHRARTENITDAeS fvae cefl deres: abmdt 40,00 k80,p¥band 200:R00Iviabteat i on (p' s
<0. 0001) ; PHEPﬁé@eﬁ%awgb%@@amré@@mistbﬁ@pnrogmte aoueddferd@fie000 cel | s

produced si GRTFPRARIIWaTGHRY Oytishalout § weekePedhelrpkeendrrimalsan t he ot her
two doses ofCRIBBEOSUREEsEed 66’@)’ W'E’e‘PY‘%"S&f’"@ -A 4 Bukadies

%}'

post - t r anspf’ pidhe 1'“6‘85 vigliaspyrival tigyg; fecampdonand capjivsr  doses
exerted bet%e% ‘E‘E ;ta?; fﬁtlﬁﬂ’?ﬁ qrﬁ@e?egm%%n ﬁfgggggé tzg)e | ow
cell dose e

[ 000192] ﬁ%‘f%ﬁaﬁ "r?f'r?é‘ g%ﬁ% sERYA %!’Fb%{éss pavvalhe weekl y

testing over the four weeks post- transplantatlon overall ANOVA reveal ed
significant main treatnment effects (F2,23 = 54.06, p <0.0001) (Figure 27).
Signi ficant dose-dependent effects (200 000> 100, 000 > 40, 000) were seen
over the 4-week post-transplantation berlod (p's < 0.0001). In addition,
over the 4-week post-transplantation period, |onger tines were spent in
the platformarea (p's < 0.0001). Posthoc tests reveal ed that the higher
doses of 200,000 and 100, 000 produced significantly |longer tinmes spent in
the platformarea than the | ow dose 40,000 cells at 3 and 4 weeks
post-transplantation period (p's <0.05). Al 2 weeks post-transpl antati on,
only the highest cell dose produced significantly longer tinme spent in the
pl atform area conpared to the other two cell doses (p's <0.05) (Figure



G aft type Cell doseStroke Type Sanpl e size NPC40, 000MCAo4 MCAI5 T4 4
100, 000MCA05 MCAI5 TA 4 200, 000MCA05 MCAI5 TA 4 [000195] Posi tive
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> %00 800954640, 000), the better the functional pcprsgesent (Fi gure
31). [000196] NPC graft mgration: G-P epifluorescence reveal ed that
mej ority (appi8XexanniedBRUndhni) dedistatnbient Steas! I fﬁﬂ@éédazﬂstw thin the
original tranggspRhtaBbd.e (Figure 32). In MCAo transplanted aninals,
several OFF-positive cells could be easily identified wthin the original
striatal trangpbemy sitRIoNEEN tesiswdbAbed ih BRSkBRHEHERIRERLS of _
GFP- posi ti ve iosth e sier@bmegtion Al tansRentationrekiuee Hkiseflorth irimsl ant sites
(539, and; idetdiBeldw.artsRhaniedf satoming, thdkfegaos skl fvh eRblvEereenai ned
within the orhaéingdndhvqupbaespalinddrsiesd 66N of skill omewar , it appears that
both MCAo and MCAI transplanted ani mal s di spl ayed nore mgration of
grafted cel | sTARIFpAFRRAME TRERS OFAMBO TRANSHLANT BEFCANONet hel ess, when
m grati on was observed, the grafted cells renmained within the general
target area, Iastthat graft m gr@biggimei n MCAo was observed within the
striatum in MCAI within the cortex, and in TA wthin the hi ppocanpus.
Gaft mgratiFTn both MCAo aritpvREalcogmetos Heficie aégristrolie byd gr af t ed cel | s
lining the ischenic penunbra i deeqverysafier kensaaistiorcort ex, respectively.
Furthernore for MCAo, a nedial to lateral (1.8 mm) and dorsal to ventral
(2.3 ) mi griiyrpgie exan| s al é%ﬁgeﬁlﬁéewaﬂoramw@spamm@ was
observed. For MCAI, a nmedial t@nHagevely igr vansplpnisdigfn ati on of cell's was
seen. For TA . tr.ansplanted animals, graft m'fgr,ati on was characterized by
GFP- posi ti ve “@ﬁﬁ)‘?’@’aéﬁﬁ‘ﬁt?‘?fi ed | VP?Jé%@%EW&ﬁ? QA GTtRIiiolsi el 1808VeRh and 0. 7
mm away, respectively, from th&gr¥gIsRigns transplant site). [000197] NPC
G afted NPC cel

henot ypi ion: | sitive for GFAP (about 59
Bnd a very T CHIRPEN 25 col| OGS BRI HEPB B osi 11 ve for Neuhl

Bot h t hese s co-localize | ) : rvati,ons, were
consi st ent Pg—%#glgl doses and aﬁ?%?é%ﬁ%ﬁ%ﬁ?@' ?%'ﬁé.angﬁgﬁpl e 5: MCAo
Results at Twel ve Weks Post-Transp antation 6 8] At twel ve weeks
fol |l owi ng ”@(ﬁ%‘ &tdron, thegeshis amioal dhﬁ%i‘%ﬂﬁ?@’ vent T4a
procedure as esc‘r%ﬁ)e rabove wer e eglg'f uated w It e oI E or\i\%%g results.

[ 000199] EBSTcEq§ the 12 weeks pROskis [ ' ral | ANOVA
reveal ed si gﬁ!ie:‘&i cant nmain t reaﬁgﬁtls lg%‘?gﬁ? (FZ, wpie%@;é)ﬁwgraﬁ&g 005)

(Figure 32), Posthoc test revealed significantly reduced notor asymetry

at 12 weeks pegdndt EBESPHSVHERL batly SUORECUTE Qrigtaftdiagollp highid91) .
[ 000200] BedeGFaw, ties fibridfipbcitieerd@invweeks post -transpl antation testing,

{000145]  The data oblalned in the Examples below revealed that, in the
models studied, animals fransplanted with NPCs displayed significant
improvements in both Jocomotor and cognitive performance compared fo thelr
pre-transplaniation baseline peiformance. The two higher doses of about
190,000 and about 200,000 cells promoted betler behaviorat effects
cormpared to the lower cell dose of about 40,000 cells, thus suggesting a
dose-response relationship. Robust recovery from stroke-induced behavioral
deficits was seen as earny as one week post-transplantation and sustained
over the four weeks post-transplaniation period. Significant improvements in
mofor performance (using the elevated body swing test and Bederson test)
were abserved in all three siroke types. In contrast, significant improvements
. in cognitive performance {using the Morris Water Maza) were more robust
and stable in MCAo arwd TGI transplanted animals compared fo MCAI
transplanied animals, All stroke {ransplanted arimals locked healthy and
there were no observable avert adverse effects during the study petiod.
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overall ANOVA revealed 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 answioandsAbécan testi ng, overall ANOVA reéeveal ed nq-Gigeshdspnt main
treatnent effects (F2,9 0.36, p 0.71) (Figure 33). These results

i ndi cate no {immélcame@béb%@ke éaasMM@e%mIfm&ienQ% basel i ne

and 12 week ih%étv&ﬁ'l@%ﬁ@ir@@ﬁﬁmﬁigd % ifdaM i R&tin n%ﬁffg to find the

platform Fopefdifada, W&Samrﬁén@ﬁl&%@m{ﬁ%!s%oﬁz@ééé e&v&rygi ANOVA

reveal ed si gpidhitva@pbriaiaRcs EeRparBRte MENGRINENIEATSd Snimas. Hhe P <0. 05) (Figure

33). Post hocgdrasistrgoes seitimbatetdveat bithmessiced dobRBvd Bndiopdit he pl atform
at 12 weeks Wegb-entds phaciiaitb®aniGRERAIRSL BatiReR! twd 8rbiR: HBidP1) .

[ 000203] MAM whiicib prodiasdd HeisaRyaenandiipidtamphiaaiigs) resmatvdilard he 12 weeks

post - t r anspl mapatsiveno NESt trargplantationa EkirANGHAg Hirwe abedvgicgatd | cant main

treat nent ef flectisappi@iitn wotldliBdicate taOpdishits(WWhge@bdd) galisbhec t est

reveal ed sihjppdcamani shypke naydaseit fioiméPC randplanfdiianf orm area at 12 weeks

post-transpl antati on conpared to baseline (p <0.001). Exanple 6: MCAI

Results at Tie$1AT] Ve dllistolegiinl Esaltesyl Gand 42 iweekd 0E0-86ddphintdtior| ve weeks

fol | owi ng t ringisgie gt MFCo graft suevivad stediatedriae ebsehat] funiiemalefiécts. fTae MCAI

procedur e asiafesugdepidhatdtzoeplaninoe 061080 and 890,000 NPCHpradotddvitieg resul ts.

[ 000205] EBSTREhRGRraf tpsovery raakhe [pwer daseahidplLeheelsi Bre comsdaiiongl overal | ANOVA

reveal ed si giehvEeubeiwaen srafsuntyaband kehpwerabeffacts forther2gpeat that <0. 0005)

(Figure 34) SUP@‘@F!‘.QMEC?EWCP*@Q/@@I@@O@TGNPQ"'EWSNWE@HQ@ anels. asymet ry

at 12 week f‘%‘ﬁldﬁwr@@%w*%thﬂé‘?ﬂ?&w la?@ﬁ&pma@uon
[ 000206] Bed Sf‘fé%th W@ﬁp Eple iBoseking g i on testing,
overal | grme hed, oppt Pé"é?ﬁﬁﬂ'tyt‘@fﬁﬁ%ts (F2,9 = 9,29, p

< 0.01) (F| oSt hoc t sty al e SI antl reduced
neur ol ogi calq aoe‘#ﬁ: egpmilggﬁg P! ed to
bas'elltne (pIG UF Hg%g i % 9 ﬁ%ks .
post-transp Inq , (VA T el |ca|n mai n
trgat ment ej Er( ' ('éu mde £ 6 I e'nﬁélrt erﬁtesu tls

i ndi cate no WaTell L&k B g %ﬁ\%’% basel i ne
and 12 week (5 e%%@l%pé Bﬁ AV rét8 ?e Sr"‘enk to find the
platform FefreldiBaibintdfel enepaienb{yaéw &8t ndhy ?fa" ANOVA
reveal ed no hé#@@jﬁﬁitﬁﬁé&tefiﬁbfiﬁréfér%ﬁﬁdifﬁﬁereﬁﬁétféﬁfoﬁm( T: e % d:n = 0.78)

(Figure 35) puthi fiité@BRdsb middsHh wRbndiR afid Bk fﬁ%ﬁkb (e ﬁraﬁace In MAM
probe test, db@ee/tyoldl cbingedthat f orm avai | abl e, bet ween aseline and 12 week

post - transpl antation. [000209] M\WM Probe test: Tinme spent on the platform
area. For tFe 1ZEXEciSERORAL OBSERPAMICNG AND WE@M@%@C& ANOVA
reveal ed no significant main treatnment effects (F2,9 = 0.15, p = 0. 86)
(Fi gure 35) [00Th4aie 1 Aithdugh baﬂdaaﬁarbgous@ns|agme‘nemamhsmaritéﬁdrﬁﬂc es In MWM
probe test, MNGs, inciilmbehbrrhinsuftatiopositiohe thatesmirzs Mog adnd 12 week
post - transpbtaﬁeraplamﬁ byHxia irplestich, alldgenéte Fuhtphantdtion\nvespherk s :
Post - Tr ans pbifis &rining Ynite)iz bojfdiablevn sreembadimefiphllogeneig transpl antati on,
t he test anirangpintdiiat mimics the clinical setfing 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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underwent the TA procedure as descri bed above were evaluated with the
followng results. [000211] Bederson test: For the 12 weeks
post-transplantation testing, overall ANOVA reveal ed significant main
treatment effects (F2,9 = 184.02, p < 0.0001) (Figure 36). Posthoc test
reveal ed sivwgnpdosiomne y reduced neurol ogi cal deficits akctRsweebgs7
post-transpl antation conpared to baseline (p <0.0001). [000212] MAM

Acqui sition: fhase drigsl Zowpaka: WESIMASCETARECE BMRbsRBtel SRjHePBurvoder al | ANOVA
reveal ed no siatoibid Bt propbiich bERNDSHhoaéd Atirenal M posi@stpand P = 014)
(Figure 37). rdwekesveationindihehnsiteaite no significant dl?oer ences in M\
acqui sition between baseline and 12 week post-transplantation. [000213] MWM
Probe test Tije0tsd]fi rdhetiheSOIgadupaiemonbipated Sightlidipneekents in

post -t ranspl aimhamomhaasemmxemmam@mmmewmdu&mashm% mai n
treatnment ef flbetiG@au® = 5. 14, p <0.05) (Figure 37). Pastine test

reveal ed significantly reduced tine to find the platformat 12 weeks

post -t ranspl dA8%SZbn Aoniher edvantadead MNG sagplarBli@08CdifdBaRd 4] MAM Pr obe
test Tine spéeitenten isiwe ghalef sundvalmate.of BIC ehergairade fitnstance, with

post -t ranspl 4he ﬁ@l“ﬁ?ﬁeﬂfé‘%$ﬁ OG@@?%M foluangtranspleaiation, sipgmiximiatelnt  mai n
treatment ef 455 ngplamg werg, dpipcledrityia oaly 3M20%peist hoc t est

reveal ed, si rrﬁ”f‘ﬁ’*%’?i?ﬁ Sﬁﬁd'}‘%agé clegnd he gregles syviseliralesl MNGs mey 12 weeks
post - t r anspl 24 FrAtBwpar Bfupeiopakyerevse (p < 0.0001). Exanpl e 8:

H st ol ogi cal m nat| on at 12 \Weeks Post Tr. anspl antation [000215] Al'l

remai ni ng ang@ﬁ 'T‘t Yo 80MmS My ftex, §F"é‘ﬁ§f$3‘ﬁ%t ation (see
Table 4). Quaftd F%E ﬁﬁﬂ\%h
GFP epi f 1 uor @8’685’8 gte

P%Pﬁ”

?’9 ralgpeci fical |y
on using diff 9‘1?8??”@%*8 iﬁ?@g fg t'&%@{hesm on, were
conducted. | G‘?ﬁ;% PRRSPY e Bl ogy G aft
type Cell dose I oke tgarrp prox ) NPC40, 000MCAo4 MCAI 4 TA 4

100, 000MCA04 VAl ,QP({%N@Q%SOOONCAM I\/CA 4

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

|on based on

[060155]  Experimental procedures. All animals initially received MCAG,

MCAI or TG stroke 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

f;f the following treatments. Sample size for each arm of the study is given in
able 2.

TABLE 2. TREATMENT CONDITIONS
Total rats used in this study

~ Grafitype Celldose  Siroke Type Sample size
(Approx.}
NPC 40,000 MCAQ 8
MCAl 10
TGl 8
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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 ted i \VPHWHGHBer s of surviving GFP-positive graf PEVUSKIG®7HOt h
hi gher doses of 100,000 and 200, 000 resul ted in higher nunbers of
survi vi ng GFP—p05|t|vé0@ﬂ§$ts Mfese ob$@rvations were consistent for
MCAo, MCAI and TA transpl ant e#1GMi nal s30However, when percent ages for
each cell dose were cal cul at edfGho signéficant differences (F8,27 = 1.37,
p> 0.05) (Figure 39) in the percent graft survival were obtained across
the 3 doses. This sugg@dPelt hatiGher cent 1Qraft survival in both | ow and
hi gh doses was nuintained, pot&%Afally By CsA i munosuppression. WO
20061096640PCT1US20061007917 [ ®8b218] MP& graft migration: |n agreenent
with the 5 ggstolo results, GFP epifluorescence reveal ed that

jori 16 Ay und ﬁ@%?a%%ﬁ&me%r@@métmwmmtm n the

majority (ap
i ginal t %%i%% SSEy &/ﬁ&&' r?sff? fRiraepesT AR and wero deated
gékgbggltlce fig ‘%ﬁﬁﬂﬁmﬂﬁﬂé SMIKG fRttified within the original striatel
t | ant nt | GFP- t |1
r emai ned vi fﬂ"sﬁjﬂ olie ?Wﬁ@%@&%ﬁrﬂgn? *B%&gvﬁ% e B Fkd peamRostnd: | 1 TG
transpl ant edy, ;&Q@Eﬁg ng%%ﬁ.l ¥t 5‘{' O Pﬁ'ﬁ?qnh Yori gi nal
imig Zﬁ}

hi ppocanpal tYi:t“l"ansplanted
transpl ant e%ﬁ@é ter eﬁg

animal s dis %E%ﬁ; o TG
_9&%%% é#%épﬁ GFSPQ a athe grafted

cel I s remai N@Hephidy @ ggg Toar ea; mgration in
MCAo was observed mn |n t e strlatun1 in MCAl wthin the cortex, and in
TA w thin the hippocanpus. In addition, graft mgration in both MCAo and
MCAlI was characterized by grafted cells Iining the ischem c penunbra in
the striatumand cortex, respectively. Furthernore for MCAo, a nedial to

| ateral (2.0 mm) and dorsal to ventral (2.5 mm mgration of cells along
the striate' ischemc penunbra was observed. For MJ U, a nedial to |ateral
(4.5 mm mgration of cells was seen. For TGL transplanted aninals, graft
m gration was characterized by OFF-positive SBDPs identified in the CA2
and OA3 regions (1.6 mmand 0.8 nm away, respectively, fromthe original
CAl transplant site). [000219] NPC phenotypi c expression: Across stroke
types and doses, the approximate survival rate is 15% Wthin these
original transplant sites, nost of the cells retain their beady
appearance, and are not positive for NeuN or GFAP. However, in MCAo .
transplanted aninmals, a few of these cells exhibit NeuN and GFAP. OFF
positive cells were detected that migrated along the striatal penunbra,
cortical penunbra and GAS of MCAo, MJ U, and TG transplanted ani mals,
respectively. Indeed, NeuN i munostaining reveals that these cells express
such marker for mature neurons. Overall, about 25% of surviving GFP
positive cells are NeuN positive across stroke types and doses; in cells
that have migrated away fromthe transplant site, about 60% are NeuN
positive. These cells displayed neuronal norphol ogy, characterized by

el aborate and | ong processes, which are abundant in MCAo transpl anted
animals. Further GFP epifluorescence mcroscopy reveal ed the distinct

neur onal norphol ogy found in each stroke type, as well as NPC graft
cell-to-cell contact. Sone cells (about 6% overall and across stroke types
and doses) exhibit the norphology of glial cell which was confirnmed by
GFAP staining. Mst, if not all, GFAP positive cells were found near or

wi thin bl ood vessels. [000220] Graft-host tissue pathol ogy: There was no
evi dence of tunor formation using Nissl staining In striatum cortex; or
hi ppocanpus. Exanple 9: Additional 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, dnd 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 ogical 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

tr eat nent condltlons O (medium al one), |ow dose 90k NPC, and hi gh dose




Sanmpl e size NPC 90,000 MCAo 10 NPC 1801000 MCAo 10 Vehicle o MCAo 10
Legenth AU animals "Kl enent stroke surgery, received striate! (MCA0)
transplants, and were treated wilh chronic C sA. [000224] Ani mal s were
again introduced to the sane battery of behavioral tests at days 7, 14 and
28 post -t reospésamta@t i on. For clarity, a schematic di agre@mudisespoey: ded

bel ow. Table 6. TIMELI NE OF EXPERI MENTAL PROCEDURES Stroke surgery

Behavi oral tests (One nonth post-stroke; Only aninals reaching and
exceeding the criterion wIT DBé hereafter I'ncluded in the study)
Transpl antation (1 nonth post- strtﬁ{se&e@&ham oral tests (days 7, {4 and 28

post -t ranspl ant adon) !

Behavioral fests
{Six weels posi-stroke; Only animals reaching the criterion were included in the study}

l

~

Transplantation {(Six weeks poststroke)

i

-

Behavioral tests (Weekly over 4 weeks and at 12 weelks postdransplantation)
|

v

Euthanasia at 5 or 12 weeks post-ransplantation

[000158] Cell Labelling Using GFP-Lentiviral veclor system: The GFP-
lentivirus system was supplied by Dr. Didier Trono of the University of Geheva
{Geneva, Switzerland}. NFCs were labeled using the following general
scheme. Minor variations in method were toleratsd.

Waterials needed _

10 mg / mL polybrene sfock 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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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, animals underwent the MCA occl usion surgery. The MCA

OCCi | | s101wamedmésgue i nvol ves insertion of a suture frdmoRasadisiough the
carotid artery to reach the junction of the MCA, thus bl ocking the bl ood
flow fromthe cormmon carotid artery, as well as fromthe circle of WIlis.
The right conmemichiBaly SviagtTesh(Fwas) i dentified and isolated through a
ventral m dliWeris@ra@rddze (MWB)on. The filanent size was 4-0, nade of
sterile, non-BdkowhilshmlsgitaliSealeEt hi con, Inc.), with the dianmeter of the
suture tip tapered to 24 to 26-gauge size using a rubber cenent. About 15
to 17mm of t HeG&BOLr e HévataerbRodwEsing med (BRI rom t he j unction of the
external and internal carotid arteries to block the MCA. The right MCA was
occl uded for B&EEAbur Tha etsvetdddurdy seingdesit (3833 nidesuEAagepesiakl y resul ts
in maxi mal i rfelaxes pohasyhmmalddélitiivok funcim. [TeagBRTdes hesbeerof the tip of the
enbol us have dsE@nsifaiemhe showor bua &stinmuiniicitoBoIBAMS el arsli IMOAT N ani mal s

vei ghi ng bet Vigaaamizgo thegodeily C. Rorerganieyalp cbcameios and pasdivet her nonet er
pronot es nai Rvedaresleieitseligving aprlysiony Breviniddle gerbratattedyi” nthysiol To
det er m ne sudisbay. Jlgg@(ﬁ@F% erealsepdaigsgaret ah, @ﬁhﬁsmp@q&@frﬁms used.
The Doppl er §g‘g o, C‘gﬂﬁ@&f 'ﬁﬁ%‘ﬁ%&sﬁ"é’@@PS’@Wﬁ%”ﬁﬁ'ﬁh@ﬂb rfey."above t he

expect ed i nf Fﬁamlfoéeeﬂ\ﬁ_"a’@t@ ingggraby: -4.0 M) to
measure cere ‘faﬁ?pkﬁﬂtiﬁ {94 Perasligria fog caron g’% O&Eﬁ%ﬁt@ocﬁw i on.

[ 000226] Al | a‘%‘ﬁiﬁ A AYE g@ St Qreiesiongidie Middicondi t i ons.
Under equi t héSI%H ] §“T°r‘ﬁpc3rt (anl mal s checked for pain
eh cIe direr* into the

reflexs), th
striatum (0. {::ﬁj% Eﬁ%ﬁ °e|§ [ng t'tli%{ i 89 and50mn
bel ow t he durﬂirm) a q{gﬁﬁ’
Cryopr esente evfgﬁgnt nﬁ el hto cl%%k r’rl]l wed | ust
prior to tra@l ,m wagﬁé rypan Bl ue
excl usi on net, he\éﬁ;gr%l fd g ol Medi ately
after She trapgnb aéf@fsdmh@ﬂoa PA e‘?ﬁ%m@ A pla Yok iy det er i ned
cel | dosages uiHloht BaBliodido oicines ﬁ&a@gbd&h i eTng.
denonstrat i nghééﬁtg(s@éﬁe EROB ST 'aﬁmiah%énﬂ?‘d&! lie@t MtSEf?eCt' ve
dosage r angedispiaP@ 28%] shriad Biab ARLEE, INsE BeRBer WRSwREH f 188 I@ngWi t hi n 2
hours after dhavitg Al#B% e@lgDiad WdUEnGBats AL 8witRS inlot dideti&Phdg Sol ution
per mnute. B&lthewthegdirifousd vRis. PridismhiewiDHe EBSToRsRRdOHatas al | oned
bef ore the nksidhed avimalselispit €thi% Bassdwad) stifiass onsnortiediterbut there were
3 dor sovent r aigredtiptzsietisn; asyhimench sebledorupdesiinigniies 3-ul cel | solution. A
heati ng pad and a rectal therrmneter al | oned mai nt enance of body
t enper at ure HOOME Ut BRiers $egery and fol |l owi ng recovery from
anest hesi a. 00228] The one- hour MCAo stroke surgery produced consi stent
behavi or al Eﬁ?@ﬁiﬁ‘i}ent“&%@eﬁm@eﬂﬁmmlogoﬁﬁﬁe meksetiras serepdaiotd tdeys.si gni fi cant
bi ased swi ng‘J dedppon ¢t ain (Ralbwiddlecyrabadl aderyioctitsion: evaBSorenitheBeder son exam
respect i vel ymoddppddelopmentiel s negkisgiseraminaioneSotket IRBEATI4MAUS i n bot h
tests. Pair -%é@f@@gariﬂwmé&ﬁﬁ@@ﬁh pyeslndhe ok effasid cpbemalomaoke
performance Fpiralips."Sroney P90 EH 1 R2s IFpidussent hassiwvimaeasarable bot h test s
s <0. ooo%‘zﬁpﬁ%ﬁﬂm@tﬁsﬂ%@%ﬁﬁtm Ge Beeraeemore in Wtb t Mo anho
2006/ 096640P8§ M3 st@rondaly i1 ©50229] Fol | owi ng random assi gnnents of the
stroke animal s to either vehjicle, |ow dose 90k NPCs, or high dose 180k
NPCs, ANOVA WU eq ARoyhpre baarer BaERont éﬁﬁ—é@ftﬁ@ﬂ Netralgidel t ests (p' s
<0.0001). P& SIquG J?ﬁ%%ﬂﬁémﬁéwefp@aw@mﬂ g"@ﬁ%-sﬁ\r eveal ed that as
early as da ef‘r%%‘fs‘iﬂf% B?thaéﬂﬁwn%%w& ‘557 MBicE Inghade wer e transpl ant ed
wi t h NPCs, ?ab&% 0, dose, hlbjted sﬁg%;tflcat anel i oration of
behavi or al g%%nﬁiu%‘@ﬁ el Sy @IRgy L fFQS‘RQ BNFIFRNG (p's <
0.05). This g’i‘ﬁ?ﬂ IB'r’%H ery by MPG transpl anted stroke ani nals was
sustai ned at day 14 and day 28 post- transplantation, in that MPG GFUs
again regardl ess of the dose pronoted significant attenuation of both
mot or and neurol ogi cal inpairments coffpared to vehicle treatment (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 therapeutic
benefits of NPCs in that behavioral recovery was detected as early as day

= o=

0




nonocl onal human specific anti body HuNu, human cell surface markers which
do not cross react with rodent cell surface markers or other rodent
proteins. To detect expression of neuronal, glial and ol i godendrocyte
phenotype in cell grafts, inmmunohistochem cal analysis, Neu-N and GFAP,
was used, Wespemeéuel y. These cell surface markers al secireszemioemdim grati on
of engrafted NPCs. [000235] GCenerally, the NPCs survived well in the
striatumwith a few neurons positive for MAP2 expression at 1 nonth

post - t r anspl @htaitisberaTellighaktragisnywiiel mdaeliresthe dbifity @f treisgmdli cant | y

bet ween t he bwepidasie hizdirhs afibr iINBGEplabilsteralig by 2do Blva, igeridiom cel | | oss
i n the stroke{perdiEy @pladtreetiie Jpgdadeowel dles mbwie: alnwost t he sane ext ent
of neuro-resepecahédits. Data fromthese anal yses is presented in Figures
46-48. H. MNC EXAMPLES [ 000236] The Exanpl es set forth bel ow are neant to
be il 1 ust r at{chegarawdiking ahiitywasaded fiferiaTgl thefreadily troverpes oR.4tdoe present

i nventi on. [WdeZ¥ArEignebieamiodl fops ol dthiele. styo@UbsBe@uferudi ng of | SAASCs
and neur onal s€icagidsc Bhdn [ 000239] MASCs were isol ated from Wstar rats
general ly as described previously in S Azizi at al. "Engraftment and

m gration ofldhbilEeralieReawErasEWEIER Sipgruresine abiikse ARl ita :2He- brai ns of

al bi no rat s-dan¢Easipelired Qf@eéisqfi"b@ﬁt@"t g raima foregampgraniipg botiedier Sci U BA,
1998; 95: 39080 BJor arfpb unablodogasiowh hgBUPRMSwi t h green fl uorescent protein
(GFP) by retrovi |nf ection usin pB be neo- G-P vector generally as
described i ﬁ? é"PO'"éﬁSfmm ﬁgﬁa”l‘; @f dP@%Q}‘%@a?q"G Ao n rats i nduced
by transpl a o PO\FECP 35 aé‘?@ IRV RFPIIE ol cel | s.
Eur J Neuros ffﬁ’ie Xi"?"VTP ssi 66‘59:0 uronal induction fromMASCs is

generally a @‘ﬁ? --._. ~al., "Specific induction of
neur onal IS{P ﬂ)m SORES 1S cell's and application for

aut ol ogous t antg@ | efly, a

vect o (pCI [ﬁﬁﬂ% C} b %ﬁl\é‘adelt& %eﬁﬁi Qe e;a]fésﬁ]ig of:lc%sanl e% n (NI CD) was

transf ect ed gﬁéﬁ% %@ Car | sbad,

CA). Cells ‘ﬁ?é&e?&'b?é? ro. s'inatumranu H@f ,0f MNCs,

NI CD-transfected MASCs vvere subcu tured once (60-70% confl uence) ,and were

i ncubat ed i no@l1BoR- MAWLGRIHH U aﬂerltﬂa/@EcEe%orﬁmwra%cé@%bal agham La Jol | a,

Cal i forni a) ,aré 060k R or{sReRBOMAENN ok E0HksesdQpaBAtndiBY! Mhe CNTF ( R&D

Systems, M nigaPakies mabd 65eEE &) an ihflaahislayk, ¢ REBR diztltbisandey et 1 anspl ant ed

into the MCAGR$ . atherReie vas Tifed R 4€ tiqrdr wetet Agd inadk ogdiubNesdiiagVvi tr o,

i Mmmunocyt ocl3enid of yilkvasn pechetalipihiforkn thiadd/BiRela PlexblgaavithS circliani s,

M ssouri), matuefid anrendiaivbigNvab/hiacéhiniu Gofiv poktionein the p&all iTher ni a) and

bet a- t ubul i platfeon jsoeeid beb&-the bulface3) tHeSvaermandShus hiddarsironMiesdaw i) were

used as neupbambningl kdrswateznd TEOHEE % dividddNGD fowrgeadianisnof equdie

i mrunoposi t isudadecared.hEzelesmrkerns plab @00 241 pviCabng Sie sidelof the 1D

2004/ 096640RaT faiszedal 0079 sErfrgaaaliphivghathysatly eastabswesd), gihichg 200- 2509

were kept atwasdsawondyibeentioed apd4€re incalad arbii@sily «f egimi didarkesgtl e, and were

gi ven food &dwdrashtior The eliipim Viae longx0 ip theoriddie of hascathmydstf i cati on of the

met hods des @radsaet 35cngfromdie peg! et Hie start poipjevasebangdd affengads of i schemic

brai n edemafial. Tie ainelesgregiverarnipximsiey S0ctecensisds find theridloraiendn rats in

whi ch reci r 8lgvad tared an theeplptpiroenerdorinalelysl sseendsiandilasad bagn J Stroke.

1986; 8: 1- 8in sApEingposiistig tor etlolgl of 3wﬁé§xﬁ@ﬁgﬁfﬂ@ pasiions delerabedpt artery

occl usi on wiaNBm: Ithasmt iegr??f[i“iim theyidden plgtiopn within ggrogimagly 64, Bri ef | v,

under deep SRROSERdSYES HlarRslcuLihg pladfo ﬁ%?i@“@ﬂ tqrest an tmaiaficgnitine, 10% 02

and air, ﬁ%ﬁ‘ﬁ@@\éw/?@&m? ne %"tﬁ‘ﬁ 1%1”51‘%3 PiargdbAek eft carotid
% oty d

bi f ur cat i on V73 el e@al peayeanssier gl th a _
silicon rub %o ee‘ﬂ‘*tﬂ@ ycwascﬁog @’ %i@{) & &g F%‘?jb??‘{’)o the |igated
external caf e“ﬁ @ﬁfhawa&%% PPt artery to a

posi tion 162 W%W ﬁéwﬂﬁ a\”ﬁrﬁﬁmn %‘g ﬁp @r ““
terrperature r%‘: o8 heatl ng pad
( BWT- 100, rﬁé@% ?aasnai E‘fv%fn ¢ )arel}ﬁe ial blood gas

anal ysi s mas perforned and p02 was nalntalned at 85-120mmHg t hr ough
control of the anesthetic device. Reperfusion was perforned 4hours after
the occlusion through a | Onm wi t hdr a8l of the pr obe.

[ 000243] Transpl antati on [0002_44] On day 7 followi ng the MCAO procedure,
rats were anesthetized with intraperitoneal injection of 50ng/ kg sodi um
pent obarbital and placed onto a sterotaxic frame. In a prelimnary
experinent, the infarct area was produced in the lateral area from
approximately 3.5mmlateral to the mdline. For transplantation Into the
non-necroti c brain parenchyma, the cell suspension, conposed of 8000-16000
cultured cells in 3plof phosphate buffered saline (PBS, pH 7.4), was



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 w80 rgsAdaeief ol | owi ng tests: beam bal ance t estpciyusdoequoaai ng t est
and Morris water ne test. Beam bal ance test and linb placing test were
perforned on adegss Aciisiin dfEeowstor-mans RlsRNE@inGRY s ebﬂ,_ , 28 and 35 after
MCAO. Morri s lengthéescapriatehep wanasedio b ssatit Moo bR i#id ol | owi ng the
MCAO pr oceduftask. [ra@e@ass]r@samfbmmanbesﬁenl;@@%é&iﬁ%ﬁ@ﬁ@vﬁﬁ'@ce test is
used to assesktigmomdshepocs tvizbuhdertiken oh dagcs; |fmpef%%&§ t‘ﬁ@rgfbbﬁﬂn out

general ly asﬁwgmwbéﬁowmsimqs monitoredDl xon et . | uid percussion
model of experinental brain injury in the rat." J Neurosurg. 1987;

67:110- 9. ScH¥hPIwasMBAsstivionsirhervf &l $ugical grocedires ware ddalianed Ng with a

st eady post ubRdajEeeptis sordilinnst MEApapokd probeslulssarare ke frog thé 0, gr aspi ng
the sides of “f?'ﬁé‘lf%é@ﬁﬁiﬁmﬂrd?ﬂﬂsﬁaByﬂQmaenmiI. "QhrordneyohspotiiesApaw( s) shi ppi ng
of f the beaniVeglionintalpi w?mﬁged)bﬁpm@mammﬂmmmmt refeaitibh by of f: 3;
and failing Béfq@"’?ﬁ&a'ﬁ@’lfm FrsaoRes. 1189 321185860 abeternainatianig each 4.

[ 000250] Li nbaég'lﬂah‘?fﬁ cqeagfyl qﬁw@t@@s yavisEanphisitg abssey Dopsler r@ni nes

sensori not or’ |Tﬁ pgaTicaRt (>f 594) merustierein rﬁ*’@é@@@ﬁs@d@%ﬁb@&-}mum actile and
propri ocept |%”§ iy GA O%ﬂ?!-"iﬁgé’%%?tﬁ@rﬁﬁw&@ﬁ@%al ly as descri bed

previ ously | %{ k Phot ochem cal stroke nodel: fl unar| zi ne

prevents se &S
St roke, 1989g BS c-

per f or ned, eéﬁ” Beeddfed-1aid out in the De
Ryck et al. 5ﬁlg§tionﬂ WASRP 6ipctimEeHty| | owi ng

‘criteria: e an Co%ﬁg?es%qng qg?nb a score of 0;

inconplete del 0, udln nterspersed

flailing: ,Ur@@ﬁ&i@ @%V ’Qq‘s :ga‘lf"% i r&gg Fateral

tactile, prqmblveﬁ@d}éw@n% 10194@&%9 .E - Forward
do

tactile and ceatdl @itebRGnd RicRi s"%’r@%@&ﬁﬂ bt 9' ven to right
hindlinb. Peaphie:ORER inaicad Wﬁg&%u tQF;FHE‘E?cég Jhth forelinb
and hi ndl i Meerebfl BkhSmal Wit &E8R%MRh § I'S wa nmaze test

[ 000253] The Mon-is water maze test Is a useful rret hod to assess cognitive
function. Sgsaras] nogictiopaltPrenurebr ¢dliss Ne@@hal@@m@&ﬁ@eﬂ@%fé ed. A version
of the test pgwitetialyiSanBis, Ihep guib@dain View CE)KTHR8 BeiRiwei progidd er enti ati on
and angi ogegesirsliycicooingtathenteasthus GYEITRIPOSOEZBICE | S Irrpl anted with
mesenchyme into ischernic rat brain." Cell Transplant 1999; 8: 435-41 was
used. This [W¥i74as ﬁ@ﬂimﬁﬁmmnﬂdwrgmmmceﬁams%rébbmmwO A pool

(di anet er 180dahaseischndon e Under gopisipssine@.mlkp L.p3 aaathadahaie (di amet er
10cn) was | geepkedifor pain reflssaglathe anfreals wefeduplaoted tith NRCsedirecyningy ed opaque
and ni | ky witersEiaty for MiAg, thawprisuifort CAr o drethigivearmpgefop TG hgingool  wer e
desi gned as? RO-gelgegmplantaion Thangi.abee gencnally Yk dlang iehatt Heliaicig e of a

quadr ant , gﬁﬁ*\fﬁdﬂ%ﬁmﬁﬂphiﬁrﬁapmpéﬁmféf\ga}nﬁ lsthemimdlgéucet! Injbe iptel . A rat was
rel eased i nb8ePR CRERE 1997 ofn Navsepdianaest (7§ 1 S he3éMandCl owed to swim unti |
reachi ng t hig° ”ﬁ?’f‘ S?ﬁ*hr “Trsatdation g cyareneves ussartentlivgondl at f or m was

recor ded (n‘é‘éﬁl'ﬁﬂﬁ"f‘ GEvEdFeyEEg AN TSN cplly) grometes funclipnml dedovetylie t ask using two
sets of foufC 5.0 R NieHrab 1 99834834038 i CarodmyervedNPEs wehe first set on

ng%t Pracagweds desoribecht s |
c r?j;ﬁea@gﬂ?ﬂ“i’ bacteRotagtss al so
{

the fifth f“‘? nhlie sretaors disqiosed hetain. \&atslma@alla:oupﬁsomg rial was

per f or rred ”t g‘? eﬁ“@‘*ﬁ%‘ ragthpdmyare saRfuciedwriv l tieasdantaiém arthe pl at f or m

was removed qnaax;@a opdhesiaptaningt reciedcdnwdwe- The nunber of

times each I%Q?Prﬁ“ﬁ@@%@%@’ﬁ@%ﬁmﬂmgﬁred The time
spent in th ﬁ{’ ‘é’ﬁ‘fe SREed UL within 3 Sovisdfter

[ 000254] Hlsg S %A@ng?gatev@é BMWMW@QWW [ 000255] On

day 41, rat ’ ﬁe&ﬁe@pr@e Eevasbar bi t al

over dose, per éﬁ g3 § aﬁtﬁf'ﬁ"glqeﬁﬁ fol |l oned by

peri odat e- IyS|ne parafornaldehyde flxatlve solution as generally described
inl. MLean et al., "Periodate-|ysine-paraforrnal dehyde fixative. A new
fixation for immunoel ectron mcroscoffy? J Hi stochem Cytochem 1974;
22:1077-83. The brain was cut into coronal blocks of 2mmthi ckness using
Brain Matrix (BAS Inc. Warwi ckshire, UK). | Oomthick cryostat sections
were made from each bl ock. Sections were stained with hematoxylin and
eosin (1-1&) to evaluate the infarct area. The |Inages of sections were
captured using a 1" objective |lens under a |ight mcroscope, and the

| esion areas were traced using Scion Imge (Scion Corporation, Frederick,
MD). The infarct volume was cal cul ated generally as described previously



[ 000258] Stati stical analysis [000259] The behavi oral eval uation data and
infarct volunme data were anal yzed using a non-repeated neasures ANOVA
When the results were significant (p<0.05), Student-Newman-Keuls post hoc
procedure was used at a 95%significant |evel. The values are presented as
mean t st awdeaoch/adedsd ati on, unl ess ot herw se stated. Exemptsod@oreBehavi or al
Testing [ 000260] One week after MCAO was performed, and just before the
transpl ant at tewperaterssateboitdiit Degj Clévmemond sogieepbndaitl &cbsery®6R appar ent,

and t he neanasedirasid,or each behavioral test showed no statistical

di fferences anong the three groups. [000261] Beam bal ance test [000262] From
day 7 to day[@#8}7dlhe Biglislicalanalysisn Behatiost ddth seicaldyedifhgr ent anong the
t hr ee gr oupsiepGnted ayea@8reand ABBVA With staiafica significafce sbieatMD g5.0up showed a
si gni ficant Poghesientsincludedmpapehivdd tHetth & eved! sighificar(t dmgrea8es p=0. 0041,

day 35: p=0.{0019.08hbetvesCirgatmeptcofipitions0471, 0. 0007 respectively).

Al t hough MASC group showed slight inprovenent conpared with the control,
statisti cal |$x@FBgﬁl'§f"lfﬁ‘§ﬁP Rfistiite -dileskiy G FeunBleche Pdst-ect ed on day 28 and
35 (Fi g.40). "@98R@88ticnnb pl aci ng test [000264] There were no statistical

di fferences between the nean score of three groups fromday? to day 21. On
day 28 and 800146l NvEDeulest aplas ypdanwantdhp MEdopretedricrascieatribiedpr ovenent
conmpared wi t Wﬁ@@dﬂﬁ"?&v&fgﬁt@ﬁwﬂwgéﬁwweekmtrmlaotaa@smtmmss

p=0, 0022 an "‘6’291‘59 1é"%pectl vely). However, the rrean score showed no

si gni ficant e en the NN%'Q%% Ntl?\]SC S t%(r)oughout t he
entire peri @f’gé 0266] The nean

| atency ti l8 ’|°P{ "e a! e '”tt'('?ﬁt"ﬂ‘ 8 %‘ﬁﬁt he subner ged
cicane p ot cgﬁ erfeai;go(gﬁ e e
group. The 0 a Q[f‘ ee §9band the first
set on day 4. Fle NMC and

control gr o%, % UE n %t Al t hough the
NMC gr oup S%Warﬁaﬁcﬁ‘{‘ g’tﬁ ie@tstr@\!‘e%le?i {:ttiﬁésa ﬁiﬁ @ecix 5‘?’ oto ’Ee escape

pl af for m ¢ hagfiky G PUBel: fostirehiysir nlgt i ce did not
exi st. [000264dd, Bul iR &%@éﬁdﬂnt@ﬂi‘éﬂ&@w&r@ n af At % clrll group showed a
si gni ficant tﬂarmﬂ@itmr(p sGOmPEY (Bhutd Hh t he contro . 9) and MASC
group ()=0.0453) (Fig.43). The nmean time spent in the pl atform | ocat ed
quadr ant Wa$eauiEs] on@eatrsbn tdVIF @ ReEPREIHg dveLHaTaM iVeckshE T cant

di fference émngpiardationl waseall ANOVANEycolatsighifickiTA=iA §3Amenombet3) . Exanpl e
11: Hi st ol offiZ21 = stasdy 000D ¢aYIe ). TidigHer a6 ofaso,boraied in the |ateral
hal f of the10&0¢0 baisipsphelod betalimpiongmenrit amro[sgbldaﬁmcand tlinppocanpus,

and formati 8¢ lo# dogs o400 sdia(ss wad1phsprovedents impaioclbgis ieMd brai ns. The
hi ppocanpus S@fies werel sigiliinanty wdumaisn atwlogtihe foandealtsqwatl partial ly irregul ar
ar r angenent fransplapéaiiopfcomparedrie basalipa (i< @i00A1); with pdleat evardssi de, | nf ar ct
vol unes wer Belffs improvement oyt tlm@hﬁms@aniﬁanmv&rparﬁaﬁmcbﬂeﬂﬁohmrre in the
NMC, MASC aﬁoﬁ@@ﬂﬁmﬁkaﬁ estrenapianiation 3gmpered (S0 weeBpesty, 51. 010. 2% and
50.9i : 11. 1%@@@&@@1@0@ < O b Resthon testa revéaled al the sighieartti cant

di fference RNBHPNRBewRlogs defighgrores ddors|prsiranshiantalioh dERol abel ed MASCs
and M\Cs wefi e‘l%%‘éﬁséﬁe Hapnesils gpses, pulibe Righdpsen 11, M0and €A0/000 act ti ssue
and i nf arctp W.Wﬁﬁww@ew Henjthslowsose 40,080 pelisat 2omehup'cal | osum
striatum a ‘iﬁ%oenﬁ*mt SfIRFtE (AA0HM 1000 4QABMsre/sessl | s into the
i nfarct foc W&tmﬂ??@"@t‘gﬁﬁﬂ‘@&%é"%edﬂffer ence in the number

f fl I | | h f | h
R/NCI gn da %‘? e l@[V\}l\n %-thtliigillil‘}nt oarttheedwéenkheétm% c;vgr tal}\re%ct:mw%%ll{]ss bet ween the
poskran

%?antaﬁen overall ANOVA revealed no significant main treatrment
effects (F2,21 = 2.87, p = 0.08} (Figure 5). There appears io be a trend
towards longer MWM acquisition time over the 4 weeks post-fransplantation

~ period as revealed by longer acquisition times at 2, 8 and 4 weeks compared
1o baseline and 1 week post-ransplantation (p’s < 0.01) (Figure 6).
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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 psilateral hippocanpus, many cell bodies and neurites of GFP-1abel ed M\Cs
wer e al so wibawsebasbe NF-M positive. A large fraction mfiEbesheabeal ed
transpl anted MNCs were positive for MAP-2 (84.08.1%, whereas only a small
nunber of cells were positive for GFAP (1.010.2% . [000271]In contrast,
the large nefoooigoy ofiVdESbE festemb estndin@ bBtWRT. Srdreaakbalg f or both
neuronal ( MABstig ol the Idir ivelkd pavBiranghidNktith, AREIGINGYA (e markers. The
per cent ages siniftdaRt idain apaintdnfBrqusirej2 e £redd, p 000 ) (Mguri7h-Thabel ed cel |'s
wer e 1.40. 2%ighed ddsdd-of 200000 aes PELO00VilY p mﬁm&dfsagrmr‘ahmmhem@l tes in
MAP- 2 posutnmﬁhm@maﬁfmhdmmtthbmwamdam{}oowa@@]{abemtﬂm) nunber of M\Cs
and MASCs i rimpheyehvests irf thedioreat findhegldtiRnh Qdte SgainchniP D8 inAppr oxi mat el y
30-46% of t remes pf ta e wWebiGs pasttransiddrdatioa dompared dnbidetino(phee hand, 10- 20%
of transpl a1 MaEGs: veexidodatie beita ropreverpent bvaftierintied t r anspl ant at i on.
The sur vi valirangplaied ainiMaBpdriontidrbbdtiec Aedyi3and daveskeaests ubst ant i al | y hi gher
t han MASCs. iepsplaeiafinmeowangsiie ! week pesidransplabistiorofp'sMIC800s 790160 and 89%
of them wer &oRiRPL igsbuiievealed thahibe hishar dnseb of 20K000KSA100j080coNt r ast, was
47066 and omﬁ%agmiﬂ&émrﬁrwesmthgmﬂﬁ@m ihee thedéw dosms pl anted MASCs
wer e negat i V8908 celisadgrossd 6Wkﬂﬁﬁ"fg1"5ﬁﬁntmn§d idodargpser al | groups,
turmor f or mat@PBFARALeHRANSE KEAH QA0S { 9D 900> £9.890) spen ak ﬁ'%‘hwﬁﬁﬁto 41 days
after MCAQ pPWE‘Fﬁ@?%@rﬁc‘e@” {(5@9‘ Aihara N, fvlizukawa K, Koie K,

Mabe H, Ni 526 (% S?\/%Ial | n i Ef a{ ct ftr| atopal I i dum i ncrease
GABA r el {r@awgt &oTlhgze |

e ool %s%n%@@ﬁ%%%% e
Bigio MR 2 |§>8 ﬁ'éagbf‘r? f eEt‘:so emat oma

aspirati on o m promg , dSt okest D. , f
Augel I'i, B. mgration o
human bon ﬁ%reraeavj Al 393 of s i S" J.d."I*aE e "%*% Yal bino

rats-si m | apsddifs ToHPCY ﬁ S A 1998;
95: 390843, [APHat %3 ﬁ?asg% oSttt %%Ew R
Bar t KowsKi  fanddtintelh %tﬁp%& § 8hd ShicRky p&d

era , Davis RL,
model _and d@‘ﬂ@d)ﬂpl’@éﬁecqfes@ré@‘dfe@tﬁéﬁ'ﬁ?e!ﬁéﬁéf‘d@@éécﬁ@(}ogbﬁﬁ 10d.§gtp: 17: 472-6.

Qatlon of the
[ 000279] Bj opdekisetd AunitlebrieiMah ger(ﬁme bénth NeaiRegsw f O central
nervous Sysa@@mwmﬁém D e t»wﬁﬁmn e.ﬂﬁi(ps\éié

2006/ 096640fm5[1;@$3906/ 007917 [000280] Bor | ongan CV, QN Sanberg PR

Loconot or and passive
Exampie 2: MCAI Results — Weekly for Four Weeks Post-
Transplantation

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

[000183] EBST: For the weekly testing over the four weeks post-
iransplantation, overall ANOVA revealed significant main treatment effects
{F2,24 = 76.30, p < 0.0001) (Figure 11). The higher doses of 200,000 and
106,000 cells produced better recovery from motor asymmetry than the low
dose of 40,000 cefls {p’s < 0.0601). The motor asymmelry was significantly
reduced in each of the four weeks pust-fransplantation compared to baseline
{p's < 0.0001}, with better recovery displayed at 2, 3 and 4 weeks post-
transplantation. Posthoe tests revealed that the higher cell doses significantly
reduced molor asymmelry better than the low dose, with dose-dependent
effects (200,600 > 100,000 > 40,000) seen at 1 Week post-transplantation {p's
< 0.05) (Figure 12).
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avoi dance deficits follow ng occlusion of the mddle cerebral artery.
Physi ol Behav. 1995, 58:909-17. [000281]Borl ongan CV, Fujisaki T, Watanabe
S. Chronic cyclosporine-Ainjection in rats with danaged bl ood-brain
barrier does not inpair retention of passive avoi dance. Neurosci Res.
1998, 32: 195-200096000282] Bor | ongan CV, Hi de H, Ni shi nettmuszéandyir
assessnment of notor dysfunctions aids in successful occlusion of the

m ddl e cerebral artery. Neuroreport. 1998; 9:3615-21. [000283]Borl ongan
Cv, Tajinma Yje0¥t®fjanoBsddrseilest ¢or Wdlwooam batigy R Hidnaplvaddsdokon of
cryopr eser vetkispimatatiennveeiiaiNGaX pivogion sigaifitanesiaRaiiatnsntehdaAd cel |'s)
pronot es f unfiij2drad.68,qc 0005y (figuré $8)h aMiehighattslobx pr MrLne ceid 998; 149: 310- 21.
[ 000284] Bor | pmyated@éiteiammmenenin nEakotigiddefittsiaithaiMnhe I6ipgsdiastr kom C,

H de H, Sanb4d.800RR}s K's Ki0MEE)Hho Wrifianicifdrersias wemalouhd betveamged duri ng

mel at oni n- i nledie deea pd PLELtlls andihailovs toseaf dbab celke HERiU@. 13FASEB J.
2000; 14: 1307nproved @086 nBumelrdicrielcit Sodratveare Bignilkbdrely osduosy inSfacecker RE,

Bj or kl und A ofitig joucweeisraist-kanspgniations cofipalep@tiaselinedpisersoottihe rol e of

i Munosuppr eXsl siaplaprtime 4 (berg-vierenn sipaififdnbdiifelerpesBrativestRed.  1989;

75: 195- 207. Jase®age}BiiesrreklysRurclginsisares (Be> 0T095anBesihos lesasaki K,

Shar key J. Nevgakstipeldbe highesiciose aE209E 000K eprpdUcex Petierrenevary them oke: in
vi vo -evi dendBe Ryaiass 04190 a6ls ehdcandat weelks (pie cifelii)om dheimigrdisant.  1997;

17: 6939- 46. W#m&w&@ betwepq kribggsas At garlieyfimeasins fostdol kkonen

Siveni us J. Useplanialan &fs =PLaLFiwre e al pha2- adr enocept or ant agoni st

ati panezol e,_J | mb- pl acing.task and ski||ed forepaw use foll ow ng
exper i ment almé .f%j(e. Rl %Yq%\g ( FOT\&GN&?@ ly testing) gver dhe fogr waeks| 000288] Chen
J, Li Y, VaRgerrEepematon gyen veplea R signiiicant majndpeatmentof

-1 AU 19)o INele pBRears iag 3t er cerebral
¢ ‘%%iihﬁé.‘%aﬁ sﬁzﬁs YR&T J, Sanberg

vt o et il
. QLS 800 el o and -
PR, Li Y, V\éréggsgg;nt e _‘:]_. %jj‘?ugfg&g‘?&?o ¢ %%388%& t?ﬁ?l'&ee?é Chopp M | ntravenous

adm ni stration d” bl"00 2 behavi oral deficits
after strokggjmsgpt s Mvigr%se 20 Yl é%ﬁ&:ggf&&?%er elPgo0] Chen J, - Li
V. Wang L, gé@ﬂ@m?er thdlidl wlaé!m[\éos HARB-Met ,%(rér%ﬁt&Ncﬁ/ BUELE n T
| Nt r avenous seififbdlit fidirire Aol cRRBIFIDE EQVSE h0NES) (BRI S AT GRE cerebral
i schem a i ntinghgst-iRinsoketatied Clinditad@Uonght imedR locating the platform
2006/ 096640ReERHPE 00491V (HANMZHTI1Chopp M LI "{~ Treatment of neural
injury with marrow stronal .

[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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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

W t h experWipeagaalvs@ocal i schem a. Brain Research, 2004rCh@usiodk4brib3

[ 000293] G cchetti F, Fodor W Deacon TW van Hone C, Rollins S, Burton W
Cost ant i ni LGansptakation céinpamt hebamelieniplses 8.00@1) e Padthod RsRGMfalagxenogr af t
survival in thatthprsigniiicentedicion Meratolayisdransarém 138% b0 41- 9

[ 000294] Dez atmensiantdikia bigtuit differ &sedsi thddhrdeadelitosdd, bianadnldossCi atic nerve
regener at i ont#h0G0asl 208000quicduged beifes pta@mbrgtizmrthofow dbs¥ghiac dbifd erenti at ed
bone- mar r ow &%, Sreak 4oweddks (p’Ear0.ASNewr desd-deRR0dnt bifadd Pbofoo>000295] Dezawa
M Kanno H, Hs#iG o040 0Qvertisedvbatsivmeto phit-ianopadation. (pFad 6.08 N, Yanada H,
Sawada |-1, {Fow«a®a H, Mnmura T, Kitada M Suzuki Y, Ide C. Specific

I nduction of neuronal cells frombone marrow stromal cells and application
for aut ol ogo@821%%ns pWkié Acidsitory For ihe weeklydesting 00t fid Bult %8dks 10.

[ 000296] De HEREkirapspizsntivaconsrall ANOBY reyerisd Bloniivant quirereatimedtanssen  PAJ.
Phot ocheni cdiTe§tsibRe3 roti 0 1 0094} (Fiduie2r dlpmeve, bisrdgiificant or deficits

af t er neocorlfiaiaentiefegmassichipvededy besausk the highest duse BRI, ABORIs

[ 000297] Di nd™YEucef ajranpigntsignifigntimprevementipicqyirimdhe fask 3 week | 1 i s JW

G ark JC, DHg-Egshieniglion egmpared (e twe sieheépses alta0009and 409fmge i n

i schenic rat®§"] Wat {- JANGAT FHaListieR §memal 2. Bragiddgeertsi s and

* 1)

[ 000298] Di x Po#HPstibck JT, Findling RL, Hamm RJ, Marmarou
Y ﬁéﬁ%ﬁ&%@& : pUS 1k GV rav:

clinical phgj ) 'ﬁ g e GOV IRVEIled) - 472. 05

pr ogeni tors;mﬁg{,

i < be
|l ul P E 7 o EonRe PR 9 biaseiing andeliWeddiashicansplrotiion 24( 4583- 91.
AT <
A Y HE, er.cussi f _experimental brai
Chiury in g "‘ﬁ‘ fosh Chaa i 6‘53’%? BOBIINEHRFKA, Cycl 0Spor i n
it b ' .
000300] F o, St |
0093001 Fer bl ek Uy ke Somivol o
Model s of f eged ggéﬁiﬂif& &éﬁdi%&hﬁs i_ i % |
vane rg@h
2003: 44(2) : Blonbowih BUASE B iH s e

Rd f:ecﬂﬁl Zoppo, @GJ.
Ut oshi ma Y,

Kawase T. Dirhiisplaaibdd @B pRBmaRUieRBLRSAR Pledl@Hob nggﬁx system stem
cel I s inpl actaparsd th1 BRS 2 WRKSBodtibAsHIERARATY'S </0Ad00RT. oé%éuﬁs Transpl ant .
1999; 8: 435- dlvealed that the higher dose of 200,000 cells produced significantly shorter

fimes to find the platforin than the other two doses of 100,000 and 46,000

cells at 2 and 3 weeks post-iransplantation period {p’s < 0.05), while the two

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).

1000192} MWM Probe test: Time spent on the plaiform area. For the
weekly testing over the four weeks post-transplantation, overall ANOVA
revealed significant mainp freatment 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
addition, over the 4-week post-iransplantation period, lenger fimes were spent
in the platform area (p's < 0.0001). Posthoc tests revealed that {he 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-
h:ansplantatian petiod (p's < G.05). Al 2 weeks post-ransplantation, 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) (Figure 28).
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WD 20061096640PCT/ US20061007917 [ 000303] Furui chi, Y. Masashi Meda, Akira
Mori guchi, Taiji Sawanoto, Aki o Kawanura, Nobuya Mat suoka, Seitaro Mitoh,
and Takehi ko Yanagi hara. Tacrolinus, a Potential Neuroprotective Agent,
Aneliorates | schemi ¢ Brain Damage and Neurol ogic Deficits After Focal

Cer ebral | 3h¥e%854P n Nonhur nan Primates. Journal of CeeeBsabs/Braedd Fl ow &
Met abol i sm 23:1183-1194, 2003 [ 000304] Ghar bawi e OA, Gonzal ez CL, Wi shaw
IQ Skilled reaching inpairments fromthe lateral frontal cortex
conponent of mddle cerebral artery stroke: a qualitative and quantitative
conpari son t Extopll4: ibstpiogicnt Bxankipalionat i Weelat RoBdiransiBantatioes. 2005;
156: 125- 37. &000305] Gonzal ez CL, Kolb B. A conparison of different nodels
of stroke oniU98mh3i ouRafmfbﬁdﬂﬁeﬁﬁnlpﬁ@l  eutfianizel! MNduwesksiposi2000;

18: 1950- 62. g %fs&eé‘abmmmtolcgmb@ﬁrmmwe@&muw 23 Ushio Y.
GABA r ecept off o angbtdese pad sirolgtlyrsn ﬁ@ﬁorﬂsnglysmmmmjr al pathway by
transpl ant d%‘FEFEXP’@H W#’%ﬁ?‘i’@?ﬂeﬁﬂ”ﬂ@%@wﬁﬁw @n@ migrativrebassdiopned stri at.um
Exp Neurol . F§9epillugresipacend: 0"%?’@3{@3@ f; legierhexpMRiers sheriBesdno®B, Br undin
P. Survival Bing atepninageesit rekersdp deiest repetye epressiay anbiai nfarcts of
adult rats: $¥HE™ HF?QJ‘B%\E‘S@FOWEI esion tinme and age of donor tissue. Exp
Neur 0l1. 1994; 0 308 R, Oder ren T, Ashwood T. Ani nmal
model s of stﬂoﬁéb b a% E%B

: ﬁﬁi%ﬂ” Fivagled siaprpr ot ect i ve

agent s? Tren%e : BYSELTILEFGG $igse JA,

WIllianms AJ, R(, q ' °§i”9 ures periodic
osit fis 3 le @

eplleptlforrﬁ b%s ‘ Risd

focal ische r B ;

MD; Tanvir %he

?éa ér . Mocco,
, ns il Skl s, DVM
Ronal d Ener Sé?ﬂnai
J. Pinsky, w!

m _ '_b
or &g i, MD David
Mbdel of Repg; o g%é 1:)§§£%§9&%%t l%%@giﬁﬁ antgalY Baboon

Jahagi rdar BN, Rei nhar(E:it RL, Schwartz Réé Keene CD, Otiz-CGonzal ez XR
Reyes M LempdiETs. Fhvddeks &ﬁ@ﬁgb%i%m gu J, Aldrich S. Lisberg A Low
WC, Largaespada DA, Verf ai I|e Pl uri potency of nmesenchynmal stemcells
derived fromratitlpt maoldvse NatSifoﬁe??ﬁb? ShlpledslzeA9. [ 000312] Kami nska, B,
Gaweda- Val emyreh, K, Zawadzka, MEAdDbl ecdl ar nmechani sns of neuroprotective
action of imunosuppressant s- fai@Als and shypot heses. J Cell Ml Med. 2004,
8:45-58. [000313] Koi zum J, Ydsdlida Y, 4dNakazawa T, Ooneda G ' Experi nent al

O

ty in rat

100,000 MCAo
MCAl
TGl

200,000  MCAc
MCAI
TGl

Foie: Al o

[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 MCA transplanied anfmals, GFP—posmve cells 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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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] Kohyanma J, Abe H, Shimazaki T,

Koi zum A, Nakashima K, Gojo S, Taga -r, kano H, Hata J, Unezawa A. Brain
from bone: vaf fobgéoses "neta-differentiati on" of marrow strosmesmherdy ed

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

Di fferentiat Hofevet0PapRBisABaboftMChORd M Aleadziifldpafimaechsl er L, Achim
C. Neural trapgRl&ihalte Bgrakion osdrafitselid céhbAtedRUTGIN@nspia®ed; 9: 225- 30.

[ 000316] Kondahifraka NBaeiéieds Wwhén kigréiindfdsaibiered, i §ragéd Galis Thul bom KR,
Gebel J, Jannetdivediyvitehe sena@abarget slen, ikbiat Mﬁ'ﬁ!?@ﬂoﬂ\'ﬂn MReAd wBs MA, Bynum
L. Transpl antiaderal wihirctib stiaeh, kil wigin 6radoriegldng if DE! wighiri @Bt S with

st roke. Neur bibpopempRe 068 hGicaich in[LOODACAD et vigse wik cRasdeiegey VW
Chaudhuri G giaftéd uellsdieing theibdmehicpermpateninshosiibim didaex, upt a[¥e i ndi ces of
cycl ospori n iespedivsly. FurfRhamore foMExp aThedial 1 BEB2124.8 Takl) ahd oRR0318] U Y,
Chopp NI, Chiervediral\@Ggnih) migaaibaof &I€alaky Ihe Miatalischémmgndmbiant r ast ri at al

t r anspl ant at waholefentednEonMEAlpanmediaheriates . ting ndedalien ofpliowas Junct i onal
recovery af t2genskerold tiansplanied aniingls, gt GigeborBvaonchaFdaeizbibpb. 2000;

20: 1311- 19. ¢bBwesitya SRaReidemificd iy theKakZ andGADmgloan (MAMNI amk&.7 TA.

Long- | ast i ng"fuaveY: tsaectielyapin theicsiginehCA tianspleatgit)r ats with smal |
cerebral infarcts. J Neurosci-. 2003; 23:10913-22. [000320]Lindvall O,

Kokai a z, NAPEQTRIL- Sciifarbentypin emression: Bmfed PG esils whaigrnpsitive for

neur odegener 3EAW EANUE W ke Wev Vb ol S celiswarieraimaveraelgo pogie, 10

Suppl : S42- 50 @%Sgﬂi;gﬂﬁ?%é“@?m veiarsizadvitbrer Redhesppbsgivatipitni ns R

Rever si bl e MAAICENYLPRRPTAT dopeans FPTeG YRGS WP¥NSut craniectony in rats.

Stroke. 1989; 20: 84-..9 0322 ck Ri car J. Konptar, J Mocco,
Al exander Lgﬁggﬁe&ﬁlﬁé[oq%su ]ﬁ't Wyﬁ%eﬁﬁrﬁftﬂ%\%p&ﬁ 0ycruet, Evan R

Ransom Mar 6561%8 pef; %{) R t% r1¥0“&)§ azaﬁglﬁ E. der (}o nolly Jr.
Serial magn i {ehielipth %ﬁl 3 B\agke:
Val i dat i o% @%%)Q‘%g fﬁ(ﬁgﬁéjlegglde %% rg_B‘Feovtveergﬁ%agat ?"%‘3‘? Neur ol ogi cal
Research, 2 ; §§1 -852. [000323] Makino S, Fukuda K, Myoshi S, Koni shi
F, Kodame HpofAngp. Sanst: Mor FR<aasis chot 4R kblastaidPRstile, bRkar . Urezawa A,
joguA9g Ii | :
SR A AT L L e e, S el s i
vitro. J di nripineesh. pokBid iddd Avediéd ERMificantly reduced motor asymmetry at

12 weeks post-ransplantation 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).

1600201] 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
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WD 20061096640PCl M52006/ 007917 [ 000324] Mar kgraf CG G een EJ, Watson B,
McCabe PM Schneiderman N, Dietrich WD, G nsberg MD. Recovery of
sensorinotor function after distal mddle cerebral artery photothronbotic
occlusion in rats. Stroke_ 1994; 25:153-9. [000325] Marshal |l JVV, Ridley
RM Assesswamoabe@egni tive and notor deficits in a nerermsabisnodel of
stroke. [LAR J. 2003;44:153-60. [000326] Matsunoto S, isshild A Wt anabe

Y, Weloch TgigResddil ficRehsed tilbGthe PldioRn theatt 18 WebRSUIEI N A on rat
transient m &&I, 1 4BR Cahpaleh €6 YadGsd #s¢ 0001k fe 3d.” 2002; 72591- 600.
[ 000327] McLean I W Nakane P K. Peri odatel ysi ne-par af or mal dehyde fixative,

A new fixati Eﬁafhg{e 6: MG Fed R0 20 Twilve VessIRBostdrdiispi Ak Cyt ochem 1974,
22:1077-83. [000328] Mode, M R Paul Stroener, PhD; Ellen Tang, BSc; Sara
Pat el , PhD; [ddekesy Hodomeivelaks Eﬂié\ﬁ?mg&aﬁip[éﬂ@bﬁﬂh@@s@ﬂnaﬁlatsqhé{f St em Cel |
G afts on BetadsdreedtlthdecCovgicgediroas Sedotiked Rvagere Sianeke widD8a,

33: 2270- 227 8tolipWwing 3edjidodo, M RP. Stroemer, E. Tang, T. Veizovic, P.
Sowni ski, H. Hodges. Neurol ogi cal sequel ae and | ong-term behavi our al
assessnment oft00283 wi ERSTT Rostherig weekitpat-bransphmidioatdsting, cvealiusi on.
Journal of NelPYdgrerats! digtiivadsnai0 0@atTod o8&t 2,9 £ PD0330% 8b00s)s R G M
Spati al | ocaffigtee BéinPdgher ieet revesipd signiidantipredseadorotondsytronatly atues. Learn
Mol | y. 1981; i2weecsapei-riGobastiphcikpernd & baRelerpi.0@1)Hedri ch HI, Sarni!
M Differences in ac UISItIOI’l and full performance in skilled forellnb use
as neasured 5§ 0@%& %H%@Sft &or thej1g weelie peskfransniaritation igdingy Brain Res.
1998; 92: 85- g¥/@ YA RFveRicd signifigaRt nEsR (reslgignt aiectsRESLGTRR%. &< of function
by neural tr % F§¥H{ f)drpsthpcipd revegled pignifisantlydedysed gewplagisaRes.  2000;
127: 461- 76. FENReES RSt T?&ﬁ%waﬁﬁ’“ GRS e haseling &p <RM00BMr bay S,

Frost SB. A I re(;overy | LAR J.
2003; 44: 161- %oo fY"?‘{{S' W ks ppst koni uk I,
Ander son SM te "@ o
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My 3Bz Nyiey el
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PIIHbt r anspl ant at i on:
[000208} MWM Probe test: Time fo find the platformm For the 12 wecks
post-transplantation tesling, overall ANOVA revealed no significant imain
treatment effects (F2,8 = 0.26, p = 0.78) {Figure 35). These results indicate
- no significant differences in MWM probe fest, i.e., with the platform avaitable,
beiween haseline and 12 week posi-iransplantation.

del ost st roke :%HO‘%

[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 =



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, najor
hi st oconpatsicietdsogsegonpl ex anti gen i nduction and bl oodpdgdichgits er
| eakage. Neurosci ence. 1997;78:685-701. WD 20%1096640PCT/ 1182006/ 007917
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Konpol i ti, KsigniGantly ¥edubbgd timiro fidd the KRretavetr{2 widdis absk-tMasiiiaics. Chronic
i schem c st r o@epared tdl baselirey o bogigus nonkeys: Behaviral, neuroi magi ng and
anat om cal study. Neurol ogi cal Research, 2003, 25:68-78. [000340] Roof RL,
Schi el ke GP, [0R8AT4Y, HsIMWIV FRobaNesto ifrae smahomthelptat@mtaesanHonetizonal  out cone
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[ 000342] Sor e¥aERlapEiowEaDporeH ito hsellienfrer0.0001 ohansson BB. Fet al
neocortical tissue blocks inplanted in brain infarcts of adult rats
i nt er connect EXirame 8n Bistelogienl Examinglipn re17 Bleeks Post-Trz@spRatagsn
[ 000343] St ro@ﬁ Therapy Academ c | ndustry Roundtable (STAR).
Recommendat i YR 0y SMbiRMBRINRD aritals derreuiianizedrt d 8 weRlstipasbr ot ect i ve and
Restorative 94 a%@@? '.e"%t péitalye ggalges of graftspedval geh0344] Sul | i van
PG, Rabchevs ;? DEFGYS apjligaspeetipe and elferjmmunplisipehemtical Schaf f SW
Dose- r esponsg ? g’ Ff‘g ¥ prapsing ?f?fgntta@ G YRes R i¥eHorin A after
traumatic braln th]ary crhoratse CREIFE8ci ence.  2000; 101: 289- 9 7
[ 000345] Swa , M a0 aval.os, RA Davidson C, Sham FR.
A sem aut orr;tta g@”ﬁt h(l\)%{ E%Erq“'%é"é"u3?‘?%5%‘?3%‘"&%%’3?’&0"3%1 ume. J Carob Bl ood
Fl ow Metab. QRfnt0: 2083 Stroke Type Sample size
{Approx.} :
NPC 40,000 MCAo
MCAI
TGE
100,000 MCAo
MCAI
TGl
200,000 MCAo
MCAI
TGI

R e U S

{0G0217] NPC graft survival: GFP epifiuorescence revealed partial dose-
dependent graft survival (200,000 = 100,000 > 40,000) across all three stroke
types (F8,27 = 14.88, p < 0.0001) (Figure 38). Mean celi counts of GFP-
positive celis revealed that the lower dose of 40,000 cells resulted in low
numbers of surviving GFP-posifive grafts, while both higher doses of 100,000
and 200,000 resulted in higher numbers of surviving GFP-positive grafts.
These observations were consistent for MCAo, MCAl and TGl transplanted
animals. However, when percentages for each cell dose were calcuiated, no
significant differences (F8,27 = 1.37, p > 0.05) (Figure 38) in the percent graft
survival were obtained across the 3 doses. This suggests that percent graft
survival in both low and high doses was maintained, poteniially by CsA
immunosuppression. '
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[ 000346] Szentirrnai 0, Carter BS. Neurosurgery. Genetic and cellul ar
therapies for cerebral infarction. 2004;55:283-6. [000347] Takamat su, H,

H deo Tsukada, Aki hiro Noda, Takeharu Kaki uchi, Shingo Ni shiyam, Shintaro
Ni shi mura, and Kazuo Umrenura. FK506 Attenuates Early |schem ¢ Neuronal
Deat h i n aVibifReipsidbdel of Stroke. J Mud Med 2001; 42: 1833us8Bo7917
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hemat opoi esi ¥ithin the ariginallst@etel triPisplsinodites (292); ibBCAIFEn@anted 000350] Vachon P,
Beaudry F, Mamimats, FP-pEsiivavbelis rémaivedwifuntheyoriginaoriioabiparsplan® i n bl ood and
brain tissueses|(PEA. ﬁg}alii‘mb@l tanspleinted aninds,| @isposiivecelalemaigd
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phenot ypes
i schem ¢ br
d
of neuronalfggggr? ? talne Ef 8n of marrow
adher ent sten1ce s for nufacture of a nedlcanent for the treatnent

of i scheni c fgggdrgfror rrmgbﬁe rdksRnP Ak Lol e%'a'i]ld L medi cament i s
L0 be ad nites Aptbah Bt LR Kol AR g t@ﬁf eﬁéﬁ&a@ i onal
recovery of rhdi# oP@kic8Riretain their bladyldPeBRcd) b bR Bt bosi £l he
medi cament  igs GFARD GiEdEN irSM@!A@drah%ﬂéﬂtéd/ animals, a few of these celis :

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 suwiving GFP positive cells are NeuN positive across stroke

types and doses; in cells that have migrated away from the transplant site,

about 60% are NeuN positive. These cells displayed 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 posmve 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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3. The use of claim?2, wherein the nedicanent 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 hswtewom@assonal precursor cells. 6. The psgughesapywipf cl ai ns
1-5, further conprising allow ng the neuronal precursor ceIIs to m grate
froma site Ohmadodupbrlsal 881 Wi @bﬁ@ﬁadn@@aﬁslAOMMQm ot %) Pkl 7.

The use of clta ohbmolhigiosi-thardpliiatsn b@eadlinaR. iLdto r%ﬁ&h@ﬁ% fagp“ ses a
central nervQusosymbeof k@sbRAted rals werSchalitRrikie@afdayay 195 n&ks' ms 1-7,
further conpriostingsplaatetioh. SycaRstNPAIROBHARIGES] 2red88EH 1y 0 be -adni ni ster ed
to the pati emletermination & an Bffieatios NIPC 868 aihges it SRanddt uiRer ei n the
functional rémomety beisavivr pad hewblofivaigkiionahcd ecovery. 10. The use of
any of claims 1-9, wherein the neuronal precursor cells are allogeneic
with respect [#0928%fe pdherentere 3 ireatment tdndithing 0edfups AlbAg), MWidossONPr i si ng:
neur onal pr e®0k BEC, emd high dbscal S0ENRY. Theansterfdf enigrid fat é«2h rehiniSAf r ow

adher ent st espdfidnsonrespesded iarequiredmouple stefidristdtieldal freaifsas {=Hbat e
functional reeuwreus). Sfimalpastireachinguhé eteiagof behwvibst Hefivite (£8% henor r hagi ¢
stroke fol | oRiaaed ang Actvily and sscot of A& imaeirdngital exacpwseemotel | s to the
patient; and&lUgegdinthe sludy.clusyaniels ik mashekiheseeeriteria and thosk2.  The graft
forning uni t S¥EeEingiinse pritep srees wolured i shube Tiypioally] yosictreke abl e carrier
conprises a SdMasTeached giehariaiinvithagleashd alednnpedasttepravideagent ; or an
anti f ungal aggﬁ{uswe statisticaliapalyses ﬁama!&\mfﬁiﬂﬁgummnwr@mdﬂ(hves;tgikgf claims 11
or 12, where ’ﬁedﬁ‘ﬁyémm'%%‘ﬁ’ﬁtrtf‘%é d¥eur onal precursor cells in an anount

rangi ng fro 100 i |lon neur (? recursor cells. 14.
The graft fo f"ﬁ‘ff‘m “' yes?ﬁdwzt%f EW@%%WFW@WonaI

pr ecur sor &fita“fh@i“ #5 unit of any
of clains 11 Eﬁg human

neur onal % tem

cell -deri ved ona fyaslsgp eanr?an t'g di cament for the

treat nent of |schem c or-mg{_@grmgﬁtmhgmcm§ patl ent, wherein said
medi cament is to be adnfnistered injan anpunt suflfsagmaent to facilitate

functional recovery of fhe-§ifttinent. | Cefldose| Siple TypBHe sigse of cl ai m 16,
wherei n the nedi cament | | FR8%ek oA 4| IW 18. The use

of claim 16, wherein t P‘:rn;éh}c?rrent "”1“'99{’“ hé-géédm B¢ r ed

i nt raparenchynal ly. ,JA;:"'“" ﬂ&mﬁfm% cl-ai 16- 18, wherein the
mar r ow adherent stem cel ma £ oASdrneuRO Al wers ﬁEl§5¢CQ;ﬁ,’prl se human marrow
adherent stem ceI I -derl v@d’mﬂ@@ér onal ceI | s. 20. The use of any of

clains 16- 1 her r| SI n @n mar r ow adherent stem
cel | -deri ve % PI ”qeﬁ hﬁ“‘??@é’%ﬁ%@ﬁ?‘?ﬁ‘@@‘atl on to
ot her | ocatl Pos nsplantglipn. asehRPaicm 20, wherein

anot her Ioca i'i)“?é'nt conprises a central nervous system | esion.

22. The use of any qfabfé'aawﬂfed@eé E){}ﬁ'ﬁﬁf afial BROERDRRsadher ent St em
cel | -derived ngur 9 marrow-adher ent
stemcells; an {

Behavioral tests
{Ore month post-siroke; Only animals reaching and exceeding the cﬁtancn
will be hereefter included in the study)

«

Transplantation (1 month post-stroke)
i

Behavioral tests (days 7, 14 and 28 postfransplantaion)
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I nduci ng the man-ow adherent stemcells to form marrow adherent stem
cell -derived neuronal cells. 23. The use of claim 22, further
conprising: transdifferentiating the marrow adherent stemcells into
neuronal precursor cells; and inducing the neuronal precursor cells to

f or m neur o M4} 206E¢N&LD 24. The use of any of cl ai rerdBe@R¢7siurt her
conprising providing an i nmunosuppressive agent to be admnistered to the
pati ent. 000225 T8 sugizabfroesiyresiwart abmdictd-uRder asagei N the functional -

recovery is gomiiidnisalhe animals oread anesthetemywith equithesi2@0o0 fRaguse) of any of

cl ai ms 16- 25anshhkeckpdior hainmeffaxesy dolfee deep amstesiachtimadeiind@demeur onal cel | s
are al | ogeneite MAwcelusigestrgery. The Mot dashision fechnique Ritolvés gedidn f or m ng
uni t conpr i sPhgstture filament throughethe oavotidiiiéere it reathetine geictiordefithesed  neur onal

cel I's presenMGh, thiis bigebig theshiodd fivelnem the doawidn ¢antiidl drieng bk aplbs r ecovery of
a patient sufPBiiagrde ¢iWiiscTheight esmmencarclihgtary wis aeatiffedlanowi ng

admi ni st r at i ARk el vesiwl sidiee epnvicatiasisien| Thallameddizemsdmyl cells to
the pati ent ; M3A@ ohslpfarnearbsebablesytupcEdiebns. )ouitiy thediameter of the28.  The
graft forni n%‘f‘éfﬁitlp tapered g 24do 26yugesine tsied pRdbeaessuant it/ Socept abl e
carrier conp, ‘E'@ﬁOfg‘%W%ﬁ'fﬂmeﬁt‘ﬂﬁ%'ﬁ@@d&? bg iungfionnef theexternaitandi al  agent ,
or an antif ufiggh Sgeiiq arteries to blogigtheffeAo Fag Hoht BIGA was eerudedforei t her of
clains 27or ! %@Em%%gcgv%?ft of ¢ pfl‘ !‘s%?é'e'fﬁﬂif FesWitaig st st em
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conditions. Under equithesin (3 mifky i.p.) anesthesia (animals checked for
pain reflexs), the animals were implanted with NPCs or vehicle directly into
the striatum (0.5 mm anterior to bregma, 2.8 mm lateral to midline and 5.0
mm below the dural surface} using a 28-gauge implantation cannula.
Cryopreserved human NPCs were obtained from SanBio, inc. and thawed just
prior fo ransplantation surgery. Viabllity cell counts, using Trypan Biue
exciusion method, were conducted prior to transplaniation and immediately
after the transplantation on the last animal recipient. The pre-defermined cell
dosages (90,000 and 180,000) were based on pilot studies demonstrafing that
these dosages are within therapeufically effective dosage range.

[000227}  Transplantaiion surgery was carried out within 2 hours after
thawing the cells. Infusion rate was 1 ul of celi solution per minute. Foliowing
infusion, a 3-minute absorption period was aflowed before the neadle was
retracted. One needle pass was used, but there were 3 dorsoveniral deposits,
with each site raceiving a 3-ui cell solution. A heating pad and a rectal
thermometer allowed maintenance of body temperature at about 37°C
throughout surgery and following recovery from anesthesia.

f060228] The one-hour MCAo stroke surgery produced consistent
behavioral impairments at one month post-siroke as revealed by significant
blased swing activity and neurclogical deficits in EBST and Bederson exam,
respectively, compared fo pre-stroke performance of the animals in both fests.
Pair-wise comparisons befween pre-stroke and post-stroke petformance of
the animals revealed significant impairments in both tesis {p's < 0.0001 Yinall
siroke animais included in this study.
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{000229]  Foliowing random assignments of the stroke animals o either
vehicle, low dose 90k NFPCs, or high dose 180k NPCs, ANGVA revealed
significant treatment effects for both tests (p’s < 0.0001). Pairwise
comparisons between treatment groups revesled that as early as day 7 post-
transplantation, stroke animals that were transplanted with NPCs, regardless
of the dose, exhibited significant amelioration of behavioral deficits compared
fo vehicle-treated stroke animals (p's < 0.05). This behavioral recovery by
NPC transplanted stroke animals was sustained at day 14 and day 28 post-
fransplantation, In that NPC GFUs again regardiess of the dose promoted
significant attenuation of both metor and neurolegical impairments comipared
to vehicle freatment {p"s < 0.0001). Closer examination of the two NPC doses
revealed that the high dose 180k produced significantly better amelioration of
behavioral deficits compared to the low 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 demonstrated the robust
therapeutic benefits of NPCs in that behavioral recovery was defected as
early as day 7 postransplantation. Results further revealed that the positive
oufcome of NPC grafts was stable up to day 28 posttransplantation {the
study cut-off periad), Although both low and high dose of NPCs promoted
functionat benefits, the high dose provided significantly better behavioral
recovery than the low dose.

{000231] All stroke animals in this study were immunosuppressed. Asthe
vehicle-reated stroke animals did not display any observable behavioral
recovery, this eliminated the possible confounding beneficial effects of the
imrmunosuppressant CsA as seen previously in studies incorporating delivery

of the drug at pre-stroke periad, during or immediately after stroke. The
observed behavioral recovery being fimited to NPC transplanted stroke

animals indicate that the source of the therapeutic effects is not likely from the
immunosuppression per se, but from the grafted cells. : ,

[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 mm
(thickness of the slice) * [sum of the Infarction area in all brain sfices (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 Tools computer program. Brain sections were blind-coded
and Abercrombie's formula was used to calculate the fotal niumber of
immunopositive celis.

[600234] NPC survival following transplantation was assessed using

monocional human specific antibedy HuNu, human cell surface markers
which da not cross react with rodent cell surface markers or other rodent
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proteins, To detect expression of neuronal, glial and oligodendrocyte
phenotype in celi grafts, immunochistochemical analysis, Neu-N and GFAP,
was used, respectively. These cell suiface markers also revealed migration of

engraited NPCs.

[660235]  Generally, the NPCs survived well in the striatum with a few
rieurons posifive for MAPZ expression at 1 month post-transplantation. The
graft survival did not differ significantly between the two dose levels of NPCs.
NFCs reduced the ischemic cell loss in the stroke penumbra. The two dose
levels showed almaost the same extent of neurowescue effects. Data from
these analyses is presented in Figures 46-48.

H. MNG EXAMPLES

[000236]  The Examples set forth below are meant to be illustrative, and in
no way imiting, of the scope of the present invention.

[060237} Experimental procedures.
[0G0238] Culturing of MASCs and neuronal induction

[000239] -‘MASCs were isolated from Wistar rats generally as described
previously in 8. Azizi et al. "Engraftment and migration of humarn bone marrow
stromal cells Implanted in the brains of albino rats—similarities to astrocyle
grafis.” Proc Natl Acad Sci U S A, 1998;95:3908-13. The MASCs were
labeled with green fluorescent protein (GFP} by retroviral infection using the
pBabe neo-GFP vector generally as described in M. Dezawa et al., “Sciatic
nerve regeneration in rats induced by fransplantation of in vitro differentiated
bone-mairow slromal gells.” Eur J Neurosci. 2001;14:1771-8.

[600240] Neuronal induction from MASCs is generally as described in M.
- Dezawa et al., “Spedific induction of neuronal cells from bone-marrow stromal
cells and application for autologous fransplantation J Clin Invest.
2004;113:1701-10. Bilefly, a vector {(pCl neo-NICD) cantaining the Nofch
intracellular domain (NICD) was fransfected Into MASCs using
Lipofectamin2000 {invitrogen Corp., Catlshad, CA). Cells were selecled by
(3418 after 11 days. For induction of MNCs, NICD-transfected MASCs were
subculiured ance (60-70% canfluence) and were incubated in alpha-MEM
containing 0% FBES, 5uM FSK (Calbiochem, La Jolla, California}, 10ngfm!
bFGF {Peprotech, London, UK) and 10ng/mi CNTF (R&D Systems,
Minneapalis, Minnesota). Five days later, cells were transplanted into the
MCAO rat model. To characterize the induced MNCs in vifro,
immunocytochemistry was performed. Anti-MAP-2ab (Sigma, St. Louls,
Missouri}, neurofilament-M (NF-M) (Chemigon, Temecula, California) and
beta-tubulin isotype 3 (8-ubulin3d) (Sigma, Gt. Louis, Missouri) were used as
neuronal markers, and 90-95% of MNGs were shown to be iImmunopositive

Vfor these maﬁ(&i’s

_ [6006241] MCADO rat model:
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water freely. The MCAQ procedure was a modification of the methods
described in J. Koizumi et al., “Experimental studies of ischemic biain edema.
1. A new experimental model of cerebral embaolism in rats in which
recirculation can be introduced in the ischemic area.” Jpn J Stroke. 19886:8:1-
8; and E. Longa et al., "Reversible middle cerebral artery occlusion without
craniectoimy in rats.” Stroke. 1989;20:84-91. Briefly, under deep anesthesia
induced by a mixture of 1.0-1.6% halothane, 10% Q2 and air, a midline
cefvical incision was performed, and the left carctid bifurcation was identified.
A probe made of 4-0 Nylon thread with a silicon rubber-coated head of
diameter 0.3mm was inseried into the ligated external carotid artery and
advanced into the internal carotid arlery {o a position 16-18mm from the
bifurcation. During the surgery, rectal temperature was maintained between
37.5-38.0°C using a feedback-heating pad (BWT-100, Bio Research Center
Co. Ltd., Tokyo, Japan). Asterial blood gas analysis was performed and p02
was maintained &t 85-120mmiHg through control of the anesthetic device.
Reperfusion was performed 4hours after the occlusion through a 10mm
withdrawal of the probe,

[000243]  Transplantation

[000244] On day 7 following the MCAQ procedure, rats were anesthetized
with Infraperitoneal injection of 50mglkg sodium pentobarbital and placed onto
a sterotaxic frame. In a preliminary experiment, the infarct area was produced
in the lateral area from approximately 3.5mm lateral to the midline. For
fransplantation into the non-necrotic brain parenchyma, the cell suspension,
coemposed of 8000-16000 cultured cells in 3y of phosphate buffered saline
(PBS, pH 7.4), was stereotaxically injected info the left forebirain from the
following 3 locations: +2mm, Omm and -2mm anterior to the bregma, and
Zmim fateral 1o the midline and at 1.2mm depth frem the corlical surface in
each case. Total numbers of fransplanted cells were 2400048000,

[000245] Three groups of animals were prepared; the conirol group,
which received only PBS (without cell transplantation) {n=7), the MASC group,
which underwent transplantation of non-treated intact MASCs (n=19), and the
NMG group, into which MNCs were transplanted {(n=10),

[000246] Behavioral testing

{000247] The severity of neurclogical damage was evaluated using the
following tests: beam balance test, Emb placing ftest and Morris waler thaze
test. Beam balance testand limb placing test were performed on day 7 (just
before transplantation), 14, 21, 28 and 35 after MCAO, Morris water maze test
was performed from day 36 to 40 following the MCAO procedure.

[000248]  Beam balance fest

[G00248]  The beam balance test is uséd fo assess gross vestibuiomotor
function, and was carried out generally as described previously in C. Dixon et
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balancing with a steady posture with paws on the top of the beam: a score of

0; grasping the sides of the beam and/or shaky mavement; 1; one or more

paw{s) slipping off the beam: 2; altempting fo balance on the beam, but falling

off: 3; and failing off the beam with no attempt fo balance or hang on: 4.

[o00250] Limb placing test

[000251]  The limb piacing test examines sensorimotor integration in fimb
placing responses o visual, tactile and proprioceptive stimuli, and was
performed generally as described previously In M. De Ryck et al,
“Photochemical stroke model: flunarizine prevents sensorimotor deficits after
neocoriical infarcts in rats.” Stoke, 1989;20:1383-1390. A proptiocepfive
adduction test was also performed, again generally according fo the
procedures laid out in the Da Ryck ef al, article. For each test, scoring was
based ort the following criteria: immediate and complete placing of the fimb: a
score of 0; incomplete andfor delayed (>2 seconds) placing, including
interspersed flailing: 1; and no placing: 2. Visual, forward tactile and lateral
tactile; proprioceptive stimuli were given fo right forelimb. Forward tactile and
lateral factile and proprioceptive stimuli were given fo right hindlimb. ,
Prapricceplive adduction test were performed in both forelimb and hindlimb.
Total scare ranges 0-18.

- [000252] Morris water maze test

[600253] The Morris water maze test is a useful method o assess
cognitive function. Several modification of this test has been reported. A
version of the tesf generally as repcrted in A. Fukunaga et al., “Differentiation
and angiogenesis of central nervous system stem cells implanted with
mesenchyme into ischemic rat brain.” Cell Transplant. 1999;8:435-41 was
used. This test was performed from day 35 to day 40 after MCAQ. A podi
(diameter 150cm, depth 35cm) was prepared. An escape platform (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 water from each slarting 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 imes each animal crossed
the platform-located area was measured. The fime spent in the platform-
located quadrant was also measured.

i600254]  Histological analysis
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- [000255]  On day 41, rals were sacrificed with administration of g
pentobarhital overdose, and perfused transcardinally with 0.9% saline
followed by periodate-lysine-paraformaldehyde fixative solution as generally
described in I McLean et al., “Periodate-lysine-paraformaidehyde fixative. A
new fixation for immunoetectron microscopy.”™ J Histochem Cytochem,
1874;22:1077-83, The brain was cut info corenal blocks of 2mm thickness
using Brain Matrix {(BAS the. Warwickshire, UK]. 10um-thick cryostat sections
were made from each block. Sections were stained with hematoxylin and
eosin (HAE) to evaluate the infarct area. The images of sections were
captured using a 1% objective lens under a light microscope, and the lesion
areas were traced using Scion image {Scion Corporation, Frederick, MD). The
infarct volume was calculated generally as described previously in R.
Swanson et al., “A semiautomated method for measuring brain infarct
volurne.” J Cereb Blood Fiow Metab. 1990;10:290-29, and expressed as a
percentage of the volume of the confralateral hemisphere.

{000258% For immunostaining, the sections were incubated with primary
antibodies to MAP-2 (1:100, Boehringer Mannheim, Germany), B-tubuiind
(1:400, Sigma, Missouri), NF-M (1:200, Boehringer Mannheim, Germany),

- Tuj-1 (1:100, BALCO, CA), or GFAP (1:400, Dako, CA) at 4°C overnight,
Alexa Fluor 546-conjugated anti-mouse IgG (Molecular Probes, Eugene, OR}
(for MAP-2) or anti-rabbit IgG (Molecular Probes, Eugene, OR) (for -tubuling,
NF-M, Tuj~t and GFAP) was used as the secondary anttbody. TOTO-3 was
used for the nuclear staining. Specimens were Inspected using confocal laser
scanning microscopy (CLMS) (Radiance 2000, Bio-Rad, Hertfordshire, UK).

{000257]1 In each rat the total number of GFP-labeled cells in the whole
forebrain was calculated. The number of GFP-labeled cells in the
hippocampus also calculated in the same way.

[000258]  Statislical analysis

[000259] The behavioral evaluation data and infarct volumie data were
analyzed using a non-repeated measures ANOVA, When the results were
significant (p<0.05), Studeni-Newman-Keuls post hoc procedure was used at
a 95% significant level, The values are presented as mean % standard
deviation, unless otherwise stated. - :

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
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(day 28; p=0.0041, day 35: p=0.0001) and MASC grotips {p=0.0471, 0.0007

respeciively}. Although MASC group showed slight improvement compared

with the conirol, siatistically significant difference could not be detecied on

day 28 and 35 (Fig.40}.

[000263] Limb placing test

[0002643 There were no statistical differences between the maan score of
three groups from day 7 to day 21. On day 28 and 35, the NMC and MASC
groups showed a significant improvement, compared with the conirol group -
(day28: p=0.0022 and 0.085, day35: p=0.0022 and 0.0211 respectively).
However, the mean score showed no significant difference between the NMC
and MASC groups throughout the entire period (Fig.41).

[000265] Morris water maze fest

[000266] The mean latency time recorded in each set of four trials to
locate the submerged escape platform is shown in Fig. 42 for each of the
three groups. The NMC group showed the shortest latency time compared fo
the control and MASC group. The mean latency time for the second set on
day 39 and the first set on day 40 demonsirated significant difference
between the NMC and confrol groups (p=0.0339 and 0.0492 respectively)
{Fig.42). Although the NMC group showed a tendency to take shorter latency
time to the escape platform than MASC group, & statistically 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.

45



Basel i neWek 12 18/27 MCAo 12 Wek MMM Acquisition Retention: Probe A
Retention: Probe B Low Medium H gh WD 20061096640PCl AB2006/ 007917 19/ 27

MCA'" 12-\Wek EBST Basel i neWeek 12 NI CAl 12-Wek Bederson Test

Basel i neWeek 12
WO 2006/096640 PCT/AIS2006/60T917

[060270]  Alarge number of GFP-labeled MNCs were immunopositive for
MAP-2 and showed neurite development in the hostbraln. They were also
immuncposifive for Tuj-1 and B-tubuiin3. In the ipsilateral hippocampus,
many cell bodies and neurites of GFP-labeled MNCs were also shown to be
NF-M posilive. A large fraction of GFP-labeled fransplanted MNGs were
positive for MAP-2 (84.0£8.1%), whereas only a small number of cells were
positive for GFAP (1.G:40.2%).

[C00271] in contrast, the large majority of MASCs in the host brain were
negative for both neuronal (MAP-2, Tuj1, B-tubulin3 and NF-M) and glial
{GFAP) markers. The percentages of MAP-2- and GFAP-positive cells among
the GFPabeled cells were 1.440.2% and 4.8+1.0%, respectively. The
formation of neurites in MAP-2 posifive MASC could not be found.

[000272]  The mean number of MNCs and MASCs in the host forebrain
were 1326041126 and 5850+997. Approximately 30-45% of transplanted
MNCs were detecled and, on the other hand, 10-20% of transplanted MASCs
were detected one month after the transplantation. The survivat ratio of MNCs
in the ischemic brain was substantially higher than MASCs. In the
hippocampus, the mean number of MNCs was 790+160 and 89% of them
were MAP2-positive. The mean number of MASCs, in conlrast, was 470466
and 0.6% were MAPZ-posilive, showing that most of fransplanted MASCs
were negative for both neuronal and glial markers.

[000273] In all groups, tumor formation was not observed in the brain
parenchyma up to 41 days after MCAG.
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CLAIMS:

1. Use of nf_:uronal precursor cells obtained by transdifferentiation of matrow adherent stem
cells for the manufacture of 2 medicament for the treatment of ischemic or hemorrhagic strokeina
patient, wherein said medicament is to be administered in an amount sufficient to Tacilitate functional
recovery of the patient.

2. The use of claim [, wherein the medicament is to be administered locally.

3. The use of claim 2, wherein the medicament is to be administered to a central nervous
system lesion of the patient.

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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11. A graft forming unit comprising:
neuronal precursor cells obtained by transdifferentiation of marrow adherent stem
cells, present in an amount sufficient to facilitate functional recovery of a patient suffering from
ischemic or hemorrhagic stroke following administration of the neurcnal precursor celfs to the patient;
and o .
a pharmaceutically acceptable carrier.

~ 12. The graft forming unit of claim 11, wherein the pharmaceutically acceptable carrier
comprises a solvent, a dispersion medium, an antibacterial agent, or an antifungal agent.

13. The graft forming unit of either of claims 11 or 12, wherein the graft comprises neuronal
precursor cells in an amount ranging from 10,000 to 100 million neuronal precursor celis.

" 14. The graft forming upit of any of claims 11-13, wherein the neuronal precursor cells
comprise a Jabel. I

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-derived neuronal

cells are obtained by:
providing marrow adherent siem cells; and
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inducing the marrew adherent stem celis to form marrow adherent stem cell-derived neuronal
cells.

23. The use of claim 22, further comprising:
transdifferentiating the marrow adherent stem cells into neuronal precursor cells; and
inducing the neuronal precursor cells to form neuronal cells.

24. The use of any of claims 16-23, further comprising providing an immunosuppressive
agent to be administered to the patient. ’

25. The use of any of claims 16-24, wherein the functional recovery is a partial functional

recovery.

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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