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TREATMENT OF BRAI N DAMAGE USI NG UMBI LI CAL CORD BLOOD

CELLS RELATED APPLI CATI ONS Thi s application clains
w@eooonedsys t o U. S. Provisional Application SeriBtT/N82009/001915

61/ 072,173, filed on March 28, 2008, and entitled

TREATMENT OF BRAI N DAMAGE USI NG UMBI LI CAL CORD BLOOD

CELLS, the entire contents of which are incorporated

by reference herein. FIELD o “THE | NVENTI ON The

invention relates to the use of unbilical cord bl ood

cells to treat brain darrae BACKGROUND OF TH I

HREA | BR A fA hip

LS BRAIMNABAM HSEN(

bl ocks or rdues I - : II o part of the
brain. It is the thi P exts O P21 O ' he
| eadi ng cause of adult disability in the United

States. Stroke affects about 750,000 people annually.

One third of str okeR%%@FERéPHLEMIQIﬂ% the first week

af t . 0 e . h . . .

sur \%ge?fpégglﬁ %}mﬁ cgnrtﬁ;np gtgg?gt' ipgﬁﬁ%lf) fagll'th tﬁ\%llélﬂgénal No.
61/ el 73t Bled@ndVigreh2i8c 2008, did edtitledt FBREATMENIT 0F BRAINRAMAGE

i facj ' r tal paralysis. Varjous
v EStahicad tBap by srlsimdiie o byhhor
inésp@iaicatydeMbdite Bticftke. Most recently, G CSF nobilized

peri pheral blood cells have been reported to treat
acute and chronic stroke synptons. There still exists
a need however for t [t sui table for
t he popul ati on at I@ﬁé@ﬁﬁ%‘l%ﬂ@e subj ects for
wWho U @dngigf ¥elate® Bl {hie 286l oL @hbilichiedoad ¥lodaeNdto th&t brain
appropriate. SUMVARY OF THE | NVENTI ON The inventi on
dapiagei des in its broadest sense a nethod for treating
brai n damage using unbilical cord blood cells. O
particular inportance is the treatnent of chronic
stroke and neurBAEHETROUND OFITKEEANFBNTION unbi | i cal

cord, blood cells. It has been surprisingly found: in
acc gefersi enoal (9 AReTHERbRat blagks garduses plaodanply terall or

I I NaNLSE: i [

reB AL S, 66 Sn AL el B A AE I R SREOUT R

dissbrlivk e the [Uhtited StitesalSttake\affexts abowtrits®@d00ypevple aantglhc tOne third
is reversed. Thus,.in one aspect, the inveption

of SRk RALETS Gi PHBR the irst Mesk Aer the QRBERaEe by fgoke. Of those

that survive, a significant proportion are left with moderate to significant disability,

including but not limited to facial, limb or total paralysis.

Various attempts have been made to treat the chronic symptoms associated with
stroke. Most recentiy, G-CSF mobilized peripheral blood cells have been reported to
treat acute and chronic stroke symptoms. There still exists a need however for treatment
modalities suitable for the population at large, including those subjects for whom

autologous mobilized cell therapy may not be appropriate.

SUMMARY OF THE INVENTION
The invention provides in its broadest sense a method for treating brain damage
using umbilical cord blood cells. Of particular importance is the treatment of chronic
stroke and neurodegenerative disease using umbilical cord blood cells. It has been

surprisingly found in accordance with the invention that when umbilical cord blood cells
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brain tissue danmage conprising adm nistering into
brai n parenchyma of human subject in need thereof an
WO s@bareds unbi | i cal cord bl ood cell popul ati onPe€nUSIL01915
in CD34+, CDI 33+, or CD34+/CD133+ unbilical cord
bl ood cells in an anmount effective to treat the brain
ti ssue damage. I n another aspect, the invention
provides a nethod for treati@@ chroni c stroke
~conprising intraparenchymal |y adm nistering into brain
are pdmirhsiengd infg blpeagnammemSmh@fﬂ agheniokwkasubjsol attleast some of

nblllc ood cell .popul ati on. enriched in
oK P SRl Rheicheea BB Shistlisdlieni d bl oo

cel I'BusNinddheaIPpetil the fivestidry srob el b aRihdd®r ek subject having

wherein the isol ated popul ation is adm nistered nore
braipdissue dpapagespmprisingadstinigieang 1o brasn emo@mf hungan subject
inBRRUNRHOP n | RETLALRES! @y BROE b B MBNLINCALS BT DAY,
CBU3-+#) ios UB3dd/MD 1 334 tiabilidalndond boadictldy intdneansdun® kffective to treat

anot her enbodlnent the popul ation is adm nistered

?rB?aénF?ﬁéiﬁ BMAGHt hs after the stroke. In still another

ot e, BROLAH B AR Sk e Enblitit
coimpmmgl intrapparencheieallg admiristeridgintd braat ¢ﬁvgh1hna1' subjdcs swhe has had

dama e.resu om mag.i c braln I nj ur
a y0ke;| ié}@@@lﬁ%ﬁ&%ﬂ%&ﬂ%ﬁ@ Poplgion wéwﬁmcﬁﬁ%sw GR433+, or
cE34‘®thﬂ@3i %&1&&%&@%166@&@15% %%o%@ﬁ%ubé' to treat the stroke,

admnistering into the brain parenchynma of a subject
wheagintie isplated popgkation deargisistaesdimorawdyan 7 cays aftenthe steoke. In one

LN inj | | | [
erfsRiPent K PERREREE ot mogytha? riogth RS ARF eskes In
an®flet §mb&liﬁfénb rtl@é PortddtRags haainikdeed tfvaé thalizchoks 8ftér the stroke.

nont hs (e.g., I'east one nonth) or years after the
Ingpetlier &n ment Hee ropalatien iicadsiaisteredingrs thapéanenthhafisr the

U t t
sohRE, BRSSP LR SR B phhin kST vor
zﬁkh&ms&omanths nore than 6 nonths, nore than 1 year

or longer, after the occurrence of the traumatic brai n

. nj anoqhﬁr aveet theripyendion pspddes a mefBod frdrrafipg brain tissue
AR FGRind Gh AQHm HE bl d;? ,_lujgg Mbre gﬁéc?ﬁéalll}q}{ 'ofl8 efhbodiment, the

rodegefierati ve |sor npri si
im’zemtuoa peoadishaymethlogt faxdmanng beain rigsue rallamage hy administetingramo the
subj ect, i n need t.hereof i sol ated po

fio ] )
braip ratenelya obpaubied) hayipg ntlaws.qarl@g? eéafalgtfn QB raumatic brain

infoBy mlsbrate@rmﬁmuatcoﬁd 61%5& bmprés;qnatr&ﬂémffch@d in CD34+, CD133+, or
neur odegenerati ve di sord he neurodegeneratlve

Cl34ideBd B3 hagll Sushtbrais damaget mqiqdesjthabwhlch exists months (e.g., at
\sdi seas

e Eit GBRE SEORE Rlfaf BB O PERR G P b, Accordingly,

the subject may be treated (i.e., the cells may be administered to the subject) more than 1
month, more than 3 months, more than 6 months, more than 1 year, or longer, after the
occurrence of the traumatic brain injury.

In still another aspect, the invention provides a method for treating a subject
having a neurodegenerative disorder comprising intraparenchymally administering into
brain of a human subject in need thereof an isolated population enriched in CD34+ or
CD133+ umbilical cord blood cells in an amount effective to treat the neurodegenerative

disorder. The neurodegenerative disorder may be but is not limited to Parkinson’s
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cerebel | ar degeneration, and anyotrophic |atera
sclerosis (ALS). In one enbodi nent, the isolated
w@oemaliai3son i s admini stered nore than 1 nont h BET/@820091@01915
occurrence of the brain tissue damage or the earli est
observation of such damage. |In another enbodi nent, the
i sol ated popul ation is adm nistered nore than 6 nonths
after the occurrence of the-Brain tissue damage or the
earliest observation of such damage. In still another
diseabn eﬁlmniumr $ figedass oaltiple sebvodis tHwningtonaodisedss tRickisidisease,
em%ﬁ an lyear after th Eﬂgurregﬁg { e brain
cefqPE UG AL T AN ARYREPRNiS of such

danmgg &ne ¥aTbo8inSen® RO tho st SopaRitioV i$ Adrhid®stered more than 1 month
af orenenti oned aspects and these are recited below. In

afign thearepwraénee of thet braingispug damage or shesgarliesh ebsenrvatw@i such
unbi | | cal cord.bl.ood cells | at.ed, enb d|
B R R R S B S
md)rﬁﬁ§§fte-&5% §&8Atncedsf thd BiaidfiSuaddain@gsor 80 ¥arlidtdbservition of such
anot her enbodi nent, the population is enriched in

dagpge31n sithanothes embedimest.dbe lsebﬂterdqunulaéloneqi @ér@dnstered more than

L EO o S POPL B e BRI Bty
datiag83+. | n one errbodl ment, the popul ation is enrl ched

in CD34+/ CD133+ unbilical cord blood cells. a )

rel aY%tP“éﬁB‘é’GﬁWs apRphy 9 ihp afosemenians FE’%@&?“Q these are recited
belRponucl ear cells that are at |east 75% CD34+/ CD133+,

or that are at |east 90% CD34+/ CD133+. | n one

enbddiome nmbodim;:nsubq': pepulatponas ehectet 16 CDAdarenbilica gerd blood

ea 106 cells ar
celif P el Cem b it s Bblaton SoBRgsRapotam i el thayare at
ledsB@5% CDX4-+1 08 tifaehteSat a8t FPFIODRLered to the subject.
And in stil’l another enbodi ment, at |east 8 x 106

cel 115 anpthenemborimeat, di napulatien dytrjrisbed int GDGA&+ umbilical cord
bloor&)ce(ijlI n?r% relgtlé]g el‘?l%%” af: dr{;l }I():GQ’ u?glrgnnclo?np%sg ?og?nucie%? cells that

trac

ar€aegbt rrmtcmm @emlt axtelaanbaswa%nmesmf roma single
cord blood unit. In another enbodi nent, the ﬁogul ati

i s daongembpdisnantnthe porulatiosig epiehsd 1GR3/ ERIF amédlcal cord
o RCHSTSTE y E B RO Byl s
araudedse 75%n0D M e 33 her thatzind att leasn 99%6@93413@1) 1833t 4
out Igfonfa5 embodiment, the subject is at least 60 years of age.

In one embodiment, at least 2 x 10° cells are administered to the subject. In
another embodiment, at least 5 x 10° cells are administered to the subject. And in still
another embodiment, at least 8 x 10° cells are administered to the subject.

In one embodiment, the population is administered to three sites along a damaged
cortical spinal tract.

In one embodiment, the population is derived from a single cord blood unit. In
another embodiment, the population is derived from multiple cord blood units. In related
embodiments, the population shares less than 4 out of 6 histocompatibility markers with
the subject. In another embodiment, the population shares at least 4 out of 6
histocompatibility markers with the subject.

These and other aspects and embodiments of the invention will be described in

greater detail herein.
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hi stoconpatibility markers with the subject. These and

ot her aspects and enbodi nents of the invention will be
walementisesl i n greater detail herein. BRI EF DESQRIPUSIOBY/001915

OF THE DRAW NGS The acconpanyi ng drawi ngs are not

i ntended to be drawn to scale. Each identical or

nearly identical conponent that is illustrated in

vari ous drawings is represent'ied by a |li ke nunmeral. For

pur poses of clarity, not every conponent may be

| abel ed in every drawing. FIG IA is a schematic

St udl s per FdrREY DESERITHGY SITUBDRAWRGITLE.

ShoWTHaGictdifip Rengdfar€ RbtlinteAdd tdthe Mrswe tY dcatee Edch
CD34 and CD13 FIG 2 is a graph show ng recovery of
idenigyl auiieady identical gampoaent éhlattls ibistrated inevarigys drawings is

re@’ﬁpe%édm ﬁl% | rgﬂ]qergp S di! o%las & <$ AL t 41:46[%\1% 0 | oﬁFlgtrrﬁ%gbe

oW ng -ver al "activi'ty as a

laieled i@xperyidigwingl and one control group. FIG SB s a
graph _show ng nunber_of vertical novenents as
f unchIGo hAds aﬁ‘Fh?ﬁquﬁ iHpsiraging ﬂ&@a@mwew@h@esagﬁbofdh%model studies
PfBHB&P' group. FIG 3Cis a graph show ng verti cal
Peovenent time as a function of time in the two
expdilGmtBtasd a seriks @f graphs shiawing tleughenbty@e ofl célbpepudatamis

showi.n ercen of grip strength in the two
en_@&ﬂfgﬂf‘mé@daéﬁgg%e control group. FIG 5 is PET

| mageg;, ofis 4 F‘ﬁpﬁ %ﬁd)\fhn%fre&ﬁkﬁv b9 RWiR! as?finction of time in the two

experinmental ani nal s. i s phot ograph show ng

experanental as)dwaesenmlcmeupst al ned for GFAP or Neu-N

nd_bi m de (bl FI G .
Showity Bty aERoBiuReerben dibase fofeioh R BRe gy
exb@{rﬁ@:ﬁhl adbnbicshestzirougle (blue). FIGs. 8A and 8B are
( g%s showi ng brain tissue sections stained for N&
gr

§) 3Bngia Braphshewineduinitsr aEyertipalgrovgmestseas 4 fngiéon of time
in %Wor&ppﬁr%&af AJ‘I%S(HI% c%ﬁ%i é’r@ﬁp.St ai ned for A2B5 (green)

FIG. 3C is a graph showing vertical movement time as a function of time in the
two experimental and one control group.

FIG. 4 is a graph showing percentage of grip strength in the two experimental and
one control group.

FIG. 5 is PET images of the brain of rats in control and experimental animals.

FIG. 6 is photograph showing brain tissue sections stained for GFAP or Neu-N
(green) and bisbenzimide (blue).

FIG. 7 is an image showing brain tissue sections stained for MAP-2 or vWF
(green) and bisbenzimide (blue).

FIGs. 8A and 8B are images showing brain tissue sections stained for NG2
(green) and bisbenzimide (blue).

FIG. 9 is an image showing brain tissue sections stained for A2B5 (green) and
bisbenzimide (blue).

FIG. 10 is an image showing brain tissue sections stained for CNPase (green) and
bisbenzimide (blue).

FIG. 11 is an image showing brain tissue sections stained for laminin (green) and

bisbenzimide (blue).
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bi sbenzi mde (blue). FIG 10 is an inmage show ng brain

ti ssue sections stained for CNPase (green) and
wheabaeBssti de (blue). FIG 11 is an image show,emyukzoay/omiois

tissue sections stained for lamnin (green) and

bi sbenzi m de (blue). FIG 12 shows MR -T2 scans and a

Prussian blue stain of a brain tissue section from

chronic stroke ani mals. Cortical infarction is noted

in the chronic stroke animal. The injected stemcells

wer eFlfntl@ghows MRI-T2 sgans bad a Prugsiag biuge staigioba brainitigsie section

after the injecti,on hese.cells mgrated along the .
i efloni ek FEdif e Colean R Risgis Fothn B FuSHy st apimal.
THY ig]eatea Resth dedisdaere ndfeligh tHeteaHt badas gb@g}hﬁégi@ﬁ 7 day$aftdrite

and B denpbnstrate a schematic and actua

injegidero nd aase geligonigsated plong thgrgsve fibers émthefinfar regipw dhesize of

y t ti.cospinal tract.

W A B L B R R PR R O\ The § nventi on i s
baserlG. i1BARRAB démonshater £svhematd ghddvtu phetohsitrdgraph of the
finding that unbilical cord blood cells can reverse

trapspRstabiee of theopiested dygiatangdhe warrerated sruicospina tragt.
surprising because many of the effects of stroke
heretof ore either have been considered irreversible or
have not beBETATEEDADBSERIREION Ot NEE INVENTEON s. The
i nventi.on conteppl ates treatnent of chrqnic stroke,.
subj & 8VERHoR iy Biked. i at; o e rstee%@Pl@ﬁe SBEPTIStg fgrtqn&@at

ui1i04 cHAbIbHE 8d11sCAh Fe Rk QA iR h S assdtistel Wﬂmﬂr&ﬁlc Istoke. This is

al so based in part on the finding that the unbilical
surmisthghesaabegrddysofithe effdnts afthioke btretafdre aither hdwe been considered

._parench of the brai.n. Various, aspects an . .

S eeS b o R Ss Bl i S0 AR oy be invention

coRRhiplated @éatREACETERIniOftrdkeeubRtts Bvemyéhrs 88draRS o&urrch€e of the
brain that are damaged as a result of the stroke.

strgye beipg smbdiraheard blaadaellsf the umbilical cord bl ood
cel l”ﬁletig}/érgﬁgiqs i'lglg #)Ss%%i?]% 9%’? off me friﬁdslﬁlé Eh%? tshlgnl.lérg\glﬁ%alicer blood

therapeu | ene rnventi on

celausiose ddnginistenet m@o thedarenoByrha 6Bdhe bpdifl. Magiods apletts and
expressing one or, nore_early hematopoietic markers, .
emhpdpmens efihg inyeatioppryidefosMosg partihlar plpcenaert of therpells into

' . ; . T . i vi o
S B0 O ey RSP BBl
of henarbitiehll ordblvod gelds tochest apbjeets ihas potagariieti dm any therapeutic
b g%ﬁnotype into the brain parenchyma of chronic stroke

CB%lYi ects. Cells having a

The invention is also based in part on the finding that umbilical cord blood cells
expressing one or more early hematopoietic markers, such as CD34 and CD133, are
particularly useful in treating chronic stroke. Thus the invention provides methods that
involve administration of umbilical cord blood cells having a hematopoietic progenitor
phenotype into the brain parenchyma of chronic stroke subjects. Cells having a
hematopoietic progenitor phenotype are those that express either or both CD34 and
CD133.

As used herein, a stroke refers to an interruption of blood supply and thus
reduction in oxygen to part or all of the brain of a subject with effects that persist longer
than 24 hours. Stroke may be caused by thrombosis, embolism or hemorrhage, and may
be referred to as ischemic stroke (including thrombotic stroke and embolic stroke and

resulting from thrombosis, embolism, systemic hypoperfusion, and the like) or
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hemat opoi eti ¢ progenitor phenotype are those that

express either or both CD34 and CD133. As used herein,
wa2ebneises refers to an interruption of bl ood se@pU§20891001915

thus reduction in oxygen to part or all of the brain

of a subject with effects that persist |onger than 24

hours. Stroke may be caused by thronbosis, enbolism or

henorrhage, and may be referfed to as ischemic stroke

(including thronbotic stroke and enbolic stroke and
hemesthagicrsgyoke tresulting froosingacesetisal hegmrr}@ggtselhar@chnmd hemorrhage,

0 rfu he 1i,ke) or
s Do aRP el BiEngrteEh, ARTRENA 28 e hERHE stroke,
exdRIABS héhag@okesaﬂactmaienh@awmb afscks €PI AN Tadat b@mrrreknﬂ@efrom an
and the like). As used herein, stroke excludes heat

elestaedtemperature Hnibe dady pad He plinical magsfestatiqnsan the-jrgin are different
fr%{‘n éﬁ)&s of SPdkelad Jef'gga &eﬁll (I? ¥ ésrﬁéjl{&p%me(ff %ﬁctq%iesugﬂg.algfocmted with

and its cI|n|ca Ifons 1 n

redilllcfeﬁ @k?ghtn ihrtegrbtah)s IAfarS tomdtinaseftededneds fraimtistrokes” however
i.nterruption of bl ood supply associated wth

th?)é@%&@&lﬁ%@ﬁeﬁi Frophrake s gliner hereip dug inibeirgpdity to resolve
o &2%@ﬂhﬁ l&ydyocahtgkgs however they can be

stl gui s Prom stroke as defined herein due to
t hel Strakisiis ma;ufesbed e ohe/er moreslyaipednys ini théaffe@dd hudyecs. dYhile
occurrence. dtthroke is manifested béﬂgne or.

thesr IXMBHAMS 4ndithElr Spyesity BRY Ak P Paigt e p?%%éh%%ﬁeéﬂg

1nél[ige FRSIE wIsMRS tﬁénﬂ'ﬁbégié? rr)ﬁrern@EQ %bﬁéﬁ int s‘én&?ﬂ' lbf®br vibratory
they generally include miscl e weakness (hem plegi a),

senmﬁtbneérsmame thstanices; these symptomg affiedy anly ondside of she body (and

ti,on man nst anc h tons ffect
B B B @F St SR STt B0 YORHE S Hotude toss of
coﬁm@ﬁsﬁe@nhéahac&t Remitsigd eltertd tmell haae rﬁeanﬁg 51;&1 visioRtoRaltor
i ncl ude | oss of consci ousness, headache vom ti ng

pagtials deqopanecofi eyelid éptesish spkiess aﬁ@uhrsmeﬁ@% dcrgasesreflexes

(1%%*1?&%% % 12&9 Bgélas eg ﬂng% {oﬁ )gg:f‘ ife?? xe E%édagnsanon and

mgsmlad Weakngmbfphmfdce r}ﬁaaaﬁge \prdbyﬁlzm@ dﬁSeEﬁ]ﬂllbﬁ&ﬁ]!c, e%mgb,, nystagmus,
ecreased sensation an cl e weakness o

algead hyeath lﬁg asﬁf@ﬁ%earafaéf‘eqiﬁ 958 i“b?FFmO%lthOﬁli‘StOHi; aéﬁZ%CM) with

i
ng 51! I o, G0 REIE et RRRIERR B
protmnde atmdad rmcwe(frcan&déeo side laphassn Que umb@u; ta§ sqwlwlr andetstand

wi th inabilit ot.rude and/ or V, omside to
iz, AiAvias & 1ferll VOTHGR MPFe o operre B Bitiay copdipation
vibagbRGR oct 'fiﬂéxﬁéfﬂy&:leﬁbrt@ ‘hemhde®ct hyYersehifaf bdstures, lack of bladder
novenents), altered novenent co-ordination, vi sual

orfhogdebcmmfoégmd cqgn@qungﬁﬁ: -g Sdem@ﬁan@gq)r@gmzed thinking, confusion,
llmX%je Ltgenﬁual eSth lﬁ% (ioan%lént?gtggl a({:l %?erecp Ia@co:%;léart]t%gr{]gégrhe
hallhiaﬂksy’iﬁptoﬁ@ o ssbl@include acute facial paresis, arm drift and abnormal speech.
Patient symptoms are usually graded using a pre-established scoring system such as but
not limited to the National Institutes of Health Stroke Scale (NIHSS).

Stroke is diagnosed through neurological examination, blood tests, and/or
medical imaging techniques such as CT scans (e.g., without contrast agents), MRI scans,
Doppler ultrasound, and arteriography.

As used herein, acute stroke refers to the one or more symptoms and/or one or

more risks experienced by an affected subject immediately (i.e., within the first seven

day period) after the occurrence of the stroke. The major risk is death since
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limted attention span, inability to concentrate), and

al tered wal king pattern. Sonme hal |l mark synptons of
watoookzo3s$icl ude acute facial paresis, arm drifPCENS2009/001915

abnormal speech. Patient synptons are usually graded

using a pre-established scoring system such as but not

limted to the National Institutes of Health Stroke

Scale (NIHSS). Stroke is diaaﬁosed t hr ough

neutolo?lcal exam nation, blood tests, and/or nedica
appraxginaig!yt ansithird oésulamﬁdlaswchm ﬁnawye(l éalg windgw. hbymptoms

contrast, a 1 und
oxRRe B B ARERS e o IR wR R ot A8 BF s B bt ot
lithfted t@%n@x&nmp&cﬁyamim la@dffebn@ﬁtﬁlsﬁéss nﬁ&aaamesk@nmng,

experienced by an affected subject imediately g
dropning af eyelidi(piosis), balpaee praplepsrand diseantlibriugy écute acial paresis,

re or, I

UL B ARy R Dl i SR apd umber
(ﬁk9m©uﬁﬁyen day mnndom1 Synptons experlenced duri ng

this tinme_ period include of those |isted above
i ncldy 61%51%91 prapertiop of Pété)entt %Y@F ﬁ%ﬂt"’éclﬁ de E?Pe“&fl?ﬁ one or more

f
okt Srmgep Aine PR ANP S e AE o PR Wlenions
inténqu Ulteis® patiemts @re aomsidaed @l su;ﬁfar freirschramd strblee (or laee referred to

oI et Ss el Lovervent Lon can cedige Lhe
(1.BY RO HeiAR S mARIhANT 8ay3 RIS "the@oﬂé hﬁﬂﬁe§t%e§&9ﬁ7 Hﬁﬂ%llowmg
ohe or nore of these synptoms in the |ong term an

thc gcctuhl@see plthe etnele)f dhuswrowsed hereun \szbmmqmqus réfgtsetndlegione or
ese e are _consi chr.o
mg A3 e T PR e B kel R B ARl event
andeRAGK Rt Irr’}ﬂtx%nt@MKMﬁdSayﬂImk@ WFor€iant7 Y ohidr.t Genaslly the severity
phase (i.e., they persist for nore than 7 days an

angdigglleciion ofalise érsmp@é;sdmd tp disabyity én thewgatignt; Kier examplce)rchromc
str%ﬁg ggtfe%rgscr? & é {d ﬁ)léﬁ ?%M%tﬁﬁi lliﬁn@.ggg ethg%praxébe unable to

ers e one or

walk @ eiay Gtk oﬁthrﬁifﬂturty @k@evﬁd&a&tecmb}egaasemn@d),etdeymtaly Hakhealtered -
i.nitial stroke event and that exist in patle ts %@

orimgaisedsiarigkmupde eontrlnthey may bayg plggred exrapaier Ve muscle

cogI o elklfll t%‘ﬂpla&l@ hf &Fchﬁ)Iﬂit&f 'E%O&ﬁ@nt%\{ @‘Pﬁt%ﬁ)f leﬁﬁ‘é’mftfés they may

I'n the patient. exanpl e, chronic stroke
hageimpaites! msayn,hhe}umab be pantialp eakoropletatylparstyaed] they may be in a
| an they may be unable to walk or may walk with
COHPF%F@&?% € as evidenced by gait tracings), they nay

havey ghd &reﬁ Gh&xm bERANNE to fRGh@NtiOH swdt SudPibfRts ahgybeneﬁt
may have altered or inpaired overall mnuscle con

frmeélm admwigistratiorefurnbilicy- conblblnad edl&mtﬁetﬂﬁe rain pateochm The

torsgl t I es r)#egr%){%grﬁryp n(le To)lfe gg?g{:tg greeate J[’}'ns @HQS}(% regain

cohttoPof the1r muscular function as evidenced by a more regular (or normal) walking
gait or pattern, and/or greater extremity control.

The methods of the invention can be used on any patient who has had a stroke
more than 7 days prior to treatment and who continues to experience one or more
symptoms associated with the stroke. The invention contemplates treating such patients
at any time beyond the acute phase. Thus patients may be treated within the second
week after the stroke occurrence (i.€., 8,9, 10, 11, 12, 13 or 14 days after the occurrence
of the stroke). In some important embodiments, patients may be treated more than two

weeks (i.e., 15,16, 17, 18, 19, 20 or 21 days after the occurrence of the stroke), more
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coma, and the like. It has been shown according to the
i nvention that such subjects greatly benefit fromthe
w@dimoneesss ati on of unbilical cord bl ood cel | s PeT/OS100E001915
brai n parenchyma. The inventors have denonstrated that
chroni c stroke subjects treated in this manner regain
control of their nuscular function as evidenced by a
nore regular (or normal) wal'Kihg gait or pattern,
and/ or greater extremty control. The nmethods of the
tham theer Weskscenrmpre tharetbus ivegks affra thepncumpecenfshastepkg. Still other
re 7 ~day. i t ment
pSh R festelifar peonorit oSl A RE YEEen PG #dStwoke, and
oth&gRtieats thyWeltheatddebegbhd kR .6 ﬁﬁbﬁthipébiedlﬁﬂcmﬁdiﬁ% n&wplatEs or 12
treating such patients at any tine beyond the acute

mophs afterthe gcquaienehekthegiolkseor I @ad <t Sviramerg yewrs akleribgd
f t i ;
oS e 5 PRSI LR b 6 Py gl

odcarrsue® f ithgardka mieagstind atemisimupnl yedrthas pagsed sint¢ thatpatent had
nore than two weeks (i.e., 15, 16, 17, 18, 19, 20 or %1
the stgakes Ihegesmot meap tha frealpicat ofcuryat thg orscwepr angiyersany pf the
e , - . .
S STLAREAS p pRU Bp pp VAfEral St
urttreetablecpribr t@the3nvehtiob. or 6 nonths after the occurrence

o e BB R b g e on

their sthakd MEBbAS(I 3T, HIRS tihB Be Qe iHEREBrrOfcel TehStFSKeAn@ theltime of
2, 3, 4 or nore years after the occurrence of the

treptmerktpandreptienally ka theinstroke searee At steake fsepre éxanpneridal
ear after..the occurdence of the straok ans..t hat :
rel SR b PSR R EhuRbu Mt Pl B RRokal Niflss. Bss:
EMISraaK Bartht] @S areill saBhfg §Y386imd foe déteBhininCtie 6vedity bh@roke
one year anniversary of the stroke. The injury in many

sysipterag 2 prttent nnstheragseiod the NEERS. dewrigoresirdied!s foye symptoms
anldrlggs%ﬁ%gmrg ﬁgﬂifyth% ﬂmehﬂ)%s HBYEBEA Rein' (6 oAt ERY ﬁ?zft Qg? Stroke
according to the e

treate i nventi on can be 1denti
paviaste freferablipehey art ueddetolhtieat patien(si with mordiseverensynipedmeefhus, in

t he occurrence of the str and tine of )
onercghodReny. RAYENS A B8 Nﬁ%fsqorre?ff O30 pisceabecpcsording o the

inééﬂtf&h?in%ﬁﬁ?% atiefits %H%%Lmﬁssrs%ﬁfeg%? ot ﬁd,ilqnl?,fl 3t 15, 16,17,

severity of the synptoffs experienced the patient’.
18\ 9iSBd 20SAn Evpledf Bpatidnt havingem NAHS Saskcbresd @ris agpatient who

syst.e far, determ nin he sevgrity of sfroke
reSRRE B T TS g O oo £k s Pl flsno paghls speech
oreu@fi&ty coRfPradrhsiohgwad hﬁyémﬁd;qeﬁ paklydisfordi oy dBtH dillds of the face
Whi | e the net hods descri bed herein can be used to

(i-e+ absenemef focinbmeveraentanthe ynper andallomgr fage)y Amedieadgracgtioner
whii§ Bt kRg\tNleﬁgéaﬁ)l%tt Jhcﬁﬂgéoereg dthils SR 'i'eoaq;ﬂy 1&—4?1%?}7 S&I:;qucts that can
be treated according to the invention using the timing and stroke score guidance provided
herein.

The invention contemplates treatment of subjects having neurodegenerative
disorders also. A neurodegenerative disorder is a disorder characterized by progressive
deterioration and/or death of neurons. Examples include but are not limited to
Parkinson’s disease, Alzheimer’s disease, multiple sclerosis, Huntington’s disease, Pick's
disease, Creutzfeldt-Jakob disease, progressive supranuclear palsy (PSP), parkinsonism,
Shy-Drager syndrome, cerebellar cortical atrophy, Friedrich ataxia, dentatorubral

degeneration, Machado-Joseph disease, spinal muscular atrophy, pallidopontonigral
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one enbodi nent, patients having a NIHSS score of 9-20

are treated according to the invention, including
w@aiwanizss havi ng Nl HSS scores of 9, 10, 11, 12PCWBS202%4901915

15, 16, 17, 18, 19, and 20. An exanple of a patient

having an NIHSS score of 9 is a patient who responds

onIy wth reflex notor or autonomc effects, is nute

(i.e., has no usabl e speech-agr  auditory

conpr ehensi on), and has conplete par al ysis of one or
deigondratiomi@PNID), phlbdbrag@héyswa degenrsatine(POYLIPmaingptrophic lateral

d
sclF P Al O B eieAL S R R Stbat e et (B Do coilensy
iséHebSc BRI Fhjuradinile degientihfRorSARIveGYAdiohay p§1@tﬁcé?@bellar atrophy,
treated accor di n%’to the invention using the timng

olafﬁaogtpmrklaellgt@tr uirdigaeneraiiony glytagictasidaemia, fiféuse Lewy body

dei 1 1a o %r%g%)raml E:St%a\&{ ggxrl& E)m%k l%ﬂ%ldqg Eﬁro%\éb@g 17 (FTDP-

neur odegen Ive ISOT neurodegenerat |

179] makdsfarttSdetneihtia Obrd@rinflramatos rmuzlﬁgletsyysuaﬁp@f@sg i(MSA), and
deterioration and/or death of neurons. Exarrp es

pallidal degengiatioBre not limited to Parkinson's di sease,

o BTl 575 oM PSS P RN b

dapiagg w&nﬂmgefmm raamaat eeain pgrg(TBBSP) , par ki nsoni s m

Shy- cerebel lar_cortical atro
Frie %ﬁtﬁlagé&ﬁd the Inyitio €7\ s Do 0&@5@ ABARY Patent gardless of age
orBENAEBaPR R pRLRE AR eld%ﬂ%' S ne&yP %Pﬁ%l)}ﬁhuﬁie{r%})ﬁeﬁt. As used

pal’l i dopont oni gral degener a , )
hepahj anddderbr petigntisame ddigas 60 yeare nf fganD)lderady wilt bphaderstood in

| at er I cI r osi L m ALS.syndrqne .

o o s 05 BB Ban M s B SO esay i sehisEi:
br ai As h$HdWeYein,3fdatihg a G8BBEHaRing KBFSAK StYol rhydHd af{¥Horating,
pont ocer ebel | ar atrophy, ol ivopontocerebellar atrophy

reémm@&g@mrdﬁﬁekyrﬁh@ma&nw one Qanerashionic srakepymplany Hoay

oL} et TR TR pRER B LPIRRISRD Al e
ext@BNbiath infurt |rmsulltnfg feoralid Ofoke MBriinphjers yai Rnmedsurdd by
M5A), and pal | dal degenerat| on. The invention also

Rpp PR iHarct pige pring siadard sredigahjrarging Fﬁsbmﬂge%h%a?ﬂuetwn in
PERES SHFRA RS hGHE BEIEQUATI £l id Moty ive as
v1me<hu§xng)ﬁtescemhag1@techﬂlqw o s@ge instanses( ,thaaihfdnctmyta (or volume)

s.e hat I
S ASH RS e B R B, T BRI B o950
it hﬁ y @Bay Sk Soft le?éi dpr@fegl%ﬁ erﬂbbdi’fhéﬂts Qﬁe Hé‘éiﬁl'éﬁttr@@&e's ithe infarct

th e context o escrlptlon t hat t e preferre
arealhy atdeast 40%. ﬂuhmlss,m:qtsemteesurmg nguretbgheal dunctioncembe peed to

defertin bé fhe text%ral'y 0 aﬁlr}ﬂj%p}ll CScSotrlrn%lg%treTr%grs]Schaar.rse the %Iﬁ%bnc%h also be

used to assess treatment in a subject. As an example,a 1,2, 3,4, 5, 10, 15, or 20 point

reduction in an NIHSS score would all be indicative of treatment. In preferred
embodiments, the treatment results in at least a 4 point reduction. In other embodiments,
treatment results in an NIHSS score of 0-8.

The methods of the invention involve administration of umbilical cord blood cells
to subjects. Umbilical cord blood cells are cells harvested from the veins and arteries of
an umbilical cord. Methods for extracting such cells from umbilical cords are known in
the art aﬁd have been published. (See for example US Published Application No.
20060275271.) These cells may be harvested and frozen prior to use or they may be
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reduci ng or conpletely elimnating one or nore chronic
stroke synptons. As an exanple, a subject having a

W@ R0okz036% treated according to the invention POI/USTNY@1915
the extent of brain injury resulting fromthe stroke.
Brain injury can be measured by determning an infarct
si ze using standard nedi cal |(gag| ng techni ques. A
reduction in the extent of bthin injury can therefore
be measured as a decrease in the infarct size as

used Wtédutdsﬂeﬁiglgt Ihé@bocilsn@g foezingsuvhicgliesre alse lgwomm in the art and

LB 551 800 MO RS 088625271

80%A§9&%1 h9k, ah 1$dlat6@¥elﬂb($;ﬁﬂﬁiﬁﬁﬁs & @BIP b6 1&htyon thét has been
preferred enbodi nents, the treatnent reduces the

physiealhcseparieted figm she ¢rwviropmepband(qrithg fauextimsvhich it naturally occurs
or%? BU r"Ilhﬂg ({}lﬁg 'El%l lggi) ?@Jﬂ cfog(pgﬁ)l)&) Qel? 6‘c{lle pe e%qi‘otn? the ?mblllcal cord,

efr mne
th@lmbcaﬁslddiaimbld&ﬂ.can al so be used to assess treat ment

in a subject. As an exarrg , al, 2, 3,4, 5, 10, 15,
or Joimppiant eapodiments ohthe invientiess thewpbiligal pogd hiopd sglls are

frdcﬂgﬁaﬁ@cI invcﬁdé}fto'g'éﬁ(;arﬁn atlcﬁlédqceﬂrpg)fpﬁfaﬁgﬂs e&?ﬁ%d'l%%ﬁ tc%)‘f‘iched

reatment results east ol nt ction
ceki) pbpmla‘em)rsm agHmpiopulatioe ﬂiatrhm berea smdmlmlatad anomleH8Snereaseche

8.. The t hogs of. t ntl invo
freQ ey AT TAT SETL s i B PORLALPNS RN touht Sregency of that cel

§2%6 shanifiitlonC A is¢9 b8 uRIRQFo& Blal TheRER 12 Betng enriched is one
harvested fromthe veins and arteries of an unbili cal

tha gx$tedNp thropipulasiongxior scmanigukation, andithas ehriokmentiyesulis dtom the

cor wn ipt art nd have bee bl i.shed
rerp it of B AP Bl PooiPn 4T uaBAORRg of BEen pe of
intéRG6 A3 et dular) inteness chb@dhhg téTERE ilenkfigh \iﬁb%eﬂ%o@ﬁliﬂ%ﬁ@ér&[bhcd in

eused without freezing

ior to use or the
Clﬁ?e‘b“hé?d%l%ér o ¢lag4 1/} 1§Qéweﬂe| €B34 pad S5 3|l Sumfatcﬁ erotem

Bl PR P8 e R i g

cehe(indlading onihsmatipeittic stem paA3)l Ab ussd hesein, £EDI34+ cell is a cell that
popul ation that has_been p1y5| cal | éﬁsepar ated fromthe

eXpSYTes GridAn B epllovuriare Rigptashy: 2 CR IR Chlls s arell thatigxpresses
cﬂfﬁ%ﬁtsoéelles’ﬁkﬁéé dAHIy§4+/ 3831 !8@ rqode‘n' tﬁ%l ex? sSks®oRPED34 and
unmbi i ca ,

| s are renove fromt cor ey are
kaﬁ?vsordmfr euifics oCBBdH and €D marcehmaomrbmsm approsimatélg 0.1% of

i nventi.on, cal rd blood cells are
Al R WD RGP plOR o, Y G Bvern fices 3 gORggrable overlap
beRRRHtRd CDRG+ af$ ome@men %bBula%hseMchQHzﬁ%aﬁﬁrl ED34+ cells also
popul ation is a cell population that has béen

expagpd DI 33 ,@aduvnpeoredm Aspused bersas @ophletisnsahafcare pniighed in CD34+

ar lLar,,cel | uIatl nrela
ce B8 B e el B (o RICP T SRR pathli et Sbichsh 84t fés
CD B 3traells, o CI349v0DA33-h aél1strBspectivdly tep@@ebeam@semwdfeﬂk

is one
mononuclear cells in the population. These populations may have even higher

frequencies of the particular cell types. For example, the mononuclear fraction of these
populations may be at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% CD34+, CD133+ or CD34+/CD133+. As an example, a
cell population that is at least 75% CD34+ is a population in which at least 75% of its
mononuclear cells express CD34. In preferred embodiments, the administered
population is at least 90% CD34+, at least 90% CD133+, or at least 90%
CD34+/CD133+.
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that existed in the population prior to manipul ation,

and that enrichnment results fromthe renoval of other
wa@edob/1203pes from t he popul ati on rather than adedT/Usw09601915

the cell type of interest. O particular interest

according to the invention are cell popul ations

enriched in CD34+, CD 33+, or CD34+/ CDl1 33+ cells.

CD34 and CDI 33 are cell surfhee protein (or markers)

that have been identified previously as present on

hewal’tflcﬁmdefqr@r@auge el pepwatians e(lrlnlquudupﬁglcglar cell types are

kn?(’)g\frrrllaitn?@ tgc g%:%?to"‘fexiépéglg'afiore%@ai ené%ned bé/l aﬁ:%ﬁ surface marker
(s&eH 4saTP34-5IaD 133, ¥nd @DSPLETY136€Idelis), thede GRtHodb Baderally use
expresses CD 33 on its cell surface. A CD34+/ CD133+

anélépqhei; thapargspecifip far th&wmg%@én@d@er(st@hﬁa gatibgdigrag be attached
to'a n%m?o%{’ oq d 5988% ﬁ? ﬁrg)]pﬁegtﬁso % Lét’l in %ﬁ‘&lﬁ ; &ﬁ&f&i@ol

Approxi nat e i cal ’cor

mitrioe(eqe)] 1h$:oluM1f aichment 1héth6d$)§magmiaicdﬁa@ebde€g cmenai@pnc
bet ween t he CD34+ and CDI 33+ cell popul ati ons,

seppationmsihodsizand theiliks. dhess Séliem%%%re émae@nta&ﬁé ‘W‘b lshe el

po‘ﬁﬁ[a%%g Xfﬁléée{??th %E%%‘P%g?’g Rl llngﬂ(%D% } é%%i fﬂgde bind to

thaaetiwayywhilé thesremainivy m’rbo(fﬁ)ﬂ%delllscaed: fmov@ﬂ)l JB¢ boehd sf;llscare then

CD34+( CD133+ cells res ec |ve resent at, | east.60%.
reIPVEQ Y B EHTGAT € fe<BBIES (- YA AT gIc i QR BetIve binding,

teRPBhAL | 2P Iﬁﬁi’ch’%@‘ﬁ@ptﬁ)ﬁﬁ’&hs@aﬁ BRG bErp%’dif‘e@@ b§oRtbctiftecells with
particul ar’ cell types. For exanple, the mphonucl ear

thé prighadyref mteltehts?slé thapedrang els based thhatpretsea@t orgibggnce of the
% 750/ 80% 85% _90% 92% 930 94%.. 95%
anfifoy Gk OROSHATRCA AR Srige. (g pReRii R gl

geA¥AMNP loBserded By 1ab91m§1ﬂhatah@lﬁbdyhaﬁh h ﬂuaies&mpfobzie/cgcmn@) or by
is a population in which at |east 75%of its

contastng iccsalls walhiassceonst ansibodptet recagires e fied antibody and is itself

la@%%? %‘}rﬁ ?SEF"E gg ggl;y%%[n%gxgag RY Ivs?‘etllI a%lrbetﬂéeg'f aag%l%(?m in the art

andRdkt/oboidiBary Vil hwilsbd abile wlepxary eﬂglothehé déxined IpaphlanSns
enriched _in partlcular ?ﬁb type ar known in th

ar t . AntirGI4 anhibadigs mchyde ﬁrmnaf %%Bea%o F&pi HEGA -2,
S SRS, T B s

ANOOCHodihese a;rinizbbdias eresqoﬁnnércmllff availabe feorprsesscesisuch as R&D

rke%@%l t_‘}’bOdl es can be attached to a
B¥s including plates (e.g., in

pan nfﬁégisd?[ﬁfeh%ﬁﬁ}hedﬁfﬂpumﬁof@iﬂé'a@ﬁ§m§t§reﬂ to phﬁerﬁ@idﬁfﬂounts (or
enri chnent net hods), nmagnetic beads in magnetic

Lsretmr) atfﬁegtmvmtettre@d@)e patiend, astdeséritied. hemms %hs oppbesof gelds
neg%saa gf(f))f é'e CLQ'% gl @e&e{l 8 zeilrJu&'f%op 01# I%E:tlo?sglrngfsufhn%rt% gg'\}enty of the
syﬂlﬂttﬁﬂ@é‘xﬁeﬁeﬂteﬂd)yttﬂe subject (as may be deduced from for example an NIHSS
score), the size (or area) of the infarct as determined using a medical imaging technique
such as MRI, the degree of enrichment of the desired cell type in the administered
population, the age and/or weight of the patient, and the like. Generally, it is expected
that cell numbers in the range of 1 to 10 x 10, and more preferably 2 to 8 x 10° can be
administered to the patients. Thus depending on the particular patient and the population
being administered, the number of cells administered can be about 2 x 10%, about 3 x 108,
about 4 x 10%, about 5 x 105, about 6 x 10°, about 7 x 10%, or about 8 x 10%. These
amounts may refer to the total number of CD34+, CD133+ or CD34+/CD133+ cells, or
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t he anti body, while the remaining unbound cells are
renoved. The bound cells are then renpoved by any
wombazoses techniques (e.g., enzymatic, mechanPCEIS2009/001915
conpetitive binding, tenperature, etc.). Enriched
popul ati ons can al so be produced by contacting cells
with the anti body of interest and then sorting cells
based on the presence or abséhce of the anti body usi ng
fluorescence activated cell sorting. The presence of
the Itﬁéalanondwdlfali eeligedminibtereddb ther subptch depertdatd ongthe lgmbodiment

fluor scent probe (e.g., FITC or by
a@gh?g f\!ehéfl t&? ﬁf‘a second anti body t hat
r eCOphY &S td B@acﬂx‘nfnﬁter@ﬁ' iy Wprevided m d $ifglklotdblBbE OGNt although
with a fluorescent probe. These nethods, as well as

inspme rnsstamp%rrmhmcmd blonsl upits nayst be Aersbingd tcoaqiilmm}e cell
nuérg%ea% etm admm %re& CB% Alseoa]?ér%%d?nérld%h%? u%nel{j % ftl %unr% 6) cord

blb@dﬂldﬁé’&té@ft@&ﬁﬂlﬁé& c&@3 TypRahy Zeack 8drd A6dBbnit ed}ﬂa15$ f fTH
K3. Anti-CD133 antj bodies include but are not Ii

appepxamaishs1 20rhadse lgnmpmcts‘@r g¢lls, elovrhish onky abpuk- é% as|(’é334+
mﬁy BI$ ﬁgrces such as R&D Systens, Santa Cruz
| otechnol ogy. The isol ated enriched popul ations are
adm Regatdlessoftwhefteer s bsmultiplaromitstSe admimistedats ) subject, it may

effec ive to treat the patient, descri bed herein
same nsEgR PO RdBURISEF §ellsdatiare BIASARPRKIF wih the

sugfee?lﬂﬁln OteRedURD ﬁgedq{erélﬁ%&6§orh€£ib‘1‘l@t'y'?ﬂeaﬁ@ Bhat BVRAdL t4yout of 6

t he Synpt ons experi enced he subj ect (as may be
majedhm@dompwblhtyrmekammr@ slamd\lbyﬂs csliobang tmh@lmtezcbar(dihe
r.ct.as deterggned us

suBieEEioiSe it ClparEu bR Ty Eig A Feifphlks JyPRionS h which the

ceHBhhd sidre 5@ e0&56 bﬁﬂlefsﬁﬂnle hiYRRmpatib{Ry markers. It has also
adm ni stered popul ati on, the age and/or welght of the

bega foundtaccerdingtthhe inwentiancthairin|sppe instarices esllsdhatsharetfewer than

4 8L ARGl B 5o RS RIB B hB5 er con s

beftBérapdiitivally Berse fid b enthiangnbiuet.t Hstqeahipatibilidy matderLintlude dhe class
t he popul ati on beg@g adm ni stered, the nunber_ of_ cel

I ra%r#@ﬁ. ArtodllcArB pod Hbdu€, theselapp H manksist HBADR.JBLA-DQ "and
H%gﬂk aAndXt u?uaé&?&%ré?ss;i mrRers HROAE, P10 O gifu@@? ﬁLﬁg _H HLA-J

hése anounts may rfefer to
antddIaA- XLLMﬁér IrodonteDBvbodimEAs 3the 6rhiERArtpaHBIlRY matldrs say be

HEAR et SRR gL ArDRET ArfohARL A (OHbSe agfgatigns ar

al & onfdnipifteal n the cells. The cells to be adnlnlstered
may be provided in a single cord blood unit although
i n sYnes tha Qoamie@@n mldmups@redcnw thé brdin parenchymss it ipalso

._conbi.ned.to gve the cel er bei n .
impaRRi S eamini e bEa et B 45 ST e 50 thagnebly Rossiple. The
ada{iBidfebedOfol @RE thay vary depending on the age and/or weight of the patient, and

the number of cells being administered, among other factors. Generally, the amount
administered is less than 1 mL, preferably less than 0.75 mL, and more preferably about
or less than 0.5 mL. In some instances, 0.4, 0.3, or 0.2 mL are administered.

The cell population is administered into the brain parenchyma (i.e., the tissue of
the brain). In this regard, such administration is referred to as intraparenchymal
administration. Preferably, the cells are deposited into the brain parenchyrha, preferably
in and/or around the area of damage, and may include regions that are peripheral to the

area of damage as well as the boundary of the area of damage.
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bl ood harvested froma single cord. Typically, each

cord blood unit contains approximtely 120-150 x 107
womonesbear cells, of which only about 0.1% aPerT/CEB349/001915

and/ or CDI 33+. Regardl ess of whether one or nmultiple

units are admnistered to a subject, it my be

advi sabl e in sonme instances to adm ni ster cells that

are histoconpatible with the %ubject being treated. As

used herein, histoconpatibility nmeans that at |east 4

out Ef'erenﬁm weferably, abigngtaof teltptal/adreinistared populaticar asg deposited

i B Stinday %y R e B 2 bl Bl Ot may

b&ddp@@iddcﬁl&liﬂl m{fobm@d bhefféstéd @orﬁmFﬁmbtr&ﬁt wihahe depdsit made
even of the sane hlstoconpatlbl ity markers. It has

beyond theeasen olglampegcensrdepagjt mad Q inethe aerder <pf<meq %%darmafge and one
ce r
detspﬁgnta rrfgﬁg’ i)gt&\%‘rér? {l'h Arle of %;%a 2 eos?gﬁ é[ih a d[f de cearnsbe
dewmﬁnd&lfsll‘igJélbﬁéﬁcﬁ@ﬁeﬁédsl IThb eoldﬁ@haﬁ§ﬂirllﬁﬁbﬂ10h and dep051t of cells
beneficial to_ that S%ﬂheCt Hi stoconpatibility markers
wilhvary hetvwesa patiepis but will Rereadily detarmippble Byme&&r@nm SKillin
class Il markers HLA-DP, HLA-DQ and HLA-DR, and
the noncl assi cal class | narkers HLA- E, HLA-F, HLA-G
HLA- ’Fhe ¢dl]JA—nﬂa)dJEChdﬂh.1Ars)éxed\/ﬂoCﬁle bransmrencfhlybmdisi‘r@’ﬁos exdrhgle a 26
6 hi o at|b|I| rs may be HLA-A, HLA-B
A HE ARSI Sg it RTRESY ey Fumphsgs oblustration,
in¥Ynk eﬁlb%@m?é?ﬁttﬁ@'@%ﬁ{%qs load&F Gith g RARBhA KRR is inserted into the
adnministered into the brain parenchyma, it is al so
branmmrahyma elangrtheilanagedichgiqoepnalaraconntilritsaip waehies aeposmon

bl i bl e d
oy WS e R PR e P iy af iR hpk St ne i of
the @&l Lok sind el tdf@hwabﬁé anhele?the batdipard depovict @ 86k position.

annng ot her factors. Genera t he anmount
Theongerleds &eedetir@:wde%@ﬂtﬂﬁ &P rmaCrhEs a pputien Hisf is indhesarem ghdamage

(p%fzr%})fy‘bsué ?}igp?%g s?in ?b@%l tﬁ%&gﬁ’&tof QIE) %a?ﬁn{gez Q?\thl%h?)omt

andther hisd efthel celIEf(er Oﬁlhheﬁﬁ el sgzhlnga bmselarirdepbsteﬂr thei mt:die is
the brain parenchyma (i of the brajn
them again get?ﬂé@é gl K4 bR r%?&h?sm msrtartni thal s beliad &9 asdhe 'ap%lary of )

thk Qfe'égﬁﬂ&%g% eyﬁﬂ reﬂ{jﬁ] 1Hé E’%urdac;t1 cBlls dp ohmhet the fs§lli‘r?gb Cﬂr}e is

are deposited I nto al n par nchyna prefe Iy |
depnsitedrat ghio positiot eTlau‘ mdhﬁ‘ is temarg@ined ma phmy forraboutd® minutes after

reqgions.th r her al t he area of danmge.a .
A Arpoaiom DS ReBr SR comeldshe i G tia e que 8 SR Hueged in
orﬁéﬁf)%"ré\k?:hy }ea@gegﬂl‘iﬂ @s@fofﬁﬁheln{&&%l voRtfit. TR RAE Be accomplished by

popul'ation are deposited in two, three, or nore
usmgsbqnem anan geaniplei K lpm@mdyrsmod@wee&@hﬁﬂeenvqnh@n

con empﬁates ¥ single transplant of cells into the damaged brain, rather than a multi-day

administration regimen.

The cells are suspended in and administered with a pharmaceutically acceptable
carrier, and in this form are considered pharmaceutical compositions or preparations. As
used herein, a pharmaceutically-acceptable carrier means one or more compatible liquid
fillers, diluents, and the like, which are suitable for administration into a human. As used
herein, carrier means an organic or inorganic ingredient, natural or synthetic, with which
the active ingredient is combined to facilitate efficacy and/or administration. The
pharmaceutical preparations may contain suitable buffering agents, including but not

limited to acetic acid in a salt; citric acid in a salt; boric acid in a salt; and phosphoric
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be deposited along an involved or affected
corticospinal tract, with one deposit nmade beyond the
waewa/1zf36glanage, one deposit nmade in the cent ePCDUSEN®B01915
of danmage, and one deposit nade between the area of
damage and the skull. The area of deposit can be
determ ned using stereotactic devices. The
co-ordinates for injection ahﬁ‘deposit of cells wll
vary between patients, but will be readily
acteinersaitn dbe phivynackatical odmpositionsrajsogkay ¢ontaing dpgioaalty, suitable

The cells be m.ni stered tq the brain parenchyma
T o, Sudli e Ko B, e PBienl brafis A Wfftrosal.
THREsMPBhERS oS the ipRaEnReutl@Y t6@podi@énsiidé BRERMEED with cell

illustration, in one enbodinent, the syringe is | oaded
popilation.taad vath eachetherfia arpandice such thaighere éung intesagtipa which

hal ar.enchyna_al ong t da corticospin tr
el bPRGERS I e e AR S L TG Rl 8o
cotrtp@sifonetepr¥p@htiorfshigaybdl Sdcarhpriseoae - sub@icex inthidehg/ n@ieellular
third of the cells (or simlarly of the volune in the

agents thag eithps arethpmselxeyibpappyticglly effestive gsydhieh ephangghe
bl . e . _

ASHUE IR TPOLShEAMEI AR, This bhBoRERCRES 1B povided

togeheriea eidaniskyarate virls ineakit,tdrén sgpatae¢ kind. t he danmage)

at ich point another third of the cells (or.volune

i n tYRMRSSHIaTg SuiHhs Erpdminiesion maycomprase fedlgile apucous
subSioA 9Ll WhichGh PR4AbIY isdtbdic With thE BIIdADE %&Q@fgﬁén@.nThis

that 1s behind (or at thé boundary of) the area of
aqdeomspespafdtionmeaypherfomyulatddr at cordingetol knopvormeatbddsmsingsuitable

.syri.nge barrel) is deposited at thi.s position, The .
iSRS d e ndst o R ParkTg entsr e 55 gl Frggaration
alRf th&¥ bea6tbriRkARRSIablcMdIutiR stisfenéi6R H £nbStSAEPArBhtetally-
retracted, the site of entry is g}lt_ugged in order to
jonj1

acegpeablndilyeahRugpdvenafar examplecs ase edt3cbutons digk. Among the

LS can. ccompl | ' n X -
oo 0018 BEF RIPUL TR PR BRR Y, FfE soution.an
isdtonie Bbdiain chivitdensplaioas Inadditigh, StdrilE Tijel ailt atf copetitionally

into the damaged brain, rather than a nulti-day

employedias ersalvearerwapending mediugle Hos thif pupesgedeland fixedheil may
be%grgﬂl&e‘fﬁﬁ%ﬁ%nﬁs&ﬁ?@@?@ﬁ%? ﬁf“-'élé/géjicie . ﬂ?%&ﬁﬁ@rp,lfgtty acids such as

rier, orm are-consi dere

olgib acidmeyei usad irc theppoepatatimnsofonjegaklpar Garrien formidationesditable for
Qer in, a pharmaceuti.cal l -agﬁge tahle carrier ag{;ﬁl ]

1R} DG RARFANS, IBHABOM | IBIRPHIFUHT £ G- adpunisigatiqns cag be din

Réntifetoh kPhath&riddl Sttt 2 MRk PAb1GHAE CbS HagbhoPAl Nto a
nhunman. AS used herein, carrier neans an organi c or

i norganic ingredient, natural or synthetic, with which
ef fi cacy andl or adni i st FAURRRLERhe o
Materials and Methods

Purification and selection of CD34"/133" hUCBs (hUCB**'),

Mononuclear cells (MNCs) were prepared from whole human umbilical cord
blood (hUCBY) (Stemcyte, USA). The MNC layer was collected and washed twice with
1mM EDTA in PBS. Both CD34" and CD133* MNCs were separated from 2 X 10°
MNCs by a magnetic bead separation method (MACS; Miltenyi Biotec, Gladbach,

Germany) according to the manufacturer’s instructions. In brief, MNCs were suspended
in 300 pL PBS and 5 mM EDTA. These cells were labeled with hapten-conjugated
monoclonal antibodies against CD34 and CD133 (Miltenyi Biotec, Gladbach, Germany),
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pharmaceuti cal preparations may contain suitable

buffering agents, including but not limted to acetic
wa@eood/ 120368 salt; citric acid in a salt; boric BCI/USton9/e01915

-salt; and phosphoricacid in a salt. The pharnaceutica

conpositions also may contain, optionally, suitable

preservatives, such as benzai%oniun1chloride,

chl or obut anol , parabens and™ thi merosal. The conponents

of the pharnaceutlcal conposi tions are conm ngled with

fodewed bbprmam -hapten antebagytcruplad mﬂitrh@robead\s &t raesdrl 09udhbeads
pet li]aiaclze? ?érelé 1Sr}u:t)eeslc?rt] %ﬁ(grafr}%elcbgegg 1ve Wcﬁjs (g wf.ﬁéf %3 @Ij M3*

MDMB) WRfitirichéed of poRAHI- Edléd‘ﬂl%n%llﬂﬂirﬁlﬂb%f ai ] ma nemmﬁe@di SPACS
conpri se other substances including non-ce

| u
anglysistusingaati-@P3hand antieCDH dAgetiadiest(Yaptgpma &19@54 Gl)adbach
GBSl Ll SRR PARRGE R RRAHMA SisA b ored

cefl§ ﬂwvﬁbﬂdh&@l)% Reys bftha sEl'eatled cklls \‘&édéiyoaitﬁe ‘fdnaicﬁh OD3& and
kit, or in sggarate kits. nposi tions suitable for

CRAHHA as showatin FRGrdB. Therp nci:l@elabplgd with|lengiapldishgnzimide (Hoechst
' [ I
SSUEPIRRED SR RELb el o b REFLS IRkl PRARRLE o
(Gilsey/TaeitfopemUURY plis 26€BBSi(Hgclbhe, IRUaWLdgah fl(m)sWam mixed with 3 ml
sui tabl e dispersing or wetting agents and suspendin
Mgthatult GFras @qmlemgﬁf@&bamrg cmowa? and swﬂgpg%e%@s@&ﬂ
TRnRikieb USA) R0l Lo Btk O PBRSYAB0L/D5% aif and
non-toxic parentera ?yaccepta% & BiTuent of sofvent
anfibrotiex forpine hows asd pepareid dov transplaftabab.ane di ol . Anon g
t he acceptabl e vehicles and solvents that may be
enpl oyed are water, Ringer's solution, and isotonic

sodlwpg}ggﬁﬁ,b%lgpbwmgel In addition, sterile, fixed
oi |l s are conventionally enployed as a sol vent or

S u s pendy n@ulhmlqﬁpramDawlesf rpts Wetghangaljous a0 0P igawete subjected

udl nt het i.c
to Jhree: Bt agfR. AP PR it B Y B R risjlg/agetic
tec@iqhebByadeBrdanesiwith UrliersityeRsfimtibadl galdelinge T agSwere
Carrier fornmulation suitable for oral, subcutaneous,

anpythetizgd mthschltvrnt hygdsats €0 grke) dnteapertpmealils t igatiomer thgight

i Rl Pl OVEA) B B ERERD R EC CARE R pfmed on

dawﬁyadmemod iniodified fromathat dfeérﬂﬁﬁlb@rcm‘h%n (St A3 th.EBS(4):738-
f hUCB34 33) ucl ear cells prepared
748} ot ayese ﬁ‘@rﬂ?’é’ﬁg uﬂﬁn rrqncfaqm%wﬁﬁrl ipsh &efjéﬁa a surgical
mﬁzgs&‘é%yﬁ Ox2 Ul%zotﬁlﬁp SvAIE @ Where e z%éﬂrh@ ?Js@éjtoatﬁg squamosal
twce wt EDTA i n PBS.
bo@D1 BBe-righAYd Chewas Hegged atithdinflOdhm@ox sdtos:. Cortlcal blood flow was

measured continuously with a laser Doppler flowmeter (PF-5010, system, Perimed

system, Perimed AB, Stockholm, Sweden) in anesthetized animals. A burr hole (1 mm
diameter) was made in the right frontoparietal region to allow placement of
photodetectors. A probe (0.45 mm in diameter) was stereotaxically placed in the cortex
(1.3 mm posterior, 2.8 mm lateral to the bregma, and 1.0 mm below the dura). After 90
minutes of ligation, the suture on the MCA and arterial clips on CCAs were removed to
allow reperfusion. The core body temperature was monitored with a thermistor probe
and maintained at 37°C with a heating pad during anesthesia. After each rat recovered,

the body temperature was maintained at 37°C with a heat lamp. As expected, all of the
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M\NCs by a magnetic bead separation nethod (MACS;

M Itenyi Biotec, d adbach, Germany) according to the
woewfiassairer' s instructions. In brief, MCs wWe€EUS2009/001915

suspended in 300 nL PBS and 5 nM EDTA. These cells

wer e | abel ed wi th hapten-conjugated nonocl onal

anti bodi es agai nst CD34 and CD133 (M| tenyi Biotec,

d adbach, Germany), fol | owed" b@/ an anti-hapten anti body

coupled with m crobeads at ratios of 100 nL beads per
ratb@igvelepddssigroficart baily asyssmetry 2@ uridecobtraldtepd 0 thewsade of the

. gells (i.e. + and 33+ IMNCs) re enriched.on. .
iscitic pipist G oy TaliovARE e aLie AR b B By P R histration.
FACS anal ysis using anti-CD34 and anti-CD133
anti bodies (MItenyi Biotec, d adbach, Ge n
| abdl@dringe A‘ im/ﬂ.{u-' eqted with(imrycetghral /ﬂMCé ){}%iq);bhﬁ{ vehicle.
USA) MACS- sor .cel showed _that 902 % Of. t
sor R yMERrR SR 156 chibe PR s bRn BHEG. TR Gl was
ad@finisieesdvehitld-Albne biBday h@0st expérirgentalogtioke. Grélp 3 wagadihinistered

bi shenzi m de (Hoechst 33342; Si grm USA), resuspended
hUGB300 cils o day, b pest pspsrimentalrstiobe c Ebisgrousepsesents an

). | Wi 0 .
cxp AL PORN: hARe Blaknc LR LGl 05 1
experinental sugke.e Goodp haat admimkened hUGRIYE? velly @pdiyet. i This group
StenCel | Technol ogi.es, A) at 370C in a humdified . .
re F?@WGWCWA e ric i %}fﬂi{earﬁqﬂspbweéﬁefa&ﬂeaw‘ée injected
std?thxicARAnRY BPAEFdod yégrl‘hﬁﬁﬁ_ Rhay BP{HeQ:lﬁudd@uéamen. Approximately

Exper i menz al Stroke [
133
Wice

) hirty adult na
2 spoajileB is labeked wathglhisbegpzmibide celkbmspOded ineB-© pL PBS were
sub

. jected to three- el ligati,on. All rgic )

ingteh S Sokial Aegtar ShREhelowitit (R pfine r AtiedhdHamition

syHBE TIEUPProImaRCDOERAAEs I the coMcHites hik (hEE@ td 20 ngfahterior
%;gj;jel ines. The rats were anesthetized with chl oral

to iechragrea ad 3.5¢p kPmmdatergb o the oridhng. 2) (-6 al-d ovn postemer to the

1.9h ] C | ter v, Ll at .
el B9L 5S8RSR 0 S S  S0 R B o e
breghdad 40 §ioatmflaeral tdhie midtias.i DheindddléGrasireding in place for 5

(Stroke, 1986, 17(4):738- 743). CCAs were cl apped with
migytes aperArak i cdioneand &) pieqe fdone g was apphigrl odhe skull defects to
: r 0
prelehl RRRRRST R e e TkpUiefial Gl R R vere
trelated atiddsahine ktesotdkieallynyDadly cyolosparin £qil 0 kg, lip, doebafti)w
.. was neasured. continuously wi.th | aser. |.er .
inje Ao s SpiRIgeEd o %i@;%n?mpsw?h@a ‘@v&[@%e%%‘fe CABigols received
anBuiveleAC ¥ AnBlof NRRSR)prdVio R 8dRAbLZELhad Rt ARI2D04A burr
hole ( 1 mnmdianmeter) was nmede in the right
frontoparietal region to allow placenent of
Réohgt odetectors. A probe (0.45 mmin dianeter) was
eotaxically placed in the cortex
Neurological Functioning and Other Behavioral Assessment.

To evaluate neurological function in the three experimental groups of
rats, behavioral assessments were carried out 3 days before cerebral ischemia
(i.e.,onday-3),and 1, 7, 14, 21, 28 and 35 days after the ischemic injury.
The assessments measured (a) body asymmetry, (b) locomotor activity, and
(c) grip strength. The baseline-test scores were recorded in order to normalize
those taken after cerebral ischemia.
The elevated body swing test (EBST) was used to quantitatively assess body

asymmetry after MCA ligation in the manner described by Borlongan et al.
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( 1.3 mm posterior, 2.8 mmlateral to the bregma, and
1.0 mm bel ow the dura). After 90 m nutes of |igation,
WO b@ogeises e on the MCA and arterial clips on QBAEUSEN®001915
renmoved to all ow reperfusion. The core body
tenperature was nmonitored with a therm stor probe and
mai ntai ned at 370C with a heati ng pad during
anesthesia. After each rat feééovered, the body
tenperature was mai ntained at 370C W|th a heat
(Neyrarepast: 1898, 9412):283 7t 2842 ht Initipdlyctaspaat \gamainlnfakmﬁowfvé@yl

tr turned con he si de .
mB R Wil Moty WAS Sy R R bR ! hit fdiieRt C8t Blriel Read swing
confid-1ieiadto the 1s%ﬁ¥mf<ﬁ§1ﬂe *ANEAInsdd iattventy chX@RidusBtsdnd normalized

animals treated with intracerebral hUCo cells or

injkhmanrer drgpribeddby Chang at @i (Stwke: 20834 D 8-HrPups as
h
SOV 0L iy PR HES, A S SN

mﬁﬁifﬂrﬁigs(tkeblﬁs&axh H@B’f&ﬁlentsﬂmgmcﬂurﬁmsﬂ oH)Yopatsiut 2 hours for
experinmental stroke, This group represents an

beéswerql FRSATdne. r@@%ﬁnanala%‘mvetm%u@é cgrrtﬁleed i pbogzpntal apd S
AR DIk ks SPRAT AL TRl Bt B 10 e

 from pheSeortof tieenchexyber.i Imm]arbtommiﬁity ofaschuntad as tiemmkeber of

bR (TR R AR B et Yarigal Parametcssdeffned n

thE aidate R 8 Hdhu dmﬁh%rér@él@ul)(tea NerDRoltVeBgAL ¥ vEﬁichIS

| abel ed with bisbenzimde cells suspended in a
acPBEy8) eertingldme dnd (il ngmber ofi ‘@allcahn@asme@ss mm bel ow
nin

t he dura, usi n 26-

L R e RS B s RErL i P8 i e bappline
scdred. (tGvad. fBudnhatiatb Q8 ot 95 dbws dffe GeBnNE rats trebRd4vitHUCB

lateral to the nidline (2) 0.5to 1.5 mm posterior to

exhihited siggificantiyi reduged body, asymmateytie campagsarhwithemtrg gats as
shgovgéﬁ g’)GSZ {% 1ﬁ ﬂQe @ﬁ?&ﬂ% ado sthgxf(%g gllggfefg]%gﬁvr\xg%gse% 1§ vertical

eral T ne.
actieitp (Fi 3A), meammlfeo bf fertital u@enhtsgF16a3B),iand @etticalhmovement

.an pi ece of bone wax was applied to the skull
tlra%?%'ﬁ éq%dnﬁ?‘é‘%‘ﬁft‘ml‘ggk%ér%fafhe i nj ected sol uti on.
EXP@("}hHFﬁ’ér%‘ﬂé (ab %dl&&ﬂﬁrqﬁ%{gg%tﬁﬁgﬂmwf dH- §?§t§:@l 5

t er eot axi ca ycl osp rin A
Gergrahyg) by pmeNwdanodigipd [ﬁrm;re&lat dnssnbﬂirlal Stephem (Nearasdi. fLott.

1B LT e i DishelfShtf s ek ot sl hibidighand,
cafl@sféd Rade tAvRtRterPthe medl QdengtiReaU D M ro@kmh@@

Functi oning and O her Behavi or aI Assessnment. To

coptralatezal do theiisdiens sad thatiplipsidierahsid elntadlision, the ratio of
erfBEREARRAL o6 PURR G P AL B BRDE S e ATRARANE 365 Post
Tx”) and baseline were also calculated and changes are presented as a percentage
of baseline value. It was found that ratios were about 0.95, 1.8 and 1.95 for
Groups I (control), 2 (administration at 1 day), and 3 (administration at day 7) as
shown in FIG. 4. The grip strength results reveal that rats administered hUCB

showed a higher ratio of grip strength than the untreated control rats.
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(i.e., on day -3), and 1, 7, 14, 21, 28 and 35 days
after the ischemc injury. The assessnents neasured
W@ a)09hedys asynmetry, (b) loconotor activity, apdr/(83009/001915

grip strength. The baseline-test scores were recorded
in order to normalize those taken after cerebral
i schem a. The el evated body swi ng test (EBST) was used
to quantitatively assess bohﬂ/8 asymetry after MCA
Iigati on in the manner descri bed by Borl ongan et

- (DCR PLLBOfibn atdBfaonm},12) : 2837-2842) . Initially,
each rat was exam ned for lateral novenent while its
body¥Wias shospbrade mdnqbolilsm as adnitorfduebyf FRGURAIC ycaof in control

e Ren e B Rk 1 O VAt R AN R R

micB the manner described by Chang et al. (Stroke. 2003,
34(2):558-564). In loconbtor activity tests, each rat
was subjected to Animal Activity nonitoring (Accuscan
| nstimsewntistochersistryCol unbus, OH) for about 2 hours for

e 7SS e U Bl e AR

adafinisetsd HIPA8 %Qllsggmﬂ&"ﬂﬁﬂa%xﬁlate-rhﬁ) IYéi‘:ﬁ(‘irisC %ﬂlal%€ﬂ§ QF end¥hdlial cells
situated 10 cmfromthe floor of the ¢

in lissbemist kyring.c Confocyl miggoscopiwasicasied hat touddnsdy vihetbenesi! type-

soRiP RS2 Sl eRua b el FARPFlen AR BRI bRt he
rafdRiee GidstHetiaédwlith ¢Rloral hip@ates(0at g/lkg,gxm and th)elr\&ilhs ﬁﬂéd by
activity, (ii) vertical tine (ri1i) nunber of

trapgeardiabper fusionith salingpfol Ipwed by @P@Sl%a%%%%ﬁtonsle&/es
pa\%?&%geﬁhé 3‘3? %ﬂ?len’n?gcﬂieag H&t sug Se bgss%l'l eﬁ:reﬁtSZO hxtn -thick
Wwas

oun 4 to days a reatrre
settidns were ahtefeonmvieaidh ltrhKﬁBneMdndmoma&qblemegm f| cant |y reduced

dy_.a i.n co 0 th control rsats, a
o ovEAchorne Sestioned TieHbR AE Rl Grscecifcapibbe ¢l
ﬁb?ilﬁp}‘ le&é%otbﬁ PFERAPS' foPastfRNc)ieC ?MO@%@M&EW(( -Wileb3Ad factor

he nunber of vertical novenents
(“v‘é’iFt j foakendmhadimb nell, ti 469, Sign@), ®@)onah nu@nq:amtlgcm( WeukN,” for

neliel Siefink 20 SRites) P B A bl 2" for
neE[g?l'taf dié{lgggésog\ég@ ?M?’ laSXCRA QQDbMMS‘l ab Woﬁdﬂﬁ&s&blab) or

. Brle rlp stren ratlo was
Denbissartin(liis, 6468, SaptaCrmts ainhesloen aevackeon ot | o

f. ut of 20 pulls of the side
I co"ﬁﬂ r aﬁgal{cer aATnFj?R fﬁg&)lr%cﬁn a and that of ipsilateral
Si delhel resﬁ:ldd;hbwahthat fuingd bikibentilidy lapelsd celhpibiueh) eélbneclei
the treatnment ("Pre Tx(} and after the treatnent {\Iday
L@gesce p;a@ltaneously) colocalized with antibodies against MAP-2, Neu-N and GFAP
(green, neural cell-type specific markers) in the penumbra of hUCB-treated ischemic rat
brains (FIGs. 6-11).

To determine whether the hUCB treatment leads to angiogenesis, the brain slices

from the hUCB treated and control rats were analyzed by double immunofluorescent
staining. An immunofluorescent staining was conduced in the manner described above.
The results indicate that several exogenous transplanted hUCB cells (bisbenzimide-
labeled) showed vascular phenotypes (vVWF+) around the perivascular and endothelial

regions of the ischemic hemispheres of the treated rats (FIG. 7).
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Goups | (control), 2 (admnistration at 1 day), and 3
(adm nistration at day 7) as shown in FIG 4. The grip
strength results reveal that rats adm ni stered hUCB
showed a higher ratio of grtbgstrength t han t he

untreated control rats Brai n netabolismand anatony.

FI GCdl gl A% nDnltored by FDG PET

and treated ani mals.

tsﬁgnlﬂﬁ b%: cf]{ fé%m%“sé e bt presncg apd movg{ngat ﬁ];f cele M&/or injected

dye Béﬁﬁ@ﬁ&ﬁﬁh&bﬁ&mqhﬁﬂuﬂﬂfluorescent st ai ni ng was
conducted to determ ne whether the adm ni stered hUCB

cells could differentiate into neurons, glial cells,
or I ' f cal
o BB e B el SRS SR APy PRAReL,

intryReaRaginkil¢ ind therainthoved sighidRantly tditpremg@mmgxcal function
transpl anted (bi sbenzi m_de- Iabeled) The rats wer

follpringrbronieserbrehisehenaiadn corpprses With the gowteo! rats) IlaHEF hUCB
tréa %' ég 15}5 %k??enohg( ﬁgnéby i QLI \gEre%@éJ tésth%?atwtd\?/ard the

USI on an I MMer si o
cepmaaflmﬁamajmmmdamﬂeremmamgtm can%emppsleurom @eestia, MAP-

o LT e LTS, G A i

lnMQpﬁgﬁhggbﬂhﬁh cell type- speC|f|c anti bodies: glia
fibrillary acidic protein ("GFAP," for astrocyte,

1.400 Sigma), Von-WI I ebrand factor ("VVF" for

:2? | h% lnl(vg%{}é(tfleljﬁlnot ‘E' glrlteﬁ &rbg%%ﬁx)cwu ey rtgg ?et%n ug% constructlon and
thERear gefidht omo@ﬁpun@bdlserfa&ﬁmﬂetmﬁgar t&g@pzloh"dwﬁﬂxszmted in the
for neuronal dendrites, 200, XCR4 (CD 184,

drawmge, Tire Hgntmmissapatie a%qtheroqm pPeis end phbeing gracticed or of

0
befie e R0 B ARl ﬁ*‘%ﬁs.%gﬁ s er AR sed hcin's
foﬁﬂﬂ\m!i)dsh af dssoriptibn andyshonldiad de |r@@d6ﬁl¢sdﬁhﬂt1&g( Thei@se of
‘“é§¥' nyclei fluoresce spontanequsly) colqcalized w

@lgm

99 &L

Wit h
dipgdi %%m%sdi’%vs £ Mgving,” NoRiaagd  Evabvipgr @b variations thereof
heﬁfﬁﬁ' 8neGh tt) a°s§?}?é 1ftérﬁs Ed(ﬁl%ﬁ%:':l G%I{dhig] ﬁm@r&? as well

reate | SC emc rat brains
as@ddonmalnenmshet her the hUCB treatnent |eads to
angi ogenesis, the brain slices
Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements
will readily occur to those skilled in the art. Such alterations, modifications, and
improvements are intended to be part of this disclosure, and are intended to be within the

spirit and scope of the invention. Accordingly, the foregoing description and drawings

are by way of example only.

What is claimed is:
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fromthe hUCB treated and control rats were anal yzed
by doubl e i mmunof | uorescent staining. An
wo pownef3bgior escent stai ning was conduced i n t hBCTYHRI089/001915
descri bed above. The results indicate that severa
exogenous transplanted hUCB cells
(bi sbenzi m del abel ed) showed_vascul ar phenot ypes
(VWF+) around the perivascu1%9'and endot hel i al regi ons
of the ischem c hem spheres of the treated rats (FI G
7).Cell mgration alon cor@iaBdpi nal tracts. FIGs. 12
and 13 denonstrate the presence and novenent of cells
and/or injected dye along the regenerated
corti, COSm&ﬁithddi@?treat chedATBElYokd dbnprREdd t s i ndicate
that rats rece|V|ng cells intraparenchymally into
t he br ai ANERARRIS smgHy rdministenyng, ipa braselohe hvwpp gitiegt who has
cer h
ex éﬁ‘&a?é’gg{g&lvé gﬁ"]{&gaéecd’c‘%rﬁ 11% GOk (?Bfo%%i ce§ ﬁef?% &%}mch{zd in CD34",
C]gr33fr Por ER3Y#ODUS3 T dells s\pheaahehie BbRredaghbisicaleoed bleed céld
mgrate toward the cerebral infarcted zone and
pogpiafign isadmipisteresd yors than 7 dayy after tstiokeneur ons
(Nesting MAP- 2+ and NeU- N+) and vascul ar endot hel i al
cells (VWF+), thereby enhancing neuroplasticty in the
i sctem ¢ Hreanethod bf slalmnw,ewhérem the isotited wnbilieal dond blosd cell

POy ApREnee inco b b et B -1 no. £ or egoi ng

description or illustrated in the drawi ngs. The
invention is capable of other enbodi nents and of being

pracki cedlhermethod ef elgine &y wherdingbe isolatedawmbilisalvayd blood cell

Al t he .phr as and..term ogy udsed herein is
pepbflon s BrpER 0P P B P R SRRl G ot e
regarded as Iiniting. The use of including
qBr|S|ng, or "havin contai ning," "involvin
and

a1 aliesnehonef damm hevbsrsin thei snmil ubleBonp B d el
Rl B S oot o

sever al aspects of at |east one enbodlnent of this

|nvent|on i S tg be appreciated, various
alterati mﬁba‘il Pt elaim &5 2. whereintpe spiiechymbilicpl cord blood cell

pog eRHbh Xoxﬁﬁﬁéé@ n]icgl H}&éﬁ caifd Ha? are 130 1dalie7 53, op3aych
teratio nmodi T1 cati ons, | Nprovenents are

i ntended to be part of thls dlsclosure and are

i ntended o be wthin the Sco of ..1 he

vt ot eAREBAPHERY T on e vhireis oG mpiical o lood cel
po?gljﬁtébtxﬂ ?&Niéaﬁs%s Bonédcledr BHaTHAt SreQb kst SRGICH+C| ai med

7. The method of claim 1 or 3, wherein the isolated umbilical cord blood cell

population comprises mononuclear cells that are at least 75% CD133+.

8. The method of claim 1 or 3, wherein the isolated umbilical cord blood cell

population comprises mononuclear cells that are at least 90% CD133+.

9. The method of claim 1 or 4, wherein the isolated umbilical cord blood cell

population comprises mononuclear cells that are at least 75% CD34+/CD133+.
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1. A nethod for treating chronic stroke conprising

i ntraparenchymally adm nistering, to a brain of a
whersen2sebj ect who has experienced a stroke, amCT/US2009/001915

i sol ated unbilical cord blood cell popul ation enriched

in CD34+, CD133+, or CD34+/ CD133+ cells, wherein the

i solated unbilical cord blood cell populationis

adm ni stered nore than 7 dayglafter the stroke. 2. The

met hod of claiml1l, wherein the isolated unbilical cord

bl ool).cel Thempthiodiof claimnd agrfy;, whiseeth the icibaad umbiidal eegd blood cell

cord blood .cells. 3., The t hod qf, cl al [
pfiitioB sPRPLE MBI rtklehr SRl et B IATERTs Py

enriched in CD133+ unbilical cord blood cells. 4. The

met hod of claim1l, wherein the isolated unbilical cord

bl ooll-cel Thepmgthediof sleimd, ahereimiig shbjegids At leax 9 yemys 98 age.

unbilical cord blood cells. 5. The nethod of claim1

or 2, wherein the isolated unbilical cord bl ood cel

popul At i OTheMBhod HESlaimNODLE bedirwiegedih at teagt2 ane® @ils are

| east 75% CD34+. 6. The nmethod of claim1l or 2,
adgpigistered tortbe pay¢At ed umbili cal cord bl ood cel |

popul ati on conpri ses nononucl ear cells that are at

| east 90% CD34+. 7. The method of claim1l or 3,

wher H.n tTiee inssohat @ftblainbl |12, 6 alr 4cwhereid audehst & x110° cells are

apul atj on, conpri ses nononucl ear cells that are at

a‘ﬁ‘é‘g’ﬂer %%ﬁ%@t' 8. The nethod of claim1 or 3,

wherein the isolated unbilical cord bl ood cel

popul ation conpri ses nononucl ear cells that are_at

| east4 909FIGDIMeIH ofg:laiThh 2y8tonddwbérei atilenst 8 arl 0 cells are
(%%erfin ggﬁ [ ol%ted unbi l i cal cord bl ood cel
aqmipisessq 19 %6‘??6?‘? ses nononucl ear cells that are at

| east 75% CD34+/ CD133+. 10. The nethod of claim1l or 4,
wherein the isolated unbilical cord bl ood cel

populat i ofhewather 9éslaifs o Aut Prbrwheasin sh isalatedrumbijical cord
bl\l;\ﬁgzﬁééll Q&{’@&%ﬁ‘i#@@?&é’md yqre gléﬁ 13@6&8 de0f 1lsbra 1

€ subject 1S a e years of "age. i2.
The method of claiml1l, 2, 3 or 4, wherein at |least 2 x

106 cells_are adm nistered to the subject. 13. Th
met hdd of Tie method of laig lg 2, or dyyuhessin thy isplatediurebilical sgrd
1:0j : ' t hod
SR L AL B0k o e i A OGO 01
are adm nistered to the subject.
17. The method of claim 1, 2, 3 or 4, wherein the isolated umbilical cord

blood cell population is administered more than 1 year after the stroke.

18. The method of claim 1, 2, 3 or 4, wherein the isolated umbilical cord

blood cell population is administered to three sites along a damaged cortical spinal tract.

19. The method of claim 1, 2, 3 or 4, wherein the isolated umbilical cord

blood cell population is derived from a single cord blood unit.

20. The method of claim 1, 2, 3 or 4, wherein the isolated umbilical cord

blood cell population is derived from multiple cord blood units.
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15. The nethod of claim1, 2, 3 or 4, wherein the

i solated unbilical cord blood cell population is
wadmonesbtered nore than 1 nmonth after the str oR@r/UsB09/001915

The method of claiml1, 2, 3 or 4, wherein the isol ated

unbi lical cord blood cell population is adm nistered

nmore than 6 nonths after the_stroke. 17. The net hod of

claiml1, 2, 3 or 4, wher ei n"£8e i sol ated unbilica

cord blood cell population is admnistered nore than 1
year2kf t efhe methotdrodklaim 182, Jroed, ivéheneid thef iselatadmmbilical cgrd

or. 4., wherein the isol.ated ihical cor.d. bl god cel}
RS ELBOTNID ekt I hBh Epu BPb plof@orfiplibndy RS Wit e
subggenged cortical spinal tract. 19. The nethod of claim

1, 2, 3 or 4, wherein the isolated unbilical cord

bl ood cell population is derived froma single cord

bl o uni 0 l.ai m: . ro ..

ohorg 't bhe Pl sEICP b £ Hebifthisoiiurbilical cord
blped el bpdpuiation stigres deldast 4w 0fib hispdcompatibilipy matkerswith thie

1. The nethod of claim1, 2, 3 or 4, wherein the
subigst-at ed unbi lical cord bl ood cell popul ati on shares

| ess than 4 out of 6 histoconpatibility markers with

the subject. 22. The nethod of claim1l1, 2, 3 or 4,

wher2d.n t Aen¢tbod fitrextatimbbiairctidsue dardadsl comtpriséng

popul ati on shareg at .|l east .4 out of. 6

hi st oconpBFPRITFRanymally pdminigienng {pbripplahumansubject who has

exXpelifRdd bfdin HisKRIdaRA gD bRt Bl SEHE1IEATTRAEbBAREN PbMflation
Intraparenchymally admnistering to a brain of a hunman
ensighgbnt CRBGH, KA1 Bxip or CERG LD Brrumbibisaleothbhage cells.
i sol ated unbilical cord blood cell popul ation enriched
in CD34+, CDI 33+, or CD34+/CD133+ umbilical cord

bl oogh. cel The méthod bielaifa B o h&tincthaisdladed umbRical dord BRod cell
i sol ated unmbilical cord blood cell populationis

papwtation égenrichepan ¢ D3dbiumbiligal eerd dlog scells. 25. The
met hod of claim?23, wherein the isolated unbilica
cord blood cell population is enriched in CD 33+

umrbi 23. cal Theomdthod @ dlatra |23 swha6in thé ésoterédatibidicalcdcad blood cell

23, wherein the isolated umbjlical cord bl ood cel
PapuiRticRds eHiched ahEPdRét uilspboar Bispdellanb | cal cor d

bl ood cells. 27. The nethod of claim 23 or 24, wherein

the isolated unmbilical cord blood cell popul ation

conp26. s esThomethodlof alain @8] whehnt thaiselaed mbdicalZ&sid blood cell

popu aét‘righ is enriched in CD34+/CD133+ umbilical cord blood cells.

27. The method of claim 23 or 24, wherein the isolated umbilical cord blood

cell population comprises mononuclear cells that are at least 75% CD34+.

28. The method of claim 23 or 24, wherein the isolated umbilical cord blood

cell population comprises mononuclear cells that are at least 90% CD34+.

29. The method of claim 23 or 25, wherein the isolated umbilical cord blood

cell population comprises mononuclear cells that are at least 75% CD133+.

30. The method of claim 23 or 25, wherein the isolated umbilical cord blood

cell population comprises mononuclear cells that are at least 90% CD133+.
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28. The nethod of claim 23 or 24, wherein the isol ated
unbilical cord blood cell population conprises
woremwonusbear cells that are at | east 90% CD34+PCPR0S20041601915

nmet hod of claim?23 or 25, wherein the isol ated

unbi lical cord blood cell population conprises
nmononucl ear cells that are at | east 75% CD133+. 30.

The nmet hod of claim23 or 25?3mherein the isol ated

unbi lical cord blood cell population conprises

nononucl ear ceIIs that are at | east 90% CDI 33+. 31

Th th t he i | at.
e o e g i 25 obggm%g%@ghﬂ% H%](e;dslgggilgg cord blood
ceﬂgmiamaﬁb@eémﬁﬁiels Sndrdahcladree tHat@lat Il SO ¢ DAPICE 133+,

The nethod of claim 23 or 26, wherein the isol ated
unbilical cord blood cell populatlon conpri ses

rmn cI ceh | t am 0%
o nts/BEngS of P 25.5r 2,5 A BRI niiiid Hpa blood

cell@ﬁpﬁlaﬁ&l y@ﬁpﬁse@fm(ﬁ@)ﬁucl%-cemb Ehat’@‘éhi@ tbasfooeh @DB2ACDRIB+.

25 or 26, wherein at least 2 x 106 cells are

adm nistered to the subject. 35. The method of claim

23,

adnf%fsteregﬁgﬁg?ﬁg@@t bgdgﬁmégﬂﬁ%ﬁﬁn %%géégtkgygﬁﬁ$fag&

23, 24, 25 or 26, mhereln at least 8 x 106 cells are

adm nj stered t h 7. The net hod of _ claim
23, P4, 2 eorpetgeé OhFlate ?ﬁ iﬁa@g 053 awléedelar%fqaﬁtc%r 108 ¢ells are
admlﬁggréa%lthé)mjgcgtl on is admnistered nore than 1

nonth after the brain tissue danmage. 38. The nethod of
claim 23, 24, 25 or 26, mhereln the isolated unbilica

cord bl o ceI atl d tere

ronte. ar b, TieoRit e 20 24 2 S eg bheSET R IR S (R eis are
adﬂfini@ie?édﬂbZl?}e subfbct.25 or 26 wher ein the i sol at ed

unmbi lical cord blood cell population is adm nistered

nore than 1 year after the brain tissue damage. 40.

The th [ 2 |

| solgedoﬂl%heﬁlgglorpggailg 2rzj:'l’o 5{% 6 @vhe}’éklﬂ %thg%t%xelo cells are

adadnisetaitte tigdsubject.hr ee sites al ong a darraged cortical
spinal tract. 4 1. The nethod of claim23, 24, 25 or

26, wherein the isolated unbilical cord bl ood cel

popuAat i | rﬁetﬂ bi" aglfntl QI‘? A 22 gp géewﬁegéxq the ggﬁte\ﬂ] 1m léﬂlcal cord

uni t™. 42. ‘al M

bld)ddacelllsmjpataadn wﬁdrﬂums&ire(bmbds thho @ dn@eh bftgrape baiin tssue slamage.
derived fromnultiple cord blood units. 43. The net hod
of claim 23, 24, 25 or 26, wherein the isol ated

unbijgi calTHeqhelnbd 8PAafnehs, 20BYloRbE Qﬂhe?@iﬂrt%mbﬁ@&i dfiBilcal cord
4 out of 6 hlstoconpatlblllty markers with the
blood cell population is administered more than 6 months after the brain tissue damage.

39, The method of claim 23, 24, 25 or 26, wherein the isolated umbilical cord

blood cell population is administered more than 1 year after the brain tissue damage.

40. The method of claim 23, 24, 25 or 26, wherein the isolated umbilical cord

blood cell population is administered to three sites along a damaged cortical spinal tract.

41. The method of claim 23, 24, 25 or 26, wherein the isolated umbilical cord

blood cell population is derived from a single cord blood unit.
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subj ect. 44. The nethod of claim 23, 24, 25 or 26,
wherein the isolated unbilical cord bl ood cell
weomaliaBson shares at | east 4 out of 6 PCT/US2009/001915
hi stoconpatibility markers with the subject. 45. The
met hod of claim 23, 24, 25 or 26, wherein the brain
tissue darmge results from Par ki nson' s di sease,
Al zhei ner' s di sease, multi pt% sclerosis, or
Hunti ngton's di sease. 46. A nethod for treati ng brain
ti sste dahgmethodpf ckimg3j 4, Qém@émhgmiml thg isolated umbilical cord

iRl i e et Retge PO E | ¢ or a1

injury an isolated unbili cal cord bl ood cell
popul ation enriched in CD34+, CD133+, or CD34+/ CD133+
unbi43- cal Theomethpil @b elaie QI3524 Rh or 8brwhéreingh isolatgdumbilical cord

bl JT%PE epsc%p(lfl a%%{rﬁ%re%re S lﬁ’gmp § Hxs?octorenrpa{lgﬁt)p FatKels"With the

subject.

44, The method of claim 23, 24, 25 or 26, wherein the isolated umbilical cord
blood cell population shares at least 4 out of 6 histocompatibility markers with the

subject.

45. The method of claim 23, 24, 25 or 26, wherein the brain tissue damage
results from Parkinson’s disease, Alzheimer’s disease, multiple sclerosis, or

Huntington’s disease.

46. A method for treating brain tissue damage comprising

intraparenchymally administering to a brain of a human subject having brain
tissue damage resulting from traumatic brain injury an isolated umbilical cord blood cell
population enriched in CD34+, CD133+, or CD34+/CD133+ umbilical cord blood cells,
wherein the cells are administered more than one month after the occurrence of the

traumatic brain injury.



