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present iyggypgg?rel ates to the use of human unbilical cord blood and/or
nononucl e rggnent , t eqQf from a donor or patient pCaURDY26E
neural cells for usﬁgm"i“‘ Cord-Blopd fsa Sewrce ph Nensel| Biswe foeRepaiaccor di ng to
the present invention nay be ufledsraiy andSpial Goadspl ant ation and repair
of neural_tissue, in particular, tissue of the brain and spinal cord and
to treat HeblodigaHeRl ve di seases and injury of the brain and spinal

cord. ’Background of the Invention 15 Neurobi ol ogi sts believe that the
neurons in the adult brain and spinal cord are inpossible to rebuild once

they are damag%g. Thus, science provided little hope to patients suffering
from brain and "§FFERt WEFRfonTEtes t theryse of hemp tepdival eord bivodiardases such

as Al zhetomeaus Qi&ﬂ% i ' I a_ nunbe, f others.
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MGawH Il Inc., New York Cty, 1994, pg. 2275. The regul arly
observed changes in patients with Parkinson's disease have been in the

aggr egatBsgc | AV ining nerve cells in the brainstem (substantia
nigra, |ocus coeruleus), where there are varying degrees of nerve cell
| oss with reactive gliosis (nost pronounced in the substantia nigra) along
wi th distinctjve eosinophilic intracytoplasmc inclusions. (ld. at 2276).
Inits 30 fu|'F%"’&E\?i‘f%ﬁgge‘f%m#ﬁﬁwIi'eélr@&slmﬂsﬁ adadtdypin 2ndispinalpatd mt s, where

st ooped ippokdibie to sdbuiiNLSs th &Jncp%/gg S . fi-xity of facial
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Parkinson's disease (PD), is a disorder of middle or late life, with very gradual
progression and a prolonged course. HARRISON'S PRINCIPLES OF INTERNAL
MEDICINE, Vol. 2, 23d ed., Ed by Isselbacher, Braunwald, Wilson, Martin, Fauci and

25 Kasper, McGraw-Hill Inc., New York City, 1994, pg. 2275. The most regularly observed
changes in patients with Parkinson’s disease have been in the aggregates of melanin-
containing nerve cells in the brainstem (substantia nigra, locus 20 coeruleus), where there are
varying degrees of nerve cell loss with reactive gliosis {most pronounced in the substantia
‘nigra) along with distinctive eosinophilic intracytoplasmic inclusions. (Id. at 2276). Inits

30 fully developed form, PD is easily recognized in patients, where stooped posture, stiffness
and slowness of movement, fixity of facial expression, rhythmic tremor of the limbs,
which subsides on active willed movement or complete relaxation, are common features.
Gengrall ¥, accompanying the other characteristics of the fully developed disorder is the
festinating gait, whereby the patient, progresses or walks with quick shuffling steps at an

35  accelerating pace as if to catch up with the body's center of gravity. (1d. at 2276).




17 AUGUST 2004 WO 01/66698 PCT/ US01/07200 2 The treatnent of Parkinson's
di sease pharmacologically with | evodopa conbi ned with stereotaft AUGUSTRA004
has only represented a partial cure, at best. (lId. at 2277). Underlying
much of t h®Q¢&gMent difficulty is directed to the fact thedrossifaf t hese
t herapeutic nmeasures has an effect on 2 he underlying di sease process,

whi ch consists_of neuronal degeneration. 5 Utimately, a point seens to be
reached .where pR&FIFAEIbERParkinserss disaepsrheumgseloganby tvith letddoph esmbifedbasal
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present . Witkiatslvdi §6; |k Qi jcture. to Al zheiner's
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mai nly afth@dass of basabgingbiadapaming. Iédpor al | obes. One ani mal nodel for

Al zhei ner' s di sease and ot her denentias displays hereditary tendency toward
the formation 15 of such plaques. It is thought that if a drug has an

effect in the AlHelmer DiglasO(ATYis 2Busel®Haf degbmatiy - i B;sOf
Al zhei mer' s and. Pick's di sgﬁ(ses}.flsAt sgr eggnte%t he% g@g?%ekiiglﬁp?gﬁﬁlé%lmls
t r eat mentRURGEETRS R Brogressive dass oF eclisufemitirbasal fotehiagi, werebsl pattie fiidothér
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spi nal ca@ffdctafSeleipiyersindenyssibril iy tpRasicqRakhY Plche diasal h&%}ﬂﬁﬁl@r Many
e

of these syndranes ar ereditary; others occur sporadically.

spi nocer & ﬁéﬁcﬁ@lgﬁé"gg’n@?&‘f”&% d’é?%e by samewhat slawsticlinical kperse gndups:

predom naithiiscEdedatr \ :ﬁ%eﬂh | | tipl e-syste

degener at | ons? To _da’? ?ﬁﬂ]@g agfrgée 0 'lte ?{eog?ﬁ neglﬂ%.ﬁ]pgglﬁjleog;% f'c esm’é?iéﬁwg}’gof he
pr ot ot y péaicspi rdisease and ethahdesentinhdisplagsibaecdifary Rndutico IONRI the ERERLYE. The
resppnsi n nd..on, Chfonosope 9. Synptons. begi n bet ween
ages i%gf Q% %ﬁg%ﬁq%?? hgﬁﬁ%‘{gi’gﬁx?g’éél qrug g‘?ﬁ ?’b@%ﬁt mheinedel, delseangy e at axi a and

dysar t hr benefiBail ireat8asasané fois f Albshdines I8 S diRGlesS RS, TRYRLLS | es
(vibrati orl .and position sense). Two ot her di seases have' simlar Synptons:

Bassen- KBHH3WE Geadgmats BRenq mpaisgo resiqre funstion freAlzaciared’ syiatiemsn E def i ci ency)
and Refsom s di sease (phytanic acid storage 30 di sease). Cerebellar
cortical degenerations generally occur between ages 30 and 50. dinically

only signs of Arepef letatediysiomt tégmetive Bodeises titthctiiAel bR D09 E
¢ har%es ataxia due to degeneration of the cerebellum, brainstem, spinal cord and peripheral nerves,
and occasionally the basal ganglia.-Many of these syndromes are hereditary; others occur
sporadically. The spinocerebellar degenerations are logically placed in three groups:
predominantly spinal ataxias, cerebellar ataxias and multiple-system degenerations. To date
there are no treatments. Friedrich's ataxia is the prototypical spinal ataxia whose inheritance
25  is autosomal recessive. The responsible gene has been found on Chromosome 9. Symptoms
begin between ages of § and 15 with unsteady gait, followed by upper extremity ataxia and
dysarthria. Patients are flexic and lose large-fiber sensory modalities (vibration and position
sense). Two other diseases have similar symptoms: Bassen-Komzweig syndrome (abeta-
lipoproteinemia and vitamin E deficiency) and Refsom's disease (phytanic acid storage
30 disease). Cerebellar cortical degenerations generally occur between ages 30 and 50.
Clinically only signs of cerebellar dysfunction can be detected, with pathologic changes
restricted to the cerebellum and occasionally the inferior olives. Inherited and sporadic cases

have been reported. Similar degeneration may also be associated with chronic alcoholism. In



restricted to the cerebellum and occasionally the inferior olives.
I nherited and sporadi c cases have been reported. Simlar degelfTcABGIST 2804
al so be associated with chronic alcoholism In 17 AUGUST 2004 WO 01/ 66698

PCr/ USO1/ Wip@igec89%vul t i pl e- syst em degenerations, ataxi a occpefukieyayng to
m ddle adult life in varying conbinat3ons with spasticity and

extrapyram dal, sensory, |ower notor neuron and autonom c dysfunction. In
sone fanimultipe-sysiemalegenerations, dexioptiurs it youph Yo middle addli Bfelh GamiHs0Sa,
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such as dwfurtioh. IngdncRREREs, HRFCRAS) 288 BE %gﬁ%%;ﬁgfétiﬂﬁis ?%@een\r;\%s&'(g tso”e

cases, the ataxia may precede the discover cance 0
years. PER%%{T@PI% dgmengiar manent |y | ost, resulting in ataxia. Even if
the patient is permanently cured of the 10 cancer, their ability to
function may be profoundly disabled by the I oss of Purkinje cells. There

is no speci f i &nothenfommnif.cefibeldraizgen 5aiohds phianddpI A E&@@éilﬂﬁ%ﬁ&%ﬁ%x&/ B3¢ @nd
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repair of diseased tissue in conditions such as

neur odef€Heagtepmarknilydosssrestiiing axaexiaEvenal thepptiand s petina@ént RRIMFQINST (RY
as, been accaonplished in

di r gt i 0g:_Qf -1 | Lissue.intqg the RQrain

smalelié n% eetrr’stﬂglfr%%g%g% & C%I?P 2‘8&3?8@%‘6"’5%5@%1%% Hhelessoffugdnieicalds. udi ng

t he - Uni Videsd ik yioahe&fttieafohenti da); but so far, the experinental grafting of
human fetal neurons has been |limted by scarcity of appropriate tissue
sources, logistic problens, |egal and ethical constraints, and poor

survival of gk ' n_ho brai.n. .One net hod repl aces
neurons by yg’ir ng ﬁglrslg%r%lg?%\l}v&g? f#%ﬁigg&;ég%ﬁoga gtlosstsgﬁfunegwag syRgpses. Currently
non- heméhespisinst iepair, auedy pNbatiavargitrelbiitaie] 4rs uaadtdreni sol at ed from ot her
cell.s in 25 marrow by their tendency to adhere to tissue culture plastic.

The Cells have many of the characteristics of stemcells for tissues that

can roughly b&uﬂﬁfﬂnﬁﬁdﬁtaﬁ&n HRSSRE Iﬁh’émlex;[)fsa?é;@%%‘évela né%?‘ﬂg%?ag%@wgg}ls and

differentiated in culture into osteoblas ondr oty
even nyoHraand forrapair pgistased Bssuoin tomditioms sndvesdekkissdnBMBEbteave al so been
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fetal tissue into the brain has been accomplished in small numbers of patients in several

20 research universities (including the University of South Flonida); but so far, the experimental
grafting of human fetal neurons has been limited by scarcity of appropriate tissue sources,
logistic problems, legal and éthical constraints, and poor survival of grafied neurons in the
human host brain. One method replaces neurons by using bone marrow stromal cells as stem
cells for non-hematopoietic tissues. Marrow stromal cells can be isolated from other celis in

25 marrow by their tendency to adhere to tissue culture plastic. The cells have many of the
characteristics of stem cells for tissues that can roughly be defined: as mesenchymal, because
they can be differentiated in culture into osteoblasts, chondrocytes. adipocytes, and even
myoblasts. This population of bone marrow cells (BMSC) have also been used to prepare
dendritic cells, (K. Inaba, et al., ] Experimental Med, 176: 1693 -1702 (1992)) which, as the

30  name implies, have a morphology which might be confused for neurons. Dendritic cells
comprise a system of antigen-presenting celis involved in the initiation of T cell responses.

The specific growth factor, which stimulates production of dendritic cells, has been reported
to be granulocyte/macrophage colony-stimulating factor 30 (GM-CSF ). K. Inaba, et al., J
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the initiation of T cell responses. The specific growmh factor, which

sti mul at esWPrld#6@s8i on of dendritic cells, has been reporteq,cmop,g.m

gr anul ocyt e/ macr ophage col ony-stinulaténg factor 30 (GWMWCSF). K. Inaba, et
al., I 17 AUGUST 2004 WD 01/ 66698 4 . Experi nent al Med. 176: 1693 1702
(1992) it O7ed)Q75\rdo3haes (eoent |y been perforned using stemcells

obt ai ned from bone marrow t o provi de neural cells which can be used in
neuronal transplantation. See WO 99/ 56759. This 5 patent represented the

cul m nati on ofwgg{ t work in the ne marrow stem .
cells, for non- henlgatsoljag%}lg% ?’geyu gnéfteﬁ}ﬁ?yﬁgb@f“qﬁr{%@E’P@%Wgwstpnce
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from one {Fra{row For, x%’g@ E Pat ent 10 5,087,570, issue

Febr uar y PHFI iEgepsentgd the qilminalign, o ’Boﬁestbfffh]c@ Yf‘@Fﬁf@fé’I’ﬂé‘Bu@ thecusewif bame marrow
henmat opog@h—i elBiBMGiEhémaepRess ideons. Concentrated hemat opoietic stem cell
conpositions are substantially free of differentiated or dedicated

hemat opoi etic cells. The desired cells are obtained by subtraction of
other cells h rker resul ting conposition may be
used to provi @éb#}gr&%ﬁ# ?}Paﬁ% Ig%f’rs&n(?ﬁﬁg&g?avﬁéw&% i lePFePare Wekyes, to
reconst i homegdipus bepulagblsofefent &&Isfﬁ%'&tbonﬁﬁﬁiar}&wi%‘?@ké&{baﬁﬁgé%ﬁ 4%]? a wde

vari ety topoietic growh factors. U S. Patent | ssued
May 27, g’%g%qﬁsmgﬁétﬁ%?ua@khhﬂﬁ@z sHisclases haw tof letpletﬂhomcrgnnecarsdnmmdhmi i on of

henmat opo r sed. m a ven hunman
bone malr]ruf)i%/lvm%?&gitlé ﬁggﬂﬂ IELE% vv@gﬁlg%%‘l ‘?%Pt H}l}gmg}Opol,?%pgﬁz{% mpﬂ?étmé’éne
mar r ow agrssibstantiadly foverceldififerpmtt atddi o:mle&]i:atbd)ﬁanﬂtﬁfabﬁﬂb 8L The UBdired celis are
eryt hroc ttes g w.th rf bone marrow nmay be used to study the
ef f ect o DtginE S%fgﬂéﬂpg ofAthehes 15}5‘?‘6% patigilapmates. dihe resulting conipositioh hunan
henmat opomey be us&d tbrowdStorh tember 1997,
rel at es tgyrret hods%)of obt éulﬁﬁhﬁfgml% ggéxﬁggﬁ?%g%gﬁélgéyﬁ §§$e? Fecgogﬁt’z%ecel l's
by s’épar%?mrﬁ?@“%)ﬁi thg hogtnandcledderftifnen assay foff aceitie sariety pr hemiatgoiche grmwtker CDW
109. Meth ? of obtai ning conpositions enriched in hematopoietic

e

megakar yocy progenitor cells are also provided. Conpositions enriched for
stemcel I's and popul ations of cells obtained therefromare also provided by

the inventi OnU.S. Patent No. 5,633.426 issued May 27, 1997, is another example of the
differentiation and production of hematopoietic cells. Chimeric immunocompromised mice
20 are given human bone marrow of at least 4 weeks from the time of implantation, The bone
marrow assumed the normal population of bone marrow except for erythrocytes. These mice
with human bone marrow may be used to study the effect of various agents on the
proliferation and differentiation of human hematopoietic cells.
| U.S. Patent No. 5,665,557, issued September 9, 1997, relates to methods of obtaining
25 concentrated hematopoietic stem cells by separating out an enriched fraction of cells
expressing the marker CDw 109. Methods of obtaining compositions enriched in
hematopoietic megakaryocyte progenitor cells are also provided. Compositions enriched for
stem cells and populations of cells obtained therefrom are also provided by the invention.
Methods of use of the cells are also included.
30
U.S. Patent No. 5,453,505 issued on June 5, 1995, is yet another method of
differentiation. Primordial tissue is introduced into immunodeficient hosts, where the

primordial tissue develops and differentiates. The chimeric host allows for investigation of




Met hods of use of the cells are also included. 30 U. S. Patent No. 5,453, 505
i ssued on June 5, 1995, is yet another nethod of differentiatyPPAUGUST 2004
Prinmordial tissue is introduced into i mmunodeficient hosts, where the

pri nor di alWi036¢688 devel ops and differentiates. The chi nmeri echashyehbews for
i nvestigation of 17 AUGUST 2004 WO 01/%6698 PCTI US01/ 07200 5 the processes
and devel opnent of the xenogeneic tissue, testing for the effects of

vari ous th‘gmbsssmmtd”dfvglbpmbﬂ cfilek xbnbgeretditissat, tedtingffor he cHe&S Bevardsysvel | as
ol ved with the growh and differentiation. 5

i dentification v

U'S pat ahtngn the £35M5u JiEiatitions 1l isrgegs Willrs i fantionof agent
ceIIuIarln@gﬁgpﬁhﬁugﬁgggﬁp&MQh@Qﬂ&hﬁ@her t han about 90% mammal i an,
non-tunor-derived, neuronal progenitor cells which express a

neur on-specific mar ker and whi ch can give rise to progeny which can

differentiate S dedaerret of treating
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U. S. Pat disordsis. uthzmhﬂszbaHulsmmboéu@ust 4, 1998, discloses a kit,

conp 05| tion and nethod for cell separation. The kit includes a
centrifugabl e contai ner and an organosilanized silica particle-based cell
separation suspgFatnNaUs Y ehles fsﬂfedq!ﬁ%%kféf I%QCBrSWiesSE{?:%{ h'fQPbotﬁQhe
contai ning a pol yl actam and ‘steri | by 't r eat nent 1onr zi
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Wthin the past several years, nmesenchymal stemcells have E)een

expl Br ednglede gumae stem gelff- both cel | therapy and gene therapy The cells are
relatively easy to isolate from the small aspirates of bone marrow t hat
can be obtai ned under | ocal anesthesia: they are also relatively easy to
expand in cul Wi BantNo.c5, T8%sfismbd Wulghste 0998) disslogeeRit, JBaPkiein aBd J-

method for cell separation. The kit includes a centrifugable container and an organosilanized

silica particle-based cell separation suspension suitable for density gradient separation,

20  containing a polylactam and sterilized by treatment with ionizing radiation. The composition
includes a silanized silica particle-based suspension for cell separation which contajns at least
0.05% of a polylactam. and preferably treated by ionizing radiation. Also disclosed is a

method of isolating rare blood cells from a blood cell mixture.

25 Within the past several years, mesenchymal stem cells (MSCs) have been explored as
vehicles for both cell therapy and gene therapy. The cells are relatively easy to isolate from
the small aspirates of bone marrow that can be obtained under local anesthesia: they are also
relatively easy to expand in culture and to transfect with exogenous genes. Prockop, D.J.
Science 26: 71-74 (1997). Therefore, MSCs appear to have several advantages over

30 hematopoietic stem cells (HMCs) for use in gene therapy. The isolation of adequate numbers
of HSCs requires large volumes of marrow (I liter or more), and the cells are difficult to

expand in culture. (Prockop, io D.J. (ibid.)).



Science 26: 71-74 (1997). Therefore, MSCs appear to have several advantages
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There are several sources for bone marrow tissue, including the patient's
own bone nuar rliwre arhseveasdl sohtesl fardloat masmwotissat Haclading the pdtienr@dwh 66nand

D08 ot Bk M of AbSUGeIaRld; oS Wil Ml Salchis and oe muroncbansa. There
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provi ded in an i munoconproni sed namal i an host, where t poietic
syst em i 4994isexclasaat meghodegdimspdnsinglammanieonstmarirom equivaleht 4 metdnod, hunan

fetal s I} L : . . nmus _are i.nt.,roduced into yoyng
i mmn%co%’?%to gggb'%ﬁés}g lgéggfhsep ?%%h‘%‘g?ﬂ{’%"&%ﬁf?ﬂ“%dm? IWEt"@?FFe %ﬁer eby
t he fet ahematopoietic eystirh §s funcliatalfdriertendéd pérististdremal IH IR ML ARYIChIFRLA B44]

tissue. 10 ‘Human fet al tg’,s e also represents a source of inplantable
neur ons, "HEISP S man e&ﬂ itthyémt?cﬂﬁ? Hpdpegdainto yyaymenmmaoc/pproRicemonse
| ssued Ngnvediteh v , bl ld{%ﬁ | Ll ssue. Human fet al
neur o- deri ved c}é ;i_bdl iﬁgévﬁfﬁﬁﬁtgﬁﬁf é@éﬁeﬁ 0 otsz{lﬁ%lalggggu?t?ih&?ﬁ%{{g%f hods
al | ow f ofunctiensl hemen gpnamagovdispunf neur ol ogi cal di sorders and ot her

di segses. 15 U S. Patent No. 5,753,491, issued May 19, 1998, discloses
nmet hods for treating a host by inplanting genetically unrelated cells in

the host. MorHupan fétaltissid ¥iso &é};ees@ﬁ@mhrderafemﬂmﬁabwh&%ﬂ@,%um{m ietal
neur o-deri,ved cell |ines, and nethods of treating a host by i1 nplantation

of theselHitffoptraysrsial HinBatentiNay 5,620,927 iseuadMevenaicr 25, 1993, albeutiiiess. One

source i i LS, .| . b the U S Patent No. 5,580,777
osuiod LornpCreliPSe, Ml ity BEEASE el 4% ePinee i Bithosh Boqunt-o T

pr oduct imethods dllove fordfeatmens of alvideryl off actiralogikat AttbadeFs 8l difer dideBsdsudi ng cel |
| i nes having neuronal and/or glial cell characteristics, conprises the step
of nfecti ng neuroepitheliumor neural crest cells with a retroviral

vector carryimg, RafeRINE! 5,943 461 gl .S, Pat ent
No. 5,753,506 issued I\/BY 19, 153%@%@2%9 é%%i%%?%ﬁ%%?%%%&#@"b@a hé!

by implanting genetically unrelated cells in the host. More particularly, the present invention

provides human fetal neuro-derived cell lines, and methods of treating a host by implantation
of these immortalized human fetal neuro-derived cells into the host. One source is the mouse,

20 whichis inchided in the U.S. Patent No. 5,580,777 issued Ijecember 3, 1996. This patent
features a method for the in vitro production of lines of immortalized neural precursor cells,
including cell lines having neuronal and/or ghial cell characteristics, comprises the step of
infecting neuroepithelium or neural crest cells with a retroviral vector carrying a membver of
the myc family of oncogenes.

25

U.S. Patent No. 5,753,506 issued May 19, 1998, reveals an in vitro procedure by

which a homogeneous population of multipotential precursor cells from mammalian
embryonic neuroepitheliurn (CNS stem cells) is expanded up to 10 fold in culture while
maintaining their multipotential capacity to differentiate into neurons, oligodendrocytes, and

30 astrocytes. Chemical conditions are presented for expanding a large number of neurons from
the stem cells. In addition, four factors-PDGF, CNTF , LIF, and T3-have been identified
which, individually, generate significantly higher proportions of neurons, astrocytes, or

oligodendrocytes. These procedures are intended to permit a large-scale preparation of the
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hemat opoi etic reconstjtution. To date, however, little work has
on @8i ngeadily available reliable sources of neural cells for transplantation,

The use of umbilical cord blood for use in hematopoietic reconsitution has been
around since the work of Ende in the early 1970’s. Because umbilical cord blood is rich in
hematopoietic precursors, including stem cells, it represents a good source of cells for

25 hematopoietic reconstitution. To date, however, little work has been done on using
pluripotential stem cells or related neural precursors which are found in umbilical cord blood
for neuronal transplantion perhaps because of the failure to realize the viable source of

neuronal precursors which can be found in umbilical cord blood.

30 Human cord and placental blood provides a rich source of hematopoietic stem cells.
On the basis of this finding, umbilical cord blood stem cells have been used to reconstitute
hematopoiesis in children with malignant and nonmalignant diseases after treatment with

myeloablative doses of chemoradiotherapy. Sirchia and Rebulla, 1999 Hagematologica
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(2000) ExpNeur ol jects of the Invention It is an object of the
present invention to provide a novel source of pluripotent stem and/or

pr ogFOni tor celgj]s V\énigg iavnnge readily differentiated into neuronal and
glial"cells t nsplantation in the brain and spinal cord of

a patient and for '"the treatnment of 15 neurodegenerative diseases. It is an
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whi cl cBEwrelessaeatiysdissasehi ant at i on procedures or for the treatment of
neur odegenerative diseases. 25 It is a further object to provide a nethod
of treating neurodegenerative diseases and spinal cord/brain injury using
neur al and/ orItnean additiomai dbjert dflthainveridngo grovidegshathaceutiodlidohpakitions

comprising effective amounts or concentrations of neural cells for use in transmplantation
and methods for treating neurodegenerative diseases, or brain or spinal cord injuries or

20  damage.

It is another object of the invention to provide methods for isolating and inducing
differentiation of pluripotent stem and/or progenitor cells into neuronal and glial cells which

can be used in tranplantation procedures or for the treatment of neurodegenerative diseases.

25
It is a further object to provide a method of treating neurodegenerative diseases and
spinal cord/brain injury using neural and/or neuronal and/or glial cells derived from umbilical
cord blood.
30 It is yet a further object of the invention to provide a method of transplanting neural

and/or neuronal and/or glial cells derived from umbilical cord blood in order to repair

damaged organs of a patient’s nervous system such as the brain and spinal cord.



cord blood. 30 It is yet a further object of the invention to provide a

nmet hod of transplanting neural and/or neuronal and/or glial cHE ADGIEST 2004
fromunbilical cord blood in order to repair danaged organs of a patient's
nervous sysoem&geh as the brain and spinal cord. 17 AUGUSE-2RR¢: %0

01/ 66698 PCTI USO1/ 07200 9 These and/ or9 ot her objects of the invention may
be readily gleaned fromthe description of the invention which foll ows.
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tissug, which is often hard to obtain. Thus, the present invention may be
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deficit and to effect transplantation and repair of neural/neuronal tissue, in particular, tissue

of the brain and spinal cord and to treat neurodegenerative diseases of the brain and spinal
cord.

20

In one aspect according to the present invention, umbilical cord blood derived neural
cells are suitable for grafting into a patient’s brain or spinal cord. These neural cells may be
purified and/or incubated with a differentiation agent by any one or more of the methods
otherwise described in the present specification or alternatively, these cells may be obtained

25 from crude mononuclear cell fractions of umbilical cord blood and used directly without

~ further purification or differentiation. In other aspects, umbilical cord blood may be used

without further purification.

In another aspect of the present invention, there is presented a method for obtaining
30 neural cells from umbilical cord blood, the method comprising the steps of obtaining
umbilical cord blood, selecting umbilical cord pluripotential stem cells or progenitor cells
which are neural precursor cells and incubating the umbilical cord stem cells or progenitor

cells with a differentiation agent to change the phenotype of the cells to produce a population



I n anot her aspect of the present invention, there is presented a nethod for
obtaining 30 neural cells fromunbilical cord blood, the net hptd AUBPST 2004
the steps of obtaining unmbilical cord bl ood, selecting unbilical cord
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cells.and incubating the unbilical cord stemcells or progenitor cells
with a differentiation agent to change the phenotype of the cells to

produce af pepal etis orhidhi/ardcipdBle QOfking\EarBplH A ThbQtdpe bl WidGhéBéd Aty alisopur al
cells which are gapabl d‘[‘ bei n(g transpl anted. The_ steps of the méthod may
also be corgrbsuharpilaidhe sells Gor v o 214 wmbiicahplped samplmoae unbi | i cal
bl ood sapRimBn@led ceMBAHUEIRRLNCEE indub 2l WAtk z#ﬁ?lfe}:?éﬁfti)ati@t{ :Fgégﬁéﬂg aled wth a

differentiation agent prior to.” separation o e neura ot ype cells.
5 The mestnstrtion of itee paues] phendtypeeedilson may i ncl ude the step of separating
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nmononucl ear cells obtained fromunbilical cord blood using a magnetic cell
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all proljferating cells and then_ exposing the remaining non-proliferating
cel IS tcfdlfger?ﬁt’caﬁﬂ@rﬁt%cwa&@eé‘ﬁP‘GBF’hﬁd- growth factor or other nitogen
(including other growth factors) to provide a population of differentiated
cells and quiescent cells (pluripotent stemor progenitor cells) which

popul ati on i sAlfprostively; a ehticlred aetigiopnatiow bf pleipotehestertians/oe piroc%eﬁit&scen@ are
gglnf::nt -rfﬁ%/ege ébr}aihgc? frgr%l aI p%%?a%o%tolf%]o&o?mc [agr%;[elllg ogégr{]clénﬁg)% uxglrl;%icai gr?l rb(lac?(;[dl ated
by subjecting the mononuclear population to an amount of an anti-proliferative agent (such as
20 Ara-C{cytidine arabinoside] or methotrexate, among others) effective to eliminate all or
substantially all proliferating cells and then exposing the remaining non-proliferating cells to
a mitogen such as epidermal growth factor or other mitogen (including other growth factors)
to provide a population of differentiated cells and quiescent cells (pluripotent stem or
progenitor cells) which population is grown in culture medium such that the quiescent cells
25 are concentrated in the cell population to greatly outnumber the differentiated cells. The
- pluripotent stem and/or progenitor cells obtained may then be grown in a cell medium
containing a differentiation agent as generally described above in order to change the
phenotype of the stem and/or progenitor cells to neuronal and/or glial cells which cells may
be used in transplantation procedures directly without further purification.
30
The umbilical cord blood sample from which the pluripotent stem and/or progenitor
cells are obtained may be fresh umbilical cord blood, reconstituted cryopreserved umbilical

cord blood or a fresh or reconstituted cryopreserved mononuclear fraction thereof,
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t he regiaBﬁin“Ht‘mfeﬁe T0é of transplantation and integrate into the tissue in
a characteristic tissue pattern. Pharmaceutical conpositions utilizing

t hese cells or
20 Also presented is a cell line of pluripotent stem and/or progenitor cells produced by

any one or more of the above-described methods such that the cells have the ability to
migrate and localize to specific neuroanatomical regions where they differentiate into
neuronal or glial cells typical of the region at the cite of transplantation and integrate into the
tissue in a characteristic tissue pattern. Pharmaceutical compositions utilizing these cells or

25 other neural cells are also an aspect of the present invention.

The present invention also is directed to a kit for neuronal transplantation comprising

a flask with dehydrated culture medium and a pluripotent stem and/or progenitor cells and/or

other neural cells.
30
The present invention is also directed to a method for treating a neurodegenerative
disorder or a brain or spinal cord injury or neurological deficit comprising administering to

(preferably, transplanting in) a patient suffering from such injury, a neurcdegenerative



25 other neural cells are also an aspect of the present invention. The
present invention also is directed to a kit for neuronal transy AQGUWSD2004
conprising a flask with dehydrated culture medi umand a pluripotent stem
and/ or proyorsesscel | s and/ or other neural cells. 30 The pprAs8iH7200
invention is also directed to a nethodixAf or treating a neurodegenerative

di sorder or a brain or spinal cord injury or neurological deficit

conpri si rdjscaderi atincudogiang deficit apeffethabimount sfrenpd] and/ongeronal and@at gRdltcells
sufferi ngalcfrgm st%i@ei r‘%ur& a,.neu odegener at.i vg_ 17 AUGST 2004 WO 01/ 66698
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anong ot I‘i‘ﬁ’rog,g <Y ORf H%n&ar?ﬂ%é’?w @Ff ethervasadasoribed hgeaier i bed herein. The
present invention is also directed to a nethod of treating neurol ogi cal

damage in 10 the brain or spinal cord which occurs as a consequence of
geneti c def ectThephgsentciabentionds glso divestedioremetabd ofi gedtingleutbdomes dhmape t

st roke, . attack. or .car.di ovascul ar di sease ( nost ften due to
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unmbi lical .cord blood to said patient, Including directly intot fected
tissue oPftemdugiarischemia) ipapatiensy thepnethod comprising adeuinisterisg €éinchadingel | s

accordin I : ' atient .and al l.ow n e cells to
orate o pratogRaR SRl A 8P ol R BB B POy S Skl e

anot her bpéet sod patidis, ipcladiagiditeotleiiie 0B affécta® tibad 09 theqlatishty BIgin S Uplal
and/%r neur olr‘lkadlén.and/or filial dgel | s for autologous 20 transplantation from
an i hdi vidta IB%R}?WIH‘* feLPTHRS 1P the Brsacrt ammspiieR i 2 pasient anskalloving the

har vest | 6gisTBRABME ©ahe GfrbSidit OB fAgs Hokidlcal gord
bl ood or a cry%greser?/g@rr%}lonug% ear P?%%%n%aﬁﬁg?&%%%[tgﬁldgFnocth?raaSBF‘%é’é; 2)
separat i thg paesenttiheentionr i pot ent stemcells and/or progenitor cells fromthe
cord bl ood or nononuclear fraction; 3) incubating the stemcells and/or

progenitor cells in a nmedi umwhich includes an effective anount of a
A method of obtaining neural and/or neuronal and/or glial cells for autologous

20 transplantation from an individual’s own umbilical cord blood comprises the steps of 1)
harvesting monenuclear cells from fresh or cryopreserved umbilical cord blood or a
cryopreserved mononuclear fraction of umbilical cord blood; 2) separating out the pluripotent
stem cells and/or progenitor cells from the cord blood or mononuclear fraction; 3) incubating
the stem cells and/or progenitor cells in 2 medium which includes an effective amount of a

25 mitogen; and 4) incubating the stem and/or progenitor cells obtained from step 3 witha

- differentiation agent.

Brief Description of the Figures

30 Figure 1 is representative of results of gel studies indicating the presence of mRNA

from neuronal phenotypes.

Figure 2 is representative of microscopic examination of immunostained cultures of



25 mtogen; and 4) incubating the stem and/or progenitor cells obtained
fromstep 3 with a differentiation agent. Brief Description of7 ADGUSD2008
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patient, the termpatient refers to that specific animal. The term "donor"

donat 65 unbi 1ESE TaPa® Y Bats ol BOk AR iR seotons with MABIZS! and '

donat es unbi |
evidences that the highest concentrations of cord blood cells migrate to the injured tissue.

15

Detai iption of the Invention

The following definitions are used throughout the specification to describe the present

invention.

20

The term “patient” is used throughout the specification to describe an animal,
preferably a human, to whom treatment, including prophylactic treatment, with the
compositions according to the present invention, is provided. For treatment of those
infections, conditions or disease states which are specific for a specific animal such as a
25 human patient, the term patient refers to that specific animal. The term “donor” is used to
- describe an individual (animal, including a human) who or which donates umbilical cord

blood for use in a patient.

The term “umbilical cord blood” or “cord blood” is used throughout the specification
30 to refer to blood obtained from a neonate or fetus, most preferably a neonate and preferably
refers to blood which is obtained from the umbilical cord or the placenta of newborns. The
use of cord or placental blood as a source of mononuclear cells is advantageous because it

can be obtained relatively easily and without trauma to the donor. In contrast, the collection



The term "unbilical cord blood" or "cord blood" is used throughout the
specification 30 to refer to blood obtained froma neonate orf7 AUGISTZO04
preferably a neonate and preferably refers to blood which is obtained from
the unbi | me@bissassl or the placenta of newborns. The use 0obcqRIsH: /200

pl acental bl ood as a source of nononuaglear cells is advantageous because it
can be obtained relatively easily and without trauma to the donor. In
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"effective anount” is used throughout the specification to describe
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mi togens, neurl erANGHeEHVRSRRA; | | - ents which are
effective for pr gduci ng fam i ntendségged%he%ugtllsﬁrldé?ﬁ%ﬁ%;l%cgggﬁoeg%ﬁ? At | ng stem
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ot hers. "FA¥dt erm neural cells also includes cells which are neural

precursor cells, i.e., stemand/or progenitor cells which wll
differentiate into or
20 The term "neural cells" are cells having at least an indication of neuronal or glial

phenotype, such as staining for one or more neuronal or glial markers or which will
differentiate into cells exhibiting neuronal or glial markers. Examples of neuronal markers
which may be used to indentify neuronal cells according to the present invention include, for
example, neuron-specific nuclear protein, tyrosine hydroxylase, microtubule associated

25 protemn, and calbindin, among others. The term neural cells also includes cells which are
neural precursor cells, i.e., stem and/or progenitor cells which will differentiate into or
become neural cells or cells which will uItimétely exhibit neuronal or glial markers, such
term including pluripotent stem and/or progenitor cells which ultimately differentiate into
neuronal and/or glial cells. All of the above cells and their progeny are construed as neural

30 cells for the purpose of the present invention. Neural stem cells are cells with the ability to
proliferate, exhibit self-maintenance or renewal over the life-time of the organism and to
generate clonally related neural progeny. Neural stem cells give rise to neurons, astrocytes

and oligodendrocytes during development and can replace a number of neural cells in the



becone neural cells or cells which will ultimtely exhibit neuronal or
glial markers, such termincluding pluripotent stem and/or pr{wANGUST 2004
cells which ultinmately differentiate into neuronal and/or glial cells. Al

of the abeygofigdshbs and their progeny are construed as neur s for
the purpose of the present invention. ;Neural stemcells ar gkgégplgﬂ\%hh t he

ability to proliferate, exhibit self-maintenance or renewal over the
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cells

aspects of the present invention. Preferred neural or use in

cert al n BBgnotnic medksrosuel as Mushshi-1pNestim Neubl ehass Bh Bitniniling GRAR) MF-EeNFs

whi ch ex{r hi.. nor.e.,of t.h al,{ he al henot ypi rkers, such
as msasﬁ}.‘=?+‘?r°ﬁ2§’t‘$ sStaEA Brof IMAT D! SCesit ?s%ﬂﬁ ! (Rgacetallygelyygan 4),

m cr ot ubnéuwrond peciratied, prudbeil P ASVARIrondl dQWth &NBaisRd pabt¥Ri M2 RediePeci al |y
gl ypi can ‘(451() W}Beuronal pentraxin |1, neuronal PAS 1, neuronal growth
associ at SHSEER &xiensien Progin, \irentin, By, doiemexin, &4s ruislip batiepreteivianént i n, Hu,

i nter ”exbl’éion%ﬂhin”!r%ﬁ%‘otﬁééj c protein and pleiotrophin, anong others. 10
The term "adm ni Stration"” or "adninistering"” is used throughout the

specldication to describe the process by which neural cells according to

the present inventiqn are deliyered to a patient for treatmnment purposes.
Neural cells ﬁ%{éﬁ*@ AOTRISRCR COF POMiSERng! 1854 threighont e speiBeationde

(such t eddsesiss @k biat@sd 1 Which %E%Pé@lsaa@goridg{grt@%é ek irﬁ'%nl:lj\?laéreﬁéli%r@cﬂo 15

appropriate parenteral routes), intrathecal”, intraventric
i nt r apar@PRRRENr teptiesntpirpesasn Nsural kellspayn bt admirdstedsd ainnstbenvHwaymt or

cortex), ;. | intracranial . intrastriatal, and intranjgral,
among ot glﬁlg{n%fﬁag%{&{rgﬁrgﬁmglt llcr)nw% %%%1151 3? i%tﬁalvls?lfsc?nﬂi"@fimﬁ“g“%cﬁst‘wgf gt S%\/\,her e
needed. aphespriate metrterahmyites); imkekihdtal igfReniTtulahanfrasaRmhyMaOkR 16kt 0od
or a fragtion thereof, gsuch term i ncl uding a nononuc| ear fraction thereof
or “a fr d8f FRIRIFPrG Spingierp g motor ety intrpcistamanint@cepiab anrastnatdnast  neur al

CFL 1l PRI A, ERICATAR, SRR Y el Rl
f urt her Neuralatettentay ibn admitéstered ipthenfotra oflinftibly @ind bivold @ a Bfactien theretif {diich t he
unbi | i C%m% Pnrc?ud%got? I’anIslgn cie%r }raction thereof or a fraction of neural cells, including a high
20 concentration of neural cells). The compositions according to the present invention may be
used without treatment with a differentiation agent (“untreated”, i.e., without further
treatment in order to promote differentiation of cells within the umbilical cord blood sample }
or after treatment (“treated”) with a differentiation agent or other agent which causes certain
pluripotential stem and/or progenitor cells within the cord blood sample to differentiate into
25 cells exhibiting neuronal and/or glial phenotype. Administration will often depend upon the
disease or condition treated and may preferably be viaa parenteral route, for example,
intravenously, by administration into the cerebral spinal fluid or by direct administration into
the affected tissue in the brain. For example, in the case of Alzheimer’s disease,
Huntington’s disease and Parkinson’s disease, the preferred route of administration will be a
30 transplant directly into the striatum (caudate cutamen) or directly into the substantia nigra
(Parkinson’s disease). In the case of amyotrophic lateral sclerosis (Lou Gehrig’s disease) and
multiple sclerosis, the preferred administration is through the cerebrospinal fluid, In the case

of lysosomal storage disease, the preferred route of administration is via an intravenous route



or after treatnent ("treated") wth a differentiation agent or other agent
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intended to exhibit a favorable effect, such as repairing
pat i%8nt ' SyStEBhWhere theeallsase iyendedrio exhibit i fayomblireeffat syenerrepiiteg dinegse or

treating ﬁ:ﬂf%n?ﬁ E&ﬁ;ﬁ nervous system, treating a neurodegenerative disease or treating the effects

of nerve damage caused by stroke, cardiovascular disease, a heart attack or physical injury or

trauma or genetic damage or environmental insult to the brain and/or spinal cord, caused by,

for example, an accident or other activity. Neural cells for use in the present invention may
25 also be delivered in a remote area of the body by any mode of administration as described

- above, relying on cellular migration to the appropriate area in the central nervous system to

effect transplantation.

The term “essentially” is used to describe a population of cells or a method which is at
30 least 95+% effective, more preferably at least about 98% effective and even more preferably
at least 99% effective. Thus, a method which “essentially” eliminates a given cell
population, eliminates at least about 95+% of the targeted cell population, most preferably at

least about 99% of the cell population. Neural cells according to the present invention, in
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acids, insulin, transferrin and other agents we nown 1 n
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i nto neudifferegiéiblion ofl€ertain e:lpfaitef (HRANGDRESEarHactib®inds RSBALcevent i on,
nononucl ear cells grown in standard cellular nedia (preferably, at |east a
m ni pum essenti al medi um suppl enented with non- essential am no acids,

gl ut am ne, mercaptoethanol and fetal bovine serum (FBS)) are grown in a

Lo B L BRI o AL o
gener al |sgllulghineddia §preferablays att pagthe mimiumal essential medium supplemented with non-
essential amino acids, glutamine, mercaptoethanol and fetal bovine serum (FBS)) are grown

in a “neural proliferation medium” (i.e., a medium which efficiently grows neural cells)

20 followed by growth in a “differentiation medium”, generally, which is similar to the neural
proliferation medium with the exception that specific nerve differentiation agents are added

to the medium and in certain cases, other growth factors are limited or removed). A
particularly preferred neural proliferation medium is a media which contains DMEM/F12 1:1

cell media, supplemented with 0.6% glucose, insulin (25 wg/ml), transferrin (100 wg/ml),

25 progesterone 20nM, putrescine (60uM, selenium chioride 30nM, glutamine 2mM, sodium
bicarbonate 3mM, HEPES 5mM, heparin 2 xg/ml and EGF 20 nm/ml, bFGF 20 ng/ml.

One of ordinary skill will readily recognize that any number of cellular media may be used

to grow mononuclear cell fractions of umbilical cord blood or to provide appropriate neural

proliferation media and/or differentiation media.

30

The term “separation” is used throughout the specification to describe the process by

which pluripotent stem and/or progenitor cells are isolated from a mononuclear cell sample or
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The term “antiproliferative agent” is sued throughout the specificaiton to describe an
20 agent which will prevent the proliferation of cells during methods according to the present
invention which enrich pluripotent stem and/or progenitor cells. Exemplary antiproliferative
agents include, for example, Ara-C, methotrexate and other antiproliferative agents,
Preferred antiproliferative agents are those agents which limit or prevent the growth of
proliferating cells within an umbilical cord blood sample or mononuclear cell fraction thereof

25 sothat quiescent stem and/or progenitor cells may be enriched.

The term “differentiation agent” or “neural differentiation agent”is used throughout
the specification to describe agents which may be added to cell culture (which term includes
any cell culture medium which may be used to grow neural cells according to the present

30 invention) containing pluripotent stem and/or progenitor cells which will induce the cells to a
neuronal or glial phenotype. Preferred differentiation agents for use in the present invention

include, for example, antioxidants, including retinoic acid, fetal or mature neuronal cells
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20 neurodegenerative diseases which may be treated using the neural cells and methods
according to the present invention include for example, Parkinson’s disease, Huntington’s
disease, amyotrdphic lateral sclerosis (Lou Gehrig’s disease), Alzheimer’s disease, Rett
Syndrome, lysosomal storage disease (“white matter disease”or glial/demyelination disease,
as described, for example by Folkerth, J.‘Neuroparh. Exp. Neuro., 58, 9, September, 1999),

25 including Sanfilippo, Tay Sachs disease (beta hexosaminidase deficiency), other genetic
diseases, multiple sclerosis, brain injury or trauma caused by ischemia, accidents,
environmental insult, etc., spinal cord damage, ataxia and alcoholism. In addition, the
present invention may be used to reduce and/or eliminate the effects on the central nervous
system of a stroke or a heart attack in a patient, which is otherwise caused by lack of blood

30 flow or ischemia to a site in the brain of said patient or which has occurred from physical
injury to the brain and/or spinal cord. The term neurodegenerative diseases also includes
neurodevelopmental disorders including for example, autism and related neurological

diseases such as schizophrenia, among numerous others.
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20 various cell growth factors and co-culturing techniques known in the art. Besides co-

culturing with fetal mesencephalic or striatal cells, a variety of other cells can be used,
including but not limited to accessory cells, and cells from other portions of the fetal and

mature central nervous system.

25 The term *“gene therapy” is used throughout the specification to describe the transfer
and stable insertion of new genetic information into cells for the therapeutic treatment of
diseases or disorders. The foreign gene is transferred into a cell that proliferates to spread the
new gene throughout the cell population. Thus, stem cells, or pluripotent progenitor cells
according to the present invention either prior to differentiation or preferably, after

30 differentiation to a neural cell phenotype, are the target of gene transfer, since they are

proliferative cells that produce various progeny lineages which will potentially express the

foreign gene.
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20
Standard methods in immunology known in the art and not specifically described are
generally followed as in Stites et al. (eds), BASIC AND CLINICAL IMMUNOLOGY, 8'th
Ed., Appleton & Lange, Norwalk, CT (1994); and Mishell and Shigi (eds), Selected Methods
In Cellular Immunology, W.H. Freeman and Co., New York (1980).
25

Iu;munoassays

In general, immunoassays are employed to assess a specimen such as for cell surface
markers or the like. Immunocytochemical assays are well known to those skilled in the art.
36 Both polyclonal and monoclonal antibodies can be used in the assays. Where appropriate
other immunoassays, such as enzyme-linked immunosorbent assays (ELISAs) and
radioimmunoassays (RIA), can be used as are known to those in the art. Available
immunoassays are extensively described in the patent and scientific literature. See, for

example, United States patents 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987,
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15 Harbor, NY (1988) and Borrebaeck, Antibody Engineering- A Practical Guide by W. H.
Freeman and Co. (1992). Antibody fragments may also be prepared from the antibodies and
include Fab and F(ab')2 by methods known to those skilled in the art. For producing
polyclonal antibodies a host, such as a rabbit or goat, is immunized with the immunogen or |
immunogenic fragment, generally with an adjuvant and, if necessary, coupled
20 o acarrier; antibodies to the immunogen are collected from the serum. Further, the
polyclonal antibody can be absorbed such that it is monospecific. That is, the serum can be
exposed to related immunogens so that cross-reactive antibodies are removed from the serum

rendering it monospecific.

25 For producing monoclonal antibodies, an appropriate donor is hyperimmunized with
the immunogen, generally a mouse, and splenic antibody-producing cells are isolated. These
cells are fused to immortal cells, such as myeloma cells, to provide a fused cell hybrid that is
immortal and secretes the required antibody. The cells are then cultured, and the monoclonal
antibodies harvested from the culture media.

30

For producing recombinant antibodies, messenger RNA from antibody-producing B-

lymphocytes of animals or hybridoma is reverse-transcribed to obtain complementary DNAs

(cDNAs). Antibody ¢cDNA, which can be full or partial length, is amplified and cloned into a
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enzymatic and radioactive markers. Exanples include biotin, gold,

ferritin. al kadnkMBerBHP#PERE Brein refers to the transfer of genetic material (e.g., DNA or

20 RNA) of interest into a host to treat or prevent a genetic or acquired disease or condition. The

genetic material of interest encodes a product (e.g., a protein. polypeptide. and peptide,
functional RNA, antisense) whose in vivo production is desired. For example, the genetic
material of interest encodes a hormone, receptor, enzyme, polypeptide or peptide of

therapeutic value. Alternatively, the genetic material of interest encodes a suicide gene. Fora

25 review see "Gene Therapy" in Advances In Pharmacology, Academic Press, San Diego,
- California, 1997.

dministratio ells for Trans ation

30 The cells of the present invention are administered and dosed in accordance with good
medical practice, taking into account the clinical condition of the individual patient, the site
and method of administration, scheduling of administration, patient age, sex, body weight and

other factors known to medical practitioners. The pharmaceutically "effective amount” for



gal act osi dase, peroxi dase, urease, fluorescein, rhodamne, tritium '4C

Il odi nation and green 15 fluorescent protein. Gene The=v Gene 1HhAUSYST2004
used herein refers to the transfer of genetic material (e.g., DNA or 20
RNA) of i nwerngséeesNto a host to treat or prevent a genetic piraaidtdsd

di sease or condition. The genetic matgrial of interest encodes a product
(e.g., a protein. polypeptide. and peptide, functional RNA, antisense)
whose i N plinyRePRAGMGSE HRR deferflRSl b9 Juc WnsREARBLE as Ha%;s\gﬂ% e arllhe! al of

i nterest encodes a hornone, receptor, enzyne, polypeptide or peptide of

t her apeutdmouphmyst begffestyrato aghieye improveraenty includingbutaot binited teeimmbvahcodes

a suicid ' ee."Cene Therapy". in Admances In

Phar mac 05813’3%?}&3&5%%’%6“2’%?&‘%5&@9?1 OHBRIS VemeER| qrfe@ﬁ?%qonl%g?mpm M i on
of Cel | s ifditatdrsanap sidcadd a3 RpPOpiae neexkiies B tHdie skilled atheiapvent i on are
adm ni stered and dosed in accordance with good nedical practice, taking
into dccount the clinical condition of the individual patient, the site
and net hod of W ' i f W) P patient age,
o, body vl ARG o8 Bt 1 BroslfetidoR G oot R L BlesBl b BT e
phar mac e adingrstened eV iretsiways aswonld bef approbfiafd GUEH120 G thACepttd]l 4R HDBs

PCTI USOL1/ 07200.. 24. pyrposes herein is thus determ ned by such .

consi der 5¥§tgﬂ,smg}§ég&gp.u£%®mt#tpwgreg;qra_xl, fﬁ‘fé‘dlr}ﬂ]’ﬁgﬁfmﬂ%ﬁmﬂ)@“@ﬁﬁ%ﬁi ve to
achi eve LaRIMUAMBA] intrhﬂﬁ(ééalil@ﬂxﬂﬁﬁﬁh‘tioﬂ,QBnNéﬂﬁ&ﬁ'artaﬂlﬂiﬂfB&&?&p innsapﬁ%'eh&glné&lat ©
or nore rapid recovery, or inprovenent or elimnation of Synptonms and ot her
i ndi ¢t ofmragenial.dngatigiemaly infmsamistal cudiintrani grehsdminsstiasion. hbrsaidstion, lHafi n t he

Mventi oreeair B8 of dintirtinBSR bed R Bl e e pafobier o 1o

i npl ant pres¢hénwveatibsial nervous system including but not -limted to

parenteral, including intravenous and intraarterial admnistration,
intrathecal adm nistration, intraventricular adm nistration,
i ntraparenchynal , 10 intracranial, intracisternal, intrastriatal, and

i ntrani gral abkthndstafdtcedeg 2 patienidior aawuragiegenstativendismase onbesn ahd/or spinal

adm ni st i ef f.ect, transplantation.of .neural .cells in the
pr esggnt ?cﬂ'@ed%ﬁagﬁ?éaﬁ%dﬁ%ggo%? SN llahr?'gsw Pb‘ﬁWe?ﬁ £¥ JFChgmif G3USER P¥ndrstickse
di sease heartatatihoncmdiovassplandiseast Somprise stimgitertipisachl R¥ls foai XA B an
physi cal inj urs}/l f]or. by ischem a caused by, a_ stroke, i
amount sufficient’to effect a neuronal transplantation. One of ordinary skill may readily
recognize that one may use treated (i.e., cells exposed to at least one differentiation agent) or
untreated neural cells for such methods, including fresh umbilical cord blood or a

20  mononuclear fraction thereof,

Pharmaceutical compositions comprising effective amounts of treated neural cells are
also contemplated by the present invention. These compositions comprise an effective
number of treated neural and/or neuronal and/or glial cells, optionally in combination with a

25 pharmaceutically acceptable carrier, additive or excipient. In certain aspects of the present
invention, cells are administered to the patient in need of a transplant in sterile saline. In
other aspects of the present invention, the cells are administered in Hanks Balanced Salt
Solution (HBSS) or Isolyte S, pH 7.4. Other approaches may also be used, including the use
of serum free cellular media. Such compositions, therefore, comprise effective amounts or

30 numbers of treated neural cells in sterile saline. These may be obtained directly by using
fresh or cryopreserved umbilical cord blood or alternatively, by separating out the

mononuclear cells (MNC) from the whole blood, using density gradient separation methods,
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transpl antation. One of ordinary skill may readily recognize that one may

use treat SHOQOL/s&9§ cel | s exposed to at |east one different ipgirhRaaaent) or

untreated neural cells for such nethods, including fresh unbilical cord
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concentrated or
20 which rcly on parenteral administration (including intravenous and/or intraarterial

administration).

In using compositions according to the present invention, fresh or cryopreserved

umbilical cord blood, a mononuclear fraction thereof, or fractions wherein neural cells are

25 isolated and/or concentrated (using FACS or other separation methods for isolating neural
cells from a population of mononuclear cells) may be used without treatment with a
differentiation agent or with an effective amount of a differentiation agent prior to being used

in a neuronal transplant. In one preferred aspect of the present invention, a mononuclear
fraction of cord blood is exposed to effective amounts of at least one differentiation agent (in

30 cell media) for a period to effect differentiation of cord stem cells into cells which express a

neuronal and/or glial phenotype and after such period, these cells are then used to effect a



i sol ated neural cells, my range fromas few as several hundred or fewer to
several mllion or nore, preferably at |east about one thousafdAUGUST 2004
within this range. In aspects of the present invention whereby the cells
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20 20ng/ml. One of ordinary skill will readily recognize that any number of cellular media may

be used to provide appropriate neural proliferation medium and/or differentiation medium.

The following examples are provided to illustrate or exemplify certain preferred
embodiments of the present invention illustrative of the present invention but are not intended

25  inany way to limit the present invention.



DMEM F12 1:1 cell nedia, supplenmented with 0.6% glucose, insulin (25
,ug/m), transferrin (100 ug/m ), progesterone 20nM putrescifFcAUEYSM2004
sel enium chl oride 30nM glutamne 2nM sodi um bi carbonate 3nM HEPES 5niV
heparin 2 wWQbrbksaasd EG- 20 nmmi, bFGF 20 20 ng/m . One of pp /@E@ﬁ(wmskl |
will readily recognize that any nunberz7f cellul ar nmedia may e used

provi de appropriate neural proliferation nmediumand/or differentiation

medi um The foll owi ng exanpl es are EXXMIMJIES$O0 illustrate or exenplify
certain preferred enbodinents of the present invention illustrative of the
present I nvention but are not intended 25 in any way to limt the present
i nvent i o reparatiosod Celindar Syinples 66698 PCT/ US01/ 07200 27 EXAMPLES
Preparation of Cellular Sanples 5 Cryopreserved or fresh unbilical cord

bl ood (from human or rat unbilical cord that remins attached to placenta
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cef

hemat opoj eti¢ stem cel | s (CD34+ a magnetic
(M | t eny’ 8 1 sreterady 3‘34\9&‘?3@]%011)(1)3( 1@0) @brd@IdOd C&Hearelmgbﬁb@duwﬂchleﬁlﬁ:‘htre

m crigbe e mat opoietic stemcell _antigen
(oA s repashen R RO 6kl Bbr BB o P Blrphoh Steby AN ofn N+
col um rbmvegebélmhb cﬁmamfonﬁf)&t&kacmbﬁa of $tr6kel Tl pekT@ehcdl atf arfd Pl dMebdils-3QEt
M croBeads..i s added 25 per 108 total cells, m xed and i ncubated for 15 mn

at 6-12 KAUBE s are washed by adding

Preparation of Cord blood devoid of hematopoietic stem cells (CD34+)
20 ,

Using a magnetic cell sorting kit (Milteny Biotec, Inc, Aubumn Tx), cord cells are
labeled with CD34+ microbeads which marks cells that express hematopoietic stem cell
antigen (CD34 in human samples). The cord blood cells are passed through an MS+ column
for selection of CD34+ cells. Two hundred pL of CD34+ Multi-sort MicroBeads is added

25 per 108 total cells, mixed and incubated for 15 min at 6-12 °C. Cells are washed by adding
- 5-10X the labeling volume of buffer, centrifuged for 10 min at 200xg and supernatant is
removed. The cell pellet is resuspended in 500 uL buffer. The MS+RS+ column is washed

with 500 uL of buffer. The cell suspension is applied to the column and the “negative” cells
passed through. The negative cells contain all cells in the cord blood except the

30 hematopoietic CD34+ cells. The column is then rinsed with 500uL of buffer three times.
These washing are added to the “negative” cell fraction, centrifuged for 10 min at 220xg and

the supernatant removed. The cell pellet is resuspended in 500 RL of buffer and diluted 1:1

with Dulbecco’s Minimal Essential Media (DMEM, GIBCO/BRL) and 10% fetal bovine



5-10X the | abeling volune of buffer, centrifuged for 10 mn at 200xg and
supernatant is renoved. The cell pellet is resuspended in 5007PAUGUSER2004
The Ms5+/ RS+ columm is washed wth 500 pL of buffer. The cell suspension is
appl i ed t ovobesssed uim and the "negative" cells passed thregghisoliioo
negative cells contain all cells in the cord bl ood except the 30

hemat opoi eti ¢ CD34+ cells. The colum is then rinsed with 500gL of buffer
three timesm (FB8}eceowshiged treughddedensiy t gradieneqRidollePaqae! Plukr aqi770p/ml,
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2004 WO 01/66698 PCT/USQ /07 , centrl throug
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rate of proliferation. Then these Tlones are harvest soci a t he
total vibkddwe forthe nitagens astdin Cellewsdvd dnd proldfemtionate pasitagd vand ceelgrvyf or

br ol i er STBATE A4 bl oBPE cnf BB it Hta oA o e shioe
period of 10 days the total number of clones are counted in both serum free and serum
supplemented cultures and compared. This gave us the number of precursor cells able to
20 generate clones and rate of proliferation. Then these clones are harvested, dissociated and the
total viable cells counted and reseeded for a second passage and so on for the future passages.
This last count allowed determination of the rate of proliferation and the size of clones

generated under each condition.

25 Caveats: From our experience with neural stem cells, we have found that expoéure of cells to
serum induces differentiation and inhibits proliferation of neural lineages. Lower cell density
also does not favor cell proliferation. Therefore, it is likely that we will observe variability in
the rate of cell growth depending on the presence and absence of serum, the cell density and
mitogen used. The media composition may not be optimal for cell survival, proliferation and

30 enrichment for a neural cell population. We also see differences in morphologies and antigens
expressed by the cells under these two separate conditions. Therefore, before each passage

we identify the total number of clones and cells and also the proportion of neurons, astrocytes



25 Caveats: Fromour experience with neural stemcells, we have found that
exposure of cells to seruminduces differentiation and inhi bit7sAUGUST 2004
proliferation of neural |ineages. Lower cell density also does not favor
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After, er.i od of. 30 rEin tes to_ 1 hour_these 20 cells are fixed with 4%
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cell)
their immature nature, some of these cells are plated on poly-L-ornithine-coated glass

coverslips in 24-well Nunclon culture dishes. After, a period of 30 minutes to 1 hour these
20 cells are fixed with 4% paraformaldehyde and stained with a variety of markers for immature
cells such as Nestin, vimentin, the CD markers CD34 (marker of hematopoietic stem cell)
and CD33 and dendritic cell markers. The rest of the cells are reseeded in growth medium
(medium containing mitogens) for the next passage. For each growth factor used cell
survival and proliferation is closely monitored and clones that arise every day are counted
25 and the total number of clones formed after a fixed period is determined. We also determine

the proportion of cell types generated under each mitogen, as described below.

Different rates of cell proliferation and/or proportion of cell types are generated
depending on the growth factor used and its concentration. Neuronal differentiation efficacy
30 and the number of passages able to be carried out under each mitogen is determined. Studies

have shown that the combination of EGF and FGF is required to isolate and propagate human



and CD33 and dendritic cell markers. The rest of the cells are reseeded in
grow h medi um (nmedium containing mtogens) for the next passagfeAUSUSTE2004
grow h factor used cell survival and proliferation is closely nonitored
and cl onewa bidds6gr | se every day are counted 25 and the totacTgehesof
clones forned after a fixed period is 3determ ned. W al so determ ne the
proportion of cell types generated under each mtogen, as described bel ow.
Di f f er enneural semakllc élhergfom] wé tesatanbinamms @t these poowthdactofs andlpotdnyiprd the e
gener ated. dependi.ng .on e grom h.factor used and its cqncentration.
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be carrigftogert). under each mitogen is determ ned. Studies have shown that

t he conbi nation of EGF and FG- is required to isolate and propagate hunan
17 AUGUST 2004 WD 01/66698 30 PCT/ US01/ 07200 neural stemcell. Therefore we
test conbinations of these growh factors and potentiated the mtogenic
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or do not groliferate or even die after a few days in
once per day using the inverted microscope with phase-contrast optics. Cultures are fed by

‘replacing 2 ul with fresh medium every 2 days.

Each singie cell proliferates and generates a clone of cells. A fraction of these single

20  founder cells have a slow growth rate or do not proliferate or even die afier a few days in
culture. From our experience with neural stem cells and using clonal cultures, some single

cells may undergo cell death because of the lack of neighboring cells that provide
extracellular support for cell survival and in specific cases cell division. If this is a problem,

the founder cell are cultured in conditioned medium derived from bulk stem cell cultures, or

25 in the presence of the membrane extract of cord blood cells.
Characterization and determination of the differentiation efficacy of each clone.

In addition to growing a purified monoclonal human cord blood-derived stem cell
populations, it is necessary to verify that each generation of the clone exhibits all stem cell
characteristics i.e.: ability to self renew, generate a large number of progeny and be able to

3¢ respond to environmental cues and differentiate into different cell types. These efficacy

criteria are fundamental for the development and the production of stable multipotent clones.



cul ture. Fromour experience with neural stemcells and using cl onal
cultures, sone single cells may undergo cell death because of{7t RaGUSEK 2004
nei ghboring cells that provide extracellular support for cell survival and
in specifwoétsesgscell division. If this is a problem thectdngesecel |
are cultured in conditioned nmedi um derdived from bul k stemcell cultures, or
25 in the_presence of the nmenbrane extract of cord bl ood cells.
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hemat opoi etic cells: Some of the characterized nmultipotent stem cell

cl ongs are cryopreserved as described in general nethods section (see
bel ow) and the rest passaged and nmaintained in culture.

Cryopreservation

Clonally derived cord blood cells are resuspended in cell freezing media compﬁshg
10% dimethyl sulfoxide, 50% Fetal Bovine Serum and 40% of defined medium and

~ stored under liquid nitrogen are well known in the art.
25
The mononucleoar layer from whole umbilical cord blood may be prepared for

cryopreservation using the following methodology, which steps may be varied without

significantly changing the cryopreservation outcome.



20 Cryopreservation Clonally derived cord blood cells are resuspended in
cell freezing nedia conprising 10% di met hyl sul foxi de, 50% Fetiql ABGUSTE 2004
Serum and 40% of defined nedium and stored under liquid nitrogen are well
known in t"WROHP®98 25 The nononucl eoar | ayer from whol e unbipcirasbi/enns bl ood
may be prepared for cryopreservation3gsing the follow ng nethodol ogy,

whi ch steps may be varied without significantly changing the
cryopresgﬁ\%ﬁsﬁwﬂﬁ%‘aﬁﬁeﬁﬂmms}rcmbm% 01/ 66698 PCT/ US01/ 07200 32
Processing and Storage of Umbilical Cord Blood 1. Sanple Preparation 5
Anti coagul ated cord blood is aliquotted into sterile 50 m conical tubes
and the Ilvobampledsepamation accurately. A small sanple is renmoved for white
cell count and sterility testing. A sanple of plasnma is renoved at this
time by centrifugation for cryopreservation. The cord blood is diluted 1:2

with sterile phophanaedtsheied isalimeiel BRSMANS It eohicA6LUhltnd © 2

maxi mum of . 35 m per. tube. 10 Ste nsity Gadient Separation

Mononuc| ¥akumegneasurgdeacensaiglyn el Slfﬂlﬂﬁ emple ig e vbd Gadvhiss exdl ddunbhdd stpkyue
density rif j G of .di Luted cor.d blood is underl ayered
with 10 Fﬁ%ﬁg . J;‘tser Fée&%l%so IQE%H%pdﬁgﬁh S@BF?}Y iGS%mgfﬁfnPﬂ O CEPRIEFIVRIED- at
12009 f ofh@Comibioodsis dilo@thltEwithisekils ghosphinté Biffere@EARRIPBS) ahPRELRLC! ear
cells contajnin rogenitaqr. _cells (stemcells) forma |layer at the

Fi col Upl %@ﬁ%%ﬁ?é%%%@uwﬁﬁéé@%@ el ls and granul ar cells (granul ocytes)
passid hrough the gradient to the bottom of the tube. The nononuclear cells

are renoved car ef ul Iﬁé by aspiration. 20 STEP 3: Mononucl ear cell

pr epar at $6RA 2 NRepity kwadiet Gepazien cel |s are collected in sterile 50 m
tubes and diluted 1:2 with tissue culture nedium (RPM) and centrifuged at
1500g for 15 mnutes. The cells are further 25 washed in RPM and

resuspended t Moaofiolexl cvits atBBb kA HonAHE BrEBIBbd uSAFPIQ I ATRMRE deflity

centrifugation. Each tube of diluted cord blood is underlayered with 10 ml of sterile Ficoll-

15 Hypaque solution and then centrifuged at 1200g for 30 min. at room temperature. In this
procedure, mononuclear cells containing progenitor cells (stem cells) form a layer at the
Ficoll/plasma interface whereas red cells and granular cells (granulocytes) pass through the
gradient to the bottom of the tube. The mononuclear cells are removed carefully by
aspiration.

20
STEP 3: Mononuclear cell preparation (MNC)

The mononuclear cells are collected in sterile 50 ml tubes and diluted 1:2 with tissue
culture medium (RPMI) and centrifuged at 1500g for 15 minutes. The cells are further
25  washed in RPMI and resuspended to a fixed volume ( 14ml) and a small sample removed for

white cell enumeration and CD34+ cell determination.
STEP 4: Preparation of MNC for Cryopreservation
30 The cell suspension is then centrifuged at 1200g for 10 mins and the cells resuspended

in 2.5 ml of RPMI. A small sample is removed for sterility testing. To this suspension. 2.5
ml of autologous plasma containing 10% dimethyl sulfoxide (DMSO) as cryoprotectant is



white cell enuneration and CD34+ cell determ nation. STEP 4: Preparation of
MNC for Cryopreservation 30 The cell suspension is then centrifugetsWsTt 2004
1200g for 10 mins and the cells resuspended in 2.5 mM of RPM. A small

sanpl e i sweopsgsk for sterility testing. To this suspensi opergsdiobe Of
aut ol ogous pl asma contai ni ng 10% di meshyl sul f oxi de (DVMBSO) as
cryoprotectant is 17 AUGUST 2004 WO 01/ 66695 33 PCT/ US01/ 07200 added sl owy

and the nddad dlowly andsiperesiling suspasdi@r radfdnedao ikl ai(bebesdedpeiedie, Shari | e,
5 mM cryovial. STEP 5: Controlled rate freezing in liquid nitrogen The
sanpl es Pe tallren cryopreserved using a controlled rate of freezing from4
deg Cto -90 deg Cusing the follow ng protocol: +4 degree Cto -3 degree
C at one degree C per mnute -3 degree Cto -20 degree C at 10 degree C
per mi nuBEEFRy Controllegimats fderinginiqeidgiteaged at one degree C per ninute -40
degreg: C to -90 degree C at 10 degree C per nminute. The cryovials are then
stored in vapor phase of liquid nitrogen at -196 degrees C. 15

Di ff erent i afiensgmpléstary thes oRdptdsaied ffdilﬁg%fchZﬁ:lfeHQﬁt'éfi)fﬁfeeﬂiﬁ%%%ng@Hé o0
suspensi %guléures are spun down for 5 min at 400 rpm The cellS are
r enoved v é‘é‘&glﬂi‘ﬁﬁ’nﬂwlr%li’fpmé@lntrl f uge tube and spun down for 5 mnmin at

600 rpm The grqxp;t&;:é[%c&wnj @en@\é?&e(?e el % {ne&euspended in fresh

control media (no m t ogen ornmone m x. This step is
repeat ed one rmr-édtgmeCtto—ZOdegeaCeattlhdegeerpjpﬁrmmﬁ&Dval of the mtogen

fron]the medi a. &asom ted (gﬁl ted medi a hornone mx at a

densty of i x I %%F? 55'58?@ P&b@t@tﬁe(w g/m; Sigm)

gl ass coversli p340ﬂe%?é€@%1—9d)\lﬁ&%é)@a?%&éﬁr@eﬁképﬁ-ﬁ?%th 0.5 m/well. After
rpho

7 to 14 days in culture, cellsswll change ogy into a neuron-Ilike
or glial-li ke phenotype. Follow ng staining with specific antibodi es which

recogni ze ecur sor.s 25.neurons, a | i t he
differentia ﬁr&tﬂ?%%rggy 0#01'? & Y_lagorn%hﬁge f#&qlflg n&fﬁ%ﬁ’?ﬁah EécjtS Ssﬂﬁ% (‘}gnm ty of
positively st ai ned cell bodies are determned in at |east 20 randomy

sel ect eﬂ? elds from each culture dish or well using the 40X objective.
For 5?9%‘“&““96&"5@?@9@“ GFAP and nestin-ir cells produced, a

totaI of 3 ex er| ments are performed resul ting in total of 6
hree T75 flasks of 10-15 days old suspension cultures are spun down for 5 min at

400 rpm. The cells are removed and placed into a 12 ml centrifuge tube and spun down for 5
min at 600 rpm. The growth medium is removed, and cells resuspended in fresh control
media (no EGF or other mitogen) plus hormone mix. This step is repeated one more time to
20 ensure the complete removal of the mitogen from the media. Dissociated cells are plated in
media hormone mix at a density of 1x10° cells/ml on poly-L-ornithine-coated (15 ug/ml;
Sigma) glass coverslips in 24-well Nunclon culture dishes with 0.5 mi/well. After 7 to 14
days in culture, cells will change morphology into a neuron-like or glial-like phenotype.
Following staining with specific antibodies which recognize markers of neural precursors, of
25 neurons and of glia, the differentiation efficacy of the hormone mix is quantified. The density
of positively stained cell bodies are determined in at least 20 randomly selected fields from
each culture dish or well using the 40X objective. For quantitation of total NeuN-ir, GFAP
and nestin-ir cells produced, a total of 3 experiments are performed resulting in total of 6
culture dishes or wells analyzed for each condition. Neural differentiation efficacy of a
30 growth factor (or hormone mixture) are calculated as the percentage of NeuN-
immunoreactive cells (relative to total number of cells in a dish identified with DAPI nuclear

stain).



culture dishes or wells analyzed for each condition. Neural differentiation
efficacy of a 30 growh factor (or hornone m xture) are cal culigt RUGRASST 2004
percentage of NeuN- inmmunoreactive cells (relative to total nunber of cells
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assess the actions of specific treat ment on ferentiation or to est
a rel at |M@n0q5®mﬂis)l &NeN Hil 108, dthemicarpk ofdutnilion class dilf {106, S:lginla) Neuron

popul oS0k oBEhE 130 PAARASE! Sl B RSt 11 Y5 '
MAP2 (1:200, Chemicon), GABA (1:5000, Sigma), Choline Acetyltransferase (1:200,
Chemicon), Tyrosine Hydroxylase (1:4000, Incstar), Serotinin (1:200, Chemicon), type IV
20 collagen (1:50, Dako), Laminin (1:300, Sigma), CD10 (1:100, PharMingen), muscle actin
(1:1000, Sigma), HLA-DR (1:200, PharMingen), CD45 (1:100, PharMingen), Mac-1 (1:100,
Chemicon); alkaline phosphatase staining kit (Sigma # 85L-2).

Flow Cytometric Analysis

25 To assess the actions of specific treatment on differentiation or to establish a relative
profile within a culture condition of different cell populations labeled with the markers
mentioned above, the harvested cells are subject to Flow Cytometric Analysis. Cells are
rinsed with fluorescence activated cell sorting (FACS) buffer (EBSS and 1% HIFBS) and
1x10° cells are added to 100 pl of FACS buffer supplemented with the appropriate primary

30  antibodies and incubated at 4°C for 30 min. After washing, secondary antibodies are added
and incubated at 4°C for 30 min. For biotinylated antibodies, isotope controls are used to set

gates; otherwise, gates are set with cells alone. Cell viabilityis monitored using propidium



rinsed with fluorescence activated cell sorting (FACS) buffer (EBSS and 1%
H FBS) and |x106 cells are added to 100 1 of FACS buffer suppl7RetLEST vobAa
the appropriate primary 30 anti bodi es and i ncubated at 4C for 30 mn. After
washi ng, Se@oncass anti bodi es are added and incubated at $ErhRb1/#80¢1 N-
For biotinylated anti bodies, isotope agsdntrols are used to set gates;
otherwi se, gates are set with cells alone. Cell viabilityis nonitored using
pr opi di uiedide AbGUSTON2 OPWNCYBdrhéic O ArRGEIsiSPLHOARE) with Fadisien®X qBeésioal.

Fl ow Cyt %rr%t%ri c.Anal ysi si s gterfor n'efg) wi t h FACScanTM ( Bect on- Di cki nson)

wi th al | DEKRRRD) yitted YRS gefed op e 9rimd adgideseatisrer . Western Blotting 5
The culture is washed three tinmes in cold phosphate buffered saline (PBS),
scraped into ice-cold PBS, and lysed in ice-cold lysis buffer containing
20 nM Tris/HC1 (pH8.0), 0.2 nM EDTA, 3% Noni det P-40, 2mM orthovanadat e,
50 M NaMestagndilotting um pyrophosphate, 100 mM NaCl, and 10 g each of
aprotinin and | eupeptin per m. After incubation on ice for 10 mn, the
sanpl &s are c@&he¢ chltergdsl vashdlthe@Omed or cdlf phospland bilffersd pelina{RBB)s saaped

collected, An alj tis,removed f total protein esti i on i.0- Rad
assay) . ‘HMIGSTCPM g’c%‘%r‘% d?léﬁeffé’?‘{ i S‘fd’“ﬁfegfw’it%%ﬂg %}Mrﬂﬁ@d gﬁ'gTﬁR&arQﬂ eis
separ at egiNYESDR, PA%GE NoniV)P-undemNeeras g8 disbi NG RAH, tARIeShE
el ectrophoretically to nitrocellulose filters. Nonspecific binding o

ant i bodyPgophasekate, WA mMobialdn-ahdtl0dpg each lof capeetitiig lend deupk@tin per ml. After

I mmunobl ot t.i ngi s _carri.ed, out. w,th the appropri.ate pri ant.i body foll owed
by t hei rmﬁ%baé%flr%%b%?ntqrng?ﬁr@’?’o ed%?@q% %{j%}tgglggééén&;(ﬁfijl)xgn%qr bbufeg, anfne
bl ot g ar @pe@ueharad chectdN Aansad o iRL QG 6:E6: R%ﬁ% m.
Rever se tPanscri pti gn-%(t)l ymer ageoﬁﬁﬁgﬁgﬁpﬁ%%%g%é%@ﬁ%rt erﬁm'

anal ysi sATeliquotRixespondingtad§ e afgotabpDRiia of edhi samplets bapataigd ey SBRIDAGE
accordin t he 0 .reco nded protqcol. RRZ- PC aliquot.  of 1 g of RNAis
rever se-@P%"ﬁélcppFrb’éﬁﬁuflﬂg tcﬂé:q{ﬁ?légs cleans e@gnﬂfefﬂpygqq@ggﬂy oHnigrogellujose fijtees)
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Technol dginesnobBRiRgis Aarmipdobst efithc A appropriateeptimbry 4fitimglyoffollovtcal biRNthetr €
anpljfied in 25.1 reactjons 25 coptaining 10nM Tris-HC/, pH 8.3, 50 nmM KCl,
1Bl NGEFP T, RGPS SR Fnsecondat ARRPAEpeLnea Rigt e UeKeIPedT Y DA
pol ymer agBartd2g ichémiliiREdencel MethBEEC e ARk shaBf)Of i | €i s determined for each
pair of prinmer sequence used.

Reverse transcription-polymerase chain reaction (RT-PCR) and Northern
analysis Total RNA is extracted using TRIzol (Life Technologies-BRL) according to the

20  recommended protocol.

RT-PCR: aliquot of 1 g of RNA is reverse-transcribed in the presence of 50mM Tris-HCL,

pH 8.3, 75 mM KCL, 3mM MgCi2, 10 mM DTT, 0.5 mM dNTPs and 0.5 pg Oligo-dT (12-

18) (Pharmacia) with 200 U Superscript Rnase H-Reverse Transcriptase (Life Technologies-

| BRL). Aliquots of cDNA equivalent to 40 ng of total RNA are amplified in 25 pl reactions

25 containing 10mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl2, 50 pmol of each primer,
400 pM dNTPs, and 0.5 U AmpliTaq DNA polymerase (Perkin-Elmer). The PCR thermal

profileis determined for each pair of primer sequence used.

Southern blot. 15 pl aliquots of the amplified PCR products are run on a 2% agarose Tris-
acetate gel containing 0.5 pg/ml ethidium bromide. The bands are transferred by capillary

30 action to a Hybond-N+ membrane and detected using the appropriate radiolabeled probes.



Southern blot. 15 | aliquots of the anplified PCR products are run on a 2%
agarose Tris- acetate gel containing 0.5 g/m ethidium brom det7 ADGUREN3804
are transferred by capillary 30 action to a Hybond-N+ nmenbrane and

det ect ed MEOR#6e898 appropriate radi ol abel ed probes. 17 AUGUSTAZ047260
01166698 PCT/ USO /07200 36 The radi oa2tive nmenbranei s exposed overnight to
a Bi oMaxMR aut oradi ographic film (Kodak) at -80C. Northern hybridization.
Al i quot s Fheoragjoastive gnambrrrgis aexposech ovesughl tonaaBioMaxdR f artomtidetuphic fahs.
The RNAI zﬁga Saftgéé by capillary action fromthe gel matrix to Hybond- 5
N+ ((Anmer an?ausi ng T'OxSSC, and fixed onto nenbrane by baking. These

menbranes . are hybridized with the adequate radjo-|abel ed probes, washed
with decm%—@ﬁéé@é@&t ifdiusts (28 egh. ofvstetpls RINA @xgpokactioned co1Bi aghtostR
aut or adi egt. 2k ' : : - 17 AUGUST. 20 VWO
01/ 66698 e ué%'d% géfzyofg% %%&#MPE& F‘%@%C%%"d Z‘?fo%% t Hyponc-

Ml ti5 PoiNsnfAResban) ueing TOkESCYnd fixéd wto Mhé&Rbrah® beukiah. Theie AUenirana’ Ak
Met hods Eol Iﬁ\é\nﬁggmthhtg nmet hods which are generally set forth above, cord
t

bl ood 5 e adequateradio-laelgg ipeabes.awashed mathedacressingtconeantmation of
Ils. S : i s st i sol at ed
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obt ai ned—83°6 t he stunp of the unbilical cord on the placental side
post-partum Between 50 and 100 ml of bl ood was obtai ned per procedure.
Cells were spun down, resuspended in crypopreservative nmedi umand frozen in
liquid nitrogen until needed. 15 Handling of the Cells and Culture Med'
The frozen cells were thawed, spun down, resuspended and plated in 75mm
culture flasks in mniml essential nedium (DVEM supplenented with 2mv

gl utam ne( 100X stock from G bco/BRL), 0.001% B- mer capt oet hanol, |X
non-essential amno acids (100X stock from G bco/BRL) and 10% FBS (stem cc
11 qualified, G bco/BRL). After 24 to 72 hrs, the nediumwas replaced with
serum 20 free "Neural Proliferation Mediuni which consisted of "N2" nedi um
(DVEM F12 1:1,




G bco, ' BRL) suppl enented with 0. 6%l ucose, insulin 25ug/m, transferrin
100ug/ M, progesterone 20nM putresci ne 60uM sel eni um chl or i1FecAGBUST 2004
gl utam ne 2mM sodium bicarbonate 3nM HEPES 5nM heparin 2ug/m and EGF
20ng/ M, DFQGP12e69/ nl. Differentiation nmedi um consi sted ofpcirhgoi/Nevs al
Proliferation Mediunt wthout the EGF 3md 25 bFGF, but instead containing
retinoic acid (0.5 p.M plus 100 ng/m nerve growh factor (NGF).

Det ect i orHwmaprgmbilinahCond Bledd €ontainadbdtiiRdtaitdti-ogynitoroQédht WhirhcGiveRise
with br dondNkarel/Liedgme (BrdU) (5 i.tM for 24-48 hrs with subsequent
visualization of BrdU immunoreactive cells. 30 Isolation A Total RNA was
i solated from human cord blood cells (or fractions thereof) using the RNA

STAT- 60 Iidénersl MEthé Folb tHeQﬁ@tﬁH&an_ﬁthbl‘?\Ig&ﬁarﬂﬁnégt 36tk b6dve (:&31' BIo6S!
"B", Inc. Friendswood, TX 77546). Follow ng R isol"ation, its OD density
was PreafAsShown o sontainecligwhich ean differentiagoo nenrdl egfls t y was tested on 1%
non-denat uri ng Seakem LE agarose gel (FMC Bioproducts, Rockland, Mg). 17
AUGUST Zggﬁry{%ﬂocje{lg%% PCTI CTS01107200 38 DNA M croarray Total RNA was
prepared as above. Total RNA obtained from human cord blood cells, with or
w thout RA+NGF treatnent fromdifferent batches were pool ed together for 5
t hi s experi methe(riéndnuci2r cpllsdoathiRMAdyasraigelded e hahiap umblial Bsvdelood
geno U95A arr H 5 fromAffymetrix Inc. was used in_this

Ol meRinPiFhe T8¢ EaN SbIFE pridinucd fomihhsigpalibeunbiia xpentint
was doneppicehtbesife poki . S Il :
Lee Moff |ptt Cancer I®Ce n}%hgt?}n&c;gggg%c?c%@ﬁf%?q mlgfggé%dgwgg%e%%eﬁ&)ﬁ%l&%@
station %8s verecspaahdgrkytesistiended dn coxpepresanvdtien niddivGe remdr frazehiMVirs damiter .
10 Anal ysj neChip mcroarray hybridization pattern was perforned
usi ng Geﬁfé%}%?;ﬁULﬁﬁ%ﬁ y%‘?s Suite 4.0 software. Reverse Transcription (RT). RT
was perfornmed using random hexaners as priners. Final volunme was 20 pl
with | gg of R hfrom each fraction of cells. The reaction m xture 15

cont X ned 1 3 pifssinran sellunge) thawed spurRipws,

i nhi bi t OfesuSendM Mo Aaced 15 0ol UL Jkerd a_vi L\D rexer
transcri pqtsgs?g,n 2.5 gh‘/lg?tg%ciom exg%ﬁe{#%qﬁﬁkég#w éas%%t%guﬁufpi@ﬁ%&)(pH
izg)f ItSlusm_iﬁ_r}ﬂdm@t withulatdd gltitamingt hlt()@XpatadkurfeorﬁorGiﬂxgbgﬂéRfm, ao;dol_telae{];-at
or m nut. es. e mxture was the eated at . or m nut es
2nd cool BaraRbEERa, TR Goshetla Al e 0 SRrEtom GiheadiL) and 105 FhS
(stem ccll qualified, Gibco/BRL). After 24 to 72 hrs, the medium was replaced with serum
20 free “Neural Proliferation Medium™ which consisted of “N2” medium (DMEM/F12 1:1,

B oy il

Gibéo:’BRL) supplemented with 0.6%glucose, insulin 25ug/ml, transferrin 100ug/ml,
progesterone 20nM, putrescine 60uM, selenium chloride 30nM, glutamine 2mM, sodium
bicarbonate 3mM, HEPES 5mM, heparin 2ug/ml and EGF 20ng/ml, bFGF 20ng/ml.
Differentiation medium consisted of the “Neural Proliferation Medium” without the EGF and
25 bFGF, but instead containing retinoic acid (0.5 pM) plus 100 ng/ml nerve growth factor
(NGF). Detection of proliferating cells was accomplished by incubating cultures with
bromodexoyuridine (BrdU) (5 pM) for 24-48 hrs with subsequent visualization of BrdU

immunoreactive cells,

30 Isolation of RNA. Total RNA was isolated from human cord blood cells (or fractions
thereof) using the RNA STAT-60 kit using the protocol recommended by the manufacturer
(Tel-Test "B", Inc. Friendswood, TX 77546). Following RNA isolation, its OD density was
measured at 260 nm, and stored at -80°C. Integrity was tested on 1% non-denaturing Seakem
LE agarose gel (FMC Bioproducts, Rockland, ME).



20 Pol rase Chain Reaction . PCR was perfornmed in the sane tubes as RT, in
100 gl total volune. Final concentrations were 2 mM MC12, 0.4 AVCUISE2004
dNTP, and 2.5 U100 gl Anpli Tag DNA polynerase in the 50 mM KCI and 10 nmM
Tris-HC1 DHPP&F6PHH 8.3). For generation of various cDNA PCAGISenozp0 a PE
9700 t hernocycler (Perkin Elner, Fosté8 Cty, 25 CA) was progranmmed as
follows: | cycle at 95C for 105 sec, 35 cycles at 95C for 15 sec, followed
by 60C for 30 sec, and finally 1 cycle at 72C for 7 min. Both RT and PCR
was donq)]?ilm N -ld e yn El mer's GeneAnp RNA PCR kit. To identify the
presence of  various “neuronal markers, priners were constructed based on

publ i shed hunelotsl RN& v Prepacsd asl‘skbetzé T ¢talcRN S Sobedinét HKomIfdan doad BROE
prinmer: nt 2524 2542 and ri\Yéé r: nt. 2921 30 2903. For Musashi -
(accessi GRll% WBrygEhopt Heﬁqeﬁfb omdifferent batches wers pRled tosether f?ér nt

618- 598. tl'fi@%x%‘;‘?ﬁl‘}ién@(f%%s mawkﬁﬁ(l@;s%?céae Oéé}‘rcﬁ‘@ngHéh Ig%éfﬁﬂs@%

and reverse priner: nt 2767-2747. For Neur nt su un
(accessi erray (H0589%)) fromd‘;ﬁﬁnngmp diherovas used mﬁﬁﬁcznétﬁnaltd Thesorgdeanpay ner :  nt

3521- 3501, Pri re selected usi 66693

peri usor Fepretsot e PRetalRngs T arBriet b oor oGP e indarmh Geaciaies GoueLsr
conput er Mietoaeral Faﬁﬁt}l el BSLed be@ﬂt Cﬁﬁde)‘ C%ﬁfet Me@&cuqﬁﬁztumisﬂg@bnecmp
Musashi - 1. (donat ed kang),. Nestin (1 200, Chemigon);

1S90 ERSARE Bon SY0 B Chin Kyiitiop pvembnd g SRS enangy ™ SeaBED.
S ﬁQCOG 1@@&?
('1928% QI%H, %;Ugt ens) sftﬁgér}é %’tg&m% ﬁg[?g%tg?vgwgg ggpggrggéggﬁcf%té@%gé@?%ndard

met hods HoalysesrSuie dehedivafre. \\est ern 10 bl ot anal ysis using the foll ow ng

procedure. Cultures were washed three tines in cold phosphate buffered
saline (PBS), scraped into ice-cold PBS, and Iysed in ice-cold |ysis buffer

cont ai ni Rev&de MnddriptioRER TY. pﬁT&'Q)perf@nﬁedMu%dmﬁ%eMﬁéﬂ% eré?s M

ort hovanadate, 50 nmM NaF, 10 mM sodi um pyr ophosphat e, and 10
pg each B@iugfﬁr\msl?r@mi‘@ﬂdl ug@lﬁpépltRNApfmm mch frdction Ofndtsbéﬁheanaammmﬁnfrer 10

h fu
S upetha; SOTARLES o8 7 RO s i AP BSTAT Kl s Mgt
esti mat i M (MB©h,Rasi UAsiSM\ine }%ﬂk@hiaqm& (IOIQL sORAG tHtsdriptdd?, 9.59MM A RIm
protein of each, sanpl e was sglf)arat edfﬂﬁfle{p PAGE (10% under reduci ng

condi t i oh&xamas nSPmaMekiband H) wM Tos Hc&B) It WGS ﬁrﬂtt riewdiatad ajseomi [ t er s.
NoNSPect feluf il Phir? Ghd BRMAY%: ¥8% Bl 358 futes. The mixture was then be heated at

99°C for 5 minutes and cooled on ice for 5 min to inactivate the transcriptase.

20
Polymerase Chain Reaction (PCR). PCR was performed in the same tubes as RT, in 100 pl
total volume. Final concentrations were 2 mM MgCl;, 0.2 mM of each ANTP, and 2.5 U/100
pl Ampli Taq DNA polymerase in the 50 mM KCl and 10 mM Tris-HCI buffer (pH 8.3). For
generation of various cDNA fragments, a PE 9700 thermocycler (Perkin Elmer, Foster City,

25 CA) was programmed as follows: 1 cycle at 95°C for 105 sec, 35 cycles at 95°C for 15 sec,
followed by 60°C for 30 sec, and finally 1 cycle at 72°C for 7 min. Both RT and PCR was
done using Perkin Elmer’s GeneAmp RNA PCR kit. To identify the presénce of various
neuronal markers, primers were constructed based on published human sequences. For
Nestin (accession # X65964), forward primer: nt 2524-2542 and reverse primer: nt 2921-

30 2903. For Musashi-1 (accession # AB012851), forward primer: nt 319-339 and reverse
primer: nt 618-598. For Necdin (accession # AB007828), forward primer: nt 2374-2393 and
reverse primer: nt 2767-2747. For Neurofilament subunit NF-L (accession # X05608),

forward primer: nt 3155-3173 and reverse primer: nt 3521-3501. Primers were selected using



with 5% non-fat dry mlk overnight at 4 C The blots were anal yzed using
the Kodak DS 1D 20 Digital Science El ectrophoresis Docunent at ifgmnAEGBGUST 2004
Anal ysis System 120 v.0.2. Inrnunoc, ochennistrv After 7-14 DIV, the

cul tures YW30¥64658d with 4% par af or nal dehyde in 0.1 M phospteusetmridoer ( PB)
for 20 mnutes. The cultures were thed® washed 3 tines with phosphate
buffered saline prior to beginning i munocytochem stry. 25 Cell Counts For
est i mat ethe FEQWIEB (vershay 1.1 hsofirtareiaeilai?le onahaUSF\dompater hietbatk. (40X
objective) in 4 culture dishes for each marker were viewed. The total
nunber of cells visualized under phase contrast m croscopy and the nunber
of posit Ameibydiegbel ed (i munoreactive) cells was counted in each visual
field. The nmean nunber of | abeled cells was then expressed as a 30
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down>r eddtPE8 forsl 5 mis 2l superpaiBnts were callsatedniATnaliqual WaS Temovied doratad d

ox0r 0o LN RIEH Enl ALY AP OBRESI B BISLS AR Frglrpoce I

expression of genes assocCl a eat est

chang ef] e@ﬂﬁ&tﬁ‘fpﬁd?ﬂaﬂ sépacat@xPy SBSIPAGE {10 irdepfRiubink @erE tiond SRMYarfs Rate
macr ophage rece
P ?ctrophoretlcally to nifrocellulose filters. Nonspecific binding of antibody was blocked
with 5% non-fat dry milk overnight at 4 C. The blots were analyzed using the Kodak DS 1D

20 Digital Science Electrophoresis Documentation and Analysis System 120 v.0.2.

Immunocytochemistry After 7-14 DIV, the cultures was fixed with 4% paraformaldehyde in
0.1 M phosphate buffer (PB} for 20 minutes. The cultures were then washed 3 times with
phosphate buffered saline prior to beginning immunocytochemistry.
25

~ Cell Counts For estimates of cell number in culture, 20 random visual fields (40X objective)
in 4 culture dishes for each marker were viewed. The total number of cells visualized under
phase contrast microscopy and the number of positively labeled (immunoreactive) cells was
counted in each visual field. The mean number of labeled cells was then expressed as a

30 percentage of the total number of cells per field.




20 MARCO. secreted T cell activation protein Attractin (attractin),

| eucocyte i nununogl obulin- |ike receptor-8 (LIR-8), thynocyte BhaAUBUISTRI004
erythropoi etin receptor and erythropoietin. In a parallel set of

experi nenMO 0V RNA was extracted, and RT-PCR was per f @CRES01/0Mes nRNA
for nestin and needin was identified i both control and RA+NGF 25 treat ed
cultures using prinmers based on published human sequences. In each case a
product Refultsppropriate | ength was seen on the gel (Fig | A for untreated
cells and Fig | B for treated cells). Nestin is considered a marker of
early neural devel opnment, but can also be seen in endothelial precursors.

Necdi n is theCgahblobliatllsedhared oif the@uesencspribsencefedtidic Mid{RAYand The
m RNA fo& Musashi é_ thﬁ?@arl i est., marker of .neural_ precursors was detected
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bot h conditions.. The NA f.or. GEAP,. a marker of ast li,al 17 AUGUST 2004
V0 01/ RIS sEreep) oo defteh ot b eeiu B st ettt seon

condi t i ofg mRNAUBAnbiee DufRek thisksensionPreRin orp1tid&opRA+ Nq:égihﬁé‘éiﬁ ag%]r&%f s. No

messenger RNA for, neurofilanment subunit NF-L was detecte n either
treat ed WHFREHERHPBVasSeringhe praressian ofiieraseinddeqreased 8ifpfoldd can extrackelludatt he
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cells t . spi - ed cells with fine branching neurjtjc
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RA+NGF tdsestifel withteiREenddid thAOkere @Bt bodowntrdgtfAsd 1sNRRIMEH TWhich. DMEM were
Musashi -1 i munoreactive (See Figure 2A). A simlar proportion (5% of the
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20 MARCO, sccreted T cell activation protein Attractin (attractin), leucocyte immunoglobulin-

like receptor-8 (LIR-8), thymocyte antigen CD1c¢, erythropoietin receptor and erythropoietin.

In a parallel set of experiments, total RNA was extracted, and RT-PCR was

performed. The mRNA for nestin and necdin was identified in both control and RA+NGF

25 treated cultures using primers based on published human sequences. In each case a product
of appropriate length was seen on the gel (Fig 1 A for untreated cells and Fig 1 B for treated -
cells). Nestin is considered a marker of early neural development, but can also be seen in
endothelial precursors. Necdin is the gene that codes for neuron specific nuclear protein.
The m-RNA for Musashi-1, the earliest marker of neural precursors was detected in

30 RA+NGF treated cultures and minimally detected in DMEM-treated controls. The mRNA
for neurite outgrowth promoting protein {pletotrophin) was detected in RA+NGF treated
cells, but the signal was much weaker in untreated cultures (Fig 1C). The mRNA for
glypican-4 was detected under both conditions. The mRNA for GFAP, a marker of astroglial



failed to recogni ze the human form of nestin, though they had been shown to
react with rat nestin in rat bone nmarrow derived neural proge¥ AUGUST 2604
(Sanchez- Ranpbs, et al., 20 Neuroscience News 3, 32-43, 2000 ).

Appr oxi ma} Y1/650%% of RA+NGF treated cells were i nmmunor eacPCVESIIAOT@FAP, a
mar ker of astrocytes (Fig 2E). Westerrlblots of the cultures confirned the
presence of Musashi- 1 protein, 13-tubulin-I11 protein, pleiotrophin, GFAP
and  Neuf¢lsn wastalsor deteptedunder befhicorditiens, shaued. therigedl wesstrenger imtheysi s of

t he bl ot + tel | [essi.Qn. -
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NeuN ( Tatitler kdehied ot dneifedSdel RAGHoWYMD 1 Wab 66280 42 upTIgulided (Ohedicrbakhe A

Expressi on af es oci ated wi th Neurogenesis Gene transcript Fold
change. { GTHEGYF K] GORIREEVIRSH VeSS AgRIRATE bPah O Wi i DeararaBbiershaelar ul ar

mat r i%-zgﬂﬁii@tﬂmgﬂﬂﬁaﬁﬁﬁhﬁfoh% HRITRACHS, AHAAVLE Ak | DcBELHRRALAl cerebral

neurons [Raul o, 1992 #384] ( ypican-4+4.9giypican-4 is expressed in cells
i nmunor efdenteeh)fverre meert d5a paséiivienentyol . We aisoi tgied prirets dorsMutashie U aad

P S o8 hrr P LRI ShEh s 0R K, Bt ot © ©
cof act or gdnerdeda $ingledahdof BppoStas fehgtin(dagiod Bisovaf). ar cuat e nucl eus of

hypot hal anus FE65 stat-1i ke protein-+3.8the exon 9-inclusive (E9) formis
exclusively expressed in neurons[Hu, 1999 #369] dial acidic fibrillary

protgi n-+3. 2 W&B%S%S)é'aﬁﬁﬁat% i @8&%@3&%& !}E‘alﬂécﬁ}gg R?E&(?)(E}Sﬁéd&al‘ceh

(NPTX2) - +2. 3nenber Of a new famly of proteins 1denti
i nt er actd etergenvoas prinmymelxelldysesaimnging from iacpei fivt bpithptividcellswysthalhct i on
our| 19 SRS 28 AL R S RSO Log LK LB ) 6 2000, 13021, Degope
muscl e clthe§dymiosellsli8 e RAFDGF treated cultures, but not control cultures treated with

DMEM, were Musashi-1 immunoreactive (See Figure 2A). A similar proportion (5%) of the

15 small cells exhibited B-tubulin 1Tl immunoreactivity (Figure 2 B). Approximately 50% of the
cells were immunoreactive for BrdU, indicating that the cells were continuing to proliferate
(data not shown). Antibodies to nestin (purchased from Chemicon, raised against rat nestin)
failed to recognize the human form of nestin, though they had been shown to react with rat
nestin in rat bone marrow-derived neural progenitor cells (Sanchez-Ramos, et al.,

20 Neuroscience News 3, 32-43, 2000 ). Approximately 50% of RA+NGF treated cells were
immunoreactive for GFAP, a marker of astrocytes (Fig 2E). Western blots of the cultures
confirmed the presence of Musashi-1 protein, S-tubulin-III protein, pleiotrophin, GFAP and
NeuN in both treated and untreated cells. Densitometric analysis of the blots showed that
NGF+RA treatment increased protein expression (relative to p-actin) of Musashi-1, B-

25 tubuhn-III, pleiotrophin and NeuN (Table ITI).



Neur onal PASI (NPAS1)+2. 3transcription factors selectively expressed in the
central nervous system [Zhou, 1997 #394] Neuronal DHP-sensiti Vg, AUGUST 2004
vol t age- dependent, +2. 1 cal ci um channel al pha- 1D subunit Bone norphogenetic
protein 1W‘BW6®P&ZBI\/P- 1/ Tolloid is found at-the neural plBEEUSEVEERN nal
transition. Expression is maintained n the premratory neural crest, and
transiently in the mgrating cephalic neural crest cells,[Marti, 2000 #391]
Retinal glutamate transporter EAAT5-+2 TrkC-+2Receptor for neurotrophin-3
(NT3) ENO2 gene for neuron specific (ganma)+1.9 enol ase Human brain protein
recognipngfk P¥x Bﬁnes.&%meﬁes ﬁs&.mw&wmue@gmsﬁar aneopl astic sensory

neur onopat hy Bone norphogenetic protein 2 8 Neuronal PAS2

(NPAS2) +1. 7transcri ption factors selectively expressed in the central

ner vouses\eshsenpt [ Zhou, 1997 #394FoiSdhange WilbwidgHABNGReUr on pseudogene+1. 7 Qi al
G othwurFfa@nmthmm@ms\Eetplal cel | ﬂdhewmnelhﬁ;t em;ﬂ @so@&decfﬁﬁd\@m ﬁ(eﬂantés abonBEC

Fol ILi + ; ] 4
(I\/APﬂ‘xpfa‘B“Vem cul ar acetyl chol ié t| ‘F edG“ o ﬁ@f%ﬁﬁwm M

(NF{M +1.5 Neurofil ament subunilt NF-| ex %egl ‘éfggj i pogfl?:;'wrfﬁh@&@%'ﬁl G
=

protein 11 (BMP 11)+1. 5BMP-1l ifs explg tdd 5}ner ous
SY S BAFbuE folding BEH DS ES | NAUCEY ..nmsvous t SSUe [uamer J.uusr #3921

Teng®arpliund. 8Tenascl N- C 1S an [exRBr aCBuidil i@Groi¥BE dréuXte PicRis@F Rypbtheldmut NN DI T S
neur FE® saxlimpsiiagn, and pr onot e ¢d# | | {e abn Fedraive GP) farrmdis erchysiady e@ptesfed O MRS,

1996..#397; _Anstrom 1996 #3938] neurons[tu, 1999 #369]
Gtial acidic fibrillary profein T [ ~+3.2
Neuron derived orphan receptor ~+12
Neuronal pentraxin II (NPTX2) ~+2.3 | member of a new family of proteins identified through

interaction with a presynaptic snake venom toxin taipoxin; may
function during synapse formation and remodeling {Kirkpatrick,

2000 #393]

MNeuronal growth protein 43 (GAP-43) ~+2.7 | ldentifies neurons, but also developing muscle cells[Moos, 1993
#3595]

Neuronal PASI (NPAS1T) +23 transcription factors selectively expressed in the central nervous

systern [Zhou, 1997 #394]

Neuronal DHP-sensitive, voltage-dependent, +2.1
calcium channel alpha-1D subunit
1 Bone morphogenetic protein 1 (BMP-1) +2 BMP-1/Tolloid is found at the neural plate/ectodermal transition.
Expression is maintained in the premigratory neural crest, and
transiently in the migrating cephalic nenral crest cells, [Marti,

2000 #3913

Retinal glutamate wansporter EAATS ~t2

TrkC ~+2 Receptor for neurotrophin-3 (NT3)

ENO?2 gene for neuron specific (gamma) +1.9

enolase

Human brain protein recognized by the semof | ~+1.8

patients with parancoplastic sensory

neuronopathy

Bone morphogenetic protein 2A ~+1.8

Neuronal PAS2 (NPAS2) +1.7 transcription factors selectively expressed in the central nervous
system [Zhou, 1997 #394]

Survival motor neuron pseudogene +1.7

Glial Growth Factor 2 +1.6

Neural cell adhesion molecule (N-CAM) Exon | ~+1.6

SEC

Follistatin-related protein (FRP) +1.6

Microtubule-associated protein 2 (MAP2) ~1.6

Vesicular acetylcholine transporter +1.6

Neurofilament subunit M (NF-M) +1.5

Neurofilament subunit NF-L +1.5

Musashil ~1.5

Bene morphogenetic protein 11 (BMP11) +1.5 BMP-11 15 expressed in the developing nervous system; at
higher doses induces nervous tissue [Gamer, 1999 #392]

Tenascin-C -8.8 Tenascin-C is an extracellular matrix protein that inhibits neurite

extension, and promotes cell proliferation and migration
[Thomas, 1996 #397; Anstrom, 1996 #398)




17 AUGUST 2004 WD 01/66698 43 PCT/ USO /07200 Table |1 Downregul ati on of
Genes Associ ated with Devel opnent of Bl ood Lines Fold decreasy AUSUST2004
| ocus C heavy chai n-6.4 Macrophage receptor MARCO 4.9 secreted T cell
activati orWRIOH6E®h Attractin -3.6 (attractin) alpha-1 col | agemsoygred | - 3. 0
Leucocyt e i mmunogl obulin-like receptod#38 (LIR- -2.8 8) Thynocyte antigen CD
1 c-2.5 Erythropoietin receptor- -2.6 Eri/t hropoi etin- -2.4 Mnocyte .
chenotactic protein-2-2.2 LAG 3 nRNA fabledbs-rel at ed protei g [ nvo: ved ![n -
-2.3 | hocyt e ' | | R-7 .recentor, (1l-7)z enen
recept )c/)?pt ype lng%ﬂilgq@%ﬁh Jrﬂ(ra&cgl%ro‘:'lts2\?§E§ g‘ﬂ%%'ﬁlﬁ' @5%%&@%%%’8@9%“ S
Lynphocyte-specific protein tyrosi ne KiFkisiecrea® (LCK) LAG 3 nRNA for

CD4-r el gttiet qaspltlequnC heavidbgind in - - 2. 3 |l yméHocylt e acti vati on
Macrophage receptor MARCO -49
secreted T cell activation protein Attractin -3.6
{attractin)
alpha-1 collagen type I -3.0
Leucocyte immunoglobulin-like receptor-8 (LIR- -2.8
8)

Thymocyte antigen CD1c -2.5
Erythropoletin receptor ~-2.6
Erythropoietin ~-24
Monocyte chemotactic protein-2 -2.2
LAG-3 mRNA for CD4-related protein involved in ~-23
lymphocyte activation

Interlenkin-7 receptor (IL-7) 2.2
Complement receptor type 1 -2.1
T cell receptor -2
p30-NF-kappa B homolog -2
Lymphocyte-specific protein tyrosine kinase ~-2
(LCK)

LAG-3 mRNA for CD4-related protein involved in ~-23
lymphocyte activation

Erythrocyte membrane protemt Rh30A (Rhesus ~-2.1
antigen}

Erythrocyte membrane protein band 4.2 (EPB42) ~-2.9
Leukocyte IgG receptor (Fc-gamma-R) ~1.8
Erythroblast macrophage protein EMP -1.5

Table III Densitometric Measurement of Expressed Proteins Separated

by Western Blot
Protein Mw Ratio to | Ratioto | % change
marker P-Actin F-Actin
DMEM NGF
Musashi-1 36 kD 0.805 0.83 +15.5%

G-l tubulin 75-80kD 0.328 0.50 + 52.4%

Pieiotrophin 18 kD 0.179 0.315 +75.9%
GFAP 46 kD 0.538 0.515 - 43%
NeuN 51 kD 0.6 0.715 +19.1%
F-Actin 42 kD

10
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adult CNS tissues of frogs, birds, rodents, and humans et a
Dev el pneien adulGING sissuea o6 frogs, birds redents @@@humme(lémke Mbsbshévelopmental

monocl On}%ur%%zé&g%, h3s.58 ?%bfﬁh AL anti-Musashi-1 monoclonal antibody has been shown

to react with undifferentiated, proliferative cells of the sub-ventricular zone in the CNS of all

vertebrates tested. Glypican-4, upregulated five-fold in the cord blood cultures treated with
RA +NGF, has been reported to be expressed in cells immunoreactive for nestin and the

10 DI.1 antigen, other known markers of neural precursor cells, but it has not been detected in
early postmitotic or fully differentiated neurons (Hagihara, et al, Developmental Dynamics
219, 353-67 (2000). B-tubulin III is one of the most specialized tubulins specific for neurons
(Fanarraga, et al.., European Journal of Neuroscience 11, 517-27 (1999). Both the
upregulation and the post-franslational processing of class-ITI beta-tubulin are believed to be

15 essential throughout neuronal differentiation (Laferriere, et al., Cel/ Motility & the
Cytoskeleton 35, 188-99 (1996) and Laferriere, et al., Biochemistry & Cell Biology 75, 103-
17 (1997).

The cord bloed cultures treated with RA+NGF also increased expression of many

20 genes specific for neurons including pentraxin II, GAP43, FE6S5 stat-like protein, neuronal
PAS1 and PAS2. Neuronal pentraxin II is a member of a new family of proteins identified
through interaction with a presynaptic snake venom toxin taipoxin. Neuronal -pentraxin-II
may function during synapse formation and remodeling (Kirkpatrick, et al, Journal of
Biological Chemistry 275, 17786-92 (2000). Neuronal growth associated protein 43

25 (GAP43)is considered a specific neuronal marker but may also be expressed in developing

| myocytes (Moos, T. & Christensen, L. R. GAP43 identifies developing muscle cells in

human embryos. Neuroreport 4, 1299-302 (1993). FEG65 stat-like protein {the exon 9-
inclusive form) is specifically expressed in neurons (Hu, et al., Journal of Neuroscierce
Research 58, 632-40 (1999). Neuronal PAST and PAS2 are transcription factors selectively

30 expressed in the central nervous system (Zhou, et al.., Proceedings of the National Academy
of Sciences of the United States of America 94, 713-8 (1997). Other genes indicative of

neurogenesis that were expressed following treatment included the neurofilament subunits-
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20 system, and repair of brain and spinal cord injuries.

Example: Identification and Isolation of Mononuclear Cells Expressing Neuronal,

Astrocytic or Qligodendrocytic Markers and Use of Mononuclear Cells to Effect
Transplantation in Stroke

25

This series of experiments is directed to using both cell culture techniques and an
animal model of cerebral ischemia to establish human cord blood as a viable source of NSCs
for the treatment of CNS disease or injury. These studies determine the existence of
mononuclear cells in cord blood that express neuronal, astrocytic or oligodendrocytic markers

30  and identify those mononuclear cells that give rise to neural cell lineages. The cord blood
stem cells are shown to provide a stable, readily available source of NSCs which become

functional neurons and are capable of producing behavioral recovery at a comparable level to



expression of MRNA for an extracellular matrix-associ ated protein that
enhances axonal growth in perinatal cerebral neurons (Raul o, 1FtAHGUST 2004
Jour nal of Biological Chem stry 267, 11408-16 (1992) At the sane tine

t here was WOILGe98i cant decrease in expression of nMRNA fopctrar@assize an
extracel lular matrix protein which inhsbits neurite outgrowth (Kukekov, et
al ., 10 Experinental Neurology 156, 333-44 (1999). There was al so evidence
for gli alth%@bBer@wemmmiantammfdh@édewmm ession of the glial cell marker
GFAP was neasured in the mcrochip data, and confirnmed by

I mmunocyt ochem stry. Concomitant with the increased expression of markers
I ndi cative of neurogenesis, there was a decrease in expression of genes

associ at &enerdliMevdodt.opnment of blood cell lines. 15 The present findings
provi de evidence that cord blood contains a nulti-potent cell capable of
differentiating into a neural |ineage. The ease with which the unbilical

d bl b d ke thi
o b ef or STHARENIEIRD TRe By SR thaR0 PP RONE fnd itk MBI Ve
di seases7Sganenitiet iffaghtsyin troninied essentiz akedien YOMEMPéhpplenicnrad itk 2f@wai r - of
Vononuo! EuTelEt L@ sk som She BT 0 Soue Brmptocisune f gouars e o
Mar ker s a;nd]ous;easqnowsmuffi&@&&%YBm} ﬁldElfofWﬁ’Bs (&Eﬁ%ﬁ'ﬁﬁ ﬁx%d &BﬁL)Oke

25 This series of experiments is directed to using bot ure
t echni quédtenAdtan2 hesntheanedin ég replaced wish setium Sed8¥auarat Brcﬂﬁ‘éxaiﬁomsMeHm‘rﬂ’n

d, bl th t of CNS di
Co 0l “fichboRsitis TP APMLATERIEIITR 1 i B ShnlERRE e | o n cor d
bl ood  t hab%etiaross Snatinr 90ghn], Radsf@e 100!, PrbSREeRBOaM, ian BRI Ke66uM0 and
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Trgnsfectlon of cord blood cells with fluorescent green protein driven by the Musashi-1
proemoter. |

An AE1 adenovirus bearing hGFP under the control of the Mushashi-1 promoter
(AdP/Musashi) (gencrously donated by H. Okano of Japan) are used to transfect umbilical

20 cord blood cells. This adenoviral DNA vector is a plasmid DNA that contains a portion of
the viral genome in which the E1 A region is deleted and the hGFP under control of
theMusashi-1 promoter has been inserted in the place of the E1A region of the genome. Cells
to be transfected are plated in 0.5 ml of serum-free “Neural Proliferation Medium”. To each
culture dish of cells to be transfected 0.8 pg of the DNA is diluted and mixed into 50 ul of

25 Opti-Mem® I Reduced Serum Medium Without Serum (Life Technolo gies, Inc). Eight ul of
Plus Reagent Mix is added and incubated at room temperature for 15 min. Lipofectin
Reagent (Life Tech, Inc} is diluted and mixed in a second tube (0.5 pl into 50 pi of Opti-
Mem I Reduced Serum Medium Without Serum). After 30 min incubation at room
temperature, the precomplexed DNA is mixed with diluted Lipofectin Reagent and incubated

30 for 15 min at room temperature. Then the DNAPlus-Lipofectin Reagent complexes (100 ul)
are added to each well and mixed gently by rocking the plate back and forth. The cultures are
incubated at 37°C in 5% CO2 for 4-5 h. After 24 to 48 hrs, selected cultures are harvested to



75mm cul ture flasks in mninml essential nmedium (DMEM suppl enmented with
2mM gl utam ne( |1 OOX stock from G bcoBRL), 0.001% B- ner capt oettaAbIGUSK 2004
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cell qual iWO@tﬂSGG@ bco/BRL). After 24 to 72 hrs, the nedi upetesé@ib@ced
with serumfree "Neural Proliferationsanedi unt 10 which consists of N2
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added and |ncubat ed at .roomtenperature Tor Li pofecti n Reagent

(Li fe TeCmPeraiey forsl Ganin,audithen gt 43 Qe@rﬂﬁnan@é%oﬂw mixtere (will3hon be Irdated50 Al
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at room terrperature e preconp Hxed weEhPERS ut ed Li pofectin
Reagent ; S O cf | FCRis peﬁméchﬁpbéﬁnwmbeﬁmtmqoo ul

DNAP) Li pof ect i n. S 1 dded t h wel | and
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hunman c r 0 t th STAT-60 kit
usi ng t Fltgﬂ)ppél%gcoi %%%sofﬁfﬁré“% fig)%: 1€ {}%3 (gg?ﬁf%fgcsfﬁﬁr Y?ngé F?%ggff 3 sec,
followed by 60°C for 30 sec, and finally 1 cycle at 72°C for 7 min. Both RT and PCR are
20  done using Perkin Elmer’s GeneAmp RNA PCR kit. To identify the presence of various

neuronal markers, primers are constructed based on published human sequences. For Nestin

(accession # X65964), forward primer: nt 2524-2542 and reverse primer: nt 2921-2903. For
Musashi-1 (accession # AB012851), forward primer: nt 319-339 and reverse primer: nt 618-
598. For Necdin (accession # AB007828), forward primer: nt 2374-2393 and reverse primer:
25 nt2767-2747. For Neurofilament subunit NF-L (accession # X05608), forward primer: nt
3155-3173 and reverse primer: nt 3521-3501. Primers were selected using the SEQWEB
(version 1.1) software available on the USF computer network.
Western Blot. Cultures are washed three times in cold phosphate buffered saline (PBS),
scraped into ice-cold PBS, and lysed in ice-cold lysis buffer containing 20 nM Tris/HCI
30 (pH=8.0), 0.2 mM EDTA, 3% Nonidet P-40, 2mM orthovanadate, 50 mM NaF , 10 mM
sodium pyrophosphate, 100 mM NaCl, and 10 pg each of aprotinin and leupeptin per ml.
After incubation on ice for 10 min, the samples are centrifuged at 14,000xg for 15 min and

supernatants are collected. An aliquot is removed for total protein estimation (Bio-Rad



"B", Inc. Friendswood, TX 77546). Following RNA isolation, its OD densityis
measured at 5 260 nm and stored at -80C. Integrityis tested oY AUGUST 2004
non- denat uri ng Seakem LE agarose gel (FMC Bi oproducts, Rockland, ME).

Rever se TrvaQdepe69%i on (RT). RTis perfornmed using random hex@mwshiosoes
primers. Final voluneis 20 pi with 14 of total RNA fromeach fraction of
cells. The reaction mxture contains 1 nM of each deoxynucl eosi de

t ri phosphgias).( ANBRguotlcotdebpdntitgao i10hiddtiexal pﬁt%@@a%%x%%ﬁigﬁe@a}%ﬁ pyMuri ne

| eukemi a virus (MILV) reverse transcriptase, 2.5 gM Xanmers in 50
mM KCl  armdPS/BAGH (1000 mdar regpeing @nditienswing (rafigfeged blecirophobeticatly a6 r oom

t enper at e L0, ak. 42C fgr 15 .ni nut.es. e mxture wll
then bo RisrefuiorP i NERchd IR Bbind o ogy B PTofe St 4w gl

I nact i vabeetnfght ar&nScri pt ase. Pol es erase_Chain Reaction (PCR). PCRi s
perforrreg |g i?e sape tgﬁlbes as RT, in 100 g] 15 total volune. Final
concent r t wgeerDagloy g w5 apesthetizrd it Freflpomnejanden ingisionypl i
Taq DNA j . S fif er 4 8, 3). ,For
geer at | B e or i R b e B I
Fost er Crheyears. Cilying tjwgliseavtion aeshifigidsotis:right cymintorataridCaftery id @Rpdsee and5
cycl es a% 93&‘%‘ r 15 %FC’ ¢ foll owed by 60C for 30 see, .and finally 1 cycle
at 72C f POy GiSsegSE fre P MvasERIsrE: JhedatanslSerjidowilk then bertisd off madhamnp
RNA PCR kinbolud Q(ai 46t fivndih &fPA.OSRRAETH RMcHBIs Mlderted SLAPR! thiBLESha: cRL4dET S
are constructed based on published human séquences. For Nestin accessi on

# X659643PProdimgaly 29r mpreinto the mgamalomugtidandt this qrodn, fire erebolunis BB2King INS.

For Mus - > ' , rwar,d.pringr:. nt. 319-3 an
reverse g??i#eéf {h%tcﬁ @ﬁ?&rh%@bégc E%%?ﬁé%‘é r nfrﬁ%c?B’é’S% Soﬁn%ﬂA’éoBL?%ez r ig'Br V\gﬁﬂr
pri mer: rimdal4h2EABmanchro8y i GRtepizbaRhd tR5inBlsicAGdsed! 4he Arftalions afidwanment
subunit NF-L (a%cesm on, # X05608), forward prinmer: nt 3155-3173 and
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AUGUST  Z08de 00 39%6154%9& P}%I/HHIS%EO ZIEZBBO €is f’e% mn place for an additional 5 min after the

20 injection and then withdrawn slowly. The incisionis closed with wound clips. For the
transplantation of the expanded and/or differentiated MNCs, the cells are lifted from the
culture flasks with gentle mechanical trituration or lifted with trypsin (0.25%) and 1mM
EDTA at 37 C for 3-4 min and washed three times with HBSS + 15mM HEPES. Cell
concentrationis adjusted to 100,000 cells/ul,

25
Behavioral testing methods. Twenty-four hours after stroke, the animals undergo a
standardized neurological screening exam measuring 5 motor and postural activities to verify
the extent of the MCAO damage. This battery is repeated at one month post stroke. In
addition, the animals are tested at both time points in the Passive Avoidance test of learning

30 and memory. In the acquisition phase of the test, the animal is placed on a platform in the
corner of a Plexiglas cage. When it steps off the platform, the rat will receive a scrambled
foot shock (approximately 2mA) for as long as it remains off the platform. Leamning is

measured by the amount of time required for the rat to remain on the platform continuously



assay). An aliquot corresponding to 10 p.g of total protein of each
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menory. In the acquisition phase of the test, the animal is placed on a
platformin the comer of a Plexiglas cage. Wien it steps off the platform
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washed 3 times with phosphate buffered saline prior to beginning immunocytochemistry.

Tissue Preparation of Brain Sections. The rats are sacrificed under deep chloral hydrate
(10%) anesthesia and transcardial perfusion of the brain with 50 ml of 0.1 M phosphate

buffer (PB) and then 250 ml 4% paraformaldehyde in 0.1 M PB performed. The brain is

25 removed, post-fixed for 24 hr and cryopreserved in 20% sucrose prior to cutting 30 pm thick

frozen sections through the forebrain,
Immunchistochemistry. Single and double immunofluorescence histochemistry are
performed.  Briefly, the floating sections will first be quenched by incubation in a 10%
methanol, 3% hydrogen peroxide solution in phosphate buffered saline (PBS) followed by
30 pre-incubation in 10% normal serum (horse or goat;' Vector) in 0.3% Triton-X100 (Sigma) in
PBS. The sections are transferred to primary antibody in 2% normal serum, 0.3 % Triton X-
100/PBS and incubated overnight at 4°C. The primary antibodies that are used include:
Musashi-1 (donated by Prof. H. Okano), Nestin (1:200, Chemi-Con); vimentin (1:500
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20 shifted through the section and the number of positive profiles not present at the top of the

section is counted.
Analysis. The number of animals to be used in these studies was based on a power analysis of
data obtained in previous experiments in this laboratory. The analysis showed that a minimum
of 10 animals per group is needed to find a difference in the variables of interest at a
25 significance level of p < .05. All quantifiable results are expressed as mean + sem and are
~ analyzed using Analysis of Variance (ANOVA). All post-hoc tests are conducted using a
Scheffé test.

Identification and Isolation of Stem/progenitor Cells Present in Umbilical Cord Blood
30

The ideal way to identify and isolate neural progenitor cells among the heterogeneous
population of mononuclear cord blood cells is to utilize a cell surface marker to which a

fluorescent or magnetic bead antibody tag is attached to facilitate sorting and separation.
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anal ysis showed that a mininum of 10 animals per group is needed to find a
difference in the variables of interest at a 25 significance level of p <

.05. Al |ExpeaimhérithbDbeigs e WY iﬁsmﬂpan@x%raeag QeurabproBafitor QM A @L & cGfaal yzed
usi ng Anal ysis of Variance (ANOVA). post - hoc tests aré conducted using
a Sc heg’li‘é’dt ¢edls transfected with the gene for GFP, driven by the neuronal promoter e.-tubulin-1
(Tal) or by the Mushashi-1 promoter. Mononuclear cells are obtained from the placental
20 stump of the umbilical cord after delivery and processed by Ficoll centrifugation (See
General Methods). This results in nearly 100% recovery of mononuclear cells. These cells
are cryopreserved in aliquots of 2 million cells until they are to be used. After thawing, and
plating in culture flasks in supplemented minimal essential medium (DMEM) plus FBS 10%
for 48 hrs, the medium is changed to “Neural Progenitor Proliferation Medium” for 2 days
25 (See Methods for definition of the media). Then, the mononuclear cells are transfected in a
suspension culture with a plasmid or viral vector containing the gene for GFP under the
control of P/Tal or Musashi-1 (See General Methods for details on Transfection technique
and description of the vectors). After a 6-hour transfection, the cells are spun down,
resuspended in “Neural Progenitor Proliferation Medium” and plated in small culture flasks
30 (See General Methods). GFP should typically be expressed by appropriate target cells
within 2 days of transfection. Flow cytometry and sorting of GFP+ cells are performed after
2-7 days in culture. Cells are washed, dissociated and analyzed by light forward and right-
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Usi ng this approach, neural progenitors and young neurons have been
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20 12.5%, we cstimate that for every 5 X 10° cord blood cells processed, we shall obtain 625-
1000 neural precursor cells. However, using an adenoviral vector results in 2 much greater
trimsfcclion cfficiency. For that reason we also use a AE1 adenovirus bearing hGFP under
the control of the Musashi promoter (AdP/Musashi:hGFP) provided generously by H. Okano
of Japan.
25
In an alternative method, we first identify the least committed stem-like cells from the
mononuclear cells in the cord blood and isolate this population from both CD34+ and CD34-
celis prior to inducing proliferation and promoter-based isolation of neural progenitors. The
basic premise of this strategy is that stem cells are quiescent and express very few cell surface
30  markers, except during a proliferation phase. Primitive stem cells fail to stain with Hoescht
33342 and Pyronin Y and can be separated on this basis using FACS. Further, separation of

cells that express P-gp, the transmembrane protein product of the multiple drug resistance
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These cells are plated in Corning T75 flasks with “Neural Progenitor Proliferation Medium”.

This serum-free, defined medium contains epidermal growth factor (EGF) and basic

20 fibroblast growth factor (bFGF) and is used to induce proliferation of neural stem cells
derived from fetal or adult brains. Once the cultures reach confluence (about 1 week), the
cells are lifted by incubationlwith 0.25% trypsin, and 1 mM EDTA for 3-4 minutes. An
aliquot of cells is replated with BrdU to assess the proportion of cells that are actively
proliferating. The cells are replated after 1:3 dilution with Neural Progenitor Proliferation

25 medium. Cell yield and viability is also determined with the trypan blue dye exclusion assay

after each passage, for at least five passages.

Results. Neural stem cells proliferate with exposure to EGF or bFGF and the combination
of these growth factors optimally allow for the continuous, rapid expansion and passaging of
human neural stem cells. Alternatively, there is an extensive list of trophic factors and

30 cytokines that may be more or less effective in inducing proliferation. These include other

members of the EGF family such as transforming growth factor (TGF)-, arnphirégulin,
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20 subpopulations with the greatest proliferative capacity as determined above (GFP+ cells) are

replated in 35 mm culture dishes in the presénce of a “neuronal differentiation medium™ (See
Methods for definition) and a series of specific neurotrbphic factors. The first to be tried are
brain derived neurotrophic factor (BDNF, 10 ng/rill) since this media has been used
previously with bone marrow stromal cells to differentiate the cells along neural lineages.

25 After 7-14 days in vitro (DIV), cultures are processed for Western blotting, RT-PCR and
immunocytochemistry to identify cells that express neural markers. The markers to be
examined include nestin, vimentin, glial fibrillary acidic protein (GFAP) to label astrocytes,
O4, myelin basic protein and CNPase to identify oligodendrocytes and NeuN, B-tubulin class
11, Hu, Neuron-Specific Nuclear antigen (NeuN), human specific neurofilament and

30 microtubule associated protein (MAP-2) to identify neurons. Quantification is described in
the General Methods,
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20 oligodendrocytes in the brain.

Experimental Design. Sprague Dawley rats (n=10/group) are assigned to one of the
following groups: 1) Middle cerebral artery occlusion (MCAOQ); 2) MCAO with a striatal
transplant of freshly isolated mononuclear cells; 3) and 4) MCAO + expanded GFP+ cells

25 from the two subpopulations with the highest proliferative capacity as determined above; 5)

- and 6) MCAO + expanded/minimally differentiated GFP+ cells as determined above. The

untreated cord blood cells in group 2 are labeled with the fluorescent dye PKH26 for later
identification in the brain and then transplanted into the striatum in the penumbral region of
the infarct. (The isolated neural progenitors will already be labeled by the GFP). The

30 animals are evaluated on a series of behavioral measures and a neurological exam at 24 hr
and one month. This includes two paradigms we have used to demonstrate behavioral
deficits after stroke and recovery following transplantation, the passive avoidance test of

cognitive function and the rotorod test of motor coordination. The animals will then be
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20
In a small series of pilot studies, the cord blood mononuclear cells were transplanted

into the striatum of animals that had either undergone a permanent or temporary (1 hr) middle
cerebral artery occlusion (MCAQ). The cells (500,000 cells/implant) were transplanted
immediately upon thawing or were treated in culture for a week with various trophic factors

25  (BDNF, NGF, EGF + bFGF) prior to transplantation. Preliminary results obtained from the
temporary stroke model revealed differences between the groups on the rotorod test of motor
coordination. Animals which received the retinoic acid + NGF treated mononuclear cells
were able to stay on a rotating axle longer and fell off fewer times in the 3 minute test period
than did all other animals in the study. This study evidenced that the umbilical blood cells

30  provide a novel cell source for transplantation in stroke which can improve function.

Example: Parenteral administration of Cord Blood Fractions in the Treatment of
Neurological Damage from Ischemia (Stroke)
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t r ophtEUPER PBRE aﬂ@*{lﬁbﬂ%ﬂ'ﬁf&@}lﬂ%@ﬁﬁw% peptysiph modified incsn shpetent Coan, et al., J

Prel i @epay BidogSiolSreRibai9d9d 2{4)08 £B88]. The right common carotid artery, external carotid
artery (ECA) and internal carotid artery (ICA) were exposed. A length of 4-0 monofilament nylon

suture (18.5-19.5 mm), determined by the animal weight, with its tip rounded by heating near a
0 flame, was advanced from the ECA into the lumen of the ICA until it blocked the origin of the MCA.
Two hours after MCAo, animals were reanaesthetized with halothane and reperfusion was performed

by withdrawal of the suture until the tip cleared the lumen of the ECA.

(1)

3. In vitro-Chemotaxis Assa
| 1) Ischemia brain tissue extracts:

Animals were sacrificed at 6h, 24h and 1w (n=3 per time point) after the onset of MCAo; a
normal control group (n=3) was employed in which the animals were not subjected to surgical
procedures. Tissue extracts were obtained from the experimental rats and control rats. Forebrain
) tissues were immediately obtained from interaural 12 mm to interaural 2 mm [Paxinos et al, The Rat
Brain in Stereotaxic Coordinates. Academic Press, San Diego. 1986]. Each specimen was dissected
on a bed of ice into hemispheres ipsilateral right side and contralateral to the MCAo. The tissue

sections were homogenized by adding IMDM (150mg tissue /ml IMDM) and incubated on ice 10
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17 AUGUST 2004 WD 01/66698 57 PCTI US01/ 07200 Met hods and Materials 1. HUCB
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cyt omi{eaatblog s 84 33566909 Witk ebrhe MbMREEatioh! HUOBY W&k d8duapdérded id ATV T&rum
dilution is_approximately 3x106 HUCB in 500 gl saline for injection in
each M€} abl9 celigimbal Wentidivaguisrolitory pfttisgeg extygesy prepargd Srqm -ggnalwndy kschemic
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car ot irdo thar loerey welEOARs thied meatwgedial carotid artery (1 CA) were exposed. A

| ength of 4-0 nonofilanment nylon suture (18.5-19.5 mm, determ ned by the
animal weight, with its tip rounded by heating near a D flane, was advanced

from t hey EpAJIERathén t WilERURtRi he | CA until it blocked the origin of the
MCA. Two hours after 0, animals were reanaesthetized with hal ot hane and

r eper f udixperimentgbgfospse@roubyl Wiontrdhalwil Ao hlonh evithottdmon ngll hdrhindsttaitipn
? "o i
clear gd 1NCaHATER B8 REmESUCE Riis iMetied inraviSoRid st 344 5Rer MCAo (n=6); The
animals of group 1, 2 were sacrificed at 14 days after MCAo. In order to test the effects of delayed (7

day) treatment, we included two additional groups. Group 3 (Control): MCAo alone without donor
cell administration (n=5) and rats were sacrificed at 35 days after MCAo; Group 4: 3x10° HUCB

) cells were injected intravenously at 7 days after MCAo and rats were sacrificed at 35 days after
MCAo (n=5).

Implantation procedures: At 1 or 7 days post-ischemia, randomly selected animals received
HUCB. Animals were anesthetized with 3.5% halothane and then maintained with 1.0-2.0%
i halothane in 70% N,;O and 30% O; using a face mask mounted in a Kopf stereotaxic frame.

Approximately, 3x10° HUCB celis in 0.5 ml total fluid volume were injected into a tail vein.
Functional tests: In all animals, a battery of behavioral tests were performed before MCAo, and
at 1,7, 14, 21, 28, 35 days afier MCAo by an investigator who was blinded to the experimental

| groups. The battery of tests consisted of:

1) Rotarod test: An accelerating rotarod was used to measure rat motor function [Hamm RJ, J
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random y sel ected a | s.recejved HUCB. Aninsls were anesthetized with
3. BoTERY B NGNS i ofS N §¢ FF&BH% theyivere sulyegted to MCAo.

3} Modified Neurological severity score {mNSS): [Borlongaﬁ, Brain Res; 676(1): 231-234
1995; Shohami, Brain Res, 674(1): 55-62, 1995; Chen, Neurotrauma.1996;13(10):557-568  1996;
Shaller Adv Neurol, 73:229-238, 1997]. Neurological function was graded on a scale of 0 to 18
(normal score 0; maximal deficit score 18). mNSS is a composite of motor, sensory, reflex and
balance tests [Germano, J Neurotrauma;11(3):345-353 1994]. In the severity scores of injury, one score
point is awarded for the inability to perform the test or for the lack of a tested reflex; thus, the higher

score, the more severe is the injury.

5. Histological and immunohistechemical assessment:

Animals were allowed to survive for 14 or 35 days after MCAo, and at that time animals
were reanaesthetized with ketamine (44 mg/kg) and xylazine (13 mg/kg). Rat brains were fixed by
transcardial perfusion with saline, followed by perfusion and immersion in 4% paraformadehyde,

and the brain, heart, liver, spleen, lung, kidney and muscle were embedded in paraffin. The cerebral



I hal ot hane in 70% N20 and 30% 02 using a face mask nmounted in a Kopf
stereotaxic frame. Approximately, 3x106 HUCB cells in 0.5 nl 7oAHGUS$TI2004
volune were injected into a tail vein. Functional tests: In all aninals, a
battery ofwdefiressboral tests were perforned before MCAo, anecramsoflo7200 14,
21, 28, 35 days after MCAo by an investti gator who was blinded to the
experimental i groups. The battery of tests consisted of 1) Rotarod test:

An ac rating.,r.ot arod_was ,us e rat nct

1 AR Sk el BTl e TR G ab AR A e S b Snt R SRR e 7
1994; seatiendSwest cud i 8dchlbi@ok iAkheBoroR@iGhne akfdewérastinkadneittPhangex i afdd@sin
rotarod cylinder and the tine the animals renmi ned on the rotarod was

meas WEYE). THee sqyse draisseciprpnpyre esedasing theotiobal bab dwagnangysinsysiem @ata
MmN, Aahih@bn qu)rbf MAY T8 1R reétellegloﬁf{reat ha \R/Hﬂg 9 1nta9(r Loped ﬁ-IQEi gﬁl\fé ?E

and spun ar oun two ‘consecutive revol utions Wt ou attenpti ng
on i hdneisphengsvas Shetrastehfibm the peeatafdhe ednttlatersd himisphere, I\;@dbocal&ﬂﬂed’r@ﬁmanson,

duratiopn (in,secopds nth deyi c recorded wth 3 rotaro

Tenout cHebBBRe ey BiAh oaF G SR T Etct sbluink, & pibEtdhies s sglume
per C&itr&aea fofﬁﬁ‘@lés%rc%iﬂp%d(té 'ﬂ[e%nhﬁla@érﬂ)heﬁﬂ Zﬁhlé& rotarod conpared with the
I nt ernal basel I ne control (before surgery) Adhesi ve-renoval

somat osensory test [Schallert, Brain Res 379( 1) 104- 111 1986; Hernandez,

Exp  Neur oding ﬂe%ﬁ%ﬁoubfehﬁma%hﬂs&%ﬁemmﬁa&m 1011'm§:qaes 838(40%)1-101 4999 46as
2000; and Chen Neur ophar macol o% mﬁi&? 6 2000 Somat osensory

def i cised mgdem&smll;ddwﬁ fiore @Mdmd/earyfﬁnmlockrwmomed from the

fam I t Vi

b oot B ndidslhd MErkERhullg SMG AT TENainald, ol Brigha 1BH gl ohs soif? of BE
as bith@keeadiodsas vatieus tevels 100 ﬂmcmtbymgwabemﬂlfﬁﬁmtm Bldbiabnd @teihaly¥et Rging
wist. of each forelinb. The rat was _then returned to its cafgraé]épThe tlrre to

r enoViight aed flpreseant snietoseAPy d Cdympwss Biire)- locdaters thegfistgbytiong
| ndi VdeHUR oftfet %lég%ﬁg g?% P ﬁﬂa}%ﬁé@c{nhkﬁﬁ% and mu@clc,ﬁ%{ngrrﬁar?d% grs\éctu%]lﬁe(ti

aninmals were tr day’s era were able tor rmve
dot s pm tthick, 100 slacuﬁd:sral)tﬂ'm eaglr er@ub,ymtobthzmezd MdAmmizErs MABI2&8dreactive cells

USR8 M PELFT NSE21ey 5SS ORISR AR, ot TR0 145
13( 1Gy imaBiderS 66 hkBRRs [veR], keI, AQﬁ/NMﬁ—U[ @5%1)7731 @%%&ﬂ&%@i&afﬁh‘%ﬁ&h %ﬁbtﬁﬁis
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cells is based on the evaluation of an average of 10 histology slides of brain, 3 slides from each organ

per experimental animal.

To visualize the cellular co-localization of MAB1281 and cell-type-specific markers in the
same cells, fluorescein isothiocyanate conjugated antibody (FITC, Calbiochem, CA and red cyanine-
5.18) was employed for double-label immunoreactivity. Each coronal section was first treated with
the primary MAb1281 mAb with FITC staining for identification HUCB. As described above, and
were followed with cell-type-specific antibodies, a neuronal nuclear antigen (NeuN for neurons,
dilution 1:200; Chemicon, CA), microtubule associated protein 2 (MAP-2 for neurons, dilution
1:200; Boehringer Mannheim) and glial fibrillary acidic protein (GFAP for astrocytes, dilution
1:1000; Dako, CA) and FVIII (Von Willebrand Factor, dilution:1:400; Dako)with CY5 staining.
Negative control sections from each animal received identical preparations for immunohistochemical

staining, except that primary antibodies were omitted. A total of 500 MAb1281 positive cells per



score, the nore severe is the injury. 5. Hi stological d
| mmuno- hi si pchem gg] assessnent: Aninals were allowed to survipreAOGUST 2004
35 days after MCAo, and at that tine animals were reanaesthetized with

ket am ne MAonefhy)) and xyl azine (13 ng/ kg). Rat brai ns weperikaaddy
transcardi al perfusion with saline, falklowed by perfusion and i Mmersion in

4% par af ormadehyde, and the brain, heart, liver, spleen, lung, kidney and
muscl e were enbedded in paraffin. The cerebral 17 AUGUST 2004 WO 01/ 66698
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coro bl . seri f jacent. 6pmthick sections were cut from each
bl oc@g%kﬁrst@g@&ﬁ@ﬁm%ﬁgﬂ)ﬁﬁﬁ@“@? B wi t h hemat oxylin and eosin
(H&E). The seven brain sections were traced using the d obal Lab I nage
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marrow), 3 sections (6 pmthick, 100 urn interval) from organ were
obt 4L amufarmrbay e papdipgrtion apd fiSv en dekzldirectimasur ed. MAB 1281 ( Mbuse
Anti - human nucl ei nonocl onal anti body, Chemicon International, Inc) is
mar kers for human [Vescovi, et al., Exp Neurol; 156(1):71-83 1999]. After
depar aéfStatigtital dmalesdcit i ons were placed in boiled citrate buffer (pH 6.0)
within a m crowave oven (650-720W. After blocking in normal serum
sections were treated with the nonocl onal anti body (mAb) agai nst MAB 1281

di luted atheleB i j i i f ' i fi.cation .
Anal ys s OF PRD S agaibl (Sl Sincit kg0 84 shERRS) WA o
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experient al _anjinmal.. To. visualize the cellu]ar co-localization of MAB 1281
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5.18) was enpl oyed for double-Iabel imunoreactivity. Each coronas section

was S9ndustedt $og he piifict Bf treatment at each time point at level 0.05. Otherwise, the subgroup
analysis would be considered as exploratory. The means (STD) and p-value for testing the difference

between treated and control groups are presented.

To evaluate the chemotactic activity of HUCB migration, counts of intact celis were
performed on the normal brain tissue extracts, and ischemic brain tissue extracts at 6h, 24h and 1
week of ischemic onset. We tested the normality and equal variances of each outcome measure. Data
transformation or permutation tests would be considered, if data were ill behaved. The HUCB
migration active were evaluated between normal tissue and ischemic tissues, respectively. The main

effect was significant at level 0.05, then subgroup analysis would be considered with a significant
effect at level of 0.05. The means (std) are reported.

Results



the primary MAb1281 mAb with FITC staining for identification HUCB. As
descri bed above, and were followed with cell-type-specific arti AUGUST 2004
neuronal nucl ear antigen (NeuN for neurons, dilution 1:200; Chem con, CA),
m cr ot ubulVBO83/6@8% at ed protein 2 (MAP-2 for neurons, dil utipgn/ushbi@Des
Boehringer Mannheim and glial fibrilleary acidic protein (GFAP for
astrocytes, dilution 1:1000; Dako, CA) and FVH (Von WI I ebrand Factor,
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t he behavior score. If an interaction of treatnment by tine or overall
treatnment effect were significant at the 0.05 | evel, the subgroup anal ysis
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S R AT TR MO
consi dgihlg. HUCBRLAIVEN Aidl Wére ReMSHMAED tB&HdYPRhe damaged brain of recipient rats [Fig.
5]. MABI1281 reactive cells were observed in multiple areas of the ipsilateral hemisphere, including
cortices and striatum of the ipsilateral hemisphere. The vast majority of MAB1281 reactive cells
were located in the ischemic boundary zone [Fig. 5]. Few cells were observed in the contralateral
hemisphere. The data indicate that HUCB cells delivered to brain via an intravenous route preferably
migrate into the mjured tissue. Some MAB 1281 positive cells encircle vessels, and some cells were

detected in the nuclei of the capillary endothelial cells surrounding the injury area [Fig. 5]. .

Double staining immunohistochemistry of brain sections revealed that some MAB1281-
positive cells were reactive for the astrocyte marker GEAP, neuronal markers NeuN and MAP-2, for
endothelial cell marker FVIIL. The percentage of MAB1281 labeled expressed GFAP, NeuN, MAP-2
and FVIII proteins was (~6)%, (~3)%, (~2%) and (~8%), respectively.

Ischemia brain tissue extract assay on HUCB migration:



m gration active were eval uated between normal tissue and ischem c tissues,
respectively. The main effect was significant at |evel 0.05, 17hRUOGUST2ZO0H
anal ysis woul d be considered with a significant effect at |evel of 0.05.
The neanswostigpésar e reported. Results 17 AUGUST 2004 WO 01p@EH683/07200
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In this study, it is shown that intravenous infusion of HUCB enter brain, survive,
differentiate and reduce neuro]ogidal deficits after stroke. In the study, a small percentage of HUCB
5 cells expressed proteins phenotypic of neuronal-like cells. Functional recovery was found within

days after administration HUCB,

It was also shown that more HUCB were found in the lesioned hemisphere than in the intact
Hemisphere as well as that ischemic brain tissue extracts induced migration of HUCB, suggesting

) thatischemia induced chemotactic factors facilitate UCB migration.

The results described herein show that HUCB treatment at 24 h after MCAo in the present

studies produced significant improved functional recovery (motor rotarod, somatosensory adhesive-



positive cells were reactive for the astrocyte marker GFAP, neuronal

mar kers NeuN and MAP-2, for endothelial cell marker FVIII. THg AUGLEST 2004
of MAB 1281 | abel ed expressed GFAP, NeuN, MAP-2 and FVH proteins was
(-6)% (-3OP1/¢66289 and (-8%, respectively. |schem a brai pcrivsoye2ext r act
assay. on HUCB migration: 17 AUGUST 2004 WD 01/ 66698 63 PCT/ UStt 1/ 07200 HUCB
cells mgrate in the presence of normal brain tissue and i schemc tissue
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brain that may facilitate to functional recovery after MCAo. this

st udy,°Tigens traasdertherapantiq entioas.enous i nf usi on of HUCB enter brain, survive,
differentiate and reduce neurol ogical deficits after stroke. In the study,

a small percentage of HUCB 5 cells expressed proteins phenotypic of
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treatment of stroke.

'0 Example: Parenteral Administration of Human Umbilical Cord Blood in
Reducing Neurological Deficits After Traumatic Brain Injury

Materials and Methods

5 Preparation of Human Umbilical Cord Blood for Injection. The human umbilical cord blood
used was a gift from Cryocell International, INC. (Clearwater, Florida). The specimen was

stored in liquid nitrogen and the cells were restored at 37° C. After centrifugation at 1000

rpm/min for 10 min at 4° C, the supematant was removed and the cells were washed with 0.1
M PBS two times. 30 ul of the cell suspension was mixed with 30 ul of 0.4 % trypan blue
0 stain and the number of the viable cells was counted with a hemacytometer and a counter

under a phase contrast microscope. The total number of the harvested cells was calculated

and the final dilution was 2 x 100 cells in 300 p! saline.



that ischem a induced chenptactic factors facilitate UCB m gration. The
results described herein show that HUCB treatnent at 24 h after7 NOSUST 2004
present studies produced significant inproved functional recovery (notor
rotarod, swoat/esensory adhesive 17 AUG UST 2004 WO 01/ 66698cBfse1/07200

PCT/ US01/ 07200 renmpoval test and NSS sa@mres) after stroke. Treatnment with
HUCB at 7 days after MCAo showed functional recovery only on NSS test
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nunber of the viable cells was counted with a hemacytoneter and a counter
under a phase contrast m croscope. The total nunber of the harvested cells

was cal Eiskiad Béparation. (1) Paraffin sections: Four animals from each group were euthanized

with an overdose of ketamine and xylazine administered intraperitoneally and perfused with

20  infra-cardiac heparinized saline followed by 10% buffered formalin. The brains, hearts, lungs,
livers, kidneys, spleens, muscle and bone marrow were removed and stored in 10% buffered
formalin for 24 hours. Seven standard 2 mm thick blocks were cut on a rodent brain matrix
and then embedded with paraffin. Two millimeter thick blocks of the other organs were also
cut and embedded with paraffin. A series of adjacent 6 gm thick sections were cut and a

25 section of each block of the brain and other organs was stained with H&E. Standard H&E
staining was employed for morphological analysis under light microscopy. (2) Vibratome
sections: An additional four rats from each group received the intravenous administration of 1
m] of saline containing fluorescein isothiocyanate (FITC)-dextran (50 mlg/ml, 2 x10 ¢
molecular weight; Sigma, St. Louis, MO). This dye circulated for 1 min, after which the

30 anesthetized rats were killed by decapitation. The brains were rapidly removed from severed

heads and placed in 4 % paraformaldehyde at 4 °C for 48 hr. Coronal sections (100 [tm) were

cut on a vibratome,



and the final dilution was 2 x 106 cells in 300 | saline. 17 AUGUST 2004 WO
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20 conjugated F (ab') fragment were subsequently processed for identification of a human
cellular nuclei antigen with a primary mouse anti-human nuclei monoclonal antibody,
MABI128] (dilution, 1: 200) and a Cy5-conjugated F (ab')2 fragment rabbit anti-mouse IgG
(dilution, 1: 20). The slides were analyzed using a fluorescent microscope (Olympus, BH-2).
Negative control sections from each animal received identical staining preparation, except

25  that the primary antibodies or the secondary antibodies were omitted.

Three-dimensional image acquisition. In order to observe the relation of the donor's cells with
the cerebral vessels, the vibratome sections were analyzed with a Bio-Rad (Cambridge, MA)
MRC 1024 (argon and krypton) laser-scanning confocal imaging system mounted onto a
30 Zeiss microscope (Bio-Rad). With the FITC-perfused tissue samples from each group, 10
~ vibratome sections from interaural 6.38 mm to interaural 1.0 nun (Paxions and Watson, 1986)
at 2 mm interval were screened at 488 nm under a 10 x objective lens. Sections stained with

the MAB antibody (Cy5) were excited by a laser beam at 647 nm.
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20 ensure stable baselines. After TBI and TBI following administration of HUCB or saline, the

rats were tested on days 1,4, 7, 14 and 28 until sacrifice. The motor test data are shown as a
percentage of an average of five trials on the rotarod test compared with the internal baseline

values,

25 Twenty four hours after TBI or administration of HUCB or saline, all rats were
~ evaluated using the neurological severity scores (NSS). NSS is a composite of the motor
(muscle status, abnormal movement), sensory {visual, tactile and proprioceptive) and reflex
tests. One point was given for failure to perform a task. Thus, the higher score, the more
severe is injury, with a maximum of 14 points. Rats were reevaluated on days 1, 4, 7, 14 and
30 28 after the treatment. All measurements were performed by observers blinded to individual

treatment.

Statistical Analysis. NSS and Rotarod tested scores were measured before injury and at 1, 4,



vi bratonme sections frominteraural 6.38 mmto interaural 1.0 nun (Paxions
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or saline, the rats were tested on days 1,4, 7, 14 and 28 until sacrifice.
The notor test data are shown as a percentage of an average of five trials
on the rotarod test conpared with the internal baseline values. 25 Twenty
four hours after TBI or admi nistration of HUCB or saline, all rats were
eval uated using the neurol ogical severity scores (NSS). NSS is a conposite
of the nmotor (nuscle status, abnormal novenent), sensory (visual, tactile
and proprioceptive) and reflex tests. One point was given for failure to
performa task. Thus, the higher score, the nore



severe is injury, with a maxi rumof 14 points. Rats were reeval uated on
days 1, 4, 7, 14 and 30 28 after the treatnent. Al neasureneMZBZAVSUST 2004
performed by observers blinded to individual treatnent. Statistical
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TBI. The nunbers of MAB 1281 reactive cells were counted at 28 days after
treat ment Resitsvere primarily interested in the effect of HUCB on the
recovery of NSS. The anal ysis began by testing the difference in nmeans of
NSS between the two control groups. If there was no difference between the
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the injured area. Using laser confocal microscopy, the xmpIanted cells were confirmed to be
mtegrated into sprouting vessels in the boundary zone of the injured area. The total number of
MAB 1281 positive cells migrating into the parenchyma of both the ipsilateral and
contralateral hemispheres of the brain was counted and analyzed in the TBI + HUCB group.

20 The numbers of MAB 1281 positive cells in the ipsilateral hemisphere (43,597 + 4265) were
significantly greater than those in the contralateral hemisphere (13,742 + 6471, p <0.05). The
data indicate that HUCB cells delivered to Brain via an intravenous route preferably migrate
into the injured tissue.

Phenotypical Identification of MAB 1281 reactive cells. Double fluorescent staining

25 showed that some MAB 1281 positive cells expressed neuronal markers, NeuN and MAP-2,
and an astrocytic marker, GFAP. These double-labeled cells were observed only in the
ipsilateral hemispheres of the rats in the HUCB treated group. Most of these positive cells
were located in the boundary zone of the injured area. 6.9 + 1.3 % of MAB 1281 labeled cells
in the ipsilateral hemispheres in the HUCB treated group expressed NeuN. 5.8 + 2.4 %

30  expressed MAP-2 and 9.7 +- 2.8 % expressed GFAP. These data demonstrate that some
implanted cells express neuronal and astrocytic phenotypes.

Neurological and Motor Function Evaluation. Two days after TBI, significantly

lower scores of Rotarod test and significantly higher scores of NSS in three groups compared



injection off-1UCB. A few scattered MAB 1281 positive cells were found in
t he parenchyma of these organs. In brain, MAB 1281 | abel ed cel? AUGUST 2004
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These data demonstrate that a few injected ceils migrate into the parenchyma of the
brain, heart, lung, kidney, liver, spleen, muscle and bone marrow. Because our study was
designed to measure the effect of HUCB administered intravenously on traumatic brain

25 injury, the numbers of HUCB cells (MAB 1281 positive cells) present in the cerebral
parenchyma were counted and analyzed in the TBI + HUCB group. Significantly more MAB
1281 positive cells were found in the ipsilateral hemisphere than in the contralateral
hemisphere. This indicates that the injected cells preferably migrate into the injured
hemisphere, especially to the boundary zone of the injured area after TBI and that nearly all

30  ofthe MAB 1281 positive cells expressing NeuN, MAP-2 and GFAP were located in the
ipsilateral hemisphere, demonstrating that the micro-environment of the brain after injury
may benefit the induction of the differentiation of HUCB stem cells into the neural cell
phenotype.



caused by TBI. 10 Conclusions The major findings of the above-descri bed
experinments were. (1) HUCB cells injected intravenously enter70AHGUDY 2004
28 after HUCB cell administration; (2) intravenous injection 15 ogHUCB
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adm nistration; (3) the cells migrati7mg into the parenchyma of the brain
express the neuronal markers, NeuN and MAP-2, and the astrocytic marker,
GFAP; (4) HUCB cells integrated into the vascular wall wthin target

organ; (5) the r ' r_or n ri.mari .
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neur ol ogi cal behavioral deficits were significantly reduced in the rats
subjected to TBI in the 10 above-descri bed experinents. These 1faAHGUST 2804
that intravenous adm nistration of HUCB can effectively inprove the

neur ol ogi cal outcone in rats after TBI and that intravenous admnistration
of HUCB to patients suffering danage to the brain and/or spinal cord
represents a viable therapeutic appros\z for treating such injuries,
including traumatic brain injury 15 | e the invention has been descri bed
her ei nabove, care should be taken not to limt the invention in a manner
which is unintended and is inconsistent with the invention as set forth in
the follow HAl s, 17 AUGUST 2004 72 Cdainms: 1. A method of producing
neural cells fromunbilical cord blood conprising: (a) obtaining a sanple
of nononucl ear cells fromsaid unbilical .cord blood, wherein said
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nononJdBpleaHes; and miixtares thereof.

of

3. The method according to claim 1, wherein said differentiation agent is a mixture of
retinoic acid and NGF.

4. The method according to claim 2, wherein said differentiation agent comprises fetal or

mature neuronal cells selected from the group consisting of mesencephalic cells and striatal cells.

5. A method of producing neural cells from umbilical cord blood compnsmg

(a) obtaining a sample of mononuclear cells from said umbilical cord blood, wherein
said mononuclear cells comprise pluripotent stem or progenitor cells;

(b) selecting for and isolating said pluripotent stem or progenitor cells within said sample
of mononuclear cells; and

(¢) growing said stem or progenitor cells from step (b) in a culture medium containing an

effective amount of a differentiation agent for a period sufficient to change the phenotype of said

stem or progenitor cells to neural.



(c) growing said stemor progenitor cells fromstep (b) in a culture medium
containing an effective amount of a differentiation agent forl7aAp&UST 2004
sufficient to change the phenotype of said stemor progenitor cells to
neural . 17 AUGUST 2004 73 6. The nethod according to claim5, wherein said
selecting and isolating step (b) is carried out using a nmagnetic cell
separator to separate out cells containing a CD marker. 7. The net hod
according to claimb5, wherein said di ffet enti ation agent is selected from
the group consisting of retinoic acid, fetal or mature neuronal cells,
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si | ence‘?"’ér,‘e‘tﬂé,“sﬁg@tféwlewaﬁ’s$epgtaIMplsqia€:i§aSut deRylEattaiBHRESTO MarkdR! ecul es,
and ‘m xtures thereof 8. A nethod of producing neural cells fromunbilical
cord bl ood conprising: (a) . obtaining a sanple of nononuclear cells from
sai d unbili cal Tﬁ@ﬁﬁﬂmd%g@rdm%ea $ % u ar..cells conprise, =
pl uripofent stem or progenitor ceiﬁfns;’a‘%' rgﬁgggi\%icﬁgg%egfl%fl%%ﬂ%ISG%?te%@O%
from st'8p B[P qonsipting 0 f retinoinadid, fetalontmituienguehal QilfseBDNIS GIREWGES FAE
differ k AENGR t r perio ufficient to change the phenotype of
said S‘IF%IE’?%M eh%T sﬁ%’elﬁﬁng(S}r?’og@h 3@% ESF KTl interferemi wiiastathyirening, thyroxine,
nononuekthgopaietin, shiothtopbich,; sdddefsCite! ipg. for and isolating, sajd.
neur al n%ﬁ‘lacli@ from sai dgpl uri pot ent” s%ﬁ%ﬁ{%&gﬁgﬁ tgg'lp()prc?gql‘?ss ‘Wl‘ghia&f@%ﬂnd
sanpl e Gofstmixdpreg Biefapfby essentially elininating fromsaid sanpl e
nononucl ear cells having a CD narker. 9. The nethod according to claim8,
wherein said selecting and isolating step (c) is <carried out using a
magneti c celdl fsmpthodiofprodaciagpeim! SelRYtons BlbsSi b CD nar ker. 10.
The met hod rﬁ]coi)dln to claims8, wherein ?&alcg%%gpgﬁ?i%%t%%ﬂn%gent is
sel ected fr&th ® ﬁ'@“ﬁ% dumplnef managudear el froincsaid uehbilical @brdoklod@twiiein
neur ongdid efInbsuclGPNEL ' ; e G F BWP LIF GGF, TNF, |G,
> GoRMirisg Ripolor o nrmegRitoreeil

CSF, KIT, i B;)erfe(on, tritiod oni ne, ert hyopoi etin,
t hr onbopoi e rgro‘é'mgeMmmnoﬁhﬂempceﬂsemghyyﬁe%n iﬂ'ay%lﬁ{retn?édﬁ'ﬁ,i 1
adheSi%cti%Eﬁﬁﬂﬁteo%’féﬁﬁd _nﬁ'j%tures t her eof. 7§%\UGUST 2004 74 1&3%@%a?hod
according to clalm 10, Wieraim aantiona peasdaniiicientdn chenpetthe pimpotype sf §4d al
or natplnspotentrstambr grRkbifiic: EREH AR SRk 05! ShL R9,of 1.
rresencephalg ¢ cel|s and stri at al .ncel I's. Bﬁ?&rn?éh%nﬁaearcehs (hneliral; and

¢) selecting for and 1solating said neural cells from said pluripotent stem or progenitor

cells within said sample of mononuclear cells by essentially eliminating from said sample
mononuclear cells having a CD marker.

9. The method according to claim 8, wherein said selecting and isolating step (c) is

carried out using a magnetic cell separator to separate out cells containing a CD marker.

10. The method according to claim 8, wherein said differentiation agent is selected from
the group consisting of retinoic acid, fetal or mature neuronal cells, BDNF, GDNF, NGF, FGF,
TGF, CNTF, BMP, LIF, GGF, TNF, IGF, CSF, KIT, interferon, triiodothyronine, thyroxine,
erthyopoietin, thrombopoietin, silencers, SHC, proteoglycans, glycoproteins, neural adhesion
molecules, and mixtures thereof.



12. A nmethod of producing a sanple of enriched neural cells froma sanple
of nmononucl ear cells obtained fromunbilical cord bl ood conpriZAMBUSTR004
subj ecting the nononucl ear cells to an anmobunt of an anti-proliferative
agent effective to elimnate essentially all proliferating cells fromsaid
nononucl ear cell sanple; (b) exposing the remaining non-proliferating cells
fromstep (a) to a mtogen to provide a  population of differentiated cells
and qui escent cells conprising a popul at% on of pl uri potent stem or
progenitor cells; and (c) grow ng said population of said differentiated

cel l's and qulbs"Elmumﬁmdl hecotdiagnts tRfin ﬁb)whér@in%@ dedifféﬁéﬁe%m%r 480 said gui 8t%fe”t ‘

cells to the essentlI exclusion of said differentra gtcoﬁ’
met hod ALV Agirens! cells salepted frompthe sronp cdmsisting bheresaicephalic des h&hﬁ&tﬁﬁw a
cell npepylation obtained fromstep (c) to a differentiation agent

effective to induce a neural phenotype in said pluripotent stem or
progenitor cells. 14. The nethod according to claim 12, wherein said
anti-prolifglratlve qa&(g is Ara-C. . 15. The method accor di ng to clai.m 12,
wher ei n sai ¢ °§d?f@élt%@gfarmplhmf gurivhpd rRongi clls "BoRfa ahger sl

gr owt h phonsleatdnP 6,, The method according to claim 13,
wherei n said 8| ffergér(lttl at i on aggﬁltca]lcé’r%lélf’g PUBPISRS M t he group conS| stl ng

of reti noi c (gckubjedtiaf the MmbnoMICHAE cERU N orifd
T I GI(é Cg%,ﬁ%éllo'%ﬁw nt eﬁﬁgﬁglﬁ rvielag%teﬁfﬁ?tﬁ'ﬁl ne,

F BUT, . TINF, .
t hyr oggrrl\- WWWBFI&G?:PWWIM%S&dmwé moaomedar c8Hsamye,0t eogl ycans,
gl ycopr ot ei u ngd m xtures thereof. 17 AUGUST
2004 75 1;1 i hefmnil%ith (glclje%cco gé ﬁrgloefpf?%&'ﬁg‘iegl (}W%?t@i’ (@) 4o anitges torpravidasi on
agent Pepyatieaxg @rentmtecticeﬂblaadtqﬁté Eano 62l h%nﬂ)ﬁ@iﬁ? GRpR
retinojc I%Eétgtor%&# nsretinoic agl d, ansd a mx uare ldﬁg?ggpg&ﬁt@ﬁ%%em

conposi £ unbilical cord blood or a nononuclear cell fraction,

th f A f, at | I
di ff ergnt i 25“?%?“‘”“?%1 e e eal AR AR e i Blesoit sl B b

cel | fP£E15Y smf saidqpscentrsile e thetessential explusigR I k418 dE®dbfiatndpyher ei n
said anount of neural differentiation agent is effective to induce a
neural phenotype in said pluripotent stemor progenitor cells. 19. The

conposi t i ontlaceEls tiethgdtaocartinignts Idain 11, tdagH QB d Lum t
tdation agent is 3dded n ﬁle corrpeégllftlﬁmo 5’&%?% ng

whi ch di f.f er
to ol &)oﬁ]ﬁ%gi V\%béz?% friom step (Sefert idgfqr@maggg mgemts cHettbet &d induce a neural
phenotype in said pluripotent stem or progenitor cells.

14. The method according to claim 12, wherein said anti-proliferative agent is Ara-C.

15. The method according to claim 12, wherein said mitogen is selected from the- group
consisting of epidermal growth factor and pokeweed mitogen.

16. The method according to claim 13 .Wherein said différcntiation agent is selected
from the group consisting of retinoic acid, fetal or mature neuronal cells, BDNF, GDNF, NGF,
FGF TGF, CNTF, BMP, LIF, GGF, TNF, IGF, CSF, KIT, interferon, triiodothyronine,

thyroxine, erthyopoietin, thrombopoietin, silencers, SHC, proteoglycans, glycoproteins, neural
adhesion molecules, and mixtures thereof.



fromthe group consisting of retinoic acid, fetal or mature nmesencephalic
or striatal cells, brain derived neurotrophic factor (BDNF), 1 AHGWST 2004
neurotrophic factor (GDNF), glial growh factor (GFF), nerve growh factor
(NGF), fibroblast growth factor (FGF), transformng growh factors (TGF),
ciliary neurotrophic factor (CNTF), bone-norphogenetic proteins (BW),

| eukem a inhibitory factor (LIF), glial__ growth factor (GG&GF), tunbr necrosis
factors (TNF), interferon, insulin- li Ke grow h factors (1 GF), col ony
stinmulating factors (CSF), KIT receptor stemcell factor (KIT-SCF),

interferon, ¥%i Tbﬂjmt’»ﬂyodcmcordmgt toyclaixi 06, wﬂéﬂéh%ﬂ%&fﬁ%énﬁatwﬁ Q%é?l@*?soﬁ’%tﬁﬁ)lc ,

glial- I i ilencer factor, neurqn restrictive sil er tactor
SRC- h %ﬁlgl &t 8%9 &% iﬁ%ﬁﬁ}e@r QUhToRsISHRg of Pissetingis Agdplldrasisretinpicatcih ghd o anisture

gl ycopegdredms, neural adhesion nol ecul es, and m xtures thereof 21. The
conposition according to claim 18, wherein said differentiation agent is
selected fromthe group consisting of retinoic acid, fetal or mature
mesencephal gg striatal cells, brain derived neurotrophic factor (BDNF),

glial deriv n‘éu‘f‘ GRS Comuisate puppicpl cepdi blpodyoowt monbmedar celBHFctiomer ve
gr owt httef&#fOin éé\ﬂﬁﬁha{uﬁﬁ%@zﬁf 1&%‘?}:{0‘?}% of ﬁ&s d(?snf-léf églg%t g‘giﬂr%ﬂa%b?&enr s

COI'T'pOSI tion accordi ng to claim1l ereln

sel ect wherein émﬂtlhi@ﬂgwbwprd:bhmdsdn mgn@{ucreaf(bé«l[ 84cttn Edthp '
f.actor . (BDNFz glial der|(\:/ec§l neurlg%yr luﬁﬁétg?tagg&gr&

d t
g;raiu\é) g“’&%u cfof "rjﬁg ﬁ Whpsi said @epn afwep%@mfé‘ergmmtwn agénids effe((tNGt'ﬁa indtiBe a The
corrposmdurﬂ ginrggldlquﬁlg&éﬁpsggm of wogg&g%rgggpr ising a cell nediumto

whi ch sai dlf erentiation agent Is a The conposition accordi ng
to claim18, wherein said differentiation agent is a mxture of retinoic

acid and nejyer acto 5 A net hod. of produci ng a pharnmaceuti cal
conposi ti oni%orrgé ?éﬁlagsg a%saé:r?ﬂT g fo Clﬁ’ﬁ’héﬁtﬁf‘ Freopwrismgreepymegiuncteenhioh t h
cel | s saal/difigremtintan agenpisaddéd/pe nar ker, said nmethod conprising: (a)

obtaining a sanple of nononuclear cells fromunbilical cord bl ood, wherein
sai d nononucl ear cells conprise stemor pr ogeni tor cells; and (b) gr ovvi ng

sai d nononugj, epy, ul.tur. di um cont ai ni n
effective amount %?{dgﬁgp?? ger"z%‘t E ‘%?1)3%1‘{128’2‘% er?l&salg %ﬁ?qeggat%qg‘e@ 18 fglegt
changdram éhg emp toppsistisfy ofaitinois taeid, ﬁatalpdreﬂametxﬁéseﬁ&bhﬁné 8r RﬁH(aPl:ellsaﬂxqm( c)

;gggb{&;@gccf %'engroﬁ'gila}lncs: 1245 t}gﬁﬁFB ' ghalséenveé ?leur\(l)mtrg;t]hlg acqgrr r(r(%IC)(Ia\Tli?t)l glillll é'owth
‘factor (GFE), nerve growth factor (NGF), fibroblast growth factor (FGF), transforming growth
factors (TGF), ciliary neurotrophic factor (CNTF), bone-morphogenetic proteins {BMP),
leukemia inhibitory factor (LIF), glial growth factor (GGF), tumor necrosis factors (INF),
interferon, insulin-like growth factors (IGF), colony stimulating factors (CSF), KIT reéeptor
stem cell factor (KIT-SCF), interferon, triiodothyronine, fhyroxine, erythropoietin,
thrombopoietin, glial-cell missing silencer factor, neuron restrictive silencer factor, SRC-

homology-2-domain-containing tra.tisfoxming protein, proteoglycans, glycoproteins, neural
adhesion molecules, and mixtures thereof.

21. The composition according to claim 18, wherein said differentiation agent is selected
from the group consisting of retinoic acid, fetal or mature mesencephalic or striatal cells, brain
derived neurotrophic factor (BDNF), glial derived neurotrophic factor (GDNF), glial growth
factor (GFF), nerve growth factor (NGF ), and mixtures thereof,



carrier, additive or excipient. 26. The nethod according to claim 25,
wherein said differentiation agent is selected fromthe group7cAUSUSST 2004
of retinoic acid, fetal or mature neuronal cells, BDNF, GDNF, NGF, FGr,
TGF, CNTF, BMP, LIF, G&, TNF, 1G-, CSF, KIT, interferon, triiodothyronine,
t hyr oxi ne, erthyopoietin, thronbopoietin, silencers, SHC proteoglycans,

gl ycoproteins, neural adhesion nolecules, and m xtures thereof. 27. The
met hod accor di ng to claim25, wherein & d differentiation agent is a

m xture of retinoic acid and NGF. 17 AUGUST 2004 77 28. The net hod

accor di ng tozbl'ﬁhmcﬂ@osmmaraeccﬁd te) cIEmAr 1Q
group g{“g%HOf mesencephal fn%l cecl | s %g»lhgfcﬂ ég?da@%re ﬁllt?&}fgggﬂs&'?ﬁg?fod

of pro u0| n Br (RESISURE ©4l MEdWss soft rebimosonyid, biaig desuedineakrophic ofattj ned
fromu NE t.ai ning a sanpl e of nononucl ear
cells 1[(?(? m s)gfkggﬂﬁirfcglv P B 0&3{[@5 EBI 03‘35\})3%% 5‘0 i9] grg\gqh% %@%4 gl nege growth

conpr i dacter @GE). progenl tor cells; (b) selecting for and isolating said

pl uri potent stem or progenitor cell's within said sanpl e of nononucl ear -
cells; (c) growing said stemor progenitor ceIIs fromstep (b) in a culture

nmedi um cont gi3Ni u fferentiation agent for a
period suffici erlrc:['g13 (?J(gn cﬁ%lr?ﬁg%%gm?@ E %%O 3-1"“ i“mPEsagASe Iﬂﬁﬁb@mto avhidel | s

to neuﬁ&llddlﬁ"ﬂ@nﬁaﬂon@gﬁxﬁumd@dsal d cells obtained fromstep (c) with a
pharmaceutically acceptable <carrier, additive or excipient. 30. The nethod
according to claim?29, wherein said sel ecti ng and isolating step (b) is

carried out 24si THe 2oABINBLA & par te out cells
contai ni.ng a CD mark Og@ 31. gl"ﬁﬁh % %a 3 q’ﬁ “5) g ‘gffﬁ%aﬁ%%ﬁ As dai d
di f f er BH¥{UER plostingje acid iand seive gtaeth fhetom t he group consisting of retinoic

acid, fetal or mature neuronal cells, BDNF, GDNF, NGF, FGF, TG, OCNTF,
BWP, LIF, G&, TNF, 1G-, CSF, KIT, interferon triiodot hyroni ne,

t hyr oxi ne, 25t I‘prometheal , prof SHC Dr.ot eo

gl ycopr ot ei n ea%ﬁ?%%%}iaggmw Wés el If‘ﬂlg‘?‘%f g@éﬁ

net hod™8F° ie('i'ﬁc,cie bﬁnﬁwaﬂﬁWemthcmllSdmnmsa newal plptyipsiMekee Wl me@bd S
obt ai rugtﬁlngﬁsq,gg unbi lical cord blood conprising: (a) obtaining a sanple of
nononucl ear cells fromsaid unbilical cord bl ood, wherein

(2) obtaining a sample of mononuclear cells from umbilical cord blood, wherein said
mononuclear cells comprise stem or pro genitor cells; and

(b) growing said mononuclear cells from step (a) in a culture medium containing an

| effective amount of a differentiation agent for a period sufficient to change the phenotype of said

-stem or progenitor cells to neural; and

() combining said cells obtained from step (b) with a pharmaceutically acceptable
carrier, addifive or excipient,

26. The methqd according to claim 25, wherein said differentiation agent is selected
from the group consisting of retinoic acid, fetal or mature neuronal cells, BDNF, GDNF, NGF,
FGF, TGF, CNTF, BMP, LIF, GGF, TNF, IGF, CSF KIT, interferon, triiodothyronine,
thyroxine, erthyopoietin, thrombopoietin, silencers, SHC, proteoglycans glycoproteins, neural

adhesion molecules, and mixtures thereof

27. The method according to claim 25, wherein said differentiation agent is a mixture of
retinoic acid and NGF. |



sai d nononucl ear cells conprise pluripotent stemor progenitor cells; . (b)
grow ng said nononuclear cells fromstep (a) in a culture nmedi1mMAUGUST 2009
an effective amount of a differentiation agent for a period sufficient to
change the phenotype of said pluripotent stemor progenitor cells within
sai d sanpl e of nononucl ear cells to neural; 17 AUGUST 2004 78 (c) selecting
for and isolating said cells having a neural phenotype from said

pluri potent stemor progenitor cells Wizhin said sanple by essentially
elimnating fromsaid sanple nononuclear cells having a CD nmarker; and (d)

combi ni ng satd 'H@& insthod acomydiag tediaih 26eRGEWPGId ﬁéﬁkﬁ{aﬁgelfsra‘i’é‘%eﬁéc % ﬁ% g th

a phar eutic accept bIe carrier, additive or excipient
met hod c%?((’:ﬂs § f presguoenilic gellsaadstipmalwel®l ecti ng and i sol ating step ¢

is carried out using a magnetic cell separator to separate out cells
containing a CD marker. 34. The nethod according to claim 32, wherein said

di f f erenti-atd%n z‘-'agmthod of gebdiei Ha®rikh r [
curonal o R ! Sl pbsh) Johe

aci d, a

BWP, LIO%Eal?idﬁéorﬁ‘Nﬁl 11Il corgbloodigomprisinger f er on, trii odot hyr oni ne,

t hyr oxi ne, gyt | etl n I enc SHC, prot eogl ycans,

gl ycopr ot ei Ss)y %ﬁﬁg?% é?%ﬂjéés |Ia g%{g?rr%ﬁ et slls 3#?&1 ﬁ"i“gt‘{!i‘i‘té]écatl [serdeblood,3whergine
met hod S@écm@mngﬁearo:cﬂb eompi3e, stamh 6f BroBersifirdelgl; f f erenti ation agent is a

m xt ure of etl n fa ‘F& qud nerve growth factor. 36. The nethod according
to ¢l ai m 32 CLRdrdng ox Mg il lAG eiewletanabr plogerbioy pellsavithin ssid esibpld
fromt hﬁn@h@ﬁ[ﬁ;l@@@@[@tl ng of mesencephalic cells and striatal cells. 37. A
met hod of producing neural cells, said method conprising exposing

pl uri pot ent (c)ssrgmr@gsagi srgampmgenmmn@ﬁbm anﬁ(b? iPALMRS IcARin &R doiib Qﬁd to
an anopugic {&earr#ft .1.on t that is_effective for changing”t

phenot ype o sal Stem or ?tbod'earﬁe f&@P’F%dEléﬁalenfetgrchangepth@nhmyp@cozsdehe

et hodste wlpasgenidr celo&d Réuralsaiqd differentiation agent is selected fromthe
group const ting of retinoic acid, fetal or mature nesencephalic or

striatal cel¥s Brbining spdeshls obéainast frophitep f(al twith § BB acelidadlly zﬂ;@épté{tﬂéi

neurotds@ﬁ&}i gdglﬁgg&rexgggﬂlf) glial gromh factor (GFF) , nerve growth
factor (NGF) fibroblast gromh factor (FGF), transformng growh factors

(TGF), ciliary neurotrophic factor (CNTF), bone-norphogenetic pr ot ei ns
(BMP), leu 79
kfdn ?‘he meﬁ'l accor%mg to claim 29, wherein said selecting and isolating step (b) is -

carried out using a magnetic cell separator fo separate out cells containing a CD marker.

31. The method according to claim 29, wherein said differentiation agent is selected
from the group consisting of retinoic acid, fetal or mature neuronal cells, BDNF, GDNF, NGF
FGF, TGF, CNTF, BMP, LIF, GGF, INF, IGF, CSF, KIT, interferon, triiodothyronine,
thyroxine, erthyopoietin, thrombopoietin, silencers, SHC, proteoglycans, glycoproteins, neunral
adhesion molecules, and mixtures thereof.

32. A method of producing a pharmaceutical composition comprising neural cells
obtained from umbilical cord blood comprising:
(a) obtaining a sample of mononuclear cells from said umbilical cord blood, wherein
said mononuclear cells comprise pluripotent stem or progenitor cells;
. (b) growing said mononuclear cells from step (a) in a culture medium containing an
effective amount of a differentiation agent for a period sufficient to change the phenotype of said

pluripotent stem or progenitor cells within said sample of mononuclear cells to neural:



inhibitory factor (LIF), glial growth factor (GGF), tunmor necrosis factors
(TNF), interferon, insulin-like growmh factors (I GF), colony st ADGEST 2004
factors (CSF), KIT receptor stemcell factor (KIT-SCF), interferon,
triiodothyronine, thyroxine, erythropoietin, thronmbopoietin, glial-cell

m ssing silencer factor, neuron restrictive silencer factor,

SRC- honol ogy- 2- domai n-contai ning transform ng protein, proteoglycans,

gl ycoproteins, neural adhesion nolecul d8, and m xtures thereof 39. An

i sol ated neural cell obtainable fromunbilical cord bl ood, wherein said

neural cell (xdsldsting fimodrid iMaﬁ@iaﬁﬂ@&IsimV%qﬁ%El%ﬂeﬁggeﬁoqﬁ Sﬁgtsp zl_i:ﬁ R?ﬁ& e?“ﬁ

wth neé{&%ggnesi s gnd a _decrease . in expressio genes assocC
hermat oporess PAMERIEn icalls arithin said samplei hy t ¢secrtiatiy esimsinaifnga frome ki@ Cdnyfle

amount  @bnédidaf SHBMAL Al . . The isolated neural cell of claim
39, wherein said genes sagg?%?g%’%\nndth_neur ogenesis are selected fromthe

group consi sid) mymdfiningusaid eclitithgviopt § REAMAH ' nican-4. .(1
tubul i nifol din lof actor. D, pro-gal anin, %gﬁgﬁ% 9%%&;(1 pfg‘J'(I)%{es}teﬁ, ?cdl 2
aci di c R}faﬁrp?ﬁeflg?‘?j Ycotrirte carfiey pdditive st easipientphan recept or, neur onal
pentraxin Il, neuronal growh protein 43, neuronal PAS1l, neuronal

DHP- sensi ti st, ¥§étage-dependent, cal ci um channel al pha-1D subunit, bone
nor phogenet i33. piThe edethdd acoetdimato @latth YRt ctiRRS ' " T kG ENCP
gene f%raIr[éguor n. sgeci fic ( aﬁrr?ra) enol ase, h%?rgﬁe%:ege%n Fo gsplr?lg?%é;&e&n? Yed
by the §é Uag r Saenel ¢oil sepaipien Ebjspattd ent seltsmmyeinig s OIppaikhy, bone
nor phogeneti c protein 2A, neuronal PAS2, survival notor neuron pseudogene,
glial gromh factor 2, neural .cell adhesion nol ecul e Exon SEC,

fol Iistatin3fel Bhetherost sicarding tr olaish B2e waBEHE isaHQHﬁ%Hﬁﬁiog_ a[%em"ﬁséefe%te%r
| F'ane

acet yi i orter neur of,i | ament subunit M neuro nt subuni t
NF- L, %@agﬁﬁf{’%g‘?{%wﬁg#ﬁﬁ&a&?& 34, JeBH er faturg newualtcea RIPNF.GIDAR] NG ei n

sai d g&ds BSEoCINTIEdBMR, LI ngLe0oMnes | r I ed fromthe . grou
consi st,i ng.of HLA class | | ocust_}gpheav’yi(g ’a?ns?errlgg’olﬁﬁeé%?nr etE‘éoﬁ]Pg’ryr‘Wﬁ\?&O,
at t r act PRI HHAIOPOE Hyembenpdin, sileroesc SE5T, grotavaipagh, 01 dprothink Eneural

r ecept adireBion thi18RG4 Sndil) | ¢, erythropoietin receptor,
eryt hropoi etin, nonocyte ﬂéﬂ%ﬁ&%@?‘i c protein-2, LAG3 nRNA for CD4-rel ated

protein involved in | ynphocyte activation, interleukin-7 receptor,

conpl enment e tor type 1, T cell receptor, p50-NF-kappa B honol og, '
| ynphocyt e- 35{) eﬁﬁj}‘l&{hﬁ’ﬂﬁgg‘?ﬁmﬁ;}? Ggillﬁé”l ¥herginesaid difeBntiion 4gont i€R4nixalratbed
pr ot ei retihdiv atidedd nerje Lgractivation, erythrocyte 17 AUGUST 2004 80
menbrane protein Rh30A erythrocyte nenbrane protein band 4.2, |eukocyte
| gG receptor, and erythroblast macrophage protein. 41. The isol ated neural

cell of cla iLn.said neur cell is_a human cell.
aﬂdp’ﬁ?emw%ﬁ ccording fo cl?um %&, wherein said celis having a neural phenotype are

selected from the group consisting of mesencephalic celis and striatal cells,

37. A method of producing neural cells, said method comprising lexposing pluripotent

stem or progenitor cells obtained from umbilical ‘cord blood to an amount of a differentiation

agent that is effective for changing the phenotype of said stem or progenitor cells to a neural
phenotype.

38. The method of claim 37, wherein said differentiation agent is selected from the group
consisting of retjnoic acid, fetal or mature mesencephalic or striatal cells brain derived
neurotrophic factor (BDNF), glial derived neurotrophic factor (GDNF), glial growth factor
(GFF) , nerve growth factor (NGF), fibroblast growth factor (FGF), transforming growth factors

(TGF), ciliary neurotrophic factor (CNTF), bone-morphogenetic proteins (BMP)., leukemia



42. The isolated neural cell of claim 39, wherein said neural cell is not a
hemat opoi etic stemcell. 43. The isolated neural of claim39,17ABGIST 2004

neural cell does not express CD34 antigen. 44. The isolated neural cell of

claim 39, wherein said neural cell is a nmultipotent neural progenitor
cell. 45. The isolated neural cell of claim39, wherein said neural cell

differentiates into neurons and glial cells in vivo. 46. The isol ated
neural cell of claim39, wherein said f8ural cell differentiates into
neurons, and glial cells in the presence of an effective amount of a

di f f er SARIPAED fackayetilF), 4tial Brewihshbwt §GGIIUE | : ei n
sai d net ln-ﬁl?é aé:ag S bFen brFins uced QV\A'(?? alﬁ%%rlcgér?t%sﬁgegatglbgée@g{’ I}Mér eron,
expressed"ﬂ Ins 8\*%1}3{‘3'0.01-%1@. N %SQW@WEMOMCSF})&I@EIR@&J@@'&& diofept t or
cel | olEAT+HRAIE ihte Kol d . bl 0od, rein .said neural progenitor
cel | e>t<( hj bi ts_) bot hﬁg?r?ﬁyl {fﬁgirogggl Oiqﬁ{ef hﬂépré’g‘ﬁ‘%?gﬂ%ﬁp%“&eﬁ%mb%%m atliaktceld t h
neur ogdRESNE sHerren factiere newrse restrittve SkAcQSEEGP Sﬁcﬁgﬁ%ﬁvﬁ-sﬁg&ﬁﬁﬁ-%g wh
henmat 099&.!11?1;0. ivvhen said neural progenitor cell isint pr esence %tf‘méﬂg

ef fective anbut P8l PiPepalyems: gremotesnneurdbadiBsionnaolkalles; ahd smRbpauced

accor dithgedfo claim 1. 17 AUGUST 2004 81 50. The neural cells produced
according to claim5. 51. The neural cells produced according to claim8.
52. The sanple of enriched neural cells produced according to claim12.

53. The phar euti.cal conposjtion produced according to claim25.
R9RAEUs SR neurcheﬂ obtamable from umbsilical cord blood, wherein said neural cell
exhibits both an increase in expression of genes associated with neuro genesis and a decrease in
expression of genes associated with hematopoiesis when said neural cell is in the presence of an

effective amount of a differentiation agent.

40. _The isolated neural cell of clajm 39, wherein éaid genes associated with neurogenesis
are selected from the group consisting of neurite outgrowth promoting protein, glypican-4, -
tubulin folding cofactor D, rprq—galanin, FE65 stat-like protein, glial. acidic fibrillary protein,
neuron derived orphan receptor, neuronal péntréxin II, neuronal growth protein 43, neuronal
PASI, neuronal DHP-scqsitive, voltage-dependent, calcium channel alpha-1D subunit, bone
morphogenetic protein 1, retinal glutamaie transporter EAATS, TrkC, ENO2 gene for neuron
specific (gamma)' enolase, human brain protein recognized‘ by the sera of patients with
parancoplastic sensory neuronopathy, bone morphogenetic protein 24, neuronal PAS2, survival
motor neuron pseudogene, glial growth factor 2, neural cell adhesion molecule Exon SEC,

- follistatin-related protein, microtubule—associated protein 2, vesicular acetylcholine transporter,
neurofilament subunit M, neurofilament subunit NF-L, musaéhil,' bone morphogenetic protein
11, and tenascin-C; and wherein said genes associated with hematopoiesis are selected from the
group consisting of HLA class I locus C heavy chain, macrophage receptor MARCO, attraciin,
alpha-1 collagen type II, leucocyte immunoglobulin-like receptor-8, thymocyte antigen CDIc,
erythropoietin receptor, erythropoietin, monocyte chemotactic protein-2, LAG-3 mRNA for
CD4-related protein involved in lymphocyte activation, interleukin-7 receptor, complement
receptor type 1, T cell receptor, p5S0-NF-kappa B homolog, lymphocyte-specific profein tyrosine
kinase, LAG-3 mRNA for CD4-related protein involved in Iymphocyte activation, erythrocyte
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membrane protein Rh30A, erythrocyte membrane protein band 4.2, leukocyte IgG receptor, and

erythroblast macrophage protein.
41. The isolated neural cell of claim 39, wherein said neural cell is a human cell.

42. The isolated neural cell of claim 39, wherein said neural cell is not a hematopoietic

stem cell.

43. The isolated neural of claim 39, wherein said neural cell does not express CD34

antigen.

44. The isolated neural cell of claim 39, wherein said neural cell is a multipotent neural

progenitor cell.

45. The isolated neural cell of claim 39, wherein said neural cell differentiates into

neurons and glial cells in vivo.

46. The isolated neural cell of claim 39, wherein said neural cell differentiates into

neurons and glial cells in the presence of an effective amount of a differentiation agent.

47. The isolated neural cell of claim 39, wherein said neural cell has been transduced

with a polynucieotide that is expressed in said cell.

48. An isolated human multipotent neural progenitor cell obtainable from umbilical cord
blood, wherein said neural progenitor cell.exhibits both an increase in the expression of genes
associated with neurogenesis and a .decrease in the expression of genes associated with
hematopoiesis when said neural progenitor cell is in the presence of an effective amount of a

differentiation agent.

49. The neural cells produced according to claim 1.
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50. The neural cells produced according to claim 5.

51. The neural cells produced according to claim 8,

52. The sample of enriched neural cells produced according to claim 12.

33. The phammaceutical composition produced according to claim 25.
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