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herein incorporated by reference in its entirety for all purposes.
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15  demonstrates that stem cells can be employed to repopulate many, if not all, tissues and

restore physiologic and anatomic functionality.

[0003] Many different types of mammalian stem cells have been characterized. For
example, embryonic stem cells, embryonic germ cells, adult stem cells, and other committed
stem cells or progenitor cells are known. In fact, certain stem cells have not only been

20 isolated and characterized, but have also been cultured under conditions to allow a limited
degree of differentiation. Because of the tens of millions of possible combinations of HLA
types in the population, a basic problem remains, in that it is very difficult to obtain sufficient
quantities, populations, and varieties of HLA types of human stem cells which are capable of
differentiating into all cell types that can be HLA matched to individual patients. Stem cells

25  of different HLA types are in critically short supply. Due to their importance in the treatment
of a wide variety of diseases and conditions, including malignancies, inborn errors of
metabolism, hemoglobinopathies, and immunodeficiencies, it would be highly advantageous

to have an adequate source of stem cells of various HLA types.

[0004] Obtaining sufficient numbers of human stem cells has been problematic for several
30 reasons. First, isolation of normally occurring populations of stem cells in adult tissues has

been technically difficult and costly due, in part, to very limited quantities found in blood or
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30 [0007] Stem cells have the potential to be used in the treatment of a wide variety of
diseases and injuries, including nervous system trauma (e.g., spinal cord injury),

malignancies, genetic diseases, hemoglobinopathies, and immunodeficiencies. However,
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growth factor production by human umbilical cord blood cells, the method comprising

culturing the cells in a medium comprising a lithium salt.

25 [0011] Lithium typically stimulates the production or expression of growth factors such as
cell survival factors, anti-differentiation factors, and combinations thereof. Examples of cell
survival factors include, but are not limited to, neurotrophins, cytokines, epidermal growth
factor (EGF), platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), insulin-
like growth factor (IGF), heparin-binding epidermal growth factor (HB-EGF), vascular

30  endothelial growth factor (VEGF), pigment epithelium-derived factor (PEDF), schwannoma-
derived growth factor (SDGF), hepatocyte growth factor (HGF), transforming growth factor-
a (TGF-0), transforming growth factor-f (TGF-$), bone morphogenetic proteins (e.g.,
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concentration of about 3 mM.

[0015] In certain instances, the cord blood cells can be cultured with a lithium mimetic
compound (see, e.g., Gould et al., Neuropsychopharmacology, 30:1223-1237 (2005); and
Gould, Expert Opin. Ther. Targets, 10:377-392 (2006)). In certain other instances, the cord
30  blood cells can be cultured with a psychotropic drug similar to lithium such as, for example,
valproic acid (see, e.g., Hahn et al., J. Psychiatr. Res., 39:355-363 (2005); Shao ef al., Biol.
Psychiatry, 58:879-884 (2005); and Dokucu et al., Neuropsychopharmacology, 30:2216-2224
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psychotropic drug similar to lithium such as, for example, valproic acid, disodium valproate,

carbamazepine, and combinations thereof.

[0020] As described above, a collected cord blood unit can be substantially depleted of
25  plasma and the stem cells present in the plasma-depleted cord blood unit can then be cultured
with a lithium salt. Alternatively, a collected cord blood unit can be substantially depleted of
red blood cells and the stem cells present in the red blood cell-depleted cord blood unit can
then be cultured with a lithium salt. The cord blood stem cells can be cultured in a medium
comprising a lithium salt using any suitable in vitro culture technique known in the art either
30 before or after cryopreservation of the plasma-depleted or red blood cell-depleted cord blood

unit.



enhancing the survival and growth of transplanted cord blood cells
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t he 1§ubjsiilar telithium suchasnfe exempls, eadproiciacidadisoditme vilproaicuparbamazepiae, g. |

30 lithi usual |y adm ni stered by a route including,
but not #@w{}blg&f&gthgireg intrathecal, intraventricul ar,

bcut t | | ar.. . |
SomeeodBBHT . Aslel el AT SNt grnﬂq%ﬁ%%%ﬁﬁgvﬁ%fd&? at
a dose ?,iasﬁlrataﬁa ﬁl@%ﬁl e1ens gﬁ:‘séﬁﬂlﬂitﬁe a6HA-ddded Tk Bloo uliit cardh@ie chltufed
6, 20, 25, 50, 75, 100, 125, or 150

my/ kg Wﬁtheﬁ Iﬁh@fresarte ddtémetnlh@rwllecrqﬁ*e"—ord blped writesn pe subsiptilhi deplicd Pt at
a dgﬁe 9&1 rﬁ?&f&u&% Lk@m Jeﬁ%%lenm%&réhfbwoa@eﬁ :Qkd15te @Bt bidoRiutiesal t's

| nve | ONn
then be cultured with a lithium salt. The cord blood stem cells can be cultured in a medium

comprising a lithium salt using any suitable in vitro culture technique known in the art either
before or after cryopreservation of the plasma-depleted or red blood cell-depleted cord blood
unit.

25 [0025] The subject is typically a mammal such as a human. In instances where the subject

has been diagnosed with an injury such as a spinal cord injury, the cultured cells are
preferably administered intraspinally.

[0026] In certain instances, the method further comprises administering a lithium salt such
as lithium chloride to the subject, e.g., a mammal such as a human. The lithium salt, e.g.,

30 lithium chloride, is usually administered by a route including, but not limited to, oral,
intrathecal, intraventricular, subcutaneous, intraperitoneal, intravenous, and intramuscular. In

some embodiments, the lithium salt is administered to the subject at a dose of from about 1



5either alone or in a mxture with a pharmaceutically acceptable
carrier selected in accordance with the route of adm nistration and
st andard pWwernessstical practice. As a non-limting exaqiies2007083red
buffered saline (e.g., about 135-150 nmM NaCl) can be enpl oyed as the

phar maceutq c i e r t a r ude,
But ar o oS B apaTO PR R AOSB T T & B anl Gt B35, 014 28 5,50

gl yci ne,108)k2 51 el S0inkgkg. Addllimfennai e:ﬂmdnnmt sthesh:ihhmb#aﬁ i4 Afroinistese 4t p dose
del i verl&rﬁl%h? cultured stemcells and lithiumsalts of the present

i nventi Beie bed | n, e.g., RENMENGTON S PHARMACEUTI CAL

SCI ENCES, WMack Publ i shing Co. , Phi | adel phia, PA 18th ed. (1995).
[0028] 1160241 f (iheiquitured psdls end lithinmsalts efithe prasent (VAL enibg @dmmivired od

for kedugng, &slo?galg#é&ge %g@%&ﬁﬁa@aﬁfz%@% el 681c6RE h foiAthee

cellsmasu conpri si mnistering a ['Tthium
sal t tomfhethsrdn;eeaﬂadmhﬁmanomhﬂd mmﬂmﬂgﬂlamnmeutinalprfxc@ibagbs Ehen-bum}r@t is

i beofFuRElGrBRRE SRR Ar dr gt e L RSO P el A Sl

cells a&arﬁfa@élﬁﬂ&ﬂw bclpialSsinad @ihet sditablcanteld RaludQoal b ﬁétrlﬁiuteﬂﬂo
[ 0030] n-limting exa les of lithiumsalts_suitable for use in the

met hods wetertvéfe sphnfe ABV O YSIRG Podide flike-nAddHienal sarrigs suifableyi ym
car hgnatg, l.llsg?llq:lcf‘h'v&f}{ rgl{ﬂé é&ibﬁé’ﬂt ffom ENIRGRE ARl szﬂt@ %f {Herppésbﬁplﬁ%hﬁod are

[ithium ch certaln instances, cord blood'stemcells can be
expandedesssberinang.i REMINGTON' SBMWﬂJ@@hhSQIﬁEiCEml\@Chﬁdblmng&mr| sing a

lithiu I £igr, ce I anspl antation. The cord bl ood stemcells
can bengﬁﬁ%\qthj@ P’F‘o?ﬁ%‘é é:l?gtéét ed cord blood unit that is

substantial ly de ted of asrra and/ or red. bl ood ce

it hi uml@2Bt | Ina gﬂt%ei FPP T BIRPSH ma%nﬁor@rqré%mneﬁt%#meéwgeﬁ

route i ﬂﬁllls!ﬂfﬂnqu hubidh uR®tlichl dBtd BFod S11s H RAbubjdeh) ieth&REPomprising
intraventricul ar, subcut aneous, |ntraper|toneal i ntravenous, and

i nt A 5muedninistering 1k setitrody Ahiecs aftericell frpushlagigiienl t i s admi ni st er ed
to the subject at a dose of fromabout 1 ng/kg to about 150 ng/kg,
e.g., apman] 1Ih55ub@ectiﬁty1ﬂca119a1ﬂﬂmnélibuclﬂ.;i% a Hithanl 4n indtanced Grhe23he &bject 5,

100, 12 In.a preferred di me he 30 lithium
soli i oPasfiten fogut B an Bt R aise e e aighe sl G regebl)

i nstanc&&lspﬁm{eatvmMﬁg@]ﬂgpgdngnﬁgmund or a psychot ropic drug simlar
to lithium(e.g., valproic acid, disodium WO

2008/ QSEﬁ,gﬂ]PCﬁ }ﬁ%ﬁ %%éﬁ@tiegom ?:fl@su@a@ﬁltﬁfu&gl?ﬁﬁ'ﬁ&ﬁﬂb%ﬂﬁ PR3 erg

adm nistered to tore uce rejection the trans
cor 20 bl dwentgneneludd lithmn{@mm]e Iithigm datteingte @dllnthmhwulfatbeﬂrefﬁeabéy thec an

be adm ster t.her i.n.a, mxtur a |y

accept a héun& aﬁﬁsg g Icgleflgdeﬁnr? e%%lé 8}5@5%35 \Rﬁ? ?lﬁo{i ﬂemrcgﬂ eag%’% %%anﬁgd
using an in vitro culture technique in a medium comprising a lithium salt prior to cell
transplantation. The cord blood stem cells can be obtained from a collected cord blood unit

that is substantially depleted of plasma and/or red blood cells.

25 [0031} The lithium salt, e.g., lithium chloride, is usually administered by a route including,
but not limited to, oral, intrathecal, intraventricular, subcutaneous, intraperitoneal,
intravenous, and intramuscular. In some embodiments, the lithium salt is administered to the
subject at a dose of from about 1 mg/kg to about 150 mg/kg, e.g., about 1, 5,6, 7, 8,9, 10, 11,
12, 13, 14, 15, 20, 25, 50, 75, 100, 125, or 150 mg/kg. In a preferred embodiment, the

30  lithium sali is administered at a dose of about 10 mg/kg. In certain instances, a lithium

mimetic compound or a psychotropic drug similar to lithium (e.g., valproic acid, disodium



5 adm ni stration and standard pharsmaceutical practice. As a
non-limting exanple, normal buffered saline (e.g., about 135-150 nM
NaCl) can we zempiseped as the pharnaceutical |y accept ablreToEmzoi7083210
O her suitable carriers include, but are not limted to, water,

buf f ered ter . 4%.sal i ne, .0. 3% i ne ' ' 'Qlﬁ’ﬂ
carriers a%afeaﬁ?‘gorf GFbafezenine) 8%%?%%%‘511&3{6% éoaﬁllg £ ‘%4] gcr%ltdsgeﬁ%wsﬁglgbé%e ¢
present tianyddtitddudrdbleodlgsmrcelied in, e.g., ..... - PPmi GTON' s 10
PHARMACEUTI CAL SCI ENCES, Mack Publishing Co., Philadel phia, PA, 18th

ed. ( 19?5@3‘3.!][ Q93 #lhidhQalt gés&ﬁmlé%:l(ﬁ cdn® a@lﬁlirﬁ’sqéf.bﬂéiﬁ{e? A8k &:0n bhixture

subj ect ‘'m nutes, hours, days, weeks, nonths, and/or years after cell
t r anspl avithat phormacienticallsrecasnisbldicamsisr selecteddn aqebjdanse wislhthpeowte efat ed wi t h

a second, thir f our,t f . f | Sev el .t nt h,
o o o Hptaibtsion pit fdrbardinbigthopRicitfac ) RRh Hon Rlrdilidxafibl fhrmk
t ranspl anffarted edline (Og.c siduai 36-1 SoanMiNad]) carte carployed es ths gbaremcattictlhe

lithiumsalt_ can al sQ be adpi ni ster.e o, t he suhj ect  befor d/.or
during éé‘}ePtaPI(e%’ﬁF-aﬁfhéf ?‘Bﬁﬁc FE@S@]IH&%&“%OE P@ét,e& %jwé%f’g’,u?%ﬁg

advant aggser af 4% REHRY 639 ¥1yéiRY aRd i lkanAdditisnaPELfiek beithbeaptierRNt S
wi || becone apparenf fromthe detailed description, exanples, and

cl ai s tdakiterifp Fedithivpomis etheprserf Eyentionare desEibeRRnecEREMIIEEN'SE gur e
1 ilhus ral | . | tHy: : 1 |1
e

denonstrating.that .lithiumstinmul.ate 1.1.cell growm h f,actor
product il 3P n T%‘F?l Hm 5 %W]adﬁrﬁﬁ?rgé?'\?? f‘iﬂf’éetcflgfnélges QUS> SRR at | ng
that | i tdynb) HaRyetes afktkell ta®iplanftioh.| hebak edBodimenis\ite agbjaetarte ned
by quantitative real-time PCR ﬁ%{quB Figure 4 il)ystrates dat

denonst fetedyith Baecond; thirdsfpits fifh cdxtioevent gighthy pisfh, feélFa}hfW BT 99389 o

as det egyy i Hﬁ' furky ' il inkthedes, 36 or A3
denonst rlﬁgtslgﬁg 0’? ﬁlg'{g&??t | umgpﬁragﬁtr)%eéls&%%%%llta{dgﬂﬂ Eelfré' \1/ﬂ| vatl in 30 {/i vltgaas
det @6 mi dests bfjthhligtiaheglt can alserhel ajmiinistere fa the pubjact bgforemindler duringiegHl

Scal e :transp antation.

[0034] Other features, objects, and advantages of the present invention and its preferred

embodiments will become apparent from the detailed description, examples, and claims that

follow.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0035] Figure 1 illustrates data demonstrating that lithium promotes NO1.1 cell

proliferation in vitro.

[0036] Figure 2 illustrates data demonstrating that lithium stimulates NO1.1 cell growth

factor production in vitro.

25 [0037] Figure 3 illustrates data demonstrating that lithium promotes NO1.1 cell

proliferation in vivo as determined by quantitative real-time PCR.

[0038] Figure 4 illustrates data demonstrating that lithium promotes NOI.1 ceil

proliferation in vivo as determined by genomic PCR.

[0039] Figure 5 illustrates data demonstrating that lithium promotes NO1.1 cell survival in
30  vivo as determined by histological analysis. Left, rostral; Right, caudal. Scale =1 mm.



[0040] Figure 6 illustrates data densnstrating that |ithium
stinmulates NO1.1 cell growth factor production in vivo. [0041] Figure
7 il ustrawesosatiz2denonstrating the effect of |ithi umpaT/US2007/083210
neuroprotection follow ng spinal cord injury. 5[0042] Figure 8

illustr data d nst.rating that |ithium i.J4 cal
cord bl géﬁéeﬁguﬁ?gﬂﬁf%?’tﬁﬁa an&l On\g}l’reftllng&hhalt F@b‘ﬁ@?‘ﬂ‘.ﬁlgu? ‘E!ng :EFlpj syﬁgt es
dat a demaA&tpr@ductich #Ralo. | 1t hi um stinul ates human unbilical cord bl ood
cell growth factor production in vitro. [ 0044] Figure 10

T ustr gbo%ﬁn%agiﬁ’g& PhifkktrAad B ARMRAShARE G Hebast HitlilRicH Reslobrcabe s
human 10 unbi [ 1cal -cord bl ood cell growth factor production in vitro.
DETAI LEBpIDESGRIpEE] and OFUFHE | NVENTI ON | . I nt roduct i on [0045] Lithium
has been used for over 50 years to treat bipolar disorder and ot her
neur ol ogomia] EaeE ¢ iIRBGatésSdaes dendBstratiid Mjak lithiun@promolis himis ymbilatlroprd
46: 929- 940 (199%3_)% Peopl e 15 with mani c depression often take

i t hi umPlasg call POHET3eE I ¥¥eh t her apeuti c bl ood concentrations of
about 1 mM Despite such high concentrations, lithiumis relativel é

non- t oxi[@43Li Figurm? Hastratesvptademonstraging thae s stny steghurpanrgylicad por
(Jope, WptsRoYERLA For fiobddioh3Pyfh999)) . For example, Lithi um
he” ac ies o I'tip

nodul at €s trvi nu e enzynes including GSK-3, Aid,

cAMP- dependent . | dnase, and pr.at ein ki nase, C, |l as their

at't endarﬁ‘fo“gbcg}%lI éﬁﬁf’éei’sﬁéﬁa??d Bi‘t\a gﬁ‘%‘fs#ﬂtt“?%ﬁat\ﬁgl@?%‘rsim“%ﬁ an
St ugpes uRBilichie o] $1864 Seldrowint by BroducanAkiz6el | s have shown that
lithiummay stinulate neural regeneration (Bustuoabad et at,

Medi ci na, 40:547-55 i i feration
(Hashi noto et at, N@ﬁ%@@‘ﬁ%%ggg%ﬁ?%QNG% %&W?%‘g@e
prolifeiati omtedduetios onal and astroglial cells near the injury site
in stroke nodels (Chuang, 25Crit. Rev. Neurobiol, 16:83-90 (2004)),
enhance [6048] pLihiuieraabearused fogloval S0gehds $o reat bipelapdiserdersang offieand

Levine et at, Cell. .Prolif , :167-1 002) , Vil I
brohl | 35uolagieaGeiseRsee <& Mianiist 4 ord Brrniy BO2ARAT LusBhB Bl <
Lo s arakg n(aﬁ?czcﬁsE&sﬁ&n &ften thiRAINBlue 004 Getimé 2wt therddutic b3sha) condvatatahs et
at, Acta Haematol, 85:100-102 (1991)2_, i hcrease neuronal

di f f er enf 3baut bmMbf Desppp sechriieh conesntrations, ihwm is selatiigly nonctpyig, Bithigm |

Neur och . 2 : ; i7S1 91 e
i ppoon s madbotbdaiinbinalnetotlin opoihe BRYENE, ROLEOAEICETSIZETIIMYS

none of Forresmplechithvanmedulatentic dethvitiasiof multiplé enzpmegigcloding (GEIK-3, Akt,

cAMP-dependent kinase, and protein kinase C, as well as their attendant second messengers

20  and transcription factors.

[0046] Studies on the effects of lithium on neural cells have shown that lithium may
stimulate neural regeneration (Bustuoabad et al., Medicina, 40:547-552 (1980)) and neural
progenitor proliferation (Hashimoto et al., Neuroscience, 117:55-61 (2003)), induce
proliferation of neuronal and astroglial cells near the injury site in stroke models (Chuang,

25  Crit. Rev. Neurobiol., 16:83-90 (2004)), enhance the proliferation of glial cells in the pituitary
gland (Levine et al., Cell Prolif., 35:167-172 (2002); Levine et al., Cell Prolif., 33:203-207
(2000)), stimulate the ability of white blood cells to migrate (Azzara et al., Haematologica,
72:121-127 (1987); Azzara et al., Acta Haematol., 85:100-102 (1991)), increase neuronal
differentiation of hippocampal neural progenitor cells (Kim e al., J. Neurochem., 89:324-336

30  (2004)), and enhance neurogenesis in mouse hippocampus (Laeng et al., J. Neurochem.,

91:238-251 (2004)). However, none of these references considers the in vitro and in vivo



WO 2008/ 055224PCT/ US2007/ 083210 effects+of lithiumon growth factor
production by human unbilical cord blood stemcells. Likew se, these
r ef er enceswanes/sg2appreci ate the in vitro and i n vi vo PEfifuseans/ogs210

| ithiumon hurran unbi lical cord blood stemcell proliferation and

bone. o Pt Rl froDRRpals BB L By Ak S BNCAERE o ol 1T

act i vi t \Likdwich) tHebeom fetendesfail ed @pedcmtagﬁlanmzopancbmmoaaﬁﬁctem]hﬂmmpom esi s

(Labedzl d et ns r. . 211-218 (,1980)), reduce

chenot hé’?’ﬁﬁ?“ﬂhﬁlﬁé&ﬂ@ﬂﬁﬁfﬁ%‘gF% pigh lfe ’Qﬁﬁmﬁ’%‘é’ 5 and

megacari opoi esis (Korycka et aL, Arch. |mmunot Ther. Exp., 39:501-509
(1991)) IOWibeIPéidettO@aﬂiﬁﬁdes e thevediests phlithm engpans merropduye shoradhal i on

(f ohnke n HNsTeNN row
0 nypopitiefmayibressdcolbfiyridi et fha ol i bdlrale PERRRORE O

of est r add efytleymliapghalyddpliepiio kiire Wacktnstihet HyLEi-2180@98Mpreduerl |, |

Am Vet. Med, Assp 200: 814-8 nd restore r

count's iCHETPARFrARY ?%Uﬁeflﬁ“@r?fflgﬁl %gwﬁ'ﬁaﬂgé%mﬁf ?ﬁﬁ‘f’%&"ﬁ?ﬁ%&ﬁﬁ%{y aegg ot
et al, Ererphaler TR0 AxpS35881- GQ@Q‘@)Q), aclesreiie mardGecavbrytfolewing total

references considers the in vitro in Vvivo effﬁcts of lithiumon

growt h foady sradistionl (Tehnkset Bhs kel frpring Sal8-85d 8P 1) BEEHE "W cel | s.
Si myjar :‘hé% ﬁi&ﬁfﬁ]d ﬁl& ﬁﬁ% Jdséd by §1Hluﬁ%6§§étﬁﬁ1ﬁsﬁaﬁﬁm'o@eéﬂaﬁfo@ and in
Vi vo ef e |

uman unbilical cord bl ood stem cell

prol i fercactlnpﬂntsdprdplsnawanmdlﬁthflgﬂh@}mlﬂﬁiﬂ&irﬂlA’rgIfo MeldeAqgﬁés%}QESMrﬁlént i on
PLoh : o .
i | oa1 9% Bsbsa Potrafl pRE RGO Aheli e QR ke dpiinGlech Hon (o AUTAD

such as (bapehi &l chlcopiaie, mﬂvssasa r@ﬂoap)e Hdv&vm nsheof tlmse efergresvtdnsiders

factors by these stemcells, thereby 2 ei.r praolifer t|on
and sur Vs Virg Jpdpmupo cifents ¢flit 5mc°6‘r%° ‘é‘i‘jﬁgté‘@}htf ﬁ ?
§ret:ia@ tRERUo élid igrvﬁwt h

t he 5Bt hodg18da srtéi'@cd@rsesmaﬂynﬂa@g@trb@fenbmm%%?
factor expression and the nunber of stem cel several fold (e.g.,

at | easteffpcts of lithiumson Igiman umbilicgl casg blpgd slgmeppll prﬂlﬂéerﬁr%lsa@ﬁ SUVHRENt i on

is also based on the surprising discovery that treating cord bl ood
st em cel{0t8}i tAzcardinigtyh 'tlmrpraadthmmnﬁm isbesetlyiaper) carthasurpmsingdisnevery thdte

survival and growth of.tran stem.ce n ng a
T ercuiteFomh bepis iR RoT WER o FB R sh AR AT A 3hel s

I mrune  igi@f chvAdOéantstimisid B8 hRduaion B gRIwS factdss @mbse stelrecdiie therdlsy
described herein not _only permt a substanti al é% i on 05 t he

| i m2P ed PEuRASing tesir prpliferation sl BTk Infagte FHIUFRS SR stefGs LS AFOTERS o
signi ficant rﬁe%rdgg Efesérﬁ‘ 1&!/9&1&1'1h&bé§@4 th@b'lrnﬁ \Aglfowtﬂh?acfof atpyesRRtand

reci pient, e. creasi ng survival and of transpl ant ed
stem celth@uaﬂndt oﬁstQJlEcérlhémsngbral fiotd beeg. %ﬂw@bﬁt 6r5 657, 8¢ %\rﬁ%épiﬂ@bdn?t em

cells. resen% ?I‘IOV%étQ(glslg %ég) gg— ea- ‘9}1? %%%ypgig‘gé %%covery that treating cord blood stem cells

with a lithium salt prior to transplantation enhances the survival and growth of transplanted

25  stem cells, and administering a lithium salt after cord blood stem cell transplantation reduces
immune rejection of transplanted stem cells. As such, the methods described herein not only
permit a substantial expansion of the limited supply of stem cells found in cord blood, but
also provide a significant improvement in the clinical outcome of the transplant recipient,
e.g., by increasing survival and growth of transplanted stem cells and/or decreasing immune

30  rejection of transplanted stem cells.

10



| .Definitions [0049] As used herein, the follow ng terns have the
meani ngs ascribed to them unl ess specified otherw se. [0050] The term
"stem cel IWOr2edsés224 0 any cell that has the ability to MITViSd@7/083210
indefinite 5 periods of tine and to give rise to specialized cells.
Stem cer# g}aﬁate fromall germnal layers (i.e., ectoderm
nmesoder m” HHB’B@\W) Typi cal sources of stem cells include

enbryos, e marr e er al
pl acent a{?&% O(f& usﬁ‘ﬁ@é?‘ t?‘f' goglﬁgmgat Y%}féseen S mngzj, 256 %etﬁt}%%dlfnéescszan be
toti pot eﬁmﬁmﬁyrwgethat they are capabl e of grow ng and

differentiating into any cell in the body. In mammals, only the
zygot e mogarﬂhgt SRIYAN fef&Etd ﬁy%l@thtapﬁdsma%mty U RE ﬂ’&tlhdé@ihite
stem cel pl uri potent, neaning t ey are capabl e of

genebat ipragodsmd tinkeiasd tregivé nsqam sprcigdintdsels. Fﬁiﬁm@ﬁﬁmﬁlﬂe&r@ﬁ plbeeravinal st em
cells c r.se 1o ce fit

ki dney, ilEBII‘B%C% FHE m‘E)one d enla@e?xﬁlé) ’gﬂﬁoaﬂ(ﬁ#%rg}of%%%? Hésl%j g%&%el | s

i ncl ude embtifosHoae ﬂﬁtro{;vt peripﬁetat ilpod; ambilisklooct] lslb@ctnptaeéﬂtasl blovdumasclst em
cells, hematopoietic ste ceI se-derived cells
mesenchyie: %’F@Hﬁpfﬁ%téﬁs‘lms Eli“rﬁaﬁg? E}’“ﬂ%@?&/’é‘ﬂ%%ﬁ?%’%’f T ogglablgiof ot e

t oot h- depdwigtlamt cﬁﬁ‘e:‘éﬁﬁit& nﬁadn)tmlrm ftRltolig! B HARANIE Al Bthe L figctoaid gy,
mul ti pottent or adul t stem cell's typically ‘%I ve rise to limted types

of 38l | smbyenictcelnars tadippical. IA1E?§I13U§@1&I= ster eells cpmbe plyERCIBH g eanedhatdley s
unl ess hc%gé‘MleSﬁ?f %ﬁ&ﬁﬂn 1092 Hued; fﬁeanto‘?éa!i{lsnp rt%ggiﬂlﬁ;g E gf‘ﬁ'lgg eflf 8lAkad 0

cells t eage-x ommtted, €., an indivi can gl ve
ri se tocargigeriye tblcaiﬁstca"dhetmrtaous syaydne skmnb‘&g,dﬂdrldwrblbtbd‘;mtiwig. benenrpi es of
20 prog n|t r cells include

ur.sor, cel h
hepati c, § QiR 8’16'&5’5@ hit ud%g’ e%%fl%‘;ltntlg %’scg le(fc}g{jl g‘nbells
al veol ahuleurﬁladtéil:h adlls, hemt Ldttabtemqreufs; adipbdeaderiabd ttemeal@emegemaax}al lIﬂam
term"cul turjing” erein refers to mi ta|n| st.em 1S
undds 6l BRERELYTICHREETE Rl e airaes o Rre s S Fae o LeE s
For exagp|sem t&hnfattemertﬁ,aeﬂt or aameﬁtmeeus @ﬁlemy:gté Hsedb ﬁnﬁt’é& typEe6E dells.
medi a containing a hium salt and optionally one or 25nore growth

f act or s Th¢ teem stem @lwwdrmmmcbxdmregwtoq@ﬁssr}lesm@wwotgd| mul ati ng
grow h factor production” refers to the use of a lithiumsalt to

I ncr eas ¢0SIE E‘h@feﬁﬁS'bmlger(.tEr oell” raﬁslko cqilsahat are)linsgeeroemittedypecagr owt h
factors, from S, |ca t.he i.ncrease i row.h factor
expr ess FrtSIhVI?héa? E%%ﬁrgé‘ff rtSB ﬂg‘?‘“é’l %@ fed o & pple 'Pﬁaﬁe ﬁém%‘il% fﬁaglc?%ls ot

t he28bs gRGEniRN calsihdiiide ol celRFordBE fsurdtRY heputicyiPephtogenid, adipdgehic,t he

osteoblastic, osteoclastic, alveolar, cardiac, intestinal, or endothelial lineage.

[0052) The term "culturing" as used herein refers to maintaining stem cells under
conditions in which they can proliferate and avoid senescence. For example, in the present
invention, stem cells are cultured in media containing a lithium salt and optionally one or

25  more growth factors, i.e., a growth factor cocktail.

[0053] The term "stimulating growth factor production” refers to the use of a lithium salt to
increase the expression (e.g., mRNA, protein) of one or more growth factors from stem cells.
Typically, the increase in growth factor expression is compared to control stem cells that
were cultured in the absence of a lithium salt. As described in Examples 1 and 2, the

30  methods of the present invention can significantly stimulate the production of growth factors
from stem cells, 7.e., when stem cells are cultured in media containing a lithinm salt.

Examples of growth factors that can be stimulated by culturing stem cells with a lithium salt
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30 nmethods of the present invention can significantly stinulate the
production of gromh factors fromstemcells, Le., when stemcells
are cul tureo 20es/on82d4 a containing a lithiumsalt. Exanplregnskoogogsath
factors that can be stinulated by culturing stemcells with a lithium

It WD 20 55224 d
ot el DIl i gF%tJo eqpst;&@ﬁg@cg s e%{ | ilfoneg ?z%xl%kfﬁg t’HéPP%E
]gr gwt Bl fg&ﬁitt ﬁ&‘ac\(/&liSEGF) @laaalatdehvalegmwmcfagommo}mmmmas(t @fa@ﬁt; factor (FGP),
| Oro as gr.o

etc.), aeliodke %P@hfaf’@f (Igil%ﬁeéf’c)t 6‘?@&( 15 Lét@é%t&%‘% e i Gﬁ‘i“f‘ jﬂl@: ‘)Pg&t or

(LW, elegor (Lﬁ:gde:&p ki PR Nk hﬁfe@PfNod\lﬁﬂrﬂnlngkixhﬁl@s @mantne hif
neur ot r ophi ns i ncl ude neurotrophin-1 (NT-1), neurotr hin-3 éil\ﬂ' 3),

neur 8t ramdamurpmm 1 (N al)rnegeatiopkia-3r@Ur s pessHTaphiad (05F-4), Bravgeierived

lial-d I r tor
R e R i, Sl e
conbi natice$CNITE), @eifve ghovafices (NGFu;getggkN@m NGid, aneNGFp) endoel ongi ng

to the |nterleuldn or. interferon subfa such as t e cri bed
above. topbosigns thegeofe Exgmples Qﬁcﬁfﬁogmé&ﬁﬁn}r‘} e ttei‘t% tp g‘et‘ﬂt@r L or

cul ti Vaﬁd&&?erb'ﬁs&hﬁﬁm&eéukﬁadﬂﬂokhﬁsérﬁb@ﬁ%gry Such cell's can be

ext ract ed froma nmammal and additional quantities of cells generated

on.
conddi nifEAL ot Rrlinf PP RRp B GeRR b R hio ofyem bl T 3
est abl [ wbedtdrp &hdhwedlicunbamnﬁaamﬁbmam&gml agdadiiitiona] quantitds ofiedlsr i bed

Exanples 1 and 2 .the methods of the t, t
i gni 11 BSREHSH DOOHGHAEER P RIRRTHA B o RO P E Bl o

stem cellip 1ap&ssibM, btb1edell Ind¥Rel RtabRiledtdWlloe, Br tdxﬁlhuwprspdgano]{ Q58
The term "en ancm survival and growh" refers, to the use

i t hi umAsdpseribed igr testlipad g thﬁmthPQS efrfhe pressmf mgengion Gan 8%“1%“3‘“]3’

tra V\fpl g#&rféq ﬁé}ﬁ%lfﬁxlo d?erat-[%% o) Y, WG sRANGNE SRR uded 1r§1'ﬁ5&i!a¥éﬁtalﬁtﬂg
ranspl an stem ce Is I's conpared to control stem cel

that weaeﬂﬁlﬁnsalttured and transplanted in the absence of a lithi um

salt. As described in Exanple 1, the nmethods of the present invention

can si gpofsspamtlé MrRnbanaeang evivalravil griwtithdfagy owhdusefof b lighiap kantoed

stem ce when lithiumtreated stgf:mcellsr;lg{pe d%‘iﬂiteredto

a marmepromgteise yiability sndpreliferfip of ransplapted sipm gelis, tcﬁﬁﬁ gncgmgnt

capabl e; 06, -G{AWhd R0 Of tYinShiRfed J&ﬁ%@ﬂsqg c etréd thRoAtha s@h{ ccllE thabWiere €

of rrethodsto detérm ne the viabil the ability

25 20 emdm@mum;apmhmmm twaénseqc@gsfe thmesatltemdew%e@m%mmleebﬁh%n

refers to | FJILV{% qgate the
ri sk of Iqe%?g%%ﬂﬁg n?gkeotpmté rg}zla%@"?iant gc?ﬁgéﬁg%hg g 1%’?&9{ y, the
reduct i ﬁmsphnreéjsentaeﬁm ief, “thbmhﬂ‘lphﬁ-ltrbﬁdi gererreltssrd sdmisistoeritaracknirpal.

ST VAR AR AR SRS, e

present of dkYeH thOit ERAwatHTIHdIRARt JetdplRythd viebitigsHicelld, eiglbyi i ability
rejection of transplanted stemcells when a lithiumsalt such as

| i t BF unfocarclyde pandlugidicni stered to a stemcel | recipient.

[0056] The term "reducing rejection” refers to the use of a lithium salt to reduce, delay, or
abrogate the risk of immune rejection of transplanted stem cells, Typically, the reduction in
rejection of transplanted stem cells is compared to control stem cells that were cultured and
transplanted in the absence of a lithium salt. As a non-limiting example, the methods of the
30 present invention can significantly delay the onset of immune rejection of transplanted stem

cells when a lithium salt such as lithium chloride is administered to a stem cell recipient.
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WO 2008/ 055224PCT/ US2007/ 083210 [ 0057] The term ™unbilical cord

bl ood" refers to a source of pluripotent and nmultipotent stemcells
obt ai ned fwOmPaNés2d ood of unbilical cords that are | efARCTAERS07H812EY
birth. Exanpl es of stemcells found in unbilical cord bl ood incl ude

but

cgl I Sr e&%ﬂ) 13118 rgloﬁl%ggﬁf&?@encﬁ%#gp]ag erhié%eql ﬁ@gﬁﬂ%ﬁg% Itor

5cell's cs&m &e}’lpblstainbd/frdmfth@blem vfatrebilicd cordethueare il cer aftor bith. Sxaopiks
I'ls, d t t di t tes, t {

and 11 g e <ol 106 IR B Fat Plool e teah Y BT RSP g et St

to cell gemy h&hﬁoﬁd{amwndeemy@h@r@genm@e@g Wibeitgmal steagess and piedeaitdred

description of nethods for col'ecting and processing cord blood is
pr ovBdedeliredan wupigalip S8 eramigteiaiomerva Bils, MAEPW sBPRalincds ghenteoyicss used

herein r i a
Singl e Saeaesd Aaekfle ifodhes BASAD Ry REAUE SIS TIRISR Sl @2, |
t he net hmdsjpmﬁlly piee fisetoealls mﬁth@h/mphmd lbmlmmﬂrmemthmuﬂn@ammdddfﬁmktls

e.g., ubI e.c al so. be t. stem cel |
e & FroBa POt ot Plibme pRE pReR o Sot Hithd i PRloREERAETL T
depl eted” and "plasma-depleted” refer to processed unbilical, cord
bl 00d LERASS] | bt uabiSPLAE BiPOGIEY @auﬁﬁ@gfeg}re?qﬁ%ﬁ RIS Qoo

35ty 40%@00&%1 3:(3 téﬁ%mqgfﬂgle% or. 7@%gl@§r@oﬂ§9%or@ﬁo/%d &Q?/Qs tﬂﬁcaﬂ?%

Been o i or exanp asma can substantially d
by cent mkddligitregnetbods off tl’aqmesamdnwpan, dui mgltlph@orﬂelﬂmd witsf ¢ acdqule ordbm

the pla fr ctlo The mavo T ing follow ng
substanﬁ%fz1 Obeuse omcreﬁes rom auohﬂ: 0% to about 30% by

)

F@H’ nis typlca
vol ume, pref erably fram about %to about % fo) 20 0

The ter rlt‘g" S9horsg hsre "c'ES’P'PS;L FMEIR}0s HS‘I ﬁ@ﬁgﬁf ?5’:55 olepg Ete‘#u
depl et edire g gi’b%@éie&‘%ﬁih@al%%ﬁﬁﬂo&@mﬁt% ACRERRE voRRicldf ﬁﬁbmﬁ efedtebt@n about
units in a vol une of d blood cells | ess than about 30% 25, %

209%15 15@@%1@% 2%, 45%, 50%, 596,605, 65% H% Taie/erﬁo‘r’/teﬁé%eﬂ)%mc?éi’q hagdegis ed
her ei n, ‘?‘%’ﬁﬁe Pexahff}, o) fcaﬁ%'e substanBHSicItdady BRI &4 bROE and £C

bl ood ceer ete rocesse cord bfood units in
which a semfamng thmfcell\dalr firdction fidm theplasngfrwamar Théplasnedrolvme ehaiEEL

40% 45%. 50% 55% %, B65% 700 5% . 8 35 % % has
been rehPEARE i"gﬁefﬁia?gﬁm@}%é § tygcally frgm aP%'ggff yto ag%‘géﬁiﬂsb% Y‘ndk%gﬁave a
nucl eus preferfbly fidh MDoGEIMCL torabbiEB0% Bydlinaes chrompsomal DNA. Nucl eat ed
cells i ncI ude, e.g., white blood cells and stemcells. "Unnucl eat ed

cel bﬁ '[(ﬂ)%b]”d%e tefmS nonddi blool @Ql-gép@é?éh"%ﬁh b4 blood cells are not depleted"” as

used herein refer to processed umbilical cord blood units in which a volume of red blood cells

less than about 30%, 25,%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, or 1% has been removed.

[0061] As used herein, the terms "red blood cell is substantially depleted" and "red blood
cell-depleted” refer to processed umbilical cord blood units in which a volume of red blood
25  cells greater than about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%,

90%, or 95% has been removed.

[0062] "Nucleated cells" refers to cells that have a nucleus, i.e., an organclle that comprises
chromosomal DNA. Nucleated cells include, e.g., white blood cells and stem cells.

"Unnucleated cells" includes, e.g., adult red blood cells.

30 [0063] The term "lithium salt” refers to any pharmaceutically acceptable salt of lithiwm.

Examples of lithium salts suitable for use in the methods of the present invention include, but
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30[0063] The term"lithiumsalt"” refers to any pharraceutically
acceptable salt of lithium Exanples of lithiumsalts suitable for
use i n t hewoepts@ddzzef the present invention include, buCT/TAEN07/083210
2008/ 055224PCT/ US2007/ 083210 are not limted to, lithiumchloride,

l'i thi um car bonat d lifhi.um.sulfat Lithi | kit hi

oxybut y A ¥t ?lfr}“teﬁ 1% ﬁﬂ%‘i‘% F%IPE%I@I[@?W ﬁ?ﬁ%g%a&’ & deﬁltﬁiuﬁ %{1%%1’ Ié%dlré [rsl'lf‘%{%l %!,

Ibi t hi gmlﬁl%jgjﬁi#&&blﬁyrﬁd_ pedtithhen or}oia'td,lgtlﬁml ﬁﬁ:@ﬁﬂe, 1ilt}%itluhiahmibﬂé,i'ﬁtlﬁﬁml ailtldmummh" d .
rom de, lithiumdiisopropylamde, lithiumfluoride, |ithium ride,

i t hi umbigde %ifhiven amjdenithivm lefaftael;thlmm?rameﬁmabﬁ_&?@?pxl | i

Sl de%%rigé, 'ﬁftlf]{n’d ﬁ&}&lﬁ&?ﬁﬁﬁm bbb 1 8E 6 oh 3 e, Hifhiuih HH1Bbrafe] Hium

l'ithiumoxide, lithifumperchlorate, |ithium peroxide, |ithium

sul f iSde mdljtdateylithiamuiabate.dithinimifraienligtinm mifrife. digiien axie, lhigm perchlorate,

conbi nati.ons t her gof., . P a BT i1 hiym

chlorid {tmflﬁé)g%%ﬁglém{ugi %flﬂseﬂﬁéhg%? &H%é#%?lgﬁ'#g]g%ﬁ#g##g\ehg%c uas a

human. [cORGBhLAS thaed. Pesfabbly, thébBthiver salt'iatdium ellendeng” refers to the

delivery of stemcells such as 10 hunman unbilical cord blood cells or

a lithi Lt?@@?' ITHS WG "@Fbjbdtt b oG th@fundiesully astBimta@ut € i ncl udi ng,
|

wi t hout mtation, oral, intranasal, intraocular, intravenous,
i ntraos (ﬂ&%ﬁ | NIE it %ﬁjn’” . M?e ‘nl%!f | hd &Y '"blf@{e cells such as
i ntra- ai& I é%s,uan e?élﬂ\}’etﬁ?rl cu?de{l[rﬁ, SI %pgacreésnﬂoa%‘, [ nf&?al eszlnonaf,

i nt rat r agiaabmbilishlrcatdisload cells ubz lithivme salissuch #xt lithidey anddride by anyg dataral |

or transmycgsal .administratiqgn. The lithiumsalt is typicall
adm i et iRy Bpon o e P gt
subcut angpmsritohdIRPRPInkI0 Midinusduli, 1A £ Meidslar, Qftral dini@iatsiptthamislput e.

In certain instances, the lithiumsalt is admnistereqd by an osnotic
punp i mintealesiaaal, mtﬁﬂmhﬁ?le@ffa‘%qahQ‘;lbcé‘.taﬁ?‘?“sa‘nﬁ@?@?lr trans her avai | abl e
fromA i6h. VifeWiehiG) It ity e amiRbel viadstaaces, the
l'ithi um%lglé cpgalg%%ﬁﬁrg{ﬁehr e(}ﬁby 1a ssast ai'l edE’?d_gl éase dgaot i nj ection.
The 15t ennteathecsl, méavepeicatini snbataeceds, introperisonsalpingavenpusor BERMUUEE | on

or infusign 20int.o.a, disease..si LB ' ' aal

i ni sE0t Brreran e R odph S APt by hfod s purb b RRRUA7

target sistfjecusigasg ADURGSY. Imphaat Stadable fbinsAlanCorpi (Mowntais ¥idw, &), be
r. se

(g Ghemaimphediess Py uBrapt i e Bseh Bupearediayir B © Y
subj ect jnibdonUTHE LtkiG b1l Ch e BiREkt@EE Tor@Rbinfle, by direct injection or infusion
20 into a disease site, an injury site (e.g., intraspinal administration for treatment of a spinal cord
injury), or other target site such as an organ. The stem cells and lithium sait can be
administered simultaneously (e.g., at the same time) or sequentially (e.g., over the course of

several minutes, hours, or days) to a subject.

III.  Umbilical Cord Blood Stem Cells
25 A. Collection of Umbilical Cord Blood

[0066] Umbilical cord blood is a rich source of stem cells and can be obtained easily and
without trauma to the donor. In contrast, the collection of bone marrow cells for
transplantation is a traumatic experience which is costly in terms of time and money spent for
hospitalization. Preferably, umbilical cord blood is collected by direct drainage from the

30 umbilical cord. As such, following delivery of the infant, the umbilical cord can be doubly
cross-clamped and transected just above the crushed portion in the clamp, and the resulting

flow of fetal blood from umbilical vessels can be caught in a collection vessel. An adequate
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25A. Col | ection of Unmbilical Cord Bl ood [0066] Unbilicak cord blood is
a rich source of stemcells and can be obtained easily and w t hout
trauma to wbaosaser4 | n contrast, the collection of boreTmseecwsesl | s
for transpl antatl on is a traumatic experience which is costly in

ternms of an ent.. {0 l:

o 1§ o&pIeEpe S iy te RRrmLisp e R e R Sl and S FoRBRAL

umbi | i C&F @saﬁmelf\avcsmmtes;fmtfdrawammebpamy hed occineed. rﬁ’amhoutd’ra taken
unbi lical cord can be q{)ubly C ss cl.a gﬁ‘f‘{s %Fﬁed #-U]ﬁt above
the crudhawpipepntangpation YH%“@P%WEO dafripcy P@ B‘ W51 et al

bl ood fn ag,g}m hdiRdkabve el heartvessel . An
adequat e é/\% 284())%?)8&55\26%3%%/5U82007/ C;E 10 e(r:ol | ection can usual Iy be

acco i ou Ikln C

ppr o 1A, % S5 Rhior hti et o B BP0 SRTPARIE shdfrmal domors wig
Care SthH dbnbe fbﬂdﬁépmﬁa@se&)fﬁﬂfdm&ﬂrtbﬂmnht ﬂrardob@tmnmﬂramhoﬂxbnwdth ur| ne
or other fluids. in the deliver ield cor

be obt aicH¥eriglyIgkEOf &WW“L’&‘@B& é{q%%nwftﬁq{) Onog‘ 0?66‘%%9‘

for theypieRRSRSL8M Eabfés PRREATA dbidyent irdiviawRys wmdrbl dﬁgdmtgemalhemﬂor s
who are donors for the purpose of infornmed consent for the_donation,

and ar e andbetween e egesed gbqy@i‘éandrabgh&@ Gtertaindniqunation maRisseHe Y
h?li\%arﬁ&t%gll cﬂ)gxglolge%org or Eﬁgf'c%f dctfb'hgtlc;ﬁl iR OfePR cﬁgarﬁlm% d@ﬁm%ﬁlht}f
bab ernal donors are 1n s who are 1 n good

gener al
heal t h andlablebieanfision trag:emtt@d 1n£dctlulls di@ama,ogea@mﬁlsems a@d cangers of the
i nformati on may.be col ct ed mater ono ore or
after c ’BatBP‘b% Wﬁﬁ@tl SheFae ef’ 8"1% PP e b n%lraﬁs]ﬁﬁﬁ?%bl lity and

| ack of ghéstbmiaiteit@fllohars ohé &rﬁmbdumém@rtmq»sesdnmﬁm ageanehadl donor will
di seases and cancers of the hematopoietic system For exanple, the
mat er nalngREL? Medigalisaagingtion beforg dpRationg yest i onnaire to fill out. In
one enbodi nent of the present invention, a nmaternal donor wll

undds go [@068EdiCoHkctionafimailicalreotstilordshauld deinnde undst ogEB]coTdlipnse R on of

unmbi lical cor hou some
oo o Sapyimg. FORS frof ARRSpHEE Gk Bhdce Rl AR EARSY pbn
i mredi afc@lﬂaétldrpoﬁelib@dllyeﬁbmabout%mﬂrt@hliqut 35 mbof tabamtcowlaﬂt istroixadwith uB5

m of the anticoa ulan is xed wi S5 ., o

bl ood ( ito gout %‘-i?emg lRst* ginpRY cor ‘%E‘P?‘EB‘F@ EH%@% pagt aE{S “h"g‘t‘%d’é‘y
any knownodRid th€ ailshch &6 B., 89D AQclirate-SHokYhate-dextrose-adenosine), CPD (citrate-
(citrat e-phosphate dext r oSe- adenosi ne CPD (citrate-

20pBBs pphesphaedexrtmse) ACRIBeid-sirar-aemoat edlseser’s selwion (Alseusref als V. 7. St
sol uti ory S‘?l\l?jtﬁ (%e4125 Del\d}ov%n §Bl‘ut1t;n Q@éowm@all %Aﬁl%é))ssoc[)q 14:850

Gowi n' s SOl it 1 on Agsoc. 850
(1940)) (15&6@1 E@u@t@@g((s.mm Iat tdt, Jamor@c Cehiiovase. Sw,c&fiovééb%%ullgus—

(isicy) GRS R S St

25[ 0069 kthjPhisdotimatdtste i0od processing and inprove safety, proceSS| ng
bags for various bl ood conponents may be part of a sterile blood bag

Syshgm 60?598 NeSRPH HBBH Pro@es@in@%ﬂ@nﬁr@&@&?et? PhdébdsHy BABYfoP Qarious blood

i ncor po ated into one of rocessing bags. Additionally, both the

col | ect icompdrmgtsanay belpartof a sterlsibiapdihag systary: eone gibpagning phsrpé POEREENd
br eak t Th
rea ¢ O(QIH C I(I)I%Pe %pf:(grpgﬁgehﬁntg% Qiethéj ﬁI%gBSEBF Bé&g fAQE[aﬂ.{eoglélgn B% the

extract i° 00or Tromthe 1ns ag. A break
connect @plldvtiyn by andeakk Iﬁmcésang)M@mdyweeQmppedavmhMSGnd bieek enectinse of

a bag. 070] The, cord .bl ood .can t be s or ed .at ra
6. o) paPaaets BB ST SHG0R of PR RobY TaeTA S pgaforeE TR abl:
26Cg0f 0lhadPA hReaRREMccbB A YE Bsed to temporarily close a tube or the entrance of a bag.

[0070] The cord blood can typically be stored at temperatures, e.g., between about 0°C and
about 42°C or between about 15°C and about 26°C, for up to about 48 hours.
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[0071] In addition to unbilical cord blood, placental or fetal bl ood
can be used to obtain stemcells that are suitable for culturing
and/ or trawopbessns on. Pl acental or fetal bl ood can bedas:ecihsdiby
any nmethod known in the art. For exanple, fet al bl ood can be taken
fromth al,_cireul QO - |
needl e E?Jqﬁjed &c{lﬁ“{n so&ﬁcf%f%”?glggéﬁ gagé&# eosr fés%gl blggdf%f‘ggg%eg;&)&gm

Pl acent aien'bdeﬂ@dlatﬁa SMabemmmﬂng anddor trahsplaneedhe Phsgital at fedai blcrodrmm he

delivered placenta at r oot dat di ste
some enB6a?! ﬁﬁszwﬁéy aﬁzzsg{e HhaE PO RE 8 oF SR ETP Eb AP L dh St Wi
pl acent @ 1QkeAGior 0 S PladefitaPioBt WL GkL6k Apddie shiREd bpuPasdung] pate in

a unbilical cord/placental blood collection %j ect. Potential donors
are Sonmplcemiescatesis,ion fetessepy. dtlereniabblagdean heobinedes gy nogdisapRiratior her

b t S. Patent No.
SyQSg g@hﬂgggéﬁ% eﬁgdiccrﬁgaﬁtpg?ééf%gac%ﬁ‘%&? d]Yek‘ll%:sord gl ggd and pl acent al

bl cod fro ost nat al men . is ri bed famly
o o a BT b3t S St Bosal e e dsBid to Al Pt lo ofe
col | ect bRBerd $looHOHRGA D art BshtLEKIGNE hed eLhdricipRe Den Gabilies tord/phdctas]
birth. EOO?S] I n one enbodi nent, after delivery, the cord bl ood

and/ or pload epllestionspreisct Rotesialdogors sreayemeruhp are in leborand ssARPHEAL s
exaghna C I

o P Pk, £ B o A A oA aRLec bR ORI 8! pERG, 5 9030387,
t he pl aommgthbdmﬂdimnmgnmblltcalu wrd bibatmda:h@elﬁtaleléwdrmmpem#almmmlmm

or purulent, di sch The il a Xa

det br i Eopeh 25 B BEpnpa A w8 R it RnAR RN Bus %8 o
true kn@irsheasolledtivarand bioeugaef the b@'ﬁ.stcﬁ@cdﬂe&ﬂfd dodiectedatiee birthol | ecti on can
be into a bag that 20 optionally contains an anticoagul ant such as a
citrater d%bgs PHASR HBEMRRE 2ALCRAP P ahd &‘P@ﬁ)oo& ehdbd ;ﬁsbemﬁ IRL,O'H%EE@d and
Depl etion Processing [ 0074] I'n sone enbodi nents, the vol une of

col l&ct exhmdendd Ibls@@@iembndlm@lt%@dm@@nmwaﬁ thet theycard blopd et plgesntal blood
describ

non- S%ﬁﬁ’ge Br ﬁmhe#%ﬁces?ﬁ Iungf#ghﬁ%? ﬁ%ﬁno coe[%ﬁ ec'?ﬁ%ﬁgégaae tgod
can be mekd mremeds ibtactfand ftee dont e f ymecrginn er prrnlentrdischargt. eTipanalilicad s

bout - oeae ik e S fed GblernfiemeP i B o 2 80 e 260 L SRR AT S A e

of | quirg krdtbr ottRk AlsBBmalitie@MAk H&cﬂbeﬁtaﬁbb@e chIIb%n@IemnrbefmtgatHa?that S
preferably performed at .about 1,000 x to about 2,500 x

bet #e nomwaaiiy oonigNF 2a158tico g0 antisueh 8 CI%t%-nhqsn%atzré?ﬁmﬁ a&aPSI%(GP&®e
and cen%dmfoﬂgatl on time sufficient to cause sedinentation of nost of
the cells wthout cau5| ng cell damage. After centrifugation, a
subst anti al r‘#Ol u;@ als B b renoved to reduce the volune of the
cord bl ood nmixtu F%

uce mceﬁsg‘grra- depl eted cord bl ood unit
[0074] In some embodiments, the volume of collected cord blood can be reduced according
to the process described in, e.g., U.S. Patent Publication No. 20060275271, As a non-

25  limiting example, volume reduction of collected cord blood can be performed by first
centrifuging the mixture at terperatures between about 0°C and about 42°C, preferably about
between 15°C and about 26°C. The centrifugation is done to remove a substantial volume of
liquid, e.g., plasma, from the mixture. The centrifugation is preferably performed at about
1,000 x g to about 2,500 x g for between about 5 and about 20 minutes, with the centrifugal

30 force and centrifugation time sufficient to cause sedimentation of most of the cells without
causing cell damage. After centrifugation, a substantial volume of plasma is removed to

reduce the volume of the cord blood mixture to produce a plasma-depleted cord blood unit
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WO 2008/ 055224PCT/ US2007/ 083210 t hat has not been depleted ot red
bl ood cells. The plasma vol une remaining foll ow ng substanti al

depl eti on WO 208858284 |y from about 0% to about 30% by v@EIES2007/083210
preferably from about 10%to about 30% by volunme. In certain

i nst anc at_l.east, a t of..pl ' ' .

pl asma- g@%lhgﬁ %O&%g%lrdgpfé%gé)é %et(J&nblr{%O.d Cﬁlrlgfgféﬁ"fs &;1% ‘Jloglféﬁse IJteﬁlgn fgg?wuggﬁ) of
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can be divided anong two or nore CryoCyte(r) bags. 15C Cul turing Cord
Bl ood SteshoBt60 mifuds7 Bhe Heeptable wpluwieisdetaramined byilke koddingwelme 8f theor d

bl o uni t. can_.be cubktured in n.i L1510 t que in a
et SBHSIRSPHACHET boh it BaPpmBftof Byt pEmablsbidhfia 1R 9

Cryopr eggncéakatRn of ¥R'ckmesaivaitgetion. A vorete afelscyladnedddpieted doed
grom h of cord blood stemcells ip culture (see, e.q., f et .aL,
B °"3" biaornsis tog Breisan umo ey eroesd digut 60 & g sy it
91: 335 )@ ML R : j ®
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pr ot ocobsgsf or cul turing the population of cord blood stemcells in
vitro. [0077] Various factors can be used in conjunction with a

lithsum sal t cf or ehitirih@Cor@BIdeE SeéRCefller ati on of cord bl ood stem
cells in culture. As non-limting exanples, a variety of 25cytol cines

and gr oy§gr6f a?h@ 5SmSR prasent MtaAfunilkdalcold Bloed hiititarbeTulthed hsing an in

i nterleul cin- o _ o o .
vitro culture technique in a medium comprising a lithium salt either before or after

cryopreservation. Various protocols have been described for the growth of cord blood stem

cells in culture (see, e.g., Smith ef al., Br. J. Haematol., 63:29-34 (1986); Dexter et al., J.
20 Cell. Physiol., 91:335 (1977); Witlock et al., Proc. Natl. Acad. Sci. U.S.A., 79:3608-3612

(1982)). One skilled in the art will know of other protocols for culturing the population of

cord blood stem cells in vitro.

[0077] Various factors can be used in conjunction with a lithium salt for stimulating the
proliferation of cord blood stem cells in culture. As non-limiting examples, a variety of

25  cytokines and growth factors such as interleukin-1 (IL-1), interleukin-3 (IL-3), interleukin-4
(IL-4), interleukin-6 (IL-6), and granulocyte macrophage-colony stimulating factor (GM-
CSF) can be used in combination with a lithium salt to stimulate the ex vivo expansion of

stem cells present in the umbilical cord blood unit.

[0078] Cord blood stem cells cultured by the methods of the present invention can be used
30  without further purification. Alternatively, a specific population or subpopulation of cultured
stem cells can be isolated by various techniques known in the art, such as immunoaffinity

chromatography, immunoadsorption, FACS sorting, and the like. As a non-limiting example,
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interleukin-6 (I1L-6), and granul ocyte nacrophage-col ony stinul ati ng
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such f agépeatae. t he substrate for cell growth, cell density and cell
contract, the gas phase, the nedium and tenperature. [0080]
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a t dfipergatwihe Such @bdmnnm&y mnlide, foruaxaaiple) etstnmtm«ph@beutcﬂﬁflam Aang
about 5% The ration. of the a n v

dependi ﬁ&%ﬁ?%gma@’ 1oe °8n‘i?8léltﬁ a%b tgg&‘f gb a@"frgtﬂonc%fr?]h mCquﬁ!\)/%?]l en

det er i Regelydepehddiplontthy dasttedi@sulisc @eqlifératidnoian be c&[vdhiehﬂi}bﬁterﬁﬂned[lﬁﬂﬁl]
Pl astic,di shes, flasks,, roll GC{,[LE%O)HI es, or mcrocarriers in
suspen5|HrﬁhWQmSémﬂgpéaanoigr @8 cord bl ood stem cells accor di ng

to the nmethods of the present invention. Suitable culture vessels
i ncl ude [0083} Sastipdishesnldsks, relter boiPes pemicresatriers idisyspension gy beusedite ur e

Lubas. AR SRl SlenP bt LSS R a0 Bhem el

are er m ne
enpi ri catlkyre b&sdd olude, rfer ©@inplet, yrnéi-eoldl plaa:s,amgedishnh,etmsmdmﬂtuml thbadensity

is abov timal,. 20 tured,cord 0 mceII [e

or oo 1 SR Aol s, 4nd it Lo BB S ol e btk il EREm plbe ur o
e.g., tQaenshRIat aRReleRhinEECepiricdln aBddeH thé 6&1W\&Hxﬂ|ba§§ﬁ§ecp@hdnﬁhﬂ\ﬁﬂle
obt ai ned, accounting for regional variations In tenperature.

Gener al FiVlSﬂB?S@bPEC‘? %n%r eferred tenperature for cell culture. Most
incubators are humdified to approximately atnospheric conditions.
25[ 008310082} o Cudtmted condddadistemt sells faretriveng]bsgrpbia Seancinenbeioy thahpramides a

car bon gﬁl&ﬁiqumpg;gtﬁ}e?ggl the body temperature of the animal from which the cells were

obtained, accounting for regional variations in temperature. Generally, 37°C is the preferred
temperature for cell culture. Most incubators are humidified to approximately atmospheric

conditions.

25 [0083] Important constituents of the gas phase are oxygen and carbon dioxide. Typically,
atmospheric oxygen tensions are used for cell cultures. Culture vessels are usually vented
into the incubator atmosphere to allow gas exchange by using gas permeable caps or by
preventing sealing of the culture vessels. Carbon dioxide plays a role in pH stabilization,
along with buffer in the cell media and is typically present at a concentration of from about

30 1% to about 10% in the incubator. The preferred CO; concentration typically is about 5%.
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Adm nistration of Cul tured Stem Cells and Ljithium Salts 15[ 0085]

Li t hi uml¥al t Admiuisaaden e@vl@reﬁﬁfmé?aﬂﬁwmg- ¥t he net hods of the

present invention maYt be administered to a sub= any means known

ct b
in the H085] Shithinm saltpengdsiens cellsemtved asogrdingno; %@33 i dhe ISSERD| e
I ntr aveﬂ-ﬂgﬁn %rm CA‘M#& 13 134 gﬁlﬁéc? by S)’Iﬁgans RhowPihe &g SM%B)&m&nQof
di rect |njec i'nfusion |nt a disease site, an injury site, or
ot her taahgmistmhmemshldh farexamploy rgamvenw[c@(m@tanh@scadmnmﬂ@aostoe tacekl | s
andlltlumsalt SCri bedh e|n mn| I,

i adPiEDR e e e ST o o Rae T SRR R, Bl e 08
Phar mac ewthia€ ah bygafccept abl e carriers are determned in part by the
particul ar conposition being adm nistered (e.g., cells, salts, etc.),
as vgl | !(ﬁ}%GPV ThOEnRALd d ét&ﬁ' Lafs B tifRen gﬁ%@eﬁ&b@&’ﬁ@r&h%h@ﬁe idi‘lﬂmstered either
conposi t1on. Accordi ngl there are a wi de vari Etﬁ of suitable
phar mac elobé ewin afmixtvué with e phermaeeutisellyracesnsable camgert Rbarmarqutiedly cel | s

and |1t Dl 4 8RlohSieRfard BFerlifR5H bat BY B DRAR1a SonfboliaBa blifly hrhidistered

(e.g., cells, salts, etc.), as well as by the particular method used to administer the composition.

Accordingly, there are a wide variety of suitable pharmaceutical formulations for

25  administering the cultured cells and lithium salts of the present invention. As a non-limiting
example, normal buffered saline {e.g., about 135-150 mM NaCl) can be employed as the
pharmaceutically acceptable carrier. Other suitable carriers include, but are not limited to,
water, buffered water, 0.4% saline, 0.3% glycine, and the like. Additional suitable carriers
are described in, e.g., REMINGTON'S PHARMACEUTICAL SCIENCES, Mack Publishing Co.,

30 Philadelphia, PA, 18th ed. (1995). As used herein, the term "carrier” includes any and all
solvents, dispersion media, vehicles, coatings, diluents, antibacterial and antifungal agents,

isotonic and absorption delaying agents, buffers, carrier solutions, suspensions, colloids, and
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determ ective anmount "of the cultured stem ceIIs to be
adm ni s 0%%&]‘1 indctermlmng the effective amount of the cultured stem cells to be administered in

the treatment of a disease or injury described herein, a physician evaluates cell toxicity,
transplantation reactions, progression of the disease, and the production of anti-cell

25  antibodies. For administration, the cultured stem cells of the present invention can be
administered in an amount effective to diminish or relieve one or more symptoms associated
with the disease or injury, taking into account the side-effects of the cell type at various
concentrations, as applied to the mass and overall heaith of the subject. Administration can

be accomplished via single or divided doses.

30 [0090] In some embodiments, the present invention provides a method for treating a subject
suffering from a disease or disability (e.g., spinal cord injury) comprising administering to the

subject stem cells collected, processed, and/or cultured according to the methods described
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di ease 'lf?ogﬁii'tfhﬁata el e eadipisget | sass%ﬁlfffe%ér?efoﬁ?r? oaplinehh P et of o
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suffering froma di sease such as | eukem a ona, anema, multiple

myelld . Chaomesrbryc A intion Shsrapy B confin ot ishiabaes.Jhe additianAkhepoutic
resul ti 5% I ells
can be g%rlrr\hnl st r%%q)&gdsng Mfe{cﬁé%‘échodrg Bﬁé}éor‘)@%gﬁl C?;%e\gms(?%ng{fher
t her ape @SFEIL- thWe BBO, TBOcEfi,ar ANy wfstheawth@sg;owﬂléacmtd dedcobed herein. The
therape ticr ?r[ r|s ﬁche thera tlali1d/or radi ati on

t her apy! etﬂle 18 13X PR ﬁIer? %Iggus}f?lrseg i"t1°0nal therapeutic

regi men corrprl ses at least one growh factor such as, for exanple,
GVt CSF, Ve csitemfelbEmansplaptatiopy” TPO, 11,-5, or any of the ot her

growth factors described herein. The treatnents may be administered
si maft aft093k| gawnes@gmgﬁngqnéq ptgm cells are transplanted withouf HLA typing. In other

embodiments, stem cells are HLA typed to ensure compatibility with the recipient. The

number of matches of HLA markers depends on the needs of the user and the source of the
stem cells. For example, stem cells that have been isolated from embryonic or fetal tissue,
including cord blood, can be used with four of six, five of six, or six of six marker matches.
25  Stem cells from adults are preferably used when six of six HLA markers are compatible. In
some immunocompromised subjects, graft versus host response can be attenuated and stem

cells that are not perfectly matched can be used.

[0094] Typically, the normal stem cell population present in the subject is eliminated or

reduced prior to transplantation of the therapeutic stem cell units. Chemotherapy, radiation,
30  or the techniques described in, e.g., U.S. Patent No. 6,217,867 can be used to condition the

bone marrow for appropriate engraftment of the fransplant. Finally, therapeutic stem cell

units can be transplanted into the patient using standard methods.
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f ol | ow EgampRiip!| ebitiom Sthektion bORat Néonatal BloodeC¢ilPypdifaratiommd ar e not

intended 15 tg lLimt the present invention in any manner. Those of

skill i ﬁ;rﬂ‘ig‘ ﬁ?cttoﬁrxhnlduf’té‘ﬁﬁi |y recognize a variety of noncritical

paranmeters whi ch can be changed or nodified to ){i el d essentially the
O

sang0 r eHWPTk . Tiegnpnrle Hlusiateshelitipmproraetepihe proliferetioesd grayth B d
Cell Pr Bllo'dilcﬁfoﬁto'fgt@m%ﬂs 21 Iﬁoﬁﬂ%ﬂital@ﬁteﬂb&lt(ﬁ\@?:l ceils). Lithium also

enhances the survival and growth of transplanted NO1.1 cells.

RESULTS
[0098] In vitro. Figure 1 shows that lithium promotes NO1.1 cell proliferation in vitro.

25 NO1.1 cells were cultured in growth medium containing 3 mM lithium chloride for 7 days.
Cell number was counted for both groups. The number of cells in the lithium chloride group
was 359% higher than the control group. Lithium-treated NO1.1 cells were still Nestin

positive.

[0099] Figure 2 shows that lithium stimulates NO1.1 cell growth factor production in vitro.
30 The mRNA levels of growth factors such as LIF, BDNF, GDNF, NGFy, and NGFf in NO1.1

cells cultured with or without 3 M lithium chloride was determined using quantitative real-
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20[ 0097] This exanple illustrates that |ithium pronotes the
proliferation and growmh factor production of stemcells isolated

f r om neonawal2008455434 ood (NO1.1 cells). Lithium al so enhErmeesRodrless210
survival and growh of transplanted NO1.1 cells. RESULTS [0098] In

vitro. Fi 1 0 t Shifhi um pronot r.ol.i i on
VL, A b SRR A I R b BBl Bi o
MM i t hinheoidOhb Signifiolnt diffadtes Kebktenhy RN ANGSclS OUNGEY BIINE,ad h
groups. The nunber of cells in the lithiumchloride group was 359%

hi gher tGi@HF{[ he control group. Lithiumtreated N01.1 cells were still
Nestin positive. 10099] Figure 2 shows that |ithiumstinulates NO1l.1
cel | gr qoxde] f detvbe. FRPpositiveNOILA cellt were ti30splantedriRied]atsleafter e25growt h

factars such as, LW BDNF, F. NGFy,._.and in .1 cell.

cul t o od 1Rt OB PR FRANIOR (e K19 RPGAPERFbPTHAR B TIPS o f ng
quant i t hdaperitoBedity dai\Pfot Q0RRS SRR EERPOVAs A3t dDwith sRinP@Rly fof 2and
NGFO rnRNA | evel s were S|_9n|ficantly greater than the control group.
Ther e waveskiArimglsivrare sasiliendrat & mesakseir BEhfdkpnd oloaicpl a0afs of
NGFy, BDNF, and GDNF. [0100] In vivo. GFP-positive NO1.1 cells were
transpl 40104yl iFigrees ared| 4/shawtthat lithi@b promd@esed igheellwplifieration gpvive. In

contusiqpn. T r at lpj.ected with 1 |t hl ori de

i nt rape&?ﬁ%‘?‘ngjm @"%&’Wf%ﬁ@ lﬂgfglfgl.na Oéggtozrnr‘tg éregga%‘lfrg\l&ppqu&/fg i nj ected

\gT t E(O:Sé altﬂag@#ﬁ@dtiori “fimrsafiné/\ﬁﬂilfﬂ’iummiaMSwMe&rﬁl&md ibl/iqoaditaive 2eaMieies f or

- an I st.ol ogi cal anal ysi s. 010 | gur es and 4 show t hat

| i t hi umPbRerBseinengppted ratg the Fpapot P%ﬁ[?’E]? F’gN*‘fWgW%ﬂa G DB oY 03 It he

level ofjnERR FERA rith HolevPhb fhomR b GRP neR N QaS 1060xEredNd thah tB& |
observed in saline-treated rats. In Figure 4, genomic DNA of transplanted spinal cord tissne
was isolated and genomic PCR analysis was performed with a GFP primer set. In lithium-

15 treated tissues, the amount of amplified GFP DNA was significantly greater than that

observed in the control group.

[0102] Figure 5 shows that lithium promotes NO1.1 cell survival in vivo. GFP-positive
NO1.1 cells were transplanted into injured rat spinal cords. After 2 weeks, rats were perfused
and spinal cords were observed under a Zeiss Stemi dissecting microscope. In saline-treated
20 rats, GFP fluorescence intensity was low and diffuse (Figures SA-B). In lithium-treated rats,
however, GFP fluorescence intensity was high and occupied two large areas (Figures 5C-D).
To further evaluate the distribution of GFP-NO1.1 cells, the same spinal cords were sectioned
sagittally. In saline-treated rats, GFP-positive N01.1 cells were sparse (Figure SE). In

contrast, lithium-treated rats had a large number of GFP-positive NO1.1 cells at the contusion

25  center (Figure 5F).

[0103] Figure 6 shows that lithium stimulates NO1.1 cell growth factor production in vivo.
To investigate the effect of lithium on growth factor production, four groups of spinal cords
were analyzed by quantitative real-time PCR. In the "Injury” and "Injury/LiCl" groups, there
were no significant changes in growth factor mRNA levels. In the "Injury/NO1.1" group,

30 BDNF, NT3, and NGFy mRNA levels were elevated. In the "Injury/NO1.1/LiCl" group, there
were significant increases in GDNF, LIF, BDNF, NT-3, NGFg, and NGFy mRNA levels.
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10 transplantation with saline or lithiumtreatnent was determ ned by
gquantitative real-time PCR In saline-treated rats, the amount of GFP
MRNA was d@0egesasiaed but very low. In lithiumtreated rEITRYS2DOWBIZE0 |
t he amount of GFP nRNA was 1000x greater than that observed in

o e e S A ARG B SRl

a G-pP prN(malrceﬂg_t. In lithium 15 treated tissues, the anmnount of
anplified G-FP DNA was significantly greater than that observed in the

control (gRyp: E%Qé@ Howld tﬁyéﬁecﬁoﬁmﬁml Mmudpt&tmlumrowﬁﬁg §naNedrd Injes! |

survival 1n viv positive . | s"were transplanted into
i nj ur ed Litatunsgiloride Qmalms? wae\ﬁmgqtecb(m)@gwsaﬂqr spinalwerddnjyey. fllﬁ@él vaknes

spi ngl i Cﬁgefr?d x?lg%\?l%g 2%%?5} af et gnﬁ@gﬁ]rpl %ﬁp |a1§t5d1§érgﬁge bgfv&%g ﬁ{lﬁlﬂﬂ LiEh Qﬁf: ope.

In s ence intensit ow and

di f f use sflfriegtiad rité\w} observelli t hi umtreated rats, however GFP
fluorescence intensity was high and occupied two | arge areas (Figures
S5C-D) . Tstyiskign eval uate the distribution of GFP-NO1.1 cells, the
sane spinal cords were sectioned sagittally. In saline-treated rats,
GFP- posil0108k e eﬁ_feqt%ﬁﬂlﬁhmfél %%@@gpreﬁe@ﬁp@ E5E expregsienrAnd disque

I|th|umtre P- Lells
at the &5# u5| %ﬁ& éﬁlgﬂ ﬂie]llf? @%ﬁ[ 8%18?: nﬁiagﬁ‘%rxk}e\éﬁn%@él HT% hat

| i t HOUMQN01.bLikelttesd frbﬂﬂneama:tailrht bgpocalwhfu Waauamfeqmdoeﬁdtgrb@nﬂumemm»mtam

i nvesti he effe of lif.hium.on owthfa

groups g‘f%{:@phﬁﬁﬁe &8 P{Cj]é h gﬁﬁﬁ‘@ﬁ“’ﬁ LT T"{ "9’@ I‘ﬁﬂullcéetllg ! EJ%%I

I E t he 1ﬁt8§d§ﬁr¥%s;ﬁﬂ? coﬁd@M%%ﬁdnfﬁined?mu&&mgNwﬂ&eﬂefn@ ﬂﬁMlﬁuhgm feiuleudt 0
changes in 0 act or evel s yr

BDNFg NTiB2 3%% inquyase infrapmksy af eolijaie %W@ifat“é‘&?ﬂ y‘f?ﬁg wefe traliplaiied

" f F,
¥ gj u E; %Nﬁmﬁﬁ gglgkf&me?g N%@&H&R{ NﬁAuulﬂé \gﬁeléysdl&ﬁ&v\%:m 60tFLE/rdl AndDN

20085 OSwammusm@wlmmobmwspéﬁmlsplgalcr@rﬁbn%tt%ﬁ@@spﬁw lithium
stimul afg ?ag?%g,ﬁﬁg ‘%.rf% lag{aﬁéj { '\93? a%srﬂ{,'%](f]i%r BFFRROEA lévelsl\@t}sa:l'mg ?chliéd

[ 0104] OWS I'Um on nedr opr ot ect
foll ow mgs, :{}Bpr}aRNmah dergctable, bﬂ.tlvbhﬂ lowm d:rhhthnmdtremd itz | hcrveevwaﬁlq anjosgt ed

(i p) soon after n cord in n vo e, measur.ed 24
b af t F GFRmIYA e 100G eauecdbat it SRt BL e B EIREEP LA o
and sal i,igs GFRALAHVE M iVhe 1@&%@ Epigsl -coﬂal watUSBlueNreatment. The amount of

20 mRNA of growth factors such as GDNF, LIF, BDNF, NT-3, NGF@, and NGFy were also

greater in lithium-treated rats. As such, this example demonstrates that lithium is useful for

enhancing the survival and growth of transplanted stem cells by promoting cell proliferation
and stimulating growth factor expression in vivo. It is thus ideal for combination therapy in

patients that have received stem cell transplants.

25 METHODS
[0106] Cell character. NO1 cells were isolated from the blood of wild-type neonatal (P0)
Sprague-Dawley (SD) rats and cultured with DMEM, 10% FBS, EGF, and bFGF. At 6
weeks, 60% of NO1 cells were Nestin positive. After a clonal assay. a subclone named N01.1
having 100% Nestin positivity was selected. NO1.1 cells can be cultured for a long period of
30  time without any change in morphology or Nestin marker. When serum was withdrawn from

growth media, NO1.1 cells formed spherical structures that were similar to neurospheres
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[0105] The effects of lithiumon stemcell proliferation, gene
expression, and tissue protection after spinal cord injury were

exam ned. WO AMp/@EINeEsti n-expressing cell line 10 (NOL1l. PCTisabaioest1o
fromneonatal rat blood that was transfect ed with green fluorescent
protein t he ffe S i i in
Cul t ur o ‘arenpet LB B SR eL AT Mg SRR R R
det er m sl JdrsegLdr@y).ng NO1. 1 cells | n 3mMMlithiumresulted in a 359%
increase in the nunber of cells after 1 week. Wien NO1.1 cells were

transpl 361@)? | s @litn3e] o1 .1 CalsOvedd brttedPwRD3 HIN Gitihird Shiofldé fiir Tiddys in
t hey di grow out of control and 15 respected the gray-white

mat t er Mﬂ’éﬂowﬁﬁ, bFGE, adiBGH at@37@. Sl O2 hymididied-charaper.
transpl antation, the transplantation site was assayed for GFP nmRNA

| evelss. [0108% almwamtspnal edtdrigjusy/c iFRandpldhtathen. A¥d lelcecdls here toansfeoled yith

low. In lithjumtreated e  anount of GF

1000x greE&ePAtOTeseEt PIRLHD {c;ftpi aﬁﬁﬁeqay 8%%@@%‘5’?3 upgd %?OWIO&%%@%V\Bd

{T})r e G-Rypagid Qslﬁmpﬁ‘élétﬁ) ws iR, indl @15@19 t5dRédTRt a @8l 6F DO, H00! delldrivagn
eatment. The anount mRNA o rowth factors such as GONF, LW

BDNF, NTnjgcteci\r@trmln@mdvuh@alaml@om aftachedde a Hamilfansyringe at 84Q sites
rats. uch,,this . thiumis useful for
enhanci %t“f%dzma aﬁ%ﬁ?%l%cg&gﬁq §1 {1 (is({)lﬁ63 {}%d stemcells by

prormtlrig]cell rollferatlon and stlrru atln rowthfgctor exp {on

in Wovo.[0109]; Inpiradithigairestment JHfhivm chlgrds wasadmijnistre éfttfa@ﬁ‘?@
have re%b\e%lgsge?mﬂ&%bh/d&y %%PH%F‘?O?Z“%@HVETH@S [0106] Cell
cell's were'iso

char act er ated fromthe blood of wild-ty

rog, £ty QB vl e bR i A E Y B0

positiv @omﬁfré H01.a cells@mabekasBaryransplatdiohpthe amaure of Q0R niR¥A wan glcm@%

Nest t | ect ed. t
|oﬁg' Be w b st MG r gt AmpetRigRpiet DA RefhA TR 8o
mar k K? s MRINAAEAOA TP nBENPVNm f’(ﬁﬂNF,,N([}@;laﬁd Reif3sn the

forrred sp herlcaT ructures that were simlar to neur ospheres WO
2008/ 055ﬁlmlll%@fd fo8pwig/Ng3Daedl tragsplasdation wesemaasusdem cel | s (Sun, 1st
Annual Scientific Meeting on Stem Cell Research in New Jersey, 2004).
[0107] I[on1d}t N@sioulvblame: (LNQ.L Th ecaihdts thaeffecttof Hthivenl omtissne Brotaehibm,ilesinum

chloride for 7 days in M .10% FBS, bFGF 37
huni di f {VeRmieR % ?assfr’é% S e IBRIGS BGsP té?glﬂedf" ?1‘”’&5@?%%% Ve -
transpl et ko MNodigtk (Cehstmtined: L1, Mﬁﬁo@ﬁ%@@@%ﬂhl (1994)).

20 Example2. Lithium Stimulation of Human Umbilical Cord Blood Cell Preliferation

and Growth Factor Production.

[0112] This example illustrates that lithium promotes the proliferation and growth factor

production of stem cells isolated from human umbilical cord blood.

[0113] Figurc 8 shows that lithium promotes human umbilical cord blood cell proliferation
25  in vitro. Human mononuclear cells were isolated from fresh human umbilical cord blood z;nd
cultured in growth media containing fetal bovine serum (FBS) with or without 3 mM lithium
chloride. In lithium-treated cultures, the cell number was higher than in control culfures
during the length of the 8-week study. Although the total cell number decreased in both
lithium-treated and comntrol cultures after 5 weeks, there were significantly more cells in

30 lithium-treated cultures at week 8.
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green fluorescent protein (GFP). 77 + 1 day old SD rats were used. A
contusion (MASCI S inpactor, 25 mm height) was made, and shortly

t her eaf t er we 2008/0s522¢f 200, 000 cells was i njected intraspimes2byrosszih a
gl ass m'cropl pette attached to a Ham Iton syringe at two sites that

' vi vo IHCH; it Qb S Gt P IO RIS bl AP

i ntrape rmdrmnecabdry:elastwére Sohatpdifepnp freshi e uivbilicdbgord blved.yCelbsywdrocul@ired

vl B R oS TTFH b WS PSR B Bl reat
transpl aptAERMas pé&reorARB YN ardif 4 $dRs td@éﬁa&?ﬁommm 18R Areen

fl uorescence on an plied Bi osystens 7900 Real - Ti me PCR_System 15

( Foster v@eks lithipp-tr é cpifaxgs hadger $ fold inprepse 1Bmwth Kertpr B levRisite.2 and

%ﬁéﬁ%ﬁﬁ%ﬂﬁi@?@@ﬁo ﬂ#@W‘ﬂn&a ot SRR RNAREC o

lithiumon tissue protect | esi onlavol unes vvere rzirea ured 24
B B

after i dfUSH ed e &0 havg ¢ %htm‘énf?ﬂl (5 Bl fagter grodpejion g vigrg. ] ‘ﬁ"ﬂ]t
- 4)] 12%8&0%1&?%61(5%@ {seltedHontirestlhumahNAbARHI Grd b188d. Nelfk Wekd Sthiod
20 Exanmple 2. Lithium Stinulation of Human Unbilical Cord Blood Cell
Prolife rnagxiomth madia cofaningrdelt bemapy ssenme (HDrvitl @mﬁ]outrhn@/I Ethap pldlonide

il I tr I t or

or od e 65 OhaRtale A RE prioRiePfe dn S PIb ARG AN i

[0113] IﬁimAdm&lss aetht thag pdints,Hithiomptreated tceburbsshawed arsighificant igweade in

bl ood cel | rolif ion, 25 i itr ea el.l's wer

i sol at e(S>I ﬁqchré‘gqﬁ‘hd% (&%ﬁqwaﬁwwoﬁﬁﬁ@%&ﬁ hﬁ CPWpﬂ'F‘gW h

nmedi a cegiai Bhifged et al bovine serum (PBS) with or without 3 mM

lithiumchloride. In lithiumtreated cultures, the cell nunber was

hi gher I

otody,  MRRLGHS B Bigpiiboltifthe B8 4610l KGRI b0l o

| i t KB umrdstrivéive dManyl erabediments el bw@meaﬁtbehOSEOﬁ\ﬂ:ﬂkm the Inenﬁ}mmeacbng the

significantly nore cells in lithiumtr cultu sat week.

Sod 1) R iabscl Rl Ehe ape of I6g FUFHHE PR e b e mieg ot vi

product kdfitehde t¥ 'tﬁera%ové‘ﬂﬁ&g};bl HER R HisduBPinsteR] besdewdimmetl S@dh&&f@ﬂ:nfzdt@ﬁhef resh
00

human unbi lical cord Cell's were cultured jn growth med
cont ai neEPRgnEEESlgimsplong Witk thedell sopaed qapiveleats émwbwh euﬁh otgimp ﬁeteatlﬂ%

real -ti IWMI% f Mﬁﬁ%(éa g Uy WP@T
factor EE SOQ% afl %&l}elggre&:gg |um ate u(rapeas %

fol @0i n pulﬂma@onsnargr@awanl:f AcressiomiRMA afeemedrgorfisd Qerelm\ﬂﬁferﬂgpﬁor BI‘_I)NF
NT- 3, N}%ngg:Sesand CNTF) conpared to control cul tures.
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[0115] Figure 10 shows that |ithiumstinulates gromh factor
production in vitro. Human nononucl ear cells were isolated fromfresh
human unbilical cord blood. Cells were culturéd in growh nedia
contai ning adult human serum (HS) with or without 3 mMIithium
chloride 10 (Li). Quantitative real-time PCR was perforned at 1 and 2
weeks to evaluate growh factor nRNA |levels. At both time points,
lithiumtr 1 Eiﬁ?ﬂﬁﬁD iowed a significant increase in growh
factor HRM —BDNF, CNTF, GDNF, LIP, NGFfl, and NT-3)
conpared to control : : [ i . t he
above descriptﬂén i58#%%%ﬁ§§§m%%&%gkfhﬁﬁE%F%?V@gﬁgﬁggké%Bﬁﬁn&ﬁéﬁ
restricti verd Maodcelsisedinmdimidsomptidinge apparent to those of skill in
the art upon readi ng t.he above description. ,.the scope of the

vent | o' shour ditu ek ReRa et RR bR e HEPERSER T ef er ence to the
above descri pt ividrreibssid gbhwothl fectonis tedmebd fondiat eronp nadistihg ¢f arcell edreivale t o
t he appendgd cl ai ns,..al ong, wi.t h th fu@l scope of equivalents to

whi ch SuchiEPaAREnEPESERYATOP SptorRE ComRT e PEEOhA A | articles and

r eL Ier ences, | n@ﬂgﬁﬂéﬂ@g&x&ﬂ@ﬂﬁviv@mbtbﬂﬁbélm frgmate Rtdp cBﬁTstiii%of;] a o
publications, an nbank Ac¢cession S., are incorporated herein by
ref er ence 1YPIRPRINA [ sePIdeyippl grqvah Ecior K@Eﬁ» Rlatelet-derived grogthRERE g
for stimil @GRy, fresMshabdel RENFOWY GhsuBR iRy O WiIBRUNIGF), &8 cord

bl ood cells, said nethod conprising: culturing said cells in a nmedium
conpri si ngeoEbiatipsthsread] ¢ | wherein said growth factor is

sel ected fromthe group consisting of a cell survival factor, an
anti-differentizati orhé aethed of dMih I afibieRakid @EIS surtiesl€afor i@dskurotrophin
wherein saig?cgll survival factor. is selected fromthe grogf

consi st i ng*e6Fteq B RO EPEpHAnAising of peyRiropbin-S B\ Trdd netrotgrrbiie hi &dk or
(EGF), pl arfih@lerit@ e @ ogliont®r (FiP silaRBAVed nkirbk ilcaadio: YGOMEY,
factor (FGF}, insulin-like gromﬂh fact or &%CF&$ and conbij nati ons

t her eof .  ciliary ngurotyqphic faaterd ENGF). @prap giowth iHReF Y GHsapdgombinptiansr vi val
factor is @elgurotrophin selected fromthe group consisting of

neur otrophin-3 (NT-3), neurotrophin-4 (NT-4), brain-derived
neur ot rophi c factor _( BDNF) l.i.al -derived neurotrophic factor (CGDNF),
ciliary neurot rophi Efwe i ofgféﬂwd) }"%ﬁEP\f@d@FWIff‘Cf%&%‘ram(‘NG:), and
conbi nat i ofiferehekieR factor, whereidsaidldn@-d1Eé Bt i6d fa6lotisRukemWiRHiGit oDy HBiof
gromh factor is an anti-differentiation factor, wherein sai
anti-diffeditiation factor is |eukenia inhibitory factor (LIF).

4. The nmethod of claim1l, wherein said |ithiumsalt is selected from
the group consi4sti Ngh&methbd bf dkiiinCih bvbereaid lithith WiR & a&1BReittdn thand

l'ithiumsulfate.
group consisting of lithjum chloride, lithium carbonate, and lithium sulfate.

5. The method of claim 1, wherein said lithium salt is lithium chloride.

6. The method of claim 1, wherein said lithium salt is present in said medium

at a concentration of from about 0.5 to about 5 mM.

7. The method of claim 1, wherein said lithivm salt is present in said medivm

at a concentration of about 3 mM.

8. The method of claim 1, wherein growth factor production by said cells

promotes the expansion of said cells.
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5. The method of claim1, wherein said lithiumsalt is lithiwum

chlori de. 6. The method of claim 1, wherein said |ithiumsalt
is present in said nediumat a concentration of fromabout 0.5 to
about 5 MM 7. The nmethod of claim1, wherein said |ithiumsalt
is present in said nmediumat a concentration of about 3 nM 8.

The nethod of claim1, wherein growh factor production by said cells
pronptes t he e?oans"[ﬂgmg{ho?gfaalﬁleé erein 3a1fd llthlurgsalg_ﬂ%elgaém&n ﬁ'Ie .Cl ai m
8, wherein said [ithiumsa I's selecte he group consi sting of
| i t hi um chgrowp dmslsiﬁngdfﬂlﬂmmahlbo&iah@unambdnauemndmﬂsum{s@lfa@ 10.
The nethod of claim8, wherein said lithiumsalt is |ithiumchloride.
11. The nethod @f c i t t in
sai d nmedi um at a cor?ggfrﬂe@g%}s\gﬁglo g glr?]ga fgd{ﬁh{a@gﬁﬁgthgg%ﬁ? ﬁlgﬁ%

12. The method of claim8, wherein said [ithiumsalt is present in
sai d nedi um at 4. combenead phriaiers, abergin sgiddihium salt is pregent py geighmedium
unbi | cal. §QcfBhORRnGELDS ol 01 85ls AT um comprising a |1 thi um
salt for use inthe treatment of a spinal cord injury, a traumatic
brain injury, a stroke, Parkinson's disease, Al zheiner's disease,
burns, heart dil@easdhe tiedpépbdaings rgsmspidiithian splhispraensinsait merim i s,
| eukeni a, Mrggﬁggg@atmgrg%qo@ﬁgmﬂl pl e nyel oma, an inherited bl ood

di sorder, a disease resulting 1n an i munodeficiency, or bone narrow
cell loss from chenot her amégor radi ation therapy for cancer, wherein

said |ithiumsdPt stivpany Icglrcavekh%oeﬂéeklwlfﬁ?eé&h%mre@ﬁmwm@a%g zell s,

wher ei n Sahtﬁmﬁ{éamf&}ufs@ﬁlttﬁéuea%néﬁbmp%l £4r@m;t Iiped tgeru%ec &Qﬁﬁhﬁh} pg of a
cell survival factor, an anti-differentiation factor

conbi nat i oftEke.Farkinsen’s disepse, AIZheIWérdé‘ie?‘ﬁes'alﬂéﬁ, b@md@Eﬁev‘iI%ﬁ‘eSf actor is

sel ect ed fés?é&ﬁ}ﬁ%s%a%ﬂat&@@ﬁh&ﬁs‘ fokeia, Rl AR, Hmlt&iecr}{%e@&hdqgm
epi dermal growth factor (E platel et~ erlveddgrowt factor (PDGF),

fi brobl astmgfrrémkbioqdahmdm,(qim)aselbwﬁmguman imeeungdedictancy, atbae mw@)ceﬂand
combi nat i ofys ﬁr&]ﬁkﬁ?&otbe%ﬂsygpﬁd}éﬁ&ﬁ@xaﬁ%ﬁa‘r%&% farther conprising use

of alithiums se alm 14, wherein said
[ithiumsalt is lithiumchloride. 16. The use of claim 14,
wherei n sai d | i¥ereimsaidlithivpssali séggulgies grogdstacter prpdustipmbiotaid eellpg/ kg to
about 150 ny/ kg.

wherein said growth factor is selected from the group consisting of a cell survival

factor, an anti-differentiation factor, and combinations thereof, and

wherein said cell survival factor is selected from the group consisting of a
neurotrophin, a cytokine, epidermal growth factor (EGF), platelet-derived growth factor
(PDGF), fibroblast growth factor (FGF), insulin-like growth factor (IGF), and
combinations thereof. 14.  The use of claim 13, further comprising use of a lithium

salt.
15.  The use of claim 14, wherein said lithium salt is lithinm chloride.

16.  The use of claim 14, wherein said lithium salt is used at a dose of from
about 1 mg/kg to about 150 mg/kg.

28



17. The nethod of claim 14, wherein“said lithiumsalt is used at a
dose of about 10 ng/kg. 18. The use of claim 13, wherein said
cel | survival factor is a neurotrophin selected fromthe group

consi sting of neurotrophin-3 (NT-3), neurotrophin-4 (NT-4),

brai n-derived neurotrophic factor (BDNF), glial-derived neurotrophic
factor (GDNF), ciliary neurotrophic factor (CNTF), nerve growth
factor (NGF), r aim
13, wherein sai (?d rggkbh,@@tg%? gcrﬁa!%]t;ﬁ éﬁvﬁ%ﬁl |Sf-11 i hfuélr?éar% ell(%ﬁa ?‘%8? gr
wher ei n saambu‘aﬁlmblélgffer entiation factor is |eukem a inhibitory
factor (LIP). 20. Alithiumsalt for reducing rejection of
transplanted h n o d - 0, . : 21.
The [ithium salul'z§Bl of %Fg%eﬁqg%@%gﬂgeﬁl %f'ﬁ: Sh Séwwgl ﬁmﬁHQ%%ﬁhﬂ%ﬁhm

22. The | i sehacterhfioal the grouge beisisiof nedreirephm-3 ﬁﬁ'ﬂ%mbl}remphhaé (¥Bdh

di a_gnosed %%nbdexawes o trPﬁl% gacéor Lét?MF)f ghal -d nveﬁ naurfate ?}’ f%ctg G%N];), of

cl aim 20, ereln sard hitam oup

consi st i ngcibidry hedrbdraphiccfhdiar (CHEF), Inetvh ictowtls fictoo M8GE), amindmbidationsm

sul fate. 24. The lithiumsalt of claim 20, wherein said lithium
sal t |sI|rlhﬁllﬁl?nchlcn|de 25. The lithiumsalt of claim 20,

wherein said lithiumsalt is used at a dose of fromabout 1 ng/kg to
about 150 ny/ kgl9 The u26f cliine 13, ivtHareimeagibdrowihffactdrds s &fi-différestaiion sai d
L thium Sa% ctor, Wheretn sa1ad anfi- ddfgerentlaglonatte)lctor is ?‘eukggla ugnbltmy factor (LIF).

20. A lithium salt for reducing rejection of transplanted human urnbilical cord

blood cells in a subject.
21.  The lithium salt of claim 20, wherein said subject is a human.

22.  The lithium salt of claim 20, wherein said subject has been diagnosed with

a spinal cord injury.

23. The lithium salt of claim 20, wherein said lithium salt is selected from the

group consisting of lithium chloride, lithium carbonate, and lithium sulfate.
24.  The lithium salt of claim 20, wherein said lithium salt is lithium chloride.

25.  The lithium salt of claim 20, wherein said lithium salt is used at a dose of

from about | mg/kg to about 150 mg/kg.

26.  The lithium salt of claim 20, wherein said lithium salt is used at a dose of

about 10 mg/kg.
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