WO 03/ 059272 PCT/ US03/ 01129 5 MATERI ALS FROM BONE MARROW STROVAL CELLS FOR
USE | N FORM NG BLOOD VESSELS AND PRODUCI NG ANG OGENI C AND TROPHI C FACTORS
BACKGROUNRO®B/0FHE | NVENTI ON 10 TECHNI CAL FI ELD The prese®CTiusegntizon
.relates to nmethods and conpositions for use as therapeutics. Mre
specifically, the present invention relates to the use 15 therapeutic
creation of angi ogenesis and producti on of angi ogenic and trophic factors.
BACKGROUND ART 20 Stroke is the third nbst conmon cause of death in the
adult population of the United States, and is a major cause of disability.
Stroke occurs when a section of the brain beconmes infarcted, resulting in
death of brain tissue from interruption of cerebral blood supply. Cerebral
infarcts associated with acute stroke cause sudden and dranatic

neur ol &gi cal MATERIAL'S FROMMBOKE MARROWISTRONMAESCEEESAFOR WSEUNt in the
death of tissue and neurological inpairnent. Pharmacol ogi cal interventions

have attenpt e FORMINGiBEOOD MESSEIeS AND RROBUGING ANGIQGENIC AND n ar eas
that m ght be able to survive, iR ef fectiveness has proven
el usive. As stated in Harrison' ?@PH&¢£@T9?& nternal 1 WD 03/059272
PCT/ US03/ 01129 Medicine (9 h Ed., 1980, p. 1926), "despite experinental
evidence- that... [cerebral vasodilators] increase the cerebral bl ood

flow, as neasured by the BAGCKGROVYNDIOFEIRINYEMEPMave not proved

benefi;g al in careful studies in human stroke cases at the stage of
transient ischemc attacks, thronbosis-in 5 evolution, or in the
establ i shed. stroke. This is truFEgGHNICAL FrEicDaci d, Priscoline, alcohol,
papaverine, and inhalation of 5% carbon dioxide ...In opposition to
The present invention relates to methods and compositions for use as ‘
therapeutics. More specifically, the present invention relates to the use
15 therapeutic creation of angiogenesis and production of angiogenic and trophic

factors.
BACKGROUND ART

20 Stroke is the third most common cause of-death in the adult population
of the United States, and is a major cause of disability. Stroke occUrs when a
section of the brain becomes infarcted, resulting in death of brain tissue from
interruption of cerebral blood supply. Cerebral infarcts associated with acute
stroke cause sudden and dramatic neurological impairment'.y Other

25 neurological diseases also result in the death of tissue and neurological

impairment.

- Pharmacological  interventions have attempted to maximize the blood
flow to stroke affected brain areas that might be able to survive, but clinical

30 effectiveness has proven elusive. As stated in Harrison's Principles of Internal
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the use of these nethods is the suggestion that vasodilators are harnful
rat her than beneficial, since by |owering the system c bl ood pressure they
reduce thwoioawseer ani al anastonotic flow, or by dilating' Polrasd3oagsel s in
the 10 normal parts of the brain they steal blood fromthe infarct.”

Addi ti onal | [ \ f car di SE€ 1S | '
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inability of 15 the heart to deliver sufficient blood to the various organs
of the bodylitrels [aife mathpfathay hAUP CtePIOVRE ReRRIORIN| SaT8T! ATudeE RS

carry the di ' f r ' ' r . in-
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di sease€? Dempidteorsiognim the astakiibeed stroke cThizds drme! ofstiowtivtis acid, Fhiscpisd, t wo
decades, heart failure continues to.increase 20 in. incidence reaching
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di stinctive synptons and signs resulti rom di sturbances 1'n cardiac

out put or frather t&ni heneficiell sireby lpnesingr the Bbstemierblobdgresduael they is a

progressive disorder, whereby the fungtion of the heart continues to
det eri or at éeaV%‘? tﬁ?d@”ﬁ%@ﬁi’%@”%ﬁ‘@"ﬁﬂ%ép@é i by silaFae bé‘?/%‘ﬂt‘@?s@ﬁé”ttbeheart
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Generally, there are two types heart failure. f%ght heart failure is
the inability of the right side of the heart to punp venous bl ood into

I ircul atj.on.. A back u f fluid. n the body, occurs and results
P ovel | ng* and AGULREENY <HRSres oh i faiclcbaphidar rgIe  greo@ iadingrt
si de of theydedlidet Sautie B PndHAmy ahat.%o%(i.attg.moffforﬂe%ﬁb%t, IRt ﬁfjﬂﬁl‘e %&?beh' nd

the left-ventricle then causes "accunulatio In the ngs. - The
mai n resul thaey istrtaasingin pravalerfcal | deart ifailureds dharacterigeidooy ahfinabittyrafar t

B;?O% | es[ﬁe%fefairtctioecgletliv%? sﬁffl%?erm’blégce tobﬁmdeyvgrtlcgues rtg%mt's.oof(il'?g%%gysl.a t(?ur];é)r{t A
estimates indicate that over 5 million Americans carry the diagnosis of heart
failure with nearly 500,000’ new cases diagnosed each year and 250,000
deaths per year attributed to this disease. Despite significant therapeutic
accomplishments in the past two decades, heart failure continues to increase
20 in incidence reaching epidemic proportions and representing a major

economic burden in developed countries.

Heart failure is a clinical syndrome characterized by distinctive

symptoms and signs resulting from disturbances in cardiac output or from

25 increased venous pressure. Moreover, heart failure is a progressive disorder

whereby the function of the heart continues to deteriorate over time despite

the absence of adverse events. Due to heart failure, inadequate cardiac
output results. ‘ \



10 for exanple, using hornones and neural signals to increase bl ood vol une.
Heart failure has nunmerous causes. For exanple, disease of heart tissue
resul ts iwodaasbamyocardi al cells that no | onger function. PRTA0&eERON i n
| eft ventricular dysfunction has been attributed, in part, to ongoing | oss

of 15 these capdi c : r ating
and preventing ﬁghgf%gl gﬁ%e% aere-l?%etyg%ﬁpﬁggﬂ f%‘eljr?qg cg;:d Epﬁ%@gﬂ%‘é‘g‘% 'SL@e%d to
regener at eing@liey af tﬁ@'rlgtht igide @t uhe reardiapuhgchenbas alstidintd pPudmobaln or
injury in aninmal nodels. In one 20 particular exanple, viable rrarrow

stromal cefireulaiien. aPeliach om fohbd In de BeA¥PCoHES andu Bﬁﬂ'ﬁ%”’e&‘fé@'ﬁﬂ@@“

| abel ed, en ] S i t

reci pi ent oSdador LR HBELTIRILY b RSRERNF oM L5106t s i Pur,

i mpl an6at.i prodting sygemid airc@ation.t Sackelebekina thedeﬂﬂ@nmcle\mn tauswed t hat
i rrpl anted stromal cells showed the growth potential in a myocardial 25

envi r onmengccymraiagon &f flulgd inythede@@snyocyt es have been shown to
differentiate in vitro from pluripotent enbryonic stem (ES) cells of line
D3 via enbryo-like aggregates (enbryoid bodies). The cells were

characterized byhtleainhekeltingldffecpat hbadfaiflren® flligcdurigpstionmifrthbdleagy, and
gene expression anal og %/ during the entire 3 WO 03/059272 PCT/ US03/01129
di ff er ent i BEFYREPPTDE f'C(QVélatSs%‘PU”H?t, thebody Edterypiadai qaneprnsale 195 thPYpot ent

muse gES Foﬁaé@)rﬁ’iﬁ% easﬁﬁ‘gi’\%lrrﬂ 83%hﬁfrf'efu‘?glté@t@sgﬁhr‘?cirgé‘%éfbeB‘él%Y&rﬁé

expressi ng &S OP R ARl AR 1993). 5
Stemcel ls regardless of their origin (enbryonic, bone marrow, skeletal
nmuscl e, etc) have t otential to differentiate into, varjous, if not al

cel | types of tb&u@re Sasnnemeraus causes-e For gramelendisaess chisart
functi onal lgﬁjﬁj?@s%lts%{%)étderﬁyoge}‘dfad c%nﬁtlfgaq‘ﬁd R dioRt qﬂf‘o@?éésnmﬁmed

t her api es reating hear as many advantagesS oveér exiting
t her api es. IeTtDvShMe’AI%/Y aysfumtidi\ViasTbedv attributed, in part, to ongoing loss of

15  these cardiomyocytes.

There have been numerous methods of treating and preventing heart
failure. For.example, stem cells have been used to regenerate cardiac cells in
acute cardiac ischemie and/or infarction or injury in animal models. In one

. 20 particular example, viable marrow stromal cells isolated from donor leg bones
were culture-expanded, labeled, and then injected into the myocardium of
isogenic adult rat recipients. After harvesting the hearts from 4 days to 12
weeks after implantation, the implantation sites were examined and it was
found that implanted stromal cells showed the growth potential in a myocardial

25  environment. (Wang, et. al.)

Cardiqmyocytes have been shown to differentiate in vitro from
pluripotent embryonic stem (ES) cells of line D3 via embryo-like aggregates
(embryoid bodies). The cells were characterized by the whole-cell’ patch-

30  clamp technique, morphology, and gene expressmn analogy during the entire
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According to the present invention, there is provided a therapeutic for

use in inducing angi ogenesi s and vascul ogenesis. The therapeutic can 15

i ncl ude awg@ioagenesi s and vascul ogenesi s i nducing factors iPsalso®aiiky om stem
cells in conjunction with a pharanaceutically acceptabl e cell therapeutic

for |ndu0| ene t hod of
anpl i fying 'ﬂ%@%‘gﬁﬁﬁ %’ﬁi o@;@hsge ég aggﬁs%z" dWQt?ﬂP%e%ggﬁgebﬁ culrgr%g 00
factors seEsetsén@ \bé!reewpéblégot iffarshtiz@e Gitbt crdgn gddyeedkexp@skhgninalora 20
conmpound for increasing the productlon of the angl ogenesis and

vascul ogeniesiwes eflmamgalianteest (Maiigicygehedi 49988 vascul ogenesi s i nduci ng
factors isolated and purified fromstemcells for use in a therapy are al so
provi ded. There is provided a process for obtaining the angi ogenesis and

vascul sgenesi s Sitieond régaidiiss @fSthéﬁftorfgﬁHi (émbb@ric, B Maeoes skefetaludi ng
the 25 steps of isolati ng and purif human mesenchymal stem ceI ls .from
€

tissue prm@lSCIBoetﬂ fffaé’eé |Fa1telaiiﬁ|éﬂdilffﬁf@ﬁt|%ﬁﬁl inta @@{ﬁarﬁhﬂf@”k rell Bgsnchy mal

stemcells o 1€ her a

| sol at ed ?lfdtth%ﬁ? e%@ﬁ'i (844'8 %Ee e%ﬁ%q B’iﬂ:et?%?ﬁﬁgl s unh e(t’elﬂh uencgy

of a requi ﬁ\lyb@%tegorrmmsd ,th@@ié&blo@nﬁéntcbff dterreobi-phsed tﬁ@l@p}i&@ﬁwqrmlr@

desired cell enoté 30 needed for tissue repair are also provided. 4 WO
a3

03/ 059272 Marﬁtagb@ PO \BRA N tRgSTRYeTEXNNOthEMaRIgS. GURES Ot her advant ages
of .theypresent invention are readily appreciated as the same becones
better understood by reference to the followi ng detailed 5 description

Wpen consi dered in connecti SUMMARY: OF B4EANNENTION dr awi ngs  wher ei n:
Figures 1 A through E are phot ographs showi ng the secretions of growth

factors of BDNF (Figure 1A), NG gure 113 bFGF
(Figure 1 D) anGCW'r(Q:f%U?%P![e@(t 'ﬂ‘(ﬁrﬁloﬁlurt eZ'SAPrQHg}:eé urger&ngH%YgrhOW, ng

the resultg é’f bﬂ&%\é nI%" eétlng Jed[g-:fh%lts'iso%[ntde%ﬁculegéﬁéﬁs behge 1 péiitie can

occl usion- 0
15 lnclude angiogenesis and vasculogeneSIS inducing factors isolated from stem

cells in conjunction with a pharamaceutically acceptable cell therapeutic for
inducing angiogenesis and‘vasculogenesis. Also provided is a method of

) amplifying the production of angiogenesis and vasculogenesis inducing
factors secreted by exposing to and co-culturing stromal cells with a

20  compound for increasing the production of the angiogenesis and
vasculogenesis inducing .factors.A Angiogenesis and vasculogenesis inducing
factors isolated and purified from stem cells %or use in a therapy are also
provided. There is provided a process for obtaining the angiogenesis and
vasculogenesis inducing factors as set forth above, the process including the

25 stéps of isolating and purifying human mesenchymal stem cells from tissue
prior to differentiation and then culture expanding the mesenchymal stem cells

to produce a tool for neurological and musculoskeletal therapy. Isolated and
culture expanded mesenchymal stem cells under the influence of a requisite
compound, capable of differentiating and produding a desired cell phenotype

30  needed for tissue repair are also provided.



and treatnment with intravenous MSC or no treatnent; Figures 3 A and B are
phot ogr aphs showi ng the use of the rat corneal neovascularisation nodel to
test whetwero3n®C7secreti on i nduces 15 angi ogenesis in viwpaI/uSogaries 3A
shows an sham operated cornea with no evidence of neovascul ari sati on and

Fi gure 3B shows MSC supernatant placed in collagen water inserted within
the corneal pocket wherein robust corneal neovascularisation is evident;
Figure 4 shows an il ust BRIESTDESGRIPTEQNOFEHE FIGRIRESned to support 20
t he present |nve¢ s extracted Lyom an, and

g

|
the MSC are sepa Q}egaa%\f?@?%iﬁspﬂf&g pﬁeﬁ{ﬁégvg&thq e peadilyyarprec n‘lﬂlfré% are
injected inhe gdmanetmed b@tt@?%‘h@lbrétﬁb&'rby Adterdrie@ @g tHes 1dTloWi Retailed

selectlvely to injured tissue and localiZe to the undary zo

| esi on, t hedadsdptiar where conaideresh imcoagedton asthothet aceorepamyisg tdrawireyse
nedlated by, @?% 25 parenchymal -cel|l secretions and growth and trophic
factors, t HbrOV|ng neur ol ogi cal function; Figure 5 shows a standard

coronal section Figapdd fii ad tivoubReE! axelprtodr: hsC§Hc§WIh rtr@)@@%r@ﬁbﬁs%f rat
brain that divides the rlnlght hem sphere i nt0 three subregions an

fields; 30 gPyin daciera of DBFa(@ggr%tﬁbPé NGE (Efguet h_), rteEGFt (sFugmrebéﬁav. oral
5V\DO3/05 ctio ests before and after mddl e
cerebral %%éféﬁ‘#goﬁé) éﬁ%ﬁ&ﬁ Qﬂgg l?%li\d B are graphs show ng a m xed

| ynphakyte r eactmguresb@t veethd & érb' eedpHzelshewailfl tA&SfesuR8dofib@nagio?al

phot om crog%r aphs showi ng the norphol ogic characteristics of 5 exogenous
human bone H’ﬁﬁﬁ*QﬂNt%‘?ttﬁcBMﬁtScbﬂifloée(alm erampheﬁdogﬁrtbagnladéa gerapedl artény r at

o o den I e AL NS PRSP < S eatuct T actors
from bone narrowiglrezBlA aatl!B aps phbt®jraphs showing the use of the rat corneal
neovascularisation model to test whether MSC secretion induces
15  angiogenesis in vivo, Figure 3A’shoWs an sham-operated cornea with no
evidence of neovascularisation and Figure 3B shows MSC supernatant placed
in collagen water inserted within the corneal pocket wherein robust corneal
neovascularisation is evident;
Figure 4 shows an illustration of 'the experiments performed to support
20  the present invention, wherein bone marrow is extracted from an animal and
the MSC are separated and cultured in three to five passages, the MSC are
injected into an animal with neural injury and the cells migrate seléctively to
injured tissue and localize to the boundary zone of the lesion, the MSC then
activate an array of restorative events that are mediated by MSC,
25 parenchymal-cell secretions and growth and trophic factors, thus improving
neurological function;
4 Figure 5 shows a standard coronal section identified at the level of the
cnterior commisure of rat brain that divides the right hemisphere into three
subregions and eight fields; |

- 30 . Figures 6 A and B are graphs that show the results of ‘behavioral

5



stemcells as part of cell therapy for . inducing . angi ogenesis and
vascul ogenesis. Mire specifically,, the present invention provides a nethod
of . anplwbyBfgo2the production of the angi ogenesis and va®calusgpmnasg? s
i nduci ng 15 factors (e.g. angiogenic, trophic, and growh factors) secreted

oy o BbugSS pE I A oot dbrB ARG TRbig | actor s | el

anplification or—:gur@s 8 AhancEpaseiigraples hdwiry auinixece lyofiptiduyte ebdction t h
brain extract and/or with calcium 20 The term "angi ogenesis" is defined as
a process gtweesdigh spipgacallaandiMee; @Rgk i nvol ves the growth of new and/ or

devel opi ng bl oo i f

neo-vascurari 2ot IOHEE SfactoBofeit< S te' dofiiion: eitiplidictor

endot hel i aéxc&gdrio@swnﬁnaﬁwnb magrove stromil sellsl Wscg)caeﬁisem‘gammsdﬁdm n one
of three ways: the vessels can sprout 25 from pre-exi sting vessels, de-novo
devel oprren@eltﬁfm\fébﬁal% can arise from precursor cells (vascul ogenesis),
and/or existing small vessels can enlarge in dianeter. 6 WD 03/ 059272

PCT/ US03/ 01129 'The terns "enhance" or "enhancenent” as used herein are
meant to include, but areDESCRIPTIH OPTHERINVENTIGN or richer by the
addition or increase of sone desirable quality or quantity of substance. 5
The phrase "brain extract"” as used herein is neant to include, but is not

limteg to, br aG'%n%?éllys tl‘i’% lﬂ‘?%ﬁ@ﬁt 1?1\/8?1 éH 5\”:133 o5t ﬂ"\'e” ge Tt YRk 5§‘er@s?§ n.

These cells can a red W |um and t e sup e nt -can be
used as aamd ¥ascevyenssis idducihg fa@tbns Trom bogé mmowﬁnbnhﬁrwlle oricthént ended
to include, but is not Ilmt d ﬁ Eh sic |olog|caj urles

i ncl udi ng geAet celleli §8r s, © sdlderapyn Oégé‘ 8[‘96’98@ gs @ggd

exanpl e, § e I I i

ot rore. RGNt " 0&%%@5@8% 7 8 Blos I RA pBYides 4 Mefd by

t her apy" asmpiisdhdréneiproductiandes thdaLanglcsgemﬁsié. iamdt eakaubogendses triducingeut i ¢
Hse OR5St e{gc(t:oerlsl (Se'gAa%lgéner?lgl Itroip ic, gw%qg;oa}/!/tlhz a%ltorlrgt gecre?eeclj Iby stromal or
| other stem cells for use in a therapy, the factors inducing angiogenesis, or
other beneficial growth, upon administration. This amplification occurs with

exposure to and co-culture of the cells with brain extract and/or with calcium.

20 The term “angi'ogenesi's” is defined as a process of tissue
vascularization that involves the growth of new and/or developing blood
vessels into a tissue, and is also referred to as neo-vascularization. The
process is mediated by the infiltration of endothelial cells and smooth muscle

cells. The process can pfoceed in one of three ways: the vessels can sprout

25  from pre-existing vessels, de-novo development of vessels can arise from
| precursor cells (vasculogenesis), and/or existing small vessels can enlarge in

diameter.



whose descendants specialize into various cell types. Stemcells have
various origins including, but not limted to, enbryo, bone marrow, |iver,
stromal , Wetoswsesue, and other stemcell origins known toPchasesefizskill in
the art. 20 These stemcells can be placed into desired areas as they

naturally OCCUr'THY terfN“ditheral e eeRfahfemBHt RO NGB KIEYSM A hitase t6f
skill in the art.. Thus, through various genetic engineering nethods

i ncl udi ng, ingludedeutiarginaddimiied tot mekiiggeh on ricter by ithmaddiligntaidn¢rerse st em
cells can - engi,heer i n.order t increase their likelihood of survival
or for any OESREWQQ%%%@% qHﬁl’t&o%equaﬁ’gtyS?&Hb@ZW%e'are capabl e of

sel f-regenerati on when provided to a human subject in vivo, and can becone

| ineage-restricted progenitors, which further differentiate and expand
into specific |ilheagbrseadraieaxiiactéias, used dereislissneantefeinciude, Hitda

mar r ow Str%ng?li eIdI gmnco | sot erpé:rel.l S Pf ther.cell t eShr ir?’.OT o
Pref erably, % tr%c { r aré% heleR" F&rs 8 aé'?‘?q) li)sa. 7 %7\63
03/ 059272 RETis d2AH193 B_%ultlifed Wethma mddiimCcd thetsupdthafdnp @b be usdeascel |

are used interchangeably to nean a stemcell having (1) the ability to give
rise to pr@g@i@n pxtra¢tt defined henatopoietic |ineages, and (2) stemcells
capable of fully reconstituting a 5 seriously immunoconprom sed host in
all blood cell types and their progeny, including the pluripotent

henmat dppi etic StRB ¢& “iMyrysehé -ugienalein BRnttemdedUo i include, Bot tis trigisue
occupying the nmedullary cavities of |ong bones, sone haversian canals, and

spaces bet WEHIPX calpeyicab Obbictegiedl infiies ndudingsgRiiRly deaulerBaeeasas ow i s
L g T e

concer ned Mihdtidnag deficitiiatérostrake, IN®thjag), bad(Heutoddgarairaive dseaseand

henogl obin (thus, the red color); and yellow, which consists largely of fat
cells  (thus, the yellow color) and connective tissue. .15 As a whol e, bone

MRrrowd s a COmphEXdhssig {HhiH B9 LBmRLARH FdiGdes, but is not limited to,

the therapeutic use of stem cells. A stem cell is a generalized mother cell
whose descendants specialize -into various cell types. Stem cells have
various origins including, but not limited to, embryo, bone marrow, liver, -
stromal, fat tissue, and other stem cell origins known to those of skill in the art.
20 These stem cells can be placed into desired areas as they naturally occur, or
can be engineered in any manner known to those of skill in the art. Thus,
through various genetic engineeringA methods including, but not limitedk to,
transfection, deletion, and the like, stem cells can be engineered in order to
.increase their likelihood of survival or for any other desired purpose.
25
Stem cells are cépable of self-regeneration when provided to a human
subject in vivo, and can become lineage-restricted progenitors, which further
. differentiate and expand into specific lineages. As used herein, "stem cells"
refers to human marrow stromal cells and not stem cells of other cell types.

30 Preferably, "stem cells" refers to human marrow stromal cells.
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stemcells, red and white blood cells and their precursors, nesenchynal
stem cells, stromal cells and their precursors, and ' a group of cells

i ncl udi ngwofoslosaabt asts, reticul ocytes, adi pocytes, and enacrhshs/edizcel | s
whi ch forma 20 connective tissue network called "stroma". Cells fromthe
stroma norphologically regulate the differentiation of hematopoietic cells
through direct interaction via cell surface proteins and the secretion of
growt h factors T@@de&hé's'termwleu'édr i‘mmlﬂit&teht?lmdmtd:eﬂha@mls@hlmmrbha@geamy bone
structure. 25 Studies using mas nodel s have suggested that bon rrarrow
contai ns " P 81837 89keM Gall ‘P%V"t‘% tt&/@bltltyetoc%%tsteﬁowoaemygtathﬂre padinto

Got cogon ¢ S ERoedRf InkRbeR? AT R) e BB cBPb of RN TPrSviney

Orthop.5 248rididsly lm&&%ocdﬁmntls@dlhdehimall mibachtels tydest andh elser peddeny, cal | ed

30 pluri potent stromal stemcells or nesenchymal stemcells, have the
ability tolnc @'V@tm%m@tﬁ@m@QQQI@Plsigm %ﬁilné’b’éte@‘ "eReWaseveral different
types of cell lines (i.e. osteocytes, chondrocytes, adipocytes, etc.) upon

activation. However, the mesenchymal stemcells'are present in the tissue
in very minute Bupentnarom s taevs'orﬂtetlswei edoupyiry tbtetmeduﬂdrwca(vities of long
erythrocytes, platelets, neutropgsl ynphacytes, 5 non

eosi nophi | ?0”8§S§RIHPI|'$3V9&%!?B(S’@@? a”é*t%Pa)CGSeﬁﬁiwePH t%ﬁquCH Qfecartc‘@”%?ons hi p

W th age, to'f'% ggbgﬁgaﬁgﬁe%aﬁb |§ro"?‘9\kb‘i‘$/ pey rbBt\?/h néﬁgﬁﬁ& OEFFQQ)bBBe .

connective ependi upon the I nff'uence of a nu . |oac?|ve
factors. 1Gh Blaelymﬁe mmtelmfeStheorleearms mvadlulttmmd f.e. on Whe Isppagh dome)ar r ow
stromal cells, supern (5 t]"t from bone mar

|
Seer ot ons Bl QARG SN tne Platkiatien i bled one tnes PeMAloRist) 88t s and
ot her stemy ‘éﬁtdrﬁ?otggr(tﬁd”éethérré‘@k ;A gryau'ae\ﬂ%cﬁ BSﬁgs&qgfgeéw BPfatidank ude,

but are not , array o ow h, trophic angi ogenesl s
factors. Tihusptheoykelmw chler)parebeonnedivertissnei on pronotes an i nproved
outcoxsfor the recovery fromneuronal injury, or other injury, by
augnenti ng the effects of the treatnent, for. exanple,

As a whole, bone marrow is a complex tissue including hematopoietic
stem cells, red and white blood cells and their precursors, mesenchymal stem
cells, stromal cells and their precursors, and a group of cells including
fibroblasts, reticulocytes, adipocytes, and endothelial cells which form a

20 connective tissue network called "stroma". Cells from the stroma
morpholdgically regulate the differentiation of hematopoietic cells through
direct interaction via cell surface proteins and the secretion of growth factors

and are involved in the foundation and support of the bone structure.

25 Studies using animal models have suggested that bone marrow
contains ‘“pre-stromal" cells that have the capacity to differentiate into
cartilage, bone, and other connective - tissue cells. (Beresford, J. N.:
Osteogenic Stem Cells and the Stromal System of Bone and Marrow, Clin.
Orthop., 240:270, 1989). Receht evidence indicates that these cells, called

30 pluripotent stromal stem cells or mesenchymal stem cells, have the ability to-
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angi ogenesi s, and augnenting the bl ood vessel production fornmed fromthe
non-exi sting or pre-existing vascul ature. The present invention can al so be
used to pwowsds2neans to enhance brain conpensatory nmecha®CImsv®»oA9 i nprove
function after CNS danage or degeneration. Additionally, the nethods and

cel | ther o85etelf TP S meor RRIspIt R g Of nesf nlBeathr T SRR
transpl ant @r@ona%cﬁteenb@ﬁidoytédl)éﬁtcgiidp‘oeur &tiviatibA. Howedhetienmesedcioghbb

increase function. For exanple, when this therapy is used in the heart the
t her apy castemmeeksaie present inthealissuedn ery 8 inwter araoHatsr With #HUde YaFiebs e - of

ctom ool | sobafiliels SIS rhEportrprefe Walleh casBhgbnis: MhhbABBRSE: coc
such as tr%ﬂb@yﬁe@ﬂé’cﬁnoﬁ'ﬂﬂl@,béﬁ Hes aradlisocytds et/ @haR7R BETINVSARY 01129

the rel ease of trophic factors induces angi ogenesis (increase of the nunber
of bl ood Kedatinshp withoagrrthey aracepable efldiffpeantiptingtinionanrasdimentat heart

"failure. _Therefgr e cel | i nere rdi et ion
and/ or ¢ 8o g R: Tl PEP SR BB OV R St A e EomeRE , AEaoHE
differentigictéyg. into 5 functional cardiac nuscle cells. The production of
trophic factors, growh factors, and angiogenic factors is typically an

expensive and difficult process. The nmethod and conposition of the present
i nvention provide an inexpensive and sinple 10 nethod of producing pure

trophig factor SThgrpﬂngﬁé %g;ll‘?% Eyre?é}ﬂi iﬁ’\l}%}ﬁfo'h isabaltfide HaHe Wa?roW&ﬁéﬁ‘xapy

adm nistering the™t e present 1nvention. ese actors can be

used for teell, meperpEthheiitm bboe nexeop|strontdlecdiacootise sacretiens vswdtirfgr

i nduci ng angi ogenesi s, vascul o%eﬁ?]esi s, .and to enhance functi oq- afnd repair
bioR Is|Tof the

of ti ssuesffﬁﬁt g WisragHoR arrgw stromal egllsy 3@ PENeSTiEm ¢§
det erm ne ?rgafm@ﬁt QP'&?SFJE%H O‘T‘h%tséo'{@dret‘?@rlé ﬁh&tﬂb,b@ute AeGnAedCl], |4l ar

factories r producing and secreting trophic, growth, and angi ogenic
factors. Theag of igrowih, srophic,iamd anigiogbnesiafactast Thenmetdod of théEBRseRICH,
BDNF, | NGF,  bFGE, o

1 invention promotes an improved outcome for the recovery from neuronal
injury, or other injury, by augmenting the effects of the treatment, for example,
angiogenesis, and augmenting the blood vessel production formed from the
non-existing or pre-existing vasculature. The present invention» can also be
used to provide means to enhance brain compensatory mechanism to
20  improve function after CNS damage or degeneration. Additionally, the

methods and compositions of the present invention can enhance the

effectiveness of cell therapy.

- Enriching and/or repopulating the injured cells through transplanted

25  stem cells that differentiate into the injured cells increase function. For
example, when this therapy is used in the heart the therapy can increase the
contractile units in the heart. The increase of contractile units increases the
function of the heart. Additidjnally, the stem cells can also be responsible for

the release of various substances such as trophic factors. Thus, for example,



etc. The methods of the present invention allow the production of these
factors to be mani pul ated by culture conditions. For exanple culture 20
condi t i onwodanse2 mani pul ated by co=culturing cells wth tPCIdse3/enad or
different calciumconcentrations in the culture nmedium The present

I nvention ks RAS&Sk BRtrbpRicYaEtaP Trﬁﬁﬂcbsﬁd%@ﬁ@%%hnés@s lih&dkse & #RAGEMbDAL bhough

stemcells have different origins (enb ) e marrow, 25 liver, fat.
ti ssue, et blood véssdals) inpandeate incseass catdiaadurstiont ard/os treahheatidgilurave t he

pot enti al differentiate into varjous, if not all, cell types of the
body he BPEHIBIES| Fonsart girlh oRTal taiindrertsectiar Estinh i Bthe” st o
di ff‘?r ent1 abgrt failliRe ﬂ%dtl;ﬁcva{ﬂbifél PeeBhhgmd MHdrseungustbifierdiftfdingldfsd) - 10
WO 03/ 059272 PCT/ US03/ 01129 Applicants have devel oped a process for

i sol ationg &unttional égidias musele cedsenchymal stemcells fromtissue prior to
differentiation and then culture expanding the nesenchymal stemcells to
produce a valuable tool for neurol ogical and nuscul oskel etal therapy. The

obj ective of suTheTRRbMURI O Boblfic! RcbRA LVIRCIARGS, LR DiERSIerRE

mesenchymal stemcells and to utilize these cells to redirect "and/ or

rei nforce fagiotsods typigaliyrean expansaivevand agiffisiuity process. nddenomsinad arém
cells are harvested in t%reat nupber s .and aﬁpldi e 0 __areas of'aéi ssue danmage
o T, Hrgyide

d t
to enhancecpnmosgloinnﬂf & ipﬁeﬁr\;o'n&?w\}& r@&e”@’@ﬂ‘ﬁwea o?'mrpi%ai r,

to i nuoove nigthbant ARSI plfe WaphRUSRS gieirt fddode wneestneRrelgdd
subsequent activation and differentiation, enhance henopoietic cell
product i onfaders meselyduls agmisistaiingsther ecapyt efmhapsesasy inyentionvehbess f or

o e fou A Lk %or B0 5H UG08, P oAl S BaaRgfonhe 1 1 o0
i ncl udi ng iyBEEGH! INGIUERR) &edib§eddsis,haastlidtdnesk andsselrlapkte dedi@RIn and
i ncubating the cells with a prosthesis and inplanting the prosthesis, etc.

Thus, by i sepait Phiissyasrhatdingiaand meutroy leisghacmfag bereficialtodptasmin | s
D 0% 250 S\ P R S B Hb RRBEDBL 47 el Jbhe st 21T or
producing and secreting trophic, growth, and angiogenic factors. These
factors can include, but are not limited to, VEGF, HGF, BDNF, NGF, bFGF,
etc. The methods of the present invention allow the production of these
factors to be manipulated by culture conditions. For example culture
20 conditions can be manipulated by co-culturing cells with tissue and/or different

calcium concentrations in the culture medium.

The present invention is based on the use of cell therapy to treat
disease. Although stem cells have different origins (embryo, bone marrow,
25 liver, fat tissue, etc.), their important common characteristic is that they have
the potential to differentiate into various, if not all, cell types of the body. As
previously mentioned, stem celis have been shown to be able to differentiate

into cardiac muscle cells. (Maltsev et al., 1993; 1994).
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damage or by pretreating in vitro prior to their transplantation, the
culture 20 expanded, undifferentiated nesenchynmal stemcells can be
utilized Woro3msnrous therapeutic purposes such as to el uecdaises/eagkd ul ar,
nol ecul ar, and genetic disorders in a w de nunber of neurol ogi c diseases,

defects, 1§ gamdoant Brud BB%e RpaiTE Brune pr bRl Al SRl Apind e o°
connect i vanbk&RdHynthIsSefe calls %n’V@BS@@'%rI@W‘ qe ediffeesitiation cord thapl atladeby t he

inventors for transferring, inmmobil IZI(‘@ﬂ and activati nq t he mesenchynal
stem or pro@anding thel mesenchymal sste@ fasilsr pArpdugem? avdlyehblen todlt for,

th h t ' di
1} oot ng HeitBfaRial S SpEBHRSIAF SictbS, THE Mfodiye it SR GhERDyERA! udl N
PCT/ USD3/ 04 ka9grebiig |hb@’$enmeewmhbeﬁlofSﬁ@éemﬁiyirﬁalcaembeelwead rtedutiiizem a
nunber of different sources, including s of fenpral head cance] |l ous

bone pi ecetbesecﬂ@ﬂlﬁltﬂé'édffe@inawﬂi é@iﬂf@"@ﬁ? ﬁfhe g sehmal depaiatve $ePagde during

hip or r r from
ol sonire MERSGRTEL, T 1Y arBMark QRHADRIERE RlERIS SHaRaieRne, | To,
bone narr oxyeakr dfspbond atamageAld henbantdeohastimesiatsl imarvivov grasvtpr égrar ed

for cell culture separation by a nunber of different nechanical isolation

processes 'GYSBRALND aDPOR repair deurmsowe MRt AdnesioBgtony@ iR piosthetiche
preseqge o e\ﬁﬁée]sel Slﬂl{dﬂ@h BEb IR &Htﬁ%a%n etefnc? dff eﬁﬁétﬁdncalerﬁ

I nvol ved | I on processes was use o prepared
medi um t haﬁem@pb@moejélle;gednn@mhetm al | owed for not only mesenchymal stem
cell growth without differentiation, but also for the di rect adherence of
only the mesench stemcells to the ' urfac ar ea of
the culture disH X”‘P}}S PF rey 25 ﬁ’@ﬂt% '?%‘é{b th%\%‘% H@ §Eqr%9’| ve

at t achment; ge g} le5PhRabY SphritRid r‘{’r%één rRAIBSML 1N

t he narrov&nﬁs:}g(r)r% gg i%hggcg:;/l g?%mngﬁ%ts ﬁt vva% possi bl e %ﬁy separate the
mesenchymatelkst @ntheedilesfol repait, hmpdnmahorc,eetbs iéludingriejgctingl thehcelds abiheod

nglr lr 23‘,5 ot hsel{e g% ]efs ?e%l 3 2 %t Wﬁggbatlr?énme ceells ith Brc?str?rsefss SRt |mplet1nq!%gbone
the prosthesis, etc. Thus, by isolating, purifying and greatly expanding the
" number of cells prior to differentiation and then actively controlling the
differentiation process by virtue of their positioning at the site of tissue
damage or by pretreating in vitro prior to their transplantation, the culture-

20  expanded, undifferentiated mesenchymal stem cells can be utilized for varieus
therapeutic purposes such as to elucidate cellular, molecular, and genetic
disorders in a wide number of neurologic diseases, neural injury, metabolic
bone diseases, skeletal dysplasias, cartilage defects, ligament and tendon

“injuries and other musculoskeletal and connective tissue disorders.

25 Various procedures are contemplated by the inventors for transferring,
immobilizing, and activating the mesenchymal stem or progenitor cells at the
site for repair, implantation, etc., through the use of various porous ceramic

vehicles or carriers, including injecting the cells into the location of injury.
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As indi cated above, the conplete nmediumcan be utilized in a nunber 20 of
different isolation processes dependi ng upon the specific type of initial
har vest i /gopsosesses used in order to prepare the harvest @edThsagormae r ow f or
cell culture separation. Wen plugs of cancell ous bone marrow were

utilized, the M QurMAS,B0ded ko dhemCalRl EheoIBdi R ARV aTLESE o form

a dispersion whic en centrifuge Separate e nmarrow cells from

bone 25 pi aliffsrenetsourddse ineluding pkigssof ¢amsraithewd paadeibusabbhy piécesd and
white blood,6 cells, and a ver%, m nut e ampunt, of nesencrayrral stemcells,
etc.) were Qok@RedireRoPRHERS Wih odegenarative ipit jsersss dHENE HP cOMsNeee
medi um cont.ajni r e i i i ri es
of 16, 1. "pAoBgent SurdBty S fo achitieRaTd Rt Rothaludhst
produced t fanaughcalbgy wdtientsawhanhate Marrd® B3NVRSRY forPGTUrdOSd MPowt he

mechani cal separati on process, as opposed to any enzymatic separation
process, M@Wﬁ&nt%w-r@ﬁm?‘c@e Rriyested Riastan ¥ piepeeed &1 ealbeulikange

while an e XUb: : : ' y to
the prot el EPE b ARATGe C ot tERAF i i BRASSRAE Lbihidhe
separ at i on,updnaiig/ souttce dhthephaheisted marsowe@dethd preddreepobbons iahipyf

| | it bodi i fi fo id ] >h | st Il1s. The: si |
el | suspeRerBHOEAGoH, S1ad, thecign! SPPaHp bR fa? (FORYIoTO oRoR%S NBE! eat od
cel I s)1onas hdeRe ér%)%ﬁaeﬁnm?&@herﬂeamnﬂrfeﬁa%rﬂaﬂé S%éﬁq{tg {whﬁcrpapp@agr gjn

selectively separatihg an I sol at1ng- the nmesenchy em ce
t he remai nifognotlénlgehésendhyoral stemtded grosylle veithamut diferentatio, duedismforow was

tilized th f the h h | st | 1 t he n
Stern cel | ¢ ek A EheR 47N 1tBe JReRenchiBAesien (selisp hogplgatc ®al of
bl ood) wer gyaddadid® 4Re SORB! G rdBfHY BN d&?iny@ﬁ{ééﬁmﬁttﬁ%t %}4&@&’%00' |
arly escri bed be

(Sigma, St.” Lour's, Mo.) gradients nore particu ri ow. The
Percol | gr doié etiactivepattatiwdent bathye desirednmagenolfiyrhalke steneddiis dbdt eedres and

th | eat e hepat 0poi et i lls f the | owdensi t | at el et
fraction tIREESTYrial IreIATHAY FAPHYRS dRrYSPLdTRRLR AERGHEP. 4 AP Biple to

separate the mesenchymal stem cells from the other cells (i.e. red and white
blood cells, other differentiated mesenchymal cells, etc.) present in the bone
marrow. |

As indicated above, the complete medium can be utilized in a number

20 of different isolation processes depending upon the specific type of initial
harvesting processes used in order to prepare the harvested bone marrow for

cell culture separation. When plugs of cancellous bone marrow were utilized,

the marrow was added to the complete medium and vortexed to form a
dispersion which was then centrifuged to separate the marrow cells from bone

25 pieces, etc. The marrow cells (consisting predominantly of red and white blood
cells, and a very minute amount of mesenchymal stem cells, etc.) were then
dissociated into single cells by passing the complete medium containing the
marrow cells through syringes fitted with a series of 16, 18, and 20 gauge

needles. It is believed that the advantage produced through the utilization of
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The platelet fraction, which contained approxi mtely 30-50 x 106 cells, was
20 made up of an undeterm ned anount of platelet cells, 30-50 x 106

nucl eat eawoadlos®72 and only about 50-500 nesenchymal stem eefritsosiependi ng
upon the age of the marrow donor. The Iow densi ty pI atelet fraction was

then pl at eCth%Wr}%éH‘ﬁuE’Qtéé ﬁ?c?h g:gdce%%' S%ap[% %ezﬁﬁéﬁc‘dﬁéous Eﬁ"

adher ence e marrow ce t al ne m el t cance one or
iliac aspipratesy,iwas tttarhme)menmwoalubtonees)prmewecghtdmelllnlacoh@rh@e vhifedi um
and allowed to adhere to the Su@f ace  of th etri di shes fo" one tgeseven

days accordl RYABAlGe PEFRSS: COHY LERIYGS 99 B o92M8PRcRaRiGUIaHYr End
cel | atta?g[a;;@(}t b‘fﬁ’cﬁnﬁ%?t%@vr?éiec?éot fr cﬁf‘tﬁré 'éd’h%réﬁ’c)é F\Brs%?ec‘i'i@ pagafidipsen as

the 30 sta ' engt time at wh t he non-ad erent ce Is wer e renoved
from 18 V\@rﬁ&b@tﬁ%ézpre@m Wi8es/nektize fot the praducties db ynoreplal agtibbdies

origi nal conpl medi, um wi t h fre h co medi um Subsequent  nmedj um
chagges vverserg’peﬁgltcff(?lrr?ébaj@"\ﬁeﬁ%ch r?ﬁ#’tsl ﬁ-hetﬂggl@uﬁlhﬁ'@% ‘M@'&‘b

conf | uent I y hi e
“04fol d s udde ™ X, a?’?tt’éﬁ?f%?e%éﬂﬁﬁaﬁ 195 e é%@iq@%?ctéﬁﬁs. The
cel | s wer e -suberqdenthc haldtefd dm t1lé ouht mhshe:dsl doesthet |plur;zoseg af seklctiusiyng

agent such as trxﬁm n get hyl en m net et Ta acethc acid). (0.25%

i t.h
trysin, 1 rifPBHY q%ngm@?% EoMeERY r’p§| sie cRlly fomg thg regal Bgatl ng
agent pmch @l FSoirN ﬁpﬂ-,léygﬁg)@ngloy,col bi s-(2-am no et hyl et her) NN -

tetraacetic acid, Sigma Chemcal Co., St. Louis, M.). The advantage
produced t hrough the use of a chel at| ng agent over trypsin vvas that trypsin

coul d possibly r%’g ve off a nunber -of th g Erotei ns ﬂ _
mesenchymal st erVOE]| @SPIEIREMATEOVE Was df H‘éear%? PRsSeYIEaP ﬂ?%c BB on 15
sites, me%@@élﬂﬁtxﬁt‘tﬂ'stéﬂﬂt ebrdies rﬁ\éﬁr@smsé%éﬂthéeﬂso(vﬁ%ﬁrdbﬂ%ﬁé’d n&|e08ﬁhat i ng

agent such as EGTA as opposed to trypsin, was ) utiltzed as the rel easing
agent. The b@eedsmﬁgubggﬁeaw\@saltdi@tbddimremm T@rtbetdmmpieteanhémmtahdur ed

undi f gy ent ta%tn% afSe n(ﬁhpf‘g%oll {Seénmcelét Lou W?hgergdlentts mors par%nculmald
described below. The Percoll gradients separated a large percentage of the

red blood cells and the mononucleate hematopoietic cells from the low-density

platelet fraction that contained the marrow-derived mesenchymal stem cells.

The platelet fraction, which contained approximately 30-50 x 10° cells, was

20 made up of an undetermined amount of platelet cells, 30-50 x 10° nucleated

cells, and only about 50-500 mesenchymal stem cells depending upon the

age of the marrow donor. The low-density platelet fraction was then plated in

the Petri dish for selective separation based upon cell adherence.

25 The marrow cells obtained from either the cancellous bone or iliac
aspirate (i.e. the primary cultures) were grown in complete medium and
allowed to adhere to the surface of the Petri dishes’ for one to seven days
according to the conditions set forth below. Since no increase in cell
attachment was observed after the third day, three days was chosen as the

30 standard length of time at which the non-adherent cells were removed from
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for subsequent use. 20 Under certain conditions, culture expanded
mesenchymal stemcells have the ability to differentiate into bone when
i ncubat eawa3asgraft in porous cal cium phosphate ceram c®CTAISvough t he
i nternal factors which influence the nmesenchynmal stemcells to

differentiafp bmlﬁeéwr@@aemgq%doﬁ nsﬁz‘:ﬁnpfegg rﬁgd@ﬁ{ebﬁthaﬁssﬁ'%r@ﬂiﬁést om

known, it appears that” the difect actessi nesench
cel I's to growdiuranBubsequenitmedicnochasgepwerd deyfdrined sy dbat day&s untilpor ous

i ph i t th di ff hanber
o beneod RS o dihsBaqdite SRRERS ulehaRymaly Moo 2] daveoThine.
Further, thgdsaimedd noti1FauReRCH e eomGiRbt éhi b heflR m Qeﬂ@wna'

trophic _factors further enhancing t ef fect of e stemcells

03/ 059272 PEEMUSER. 01129 As a result the i sol at ed and cul ture expanded
mesenchymal stemcells-can be utili zed under certain specific conditions
and/ or under the influence of certain factors, to differentiate and

produce the desiTid cald wdrenHePaidigadas fr&nfﬂ{e tduﬁﬁl’kﬁ&i&ﬁ’@é ytilizing. 8 e

Admi ni stration of a single dose of mesenchynal stem cells can

to reduce oieleading ageet sleh EES¢BIDISIrrwﬁbc&&'&f\t(ethyimelamnheigeraeacetlbmdd)e T
cells or to elf" tissue ularly.in the ca ere

| ymphocyt esl 1%’%55(?%‘ tL N n%RQ%es(E)gHFr%)e G f ‘? Isgd tlﬂ }fh{(:é ?)r
aner gy)oto gHdIauRNah6 t@@&Hé EHEEA (DR 1Bi§ 421 REN NI )R
stemcells. The engrgl met h %d of tra:¥sp a@??‘?\g Isgem CEP It?)Cvl hgﬁra. n
extract i ntf@tfaﬁh%tlmyaﬂjd,r cﬁlgméb(ﬁmmldai/ Che B0l |Lowis)g M. pcdter advimagetem

| dt ract are nistered to,the, patie
i ni ot r atPouEeh BREE L B shat sROBRa A Qe BB SNAG 1A FRSHous.
intraarterigduld pBESBIUSAILARS , offntd apG@hbEPNER! ihg @lﬁémg“tﬂrafw' of the,
admnistration as well” as with intrathecal and infusion techni ques.

The dosage ®BEsemehyealenieny rmsllss Sinee éhese \indieg pioteing aondain| lretmogsltlon
15 . sites, when monoclonal antibodies were sought to be produced, a chelating

agent such as EGTA as opposed to trypsin, wasutilized as the releasing
agent. The releasing agent was then inactivated and the detached cultured
undifferentiated mesenchymal stem cells were washed with complete medium

for subsequent use.

20 A
Under certain conditions, culture expanded mesenchymal stem cells
have the ability to differentiate into bone when inculgated as a graft in porous
calcium phosphate ceramics. Although the internal factors which influence the
mesenchymal stem cells to differentiate into bone as opposed to cartilage
25 cells are not well known, it appears that the direct accessibility of the
mesenchymal stem cells to growth and nutrient factors supplied by the
vasculature in porous calcium phosphate ceramics, as opposed to the
diffusion chamber, influenced the differentiation of the mesenchymal stem
cells .into bone. Further, the brain extract causes the stem cells to create

30 additional trophic factors further enhancing the effect of the stem cells.
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and is fitted to the individual requirenents in each particular case. In
general, in the case of parenteral admnistration, it is customary to
admi ni st ewofmwsosa27about 0.01 to about 5 mllion cells per lpCTaposmiod

reci pi ent body weight. The nunber of cells used will depend on the wei ght
and condition of the recipient, 25 the nunber of or frequency of

adm ni strations, and other variables known to those of skill in the art.

The mesenchynal AgLagLee! the. |§é‘iﬁtéd3aﬁ§@u%ﬁ$ &Ep%hd@d rﬂeséﬁéﬁﬁnél"tﬁém‘ Gelsui tabl e

for the tissue, organ, or cells to be transplanted. They ~ can
admi ni st ereah bgaﬂmmaba:lnlder certein, spmlfamcemditlolye an;d/cirmrrcméh@u@ﬂueﬂcéc@ﬁ on or

b I h Th
30 human- TR el 5 e iaie an Beckinthe 2ParSdeo) BheRehelfid Bl . s
WO 03/4592 01129 inplantation of cells or by .injection of st em
6 ti5Sde :

cell into connectl e tissue, for exanple nuscle. The cells can be
suspended in an appropriate diluent, at a 5 concentration of from about

0.01t bout 5 1Q6 A i f i nj '
ol Ut one are tAARENSHARLEE Bisidg: G089 1 ARECBIBTBR o eEh S be: i bi e
with the Ceﬂfcl[a.vérte r%hbetd’r‘%hfrﬁﬁéﬂé' BRLT cBHGBsisndeUld RSk siddeneic ®olhet i on or

ot her suitabl e excipients. he conposition for adm nistration nust be
f or nul at edT cpﬂsdutreﬂ’losmde&"tmﬂ%@ mdmrmlnttbewéﬁM@edﬁ@%U@RfW%ﬁ ng 10

with proper sterility and stabi t ho thelnv m t ed
t here @) n@é@ﬁch J’Ef%ﬁ%‘éi‘ﬁe Ch%réﬁteﬁe(' 38@{ e Br @ﬁ% @@I\/ @O@%hgcggne
Marrow, puggfs @fﬁar e §éF&*ﬂ&@'&ﬂjfmﬁ1 tHelnkedefchyma&. stbi o6llst 0, 1O obtain
sufficient nunbers of cells for use in the nethods 15 descri bed herein.

Mesenchymal stemcells, the formative pluripotent blast cells found in the

bone, are nor n i
(200 000 “ama b rea 8 oafiost B YehSUebLRO G0N £ AR Hlgn RIARNIS.
U.S. Pat. {Na n@oé&@uﬁﬁ%cdﬁ@@%yt W’M’lb%r\%pr&fedﬁéemmm cﬁllemrmle{Hes is
di sclosed in Gérson et al U. S’ Pat 591, 625. 20
15  brain extract are administered to the patient. The administration can be
subcutaneously, parenterally including intravenous, intraarterial,
iniramuscular, intraperitoneally, and intranasal administration as weil as with

intrathecal and infusion techniques.

20 The dosage of the mesenchymal stem cells varies within wide limits

| and is fitted to the individual requirements in each particular case. In general,
in the case of parenteral administration, it is customary to administer from

about 0.01 to about 5 million cells per kilogram of recipient body weight. The
number of cells used will depend on the weight and condition of the recipient,

25 the number of or frequency of administrations, and other variables known to

| those of skill in the art. The mesenchymal stem cells can be administered by a
route that is suitable for the tissue, organ, or cells to be transplanted. They

can be administered systemically, i.e., parenterally, by intravenous injection or

can be targeted to a particular tissue or organ, such as bohe marrow. The

30  human mesenchymal stem cells can be administered via a subcutaneous
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Unl ess otherw se stated, genetic manipul ations are perforned as described
i n Sanbrook and Maniatis, MOLECULAR CLONING A LABORATORY MANUAL, 2nd Ed.;
Col d Spriwg oBlasdaor Laboratory Press, Cold Spring Harbor, PRITNIS0§/AQ89) . 25
The present inventi on i s val uabl e because it has. becone abundantly cl ear
t hat one e t; of
any et ol olgPEaayan 6 JelE b IhRERs 3 Aenl HO8 ihRS oMol iadlle, H6F, P

( Sabbah, ZQQé)thpleThﬁus&td utl on to this problemis to enri ch and/ or repopul ate
30 the myocardium with new cardiac cells which take the place of |ost
cells or 16 WO 03/059272 PCT/US03/01129 provide additional reinforcenent
of the currentlyfu o] g r S e o] it npi ng
function of the P%I {Lﬁ']'% k?’leagrt&é?l Igubg&f@?gntml naf/rgn%’? |n§w5dggdr§1ag2%ug¥over

al | cubr enbbryc@meatomgf frﬁntatecaltrmﬁﬂ 30 laboati Sex tlbecellsuéme &mtddmmcumedm
effects an thetreat rel ati vely non-invasi ye. For exa
tr eat ment tdf?fr ilagtion zfal wms areuifosat that e iolgsi v.ﬂp ﬂhw@ga@él%f

drugs t hat bt efber Gyt e el OBNTONR PKOT&Bient Adsti 1Bl likrec Wai &

treat ment exi heart transp I'on as e use of
ventri cuballutnon dri ethentsmtablbaexmemst iThe clavposition Tbeadimlrasllvammt

6ffered by the prese ion is the abilit rt failure by
directly aH@q@%Vﬁbe %Oa @éi??gt%ﬁf@g 5ot @Qé‘gﬁ%ﬁé‘rﬁﬁéﬁf’gp& CPHRYing

contraetil 6% f the myocardiumw th stemcells that
differenti g’tltgr}?r%)?%r%rrllﬁ act&I féi(E)tr]lrt\ ts that contribute to the overall :

function of the failing heart, therefore, is novel and goes to the center

of the problem her advanta es in d bs nce of s ffects that
are oftgn assoct QHQW]T?‘H 'PH%”“QP?&S Bet B’Wﬁ?ﬁég [89i B@senf Y’QB@S@HH cgliSence

of inmmune pgjeedi 8IaE tpl@féﬁ%‘?}? frdMs Bdnd rn@é‘ﬁ@shagiﬂﬁbgn aPld Bkparided gan
transplants and t ty toincrease the actors created by the
stem cel | sculnﬂreThe mwyento obtaimsuibinienbautriperp of ealls fir use indipd avathodsy .
current described herein. Mesenchymal stem cells, the formative pluripotent blast
cells found in the bone, are normally present at very low frequencies in bone
marrow (1:100,000) and other mesenchymal tissues. See, Caplan and
Haynesworth, U.S. Pat. No. 5,486,359. Gene transduction of mesenchymal

stem cells is disclosed in Gerson et al U.S. Pat. No. 5,591 ,6257

1

20
Unless otherwise stated, genétic manipulations are performed as
described in Sambrook and Maniatis, MOLECULAR CLONING: A
LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (1989).
25

The present invention is valuable because it has become abundantly
clear that one mechanism for the deterioration of function in heart failure of
any etiology is due, in-part, to the ongoing death of heart muscle cells
(Sabbah, 2000). The solution to this problem is to enrich and/or repopulate

30  the myocardium. with new cardiac cells which take the place of lost cells or
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surgi cal therapies and possibly even pharnmacol ogi cal therapies. Devices
currently exist that allow delivery of stemcells in conjunction with brain
extract Wwoolso2failing heart using catheter-based approa®aed]Sos/mig9
elimnating the need for open chest surgery Addi tionally, the present

el i m nating the _
vet eri naryP B EE e e o oY B e on ar e

exenpl i fi egherétvy Himoﬁkfgrmmmpmgudndrdmofeﬂh@ famhglreeespem fic enbodi nents
are disclosed herein,. they are not exhaustive and can include other

sui tabl e designs'that 30 vary in design and net hodol ogi es known to those of

skill in the a”i'heB?Fé i %venﬂg VIO 930839 é%uE’CJ(/érSt%ﬁggéﬂrégz% ﬁléef%tﬁ'iqf fering

desi gn, nethods ures, rraterl al s¥known to n the

art cah betreannhemsobmetdnwthe:teparet nogkrﬁcr\mmsme effgicts tanalf trtdmeatmeernis
i nvention. 5 EXAMPLES M-THODS: Gener nmet hods i n no ec | ar, bi o r%/
Standard niSlAMERNOR-BVBEYE: Rt RNR Vﬁ%\m]erptno{h@agrfﬁ ‘érﬁd'sn@)'f"e y

speci fi cal BRI l .,

Mol ecul ar @onr éﬁfﬂaiﬁfaﬁgbgt%r@%@% Ithétgo{ éégrr ng ﬁﬁé’i"@é‘r Lalg%gg?@%ya‘

I\P/tr)less, I NeWéﬂI{’ﬂ@dall??%)ﬁrrgrs\?Fltmatmmd SbErIsts&*Iéhfl m,clud@heartttrflnsplmiatren ias
ecular Bioglo ohn e n 0 t , M d 98 d

Perbal , A Wﬁﬁc?gcgle CE I Mgfﬂﬁpe@ul ‘SI? l@]"z@iﬁﬁ‘ltrl mfr'g(ﬂ?ﬁ'sl“bé agv'g‘gﬁon?h oo "

Yor k 988 f

o K £4585k0, 01k o ShoshesoRQINGE BN OSHA NG pidrpr | an

Manual Serbgsdirdetly &dtbsSpry rﬁgerﬂmrbmw chasrait they dReass, nsevelYoldss( 2D98)
and net hodol o s set forth in Unlte St at es agalents 4,

4, 683, 202; contgatilg zynitss 1 Ge-palaipn £ 2?@ dayocardiym it p?gg%i géﬁ%% fn by
of e ence. oFRK AR A RRRR SIS APCS bR ROUREBARY OHidiPORIE Y 25
Di ego, CA falldpheartnthsireioré, is-roniel pne@QREsMO the center of the problem. Other
15  advantages include absence of side effects that are often associated with the
use of pharmacological therapy and absence of immune rejection that plagues
heart transplantation or other organ transplants and the ability to increase the

trophic factors created by the stem cells.

20 The present invention has the potential to replace many current
surgical therapies and possibly even pharmacological therapies. Devices
currently exist that allow delivery of stem cells in conjunction with brain extract -
to the failing heart using catheter-based approaches, thus eliminating the
need for open chest surgery. Additionally, the present invention is applicable

25  in both the human medical environment and veterinary setting.

The method and composition of the present invention are exemplified
in the Examples included herein. ‘While specific embodiments are disclosed
herein,. they are not exhaustive and can include other suitable designs that

30 vary in design and methodologies known to those of skill in the art. Basically,
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conbination with Fl ow Cytonetry can be used for detection of cells
containing specific DNA and nRNA sequences (Testoni et al, 1996, Bl ood
87:3822. )wpI3@ener al net hods in i munol ogy: Standard met h@d3/tises/ommeunol ogy
known in the art and not specifically described are generally followed as

nopl ot on 2 dfsthGiar e el tatid ek opi IR Byt b sk it
Sel ect ed Mat fedari BanOeé | wtllized | wikow agyartigHirof eesadpingdf G préleantYor k
(1980). 30 18 WO 03/059272 PCT/ US03/ 01129 | i veryof therapeutics: The

cell's of tingeptigsent invention is administered and dosed in accordance

w th good nedical practice, taking into account the clinical 5 condition
of the individual. patient, the site and nethod of adm nistration,
schedusing of adm nistration, pati @XARIPRESEX, body wei ght and ot her
factors known to nedical practitioners. The pharmaceutically "effective
amount " f oMETH@BSSes herein is thus deternined by such considerations as
are known in the art. The anmobunt nust be effective to achieve inprovenent
including but 10 not limted to inproved. survival rate or nore rapid

recovery, or ingepspilemiethdts # infdlBatlapbicibggy MBtavdardntodar biotbgyat or s
as are selected as appropriate neasures by those skilJled in the art. In

t he met hodteshniguespkrewntin theeatt and naiespagiiicallys desrsibedewerf gensraliyent i on
can bejadnj Ri red. i ' VST b itoiC be
adm n?gt ep?&rl}og’%gtansemc ?’?‘@Fdo"?y%sg@r@?’r‘?ﬁé’ézt@ %I)gﬂg y%@%@%’%&%@%’%‘?"%" gﬁléj can

be adm ni SSpfiﬁ?' A libaratorn Rreissy Nlewiof@i EI989),nandnihi Aasilme et &h,

phar maceut i cal acceptabl e carriers, diluents, adjuvants and_vehicles. The

cel I's can Gerreahifioteealsdn oMalacylars Biiagiandols | YilgY 3¢ NS PRYMARRY udi ng
20 . . ; | ? | i 1 . .
el 5891 G bkl VEBSR RuASls TSELIBEERING IR

i ntranasal m ni ron as we as 1 ntratheca
| mpl ant's oWileyes Sehs,sNeneYalis ¢1988)f @ind MhwWeatadn ettalheRegombisane ONA, a

merISOOdggie?\%ga ,lb\maerr]igén Books, New York and in Birren et al (eds) Genome
Analysis: A Laboratory Manual Series, Vols. 1-4 Cold Spring Harbor

Laboratory Press, New York (1998) and methodology as set forth in United

States patents 4,666,828; 4,683,202; 4,801,531; 5,192,659 and 5,272,057

and inc’orporated herein by reference. Polymerase chain reaction (PCR) was

20 carried out generally as in PCR Protocols: A Guide To Methods And
Applications, Academic Press, San Diego, CA (1990). In-situ (In-cell) PCR in

combination with Flow Cytometry can be used for detection of cells containing

specific DNA and mRNA sequences (Testoni et al, 1996, Blood 87:3822.)

25 General methods in immunology: Standard methods in immunblog);
known in the art and not specifically described are genérally followed as in
Stites et al.(eds), Basic and Clinical Immunology (8th Edition), Appleton &
Lange, Norwalk, CT (1994) and Mishell and Shiigi (eds), Selected Methods in

Cellular Immunology, W.H. Freeman and Co., New York (1980).
30
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in particular, mammal s including man. The pharmaceutically acceptabl e
carriers, diluents, adjuvants and vehicles as well as inplant carriers
general | ywd3spefer to inert, non-toxic solid or liquid filpicerssp3/aitbuents or
encapsul ating material not reacting'with the active ingredients of the

invention:?%&ﬂﬁgiﬁﬁﬁﬁggé?@%ihunans are treated generally |l onger than the
m ce or other experinental animls exenplified herein which treatnent has
a length 30 proportional to the length of the di sease process and drug

effectiveness. The 19 3/ 059272 PCT/ US03/01129. . doses cgn be single
doses or nul tiplke d@%‘@s\%vg\e PraentoMentiopy & édzrﬂ'ﬁb%?redbﬁpgspﬂﬁ?é Hoses
are prefer S I e i

period of a srcej%/_ﬁ;%alq;a@gy%&@d}h@%%j ?ggt%nréﬁﬁ@%eﬁ%@g? W%a@@”ﬁﬁ@? h%m‘ﬂbala

pr opor Bi ongdndittort hef then@ridividoél- phtient, sibas sitprarck ssethiod df wgiméhistrationeness
and the patient species being treated. Wien adninistering the cells of the
present i nS&RAUIAY p?ir%jrmk@isé'ial%ﬁ" PRUGHY Rge,192% yaW?ﬂg?‘S@n%o?tE‘ﬁf gcharsi n a
uni t dosagg,d ) ect p of ti H’FJ&%. 1 . )

phar naceutﬁda"?ﬁ ?grrﬁrr%{jlg {g{la{s&lééﬁ%ﬂaébl Zﬂ?dr I nj ecltuﬁgarllnyi ﬁ%ﬁgﬁgé%%ﬁ@l goraqueous
sol uti ons purpdisspercreionis thod datemninedpwdects doosideeationst as @ré dmowmtiro

sterile injectable solutions or di F S ...The i . t
or " i Sper g A USRS SR BRI BRICVedT B over PR DR asR §81 ¥ CFor

15 exapgple h i &@q ; | SR nd the
like), su??tg{g%ggén%tmpgs t gg@é\fmimgfnad%tdgée}té ar% gp t?"?’té’.gwpmg?" r?ﬁ:rl‘dap?y can
be mai nt ai oedglichinatienawpl sympioriheande ottiera icdiationg asuare aseleeled: s, by

t he mai ntenance of the required particle.size in the case of 20 dispersion
and by thea%@pﬂﬁt%melaéef%%ﬁ‘ rﬁﬂl?é{)'ﬂﬁ@@ﬂ'cl es such a cottonseed oil,

sesane oil, olive oil, soybean oil, corn oil, sunflower oil, or peanut oil
and esters, such as isopropyl nyristate, can also be used as solvent
systens for cel Irs thenp@iihed oofs thehdprieseohdnvsntiorar theuseliddot ithe sprgiseoh
iezgﬁﬂgsn;h%vg% Igl’iI lcia}'nybe g&renriéilstietrgd i (‘/gri(in?s(? E/v%r)]/isf:i IE %hgaldt I:?ee n%?e%pf?mséit tI’ti i
be administered as the cells or as pharmaceutically acceptable salt and can
be administered alone or as an active ingredient in combination with
pharmaceutically acceptable carriers, diluents, adjuvants and vehicles. The
cells can be administered orally, subcutaneously or parenterally including
20 intravenous, intraarterial, intramuscular, intraperitoneally, and intranasal
administration as well as intrathecal and infusion techniques. Implants of the
cells are also useful. The patient being treated is a warm-blooded animal and,
in particular, mammals including man. The pharmaceutically acceptable
carriers, diluents, adjuvants and vehicles as well as implant carriers generally
25  refer to inert, non-toxic solid or liquid fillers, diluents or encapsulating material

not reacting with the active ingredients of the invention.
It is noted that humans are treated generally longer than the mice or

other experimental animals exemplified herein which treatment has a length

30  proportional to the length of the disease process and drug effectiveness. The
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25 antim crobial preservatives, antioxidants, chelating agents, and
buffers, can be added. Prevention of the action of m croorgani sns can be
ensured bwo masi2ous anti bacterial and antifungal agents, from/iseaoQbe,

par abens, chi orobutanol, phenol, sorbic acid, and the like. In nmany cases,

it wll be S] e t.ad i als| for.: S, :
sodi um chl%cfsl %e#érgg ©a @8@1{38%%{'@ @ﬁﬁ%ng% agg%rr Sté’(—fgh&'}éﬁ Fteh\gerflﬁj!dg%’abl e
phar maceutpgaindlerdosesrare Poefdfed3/ 059272 PCT/ US03/ 01129 be brought about
by the use of agents del ayi ng absorption, for exanple, alum num
nonostearate and gelatin. According to the present invention, however, any
vehi cle, dilue di.t (et b %Qﬁxe. Mpt be t he
cells. 5 Steri Inth? ﬁ{oes%tga %Hévtgeolléu %\rllﬁsggce%naﬁ\e{ﬁ%lp@garegg@ y i'rrlc%{o S(r)lpgt?fng t he
cel | s 5utiddvegsl dayspr e itganpehhgeperdigritas avargth gnoportivhel foethei leegthanount
of the appropriate solvent with various of the other ingredients,. as
desired. 10 thepHigpase BroRassatnd grugiefferbyenssst ard i Batient sRRGRS Eﬁ'r\gan be
admi ni st ert?% tteg the patient in an injectable fornulation containing any
conpati bl e A i er, such as various vehicle, adjuvants, additives, and
diluents; or the cells utilized in the present invention can be
adm ni stered parenterally to the patient in the form of slngw-ﬂgl.ea
gra

subcut aneous i nphent adpiristarige theicels abinerregeat iByenkor paie HBWIﬁlgnal

ant i begli es ﬁ’&%ﬁ)‘?‘bé}‘?oﬂﬁpl‘a‘f@&% a 'nﬁ.rﬁd%% 2R cfablé’?’ér)‘rf?ﬁohﬁ%rf,'s% endibROSONES,
and n crosPRer ey’ “Exanples of | cdelivery systems usef tlin the present
invention émalsisty. ST phEdRacebtidd OfaBRlationk6 sutdifie fhrobPc2ivn, int)@iz5, 678;
4,487,603; 4,486,194; 4,6 447,233, 4,447,224, 4,6 439, 136; nd 4 473, 196. Many
ot her suchSterls anyeous selufans V& djsrarsipasandsigrig Ry grsat[%é GePNSHHRRN t o

those skilingflsidhid ifedtbble SolBIGHATBF Blsp@Igahs  THEUAAHEABaR beld'Soteh &r
ﬁe pre d Il t he

utilized in ent 1 nvention ca e admnistered orally to
patient. Gdispersingnmlediceh hodstairsingh fas examnplest waitery ethanokl pslyioh {fambl et s,
suspeggi ons, so]utions, enulsions, _ .

example, glycerol, propylene dlycol, liquid polyethylene glycol, and the like),

suitable mixtures thereof, and vegetable oils.

Proper fluidity can be maintained, for example, by the use of a coating

such as lecithin, by the maintenance of the required particle size in the case of

20  dispersion and by the use of surfactants. Nonaqueous vehicles such a
cottonseed oil, sesame oil, olive oil, soybean oil, corn oil, sunflower oil, or
peanut oil and esters, such as isopropyl myristate, can also be used as
solvént systems for cells compositions. Additionally, various additives which
enhance the stability, sterility, and isotonicity of t.he compositions, including

25  antimicrobial preservatives, antioxidants, chelating agents, and buffers, can
be added. Prevention of the action of microorganisms can be ensured by
various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, and the lke. In many cases, it will be
desirable to include isotonic agents, for example, sugars, sodium chloride,

30 and the like. Prolonged absorption of the injectable pharmaceutical form can

20



25 capsul es, powders, syrups and the |like are usable. Known techni ques that
deliver it orally or intravenously and retain the biological activity are
pr ef er r edwo oBsane enbodi nent, the cells of the present i mreentsodmiecan be
adm nistered initially by intravenous injection to bring blood levels to a

suitable 3@ bw@{/r\% dbsutPBy itRBt Uge AV éntgreelhpiﬁp.aﬁé AbRE Sorb¥xanpRy al
dosage form 21 03/ 059272 PCT/ US03701129 al though ot her forns of
admi ni st r a@lwRinuse peadesteatgie nand egglatin.enAcsordinglitoi the peeagnhdnventionat ed

above, can used, The antjty.to b dm nistered wl|l ary for.the
pati ent beihg’gvetvgga‘?% V&H%“’% cMue\Y;&r o ?56' vaired ‘Y@Bldn@‘{?gt%xeﬂ}é@patﬂ? ght to
100 no/ kg efitHoedycanei ght per day and preferably will be from10 5 ng/kg to

10 ng/ kg per day. Exanple 1 Treatnent of traumatic brain injury (TBl) with
bone row stromal cells 10 (MSCs) inproves functional outconme in rat.

Ti ssue repl ace 4.S. NO he .only conpensat or venue in cell

transpl antat i Oﬁ%gf@awctt%éle\wyt&ds aﬁg\%ﬁw pr?%égr WQ\QEPQ{@@}S %‘fnﬁﬁ”?o .
nedi ate theitiiggaiin greticep #eePRese iIrl@RBORN e F8GuirdPEmAIRYbfighd r ophi c
support that plays a rolein the treatnent of danaged tissue. The response
of human MBEPrepTEspvent wits weiostsrefltha Btherdegredisnts aas desiced. TBI was

i nvestigated and tested to determ ne whether the TBI environnent induces
hMSC differentiation and growmh factor secretion. hMSCs were cultured with

TBI extoracts inAvi plidmedsblbgibaingethaeiieni ok ' thensresBHANhVERdrY Scaipng ch
enzyme- | i nked i mmunosor bent as‘sag (ELISA) were perforned. The results show
si@

that TBI c@dministaied tvEhe ®abiestsiad agpénetiabledopslatiar cprigining amy ker s:

neuronal acPPRRRRIS SR sl S Heishe bebBlebiaai RS ronyVesAnd R eRl Y ooyt o

(4-7% and ovBRe foells altiliged ém e pyésart 3nwdftion Ban @@dédrh@mstefé\eﬁé‘érehtéﬁﬂyeg with

TBI extracts respond by up-regulating the secretions of brain-derive
neur ot r ophit@ the@agient BDKIS forAk et slowrelease fsabesianesus Npjants s itargsted obl ast

growt i 5f act@fivdHFE)steh@S A" £LIMIDAM a9 MMBdies, vectored delivery,

iontophoretic, polymer matrices, liposomes, and microspheres. Examples of

delivery systems useful in the present invention include: 5,225,182;

5,169,383; 5,167,616; 4,959,217; 4,925,678; 4,487,603; 4,486,194;

4,447,233; 4,447,224, 4,439,196; and 4,475,196. Many other such implants,
20 delivery systems, and modules are well known to those skilled in the art.

A pharmacologicél formulation of the cells utilized in the present
invention can be administered orally to the patient. Conventional methods
such as administering the cells in tablets, suspensions, solutions, emulsions,.

25 capsules, powders, syrups and the like are usable. Known techniques that

deliver it orally or intravenously and retain the biological activity are preferred.
In one embodiment, the cells of the present invention can be

administered initially by intravenous injection to bring blood levels to a suitable

30 level. The patient's levels are then maintained by an oral dosage form,
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factor (VEGF) and hepatocyte growh factor (HGF) in a tine-dependent
manner. These data denonstrate that TBI extracts drive hMSCs to express
neur al nowphelosy2 and protei ns phenotypic of the brain tiesxdaiSo¥kurieher nor e,
the ELI SA data shows that transplanted hMSCs provi de therapeutic benefit

22 WD 03/ 059272 PCT/ US03/ 01129 _ vi | i tion of f
gr owt h  ack BIHRINeE RTINS GSRdmIniEaiosl,sPeEaPEtRRT S ATt aON g ne

mer row st r gila Rkt dBEve, BAR b h§§aB.P;ﬁ% Rflahly’ @Y BEULThMsteNe whil rat s

subjected to traumatic brain injury , pronoté neurol ogi cal functional
recovery (Varydor #te pafieotibeaing tugaiad tarshwil wanysrororgbausdO0mgkgtaf body

preferenti al | to, the |l ocale of. conprom sed tissu nd ne .cel l

express er?d‘ﬁéo 90 m/ %ioéetlﬂJYbY"ngrmeHﬁﬁ nBUg-qr?%éa@gl ‘f\@ § iR 19 .
2001b; sLu ; od et at., 2001). Although the long-term
strategy o@tg(@p‘o’al:(zﬁﬁ{?ggfew?gv{)nj ured tissue by a stemcell population is a
straightforward approach to the treatnent of neural, injury, the | ow | evel
of MSC di fferen{i gt_i on in acute and short-termtherapeutic transplantation
of the TBI ~—tnl i kely provides the. functional benefit (Lu et al.,
2001b; Lu et al., 2001a; Mahnood et al.,, 2001), and the nechanisns

providing benefit remain unknown. 15 MSCs naturally produce a variety of
cyt oki nes and gTmatmendof basm@tiaiaain isjura(TBI) vediThoneamsurow stremakhrells 1999;

Bj k d Li ndval | 00Q: d . 2001 h i
o opoi oS MECEhiaRTayes RRRthaCelRale inrft Hetsetan et schel ey, o
al ., 2001) onlg‘eéb'enﬁ’ééﬁ’sﬁw aveHie ﬁ‘ﬁcélfﬁhﬁs@gnfé@ibh\'tﬁérdwulmﬁ RaABUS drewtrpr

(BDNF) and nérve growt hﬂlfsactor (NGF) increase survival of injured CNS
ti ssue bot factors\iame been ishowint toomgeHkste ithe 1op®r arddrplacemeng f dagragedos et

Factor in rets MocH Rt donle SBRoc PR IR ¢ (e ip MebiteBindtEBls) (ay
et al., 1988hagebBGsad MHe esssbriset bRNAARIS MSEE (AMBEYULS thad tcerelial t he
onset of ischema reduces infarct size, presumably due to direct protection
15  tissue extract from TBI was investigated and testedto determine whether the
TBI environment induces hMSC differentiation and growth factor secretion.
hMSCs were cultured with TBI extracts in vitro and immunocytochemistry and
quantitative sandwich enzyme-linked immunosorbent assay (ELISA) were
performed. The results show that TBI conditioned hMSCs expressed specific
20  cellular protein markers: NeuN for neuronal nuclear (0.2-0.5% of total
hMSCs), Tuj-1 for early neuronal differentiation and neurite outgrowth (6-
ﬁO%), GFAP for astrocyte (4-7%) and MBP for oligodendrocyte (3-5%). In
addition, hMSCs treated with TBIl extracts respond by up-reguléting the
secretions of brain-derived neurotrophic factor (BDNF), nerve growth factor
25  (NGF), basic fibroblast growth factor (bFGF), vascular endothelial growth
factor (VEGF) and hepatocyte growth factor (HGF) in a time-dependent
manner. These data demonstrate that TB! extracts drive hMSCs to express
neural morphology and proteins phenotypic of the brain tissue. Furthermore,
the ELISA data shows that transplanted hMSCs provide therapeutic benefit
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of cells at the borders (penunbra) of cerebral infarction (Ay et al.,
1999). Vascul ar endothelial growh factor (VEGF) expression also pronotes
angi ogenewplszart7neur al repair (Papavassiliou et al., 199PrT/URo®eatieent of
stroke with VEG- i nproves functional outcome (Zhang et at., 2000b). 30

Hepat ocyt e qar ! expressi I a p ) i thin
23 v 03 o4 e it D" A A 3, Q@ﬁhﬁﬁ%ﬁ&”&??ﬁ@éﬁw

ant i - apopt abufoebieetibs o @@g@@é@ég.@eurons in vitro (Zhang et al., 2000a).
MATERI ALS AND METHODS 5 Reagents Hank' s bal anced salt sol ution (HBSS),

Dul becco's nodi fied Eagle's nmedium (DVEM, Knockout DVEM Knockout serum

oDt peemery BB maBRLEome LEd TShey PR R RO AR Ay R0 F £
was purisichasgd dubjeatedhiarir@anatid Braﬂamamx/TBl)U ror’f‘t‘@ﬁe! rb@db&iglmaun&ional

nmonocl onal neuronal nuclear antig , K(té onal, (3-tubulin_ i sotypel
(Tuj -1), grecavery gy et aky2QR1a. dJRﬁ"éVﬁnSWW)?na %mlgr@t%a@f@rwm ¥i n

enzytre- 11 nkCdE iR of BaST eTiyeY (AT &g pgfbaaRls “gfeSeVSs | | or

wer e obt ai padnbtypio & Brdih syrrlogaBous-likeedsqlu st eWJ\I)20011Ib¢ LNGEt L |1t was
made in the Iaboratory Ant i - 55, 7S).. NGF nonocl onal anti bo%‘?/
ant i - (3( 2. Stahmend tral,320Q1); /ﬁ!thm{g@ the a?l'tﬂiﬁim/\é?rét%ﬂ)’r @hé@@awm@ Rbche

Mol ecylqar (

reagents V\E{ lg'%gﬁ%l negyfdr %%@%6%&&“5 aLJT[“%qﬁtf?@{%BV&o%ﬁ Oéwﬁérl mary
hMSCs Cul t weatrmibet pf inearal |h;m§e, ther foawlevad ofbivSIO eliffdrentiatidh- ilGacliteaapdr at es
fromthe 25 iliac crest of three normal hunman donors&pﬁﬁ?lh asp |rate was

diluted 1: 8h@ititarm therapestig traameéua%%pf R JiB! model Mcﬂ"@v' dag ithe.
centrifugaki,ioRhl Ber8M¥Q u et al., 2001b; Lu et al., 2001a; Mahmood et al., 2001),
and the mechanisms providing benefit remain unknown. |
15 b'

MSCs naturélly produce a variety of cytokines and growth factors (Takai
et al., 1997; Labouyrie et al., 1999; Bjorklund and Lindvall, 2000; Dormady et
al., 2001), the secretive properties of which are influenced by their
microenvironment (Dormady et al.,, 2001). Neurotrophins such as brain-

20  derived neurotrophic factor (BDNF) and nerve growth factor (NGF) increase
survival of injured CNS tissue both in vivo and in vitro (Hefti, 1986; Kromer,
1987; Koliatsos et al,, 1993; Bullock et al., 1999; Gage, 2000). A widely
studied growth factor in preclinical studies is basic fibroblast growth factor
(bFGF) (Ay et al., 1999). bFGF administered intravenously within hours after

25 the onset of ischemia reduces infarct size, presumably due to diréct protection
of cells at the borders (penumbra) of cerebral infarction (Ay et al., 1999).
Vascular endoth'elia-l growth factor (VEGF) expression also promotes
angiogenesis and neural repair (Papavassiliou et al.,, 1997). Treatment of

~ stroke with VEGF improves functional outcome (Zhang et al, 2000b).

30  Hepatocyte growth factor (HGF) expression s naturally up-regulated within
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for 30 mnutes, the nononuclear cell |ayer was renoved fromthe interface
and suspended in HBSS. Cells were centrifuged at 1,000xg for 10 m nutes
and 5 x 1W6 os®b4232 wer e resuspended to each 100-nm ti ssue eairtuso®odesh 30
(Fal con, Becton-Dickinson, NJ) in conplete DVEM suppl emented with 10% 24
WO 03/059272 PCT/US03/01129 . EBS. The .cells we i,ncubat e t 370 C.in 5%
CO2 in fl aSRDAKLPESHRLY 2ng di dFﬁéﬁ)ﬁiﬁ‘é’ 'earPPpi%tI'q @ﬁﬁ%tﬁémr%%géag e ng

the nediu ubbah reached confluency, usually at 2-3 weeks,
t he cell swm%'?ézﬁé?é/%gtagd vvlytﬁS 0.05% w v trypsin and 0.02% w v EDTA in

phosphat e-buffered saline (PBS, 5 pH 7.4) for 5 .mnutes at 37 C, repl ated
and once again cultured for_ 2 e and harvested. The cells were then
frozen forMATERWLS eéﬁleM%fﬁ(ﬁS hese experinments were harvested from
3 to 5.passages. Extracts From Traumatic Injured Brain 10 Experinents were
perforfred on male Wstar rats weighing 250 to 350g (n=21). Anesthesia was
i nduced i an_,Qg mgs by intraperitoneal adm nistration of chloral hydrate

oay we

(35ny/ 100g b ht). Rectal tenperature was maintained at 37C
t hr oughout t hHaslegl nq&%c@&uﬁélmwnngsséedEé&@C% sr épRalitied dEagles

mauced byriedmn: TAgENe FBEERER, BV, SRRk s TepiatPrkhd YaRL et

pi ston havpp@ng Serii dFBSH! ﬁ'ggémpaﬁ@ @hy@h@dmmlﬁe%ﬁQCMmaaddZ(EDTmn of
conpression (Di xon et al. Control ani mal s_underwent crani ot ony,

but r&8ei veerapurafjaseq. fremt GIREOLCraad iIslapddNyt). 1Ficall was purghgsedfoph=6 per

obt ai ned { PR ARG RS Ry PR A NsEieT = 8o fiorolfEs haPERLEhGar |
the left hng?@h N&uNf, rhﬂ%dloﬁaqrﬁ%‘fubmﬁt@dtyp@i $Tajrt), gﬁaﬂﬁfhmillam&csdmotenrpl aced
on ice, and the wet wei ranms was rapidly neasured. Subsequently,

the ti ssuéGEAE’q\,@md/mseehnoh@g@mr@ain M%‘ﬂhwemmﬁq@bfr@gﬂ (GREMECAN DVEM
25 and Werfll'e'rﬁgclzju ALQIAPN ki§ JrOartwithnEhSiine- kel OFRAGRELSHOUAS aSEQy¢ 1 fuged

15  (ELISA) for BDNF, bFGF, VEGF and HGF were obtained from R & D systems
(Minneapolis, MN). The NGF ELISA kit was made in the laboratory. Anti-
p(2.5S, 7S). NGF monoclonal antibody, anti-p(2.58, 7S) NGF-g-gal, NGF-g
standard were purchased from Roche Molecular Biochemicals (Indiénapolis,
IN). Unless otherwise indicated, reagents were obtained from Sigma

20  Chemical Co. (St. Louis, MO).

Primary hMSCs Culture

The primary bone marrow was obtained from 15-16 ml aspirates from the

25 iliac crest of three normal human donors. Each aspirate was diluted 1:1 with
‘HBSS and layered over about 10 ml of Ficoll. After centrifugation at 2,500x g

for 30 minutes, the mononuclear cell layer was removed from the interface

and suspended in HBSS. Cells were Acentrifuged at 1,000xg for 10 minutes

and 5 x 10° cells were resuspended to each 100-mm tissue culture dish

30  (Falcon, Becton-Dickinson, NJ) in complete DMEM supplemented with 10%
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for 10 mnutes at 10,000x g at 4 C. The supernatant was coll ected and
stored -80 C for treatnment of hMSCs. Cell Differentiation 30 25 WO

03/ 059272wB@3/0&808/ 01129 The protei n phenotypi c studi es wemaSp®ofioy med by
seeding 1..0x 106 cells in a 35-nmdish and treating themw th fresh

40% of TBl TISeut® Sos WEPE A ET B T I SETRE, E R AR 2 a7

days. Esti muneshheferfi delgunsrcaaaidves byewmhcih?hnecrﬁé&iiany.vemebmdumnes
counting cells in 10 random visual fields (I0x objective) in three culture

di shes in deashednfandteney.cusudily Pér&dt wWesksr themealls were diarwgmied owith

boubl e and G55 W EFYPSIE T B VAL ERTA LR bR 8 e Ralng eBS, = *°
densi ty5 of pH x4)06r snminlLees =t B7eIC, skpiased 4BY onbdnai@ainidultafedford alaeksusi ng

different treatnents noted above. The cells on glass cover slips were used
for i mmuno@ndoedrasiad: yThasells waieibeadtozen fondatepusel tGells wasdi inthase used

for quantitatiy scrli bel ow. The cells were
washed wit ﬁ%ﬁéﬁﬁg# %ﬁ?ﬂgﬁ\@ﬁ%@@é”ﬁﬁgﬁ%@%&%ﬁg% or mal dehyde for 10

m nutes. Nonspecific binding sites were blocked wth 4% normal horse
serum 2% bovi ne serum al bumin and 0.1% Triton X- 100 for 1 hour. The cover
slips wer e d&afss RN reBYagdadniuredBaaiad with 20 prinmary anti bodi es agai nst
Tuj -1,7,d&AP or MBP for 1 hour. They were washed again wth PBS and

i ncubated with fluorescein-isothiocynate (FITC) conjugated goat anti-nouse

or anti -rabbi tExXpgGrsse nekeveyperidinisdl wnf walel Vistar. ratsT eidhihg 258t & B8dg hMSC
cover slips were once again washed and incubated w th second primary

anti body NEOREHlefRgHIESa Mas iRAYRRE ithe rEBDYa irapsritenas) Aastnraton
Chart "%, SR, 0BG T 00SR REAET R, bt Ak
maintained at 37°C throughout the surgical procedure using a feedback-
15 regulated water heating system. Rats were placed in a stereotaxic frame.
Injury was induced by impacting the left cortex (ipsilateral cortex) with a
pneumatic piston having a 6 mm diameter tip at a rate of 4 m/second and 2.5
mm of compression (Dixon et al., 1991). Control animals underwent
craniotomy, but received no injury. Rats were sacrificed at 1, 4 éndw7 days
20 (n=6 per time point) after operation. Brain tissue extracts were immediately
obtained from the experimental and normal control (n=3) rats. Segments of
the left hemisphere of both experimental rats and control rats were placed on
ice, and the wet weight in grams 'was rapidly measured. Subéequently, the
tissue pieces were homogenized by adding DMEM (150 mg tissue/m| DMEM)
25 and were incubated on ice for 10 minutes. The homogenate was centrifuged
for 10 minutes at 10,000xg at 4°C. The supernatant was collected and
stored -80° C for treatment of hMSCs.

Cell Differentiation
- 30
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was used to determ ne the nunber of cells by counting the nuclei in the
field. The cover slips were then nounted with glycergel nounting nmedi um
30 ELI SA w6 o3s37 059272 PCT/ US03/ 01129 ELI SA was used t @CrA®880H29 he
secretion of BDNF, NG, bFGF, VEG-F and HGF by hMSCs at 1, 4, and 7 days in

culture dit TBI

cul ture condlt Leg B Bl ke D8I rER R SRR 1T 1y
the nanuf ac?etll'é,rlﬁra 3%@%%%@% ﬁe%mdﬂwfreéh ahBANO DMEM wil 209%0n was
added per well in the 96 well plates. The wel wer e entI%/ m-xed, and

i ncubat ed Krmckautl seoumsragtlacayoent eap@iningr éO%Ea%@i’/o @e140%eel I8 tissued and

washed, repeating the ce e tines t st n

r emai ni ng 'f%cé ?%ﬁ’gvez\ﬂbﬁel Y&t Inﬁ;ble{eﬁgcar [?e q‘?éfgt h?’@ﬁ%g & and
200 | ®f VviirhGhSredbd Relipalivg @4»:@1 WERS BASUROR G6SRING BelRARN WebhdomThe

pl ate was t en I ncubated for 2-4 hours at roomtenperat.ure. Aspl ration and

washi ng werisualefialds dd0x20Djeictive) sutﬂerEEaceltts*el dishes inaa ramdedm: 6f e  wel |

and incubated for 15-30 nyt es r oo erature ) ol ution
has added AErSSRRPSTREREY Poreniascal PETYRG naralchs e GRifawt

det erm ned éﬁ‘nttﬁier’@ot%@n }%%Cgﬁé ng a mcroplate reader set to 450-620 nm
Statisti ca Anal'ysis Student's t-test was used to eval uate norphol ogi cal

di fferences bet Ween 20 the stl nmul at ed sanpl es and their respective

control. The res was assessed by repeated
rreasu_fés aﬂﬁﬂz’ﬁg %@éﬁy@qﬁé K data were |inearized by
plotting the | og of the varl ous grow h factor concentrati ons versus the

| og of the optical density, and best-fit |ine was determ ned by regre55| on

anal ysis. AvenMGEsiwere qiatedr ehai ngSlV}eDé 126x M denf gla3§a@,qvestséinaa(r 8x
C O ot i S B BEP rRA P SRE horgE bbb, RO O

statisticajhis $h98i §iigsaRtre &Mtk Immunocytochemistry. The supematant of the

15  culture medium was used for quantitative ELISA measurement as described

below. The cells were washed with PBS (pH 7.4) and fixed with 4%

paraformaldehyde for 10 minutes. Nonspecific binding sites were'blocked

with 4% normal horse serum, 2% bovine serum albumin and 0.1% Triton X-

100 for 1 hour. The cover slips were washed with PBS and incubated with

20 primary antibodies against Tuj-1, GFAP or MBP for 1 hour. They were

washed again with PBS and incubated with fluorescein-isothiocynate (FITC)

conjugated goat anti-mouse or anti-rabbit IgG secondary antibody for 1 hour.

The Tuj-1 stained hMSC cover slips were once again washed and incubated

with second primary antibody NeuN overnight, .then washed with PBS and

25  incubated with cyanine-5.18 (Cy5) conjugated anti-mouse IgG secondary

antibody for 1 hour. 4’ b-Diamidine-2-phenylindole dihydrochloride (DAPI) dye

was used to determine the numbe‘r of cells by counting the nuclei in the field.

The cover slips were then mounted with glycergel mounting medium.

30  ELISA
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30 Morphol ogical Differentiation of hMSCs Into Neural-Like Cells 27 WO
03/ 059272 PCT/ US03/ 01129 Phase contrast m croscopy shows the normal

nmor phol ogwoaB/0f9202 obl ast-1i ke hMSCs cultured i n conpl et e PWENSesippkenent ed
with 10% FBS. After 7 days of exposure, in the knockout DVEM with 20%
knockout serum 5 replacenent, sone refractive cells exhibited short
processes. A few (-2-3 %of total cells, Table 1) cells exhibited

neuronal - | i keEMBAREPAYed fo MELSure bt dgcestiorn oNBDNF, RGH, bREGBSVEGHKt r act
supernat ant. However, normal brain extracts induced hIVBC prol i feration

(1. ﬁ6x104kenQ>Ji@E/bN)hM~%GpaﬁteB $i eRd hBEs laL@ultWeccOinﬁiltt%@dk%J@LﬁndwaM
20% 4 5
\g' E/erse mﬁgﬁ’a@g@?%%ﬁé& %éﬁ{mn} Eé'%fa ﬁ?@é&“” 1241 é#’ﬁg)gta%@ra g%éghl) ng

processes W@P@g@%@rb@@i blrected!(!iyﬁheam@ngfmwercamm -15keg| bfegtemdaid or
structures 0% neuron-like cells of total cells, Table), and stellate
cell's wit hasm Hileert selutiopovas agdedaarewell inghe fenesdt IélétQSn Fhecyelsil t ur ed

in 20% - 40% TBI xtrat e t al
hunber s of Nets denfih et ANBCRO Rk sab 2od TRLTs Aol feilokraflie: Jradf 5
decrease, (il Wdd asﬁﬂr@keao;nd ﬁ/@@heét fpesttingahe Pronkéd taseaimedN Aftef thide
various concentrations of TBI tissue extracts i nduced hMsCs to

nor phol ogi test Ivgasthemﬂe@’lﬁélmgabtlff@rk\da@ éBF@VeQCb)Eﬁﬁp'é%@Q) ar secarlingathavar ker s

e R e R A Rt S
processed frag pl@@wagxheﬁhme@ﬂ@.ez 4TRbEr<PEY Fidrh @éhngetmhm | Akpiratigh Wi th
25 DAPI (purple blue for nucleus identification), FITC (green) or triple

| abeling @vg vqamr)g cwerawsegate@i 0@ phoh sulsteateesolutien @@ISI addgd o@@chhar r ow
f K f

st F ooyt oo eficanbncaiSh By daeadraE s v eBPelTe ol b Bt

stained byshffbn wadd aeebwrﬁﬁ Shiy wqeaorm@wﬂeme@@ﬁsw éfyeaéh #ellQdls 5% of

t he hMSCs expressed 30 NeuN ?oteln and to 10 % of the wer e
| abel é8 bydeteznimgd within 30 mlnutes using a mlcroplate reader set to 450 620 nm.

Statistical Analysis

Student’s t-test was used to evaluate morphological differences between

20 the stimulated samples and their respective centrol. The significance of time
responses was assessed by repeated measures analysis of .variance
(ANOVA). The ELISA data were linearized by plotting the log of the various
growth factor concentrations versus the log of the optical density, and best-fit

line was determined by regression analysis. Average duplicate readings were

25  made for each standard, control, and sample and the average zero standard
optical density was subtracted. All values are expressed as mean + SD.

p<0.05 was considered statistically significant.

RESULTS
30  Morphological Differentiation of A(MSCs Into Neural-Like Cells
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28 WO 03/059272 PCT/ US03/01129 phenotype. NeuN and Tuj-1 i mmunoreactivity
was col ocalized in sane cells (pink). 4 to 7% of hMSCs-derived. cells

expr essedwGlABs2mrunoreactivity: 3 to 5% of hMSCs-deri vedTasbs/eiiexpr essed
MBP i nmunoreactivity. Al of the various concentrations of TBlI extracts
exam ned i nduced hMSCs to express 5 neural phenotype inmmunoreactivity.
Secretion of Gowh Factors By hMSCs Treated Wth TBI Ti ssue Extract

Super nat ant 1ﬁh5§@%ﬁtré§%ﬂfro§&?ﬁy%ﬁd%ﬁ§th@nd§ﬁﬁ@$n@*ph@rogij of41b@d5‘t§|a§t ays in

t he knockout DVEM wi th 20% knockout serum repl acenent di um and

(t:)ont ai ni gghms TBlturect ircompigter ?;M%Mt sapplegtenied |W1t|’F|1@lﬁ &BS. ARer for nal
rain an tj ssue t t f
(Figure 1la ayq\lcg_f )@Oaﬁi(eerilnc I 3 UE(? eg?MEM W %@gre‘%rh%gg?{) ﬁngand

HG- (Fbgur g fp]racfémérﬁ‘t \é'oh{é)refiéct%ecéu@r@sahb;bé@snohl;ﬁ@@@s@st rafdw i(ogeewsed the
secretions for all detected growth factors in vitro conpared W|th t he

medi um - abbhetat eeileollablen 1¢aesils extpeitedrmnauipngriisepmamprlogndr bMSGecr

secretion i egsed from da t hr ough.day 7 ts.
VEGE seor eFPONEHRE BPIALp A BissHE Sirads e iAo aE e ST gFal e
VEGF secr epi@sctaamdiesai BVERT | profferhasmert 51 oday 241 ¢indl deompady aditrons i n
culture than for day 1 in culture. The profiles for bF secretion

differed fhbi8Ga heultyredptinc thackopskowayDMEMr atthor20%n knockeute avam

secretion values, in go i h g f act.or
equal altoo s@%?’?‘%ﬁ@t é&iﬁ%‘{ﬁ;ﬁ%{; a@“')? {Paﬁvﬁlg@ Y88 é%ﬂgﬂ%&:abg t hat
TBI pr.omot § éoébl%f witFroRgdb iy prdEasekn (prédeds2fengfidl ot hat
al | neurot p%dﬁ‘ﬁ rovvth factorg testedr@é/howed a S|(Wn|f|cantg i ncrease
of hMSC sewpm)@nnd grcmihrmjnebrdlka teomivead ebrucwrewfsct&a@"/s@eumn kikgpralement
medi um DI SﬂJ%SI 39
cells, able ), and stellate cells with small and multipolar processes
‘were detected in hMSCs cultured in 20% ~ 40% TBI extract supernatant.
15  There was a trend for the total numbers of cells in the TBI (1.08x 1040.3x10"
/ml) extract cultures to decrease, but this did not reach statistical significance.
All of the various concentrations of TBI tissue extracts induced hMSCs to

morphologically resemble neural-like cells.
20  Expression of Neural Markers By hMSCs

After 7 days in knockout DMEM with 20% knockout serum replacement
and containing 10%,' 20% or 40% of TBI tissue extract culture, hMSCs were
processed for immunocytofluorescence. This permitted double labeling with

25 © DAPI (purple blue for nucleus identification), FITC (green) or triple labeling
CY5 (red) of hMSCs to determine whether the cells of bone marrow origin
express neural specific markers for neurons | (NeuN, Tuj-1), astrocytes
(GFAP), and oligodendrocytes (MBP). Cellular nuclei were stained by DAPI.
In cultures stained for immunoreactivity, 0.2 to 0.5% of the hMSCs expressed

30 NeuN protein, and 6 to 10 % of the hMSCs were labeled by the Tuj-1
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WO 03/ 059272 PCT/ US03/ 01129 Human bone marrow stromal cells treated with
TBI extracts norphologically can differentiate into neural-like cells and
express pwotogior72 phenot ypi ¢ of cerebral parenchynmal cel | #CcThigBEB113%®CT €t €
BDNF, NG, bFGF, VEG-, HGF, and secretion | evels depend both on the tine

vas et r aconerotite Neel ahAofdt RnBbRi TR e bR SR e BRI o

sub- popul ginena ©f 79P6PhMSTH-aatived. Bels éiqlaiés&@d(@FAP immun@epotvitye 3 o TBI
tissue extracts in vitro. Treated hMSCs al so_express specific -cer

br al
prot ei n 10tonhPkef HMBER-desivesieeals( exrensed MBR, imrpnaregelyitye aAllyof the

diff tiati ' , f. P (f

o1 odoner TR, SOMeiEHIGEROBDEMARY o IR luSA AR R0 pfbaeP (1o

mul ti pbe cablirdl bneassde idingh@sacthdtye reported that MSCs can be driven to

differentiate into neuron-like cells in culture by reagents (Sanchez-Ranos
et al., 2000; Wodbury et al., 2000; 15 Deng et al., 2001) and in injured

CNS (Azi zi et al. 998. : o, .ot : 08+ +ph]
2l 2000, Sehuftian chcrowfifRaBis B) S paded i 18| misshfharabt %
et al., 20@8Lperdhmydata show for the first tinme that sone hMSCs when

placed in vitro within a specific mcroenvironnent containing TBI tissue
extract, respond by assum ng norphol ogi cal as well as phenotypic 20

char agher | st ! 690 BRISPLAlroRAEBEIBES SBldry, 4BAE 7 BEfePAHE Knockou

transpl ant ati S can € a source-of cC ar replacenent

in the TBDMEMERGRE 20%i nodRenE seRIM Qephicentat metliusn and catainmed20%
nor mal hemat opoi esis. A 25 nunber of soluble factors secreted bﬁ Cs. t hat
| 1k

medi at e hekBl GpYRESSYPRMALANYREN SERARHB! BigHIR d - ( B&CRBVRK YA AN TB 1905;
' i, <lsglo oyt388, redBhLBShe sl ccilihe SSFON PEHER MNP, -

-11, -12, ate |evels of
M CSF, G CHrgufeViiOSbRGH (Sghre 1t WBGF (Figues ddj antd HiGF4Figuee depiruntrokely to

rovi t he nechani sm 30 under n he therapeutic henef,it qf ,M5C
ItO reat rent oheThprmal {Pféneﬁq%{eeﬁgkagxf tm‘o‘ggased tReusécre ions fé)r aﬂ detected

growth factors in vitro compared with the medium - alone control. In each
experimental group, BDNF, NGF and HGF secretion increased from day 1
through day 7 in conditioned TBI extracts. VEGF secretion was similar for
normal brain and post TBI brain groups. VEGF secretion was consistently
20 larger for day 4 and day‘7 durations in culture than for day 1 in culture. The
profiles for bFGF secretion differed from other trophic factors. Day 1 duration
in culture bFGF secretion values, in contrast to other growth factors, .
exceeded or was equal to secretions for day 4 and day 7 values. These data -
indicate that TBI promotes the secretion of NGF and BDNF by hMSCs in vitro
25  and that all neurotrophin, and growth factors tested showed a significant
increase of hMSC secretion in normal brain compared to hMSCs in serum

replacement medium.

DISCUSSION
30
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WO 03/ 059272 PCT/ US03/ 01129 other, still unknown stromal factors has been
postulated. In the experinents presented here, the quantitative ELI SA data
denonst r awe la27hMSCs treated with TBlI tissue extracts eemamos/band |y
secrete BDNF, NGF bFG-, VEGF and HGF in a manner dependent both on
culture tine

| the t t 5 ich TB t'. t
obt ai ned. I nt sbogﬁlr:‘lpﬁ]%ﬁor"gt |s|6r|r4r’e”3ﬁ‘ Bﬁﬂgm ? | suq.gr\ ’&%é’tsg?tser
TBI in rat %&Bﬁol%@f&@ﬂgtéarf Bﬁ é?@h'trlé)[@r Plrt@cﬁéu\@ lfk‘él @ﬁl@ %th%ebﬁ' grbfdifs i nj ury

(Koli atsos et at et al neur opr ot ecti ve
pot enti al pheeotypierF of ncp@ebradnpamnchymai rqﬂllant attMS@soSeN@t% BIPNELNGE,

fibrobl ast b d 10 diff t
par adi g, BF Cl Jir e e HEH, SHEsef P 1 ISpals droend Buon khg i Stiadpsiiancya
et at.s 19$5TB%Qﬁact§QH%hltuﬂe“ér‘i&}Wé;ﬂ% eﬁ%n@h T 36508 vitls SfEfted educed

infarct volune in nodels of focal cerebral 1schema inrats, mce, and
cats (Suginori et al., 2001). VEG-, the strong pronoter of angi ogenesis,

ol forat i onTds feghgermonrale, hatoBiEsizan e do¥@h: f VeetpE Fufi ng
crush I esi ga pQlatibA§ ofsﬁicﬁbhélo@%"aw GRS demgth%SiPoehwsowBlokugsu@ nerve
regenerati on ( Sondel and Kanj e,” 2001). Treat nent experinental stroke

i n the rat exirahtsVEG—'wtr@l g réatednhMSGs:calseseXpmemm&qmaj@farebrals Qrateimg et
OOb constjtuti Iy roduce_-H Taka e 997 and

i | £0an TiskERartc oot Lor peirBEsfe TVishafor ealy it Blsmighon

Therefore, nbhftd bUﬂjrB%) GFRPOYr SREWcYaa) thBQm;ar(%rsglr@dénueoéﬁeé he

normal brain and t envi ronnments and’ respond by si gnificant Ig/

i ncr easi ng Thhe, rpM&&Lﬁ:lﬁuQapabfe ﬂ’a@\lﬁerer&@ﬁlogglor@ v&ﬂtlplﬁ@eﬁdlﬂeag% otudies

20010, Ly Brvarsporgy itk MEEKTRH ¢ e T dEfen R Rto e FRtiTHE tifin ™

M croenvi r gpgrat aylma@@ﬁ@r@ameﬁzenamdso@t &l rzwmwvgba@myv@t akn®000;
angi ogeanl c factors b at the local-|evel onprom sed tissue I's key

i n t he>f uneangnell albe? 1) tarw lf\/lndie”érdlﬁNﬁd@ZUZl@iﬁil, d@@&t Kowenmicaldai®®9% hows
LDt o ! chREh &8, DA QoRUSCIRMESBE Soo L EreRebigR, epup t et
al., 2001a; Mahmood et al., 2001). The data show for the first time that some
hMSCs when placed in vitro within a specific microenvironment containing TBI
tissue extract, respond by assuming morphological as well as phenotypic
20 characteristics of cerebral parenchymal cells. Upon therapeutic
transplantation, these cells can provide a source of cellular replacement in the

TBI damaged brain.

Bone marrow stromal cells are required for normal hematopoiesis. A

25  number of soluble factors secreted by MSCs that mediate hematopoiesis have
been characterized (Berezovskaya et al.‘, 1995; Majumdar et al.,, 1998;
Majumdar et al., 2000). MSCs produce IL-6, -7, -8, -11, -12, -14, -15 and FIt-3
ligand, and induce steady-state levels of M-CSF, G-CSF, GM;CSF and SCF.
However, these factors alone are unlikely to provide the mechanism

30  underlying the therapeutic benefit of MSC treatment of TBI.- The existence of
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31 WD 03/059272 PCT/ US03/ 01129 cellular and nol ecul ar reservoir for the
treatnent of a variety of neurological diseases. The results here show

t hat tranwploansed2 MSCs provi de functional benefit after PBI/UShsroaR9 al .,
2001 b; Lu et al., 2001 a; Mahnood et al., 2001). In particular, MSCs can
be readily tained froma, small f bone r 5fromthe tient's
own iliac 9’?‘@ stihdnlgyoyn sHema) f?,‘ﬁtlof%ggs%ﬁ?é'r%‘?%ﬂ’%} & th%ﬁé%'&'@eﬁﬁs easily
accessi bl epandn, f@&h@m %ﬁ@ﬂu@nﬁ%meegfspaea@ QEAURSEEId that AMSCs treated
transplantatlon eseé cells ininjured tissue provide a continuous source
of vital witowiBi tissueomdraots coewnﬁamndsmram BEINFy, NGF, erF&&l%d/Eﬁﬁlarnd 10

(Frgure 1 BEF s epanignt en e S 85 vales ool e i 4t ¢)
from hiBCs fdﬁafl'Bfitl‘é’éGé‘ ekithact M%%USbﬁiﬂéoaclntWo”u%té’d}hln&l’%oﬁe@ﬂ BDNF“S are

quantitated with ELISA. The normal brain tissue extract increased the
secr et i onsraxfucaklinjiiey eotumte @rﬁ@M’ﬂBlflao‘atﬁ gndl rsupports tbemeureproigativetraée nedi um

15 al t | h F G- d t
ot eased THGRONE, I biiRdGHy dioTER0R ohi T98HeR e Bk Alader)vEe O
secretion H@ﬁro?ré‘i‘ebﬁ&efﬁteﬁﬁélnﬁftelbm!’ ﬁj&tl@ﬁStorTﬁb Dﬁﬁlbﬁteﬂfoﬂuﬁﬁ NYEG-

secretion was consistently |arger day 4 and day 7 durations in culture
than for pla;dublng]flb[ﬂhlaste anthlGir <b|fa|nlsgembom|®F<EaV§eb$@n idemaristregacd i f r om

ot her _t.rophi.c 20 fact dur n.in cult r b, retl al ues,

in co%bras 'ﬁl‘éBG'l‘}tFPl%rra Qﬂ“ﬁv& g’fpfcf%‘?'%al gf?d@éﬂ%y e\%’as‘,:%qj 3§§Zt|ons

for day 4 spdedaYet alyahyss:; 008). InvRiVePdeis aaﬁlrﬁéirétlmrtﬁ sFgrect ed

to transient mddle cérebral ar er?/ occl usion and IV injected with 3 x 106
]

hVMSC 1 day resuced |siarrckv;olummmtm@da dubcaneerahral isghemindd rais m@aarw 1, 7,
o Y S b %, HONFE LS S SRS g et o
nonocl onal saitiies ¥xsngChdthfotd, REFRNCEIPSUWIAL and Schwann cell proliferation

15 ‘(Sondell et al., 1999). The increase in VEGF following crush lesion of the
sciatic nerve suggests that VEGF plays a role in nerve regeneration (Sondell
and Kanje, 2001). Treatment of experimental stroke in the rat with VEGF
significantly reduces functional deficits (Zhang et al., 2000b). hMSCs
constitutively produce HGF (Takai et al., 1997), and HGF is an importan{

20  molecule for tissue repair (Mizuno et al., 2000). Therefore, the findings
strongly show that hMSCs are sensitive to the normal brain and the TBI
environments and respond by significantly increasing the production of many
factors. Given the survival of transplanted MSCs in the traumatically injured
neural tissue (Lu et al., 2001b; Lu et al., 2001a; Mahmood et al., 2001), a

25  continuous and microenvironmentally responsive secretion of neuroprotective
and angiogenic factors by MSCs at the local-level of compromised tissue is

key in the functional benefit provided by MSC transplantation.

The data shows that adult MSCs can be induced to overcome their

30  mesenchymal commitment and constitutes an abundant and accessible brain

31



30 nuclei (mMAb1281) was used to identify hMSC and to neasure neural 32 WO
03/ 059272 PCT/ US03/ 01129 phenotype. ELISA anal yzed neurotrophin levels in
cerebral wogsosn2fizom hMSC- treated or nontreated rats. Br@codsoxyued di ne
injections were used to identify newy formed cells. Results: Significant
recovery of fﬁmCtl n was found in rat treated v¥th hMSC at 14 days

conpar ed viQliwlar (5'[‘0'?6&”@" FRSAVRE dpk ey treplnem @havarigdy o ﬂ@ﬁrqe%igélssed

protei ns p&s&&ééfsmfh@frﬁty & HeRASRBGN 'tra?f%'p'la?tted Bracs- ;S'r%’&llo&eﬂtrf&%HF\Ql”Ophi c

factor and nerve grow or SI gm I ncreased apoptotic
cells si grbénemtmtfﬂey T(EC(L&&Ssad EGOHbteLLt etaem@ma;cmmmwdmm 280ghithi cantly

nor e bronDdeox uri reactive cells detected in t subventri cul ar
zone of th%al'§ n'g'(‘;sla‘r\%ﬁ’ﬁrk Bedead 0?@!@4&@%%8 alyme t} NeHRBECWnduced

roliferat C t
Fyrrplhogyt efr%ég‘fﬁc#)%tswg% d\kﬁlhér’ﬁoﬁﬂé%?”gnggx fe{h?l%?jegu tltluﬁ% fro éfertéMSC treat ment

of stroke provide anmﬂylacces&bthﬁarhd oaplehishabler saisree aff ag,rtomgbus aellorfar | n the

h t th t f t th f
| ocion, _anieRHREMEIENY eﬂacheéﬁé‘t%’ litBgciesie oV FrorNBUakn SERIGA Ell or

zone. Bonevfgqﬁréwrﬂarcﬁ}glfo %ﬂ@@asﬂ&ﬂ%ﬁ Lﬁéﬂ% iho as mesenchymal -stem

and 20 proge tent” and’ capabl.e of aiding the repair
of tlssuesm vitro andln VIVO MSC nornally give rise to bone,

carti and senchymal s, .and NSC can differ into ocyt es,
hepat yt es, EE ured g@OW%tﬁtﬁ SRE(RIGRS. Ofl\@'@"‘g]%riaﬁ%% Ofﬁttﬁ%ﬁthHée 1R)) .

bl ood- br ai Byl BRQERERurd Y UPOHB) BrRAFGEe

Mal e- deri v@ﬁﬁgﬁfﬁ%ﬁ gw ce1f S?gzug s C?t em cal {:@ I nfu ed Into fenal e I'schem ¢
rats m grafremphEliS€streatdd wlthoTBIhtessu%e*teathStmermat&nt viEhe sﬁmetwrma@ mar r ow

S 20 o SR e R e, R R RS R b BB s 0
secretions of all detected growth factors in vitro compared with the medium -

15 alone control. In each experimental group, BDNF, NGF and HGF secretion

’ increased from day 1 through day 7 in conditioned TBI extracts. VEGF
secretion was similar for normal brain and post TBI brain groups. VEGF
secretion was consistently larger for day 4 and day 7 durations in culture than
for day 1 in culture. The profiles for bFGF secretion differed from other trophic

20  factors. Day 1 duration in culture bFGF secretion values, in contrast to other .
growth factors, exceeded or was equal to secretions for day 4 and day 7
values.

Example 2:
Methods:

25  Rats were subjected to transient middle cerebral artery occlusion and IV
injected with 3 x 106 hMSC 1 day after stroke. Functional outcome was
measured before and 1, 7, and 14 days after stroke. Mixed lymphocyte
reaction and the development of cytotoxic T lymphocytes measured the
immune rejection of hMSC. A monoclonal antibody specific to human cellular

30 nuclei (MAb1281) was used to identify hMSC and to measure neural
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WO 03/ 059272 PCT/ US03/01129 No neuroprotective reagent has inproved
outcone follow ng stroke. Therapeutic benefit of human MSC (hMSC) for
nyocar di awoicsobemt a and cardi ac di sease in rats appears POTAS03/0H29r om
repl acenent of tissue and the induction of angi ogenesis and

vascul ogenesi s., M crete a nunber of .5 growth factqrs and c¢ | hes,
Which nor et R B aaly SeBetrarSag ey b corebra) e ip et bR

di fferenti NRRd ' s ek iV SRCr et e
cever a1 A T BN e et
devel op i nnewlyi fabnedtdedisaBestits: Sigedicanygrevevent obfunctidn seasstesndTihgats has

i ddl o cor Eerin aiF BSGATTA role EReReT e YRl cRt iR siE” Pt
Materigl s gﬂ% BBl AR C xphddedPpRRGINA! b%&@c%f%&@bf@idh&ﬁ\dl%e\nbi ro. To

exam ne the cell ‘growth kinetics and expansion o in vitro, bone
mar r ow aspBraineerivede nevibotadptéd factopuand unervef growtipofactel osignificantlyer est

bone. rar r ORCIAREORAE]  F00PIster SR slaPiardl et S Bb GBREEE cor
density grgdiyeddry( EbRe! Isidraficent0 et BrédodéoR/ifldindnaddtRel @ell&Alere

| sol ation and establishnent of hMSC cultures were carried out as described
by Di gi rol detectad ial theBsubsfenyricularozaneuci tharischemic hamisppeea etirads trgated

ti f cells)75 e .. ti |t £l i .
R e e L A
and were sgppefgxit Flymbhbcyd88o fetal bovine 25 serum (G bco-BRL), 100
,units/nmL . penicillin, 100 pg/nL streptonycin, and 2 nmmol/L L-glutam ne.

After 72 hours of incubation, nonadherent cells were renoved fromthe
cul tures, ﬁnd mesh_culture medi um was added to the flasks. The .
pl astic-ad ONEHSIRNBC wer e split on day 14 (90% confluence) and every 7

days aft er Nebpdlogie siids yesditihg HoPWhiVSOdreinleny o€ ktfokdlut rgeteth dativeow

cells 30 were counted using a cytonmeter to ensure adequate cel|l nunber for

34 15 from the increase of growth, factors in the ischemic tissue, the reduction of
apoptosis in the penumbral zone of the lesion, and the proliferation of

endogenous cells in the subventricular zone.

Bone marrow stromal cells (MSC; also referred to as mesenchymal stem and
20 progenitor cells) are multipotent and capable of aiding the repair of tissues in
vitro and in vivo. MSC normally give rise to bone, cartilage, and mesenchymal
cells, and MSC can differentiate into myocytes, hepatocytes, glial cells, and
neurons. MSC can pass through the blood-brain barrier and migrate
throughout forebrain and cerebellum. Male-derived bone marrow cells
25  gystemically infused into female ischemic rats migrate preferentially to the
ischemic cortex. Male mouse bone marrow cells administered to irradiated
female mice enter the brain over days to weeks and differentiate into microglia

and astroglia.
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WO 03/ 059272 PCT/ US03/01129 transplantation. A dose of 3 x 106 hMSC was
Injected into each rat. -hMSC harvested fromfive passages and further
cul t ur ed wo oBlos92knockout Dul becco nodi fi ed Eagl e nedi um Psarusos/oriee;

G bco-BRL) with 20% knockout 'serum replacenent nmedi um (G bco-BRL) were

oot opno TATERAERRS  (Ahaonl) i Mirived ik Borth bRt
measur ed afrhépap@unaHSeﬁeﬁia&sﬁ HufndMavses ww@@eforwy@@amalmhbhﬁﬁ éiﬂﬂl e

medium M xed l'ynphocyte reaction between rat spleén cells and hMsC in
vitro.To Qa»rdmmdsseaaengerata appesrs toydayhvecirom mnmefreelatt@fomssuz and i spl een

cells from fi (%/frats or ratsd ect dvmth ?Mﬁ 06 h V\Eﬁks arller
were cultu Clpm, r?BQP@&P@S\‘?A %0 qg@un[espr ~atea'q'e Efor 96
hours gt agdQuth fﬁ@ﬁﬁ@“%‘?{d (éﬁb%ﬁ@sce%%tﬁoﬁﬁéwﬂ@&wod hH@ﬁa)atds;@éleﬁb M xed

cells were puI sed wth 3Hthymdine (0.25 pG/well) for 16 hours. The
i nducti on pfogengbrs é@&bﬂobi%r@ﬂe aadsthferﬁrttlatq”rpﬁowtmsrrbw AMEEINgayaneus ur ed

by th t f di t | pl |

Qi ures wBrEHa vl it erR P B o deriE RroR (Ao B nelige Ve

i ncor por at hRA uﬁGﬁHmM%@@amv@wm@dlawe tHerépy forsteédtind hairoRygic 20

I nsert equation 25 Rat cytotoxic T | ynphocyte res&@gse to hMSC in vitro. T

| ynphocyt edisapees. rmeerediaajbeerademnstrateohslcnlfl@ang tionalrregeverydn afrat al

vas e BPRL PR g B5R L oM Redufph (G AL) VV?C%% Rl i fode Do

spl een cel pss@r spleen cells of rats injected with 3 x 106 hMSC 2 weeks
earlier 30 were cultured with irradiated hMsC for 5 days at a 10:1
responder (spleen 35 WD 03/059272 PCT/ US03/ 01129 cel | s)-to-stimulator

(hvsC) rat t he i ncubation period,: viable cells were
recovered M)a&ﬁ{'%? é'&ﬁ 'ﬁgﬂpsé Sand tested for cyt ot oxi CI ty to 51Cr-

15  hMSC preparation and growth kinetics in vitro.To examine the cell growth
kinetics and expansion of hMSC in vitro, bone marrow aspirates were
obtained by puncture of the posterior iliac crest of three healthy human donors
under local anesthesia. Mononuclear cells of bone marrow speéimens (15 to
16 mL per person) were separated on a Ficoll density gradient (FicolIQPaque

20 [denéity, 1.073], Pharmacia, CA). lIsolation and establishment of hMSC
cultures were carried( out as described by Digirolamo et al. Briefly,
mononuclear cells were plated at a concentration of 1 x 106 cells/75 cm2
tissue culture flasks in 20 mL Ibw-glucose Dulbecco modified Eagle medium
(Gibco-BRL, Grand Island, NY) and were supplemented with 20% fetal bovine

25  serum (Gibco-BRL), 100 units/mL penicillin, 100 pg/mL streptomycin, and 2
mmol/L L-glutamine. After 72 hours of incubation, nonadherent cells were
removed from the cultures, and fresh culture medium was added to the flasks.
The plastic-adherent hMSC were split on day 14 (90% confluence) and every
7 days after that to assess cell growth and cell yield. Nucleated marrow cells

30  were counted using a cytometer to ensure adequate cell number for
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| abel ed hMSC in an 8-hour 51 Cr-rel ease assay. 5 Ani mal MCAO nodel . Adul t
mal e Wstar rats (weighing 270 to 300 g) were purchased from Charles River
Br eedi ng wWormpasme7f Wl mi ngton, MA). Rats were initially anesthsnsaads with
3.5% hal ot hane and maintained with 1.0%to 2.0% hal othane in 70% N20 and

30% 02 usi f . k., Rect t . Al ' C
thr oughout TARGPIEOFBIoEar SPosetir & 108 RyaC EabiRierteb bt 228 Tt SGicat i ng
system Trpagie8fdd Weffivepdsiayes@ndsiufited dmLiRaflirothd RhéekoutiM@becascul ar
occlusion nodified in the |aboratory. The rlght common carotid artery,

Fxt er Ral fcilfmﬁfieﬂ Efgi& yneding l(Sﬁr@mn pecileq-BRA) twilly 2086 knegsagéserum
t - i ' r 5 :
the 18 ani fEaGEnen: MEflh (RAPRRL) Wifadhie ok BrioAd e Bhf s ¥ias”

advanced ﬂ’h@rﬁécfﬂ@ti&xbﬂﬁmih-@ezd\/éﬁi fle@otrephid ﬂicﬁ%rth d@wﬂéiyrandqferv@@rbwtrer nal
e

carotid artery wuntil it blocked the origin of . Two hours after

MCAO, ani nfdatomidGF) hyamSChatas,zmeasinted aall othaned, 7 slaysriepbe fsegirprrags

per f or med wi t hdr I %P uture until the tip cleared the |unmen of
the extern "?:eflp&'pg&@i?geé) .légge@%‘erirrental groups. Goup 1. To neasure
neurotrophins, rats were subjected to MCAO without treatnent (n = 3) or

were injected with 3 x 106 MSC (n = 3) or 3 x 106 liver fibroblasts (n =
25 3) in aMixed lyraphpcyteuiagolion upgiwesnorat hepleen |cellsi and ASCaint wiroske oke.

The | i,wer fj brobl i e i 2d . ".cont I.C i | asts
wer e .é\gl I eéiugféf g?ﬁ@éﬁﬁde{%g’r@ "@kﬁoacs,&é &%@?E?‘E’ ’réaf)é 1toc?I 'gerc%gh g%lfesx?)@c ed

i mune r espeaiey fdts craats bliestel vt 8 X 15 huB C raveckRekgiorararelduituest 7 days
after MCAO for ~ neasurenent of neurotrophins. Three healthy rats were al so

used as coft triplicatsp Wilibpesithoubdragiates) (RO MERCERPE s abradp:D.
responder (spleen cells)~to-stimulator (hMSC) ratio. Mixed cells were pulsed

with 3H-thymidine (0.25 uCi/well) for 16 hours. The induction of proliferation of

15 - splenic lymphocytes by hMSC was measured by the incorporation of 3H-
thymidine into replicating splenic cells. Cultures were harvested with an

automatic cell harvester, and incorporation of 3H-thymidine was measured by

liquid scintillation.

20

Insert equation

25  Rat cytotoxic T lymphocyte response to hMSC in vitro.
T lymphocytes are implicated as an initiator of graft-versus-host fatal
iatrogenic disease. Therefore, human graft-versus-rat host T cell response
was measured using a 51Cr assay to determine the Iytic effect. Healthy rat
spleen cells or spleen cells of rats injected with 3 x 106 hMSC 2 weeks earlier
30  were cultured with irradiated hMSC for 5 days at a 10:1 responder (spleen
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Rats were subjected to MCAOwith '3 x 106 hMSC (n = 9) or 3 x 106 rat |iver
fibroblasts (n = 9; control) injected at 1 day or MCAO al one w t hout cell
donors 5wOre30s59@ control). Rats were killed 14 days aft@cTNSA&0Tf10y

measur enent of cellul ar norphol ogy. Because MCAO i nduces proliferation of

endogenous ur al t cellsg in the ependyna.and .
subegendyn‘éﬁlpg&ﬁesnr(‘& r}gﬂgw)gﬁﬂ? OR{ig'lq ﬁ@a\fg:}f‘ﬁi '@ﬁ\"g?t'ofﬁ%r/'%cgb‘()@lﬁﬁi cul ar
ol ecti oneal yefe 18 %%Vxeyf'ﬁ?. B B R e e
new y synt labseledeuMBNAN &0 8+yuk Gli Cr-rElegise,assay. Loui s, MO) consecutively for

14 days after MCAOwith or without [V injection of donor cells for
identification of cell proliferation. As a control, an additional two

heal t hy anp H%?l mﬁ{)ﬁ?%ﬁag 14 daily.injections of 50 ng/kg BrduU
e

i ntraperitonea ore death. 15 Behavioral testing. Al aninmals
under went Adhlavmaieansltwstass feeighingV2AQ tardd0lg) Werapdrchasedyiom &harlesMCAO by

ti gat or_ wh bl i nded- t.o t al
Forel oot B mehding Solpayt Twh@inalf RPAT, IR ol A Bt ! <
(113. 1 m2);imes, ?%J%%%tﬁﬁnélérﬂi A Bhtairasd 'vshm ﬂtO%Uﬂd 2399 r?é?@t'h'aﬁé |h07o%he

radi al aspect of the wist of each forelinb five trials per day in the
home cageN2Thendi3®8s G2 usirich fabe mask. cqutalctemp@rawreemﬁ/mImta@ea alrul i

| nd t I t ed Th
ani a2 i o dpHehoth te Uil B ALR T iy Neskpck RSB WA TS, (o°
surgery. (Rg 1r?g53§/§1§nf atrényﬁah?w@%@ Wés rRiRee (idheg Aohsthid &f intrdRinsingonds,
they were subjected to O. A nodified neurologic severity score (nNSS)

was used tmmﬂ@eocolasw@uﬁlaﬁfmhl@ the labaraionyi c ThandghtoaommesscrEotig
comost €, Shehl AT coh 4P e A8l RARHE bR B PhonSE N
03/ 059272 RAHHSOELO Habfilament nylon suture (18.5 to 19.5 mm), determined by the
15  animal weight, with its tip rounded by heating near a flamé, was advanced
from the external carotid artery into the lumen of the internal carotid artery
until it blocked the origin of the MCA. Two hours after MCAOQO, animals were
reanesthetized with halothane, and reperfusion was performed by withdrawal
of the suture until the tip cleared the lumen of the external carotid artery.
20 | |
Experimental groups.
Group 1.
To measure neurotrophins, rats were subjected‘to MCAOQ without treatment (n
= 3) or were inje'_cted with 3 x 106 MSC (n = 3) or 3 x 106 liver fibroblasts (n =
25 3) in a 1-mL total fluid volume into the tail vein 1 day after stroke. The liver
fibroblast study is a restricted “control," in which fibroblasts were collected
from the same strain of Wistar rats to avoid unexpected immune response of
control cells to the host rats. Rats were killed 7 days after MCAO for
measurement.of neurotrophins. Three healthy rats were also used as control

30  subjects.
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Table 1 Modified neurologic severity score test 38 WD 03/059272
PCT/ US03/ 01129

......... W0.03/059272 . . . . .. e e e e PCTIUSO3/01129 L L L

Motor tests Points Raising the rat by the tail 3 5 1 = Flexion of forelinb
1 =F exio&&é{‘ j ndlinmb 1 = Head noved >10 to the vertical axis within

30s ; if Ri%g on the floor (normal = 0; maximum= 3) 3 0 = Normal wal k
1 = I nabi | Raw weee vabjectdd @i MIGAO with 3 106 HMBCYnto & rad 3 ke OBanaeliver si de 3

= Fall down to the paretic side Sensory tests 2 1 = Placing test ' I
and tacti | Boroblasys n = a:rcgmrpadrélﬁptaﬂeattﬁgﬁy(oaéé%AQew@a?inﬁzougagﬁaﬁagyslt ﬁgapaw

agai nst thge table t t |

(hor ) Soirogiife d5a WL RS 14 By Eer SREALS 37 RERIRMERTLE

si de of beaailular2 nrorphglgyhBdmzaseaMCADeinducksf pidiiferdtiom ¢fr endogéreouseam 3 =
Two |inmbs fall down fromthe beamor, spins on the beam >60dysn%al420:ne

Attenpts tBEWAl SIRE ¥ RO IS inalheseridyna Ads subepen
(also referred to as the ventricular zone/subventricular zone [VZ/SVZ]),17 rats

in Group 2 received daily intraperitoneal injections of bromodeoxyuridine
10 (BrdU, a thymidine analog that labels newly synthesized DNA [50 mg/kg];
Sigma, St. Louis, MO) consecutively for 14 days after MCAO with or without
IV injection of donor cells for identification of cell proliferation. As a control, an
additional two healthy animals were given 14 daily injections of 50 mg/kg
BrdU intraperitoneally before death.
15 '
Behavioral testing.
All animals underwent behavioral tests before MCAO and 1, 7, and 14 days
after MCAO by an investigator who was blinded to the experimental groups.
To measure forelimb somatosensory asymmetries, small adhesive-backed
20 paper dots (113.1 mm2) were used as bilateral tactile stimuli and applied to
the radial aspect of the wrist of each forelimb on five trials per day in the home
cage. The times at which the rat contacted and removed the stimuli were
recorded. Individual trials were separated by at least 5 minuteé. The animals
were trained in the adheéive-removal dot test for 3 days prior to surgery. Once
25  the rats were able to remove the dots within 10 seconds, they were subjected
to MCAO. A modified neurologic severity score (MNSS) was used to grade
various aspects on neurologic function. mNSS is a composite of the motor
(mdscle status and abnormal movement), sensory (visual, tactile, and

proprioceptive), and reflex tests.
30
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5 = Attenpts to balance on the beambut falls off (>20 s) 6 = Falls off:
no attenpt tt9bal ance or hang on to the beam (<20 s) Refl exes absence and
abnornmal wowenents 4 4 1 Pinna reflex (a head shake when Pcaushs/og2¢ he 39
WO 03/ 059272 PCT/ US03/01129 Modified neurol ogic severity score test
Extract preparation fromthe ischemc brain: 5 Seven days after MCAO, rats
in Goup 1 were anesthetized with hal othane; brains were renoved, and the
i schem ¢ hem spheres were dissected on ice. The sanples were then stored
at -80 C. Tabketdédndligqd neactlogicssreriyasqure fesfas honogeni zed in 1 g/ nL
honogenate buffer. The honogenate was centrifuged (10,000 g) for 10
mnutes at 4 C, and the supernatant was 10 collected for secretion

measur enent. Measurenent of secretion of growh factors using a sandw ch
ELI SA. The BDNF ELI SA kit was obtained fromR & D Systens (M nneapolis,
MN), and ELI SA was prepared as directed by the manufacturer. The ELI SA
solution 15 was nmade for NG-. Anti-13(2.5S, 7S) NGF nonocl onal anti body,
anti-f3(2.5S, 7S) NGF-13-gal, and NG 13 standard were purchased from
Roche Mol ecul ar Biochemicals (Indianapolis, IN). In brief, the supernatant
collected fromthe ischemc tissue or the serumfree culture nediumfrom
the hMsC was divided into 100- to 200-pL triplicate sanples. Mnocl onal
anti bodies to BDNF and 20 NG- were used according to the manufacturer's

i nstructions. Subsequently, the second specific polyclonal antibody to
each primary anti body was added. Follow ng an incubation period with a
chronogeni ¢ substrate, color develops in proportion to the anount of
grow h factors and is nmeasured using a mcroplate reader (450 to 620 nn).
25
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Hi st ol ogi ¢, inmunohi stochem cal, and apoptotic assessnent. Slide
preparation. Goup 2 rats allowed to survive for 14 days after MCAO were
used for womspsaingi ¢ anal ysis. At that tine, rats were ame3stuses/dmed with
ketam ne (44 30 to 80 ng/kg intraperitoneally) and xylazine (13 ng/ kg
intraperitoneally), and 40 WO 03/059272 PCT/US03/01129 the vascul ar

sal i ne (PBSJ* ot oWed 6y 4% par af 6f mal denyde™ i PBS™ " The "brai s Wef e

i mrer sed i n; %twer &kstsal dehyde in PBS for 2 days, and then Phenbgain
tissues werg cut into seven equally spaced (2 mm) coronal blocks. The 5

ti ssues werge processed, and 100-pmthick free-floating vibratome cofonal
slides fron eaghiklocke( bhveryi bratope slides per block) were cut. Al

remai ning brain bllocks were enbedded in paraffin, and a series of adjacent
6- pm t hi ck ; sl i dds =wElexaap. ofofaeakimement of infarct volume. One of each
coronal paraffin slides (6 pmthick) fromseven bl ocks was stainediwth
hemat oxyl i n} eosi . (HeEkxiFheo8eNEaPia n slides were traced wusing §he

d obal Lab | nage anal ysis system (Data Translation, Mlboro, MA).
indirect lesion area, in which the intact area of the jpsilateral
hemi sphere 15 V\%Sl S:é pecaYefr dhY t hetarde JeTEREaL oAt Al at eral heni sphere,
was cal cul af W2 he Y Esion vol une is presented as a vol ume percentage of
the | esion i gpmpared on thet RecspNIAcmi Br-Al0 ;heriksphRr €. 3) Nrunoly st oij(;herri cal
staining. 20 After blocking in normal serum all vibratone slides were
treated with the0 roMegmgharaakti body specific to human nuclei (mAbi281;
Chenmicon, Tenecula, CA) diluted at 1:100 in PBS for 3 days at 4 C.:
Fol | owi ng sequent i-alrnapcubali e whikh ddm0rescei n i sot hi ocyanat e- copnj ugat ed
rabbit ant{body to nouse 1gG (dilution, 1:100; Dakopatts, CA), the

5 anti irst’ i .G
secondary 26 antijpody, vels, boupd, L0 tfie, TLLS1; AILLEOTY 1o mAVI2BL. el s

3 = Fall down to the paretic side

Sensory tests 2

1

Placing test (visual and tactile test)

1 = Proprioceptive test (deep sensation, pushing
the paw against the table edge to stimulate
limb muscles)

Beam balance tests (normal = 0; maximum = 6) 6

0 Balanceg with steady posture

1 = Grasps side of beam
2 = Hugs thefbeam and one limb falls down from
the beam

3 = Two limbs fall down from the beam or spins
onn the beam (>60 g)

4 = Attempts to balance on the beam buE falls
off (>40 s)

5 = Attempts to balance on the beam but falls
off (>20 s)

6 = Falls off: no attempt t%9balance or hang on
to the beam (<20 s)

Reflexes absence and abnormal movements 4

1 = Pinna reflex (a head shake when touching the
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hMSC were identified using norphologic criteria and i mmunohi st ochem cal
staining with mAb1281 present in the donor cells but not present in the

par enchymalb os@b4232 To visualize the cellular col ocalizati eaTafsosrsai®81 and
cell-type-specific markers in the sane cells, double staining was used on
30 serial reference vibratone slides (100 pn) centered at the ischem c core
41 WO 03/059272 PCT/ US03/ 01129 (coordinates at bregma -1.0 1.0 mm). Each
coronal slide was treated with the first primary anti body, mAbl1281, as
descri bed Hlodifiedamelirologic seerity saoesadtestvi t h cel | -t ype- speci fi ¢ secondary
primary anti bodi es conjugated to cyanine- 5.18 (Cal biochem CA) for 3 days
at 4 - C. a neuronal nuclear antigen (NeuN 5 for neuronal nuclei [dilution,

1: 200]; Chenj.co 1 crotu 3 0Gi d otein 2 (MAP-2 for neuronal
dendrites Fg}rPﬁF%5#%t%bﬁgh§rg‘%%cﬂe&gﬁaw$ﬁbri Ilary acidic protein (GFAP
for asbrocgbesn [daiykWiterMCRG, £39]in GIKE. 1 Gasrei ariedthatizedCAlth HeiotheE; (f or
endot helial cells [dilution, 1:400]; DAl O%. NQ%%atl ve control slides for

S

each ani nabrairg weredemaved; eard thedpahemico e1es weka tisseniest Raniceal

st ai ni ng, e [ y { hodies | : - iNg
conf ocal m?ﬁéo %%%ggt"&%rr%@h ﬁ?géda?gﬁéﬁspﬁu;ﬁs\%gp éhﬁﬂaﬁ%ﬁﬁgﬁfﬁg]ﬁgﬁo- Rad
MRC 1024 ( @&agoRombdenigexipiron) d/mehofaenaiy Kiderocdhel agioyenals tveas
nounted onto a Zeiss 15 mcroscope (Bio-Rad, Canbridge, ) . For

VA
i munof | uofericiiges |(b<b,@p@dg)s|fpaé§f)mj§1@@$ et 1ducke sty r‘i"?‘? SHREroREBh¥aES and
red (gyani QS'L%T%QOF {égﬁ;&ﬁ&ﬁl?\re%gﬁﬁerﬁgntt he slides were excited by the |aser

beam at 48 nm and em Ssions were acquired sequentially with a
photonul tiplier tube through 522-nm and 670-nm enission filters. The total

nunber of mMAb1281 20 positive cells was neasured on five sequential slides
(100 pm t hMeaasuremesiaf segretieniaf groxth fagters usipgiasandwish ELI&A. st age

o T s EDETELSATE 8 RS RIS SHLIHY baplns, e ool
mMAb1281- poantl iBLeSAelhs pfeprredlds dimated bipltbe ksanufattorerl The FHABA solution -
rrAblZ%JS- IOC)Swiatsi n\ggdgeflolr ?\Jé)lgr Aﬁtrll-iB?E.ISSv,\e%S% ﬁ&tﬁn%%?\otcf)onal antibody, anti-B(2.5S,
7S) NGF-B-gal, and NGF-B standard were purchased from Roche Molecular
Biochemicals (Indianapolis, IN). In brief, the supernatant collected from the
ischemic tissue or the serum-free culture medium from the hMSC was divided -
into 100- to 200-uL triplicate samples. Monoclonal antibodies to BDNF and
20 NGF were used according to the manufacturer’s instructions. Subsequently,
the second specific polyclonal antibody to each primary antibody was added.
Following an incubation period with a chromogenic substrate, color develops
in proportion to the amount of growth factors and is measured using a
microplate reader (450 to 620 nm).
25
Histologic, immunohistochemical, and apoptotic assessment.
Slide preparation.
Group 2 rats allowed to survive for 14 days after MCAO were used for
morphologic analysis. At that time, rats were anesthetized with ketamine (44

30  to 80 mg/kg intraperitoneally) and xylazine (13 mg/kg intraperitoneally), and
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25 obtain the percentage of mAb1281-positive cells colocalized with
cell-type- specific markers (NeuN, MAP-2, vWF, and GFAP) by doubl e

st ai ni ng.woApop20ti c cell staining. Five coronal paraffinpPsriuseso(18 pm
thick; 25-pminterval) fromthe above- 30 referenced bl ock coordinated at
bregnma -1.0 1.0 mm were used for apoptotic 42 W 03/059272 PCT/ US03/01129
cel I anal y#iesvasidaesystetewagdranssaedialbiperuserd witbr hepaiinizrdrhasehalet i dyl

Si tu apopt BuTrhor e LrEShiioubyT by v gt e RGP B W e
quenchi ng QRASIRMRYSePRT A% Partoratdidanyde W PBSHEPZ daysPB&d tisén trsbregie 5
pl aced in -term nal deoxynucl eotidyl transferase.

Ant i - di goxfigeuasnWseoRildiye sexen Aspiellvdspaseché snMiesorongd Qiesksxi thee was

count orst af et tare RRTSRSEare Bl o oBlhih CYORkoBE QR un °
from every shdgrtom! @dachTbiek (Ve pidr&bh@Nslidednper BIetk)sweenéwl All Rgmeig br own
apoptotic bodies (>2) 10 were referred to as apoptotic cells. Fiqure 2

depi cts a brainddeckscwetmambasddadon parafiin, fansha ferieseof adjarenyt 6-tethight eri or
commi ssures(ﬁ srﬂéﬁ)ég{ n, which divides the right hem sphere into three

subr egi ons ﬁ)es ¢ore, ischem c boundary zone, and VZ/ SVZ). 15
Exogenous hMSC (mAb1281) was neasured, cell-type-positive cells (NeuN,
MAP- 2, GFAP, and vWF), and apoptotic cells (TUNEL-positive cells) in these
regi ond of Meaesurpmqrﬁtcsrlafarsguomer al ateral hemi spheres. Histologic

o e henire of WltcBotertay el UMES Re“ AL Bk ABM ' duehTbREKS a0 TS

the ischem™ ~ core (ditTfuse ‘pallor "0 osinophi i ¢ round) and t he

i nner (vacglimdd avit2 eptatorpirgicnsirs (IHE) Mehergeveni brairmstidédeveret acddundary
zones (from  sponginess to entirely intact tissue [nost cell ? were |ntact;
however, stgingdhedslooaf brRdmage anaivsis system doela bansisdiony Malhorgs MAYe

i schem c | g . al t ti ] ii i hi el ls.
Faure o shobandrditdesBhifed, kAR eIt e BT ISDiBital hemleplors ™! | 1
ant erildr comsi subtraeted froat tHer area of the contralateral hemisphere, was calculated.

The lesion volume is presented as a volume percentage of the lesion

compared with the contralateral hemisphere.

Immunohistochemical staining.

20  After blocking in normal serum, all vibratome slides were treated with the
monoclonal antibody specific to human nuclei (mAb1281; Chemicon,
Temecula, CA) diluted at 1:100 in PBS for 3 days at 4 °C. Following
sequential incubation with fluorescein isothiocyanate-conjugated rabbit
antibody to mouse IgG (dilution, 1:100; Dakopatts, CA), the secondary

25  antibody was bound to the first antibody to mAb1281. Cells derived from
hMSC were identified using morphologic criteria and immunohistochemical
staining with mAb1281 present in the donor cells but not present in the
parenchymal cells. To visualize the cellular colocalization of mAb1281 and
cell-type-specific markers in the same cells, double staining was used on

30  serial reference vibratome slides (100 um) centered at the ischemic core
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25 that divides the right hem sphere into three subregions (ischemc core
[IC]; 1schem c boundary zone. [IBZ]; and ventricul ar zone/ subventricul ar
zone [ VAWBMZpy92and eight fields (1, the cortex in IC 2, PCrases/nilag um i n
IC, 3-4, the cortex in IBZ 5-6, the striatumin IBZ, and 7-8, the
striatumin VZ/SVZ) for analysis of response to treatnment. 30 43 WO

03/ 059272 (e6drdisdesodtiBegns al Osti.0ahmanaEgeh sorgual stidaswas rgated withe

f d blindly. The behayi Nt dhesj yve-
PRd the. mBeyTkiumaaattiaty. fas Tk s adebrd B b LB BRI S vae.
conduct ed Jv@h&%?l?tyh@f‘sggcﬁ%t 5BEEnRiry 85im&ay Bheo&diBSheaHj@gated Gbecyakie-

anal ysi s began w Ing for the treatnment-tine interaction at the
si gni fi cans.d8| ©adbioohed, GA)fost3 days et 4t% wnevwinal nuekearantigeaf(NeoN was

d [ h . [ [ d d .h i i fi | ev. f
0°08. ' A subbr oeproal UrE! SRk EBMERCRemigth): ot P e RSPt or e a
each ti ”e_eﬁ\‘iﬁeiﬁ@ﬂ\'ﬂﬂpeﬂ &t nddlenal @éﬂdrité@'ﬂ&]&tibﬂyff!Zdb]Péigrﬂ\é), 8ﬁeil fibrillary

t r eat ment me 10 interaction at the significance |ével of C or an
overal | tracidiceptoteirf éaFASR fomastrecyasfdiation 1eveP0lfDAKES Gapipedsent .

Cest s werahded Py S oy ey pefR LIS EE U R Mk SR ana

the treategiqysoupidrn te4e® Ofanimgl | erdctivaed! UidentrRRd Cerépdrdiibes S. fdhe
ELI SA data were |iInearized by EJ@OttI ng the 1 og of BDNF 15 and NGF

concehfr at immenekistdenenugalsstaining, epcephihati prigiary antihediesvare mitted. | i ne
was determ ned by regression analysis. Average duplicate readings were
made for each standard, control, and sanple, and the average zero standard

optical depgséps¥asnfigPEoAfIEA mithesedpys (SD) and p value for testing the
di fference between treated and contr ol gro_ups ar_e presented. 20 Resu Its.
Growt h ki neoranal ofbraiveee ishdes wese analyzed with a Bio-Rad MRC 1024 (argon and
krypton) laser-scanning confocal imaging system mounted onto a Zeiss
15  microscope (Bio-Rad, Cambridge, MA). For immunofluorescence-labeled
slides, green (fluorescein isothiocyanate) and red (cyanine-5.18)
fluorochromes on the slides were excited by the laser beam at 488 nm and
647 nm, and emissions were acquired sequentially with a photomultiplier tube
through 522-nm and 670-nm emission filters. The total number of mAb1281-
20  positive cells was measured on five sequential slides (100 pm thick) for each
block from all seven blocks by using XYZ stage encoders for cell counting.26 -
The total number of mAb1281-positive cells of the whole forebrain was then
calculated by summing numbers of mAb1281-positive cells from all seven
blocks. A total of 500 mAb1281-positive cells per animal were counted to
25  obtain the percentage of mAb1281-positive cells colocalized with cell-type-

specific markers (NeuN, MAP-2, vWF, and GFAP) by double staining.

Apoptotic cell staining.
Five coronal paraffin slides (6 pum thick; 25-ym interval) from the above-

30 referenced block coordinated at bregma -1.0 1.0 mm were used for apoptotic
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Bone marrowderived hMSC fromthree heal thy human donors were tested by
culture expansion. In the primary cultures, hMSC grew as a norphol ogi cal |y
25 honogewemamsqopul ati on of fibroblast-like cells. Durin@cyulsssouent
passages, usually at 7-day intervals, hMSC grew as whorls of densely packed
spi ndl e- shaped cells. At the end of 5 weeks (four passages), the hMSC

yi el d rangedll dnedyssnThege s3ligles. were 197ined| by theakgraningl. daaxyrusieotilylsr owt h

ki netics OIrQns 8rase—mediated dUTP-biotin nick end-labeling (TUNEL) method for in

T’ 3"0 106CRah: tegihay ey eptl HANAHR ARG Hor R G ardadat 218
10. 8 18.9 4Rs8 d&fpliEd hBBthe Bldes) kore paoxRIAset eadl derlcted  with 3,3

| ynphocyt e TURNEL ipdparatiofy,t ohI9xddls Tedntaiphas vhek bESR2pepRiceedies g52) 5
spleen cells and hvsC in vitro. hMSC significantly increased the

prol i £8r at Werie referieddptagapeatodipreldsa cel |s (stinul ati on i ndex = 18. 8)
conpared with wunstinulated spleen cells (figure 2A). The proliferation of
spleen cells from rats injected with hMsC was al so i ncreased foll ow ng

restimul at Fgursi 2 dépV&¥e a standard coronal section identified at the level of the
anterior commissure of rat brain, which divides the right hemisphere into three
subregions (ischemic core, ischemic boundary zone, and VZ/SVZ).

15  Exogenous hMSC (mAb1281) was measured, cell-type-positive cells (NeuN,
MAP-2, GFAP, and vWF), and apoptotic cells (TUNEL-positive cells) in these
regions of the ipsilateral and contralateral hemispheres. Histologic features

with routine H-E staining were used to identify three regions: the ischemic

core (diffuse pallor of the eosinophilic background) and the inner (vacuolation

20 or sponginess of the neuropil) and the outer boundary zones (from
sponginess to entirely intact tissue [most cells were intact; however, scattered
injured and dead cells could be Qbserved]) of the ischemic 'Iesion, and
alterations in the shape and stain ability of cells. Figure 2 shows a standard
coronal section identified at the level of the anterior commissure of rat brain

25  that divides the right hemisphere into three subregions (ischemic core [IC];
ischemic boundary zone [IBZ]; and ventricular zone/subventricular zone
[VZ/SVZ]) and eight fields (1, the cortex in IC; 2, the striatum in IC; 3-4, the
cortex in IBZ; 5-6, the striatum in IBZ; and 7-8, the striatum in VZ/SVZ) for

analysis of response {o treatment.
30
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in vitro (stinulation index = 15.6); however, the proliferative response in
these 10 cells was not significantly different fromthat in the spleen

cel |l s of woleabhy rat. These data indicate that althouglkrChNS@/erie9 capabl e
of inducing a primary proliferative response in rat spleen |ynphocytes,
adm nistration of hMSCto rats fails to sensitize |ynphocytes in vivo for
a secondar $tatisti¢alranglysis.f erative response. 15 45 WD 03/059272

PCT/ US03/ 03129 __Fi 8A sh d b
Cpl con cel A BasCIRIRERCoWRES e fsiec: PR Ohe bofRRE bS58 L ¢ ny

rat spl eengggbdiseBmoval )dRrtespl AR the! ﬂnNéSP'Wérét svalugaidedod MowhhltyhMSC
(T-Spl) 2 weeks earlier were cultured in triplicate with or w thout

i rradi at edRepeaed mewsarg analgasrwau&s sofdugcted tQGe&t thedmaiaent sifeetiomthe

ratio. es. were pul-sed w th md 0.25 p 16 hours
ind ¢hén nRFIBLPbG RN T alleivhis heoRthl WA eslide o Peh SRRReRBERIR  on o
3H-t hyni di ﬂﬁer‘%ﬁoﬁ%sﬂfeeﬂlg*hmdah@é' I@velsef @H | {e%fnhgnfor Nﬁedcb\fefrgm RERNEr €
det ect ed between spleen célls obtained from hVMSC-treated and nontreat ed

rats. Sl =eHectwaadona if iheex wasB)o Rierastive cletaded et the significaosy level ef

he. | noubaPiGh harPaiour PRRVESE e et lcataet in” pPB benaor Bt &€ 2na

tested for cgyh Qo ivead boh@u&é@raﬂ ﬂhféeé@ehﬂab(ﬁé‘e Havano. ashmui tiehfhent-gihease

assay at effector:tar rati os. Rat spl een cel did not generate a

cytot 8%i ¢ mtewpaa@tttge ﬁ@pmegwa levavs). 1201 an gveedl ue@tn@emr%f@%@t e 15

eal t hy racofCEBRB e LB RGeS AR e o Dbt A en b el sy

Simlarly, cbﬁ@id@redrag@xpforétbkya@tua@hi§t-téstywmemseaotmewmt@tdnfm"reﬁte@wsc
fol |l oned b% restinmulation with hMsC in culture for 5 days failed to evoke
¥

cyt ot oxi ci bgtween Hensontreligraup agdtthatraaiet areup in ermsmfdee de<ion yolie T 20
| ymphocyte LSRN nbdrs #he HIBR UGS Wére INRAHIEAY FolbtRG thaTR) of BEINHY-

15  and NGF c‘:c‘m‘centrations vs the log of the optical density, and the best-fit line
was determined by regression analysis. Average duplicate readings were
made for each standard, control,“and sample, and the average zero standard
optical densify was subtracted. The means (SD) and p value for ‘testing the
difference between treated and control groups are presented.

20
Results.

Growth kinetics of hMSC in vitro.
Bone marrow-derived hMSC from three healthy human donors were tested by
culture expansion. In the primary culiures, hMSC grew as a morphologiéally

25  homogeneous population of fibroblast-like cells. During subsequent passages,
usually at 7-day intervals, hMSC grew as whorls of den‘sely packed spindle-
shaped cells. At the end of 5 weeks (four passages), the hMSC vyield ranged
between 5.4 and 6.6 x 107 cells (table 2). |
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At 14 days after stroke, functional recovery shown by the adhesive-renoval
dot test (p < 0.05; figure 3A) and the nNSS test (p < 0.05; see figure 3B)
was 25 found in rats injected with 3 x 106 hMSC 1 day after MCAO conpared
with control rats subjected to MCAO alone and rats injected with 3 x 106
rat liver fibroblasts. Figure 3 shows the results of behavioral functional
tests (A: adhesive-renoval 30 dot test; B: nodified neurol ogic severity
scor & geBIprawsdtAingiésor’dida& after 46 WD 03/ 059272 PCT/ US03/ 01129 niddl e
along (n = 10) or were injected with &4 {:ured human bone marrow stronal
cells (hMsC) (n = 9) or rat liver fi(%oé @;t cells (LC n =9) 1 day after
MCAG Significant functional recovery vyas detected in rats treated with 5
h\MBC; conpared with control subjects. en circle = MCAQ filled circle =
+LC itriangl e = gdMSC. Sandwi ch E'—:ﬁﬁs yagyitation. Using sandw ch ELI SA
met hpdsondPe sgerebivon Moieeha 1652 BDNF "?9 9 198 10 pg/nm. vs 434 59 pg/nL
and #9% .76 pg/ mgpr, and NeE1el, 227 Ail-pglwl vs 834 123 pg/nL and 980 55
pg/ ni) were increased (p < 0.05) in the. ischemc hem sphere of

hVBG; tPaasagle r RR§sSedfpared wi t h ani M@ssapedays after MCAO al one wit hout
cellitkeatnent and rats Rass@a®d with rat liver fibroblasts. In vitro data
indigate that h\MBC secrete BDNF and NGF in a tinme 15 dependent manner. A
signgficant 1 ncrease in BDNF and NG~ was detected in the serumfree nedium
at 4iapd 7 days iqgcul ture gapared withsl day (daple 3). {phje 3 53 ¢
Neurptrophin secretion by hMSC in culture 47 WO 03/059272 PCT/ US03/ 01129

2 le........ 130....... 3.21...... 14.3........ 35.8....... 64.2.
N I JORRDRDRDEE - B 1 BERDERDE 1*F1- NN - DR B : DL
Neuré)trophi ntime, Mean protein |level s %

~ Mixed lymphocyte reaction and cytotoxic T lymphocyte response between rat

5  spleen cells and hMSC in vitro.hMSC significantly increased the proliferation
of healthy rat spleen cells (stimulation index = 18.8) dompared with
unstimulated spleen cells (figure 2A). The proliferation of spleen cells from

rats injected with hMSC'was also increased following restimulation with hMSC

in vitro (stimulation index = 15.6);'hoWever, the proliferative response in these

10  cells was not significantly different from that in the spleen cells of a healthy
rat. These data indicate that although hMSC are capable of inducing a primary
proliferative response in rat spleen lymphocytes, administration of hMSC to

rats fails to sensitize lymphocytes in vivo for a secondary-in vitro proliferative

response.
15
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d SD, pg/nmL BDNF 1 0 O 4 57 12* 7 141 28* NG- 1 162 22 4 321 74*
7 581 147* An increase in BDNF and NG- was detected in the serum free
medi um atwé oansb272 days in culture conpared with 1. day. ipaTaIsos/ariee *p<
0.05. hMsC = human bone marrow stromal cells; BDNF = brain - derived
neurotrophic factor; NG- = nerve growh factor. . .............
.......... Figure.8A .shows mixed. Iymphocyte reaction between rat spleen cells and.

Spl) or spleen cells from rats treated IV wnth hMSC (T-Spl) 2 weeks earller :
Nbr phoI ogl &veaea:luitsnesd lnRalchaiebylé‘cbednthouﬂlrdamiwtsdcQEO KE;A(DMSCéor a6umeds wi t h 3
)r(mrlgﬁol gg?éllélgigﬂs'%%gaa?hlﬁﬁ?{%n%a@gggﬁﬁi'tug‘?egd‘égeia ft r‘?‘mo'ﬁl;dp’&%rk and
o e 9810 10, SR G0l gt SvBnEEL
vol une of hscrestérc dheadrecorpsratidd \ob Wﬁﬂﬁﬁd@eP@TasUS@@me&Q byddiqid ed i n
Ubj ect od. SETRSTal NG QEETenAFS 1yt eeed: befaibsalsel pals OBfanSs "' °
from hMSC-treated and nontreated rats. Sl = stimulation index. (B) Rat spleen
10 cells (1 x 107) were cultured with 1 x 106 irradiated (20 Gy) hMSC for 5 days. -
At the end of the incubation period, viable cells were recovered from the
cultures and tested for cytotoxicity to 51Cr-labeled hMSC in an 8-hour 51Cr-
release assay at effector:target (E:T) ratios. Rat spleen cells did not generate
a cytotoxic T lymphocyte response to hMSC. All values are expressed as
15 means = SD. Figure 8B demonstrates <4% lysis of target cells (hMSC) by
healthy rat spleen cells incubated with or without the stimulators (hMSC).
Similarly, the priming of spleen cells in vivo by administration of hMSC
followed by restimulation with hMSC in culture for 5§ days failed to evoke
cytotoxicity in them, indicating that hMSC fail to induce a cytotoxic T

20 lymphocyte response in rat spleen cells.

Neurologic functional testing.

At 14 days after stroke, functional recovery shown by the adhesive-removal

dot test (p < 0.05; figure 3A) and the mNSS test (p < 0.05; see figure 3B) was
25 found in rats injected with 3 x 106 hMSC 1 day after MCAO compared with

control rats subjected to MCAOQ alone and rats injected with 3 x 106 rat liver

fibroblasts.

Figure 3 shows the results of behavioral functional tests (A: adhesive-removal

30  dot test; B: modified neurologic severity score [nNSS] test) before and after
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rat liver fibroblasts 14 days after MCAO (34.6% 9.1 %. 5 Wthin the brain
tissue, cells derived fromhMSC were characterized by round- to-oval nuclei
i denti f i eaolwg/osdre2 hunman specific anti body mAbl1281. hMSC ( P4/USR3/A039 46 X
103; 4% of 3 x 106 hMsC) survived and were distributed throughout the

i schem ¢ damaged brain of recipient rats. A though mAb1281- reactive cells
wer e obser W Iemambtalmr@rarmgisdﬂn (MEAQ)s iRats everle sighieelshdpe? hoors atl udi ng

h i mAb1281- | .ahel ed hMBC (60% | of
19a 22105 MR hhE" = TBEtor WA fipaiBarwih el AR tolR maRct oo
cel I's wereggbgal @Bﬁ@(l’r{]lﬂwgg)r(ntlggb‘gﬁgiiﬁIﬂle@tfi_%'i@tbla@_@é’@'l%p('mﬁ@] £9)4 ddBaftar X

103; 0.3%of 3 x 106 h _ e staining i munohistochem stry
reveal ed t MEADew Sigbifizant Jaretianaé recevery wasedeiestad vie medy treséethawiital

vRP: 2, ScrAPVIStn e e i Bop e Hhieei S BB, &1 2 ML ATHERS el

m cr oscopy i tagamdgidenaivscol ocal i zation of the nonocl onal antibody
specific to human nucl ei nmAb1281 20 (green for hMSC identification) with
NeuN, MAP-2, GFAP, or VW (red for cell-type-specific markers) in the

reci pient rat brajn,(igure 4. a through h). Mst mAbl1281-positive cells
encircle v§§§é’|b"‘e?h\7§lr'§"?8b|/gewﬁté° ‘ocated in the parenchynma. 25 Figure 9
shows phot QEirey eghartth ENMSANGetHRISTARE sEcPdlich (ARNAGT EBDRIF @590k 198
exogenous human bone marrow stromal cells (hMSC) and endogenous brain

cel I's i%h r go/mk aisr34Usi5%yPaBub rBdi 488 m I0 RAMis eaet NEFal h2ag = TbRPBIL (t he

o . grs NS . | ;
o the davadiaf FetatROBRLnd BeBi%8 BRI dalt e G R S0 ML gLy
i mges 30 sdepvRflc MipikBheld0teiMBO-trEABE [as Comparel) witheaiondd 7ndayear
antigen 49 WD 03/059272 PCT/ US03/ 01129 ( NeuN)

b! ) . .
ni cr ot ubul 8ftas MEPED edloprowiinaub qallntregimert fand éatis;%ream iwithargt liyer di ¢
{ei : , . 12 Lt ‘ .
PhoteL TR o e gkl el Byser ol B BISHR G SaFoR -
15  dependent manner. A significant increase in BDNF and NGF was detected in

the serum-free medium at 4 and 7 days in culture compared with 1 day (table
3).

Table 3 Neurofrophin secretion by hMSC in culture
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5 Using TUNEL (figure 7, a, ¢, and d) and HE staining (see figure 7b),
apoptotic cells with typical dark brown rounded or oval apoptotic bodies

wer e cournvedsiosp27z he i schem ¢ boundary, zone. Wthin the reCarsaselieor

onal

6-pmthick section, the nunber of apoptotic cell S measured was reduced
(38.5 3.4.vs..82.6...3..8...00..76..4...6..8,..0..<.0.05)_. in the ischen.c.boundary

zone in hIVBC-treated rats 10 conpared wnth ani mals 14 days after I\/CAC) al one

totic

or i schenijc Ne¥EO tORRIEY EXR%h | i ver fibrobl astl's'ea%%ﬁ?e nshevel apop
cells (a: m nal deoxynucl eotidyl transferase- 'eéch{ - bi ot i n ni ck
end- | abel iing [TUNEL] -positive cells [arrows]; b 15 hemat oxyl. i n-eqsi:

[ H&E] Stalgénl ng) are present in an i schemc boundary' zone after m ddl e
cerebral artgng occl usion (MCAO al one. Decreased apoptotic cells (ql:

survi val f,, bl ue- hemat oxyl i n-count er stai ned cells; arrowheads) were:
detected |§n rats injected with human bone marrow stromal ceIIs (hIVBC)
conpared W th radts i njected wwth liver fibroblasts (c).

brom)deoxyurl dine 20 (BrdU; a marker for newy synthesi zed DNA) - p05|t
cells (ar r*ows) were present in the ventricular zone/ sgbyenbticul ar z

n

ive
one

(VZI SVZ) of healthy brain (e). Increased BrdU positive cells were detected

in the VZ/iSVZ of the ipsilateral henisphere of rats subj ected to MCAO

al one (f) asand rdts injected with liver fibroblasts (¥t %l%lflcantl
i ncreased sBrdU-pOS|t|ve cells were 25 detected in the VZ/SVZ in rats ;
treated V\nitlmdyvsc (h) conpared with rats subjected to MCAOw th or

liver celli treatnment. Scale bar = 15 p,m Few BrdUpoleve cells

pr esent in§ the VZ/ SVZ (see figure 7, e through h). gnlflcantly nor;
BrdU-reactiive cdils were detected in the VZ/SVZ of th&630%iB3ilateral
hem sphere of rats subjected to MCAOwith hMSC treatment (see 50 WO:
03/ 059272 {PCT/ U§03/01129 figure 7h) than in that of %ﬁ&srppj ected t
al one (see figure 7f) 'or rats ‘treated with liver fibroblasts (see fi
79). Five icoronal paraffin slides (6 pm thick; 25-pminterval) from

standard riefereffce section with coordinates at bregh8l £ 84%1.0 0 nmm ve

used for BrdUreactl ve cell anal yS| s. The nurber

| An increase in BDNF and NGF was detécted in the serum-
free medium at 4 and 7 days in culture compared with 1.
day in culture.

* p < 0.05.

¢ hMSC = human bone marrow stromal cells; BDNF = brain-
4. derived neurotrophic factor; NGF = nerve growth factor.
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Morphologic analysis. ,

Rats subjected to 2 hours of MCAO were infused with 3 x 106 hMSC 1 day
5  after ischemia and killed 14 days after MCAO for morphologic analysis. Within

the coronal slides stained with H-E, dark and red neurons were observed in

the ischemic core of all rats subjected to MCAO with and without hMSC

injection. No significant reduction in the volume of ischemic damage was
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5 of BrdU-positive cells per slide in the VZ/SVZ of rats subjected to MCAO
with hMSC treatnment (95.3 24.1) was significantly higher than that in the
VZ/ SVZ oWoroawns92subj ected to MCAO al one (27.5 18.5) or i charsosoriad s
treated with liver fibroblasts (37.8 11.2). A higher nunber of
BrdU-positive cells per slide expressed NeuN (2.5 0.4 vs 0.5 0.6 or 0.6
0.4; p .< (degsstegnia MHARC-{raatediats fegionsvalume, B313%r+ 7.6%) CoBipaped With05)

f t ' t j t { t- t.s. subje dt
VG ol ane STk fds PublblRalo MoA ATohe b i as 10%h) BEyeRRictied iibice.
ui scussi on.rat fer ibrobiaged 1 Pdagé aRbPMAAOYBaafLar ggbLoke significantly

I mproved functional outcone according to the sonatosensory score and the

MNSS conpared with rats subjected to MCAO alone or injected with rat |iver

fibroblast sudhi I c fl.e ro Lon of growth factors

i ncl udi%g M&E@t&@?‘ﬁ%ﬁ{shﬁ“& %gﬁﬁgeﬁ}’%ﬁ%’t%@ 8@69 WesB cliara SHZ%Cgﬁléﬁ%‘t‘f"ﬂfal

cel I's, reduemwapaptiesidenitifiet b tRQ HFARS BhechieWMiiBby #9RB1281thIM_kaMSe
proliferation and differentiation of endogenous neural stem and progenitor

cells in the 03 sv#6ax13;s4%oRE 3 X 1P6tRMSQusavivedating ware disitibutedd

functi onal |-G L_af. ] .0 damage. . 25 resept n
graft-ver Sl}gpgrdzﬂ% %%@%ﬂg@??a&%@gi@%ﬁ@ C\(ﬁ/ir?‘ﬁ'gﬁnrtn&?ﬁgéﬂﬁpﬁg%%}ﬂg@gﬁudi es
showi ng pr ebativy icalls maire ngbslrvdd/ ifh mmEpleaBicR® & tHROAAAEraPRARISPREFOW
cells tothe site of injury after onset of permanent MCAOin irradiated
ani mal ¥ aracidingsinenconexand staatumeanoshmAdi2e aabeatesdh MG G#6e% of the

Mor phol ogi 1,S, k Ri_C e acity to sel ectiively
51 w0 037039207 B o h 361 09K etk BRh R e T RHER heuidhd ZaRa
brai n. hMSGemucalisvereraatsoaobsarveerie dhe foantelRbr hapiigpBbmie (BKKRIS +f Dk
parenchynal , brain cells. Though hMSC can have the potential to replace |ost
neurons, i 143 Okff’%e‘?fy:'; XH26 hMSEhe nechani sns provi di ng therapeutic benefit
are multipronged. The data show that injection of 3 x 106 hMsC 1 day after
stroke inproves functi onal

15 Double staining immunohistochemistry revealed that few mAb1281-positive

cells were reactive for the neural markers used. Percentages of mAb1281-
labeled hMSC that expressed NeuN, MAP-2, GFAP, and vWF were'1°/o, 1%,
5%, and 2%. Laser scanning confocal microscopy images showed
colocalization of the monoclonal antibody specific to human nuclei mAb1281

20 (green for hMSC identification) with NeuN, MAP-2, GFAP, or vWF (red for
cell-type-spécific markers) in the recipient rat brain (figure 4, a through h).
Most mAb1281-positive cells encircle vessels, with few cells located in the
parenchyma.

25 Figure 9 shows photomicrographs showing the morphologic characteristics of
exogenous human bone marrow stromal cells (hMSC) and endogenous brain
cells in rat brain. Using double immunofluorescent staining, mAb1281 (the
monoclonal antibody specific to human nuclei)-reactive cells were present ih
the damaged region of the brain. Laser scanning confocal microscopy images

30 showed mAb1281 (green for hMSC [a,c,d,f-h]), neuronal nuclear antigen
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out cone according to the somat osensory score and the nmNSS conpared with
nontreated rats 7 and 14 days (p < 0.01) after adm nistration. However,
only 1%wbB%s/oand2 2% of hMSC express neuronal, astrocyti cpcansozodoes hel i al
cell 10 proteins, being too soon for full cellular. differentiation and
integration into tissue. Therefore, a nore Iikelﬁ medi at or of short-term

]E)enef it E(NW) HSs migppviyierassesiard mretain 12 4 2 (&) aghialyfiillagy owt h
t t . i | i i : d
teduce: apofpisll BERGH, (GHREL I And PR B0 ool GEBL SO FHIRER) 1

i nvol ved i theprepipiehneat praint Sealeybara= 80 infie | schem ¢ damaged neurons or in
stinmulating glial cells to secrete neurotrophins (e.g., BDNF and NGF). The
interaction of hMSC with the host brain can |ead hMSC and parenchymal

recovery oPSthEVRELiRlthe 7,808, dnd pPabiiEe Pekfilh 4 A8MeHl Adone o1
ELI SA net hedifs withttipisabdatkbrowneaoantdsd 20 cdamapsptotit @ddidsavetdeogrteddt i on

| evel s of BDNF and NG were significantly increased in the ischemc

hem spher etst isglvemie besndary: zare. Wipiar bg pfenencamorenad 6rHamthickasedionncao
alone with : | ' I { : ough
the pr esen(f:i'taét %ﬁﬁ@%ﬁﬁ §§§Hﬁ£§e Cl%ﬂgt%églhsr%ﬁté”n@l{écyﬁuactéﬁ (égbﬁr%%%ggg%ésdj@léﬁe

possi bi |i t yr 7824 =08 Bep gro@s inf thet istisehubbuddagngiregipnhimSE5tréatidorats VEGF32
and HGE33) can inpraove functional' recovery at least in part by increasing
angi og@nesFeMRaEethayithe 2BIM@led14 &@dﬁcﬁf&ﬁfe@‘icz’\@sa'a@% & IgeRRMIGU A T1a3iedy ed
neur ol ogi c,,f : stroke. MSC behave as small nol ecular "factories."
These cel | gﬁtﬁﬁ@éﬁ@ércﬁaﬂggﬁ ay of 30 cytokines and trophic factors. They

al so secrete these factors over an 52 WD 03/059272 PCT/ US03/01129

ext ended p?ri od and not in a single anl us- dose. MSC expr t oki nes

€SS .many ¢
known to pFIBHTa fofROWE MRORIPUDFRIS @ aleiminalodeeppiup! 'ldﬂirt'iaﬁ‘é?/erﬁé‘?acri ne,
o e HREEAHOTE K X YRR PRNEL BRI B O ol

expreds t hesmdtaxtlioreosmnH&E] stairing)hareghriesent of an iesentigthmtindasy aoce
trophic faghgrr %i?ialebrc%irgbrgi Sasrtlé%’/ ovc\{(clzi\ucsri]onr ?R/I@Aé) alone. Decreased apoptotic
cells (d: more survival of blue-hematoxylin-counterstained cells; arrowheads)
were detected in rats injected with human bone marrow stromal cells (hMSC)
compared with rats injected with liver fibroblasts (c). Few bromodeoxyuridine
20  (BrdU; a marker for newly synthesized DNA)-positive cells (arrows) were
present in the ventricular zone/subventricular zone (VZ/SVZ) of healthy brain
(e). Increased BrdU-positive cells were detected in the VZ/SVZ of the
ipsilateral hemisp\here of rats subjected to MCAO alone (f) and rats injected
with liver fibroblasts (g). Significantly increased BrdU-positive cells were
25  detected in the VZ/SVZ in rats treated with hMSC (h) compared with rats

subjectéd to MCAOQ with or without liver cell treatment. Scale bar = 15 ym.
Few BrdU-positive cells were present in the VZ/SVZ (see figure 7, e through

h). Significantly more BrdU-reactive cells were detected in the VZ/SVZ of the
30 ipsilateral hemisphere of rats subjected to MCAO with hMSC treatment (see
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and effectively pronote restoration of function. These cells when cul tured
under different ionic mcroenvironnents (e.g., calcium respond to the cues
of the iwpios/n592mt cr oenvi ronment by adj usting growt h fact @cTaxsps/ens? on.
This suggests that cells within injured tissue express trophic and growth
factors 10 titrated to the needs of the tissue. In the brain, treatnent of
stroke w t igWwBCTh)pthaduodbatof wats supjested to MEBOf aloner(seardiguty 7hlarmets i n an

T | di i.b i - i ti —.and [l i ;o
ey o Meont Irbated §th 1V} fiopladR e BT, o B Cote R Baft sy 1 ™Y 1 ' "
Neural st efﬁi&@,|255uﬁ13ﬁ1it&‘%a}9':ﬁd?ﬁ Nhé Rean@d rd\éieraRte SBEHEN ¥Rl SodtimaddLat O

their destiny in the developing brain. In the healthy adult brain, the
absence of brggmabi & ril.@aomowere peeddet BoaUdeactivef telt anatysisa Thaokurober

i | cells h i c i nhibiti d/
2 Tackoor PhBrp bR el ighin i pish? ald sl Bcfed P bedQ R
Br dU react by tlbfmbRC(Es abd ) Was hitEhRFhighbPaMaNe) W the VINEDZ

‘treatment conpared w al one, Suggesting that |V injected hMSC can
stinul at e oheatsraithjecied3oVIGAD @éne (255 HriB5)f er kcbesniel raptartreate@avith i n t he

repair of |.schem g d by ai.ns, . These findings,are consistent with data
bt ai ned ubTKTgHROPIZTR Rt Pl 1-6h /Mgt nufub el ERPsfEs 2Rt BaLs)

transpl ant aihRsed NEYBRE(2.8 £ BI6vE0%5 M6 o7 DG LI0.2ep’ADDABAUGEAPNBG as
determ ned by m xed | ynphocyte reaction in vitro. Simlarly, the spleen

cel 1 s18f weaBt v Trdtts 16k oF 4t 3 % A} edOVA) HOnNES $ubiected igeMEr D avith

ol 1 oat ed M ek GERENER 1 PP Sbarsh T NG ARy e FES ARG L
dat a suggegyerfittbbladts WPdaPS QR8P ERKET/ USO3/ 01129 i mmunol ogi ¢ rejection of
hMSC by rats is not a concern for testing hMSC as a treatnent for stroke.

Potentially, and nore inportant, is that the rat spleen denonstrated

little or itivity to the injected hMsC. The inability of hMSC to
i nduce a sp?%%gg?'ﬂhune response can be related to the weak

15 IV injection of hMSC 1 day after stroke significantly improved functional
outcome according to the somatosensory score and the mNSS compared with
rats subjected to MCAO alone or injected with rat liver fibroblasts. This benefit
can reflect production of growth factors, including neurotrophins that can
promote repair of damaged pérenchymal cells, reduce apoptosis in the

20 ischemic boundary zone, and enhance proliferation and differentiation of
endogenous neural stem and progenitor cells in the VZ/SVZ after stroke in
rats.

Neural grafts have reversed functional deficits associated with brain damage.
25  The present human graft-versus—rat host data are consistent with findings
from other studies showing preferential homing of IV transplanted allogeneic
bone marrow cells to the site of injury after onset of permanent MCAO in
irradiated animals7 and transient 2 hours of MCAO in ndnirradiated animéls.

Morphologic analysis indicates that hMSC have the capacity to selectively
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5 i mMmunogenicity of these cells due to the absence or | ow expression of

maj or histoconpatibility conplex (class | and class Il) and costinulatory
(CD40, GBBM3/0snd2 CDB86) nol ecul es. I n addition, hMSC canPardasoyeneet e
soluble nediators that downregul ate the devel opnent inmune responses
involved in the rejection of a xenograft. These data call for additional
st udi es t omigrateristthgdsehamis damagedaat braiy. bMSL isopdvai and algcasierrd ent

popul ati on f . The ta indicate that LV .admni stered hMSC pronote
neur ol ogi c%"&%?%@% roper"é?'ﬁ%fg?éf ’%f\(&;@éﬁ&é“é(m%:bf%'{‘rccﬁl'& hMSC sel ecti vel y
enter in the cerebral ischemc 15 region. The interaction between hMSC and

the ischem c brain enhances the secretion of neurotrophins, which can
reduce neurdbaHph dPdpECocars haretthe patertiad i geplegadasly nevigasaitds pkelydhet cel |

lif ti f t.h .vel i nt act, SVZ..i n_t he ..schem '
Poveves, whis bl Fotling e f oaidi & P BB TN Bin ar o
into the i sab@Nhat Mjébtﬁbm% 315@t1d89ﬁMSE‘t1ed§§/ fwlfér sltfbk%@n’ﬁd’l@vé%\'%n@tfofn@ﬂ ive
treatment of neural injury can require activation of endogenous

conpensat oPytagsts aacRENg tecthediamatosapeerlyissgreanddhremndbS eamparedwitini t h

Linder |y ng "ERUCHIGE BUoLca™ da.derole 508l pBeb gofihishRush e gt =™
dermonstr at 198 59, @A %eoMh ST arprddscndgdahl, tastithfic Cand RhavtHétiaPcdb
powerful nolecular and cellular therapy for stroke and possibly a broad

array 10of RIeIRINSH&GIRY 6P cS@AMs dordduls cefdamplifiergntiatior anid indagragent ke ;
jury: pr clLoi cal / ‘
i nvest i gat #'ﬁ%“‘%ﬁth%g‘%g h%s'?‘sO r?ﬁ‘é&h@%{dﬁeﬁgﬁéf éﬁgﬁﬁgﬁﬂﬁ%ﬁ%éb rK}Mgfq er
stroke, - Applpgieniehtvenepoamitednisedew with \eardyous gegwirofietder thaipremens | ng
preclinical cellular therapy protocols. Anong issues to address were when
and wher efunstiongl segovene felhesrermaining Nearent andsteduse APPRIOSIS: it the
t her apy, w ' ] I I han, is
therapy. . Mdchohlle pBUMMER} AR Etad BS ditdcly Shvdila i BRGHRBIG plaBtby
15  of the ischemic damaged neurons or in stimulating glial cells to secrete
neurotrophins (e.g., BDNF and NGF). The interaction of hMSC with the host
brain can lead hMSC and parenchymal cells to produce abundant trophic
factors, which can contribute to recovery of function lost as a result of a
lesion.30,31 Using sandwich ELISA methods in this study, there is
20 demonstrated that the secretion levels of BDNF and NGF were significantly
increased in the ischemic hemisphere of hMSC-treated rats compared with
animals 7 days after MCAO alone without cell treatment and with rat liver cell
treatment. Although the presence of BDNF and NGF in the ischemic brain
were measured, the possibility that other growth factors (such as angiogenic
25  factors VEGF32 and HGF33) can improve functional recovery at least in part
by increasing angiogenesis was not excluded. Angiogenesis is associated

with improved neurologic recovery from stroke.

MSC behave as small molecular "factories." These cells produce an array of

30 cytokines and trophic factors. They also secrete these factors over an
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restorative therapy, Applicants initially chose to treat animals 1 day or

nore after stroke. 3.z This timng is clinically reasonable. If deficits

persi st fwpoaosey2 after a stroke, the event is classifiedcagsaystieoke and
not as a transient - ischaemc attack. At 1 day, patients tend to be

t abi | d, d th t f 10t | Qqi def t b I
Sseessea. ?H@e%ﬁﬁgtpeedm%{‘éf‘ e sy o ﬁﬁfés%ﬁ%éwr%é By o
sur gi cal %ﬁ&b%ﬁ?té PHle Iﬁmgtﬁa@#@'aha @%ﬂamddmha bagdrgel on,

heal thy non- 1schaenic tissue In-th r'y zone? Draw ng on he
observat i oasd joftactiee ffactors, thaainfluencarthg osils ImfttIhre ntmmw:mm;zrcmmwonmeatl esi on

b 15 th tial I ted
Lo prace niFt 1T HNED/ BN SIS AL ceredraliadie e RHeShumerior rrotiit in0”
Thus, eel |l %hé"@ff@ct @thIe@ét R‘Iﬁé&'bﬁ@rfﬂ%)hrﬂ t63%r® Br4lh GRSL¥, @H%her apidly |

stereotacticall |rrp anted into t oun ry zone of the ischa
Wit hin subaodtefé@dtlvahd peombie abstoratiune of Thectiani.nThesotdedlsi when ddturedt ed

that th el ls te f ti |, 20 I d
Fnct i onal W03t ST GE RARANEEORRIASTaHg (6 ref GlTIASSRRRNAR 4 8HFERbG ! oal

exan nat i oghd tighlce rdiclodMifroHRIER! - bi}- hb&jus Q%Wtﬂ”factbhee)fﬂ?gé&bﬁd This

neur ol ogi cal severity score (NMNSS); providés an I ndex of notor, sensory
refl ex, anduggssibdhsat aels wu{hin mjmradidlssuerexpdspm iteogoinics ausiegrowth factors

t t est, which f 25
oL 5T E8 o bR SR LSS SR b el o el L e
accel erati BeodyRadm |Jane?¢%‘f“fr%6ﬁﬁ;t JadBFEL N \Rekines Bt lPKanafshmitatpys
and 14 days afterwards: a Aninmals were killed at 14 days, and transpl anted

cel I's ver edistiigited; tissuresersitng, ;And tesspesallp pnigionao vayy in s:h@pqtm}ma%rtp
addressed w t.h Itgl ) lhi t.ol og cak) anal 5| Soias whet her MSC differentiate
into 55 WOU6 'f Pb3rPs a?wrparenchymal cells. Simlar
experinments were done on m ce subjected to enbolic occlusion of the nmiddle
cerebral artery and treated with intracerebral transplantation of naive

whol e 1Bone Newralostear cells feside wittin the A&/SMAmandikgse aelis migeiate theife made
28 days af ‘d%éme Wiﬁéa&g\%ﬁé rgﬁ{ “Gn"Be healthy adult brain, the absence of

forebrain neuronal productlon can reflect not a lack of appropriate neuronal
precursor cells but rather a tonic inhibition and/or a lack of postmitotic trophic
ancI migratory support. In this study, BrdU-reactive cells increased in the

20 VZ/SVZ after MCAO with hMSC ‘treatment compared with. MCAO alone, |
suggesting that IV iﬁjected hMSC can stimulate the endogenous brain cells to
proliferate and participate in the repair of ischemic damaged brains. These
findings are consistent with data obtained using 1V administration of MSC
derived from the rat.

25 |
IV transplantation of hMSC in rats does not sensitize rats against hMSC, as
determined by mixed lymphocyte reaction in vitro. Similarly, the spleen cells of
healthy rats or rats injected with hMSC fail to generate a cytotoxic T cell
response to hMSC, a functional immune response that is implicated in the

30  rejection of foreign organ/cell transplants. These data suggest that
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5 emarkabl e and rapid functional recovery after placenment of these cells
within he boundary of the ischaemc lesion. A simlar study of

i nt rapar ewolwsd272 t ranspl antation of MSC into the striatumcafused/eda29 n whi ch
a Parkinson-like |esion was induced with

1- et hyl - 4-phenyl -1, 2, 3, 6-tetrahydropyri di ne showed significanf recovery
of motor f#REY .glzzeﬁcr@w%@?ﬂ%g@ﬁ%ws w%ﬁ%@ermdoagqsyegﬁﬁ\ﬂé@ s a

contusi on_heghdant 9br &8s PPRRIEAY dand'tHond 4AbbHEAN s HAE IHORA spibRef i

was evident. riatrons on these experinen coadm ni'stration
of MSC wi t emaorgitated flatde ars nossartsitastybtaaitime dejeciesil hM3G e Theoinabilitwafor ,

pr onot es fl&?\ﬁé onal, ,15 recovery, and precul ture of these cﬁel lﬁ in ow h
factors fa aledNEeR 3 SHRNOHEHBENE RSPRESE ¢AN ine relalehic the WeRkers of

cel | that i @kRIRHRARIR o Gi2kh clIRRL Pl BB RIS 10AF EkprRbIAA MBjoh!

cells in culture e envi ronnent the aln seens to ease t
t ransi t i on Histocompatibilityo complex \(claes IManyg clfiss HE ahdacestinariaiedy HE40yar r ow

Ce e ST, ARIPS e R, e U S0 e
DL- Asp- 1| U%&gggﬁdw 'th%‘ 86%n eé‘uYéQ)theadéR/%‘?&?rﬁSni %Bhé%ﬁg}g 5 SHPERBESHS wWas

confirmed; nunpers of apoptotic cells were significant creased and
functi on asheersectsh axi a xenegrad. t eSheshodetd calt rfeneadditioma nsfudies Taus,

even with cellular therapy, adjuncti herapy c ifprove the desired .25
out comd " simiastiotfe, dign BMLEBDRHERY o IRGEGEE Sl UM BN cooRIEaf S A ra
nmodel s of pgaunmatic brain injury, spinal-cord injury, and Parkinson's'

disease; in all three nodels there was a significant reduction in
neurol ogi cal deficits with the surgical inplantation of MSC. Therapeutic

benefit becane evidepnt wthin,days. .56 59272 PCT/ US03/ 01129 f
{r anspl ant ATISAGA AP, MBhTY Sr0ISFrateh VoG BB B e AoBrIPaP HENBIRR: ypi o
of parenchygeby&§ld Weckd hh@k‘gﬁo%‘.%l\%@pﬁléétﬁ)&y Bhtet ¢ tfo 8RDAAFdMENSiECH
proteins could be increased with preculturing,” the nunbers of cells
t r ansphaant eegiane Thienipterantion detwpem hMSCandithe ischreric Hpnisrenhamcasihei ssue
secretion of neurotrophins, which can reduce neuronal apoptosis in the
ischemic boundary zone and promote cell proliferation from the relatively
intact SVZ in the ischemic brain. However, whether the cells originating in the
SVZ migrate and integrate into the ischemic brain has not been determined. In
20  the CNS, effective treatment of neural injury can require activation of
endogenous compensatory mechanisms including remodeling' of cerebral
circuits, with the exact mechanisms being uncertain. With elucidation of the
mechanisms underlying the MSC-evoked reduction of neurologic deficits as
well as demonstration -of long-term therapeutic benefit, hMSC can provide a
25 - powerful molecular and cellular therapy for stroke and possibly a broad array

of human neurologic disorders.

Example 3:
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5 infarcted after occlusion of the mddle cerebral artery (roughly 40%. 14
days after occlusion, about 50 000 cells (SE 18 000) or 12.5% of the 400
000 tramwploansed? survive; a small percentage express newcalusps/otied ns far
too fewto replace the infarcted tissue. The success of the direct

| tat f th [ 1 { b ed 1 ts to, test
b 1 v as iy INESBaIRS TEURPBSsanAl ASG PCRaochBre TSN AR Lo
occl usi on ?fro{(%',e fﬁgﬂﬁéﬁsCWe?@r@dnf&‘%ntt%ywuﬁ AR %?leﬁé %F‘rlﬁw%'iéfnent]lnq od -

i psilateral, em sphere e 1schaemc 'esion was cannu
for inj ecp'renhin'm‘al celldlar th@n@my pﬂ]'md:cbls OAMMBG issuas ionjadress were ssheaf dred

trok tt ' t est d bef d aft
Creat ment . WHEGE 5 VgPleat 118 Cala|55e Yl iletroh pRGstGaRYS HETRR B! 842 ng
prot ei s pH?ﬁ%&@lsCtlfth th%a&%@%‘fyﬁ‘?é' iseRhbfhic: H 85 nt! Qfér%ﬂgn?\j"efffeh'ﬂ?é i onal

benefit was” evi cants al so teste e potentia an arterial
route of Nmstamtwalthmmy,omplibantst Imenetlbye@hmto tréat aamrnmlsl*cdbyaurrmore ury.

Alth h | t whe d t ' t t

there. nas. BT SHEKS onailWRHENTY * oG lubRBegnBealaietions Recaisdoge day ' ©

adri ni St r abh@n o Qkbedhd | Gt 99 Ghodile | 2% O bie SR 2 EfnsALST N9
at

an i nposed ypoper usion t exacer bate traumatic brain 1njury.
Appl i cant sigchaamicagackgat éctjaW@aftieatﬂ tend twbefstamhsed)ramdcﬂhemm@lrnty of

rel evant ntravenous r mni.stration, This approach is clearly

| ess ﬁvask%”%ﬁ@'ogﬂga't%'qqé\ﬁép%fd @@Wﬁ%@s than carotid or direct
tissue injection. A venous route also allows for nultiple and long-term

cel | treat et snosht bizest hevute sifoptacehedntcef | selisnjirtot eehinnts avenawrglcal f i nd
t heir way |nto the . brain. However, there had been no studies, show ng that

in injury, raneplagation. Qg the callsbe placedvaiiyndhg leﬁlpactrbaee@w §0fpul d
S hoeny e FATEE 85h e Sy M8 SOLARYTAFTOAR AR oftdaing
tested thi sf hhpobraasl particulatys v&ti’bjtleetbmmdnrQCMnslcﬂnaolbstdmebmr@jhm a
, ﬁ[ §b§; t ai ééb&% mentala)éta% m)rtr?e G}L.E.S[ studrlgé( eApp]hcan’cs opted1 to p?ac‘:’\ée rneal\llen Jected
whole bone-marrow cells within the boundary tissue. ® Thus, cells were
extracted from donor rats and sufgically and stereotéctically implanted into the
boundary zone of the ischaemic lesion within subcortical and cortical tissue. **
“ The main hypothesis to be tested was that these cells promote functional
20 recovery, so neurological and functional tests were carried out on the animals.
A complete neurological examination ( table 1 ) was done. This examination,
the modified neurological severity score (MNSS), provides an index of motor,

34-38

sensory reflex, and muscle status. In addition, Applicants used a

somatosensory test, which involves removal of a sticky tab from the paW, o
25 and a rotarod test, “ which measures the time the rat persists on an
| accelerating treadmill. Measurements were done before stroke and 7 days
and 14 days afterwards. * Animals were killed at 14 days, and transplanted
cells were sought in the cerebral tissues by histology. One question

addressed with this histological analysis was whether MSC differentiate into
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vein. Applicants carried out a battery of neurol ogi cal outcome neasures 5
fable..). Animals in which the cells were admnistered 1 day after stroke
were ki lwed3p#2days after stroke ( figure and those treated/Usostem3s9 af t er
stroke were killed at 35 days. As in previous experinments, cells were

| abel  ed with bronodeoxyurjdine, a marker of new y synthesised DNA to

i ndi cate  GEABRAPRGRALRA|SCSIlar SSIMARE WHierishg Enraics SHBIEPR IR ct ed
into fenal and I ' L L b DS A 5 IrihsAat i on
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i npr ovenentrawsplantatizat oemdive (Whajeben2imaon calls fpampudatar onise oF uaidral wer e

al so used to test for the specificity, of the cell type.in pronotin
mproved f (RASERMEBIAVREE: RSl |4 davy RliRg URRSAIShIRNRDs [BaTe wds

non- megench ; t | ' mere no
better th ané(rgama%g% hgta g@% Lﬂ@@gﬂgg‘l@%g&rgﬁﬁ@ﬁ&%gg@“ﬁfggb [ er?'%q ? %@ﬁ@ﬁs
rout e provitkedosingary iofaht ischaeininidsiompAosieriantstafly eof istrapaerehgmal r auna.

This was also true for tr ment jnitiated 7 days,after, stroke, and the
Tet lonar BBk atia ob NMBETPE dhiluHaLRN o AT Arieh B PARRS IS o

nbl e t ke i i 4] Ml A : I
ol o ver o SIS TRR inBbal WAH 4 Py MRIhemy 12 Ko ERDArRrtiNe lowed ot

cel | s wer e sigxtificart exbcoyepurdt motornffutidtionpoét kikbwisd, | MBS cwerst implartiedl t hy
donor s under,, | ocal. _anaest hesi a. .Mongnucl ear cells of the, bone- [row

ext radt%s ( PEIAEBTh OBl ST'BR OTANGoSaNaF o941 SHNTHHAAN 'NERIOTALS
injected i pphaieRaseviddnft o each rat, 1 day after occlusion or after 25
traumatic brain injury. Strong functional inprovenment was found after both
stroke and trauma. The human cells are easily obtained fromdonors. They
can be readily expanded to very high nunbers, and antibodi es are avail able

Lo By ouaSRIP O A OB el RANEH 6arEbkoRRT AN HIRCIEM 1oV,

mul tipl e stlophizsiastorshsisch asbediy-detived rieTvé gmawtoiaichys peomeoieeduhetivrel

App‘l ! %%nt S rgci:cgjvergycl),t arcl) Sb?crac\:/tﬁtu?gyofitﬂgég acteillg ri]n CgrO\i/vt e?c%resj f%cc%liitgtgs (erqgt?obrle{IShEd
benefit as well as increasing the numbers of cells that express brain-cell
phenotypic proteins. Acclimatisation of cells in culture to the environment of
the brain seems to ease the transition from in vitro to in vivo. Many of the
trénsplanted bone-marrow cells underwent apoptosis in the ischaemic brain.

20  Therefore, Applicants coadministered with the bone-marrdw cells Z-Val-Ala-
DL-Asp-fluoromethylketone (Z-VAD), a caspase inhibitor. The hypothesis was
confirmed; numbers of apoptotic cells were significantly decreased and
function as measured on a rotarod test showed incremental benefit. Thus,
even with cellular therapy, adjunctive therapy can improve the desired

25 outcome.

Similar therapeutic interventions were also effective in animal models oi‘_
traumatic brain injury, spinal-cord injury, and Parkinson's disease; in all three
models there was a significant reduction in neurological deficits with the

surgical implantation of MSC. Therapeutic benefit became evident within days -
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observation). The spleens of untreated rats and aninmals treated with human
5 MSC were renoved and cultured with human MSC. The proliferation of spleen
cel | s froworeawso2rnj ected with human MSC i ncreased after resmiusos/etizon with
these cells in vitro; however, the proliferative response did not differ

significantly fromthat |n spleen cells fromuntreated rats. Thus, although
hunan MEC ShIENSRIGRENRN, HOMENST Gy 187t Cals @UBRed Poteils ROSPBHIRE 10

| ynphocyt e L of ti t N N0 d9@5e88hgSSi Li se
| ynphocyt egf |F;na}?§?v %Ir %Enge@gﬁé?gé{} gﬁﬁ@?ﬁ@?{‘%ec’f ?gg(s)nse i9n v?t ro. T

| ynphocyt eprateimsi rooluld abed'in@reased i withi gbrecubdring,afthevewstseraosf delease.
Therefore, the response of rat host

T cells to huppn graft. was. neasur ed
with a stHABSPANIEKE BFF GAYFOMRaIE Wih 168 aTaowneo] EMEsRharicch ain dReHE veC
did nog 15;4 -'c-TIﬁJ;@m ' o
cells. t:;Applrflf%:'gtj:n saﬁ%g}r?tr%glthg?g?c?futggy t he %étggel%rlﬁf?ﬁ sﬁfﬂgtu gblggiq\)t@}s gﬁggﬁiﬂmn
bei ngs canaftes pooidisiat, fdmoud B0 OO0 cHMBC (BEe b8 ki), oHdRebler of theottfer000

possibility is that, a unjversal cell, allogeneic cells, apd not,_aut ol ogous
Gl I's can BangRientach Smue: 5acmalk Boroenfags ISPy DL PO MTER B9 ngs
are requir E@ré'spﬁéée e F]fg%%mes Initial 20 clinical application wll

entai |l autologous transplantation. There are still many issues to address,
i ncluding how these cells are targeted_ to sites of injury, and how they
provi de benBgi sucaasw ab thedicast |implayationerfethase gels et Dide RIAMERRd ¢ ar get

hovevay, | DPRANEIECE L pTef riRse Vaellet Fpltier ARAni B ERTRRITAE ST T,

transl ate sobjectdtet@prdiisiorbenehé tmidtis getébral aitekECana thétasotid acmrpnae
injury Wiere do the intravenously injected cell sdgo? First, ect ed

re. . , ) t he inj
cel | s” haveiRsiatesal imthe hespisphate vy theyisahacmie nesiPneas rannd Qa'f%c can

be identifi e : n f td
reactivi ty'irﬁ%m\%r i°§8°s? a%gt{og?%@dg\gy %@qﬁg%éﬁggtev@\f '? héa%rag%g et%r;i\di ne;
mal e- der i veditesl bsnemonldifcalngsistwess dohe Hedform enchaitertreatraent. HistoMgical
chromﬁorre identified ba/ in-situ hg/bri i sation; or hupan cell s can
analysis showed a paucity of cells expressing proteins phenotypic of
parenchymal cells. However, significant functional benefit was evident.
Applicants also tested the potential of an arterial route of MSC administration
for the treatment of traumatic brain injury. Although cells entered the brain
when administered via the carotid route, there was no functional benefit,
20  probably because the route of administration required ligation of the internal
carotid artery, causing an imposed hypoperfusion that exacerbated the

traumatic brain injury.

Applicants then investigated the feasibility of the more clinically relevant
intravenous route of administration. This approach is clearly less invasive and
25  has fewer adverse effects than carotid or direct tissue injection. A venous

route also allows for multiple and long-term cell treatments.

Others have shown that cells injected intravenously find their way into the
brain. However, there had been no studies showing that in injury, such as

stroke or trauma, intravenously injected cells would selectively migrate to the
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be injected into rats and an anti body to human anti gens used.

Intravenously, 5 injected cells have been found within liver, kidney,

spl een, awo oBose7ITArr ow. However, nost identified MSC en®cCmalses3/ 01129

m crovessels in these organs, with few cells located in the parenchyna.
Very fewcells (1.5-3.0%of 3 mllion injected MSC at 14-35 days after

t r eat ment ) siieoé isnfeamiedninry 1ing prameter kinetipnal lbenefiir Appliearys jberafere nj ur ed
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or chest r at were kijlednale35rdayss A8 Hr pémdow%ep(geémentﬁamﬂmvaerestaaﬁﬁﬁg Vit

Adhesi on npl e .t hei_r tqrs r i nfl y
cel s and PrEoREDuRfires” oG nEERH & cuefly s SPRAFeREY oMEALdo 0Tk
transport pbes@tior! disnaercells. AlRe, WMSCUteh ralnEas were RN inte $emagk

t hrough the bl ood-brain barrier. These targeting and adhesi on nol ecul es

wor k A coﬁ@iﬁralls,v@m%t@]éﬂ’dﬁ(idfﬁ@;%ifieWI incaiti Ryhricisasionrte thesY ebrapesares-
orai n.  Appl Meeier, BingRSARle BRhEEpT A a0NPbFeAE N RarEI o2

bet ween t wiigtig 2 eCensepssmiletonyy ofcglRy weabhornmysldrtartest fdbthavepecifigity ust ed
to 5x105 cells/nmL in nigration medi u%l scove's nodi fied Dul becco's nedium

wi th 5% bo@f e el typednirpmefingsmparoved fungiiope RepgiVinésand duer ard Wt

P f ! .
oot ed 1 iR TR hoRimERnCrig el Brifoid sridifed A AN Honkht
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such as nopocyte chenvattractant protein 1 and nmacrophage inflz?(mmt ry
protei n 1, NNGYENeUR QUls RIS¥esHg icyNupRtiral improvement alter stroke an

trauma. This was also true for treatment initiated 7 days after stroke, and the

functional benefit was similar in male and female rats.

In an effort to resemble the human test conditions more closely, human
20 marrow stromal cells were used as the donor cell population, rathér than rat
MSC. Human cells were extracted by puncture of the posterior iliac crest of
healthy donors under local anaesthesia. Mononuclear cells of the bone-
marrow extracts (15-16 mL) were separated. A dose of 3 million human MSC
was injected intravenously into each rat, 1 day after occlusion or after
25 traumatic brain injury. Strong functional improvement was found after both
stroke and trauma. The huran cells are easily obtained from donors. They
can be readily expanded to very high numbers, and antibodies are available

for separation by flow cytometry or magnetic cell sorting. Human MSC have
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in the | ower chanber, to provide a dose-dependent increase in magration.
Simlar responses were found when adhesi on nol ecul es such as intercellular
5 adhesi owomsloezat e 1 were placed in the | ower chanber. TireTiUSOS/@EI3Ed

m gration was effectively bl ocked by addition of antibodies to the adhesion
nol ecul es or the chenokines to the | ower chanber, Wen tissue from brain
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15  induce a cytotoxic-T-lymphocyte response in the rat spleen cells. Applicants
cannot exclude the possibility that rodents and human beings can respond
differehtly to MSC treatment. However, another possibility is that a universal
cell, allogeneic cells, and not autologous cells can be used to treat patients.
Clearly, more data in human beings are required to test this hypothesis. Initial

20 clinical application will entail autologous transplantation.

There are still many issues to address, including how these cells are targeted
to sites of injury, and how they provide benefit. How do the cells know where
to go? What mechanisms target these cells specifically to sites of injury? The
most ihterésting issue, however, is the effects of the cells on the brain and

25  how these effects translate into therapeutic benefit.

& i“ < » o
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f MBE 1o sites of covebral injury

Where do the intravenously injected cells go? First, the injected cells have to

be marked so that they can be identified in tissue. MSC can be identified by
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mechani sm by which MSC pronote their beneficial effects is very unlikely. A
far nore reasonabl e explanation for the benefit is that MSC induce

cerebral 'wotmmsae2t o acti vat e endogenous restorative effe®cy/ushs/ohtes brai n.
MSC can turn 5 on reactions and interact with brain to activate restorative
and possibly regenerative nechani sns:. MSC behave as snmall nol ecul ar
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expression_of growh factors in brain. 62 WO 03/059272 PCT/US03/01129
15 The homing in of MSC to sites of injury is reminiscent of the response of

inflammatory cells to injured tissue. Neutrophils and monocytes target injured:
and inflamed tissue by an orchestrated sequence of vascular and cellular
molecular signalling. Adhesion molecules and their receptors, expressed on
the inflammatory cells and the vasculature, guide the cells to injured tissue
20 and transport these cells across the vascular boundary, commonly passing
through the blood-brain barrier. These targeting and adhesion moleculesA
work in concert with chemokines. Applicants therefore tested whether
adhesion molecules and chemoattractive agents operate and target MSC to
brain. Applicants used a Boyden chamber, an assay for cell migration
25 between two chambers separated by a permeable membrane. MSC were
adjusted to 5x10° cells/mL in migration medium (Iscove's modified Dulbecco's
medium with 5% bovine serum albumin). 50 oL cell suspension was added to
each upper well. The number of MSC that migrated to the bottom surface was

counted in five optical fields (0-12 mm® area). Since ischaemic brain tissue
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Expression of trophic factors was significantly greater in MSC-treated
animals than in non-treated aninmals subjected to stroke or trauma. G ven
t he assunwoioons2vhat MSC sel ectively enter injured brain acd/sezxoabe
grow h and trophic factors in a tissue feedback | oop, how do these factors
5 alter the brain to pronote therapeutic benefit? The operational
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concomitant inflammatory response, the higher the numbers of cells directed

to the site.
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How do the cells affect the brain and thereby promote functional recovery
20 from injury and pathological processes? The possibility that MSC benefit
cerebral tissue by becoming brain cells is very unlikely. With intravenous
injection and the numbers of intraparenchymal cells numbering a few hundred
thousand at moét, there are very few cells present, even if they become brain
cells, to replace a volume of tissue of more than a few.cubic millimetres.
25  Benefit is detected in many cases a few days after treatment. At most, just a
small proportion of cells express proteins phenotypic of parenchymal cells.
Expression of these proteins does not indicate true differentiation'and
neuronal or glial-cell function. After such a short period, even differentiated

cells are highly unlikely to integrate truly into tissue and form complex
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WO 03/ 059272 PCT/ US03/ 01129 directly translate into pronotion of function,
Appl i cants have previously' shown that treatnent of stroke with VEGF a day
or nore awoaws/sroke significantly inproves functional recousoyoand

i ncreases angi ogenesi s. Induction of neurogenesis by neans of MSC can al so

contribute to functional 5 inprovenent after stroke. An inportant site of
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adjusting growth-factor expression. This finding suggests that cells within

injured tissue express trophic and growth factors adjusted to the needs of the
tissue. Different environments affect the éecretion of these factors. Thus, the
20  degree of tissue injury and the corresponding disruption of the ionic
environment will dictate the secretion of trophic factors. Applicants have
tested this hypothesis under several experimental conditions. Culture of MSC
in tissues exiracted from brains affected by stroke or injury significantly
increase the sécretion of trophic factors; The response secretions of MSC to
25  the injured brain differ according to the time the tissue is extracted from the
affected brain. These experiments were taken a step forward in the
measurements of expression of growth factors in brain treated with MSC.
Applicants used a quantitative sandwich ELISA, which measures by

immunolabelling methods the expression of growth factors in brain.
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64 WO 03/059272 PCT/ US03/01129 The grow h and trophic factors produced by
MSC can affect synaptogenesis and increase dendritic arborisation in. the
i njured awo 3ssf2zaem ¢ brain. The direct effect of treatmeatr/usbi/stieoke with
MSC on dendritic arborisation awaits further experinments. In prelimnary
experiments Applicants have shown 5 increased expression of synaptophysin,
a synapt i cEppsseion, obirophia feeters wesradgnificanihegisiatemie MEEnaeated ard®iadm af t er

0K R A PRI TRS GO G e D, and aror o

"major inportance in wound healing and have been inplicated in inhibition
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benet 1+ calrBAaticbic FAdR oo B feasbaek J8apr PRy dndiesn FadBEEquent
YT okl nes o e O DA (0t pE B Hoh ofi " TRE Ak rhpofifghd fon 10
associ at edthat tthetapeaitit dvensfit 65 inducdd by asetoblevenis pesodiated! with draih and
ool PHBSFAR | Lo of S RuE R e e "
Recent st ufbgdgehia¥g, SQ%t%@%ﬂeQ%ﬂgdéflik{)rﬁigo?@@%ﬁé&tidﬂ,ﬁtafﬁidnsredﬁéﬂiﬂ OLave

hedgehog, parathyroid, , bl ast growt actor el ght
r egul at or yapoptesisdwithitg stratatji¢dlyr ismportantotissafe émiing ddundeey Izenebyf the

rmdifébng sodermal and neuroectodermnmal pathways. Wiether the secretion
by MSC of t¥§“-cytokine cascade in injured brain contri-butes to functional
benefit warrants 'careful consideration and further experinments. The

peri | esi onYEGH eand sbdsig hfityroblast egriowlth efalctorapopt pbdient caldiogedat hagémept osi s
25 persists for nonths after, stroke or brain trat#ma. The effects on
recovery afBPlicain&atied RpeffeahelsMPiyer sHeRmmaanitiTam Gan therindustiane and

e ooy ORantiohentBE, MSSL AR helEHES MRDELP LS b Nl a2
NGF, wit hi enddtdelialj eglisd in which supernatants from MSC were shown to induce the
15 rapid formation of tubules, reflecting a structural and angiogenic process. The
assay used in vivo was the classic avascular corneal assay. A surgical
incision forms a pocket in the cornea, and a-collagen wafer coated with MSC
supernatant or MSC themselves are inserted in the pocket. Control conditions
consisted of surgical incision and placement of the collagen wafer alone or
20 placement of VEGF directly into the pocket. Applicants observed rapid and
robust angiogenesis in the corneas treated with wafers loaded with MSC
supernatant. Although most of the cells directly placed into the corneal
incision diffuse away from the site, angiogenesis was evident. There was no
angiogenesis in the control animals ( figure 2 ). The induction of angiogenesis
25 was more robust with the MSC supernatant than with the direct use of VEGF,
which suggests that the supernatant is a highly effective source of angiogenic
factors. Preliminary studies of angiogenesis induction by MSC treatment of
brain tissue . also suggest increased formation of new blood vessels

(unpublished observation). Although the induction of angiogenesis does not
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65 WO 03/059272 PCT/ US03/01129 brain. Applicants speculate that the

sel ective reduction of apoptosis within this region can sustain cerebral
rew ri ng.wohe/oseehani sm by whi ch brain renodel | i ng, neur ogemdasoz9oiiand

neur opr ot ecti ve nmechani sns evoke functional inprovenent after an injury.is
5 uncertain and an inportant topic of research. Wether all these events,
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i sol ated. Apptdvesriuactdres bedvary ApdeNekastdahgidienesrcess that 10 pronotes
restoration of function is not single nodification of tissue (eg,

neur ogenesis) but is nost |ikely an inter en.set of events, .angi ogenesi s,
neur ogenes i'%@“cgg‘?ﬁa?itrb%%ﬁgéfﬂ%?'s ?E/Jnﬁaﬂﬁ@gr@g&éﬁﬁf}:?}%n@r@f‘b@@ép#m '

apopt os s [ j ' habh&sidERAN L Mpr ove
Flnotion. ABIoySaIE Hor stibk, et Rrboreht ot DY R Foabheisaer Ble Pt e
speci fi ¢ l1adfswentits thadatershventigtes—the spbuertdicnleanraminegiNaurogemesis da i s

hwhi | e, i, h I m bility to . t OSi
sel ect 1 vel 5 PHNH 1§ FBe StgeaapYBATEaSRists BlpiscotigroaemSRer b
affecting NRUROARMESS Strokd BhiHIIRES €6 BRI ctibhSFHR Urbh SRAMiIN @ik BS@BRE Ul at es

ontogeny. After stroke or injury, cerebral tissue reverts to an ®arlier
stage of del#epraint Functianalsepairbearticelarlpiinlihg lores tymsafter & strokenoaat i on

b i ' d h  f f he i nyadi C.. The MBC
oY obaity <BEared R ProRie Bl dow Baonisn Mrcratiuhs Sk idalige the "©
struct ural ppsdlidtieaiestethabb \wlis MORSprove ebs e id APRULLRENBSICY the effects

vascul ogenesi s, neurogenesis, and dendritic arborisation. The primtive
state of tgéticagmant oivstrokei withilBCyor dndictioneot neamgemeisisudA stgnifidaanit s and

0L v T2l Saod 0601 LB B Mt 6 i b b R ces
requi red bytrbke. MahgasNRESe eellehbaImAikess of hews) fdmheat ;ﬂo%@hﬁ&ilﬁde cells,
renodel 1 i ng. Applicants do not exclude the possibility that other cells or
an 15 as shown by the expression of specific molecular markers, such as TUJ-1-
The cerebral tissue within the ipsilateral hemisphere also shows a massive
increase of expression of the stem-cell marker, nestin, indicating the activation
of cerebral tissue .into a progenitor or developmental state. Histological
analysis of the cerebral tissue transplanted with MSC also showed the
20  presence of neurosphere rosettes within the ischaemic tissue. These rosettes
of neuronal cells are similar to those found in the developing brain. The
migration of these cell systems into the cerebral tissue can. be guided by
astrocytic-like projections emanating from the ventricular zone, again
resémbling events within the developing brain. Thus, the presence of bone-
25 marrow cells seems to promote the rapid induction and migration of new cells
from a primary source within the ventricular zone and thé choroid plexus into
the injured brain. These cells can contribute to functional repair, although the
relation of the induction of neurogenesis and the migration of these cells to the

restoration of function has not been directly tested.
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orchestrated sequence of titrated infusions of cytokines and growth
factors. 66 WO 03/059272 PCT/US03/01129 can stimnmulate the conprom sed
brain celwe Bosnespond and to restore function. .Simlarlpgr/vsppbiteant s
cannot exclude the possibility that a subpopulation of MSC are stemlike
or progenitor-like and can synergistical I%br eact with injured tissue.

However, ABPPi @amtly anseiropbistfegians praducachby NBBCsamaifechsynHUPBERRSIS not

repl ace ti e t ILferentja _nt | op s and
uppor t1 ve ad: Paites HeHpAt. ARofia oL HeE st Sl Rk TRE e
functi onal dheoeéiféct &rtromimernesfedtidkd withvgioned dundaieiti arpbrisationf awajtsir ed
tissue to renodel and to conpensate for injury. Figure 3 illustrates the
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can be useduhdastdzariecoinhbiistizomibliesionglitdpeekanr row transpl antation is a
15 common procedure in cancer treatnent and has been used as an adjunctive

ey 1 LB 9818 e g e
Appl i cant s nghaeirjgty. d?hécﬁr@ﬂsf—%ﬂbhiﬁ@V?F&/ﬁheffé@léF of pioéing hefaRYf hajor

i ndi cation of tunmour formation. Shoul'd patients be treated with their own
cel | s, HLAIMpod&ReE elbend h@abng andriamer kedn mplcatgrbipuinhibitemrofFoarring

precl ini cal ta sp far est . that reat nent, wi th donor cel]s .

possi %pe. %g@O&QODB}VSEPFW@a?”%ﬂEQ 533@%331 WQPPﬂirSB?'r © EH’!e n Etfeﬁ@' done
to addr ess Siddes MBESprodiice A& BFGWIH Rictal, tABFhJRASICCharfdfHibas afiRsaElibed in
this review indicate that treatnent of stroke with MSC can provide a

vi abl e andframyhthe efedsistion e of escarritd vand hdreapsubseauent inpravesiendt ofi es

25 are warr . | S l,cation, various publications,

i ncl udi ng ﬁﬂ’%@gge@%{%g‘%%ﬁ{%ar§5§%® renced by aut hor and year and
patents by nunmber. Full citations for the publications are |isted bel ow
The di scl obuerdditioh tohedekines and growth and trophic factors, MSC express factors

15 associated with bone formation, such as osteoblast-specific factor 2 and bone
morphogehetic protein1. They also express the neural cell-adhesion molecule
neuropilin and neurotrophic factors including NGF and BDNF. Recent studies
have shown that bone morphogenetic proteins, sonic hedgehog, parathyroid
hormone, and fibroblast growth factor eight have regulatory roles during

20  differentiation of embryonié cells, by modifying mesodermal and
neuroectodermal pathways. Whether the secretion by MSC of this cytokine
cascade in injured brain contributes to functional benefit warrants ‘careful

consideration and further experiments.

The perilesional area is highly susceptible to apoptotic cell death. Apoptosis
25 persists for months after stroke or brain trauma. The effects on recovery are
unknown. Applicants have shown that treétment of stroke and brain trauma
with MSC significantly reduces apoptosis within this area. The effect can be

mediated by the production of growth factors, such as NGF, within the injured
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30 publications and patents in their entireties are hereby incorporated by
67 WD 03/059272 PCT/ US03/ 01129 reference into this application in order to
nore ful Iwodessnirbe the state of the art to which this i meagrtSopmipertains.
The invention has been described in an illustrative nmanner, and it is to 5
be understood that the term nol ogy that has been used is intended to be in
the nat ur &r@dn. fpplraNds spesdlatepthadine aelestive iegduasion ofrapaatogis withivihdsis| vy,

many nodi fi the present invention are possible in
| i ght of t B %&éb%\% S[ng%'ﬁiacﬁé@@ﬂa?”gﬁgt herefore, to be understood 10 that
wi thin the scope of the described invention, the invention can be practiced
ot herwi se flhan aschaeésmi chyl ywb're:i;lcrlbtmu B8 de108¢,05 DR FRTBESISS0340d. 129

Table. Differentiatioon of hMSCs Lf(CGP ¥ E1I Ti ssue Extracts G oups TBI
Ext. (% N@gpgﬂprpf gvgempghar(@ys evo unctional improvement after an injury is

= - uncertain and an important topic of research.. Whether all these-events, ‘which
.. .. . are a}nblifiéd:by treatment.with MSC : aétuélly contribute to. improved outcome
....................................... Knockout DMEM O Nornal Brain

Extracts 28187 $50Ke §hd tigyima igundar inyestgatiedt racts 10 2. 07+0.49 20 29.60 +
16.89* 40 12.70 +8.49* hMsSCs treated with TBI tissue extracts conpare to

control kn@tkbig tinte, m@ww hekizotha Ufoste T rostaratibm csfnead rofayglcal ofupmtiodr ai n
extracts. * P<0.01 69 WO 03/059272 PCT/ US03/01129 REFERENCES Bur ke and

d son, " Pr &pAPaL PenissatedefiPnlicBpts jsescuiatere hawerpt  thiakithe- process that
10 promotes restoration of function is not single” modification of tissue (eg,

neurogenesis) but is most likely an interwoven set of events, angiogenesis,
neurogenesis, synaptogenesis, and boundary reductions of scarring and
apoptosis that contribute in a coupled if not synergistic manner to improve
function. Although testing of this hypothesis and identification of the specific
15  factors that contribute to improved neurological function is worthwhile,
Applicants have limited ability to increase apoptosis selectively within the

boundary zone, to reduce angiogenesis without affecting neurogenesis.

Injured cerébral tissue in many ways recapitulates ontogeny. After stroke or
injury, cerebral tissue reverts to an earlier stage of development and thus
20 becomes highly responsive to stimulation by cytokines and trophic and gfowth
factors from the invading MSC. The MSC probably stimulate within the
quasidevelopmental cerebral tissue structural and regenerative changes,
including angiogenesis, vasculogenesis, neurogenesis, and dendritic
arborisation. The primitive stdte of the tissue, which is highly sensitive to
25 various stimulants and growth factors, rather than the primitive state of the
“MSC, primarily fosters a therapeutic response. The MSC can simply provide
the resources required by the ontogenous cerebral tissue to stimulate cerebral
remodelling. Applicants do not exclude the possibility that other cells or an

orchestrated sequence of titrated infusions of cytokines and growth factors.
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Chr onosone Vectors" in Methods in Fnwm~Ty,, Vol. 194, "CGuide to Yeast 5
Cenetics and Ml ecul ar Biology", eds. C. Guthrie and G Fink, Academc
Press, |meo,03@p2 17, pp. 251-270 (1991). Capecchi, "Alt ecrnisos/E2genone
by honol ogous reconbi nati on" Science 244:1288-1292 (1989).. 10 Davies et
at., "Targeted alterations in yeast artificial chronosones for inter-
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into a yeast artificial chronosone containing the human APP gene and
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AT al TohfEEes iR%e, SR SR R ditertRaftl PR At ig Rl HE4S,
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transm ssi on and expression of. a human-derived yeast artificial
chr onosonefunaiippal Benefg) Prigeary hapefibissobiginediby avtivatipmokinjused tissue to

"I ntroducti LEeSS) he.4Q0. ki | r L d

or ot ei ngeranPGet A 18 Boholate Tl Mty EARE Y Afiha%es i3 el
(1993) . Peanderstandinghsfi theEpipcess ingnwhfcht MSG wamnbd hanydsied andeassds o6

pr oteige gene froma yeast artificial chronbsone in transgenic mce. Proc.
Nat | . YAcadtrestnjuregscaneral 1i88i2e. 90: 10578-82. Rot hstein, "Targeting,

di sruption, replacenent, and allele rescue: integrative DNA transformation
in yeast" Ifenepihodstion WRMHEWBy, Vol . 194, "@uide to Yeast Genetics and
Mol ecul ar Biol ogy”, eds. C. Guthrie and G Fink, 40 Academ c Press, Inc.,
Chap. 19, pp. 281-301 (1991).

Clearly, safety issues must be addressed before this form of cell therapy can
be used in stroke patients. Although bone-marrow transplantation is a
15 common procedure in cancer treatment and has been used as an adjunctive
therapy in multiple sclerosis, phase | studies on safety in stroke are
warranted. To date, in studies on nearly 2000 animals with stroke, Applicants
have not detected any adverse effect of the therapy or indication of tumour
formation. Should patients be treated with their own cells, HLA-maiched cells,
20 or a universal-donor population? The preclinical daté so far suggest that
treatment with donor cells is possible. However, preclinical and phase | clinical
studies must be done to address this question. The preclinical and basic
studies described in this review indicate that treatment of stroke with MSC can
provide a viable and highly effective restorative therapy. Thus, clinical studies
25  are warranted. ‘

Throughout this application, various publications, including United
States patents, are referenced by author and year and patents by number.
Full citations for the publications are listed below. The disclosures of these

30  publications and patents in their entireties are hereby incorporated by
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factors as set forth in claim®6, said process conprising the steps of:
isolating and purifying human nmesenchymal stemcells fromtissue prior to
di f f er entwatosom27and 30 cul ture expandi ng the nmesenchynal pstrdarge3/eabd s f or
producing a tool for 75 WD 03/059272 PCT/ US03/01129 neurol ogi cal and
muscul oskel etal therapy. 12. |solated and cul ture expanded nmesenchymal stem
cells under the influence of a differentiation-inducing conpound, said
stemcells capable of 5 differentiating and producing a desired cell

phenot ype needed for tissue repair. 13. The stemcells according to claim
12, said differentiation-inducing camous being selected fromthe group
consisting essentially of brain 10 extract and calcium 14. The stemcells
according to claim 13, wherein said brain extract is selected fromthe
group GonsiSt i t.;ally of brain cells, cells obtained fromthe
brain,%andv@&%ggﬁgﬁﬁgpl%Ton1stronal cells cultured with a nedium 15 15.
The stemcells according to claim 12 for use in redirecting reparative
capacity of cells. 16. A therapy for inducing angi ogenesis and i

vascul ogendsi s i thergaeriatfor disexn inchging apgicgenesiSaphdbyasedingenssi i ng a

| ol ated | FBH o BlHaIel TR ane BN i3, Yt RARR R IER PR, AdG > ©

accept abl efggbts tiswar@edidns, stehe ddiier Rpashiuhctipduiithg a dharargetasticalipand
vascul ogenesis in the patient. 25 17. The therapy according to c|aim 16,
wher eitf? saiggcepiabla sebrthaipraudis, spist thrRiapediimifen dducing analogenesispaddic in
a manner SQ/ESE&IS@&%&@ the group consisting essentially of subcutaneously,
parenteral I'y, T nfravenously, intraarterially, intranuscularly,
intraperitoneally, intranasally, -intrathecally, and via infusion

t echni ques. ' ) ) - ) . i .
2. The therapeutic according to claim 1, wherein said angiogenesis and
vasculogenesis inducing factors are selected from the group consisting

15  essentially of angiogenic, trophic, and growth factors.

3. The therapeutic according to claim 1, wherein said cell therapeutic is a
stem cell that is selected from the group consisting essentially of
mesenchymal stem cells, stromal cells and precursoré thereof, fibroblasts,

20 reticulocytes, adipocytes, and endothelial cells.

4. A method of amplifying production of angiogenesis and vasculogenesis
inducing factors secreted from stromal cells by éxposing to and co-culturing
stromal cells with a differentiation-inducing compound for increasing the

25 production of the angiogenesis and vasculogenesis inducing factors.

5. The method according to claim 4, wherein said method includes
exposing to and co-culturing stromal cells with a differentiation-inducing
compound for increasing the production of the angiogenesis and

30 vasculogenesis inducing factors, said differentiation-inducing compound being
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30 76 WO 03/059272 PCT/US03/01129 18. A nethod of inducing tissue repair
by adm nistering a therapeutic conprising angi ogenesis and -vascul ogenesi s
i nduci ng WaaBos®72 sol ated from stemcells in conjunctionP@TiUs0301129
pharamaceutical ly acceptable cell therapeutic, the therapeutic inducing
tissue repair. 5 19. The method according to claim 18, wherein said

adni ni st er isetecded fromi ihel grdep cadsisting eeseniiplly & brainexpegt aad calcianner
selected fromthe group consisting essentially of subcutaneously,
parenterally, intravenously, intraarterially, intranuscularly,

i ntraperitgneal 'A(ngib%érﬁ@é?@%ﬁb'\bébschlbtg'éﬁ_bbﬁ‘sqaﬂbéﬁn?ﬁ@@loré%o"étéd opbysirped .
techni ques. 20. Athérapeutic for use in augnenting cellular function, said

t her apeut i d(om@tﬁpmiwillagorcwﬂa as artheamyt i on augnmenting factors isolated from
stemceglls in conjunction with a pharamaceutically acceptable cell
therapeutic, said 15 therapeutic for augnenting cellular function. 77

7. The angiogenesis and vasculogenesis inducing factors according to
claim 8, wherein the angiogenesis and vasculogenesis inducing factors induce
angiogenesis and vasculogenesis upon administration to a patient in need of
such treatment.

10 .
8. The angiogenesis and vasculogenesis inducing factors according to.
claim 6, wherein said angiogenesis and vaséulogenesi‘s inducing factors are
factors secreted by étem cells when exposed to and co-cultured with a
differentiation-inducing compound for increasing the production of desired

15  factors.

9. The angiogenesis and vasculogenesis inducing factors according to
claim 8, said differentiation-inducing compound being 'selected from the group
consisting essentially of brain extract and calcium.

20
10. The angiogenesis and vasculogenesis inducing factors according to
claim 9, wherein said brain extract is selected from the group consisting
essentially of brain cells, cells obtained from the brain, and supérnatant from
stromal cells cultured with a medium. |

25
11. A process for obtaining the angiogenesis and vasculogenesis inducing
factors as set forth in claim 6, said process comprising the steps of:

isolating and purifying human mesenchymal stem cells from tissue prior

to differentiation; and

30 culture expanding the mesenchymal stem-cells for producing a tool for
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neurological and musculoskeletal therapy.

12. Isolated and culture expanded mesenchymal stem cells under the
influence of a differentiation-inducing compound, said stem cells capable of
differentiating and producing a desired cell phenotype needed for tissue

repair.

13. The stem cells according to claim 12, said differentiation-inducing
compound being selected from the group consisting essentially of brain

extract and calcium.

14.  The stem cells according to claim 13, wherein said brain extract is
selected from the group consisting essentially of brain cells, cells obtained

from the brain, and supernatant from stromal cells cultured with a medium.

15.  The stem cells according to claim 12 for use in redirecting reparative

capacity of cells.

16. A therapy for inducing angiogenesis and vasculogenesis in a patient in
need of said thérapy by administering a therapeutic comprising angiogenesis
and vasculogenesis inducing factors isolated from stem cells in conjunction
With a pharamaceutically acceptable cell therapeutic, the therapeutic inducing

angiogenesis and vasculogenesis in the patient.

17. The therapy according to claim 16, wherein said a‘dministering' step

includes administering the therapeutic in a manner selected from the group
consisting essentially of subcutaneously, parenterally, intravenously,
intraarterially, intramuscularly, intraperitoneally, intranasally, intrathecally, and

via infusion techniques.
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18. A method of inducing tissue repair by administering a therapeutic
comprising angiogenesis and -vasculogenesis inducing factors isolated from
stem cells in conjunction with a pharamaceutically acceptable cell therapeutic,

the therapeutic inducing tissue repair.

19.  The method according to claim 18, wherein said administering step
includes administering the therapeutic in a manner selected from the group
consisting essentially of subcutaneously, parenterally, intravenously,
intraarterially, intramuscularly, intraperitoneally, intranasally, intrathecally, and

via infusion techniques.

20. A therapeutic for use in augmenting cellular function, said therapeutic
comprising cellular function augmenting factors isolated from stem -cells in
conjunction with a pharamaceutically acceptable cell therapeutic, said

therapeutic for augmenting cellular function.
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