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The present invention relates to nethods and conpositi ons

t herapeutics. Mirre specifically, the present invention rel at es to the use

t herapeutic creation of.angi ogenesis and production of angi ogenic and
trophic factors. BACKGROUND ART 20 Stroke is the third nost conmon cause
of -death in the adult population of the United States, and is a nmajor cause
of disability. Stroke occurs when a section of the brain becones infarcted,
resulting in death of brain tissue from interruption of cerebral blood
supply. Cerebral infarcts associated with acute stroke cause sudden and
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brain areas that m ght be able to survive, but clinical 30 effectiveness has
proven el usive. As stated in HarTRORHIE PADTOF}bSes of Internal 1 1 3 JUL
2006 WD 03/159272 PCT/US03/01129 5 10 15 20 25
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TECHNICAL FIELD

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.' Other

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

impairment.

- Phamacological 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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Medicine (9 h Ed., 1980, p. 1926), "despite experinmental evidence that...
[cerebral vasodilators] increase the cerebral blood flow, as neasut édUb)ZOOBhe
nitrous oxi gpthod, they have not proved beneficial in dies in
human strol?gﬁﬁ'g(jég’s at the stage of transient ischemc att;ﬁﬁpwmﬂzy '

t hronmbosi s-in- evolufion, or in the established stroke. This is true of

ni cotini ¢ aAdpdicing i(8c 8 nel98GI BoHERE) pagespiid wxpesme@ntaihavidensa bRt5%

Cuogest i on PREPLLRERasL ikPed fe e BettFalhsb e R Fa BFRe e BEinee by

| overing t hetrsystadids ndipod, piessave hdegrovediduerefidigl inntartaiastudles in
anastonotic flow, or by dilating blood vessels in the nornal parts of the

brai n they fstrean shiokedaseshtithe stagapt transiaatischemic laytaclss, dbryBBOYS-iohe

rorbi i 1y PRI T i sSiaeTRER Y Sro kR IR S e PRl el Rl BN e
Heart fail uflgond, Faééﬁéﬁr%,i Zedl ifhaiaibr BaBRL idaybdh didxiige.hean toppasarin wer

sufficient blood to the various organs of the body. Current “estinates
i ndi cat e t Hhe wseerofsthese| m@thodels dhessuggestion Hbatiivagadiaterorredaarmiuf ai l ure

year actri patid von APReRSE il BICRAATE thel BORaRIC, b RioplE ey P

acconpl i shredtse ithetinBad@dialt avnsicaate Fowear by fdilating oleeatvdader notHacr ease
in incidence reaching epidenic proportions and representing a ngjor

economt® burdeal parg&) dhe beain dhey siaad bloagetiem theiinfgr@.i s a clini cal syndrone
characterized by distinctive synptons and signs resulting from disturbances
in cardiac output or from increased venous pressure. Moreover, heart

failure is a progd@isenaey, diseasss oiwiies ekardidvastulact $yatedl ardiea hieating
continues to deteriorate over tine despite the absence of adverse events.
Due to hearworldwidgr eausenghseprialdy @adamesbidiys pier psamples heart fajlusghamos  wo

03/ 059272 ] 111 , )
Fai | ure. RN Herrid if Brovaietedel Ak ahIEHE Aafacifizad B SrihaBR b
heart 1®» puhp heanottsddiives dulfitientbibod tathe vatisusibagansof thelimdy. Upuowénf | ui d

in the body occurs and results in ﬁmllin and edemm Lc?ft heart failure is
t he inabi | iqssﬂrrg:;t% Hadicale trgqtd%/eéfs OR BrEdN$H GRTY 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

gconomic 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.



bl ood into systemi c circul ati on. Back up behind the left-ventricle then
causes accunulation of fluid in the lungs. The main resulting effet§ Jof 208
heart fai I@égs'(hs()ztlj uid congestion. If the heart beconmes less efficient as a
punp, the Attenpts to conpensate for it by, 10 for exahpf€™dthg

hor nrones and neural signals to increase blood volune. Heart failure has
nunmer ous causes. GEoeradlyathare arditwedagme0bf hest failureé s Righirfesart faduranistbad
nyocardi al ce|]s that no |onger function. Progression jn  Jeft yentricular

dysf unct i on"REEDLEEMALIN 15 &8 the, NSaF 10 PUTENYIIGHS P | BiO PUSTORRYe
car di onyocygies atiier & B%Mpfu ‘%ﬁ'hdi‘d“ﬁfrf&slﬁﬁggtg'agéﬁs 2hd tr%ﬁ?]fé iﬂgsv@é'lﬁngraﬁ\ﬁe”t' ng

heart failure. For exa e, stem ce een use 0 regenerate cardi ac
cells in asddémacadigit heartsSfalem s thedhabiliiyndfathet leftnside df rthaemearintoapimpl

nodel s. _In one 20 particul ar ?xarrpl e, viable marrow stronml cells isol ated
from doror Plegd iteesystamiceCiiqHiatinte- BRpkh@ceehingiBe defi-vanticienbgn ¢ausdSed i nt o

t he myocar dé%ﬂn‘?&lati{;r?%@ﬂﬂd‘?n"fﬁéﬂld g[sat reci pients. After harvesting the
d 0 :

hearts from ays weeks arter inplantation, the inplantation sites
were examned and it was found that inplanted stromal cells showed the
grow h potential_jn a nmyoc 25 environnment

di al ) nt, (Wang, et. al.) 30
Car di onyocyt es hbb@ ”Tf@@rﬁegﬂéﬂélaetﬁ@%?ff'i‘%réfﬁﬂpé% & i|lﬂ1&\ﬁ0?1%88$??fbrﬁ “ﬁ% heaPot ent

enbryonic s el dis: i i LyiQed A : ryoid
bodi og). TR PR lessratiEieh! a5 A Bull, the oBRp aliBrd Fo RORIRRRHRSGr Y

t echni ¢le, fopepbolptgwsirnbogeoreeand essraisigmas tginctrasenglobdecemére 3 WO
03/1159272 1 3 JUL 2006 PCT/US03/01 129 differentiation period. (Mitsev,
et. al., 1994) Additionally, pluripotent nouse ES cells were capable to

differentiate ing atell YhGPeftR 85854 jrOkvarhBRt Wi af o pgaR | an
heart (Maltsev, eteéﬁala. %gg) £°10 St%?nééégl IrF?rrée)éaar@I é;{l of tReir ori gin
(enbryoni c, tissueeresalts gwdeat ehyncardiahosil tat abdpnperviunctienp Fregresalont io
differenti gl | OAediaF §¥finctibn"Rhs Been SRIbLEUPSS 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 ischemia and/or infarction or injury in animal models. In one

- 20 particular example, viable marrow stromal celis isolated from donor leg bones
were culture-expanded, labeled, and then injected into the myocardium of
isogenic adult rat recipients. After harvésting 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.)

Cardiqrﬁyocytes 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 géne expressioh analogy during the entire
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of the body. Stemcells are able to differentiate into functional cardiac
myocytes. Thus, the devel opnent of stem cell-based therapies for trgq@#hgﬁﬁ

heart fail as-jmany advantages over exiting therapies. Y OF
| NVENTI ON ‘??eﬁég é%’ 30 According to the present invention, S’%ﬁ@”ﬁr’ovi ded

a therapeutic for use in inducing angi ogenesis and vascul ogenesis. The

t her apeut i cdifamentiation peeioangiMgseesies &l d 9% cAddgionally spiuripgoteingndwsd or s

i solated fromstem cells in conjunction with a pharamaceutically acceptable
cel | theragedtGedisrwere capripdg Aifgrasiiairdite cridiomyRantay ExREsSsIngA\maor

provi ded i sye3fEL Bofh 0fmafiIR LY MiisRS B afugbhen of angi ogenesis and
vascul ogenesi s rnduci ng actors secreted by’ exposSing to and co-cul turing
stromal cells with a conpound for increasing the production of the

angi ogepesi s and_ vascul ogenesi s i nduci ng factors. _Angi ogenesi s and
vascul ogenesi s i P@OLFAlS ragardlass ofdbeinrastyim RMBIHANIG. ctPNe BIAMMESkeBRs f or

obt i ni ng. (TEoaNyF S cace e Beh (At oMTRRiaR IRV B RCEPEBILMes (o111

above, the gfr mmd?;ncls‘uéhﬂgzeﬂlbearesta@m tof difeedmtidte gindm dupotiddati cardiaoran
mesenchymal stemcells fromtissue prior to differentiation and then
cul ture exgBHAFWIBSt hd NHEs Hift AgMaloraienh datem celbbased doarapiair treating

| ogi : ; d | t ded
rasenchymal S o N (A D) ¢ ey B0 okiido MedpBRC, 2 CCTD nd. capabl o

of difterentiating and producing a desired cell phenotype needed for tissue
repair are also provided. 4 1 3 JUL 2006 WO 113/057272 PCT/U 5113 /111 1 2
9 BRI EF DESCRI PTI ON OF THE RUMNARYGE THRENMENEAONt the present invention

are readily appreciated as the sanme becomes better underjstood'by reference
tothe t gr:o [agyi 23“%?’3%*‘?3@ the BRREN RiVeMRoN HErEA8rBGHEE 4 MéapBERL Hon Wi th

“use in inducing angiogenesis and vasculogenesis. The therapeutic can

15  include 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 stromai cells with a

20 compound for increasing the production of the angiogenesis and

vasculogenesis inducing factors. Angiogenesis and vasculogenesis inducing

factors isolated and purified froh stem cells for 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 prodﬁce 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 produéing a desired cell phenotype

30 needed for tissue repair are also provided.



Figures 1 A through E are photographs show ng the secretions of growh
factors of BDNF (Figure 1A), NGF (Figure 1B), bFGF (Figure 1C), MEGHL 2006

(Figure 1 oHG (Figure 1E); 10 Figures 2 A and B are bs05hewW ng the
results ofg)%g:ﬂ'g) 6ral function tests in rats before and a'g(:@?” %éc ‘usi on of

the mddle cerebral artery and treatnent with intravenous MSC or no
treatnent; Figures 3 A and B are phot ographs showi ng the use of the rat

cor neal neovascul ari sat '@ﬁlé@i@%&ﬁ!ﬁ Eﬁgﬂ;\%rﬂ E%cretl on i nduces 15
an's

angi ogenesi s in vivo, ure 3 am oper a ¢ornea with no

evi dence of neovéshet adwaaﬂaigea cartderr@ueat Bﬁeﬂhomrws@asiwemaecaattedpaaced
in collagen water inserted within the corneal pocket wherejn robust corneal

neovascul ar (RASREE Pecevegdrqtier (inpaTatop slﬂb\ﬁgfeéﬁmﬁ toidhe deimings detaded
exper i ment Sdggér‘;ﬁﬁ o'ﬁeglhteﬂ SOk 13 ﬂBﬁ‘;@gﬁ the%RRb %ﬁpg‘é@ vﬂn?%’ur ed

marrow i s extra om an ani nal are separa
in three towheveinpassages, the MSC are i nj ected into an animal wth neural
injury and the cells mgrate selectively injured tissue and |ocalize to

t he boundary zonE'QH'E%h A dbrosgh t%@rﬁﬂ@@tﬁgmﬁ@t shavinihersegyelins of
restorati Vegwﬁroﬁ P@%I‘U’P 'FF#] g p),( gz?lau,t@qgﬁcmg@-j (EﬁlH(Ir: .Sﬁ?f etions

and growt h actors us i I’OVI n neur ol’ogi cal

Figure 5 sh@@%(%@amﬂamandﬂ-t@EI(F&:,exzél‘lE) identified at the level of the
cnterl(}_r commi sure of rgt brain_that divjides the right hems here into three
i

subregi*dns and ef §iresi el AsandoBragRrdrarss Shavyng rgPlh e ttPl%*ﬂa‘gq’i@% the
results of 'Flﬁ'{aéhqgeg‘{s ﬁmﬂaég’ beidre2008 g]ft\ﬁpo%r'ungftlﬁq{iéﬁg% Teor gﬁlgr yinction

tests before an ter dl e cerebr artery occl usion; and B
are graphs ahdweagmanhivtbdniryveritasyMeQ eatd treatmbmt;ween rat spleen cells and

hivsC, and Fi gure_9 hotomc raphs, showi ng the .norphol ogi.c, characteristics
of exogenohguhuﬁfﬂip%r% ‘fgv@rgtP ng&'—? I%“O(VY{N%@? g‘gr{aﬁd@gﬁﬂ@e@:‘ ai In

cell's in raheBidddiarisation 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 comeal
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 cuitured in three to five passages, the MSC are
injected into an animal with neural injury and the cells migrate selectively 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;

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 ‘behaviora|
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DESCRI PTI ON. OF THE | NVENTI ON 10 Generally, the present invention f)r ovi des
for the use of angiogenesis and vascul ogenesis inducing factors f 6rﬂ|qum}g

mar row st RoaR,%8),l s or other stemcells as part of cell F,PW[%F%JI?J
i nduci ng angl ogenesi s and vascul ogenesis. Mre specifically,, e present

~invention provides a nethod of anplifying the production of the

angi ogenesifgnciiog teatschafocreard iaster middieneerabrdi acteoy sc¢losign; angi ogeni c,

trophic, and gr h factors ecreted, by stromal or other stemcells for

Use’in 5 ther apy QRS § 45 @OReD) Ha TARGSSIA BEEne 4 &eddy RO tRARETc o

growt h, upeRaskn pAsddiedn eBls dhd aNRID! R4 cation occurs with exposure to and
1"l ' br ai

co-culture of the cells with brain extract and/or vm'th_cal ci um 2_0 The term
"angi ogenesi s" iFguref 9 phdtamiceograpbe sshowfing itbs urorphakgit ahia et érigticshaft

[ I th wt h _of d/ devel opi b | s i nt L :
and 1 51 <GP raRI OB B BT S A arh V) S8 5Re0geRels Baiar od by
the infiltrafd pnr@brgpdot helial cells and snmooth nuscle cells. The process

can proceed I n one of three ways: the vessels can sprout 25 from
pre-existing vessels, de-novo devel opnent of vessels can arise from

precursor cells (vascul og I LSt | vessels can enlarge
in dianeter. 6 1 3 JUL Z%E%ﬂgﬁ&%ﬁ&%ﬁ@Q The terns "enhance"
or "enhancenent" as used herein are neant to include, but are not limted
to, making rich or richer by the addition or increase of sone desirable

qual i th? or quantGenerefly,sthibspresest iriveiion ginoaises' for diven uset ohangiogenasisd
herein is nmeant to include  but iTs notf limted tor, brain gellhﬁs) or .ot her
similar cefl VWHI%&"*F%‘HPPH‘E%P&M? FRATE DPNS DAV, STORAL 5o 0k B ed
with a medistim art«én&h&assulagﬁnaifa_raeuf:amebﬁawsw aAdu@ngr ainyicydriaddd - ak@ The
term"injury", as used herein, is intended to include, but is not Iimted
to, physi caRsetlogenesigi Moreispegificadyi ihel rrgisant igearlion phvidesiamethedsdases,

and age on i.sgr.der . l.e i . i.cal .and
Funct ronal 20TG A Srocbefo i WeenBRbRAEYS it VRt GHbfeteiidots
di seases 1%actbe (gmanbrigenidNaramic, &ad WredtH eiqtorms) isaeratddsby Bttbmias drot
limted to, the therapeutic use of stemcells. A stemcell 1s a generalized
not her cel [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 “angiogenesis” 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 infilkiration 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 linmted to, enbryo, bone marrow3 Jlilviaas,

stromal, far tissue, and other stemcell origins known to of skill in
the art. 2€Bf%)3%)e%stem cells can be placed into desired ar Egiﬁggwf'ﬂg

natural l'y occur, _or can be engineered in any nmanner known to those of skill
in the art. Thus, et lr®sgRNIANFBUST gBRRBENGETBRRY MRScHPRG NFEBIRRIE MEENLP ng,

but not 11 md Gehid @t atré?l%ﬂiﬁ(i:t{amg’mgﬁln%} l:lc%gPlr ﬂ%\ged'tlg?tﬂé X&aitigh %g]ri Lh§e can be

engi neered in order to Increase their survival or any

ot her desi r eflspmepssrabkbqiélitiploe guaatilysofaubstanrebl e of sel f-regeneration
when provided to a human subject in vivo, and can becone |ineage-restricted
progenitors, which further differentiate and expand into specific |ineages.

As used zherein, Tste &) .. 1 I I nd not
stem celslhs of ot @% F:S:rﬁel !at ?Pﬁae'g. &&ﬁ fégawﬂe@ﬁ?&%@&gﬁhF@?g’ t%(lﬁﬁurran
mar r ow stromst ligebdto, Braldcel BpBthe? SImisr ddlislchidide 2O thBEraldSOBhEde 129

The term"stemcell” or "pluripotent” stemcell are used interchangeably to
mean a st entels Famalshie cujturaewiiia megiun agoibe supemaapt eyeRe Y5eds

defi ned he%rgmoéﬁ}écq | i neages, and (2) stemcells capable of fully
reconstitutrng a seritously imunoconprom sed host in all blood cell types
and their progeny, including the pluripotent hematopoietic stemcell, by

self-renewal . Bone marrow is the soft tissue occupying the nedul|ary
cavi ti €8 of | ong hBolfEd rﬁw.h@wé@ﬂaher@ahawssmt%éds draludet Qe i not

trabecul ae ﬁ%g‘éIBESg})W%Eal O bR RIYRY i@ﬂf]% irﬁ@u'lﬁngyeﬁgggicﬁs@ﬁg@‘{“&iié%’a%%\%: red,

whi ch is foun ones | n°~earl e an ricted Tocations in

adul t hood (&and. age drfemtsgisogierbonEpr exanple, qatieatnedffédl tiedrblegiopaddared i on of
bl ood cells_ (i.e. t opaj esis) a henogl obin (thus, the red color); and
yel | ow, whi M%@H%P‘gg@'qsé IS OK &g@ E‘&Wea”‘?f‘ﬁﬂé",‘:{]ﬁgﬁéeﬁl‘ﬂe ®dt%r) and
connective tissue.

15 The term “cell therapy” as used herein includes, 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 naturaily occur, or
can be engineered in any manner known to those of skill in the art. Thus,
through various genetic engineering methods including, but not limited 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 celis"
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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As a whol e, bone marrow is a conpl ex tissue including hematopoietic  stem
cells, red and white blood cells and their precursors, nesenchymal HL
f}d 3006

cells, str I's and their precursors, and a group of
fibr obI ast"ggmm ?}c“ul ocytes, adi pocytes, and endot heli al F&Jr '([;:llﬁ orm a

20 connective tissue netvvork called "stroma". Cells fromthe stroma
nor phol ogi cal Iy regulate the differentiation of hematopoietic cells through

Facors and ar ol e e Edem SRt GuRimFoh S8 CslipperieHh ﬁa&%&%b‘?“ !

t t I

cont ai no.» peaStn AT S HAMATRG SEAIES e oS WO BRI, hamt doftsa oo "
cartil age, hemetopaietiofiheagennaret Ry stemsslis capdide ¢iBrilgsioonstitdtingl a

O hoS! 5 S TR oonb 4ot el Ao A rap v Lo bea
pl uri pot ent I ave the ability
to 8 5 10 1IEE%Q@%@§F3§$§SH%§H§%E{@8Wcﬁ%ﬁ@[‘%ﬁ? %29 generate into
several different types of cell lines (i.e. osteocytes chondrocytes,

adi pocyt es, etc.% on activation, However the IH stem ells are
pr esent in the t %%gé“'?rﬁo‘(y#&%ﬁﬂtﬂés‘é@r&@ﬁ%wﬂﬂtt ‘%\ﬁ? é%&?’?"ﬂ??o NSt her
cell's (i.e. pgfad %ﬁﬁ?’h&?ergmrﬁ&&m&5an@%H§x&8§B§kv§eerﬁ Yr%geﬁlébeo?’cangﬁwﬁé/t es,

eosi nophi | s, basophi | pocytes, etc I'n an |1 nverse atlonshlp
with age, toespangy wpmtﬂm@fnairdvﬁm ehMcatypmg red,ovisinh as soumtdnierel| bcbnes

Factors. "Trb SAo BecsBy W BSbelin-aa0d i ER oSt e M sStnd RERe
stronal and is concerned with the productton of blood cells (i.e. hematoponems) and
hemoglobin (thus, the red color); and yellow, which consists largely of fat cells
{thus, the yellow color) and connective tissue.
15
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
morpholdgicalty 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.

23 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). F{eceﬁt evidence indicates that these cells, called

30  pluripotent stromal stem cells or mesenchymal stem cells, have the abitity to-
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cells, supernatant from bone marrow stromal cells, or the secretions
relsijlt}ng fromthe mtera;:tljon of bonﬁ mar r ow stromal ce:Is and otlpngU%t
cells for Jeatnment o i sease. These secretions inc are no
limted to‘tvag'ﬁ“h%?ﬁay of growth, trophic, and angi ogenesi spg'g@ts%‘}ljé“ “The

met hod of the present invention pronotes an inproved outcone for the
recovery frgenerete oimad davewly, dlﬁerent héypasn] of yeelby limegméing.i resteduyted,f ect s
of the treatnent, for exanple. ? enesj s and augmani_‘l nl% t he bl ood '
vessel proomqridéﬁcsrteﬁnéalpppmst@éc HBRD AGtYRlio. HPWEVEL hPsTIERENHERA at ur e.

The oreser LRSI 8 oA ROy A PRI agAg Ik SideTsRafy i

conpensat ory nmechani s anmage or

degener ati oof. dtthéirt iomtial |(j.e. t keythroeytesds matdlatonpositrophils, oflym;bi‘eocryt%,ent
i nventi gn can enhance the effectiveness of cell therap Enrichi ng and/ or

r epopul 3t i TYCRRSYIER] RAENQARANISs BAFORHIH ﬁﬂﬁ?@fﬂ%t%@) b3 IpYRIEe
di ff t | E V\/n
thi st her apgatoMs Bt ARt 4 iy 8 bAoA ereliEtnd Ihto B aes Tt (T

units in thorinestive t'§$ees nde pErsing fupopntheadrifiveace ndft & murabense diddutive
function of the heart. Additionally, the stemcells can al so be responsible
for the rell@g98Sof various substances such as trophic factors. Thus, for
exanple, 9 5 10 15 20 25 WD 113/059272 13 JUL 2006 PCT/LISII3/111 129 the
rel ease of trophic factors induces angi ogenesis (increase of the nunber of
bl ood vessels) in order to increase cardiac function and/or treat heart
failuré® Ther ef'ﬂnepurmmesbbmecptdssnbbweauentis;)tab ntlizabone andiraw stroneali on

and/or treat , heart re through various ot her than j.ust
G f o ent | dSAgSHAPGAH AT GENE CAravas el Fale GG SRESISdBEtEBR o
trophic f aCfF&ﬁsthegﬁi%%Ehcfrﬁéf BbfRe n?é%@%%ﬁ%@@eﬂs anRICIREP stem CBAY & thy an
expensi ve and difficult process. The netho d
treatment of disease. These secretions include, but are not limited to, an
array of growth, trophic, and angiogenesis factors. The method of the present
15  invention promotes an improved outcome for the recovery from neuronal
injury, or other i_njury, 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. Additidnaﬂy, the stem cells can also be réSponsible for

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



conposition of the present invention provide an inexpensive and sinple
nmet hod of producing pure trophic factors, growh factors, and ot her13r¢llea30§6d

factors LY Q¥-2dm nistering the therapy of the present o, These
factors gg\&lsgge/m‘u%gd for treatnent patients. For exanpl e, tﬁgw%&gﬁsﬁcan be

used for inducing angi ogenesi s, vascul ogenesis, and to enhance function and
repair of tihesigi@Assodhtrophicfacomindupes Bnpwenesis(inGiensd 6Ff B1RwEPeEPAl to

det erm ne r e . . |

Fact or es_fBPCCaRaEI Y e L BFRradite PR RurioR I REF e nd e,
factors. TheRerefb@CttRE Sstemn ckn¢ lopdeatebtt irireas@tcdriiict Rfction addr tidat,
BDNF, NGF, bFG-, etc. The nethods of the present invention allowthe

product i on b¢ar Hadwe thaeugh yarieusdneehanismat @epihanjusk diffesndiatingnieto For

exanpl egcul § ur ondj.Li mani pul ated by co-culturing cells with
ti ssue and/ f)uﬂcﬁ?r?%!ecr%gh{acqﬁgfcg?&ﬁﬁgoncentrati ons in the culture nmedium The
present invention is based on the use of cell therapy to treat disease.

Al t hough stemcells have different origins (enbryo, bone marrow, Iliver, fat
tissue, etc.), theerpragystieanet derptvn feptaractepmndh i factasst igad aRsPgRN@ t he

e “orevi oulef et BRIGAN® ahe RRRdRie i el Piserofo. SBXBRINGY 4d Poc
di fferenti agdmpbsition cer dh&cprgeal enastion. géab&haé_sgﬁ ploxpénsivd 9 Si9pl - 10
WO 113/059272 1 3 JUL 2006 PCT/US03/01129 Applicants have devel oped a

pr oces<0f or MedRhOf ROAURING RYrRyireRhin URBIPr S NBEMMENTASATS s BB YBET selpterin
ti . , . t] ; , | t i . h |
Stom cel | s Pstdisantiely BhARReRIg sheRorby f fie BIERARELIBNGE PRGN

t herapy. Thizcolrgesin ve Wedsftehremmcnt patients. Forsekamples ditd Yattory easebd he
nunber of mesenchymal stemcells and to utilize these cells to redirect

and/ or rei N PriRduBaENgIGaRNeaiS. Vapeylageiesisapad it pnhantk lufcdieRAhal
stem cel | s ir%ﬁ?é‘éﬁ&@%o&ﬁ‘fr?bﬁ%nﬁ%%& ﬁ’?&'tﬁé’r@'fdr@cbe%%ﬁci%rl fAGettmidssue
danmage to enhance .  of stinulate in vivo growh for Tegeneration and/ or
repair 15t o what doesi mplrav strdhes i asiist cavdrd eusplpyed tdseteluido fareriee ot hr ough
subsequent actjvation and differentiation, enhance |, hem)p?i etic | |
product i on, Peducing and secreting trophic, growth, and angiogenic factors. hese

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 cuiture 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 cells have been shown to be able to differentiate

into cardiac muscle cells. (Malitsev et al., 1993; 1994).

10



15 20 Various procedures are contenplated by the inventors for transferring,
I mobi | 1 zi ng, and activating the culture expanded, purified mesencfuyr]g{ %[% em
g e

cells at t his,for repair, inplantation, etc., including_jnjectin

cell's at t‘ﬂgl@gi)t'-é‘ of a skeletal defect, incubating the ce?Fi’l Y
prosthesis and inplanting the prosthesis, etc. Thus, by isolating,
purifying and grigatlicenexpavaeldageloped anpnoizess édr iselating @ndopurfging human
differentiation and then actjvely controlling the differentiatio rocess
by virtue ShesE IR STEToRFlsyTal SRsieprir o diissnbatommRganan St
pretreating. g ri i T, a t af.l t I gs~1 €panded,
undi fferen%’égtagginﬁeggﬁc yr?g Qg)irﬂﬁ (fc’tta%rf]seggéna@e%h??%eze%e\{‘ag%@grFooolﬂsf&?

t her apeut i mquuoipgieas asdahusculdsketdtacthdadpy.CEld obfeciiveolf sauh aranipokdtigenet i c
disorders i.n a wi de nunber of neurol og&c di seases, neural i%rz, met abol i c
aRREA O 4R

bone di$ead®d? %’ﬁ@ﬁ%t’%ﬂ’reé?%ﬁh%s’}%?erc mesgpenyeyd stam gslls tiz€endon

injuries a : I ' | .25
Var Fous pr et eets [ SEIa SRl e Rbe SO0 ¥ Poinf Hebrefl PEbRcing
I mobi | i zi Nidhe Aedeachymat stegn thiks mes dackastad is tgeeatonumbegeand applietilts at t he
site for repair, * | antation, etc., through the uyse of various porous
ceram c vEnERs eS8l oNSLEr rFaEPaTe | | eRNANES riffe HYRIENdN c &5 QFHY"@‘ t@%é

| ocati on of..kRj : Rodi ;

e Us( 13/ 11415520 dhrar ek, 12, pr, o aC A edn o008 mroselic
nunberl®f diividesr etitrosglir cassennehudiastvatiangs anfd f differexitidtiead emhaebéous
bone pi ece}, obt.ai. ned frcgﬂc atients with degenerative joint disease during
hip or knedemepfigierehpr gg?y?tcand from aspirated marrow obtai ned from
normal donors and oncol ogy patients who have marrow harvested for future

léglnle gﬁ”ﬁ\rlve t r angR)LRNp@ck80res b ichssraBmiphaeRasy Bt RfeARIS QY thaSsiBFaRAr ed for
immobilizing, and activating the culture expanded, purified mesenchymal stem
cells at the site for repair, implantation, etc., including injecting the cells at the
15 site of a skeletal defect, incubating the cells with a prosthesis and implanting
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 various
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 celis into the location of injury.

11



separation by a nunber oi different nmechanical isolation processes depending
upon the source of the harvested marrow (i.e. the presence of bong Zhilpzmgs

peri pheralw(l;)l’&%q,net c.), the critical step involved in thep&ﬁﬂlg@}“hqg)
processes wWas thé use of a specially prepared nediumthat confal ned agents

which allowed for not only nesenchymal stemcell growth w thout
di f f erenti at i on, Thathuataw Mfesenchymadl sicen icellsl isandrec ebtainashirgmt hsumess ot hy mal

t Il's 0 the plastic,or gl f the cui ture dish. By
or oduci ng. a e Ik faroaE PaReS HcPEER Bl el st Sebiiert HeBscdi  eo
mesenchy Ml oSiafBd ¢ldnt ;Seh%tn_t%ﬁgiﬁ} g@g%%%i“é'ti\}é" jQIRE IEASBNHEAP IHRS dF KREY

m nute anounts, It was possi separate the nesenchynmal stemcells from
t he ot her cedplacgmemrt surgenamodvindrm esplirated meetdve obteimed frant hemmeaitdcatoss

mesenchymal cells, etc.).present .in the bon mar r I ndi cated above,
tho_ cond! et BVACRIRGYAREHENG, WPP AqYS et ey S=6h Bf R ones Blag o
processes depREdlhAGHEROAIthBEgERRE fdrGodtsBem afrol val HrepARid/ @3 tdeN buMLPS eSS es
used in order to prepare the harvested bone marrow for™ cell culture

separ at i on. s&faratiph bysa oéimben of difterentomeeh mmicabisoletioa procéssesdiepdridingar r ow

dded to th | et di d. t . to, f di I op. whi ch
was then ccHePR TUGEHHER SEAHF A VEHES MAIGI G 1 e PEREABRA R £81P%et .

The marrow %@Jiﬂ;ﬁerﬁFBf&%ﬁsbmH thé %ﬁﬂ%in@é?bhdvd?@e& ﬁfg@g?}gﬁ')bhmée@f%gn\%&' s,

and a very nute amount of  nesenc stem ce
di ssocil&t edthenuse sf agsreaialy sraparedssedignt tiatcompdipee agediuwhiobnalldwedg t he
marrow cel l s through syringes fitted with serie 16, .18, , and 20, _gauge
need! s 1 oAb TEreRAran s el ciguth PabaEE derraingh: RE AR oTa fon
of 12 1 3 Jile ANEE aM:R3cBS9R ERIVPIE HsHnbhiimkl Zt8mdocdls IS RO piastiRO of he
mechani cal separation process, as opposed to"any enzynatic separation
process, vaglashstriehe areaiedthe aultyeodiel sBypeddieeing la mediine $1at @llaweedHange
while the selective attachment of the desired mesenchymal stem cells that were
13 present in the marrow samples .n very minute amounts, it was possible 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 celis 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

12



an enzymatic process could produce cellul ar damage particularly to the
protein binding sites needed for culture adherence and sel ective sepdriiizmg,

and/or to [ J,01,ei n sites needed for the production of .
ant i bodi es\w@g@éﬁzi c for said nmesenchymal stemcells. Theng'f‘]{r){grk@m@l'efjl

suspension (which was nmade up of approxi mately 50-100 x 106 nucl eated
cells) was theemechabisdseparation aroeassnad 0opasedicRey drorymalls sapepaken of
selectively _separati nd/ or _isalating the senchymal, stem.cells, fromthe
emai ni ng ~ SIS BandrtEHBechiNeRR BRes IR SR R B ey IANGRENR 11| zed
as the sourgf @ﬁz*rﬁﬁti@uﬁ@'&esﬁﬁéﬁﬂﬁhdl@ucét eanast ldamade miémﬂftt@rrw@l I's
(which contained little or no bone chips but a great deal of blood) were

added to ther@eimpbiedingrstiesmeadad for soltuenadieerence rarrkselective sepamgtios: .
Loui s, .) _gr.adients re rticularl descr,i hed bel ow. The, Percol.l
orad ents saHEREahE ek Bk pEHEL ISR AR SrwdloebiRL S TiE s
nmononucl eat §oB&MBEOP LRI n@sBREhYmMAY &8 Reld oPhe anfdid e R AbBh&bnT fadhén On
that contained the marrow derived nesenchynmal stemcells. "The platel et
fraction, whiashmesie almed approxithatelyel50- 800 50 0 108clestdds cells)s wasadiemp of

an undeterm_ned amount of plate cel 30-50 106 nucleated, cells, and
only about '§Bb%%ﬂj-'erﬂl§|§e iﬂ? o s%@ﬁn 0&H arsagf)g%lfi ﬁ'QEUBWr?O?ﬁe& a?geé.e%tfve%e
marr ow donorsepé{daeinboahd?@msdia{tirpg{ W& IeEsdichgH D sidmschiteftor] BleefbrhBinidde
Petri dish for sel éctive separation based upon cell adherence. The ndarrow

cel | s dth ai pelds foupsh iBithésuspersieancel | ous bone or iliac aspirate (i.e. the
primary cultures) were grown in conplete nediumand allowed to adhere to
the surface of the Petri dishes for one to seven days according to the

conditions set fuyyiidh halpratediMaroR0 WatC LERER] idd &8 | solrtd asthiNhunesn
observed after the third day, three days was chosen as the standard | ength

of tinme at WMAESERChY@ahsiemdieisethe marrow wamn qedadwiicty pomainedslitle orsneo 25
30 VO 03/ 4h8833 chips but a great deal of blood) were added to the complete medium and

15 fractionated with Percoll (Sigma, St. Louis, Mo.) gradients more particularly
described below. The Percoll gradients separated a large percentage of the
red blood celis 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.

23 The marrow cells obtained from either the cancelious 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

i3



13 JUL 2006 PCT/USO3 /111 1 2 9 the cultures by replacing the original
conplete nediumwi th fresh conplete nedium Subsequent nedium chahaeﬁjmﬁlyéle
per f or med every four days until the culture dishes becanep(;:lgpgjswﬁmj whi

nor mal |y ?‘@q‘ﬁ‘ Yd*14-21 days. This represented a 10' -10° A heYease in
undi fferentiated human mesenchymal stemcells. The cells were then detached
fromthe cuthauceiturieshiey replacing g ariginal sasipigicageaiung ueith dwshrgqepiete th-

EDTA (eth I d tet t d 0. 25(V

(Lt s ) mractn” SePSRAUER; BRENT, Gl roCReiamish Susd P B S arkora
(ethyl ene gtnecannﬁé%ér?esaﬁémetcbhhuéhmpﬁkh%dvmalw&baa@@&ﬂI4021a@a . Higma
Chem cal Co., . Louis, ,Mb.). The advantage produced through t e use of a

chel ati ng ameswed aﬂppsi(h -indcs indraasa fry padifferentidted fossamimessnchymadf f a
number f the bi n@%ng proteins of the nesenchymal stemcells. Since these
b|nd|ng pro ntain recognition sites, when nonoclonal antibodies were
sought to be produced, a chelating agent such as EGIA as opposed to
trypsin, was, utilized as the releasing agent. The rel easi ng agent was then
i nactivated and The delimcherd den wietdcheddiroherthet dultire disbenactijiming sa em

cand 1 one, FaEe e Ay ShER S B DS AR IRRRRY iR R R R80T

di fferenti ageosnt Qr))éﬂ{‘eﬂ\’ﬂﬂ% SLEY 1%@6‘3 28! GranBOlasd, sevgi Bm g
phosphate ceram cs.” Al't hough the internal factors whi ch i nfluence the

mesenchymal cmlehmgelgegt sucfd asfEGEAt fethydenaplychbhis-@samineosidy! edeclaNthl't age
cells are n kno: 1t _appears th di rect of the
mesenchynal P%'E h(él e 08%% ﬁﬁﬁﬁﬁc"ﬂ ?:Itp 'e%i fla?:"flﬁ'r ﬁgﬁ‘pgﬁ? OA%\{?Y.'[I
vascul at ur eﬁfdd@@d%%@g?}‘i tha! MsBhersR bnematingr a@éﬂs@v@fsw@@% tratttAgsin

e

di f fusi on chanmber, influenced the differentiation of mesenchymal stem
cel s into pewd. possttier cleene mfhia exmbect of athesbinsding prateiss| §th¢f\%reate

14 0 031 oBES73eyrha6 ol el ARhpBAPERE) QlghiSgRCRE! cBhval fedigifis |

15 . sites, when monoclonal antibodies were sought to be produced, a chelating
agent such as EGTA as opposed to trypsin, was utilized as the releasing
agent. The réleasing agent was then inactivated and the detached cultured
undifferentiated mesenchymal stem cells were washed with complete medium

for subsequent use.

Under certain conditions, culture expanded mesenchymal stem cells
have the ability to differentiate into bone when incudated as a graft in porous
calcium phosphate ceramics. Although the intemal 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 Ainto bone. Further, the brain extract causes the stem cells to create

30 additional trophic factors further enhancing the effect of the stem cells.

14



As a result, the isolated and cul ture expanded nesenchymal stemcells can
be utilifed under cegt?}n specific cgnditgons aﬂdlgr undgr t he infﬁgq@@gmﬁf
certain fa ) ifferentiate and produce the desire )
needed 5 ggﬁbﬁﬁggge repair. 10 15 20 25 30 Adninistrationqg?%gﬂgﬁﬂg}e dose
of mesenchymal stemcells can be effective to reduce or elimnate the T
cell response to tissue allogeneic to the T cells or to "non-self" tissue,
particularly in the case where the T |ynphocytes retain their

non-r esponsi ve chagdesstlt, {he isolatedpad gulivreopxpansiagyneseneymgeiemcelisel | s

Cr anspl ant | eaizer CBRF ERRBTERRETN Pahor By s Slarandd an g Tleee i oy

the fol | ow pertdin 98a6ky, € diftPesfiee 47l prddand thid deshe@tnil phkneghearseded
adm ni stered to the patient. The adm nistration can be subcutaneously,

par ent ePal | §or tiB8YRIEROAY- i nt r avenous, intraarterial, intramuscul ar,
intraperitoneally, and intranasal adm nistration as well as with

i ntrathecal and infusion techniques. The dosage of the nesenchymal stem
cell's varies w t Rimirnstektidr BftS siddie dSsd iof trRdsémcHyfeall Stényicduglcan be

requi rements in each particular case. In general, “in the case of parenteral
adni ni st r at effgctivettoireducs vomiminate iant negt@&pqnsanﬁo tigspgt alpgeneicotodbeut 5

i1l | ' Of i pi d i ght f cell
Used wil | dbgelienl? e Se ins B PREE larbi B g PodRun et e SnPRPhoRess ey
of or fpequesgit tAbirarbn-RispbhaivieOdsaradied (Dé heslevaideabt apekdioup dliegehbiese of

skill in the art. The mesenchymal stemcells can be adnm nistered by a route
that is suitellslafter deintheeparatamkironr armesenawma steminelisr anspl ant ed.  They
can be admnistered systemcally, i.e., parenterally, by intravenous

injection or can be targeted to a particular tissue or organ, such as bone
marrow. The hurhe gg?émhﬁﬁﬁiocﬁbﬁﬂhﬁﬂilhﬁtir@gi@tém 8T ks besiadextiadt anto

subcut aneous 15 WO 09272 1 3 JUL 2006 :
the myocardium occurs by the following procedure. The stem cells and the -
15 brain extract are administered to the patient. The administration can be
subcutaneousty, parenterally  including intravenous, intraarterial,
' iniramuscular, intraperitoneally, and intranasal administration as well 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 S 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 mesenchymail 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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PCT/U S113/0 1 1 2 9 inplantation of cells or by injection of stemcell into
connec:ji \ée tissue, for exarrglfa muscle. 5 10 15 20 25 30 Tpe cells pygug%gq
suspended | < ropriate diluent, at a concentration o t 0.
t o about S\IVQ 0%%322; | s/m. Suitable excipients for inject ipgfrﬁ@g}/ﬁﬁiggns are
those that are biologically and physiologically conpatible with the cells
and wi t h t himplesiaticenof celgiorasy tnjetikoredf siemeell Soloucponedtiveotisrire, sfort abl e
exci pients. The conposition for adm nistration nust be formnul ated, produced
and stored S¥¥BP r?rﬁT‘g'SFI@-standard met hods conmplying with proper sterility
and stability. Although the invention is not |limted thereto, mesenchymnal
stemcells can be isolated, preferably from bone marrow, purified, and
expanded in cul Theeceilsecann ba t suspandedbtiai rars uippropeate ndidents af ael | s

For mat 1 9e. pPIGUELAD 4t atalk ROT K alouhS R0 e mL ST P IeSs sen
[l seues, S ERATRE SownaTaR MBen et ertoidRaRE ok MisRgRaly ™

transduct i ocompatiwsemdithytred cells eand akitts the icgrénts eslidm aGebsaffereet salind). S.

Pat. No. 5,591,625. Unless qotherw se stafed, genetic,nmanipul.ations are
per f or med a%omﬂ%%&’i%aﬁr Fyt ﬁtﬁxﬁtﬂter&ﬁd%/ﬁrﬁ P%ﬁ‘t'm@ﬂ&ﬁ“ﬁmr’l\@”%

LABORATORY ; '
Spring ter bt TCRaRR gEEuceat SRieAGHEY 10 SRR Meib S famehS, |
has, bé&8omewab pnoent $terilitylamal stebaity.one mechani sm for the deteriorati on of

function in heart failure of any etiology is due, in -part, to the ongoing
death of heart nuscle cells (Sabbah, 2000). The solution to this problemis

to enrich and/ or zk&H 'tﬁ% GveRNMEOGE FHhise Whd st Efesahehfial &ehd cufis ch
take the place of lost cells or 16

‘ can be isclated, preferably from bone marrow, purified, and expanded in
culture, i.e. in vitro, to obtain sufficient numbers of cells for use in the methods
15 described herein. Mesenchymal stem cells, the formative pluripotent biast
cells found in the bone, are normally present at very iow 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. 5,591,625.

20
Unless otherwise stated, genetic 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 abundanily
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

16



1 3 JUL 2006 WD 03/059272 PCT/ US03/ 01129 provi de additional reinforcenent of
the currently functioning cardiac cells, thereby inproving the purtdi HY. 2006

function o;‘ {, Lling heart. The present invention is advant ous over
all curren I%/(t}zx 'gfl ng 5 treatnents because there are no %mﬁsqgm Yeffects

and the treatnent is relatively non-invasive. For exanple, treatnment of
heart fail upmw@ cdditéonid! yreinfasmemngnti o’hrtlnfbycmrerttlyefmloofngjrcagi;ac heglls,

i nt erfere eur ohunor st ens n gi cal treatnent :
exi sts that h%@EYIHBDWé{?Q %@%%EB'I”&JFQ?? Ogg"e %@ﬁl [he use of ventricul ar
or bi-ventricular assisting devices. The 10 advantages offered by the
present invention is the ability to treat heart failure by directly

addr essi ng t he pifheapyesanismvehtiomeisdiaseastagenagebyer latis suokntiy oexisting i | e
units. popul ation of the ocardiumwith stemcells that differentiate
"t o cont r SEBRIECHA PECAYRR TSR sieb OOk ra%wwd% S5 e FRabTShe
failing heaFélat;Jé?;erﬁJfran%a ive. ”PMP'exﬁﬂﬁnl fgf«?ﬁth@f 68 &%ul&rfe isNeuRERR) em

Q her 15 advant ages I ncl u e absenc ects t are often
associ at ed bhaséd phmarﬂusendheph;arafedmgsmazahtarfmeamh aamto@lumalesyﬁemmmne

rejection that plagues hea nspl ant ation. o er or tra | ants and
e abi 1ty Adsiforaliasuraia rerbRRncoRats dia bebieony FReRRUAleRIfS. 20
The present weflvaal irpn (s dihoomALER! 8t Bidenfifklaée dBIRingUEGREs, Supg cal

t herapi es and possibly even p armacol ogi cal therapies. vices currently

exi st tRat atiVarWages |cxfiargddw the @mesent| isvemtiaroiy tivecability toi ttdat hegirnfadute act
to the fail rt eter- basedap ches, thus elimnpating the
need for OpbYI ‘?,JFF‘eC'é éﬁa gl?ﬁj iRTIreRfY| Fousy 1l %59 &ﬁ@sﬁnm%np of

appl i cabl e cdpradtiidohhitd. heH@%@dhlé‘iﬁﬂi Al RNy UHBIm alith Vﬁéﬁr icBA haet ting.
The net hod gndrco’rrposmlon of the presen% I n entIOlI’Lll are exenplified Fn he
Exanpl es i ndiﬁed@maﬁeneﬁmcowactt@ gpémtfﬁatc::mtbbdien@ntma averadlifgnttinredf theer ei n,

they are no exh eadcanlnlueot er swt e desi 30 vary
1 tea gn alRiTb ARl By Re ] 5hd s Brn tiaren & PR EPRrt alkngk 'y
17 WO @8/ 058@\7&1&9@5 Jﬁ&u@@%@seﬁé@' of kiBLAdRd 29at 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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any differing design, nethods, structures, and materials known to those
skilled in the art can be utilized w thout departing fromthe spiirj gijlofog he
present i{iﬁ)e(g}og‘%q, 5 FXAMPI FS MFTHN11lS: Ceneral nethods in nol ecul,’qr

bi ol ogy: Standard fol ecul ar bi ol ogy, techniques known in tHe/S*P"Hd not
specifically described were generally 10 followed as in Sanbrook et at.,

Mol ecul ar Cyondiigring deimT, ahothydbbstuadturdsnladd rBatdriags kisgwoto tradser skilday

Press, New York (1989), and_in Ausubel et al., Current _I?ro%jocol s in '
Mol ecul ar Biothegyrt $aRnbev ytdized nwitisows departingndiea thepsRilita Rl thege@seahd in
Perbal, A %gﬁﬁml Quide to Mol ecular Coning, John Wley & Sons, New York
(1988), and'i ‘'son et al., Reconbinant DNA, 15 Scientific American Books,
New York and in Birren et al (eds) Genone Analysis: A Laboratory Mnual
Series,_Vols. 1-4 Cold Spring Harbor Laboratory Press, New York (1998) and
met hodoPogy as set forth in United EXAMBLERtents 4,666,828; 4,683, 202;
4,801, 531, @%%9 and 5,272,057 and incorporated herein by reference.

Pol yner ase i action (PCR) was 20 carried out generally as in PCR
Protocol s: A Guide To Methods And Applications, Academ c Press, San Diego,
CA (1990). In-situ (In-cell) PCRin conbination wth Flow Cytonetry can be
used for detecti@anefalc@eihpdsoiit Melpagar dpelenyi c Stard dmefaclare Bigdeme

S
(Testoni et : 6 : 382 . in.l :
St andard rre&e%hﬁ'galgg Lf%grbuﬁgﬂotg’é §Bnig)r\"/\% rfoﬁ ﬁ%ﬂ%ﬂygﬁwg’t%dsg@t%%r?@y
described afofiogedersinl JamhbtdokveichiasvibleculBlriCiesingt AlLabedory Masisl, ot
Cinical Immunology (8th Edition), Appleton ‘Lange, Norwal k, CT (1994) and

M shel | andSBfg glarbeadyabosaiosy feaste e sYQfﬁL (é%lg upad if‘r’rﬁhﬁ&_’%g?‘, al H,
hocon, ineGPenc HIOBI o AERyiOphiolP, JOF CBA) s KL itiond] o
Maryland (1989) and in Perbal, A Practical Guide to Molecular Cloning, John
Wiley & Sons, New York (1988), and in Watson et al.,, Recombinant DNA,
15 Scientific American Books, New York and in Birren et al (eds) Genome
Analysis: A Laboratory Manual Series, Vofs. 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 incorporated 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 ét al, 1996, Blood 87:3822.)

25 General methods in immunology: Standard methods in immunblogyr
known in the art and not specifically described are genefally followed as in
Stites et al.(eds), Basic and Clinical Immunoclogy (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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The cells of the present invention is adm nistered and dosed in acggrﬂ?nce
with good medical practice, taking into account the clinical conditpoWNla806
the i ndivi gus;Rd84ent, the site and method of adninistrat“QﬁV]&aﬁpgguling
of adm ni stration, patient age, sex, body wei ght and other factors Known to
medi cal practitioners. The pharmaceutically "effective anount" for purposes
herein is t such considerations as are known in the art.
The amount nust be effective to achieve inprovenent including but not
limted to inproved survival rate or nore rapid recovery, or inprovenent or

el imnation of syt eals asrd tied heresendiigdémich 45 admiristbant ethdasiosadpippri ate
nmeasures by those skilled in the art. In the nethod of the present

i nventi on, @AReOEANFe witht geodr exstigal prctineeriekipg §da Becet Wisstcdpisal i n

e phar nmcoaerdlipflyChae JFaBRLEE atRhs tnss SR EngabRicEt 8 SN ETs s an
active i ngr egh&dilingnoiCadmirigtatim, Watisnt Bhar BB ebbdE ddightafppthabligcteps riers,

di luents, adjuvants and vehicles. The cells can be adninistered orally,
subcut aneou¥n9wartopaediveé padstiionaes. udihegpharmanaudivalio leffeativeramevey ifar |

 nt 1 at hocal PARSER TSR, < B ofmeBMee B SRPE Gina i pE LIl Wcer Ui
The patient theaRg Theaheslritmasies Bifecneses agRigval inprvement Pafudisy bat ,
mammal s i ncl uding man. The pharmaceutically acceptable carrjers, diluents,

adj uvaritS anat iefed| tesimasoved supdvalmgleRt neelier 1agid reRavensl Pyimpsoyament t o
il ans” ) : A o ; Lo
ot react na e TR, &, skMBldmb bl bl HERRRYST AS7SRSKeREIR 4T L

t hat humans appegriatateshsgesebathosd skigst infthamat.he mce or ot her
experinmental animals exenplified herein which treatment has a | ength
proportional to the length of the disease process and drug effectiveness.

Ihe 19,10 03102957244 Sl 230, PR i, ‘93 2shEno g Bl
preferdeéd. Mmvention can be administered in various ways. It should be noted that it can
be administered as the cells or as pharmaceutically acceptabie 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 inciuding
20  intravenous, intraarterial, intramuscular, intraperitoneaily, 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 liguid 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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10 15 20 25 30 The doses can be singl e doses or nultiple doses over a period
of several days. The treatnent generally has a | ength proportionali ip 2}]dge

length ofwphgushsease process and drug effectiveness and tplae/m%ﬁqg
species being treated. \Wen administeri ng the cells of the present

i nvention parenterally, it wll generally be fornulated in a unit dosage
i nj ect abl e qa5iem qbPatsiage desqfeRsbiltipleciRlan BKsT a MRKIQthar RERAH Fays.

formul ati ong, g%@?g?g?g Qe fg% on include sterile aqueous solutions or '

di sper si ons e potwders for reconstitution into sterile injectable
solutions or dispersions. The carrier can be a sol vent or dispersing medi um
containing, for exanple wat er, ethanol, poly (for exanple ycerol ,

propyl ene gl ycolthg |d@t§|9§ G516t B Elages col m‘dﬂla'et deses l@é’)?f a @@F'@ﬁb‘l)fe
Xt o5 L NeEel o 000 AT abh e b RS [t bhop g R AAEC, O

the required thardisedse sroresk md&@rlﬁgaéﬁeﬂfver@sémfcﬁtr@paﬂéhtbspédi& pemgof
surfactants. Nonaqueous vehicles such a cottonseed oil, sesane oil, olive

oil, soybeeﬁ\‘ﬁaéﬁ?qi corn oil, sunflower oil, or peanut oi | and esters such
as isopropyl nyristate, can also be used as solvent systens for ceIIs
conpositions. Additionally, various additives which enhance the stability,

sterility, and iwhtardmihisteing the csispsigheipresenti inedntibrngareatdray,dr el al
preservatives, antioxidants, chelating agents, and buffers, can be added.
Prevent{ on gsmerally e foraniaedhing v Qaﬁﬁg%ﬂléﬁﬁb&efoéﬁ‘s@%&w@y SUSRRT LR,

ant i bact er iggh, g antUAalmAGSNIch bRy EIARE! Cuidtfs ABFNAectsh! AEp anol

phenol , sorbic ac , and n-nmany cases, esirable to

i ncl ude i s@t@:ﬁlemcﬂ@eumsohﬁtMnsemmpbersm@and stermlémuwdmsdor cezonstifudionhe
|i ke. Prol gnged absorption of the injectable ar maceutical formcan 20 1 3

JUL 2006 Feo1aienesoispateRoluYons (o GEParSENS. PRE TaRTer cambe 2 Eolvé or
dispersing medium containing, for example, water, ethanol, polyol (for

15 example, glycerol, propylene glycol, 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 pariicle 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
solvent systems for cells compositions. Additionally, various additives which
enhance the stability, sterility, and isotonicity of fhe 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 like. 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



10 15 20 be brought about by the use of agents del ayi ng absorption,

exanpl e, alunlnun1nnnostearate and gelatin. According to the preséﬁLWLZWE

i nvention any vehicle, diluent, or additive us s ve to be
conpatlbIQWDh& “h™ the cells. Sterile injectable solutions 35% e g?ggared by
i ncorporati t he eIIs tilized in practicj t he present .inventi n in the
requir ed an@%rﬁrolﬂg tﬁ@OUégﬁ( Bl UsLe0k 3068k dﬁfagm/&tise[@l% foh&x8

i ngredi ent sg S [RC cal I 4

i nvention canﬁﬂnﬁjrﬁal Q{nﬁﬁ‘%ﬂ%ﬁ%ﬁaﬁ? ghgﬁﬁﬁgat |'Aééncg%r(?qr'llbgttr?l ?ﬂ? g;freé ep‘fvgﬁrrul ‘ation
cont ai ni ng lamyeveroapgt vatlielec diluerdr or additivesused waudd hekie dbeie edinpatibles,
additives, and diluents; or the cells utilized in the present invention can
be adnlnlst@Fga“bQ? teraIIy to the patient in the formof slowrelease
subcut ageous inplants or targeted delivery systens such as nonocl onal

anti bodi es, vectored delivery, iontophoretic, polymer matrices, |iposones,
and m cr ospher esStdrilalimbetabld soltitibhs aran Baqueparanﬁb\ﬁ liﬂ\ccirpotdmgmesmts

i nvention in luge; 5,225,182; 5,169, 383; 167, 616; 4,959,217; 4,925, 678;

4, 487, 603; I!aszaCth"Zﬁﬁh%ﬂesﬁnhzﬁ"%@” in 438, rfgelregnam@uawfl 3 Many

other such a;ﬁﬂ'ogny?e soI0EAIWE Yo ed Bhe GG, FRALLENISAEE diflibaknoun to those

skilled int arnaco oglca ornu Ion o e cells utilized in
the present invention can be adninistered orally to the patient.

Co | net pod h d N bl e
uspendPone, ol B IR 3eARARPONGIMAF ol B BeRA s MEABRs CHAd BBhe | ke

b d
are usab’ €. fﬁg%l egf%' QIH@S At wfieir; Eedééblgg%rh%léﬁod Fﬁ)dngé[ﬁﬁﬁusdr%yha”

retain the bi act i Vit y are prefe I'n one e
cel I s of theomppetietcarneristchascarions vaimb‘re.nadjua!ame additives,| andogliliemts;avenous

et on {8 Pl 9P| 9L ek h2a R, M Abh e84 St BB BBl !
to the patient in the form of slow-release subcutaneous implants or targeted
15  delivery systems such as monoclonal antibodies, 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 pharmacoiogicél 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, emuisions,.
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 jevel. The patient's levels are then maintained by an oral dosage form,
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20 25 WO 03/059272 13 JUL 2006 PCT/US03/0lI 129 although other forns of
adm ni stration, dependent upon the patient's condition and as indi} cji'ggngaﬁ

above, car\.,ggy;,@eg The quantity to be adm nistered will the
patient being treated and will vary from about 100 ng/kg o}éé &’95” P ght to

100 ng/ kg of body wei ght per day and preferably will be from 10 ng/ kg to 10
g/ kg per Mhou@(@mpétemlmﬁcﬁ&tdrmntstmtiohrdep@md@ntm;mnmhier@al'reﬂt(;'th)jltMth bone
marrow stronal cel I S oves functional outcone Ti ssue '

r epl acenentddsapdpd ’Pﬁ@d éFIPY/e c%@ﬁs‘aﬁﬁy ThroAUantity teche %ﬂ?ﬁ?rﬁﬁt‘é{t]’l on

t her apy. Q%{},i, R, [ air
and repl ace#y%rq#% g@@?elﬁﬁgie%éd %Eés%m rov 3e trgtgﬁlt g%gurg%/ﬁgt ?JthS’ppl ays
arolein thgmvmau%nhgﬂ{g oﬂansage.desghssseda?h@nd @sgienstdy ofill herdomvBOs
(hwvsCs)_to the cerebral tissue extract from TBI was investigated and tested
to det et m MeINALe HOMPAW PaEIa¥%nvi r onment i nduces hMSC differentiati on and
grom h factor secretion. hMSCs were cultured with TBI extracts in vitro and
i mmunocyt ochenmi stry and quantitative sandwi ch enzyne-linked i mmunosor bent
assay (ELI 3ampleci: perforned. The results show that TBI conditioned hMSCs
expressed specific cellular protein markers: NeuN for neuronal nuclear
(0.2-0.5% of total hI\/ISCs) Tuj-1 for early neuronal differentiation and

neurite outgro g(qﬁg 0

ol i godendr ocyt e?%é@a/gr:h ntraalﬁﬁg‘lta B%nm lg\gﬁtﬁ bl ﬂﬁ&gﬁ;ﬁrﬁélctesll respond
by up-¥egul(mM3Cyg) immovesduptiong mficdmai in- der i Vsdue\ereplmecrmmasfmmtbe
(BDNF), nerv rowm h factor édlﬂ&e”@ asi fafl hbrobl ast growth factor (bFGF),

vascul ar erif REMPENSaiosYaYeny rgﬁﬂorl‘lgtﬂ?%ytpés YarRM SO r¥dhor
(HGF) in adgiBRs Hﬁwmﬂtshm@@he%gﬁ@ dt%%% léé’é eh8f qdBlageyt racts

drive hMSCs to express neural nor prote| ns enotyplc T the
brai n ti ssuissug&uM3ies rowide trhphEL$i@oathitiaats ptays alrate in alnsnr@atMt hSCs
provi de theJaa a Utd %sggge“l'ﬁe Zr%s‘é‘gné’?’ 9u2rr71§n MSCs (hMSCs} to the cerebral
15  tissue extract from TBI was investigated and tested to determine whether the
TBl 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 TB! 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 (8-
10%), 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 TBI 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

22



1 3 JUL 2006 PCT/US03/01 129 via a responsive secretion of an array of
gromh factors that can foster neuroprotection and angi ogenesi s. ? qzo
(ws y |P|

25 30 Bon Qu,.stromal cells (MSCs), when transplanted
rats subj g‘z?ﬂgfrt)\é\%traurratlc brain injury (TBI), pronote nethzrnr/rl '\éﬁg

functional recovery (Lu et at., 2001 a). Upon transplantation, MSCs m grate
pref erenti avirya tesppmeivleo@&breti@ﬁ ot @rprasraysedl grosdiefactonsl tt!ahma@elfdlssieexpress
pr ot ei ns pheno ic.of brain. endo%Fnous like cells (Lu et al., 2001b; Lu et
al ., 2001a;" H@Sﬁ“%’? agf anGRIANESISAl t hough the | ong-term strategy of

repl acenent of injured tissue by a stemcell population is a
straightforward approach to the treatnent of neural, injury, the |Iow | evel
of MSC di ffer eaohatnh@rmoiwstammabceﬂsd(MSBG) twhen tranisplampelitritavenanslyl iata at i on

1,12 2 Lol 1 1850 TN BBl
provi ding b%&%ﬁ/éf)y %”@t'aﬂ ‘2’@@1% Udﬁ'ﬁ%r{%ﬁéﬁtﬁhbﬂ M%%%rétevﬁréf@rbﬁt@ﬁy

cyt oki nes and gr h fact'ors (Takai 1997; Labouyrie et at.
Bj or kl und aied thé nbeald ,of2C0Mpromiseat tisstie, aand smma) ce!tsheexpe&asemm@ms

Bl 7 2001 . PR AL edHORo sy i Soli (44 £ Bhoapbi Popir H%ﬁ‘d(yséha
al ., ophi©

and nerve gxawhihdRet afl., (HF), 'A[I‘t%@% etheSWn\QLt\é% Qtfrat'e@yltffeﬁép%rﬁéﬁtsﬁﬁ bot h
invivoand in vitro (Hefti, 1986; Kromer, Kol iratsos et at., 1993;

Bul | ockPlet Mmjured1®soe @agester0oo) DOAUW@@I i asttnamumtbryacdmappfmoto the

D656) brorasderteRed T ifikal dhaoR; el AY RGe it Bt ahomn eidife ey
i schem a remrwfr@@beat.@@ran@b@ﬁw ¥t HEETBP nilded Clinlikefy swcqéh tf cells

at the borders (penunbra) of cerebral infarction (Ay et al. e%)
Vascul ar entioctenaldensfiovin Eﬂaait,(ﬁOO('IVEd;B)ebabr%@%‘ia)riwah@@ogreirﬁitv 01),

angi ogenesi g, 2tk ARUHahidRPBIdvidRGBRBARIEAGH (FhcoBlun, 1997) - Treatment. of

15
MSCs naturélly produce a variety of cytokings 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 vive 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., 1993). 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 cerebra! infarction (Ay et al., 1939).
Vascular endothelial 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

23



stroke with VEGF i nproves functional outcome (Zhang et al., 2000b).

Hepat ocyte grow h factor (HGF) expression -is naturally up-regul atp-gl 'tzﬁhhn
23 WD 03/ (@?%%;91,7,3 JUL 2006 PCT/US03/01129 the brain post-inj uré an

di spl ays anti-apoptotic effects on cerebral neurons in vi ?FE"‘(SQH Hg’ at al .,
2000a) . MATERI ALS AND METHODS 5 Reagents Hank's bal anced salt sol ution

(HBSS), mlthé@ﬁ@fnﬁpdmdh{drﬁfénaaﬂé;ﬁéﬁs aﬁﬁ-téigggdtla\@l’fécts Inogdrebtal RYENnKpoCckout

serum repl acenent, feta bovi ne serum ( trypsin and

et hyl enedi aiiraéZhang et ake20@0aci d (EDTA) 10 were purchased from G BCO (G and
I sl and, NY.). Ficoll was purchased from Pharmacia (Piscataway, NJ).

Ant i bodi es agai nst nonocl onal neuronal nuclear antigen (NeuN), polyclonal

R-tubulin imgﬁy@#ﬂy AND MFﬁqgl?yl | lary acid protein (GFAP) and nyelin

basic protein ( wer e purchase rom CHEM CON (Tenecula, CA). Kits of

sandw ch enzyne-|inked i munosor bent assays 15 (ELISA) for BDNF, bFG-, VEGF
and HGF were obtained fromR & D systens (M nneapolis, MN). The NGF ELI SA
kit was rmaddeageRlge | aboratory. Anti- 3(2.5S, 7S). NGF nonocl onal anti body,

anti - (3(2. 55, ﬂa??k’é\';%é(afnfsgg' saft\'GE?lﬁ@?nS[lﬁ?_%%ml%@éEg@cﬁ&cﬂﬁoﬁ%J gl che

Mol ecul ar Bi ochem tal's i anapori erwse in ed,

reagent s wenediaht aiDMEM); okn&tkpr DRIENEh eheekouto sefuph . rdplaicamend)) fet&X i mary
hMSCs Cul ture 25 30 The_prjmary bone narrow was obtained from 15-16 ni
aspi rat es faiRg serum| (REShrewisinrant elylensdiamingrictid @6aHE ACIELER T¥hi rat e

ot 11 ga s b Rsq iR BACKTYGIA RUftq, 1P Albhadbiiqa a0
renmoved fr dthdrimacia{Ristatevayaill)s Uspibodied dgainfiStongEibhal nerrenglemialedruged at
3 i gggégcrjﬂ%&geg} (glllétu?\f), pgir;fccilo%a)l(B-ltgguhcneilslofyp\g%rﬁ'urj-e‘l u&%?%%ﬁl?arg/%c?c? Bpotéi?mo_ m
(GFAP) and myelin basic protein (MBP) were purchased from CHEMICON
{Temecula, CA). Kits of sandwich enzyme-linked immunosorbent assays
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-
B{2.5S, 78) NGF monoclonal antibody, anti-p(2.5S, 78) NGF-g-gal, NGF-B
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 mi aspirates from the

25  fjliac 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 'centrifuged at 1,000x g 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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(Fal con, Becton-Dickinson, NJ) in conplete DVEM suppl enented with 10% 24 5
10 15 20 25 30 WO 113/059 2 7 2 13 JUL 2006 PCT/US03/01129 FBS. Th§ jtiehhs

vere incubgped,ab;B870 Cin 5% CO in flasks for 3 days andp-pRRaghesent
cells were renovVed by replacing the medium After the cultures reached

confluency, usually at 2-3 weeks, the cells were harvested with 0.05% w v
trypsin and FBD2%hw celEDware inqubedashat 87pGf Ned%dCahlin dlaskpdy; 3 days7ang for 5
mnutes at 37 C, repl at ﬁd and once ag}ai n cful.turhed fo&. 2 V\gﬁks anl‘ﬁt ‘
har vest ed. TRoagapient [efls Wa{B eROYsd Py PIHcihg g Mediy, | STeislg ¢ Yhdse
experi ment S_ré\@étﬁedq%bﬁﬁﬁéﬁéy,fﬁ%l@ b D3 PREERS Cthe XIS Ak haprasisduim | C

Injured Brain Experinments were pérfornmed on nale Wstar rats weighi ng 250 to
350g (n=21)0.05%ewihtrgpsinvarnd DRl owvi DT Aeinr phesphatetufieped saline dPBS,

dm ni [ f I | _h 3 /. 100g bod i ght) . I
Femper atur o b2 4Ariaf RuBinites B SBHE. (hBReran orRe e Pllresr B edpereisi ng a
feedback-  r agil iRl CTnOBEIS Wbrs WRP oz BR s ebudl s e if g0t axi ©

frame. Injury was uced by 1 npacting the left cortex (Ipsilateral cortex)

with a pneexperimepiswere hamiestpcafrémmtald passeges.ip at a rate of 4 nmlsecond
and 2.5 mmof conpression (D xon et al., 1991). Control ani mals underwent
crani otony, but received no injury. Rats were sacrificed at 1, 4 and 7 days

(n=6 per ti @dﬁ&?@?)on?ﬁ?&&mﬁﬁ??@%}' grdgpain tissue extracts were inmediately

obt ai ned fromthe experinenta normal control (n=3) rats. Segnents of
t he | ef¥0 heni sphere of both experinmental rats and control rats were placed

{1 ssue. pi oces. FPE TIEHGY RS dtP Y PP A" BREN T EE R Ry e R D VRS ind
vere incubafgdbpn ARBsthakialWagingl@ inTHe RRSTYCRABRE R BHMIAYESG0N
of chloral hydrate (35mg/100g body weight). Rectal temperature was
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 and 7 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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for 10 mnutes at 10,000xg at 4C. The supernatant was collected and stored
-80 C for treatment of hMSCs. Cell Differentiation 25 1 3 JUL 20061@}&2%&

20 25 WO O R4, PCT/ US03/ 01129 The protein phenotypic studi
per f or med g‘(/(p@gecyﬁng 1.Ox 106 cells in a 35-mmdish and tr%&ﬁ%&"i’ﬁe’mwth

fresh knockout DMEM with 20% knockout serum repl acenent containi ng 10% 20%
or 40% of TBI ti $seeprotsin rpﬂtﬁncﬂyqnerstad@ﬁtweﬁéIpar&jrh'ﬁedmuyeseetbm@at ed 1bor 7

days. Estimates of _immunoreactive neural-Ilike cells we ed on_counting
cei I's in 10°8lgnBAMSvNEEiIshiand Healingihesp;with freeh Kﬂ‘?%ﬁﬁb@@ﬂtv&‘ﬁ%‘?@l@ hes in

a_ni ni mum ofn JAGe o ik RSN RKRILMRNRAD PEICONA0GE o BEngiy RS deur al

cells were calculated ota er Of ce pIe

St ai ning | n@nrmymmmamasmryphﬂvséns wesre plcabateditfon Zeafsist y E—xitlrﬂa@slaﬁ on
gl ass cgver slips (18x 18mmR) in 35-nm di shes using different treatnments

noted a ove'm”TfH'éO"@éPP‘ée @ﬁ“r%f'rllé@sc%@v‘é‘?f% paped a8 eourling cgfls in 10 random
| munocyt Ocﬂglﬁls@ﬂﬁs ('de ElOé‘)t Hln 2k %ﬂ@re%{shgget?he Cgmn%? diSRfkd or

quantitative &5 UL Cr 'S were washed

W th PBS (pdifféreht e@(Ddrlﬁ'leh%j Wetderfﬂ&% edof ghardtgpidatuiaal éalls Weretdlotiatad
ocC

NonspeC|f|c bi nding sites were bl ed with 4% normal horse serum 2%

bovi ne ser U9l thaietal aHaber of«eglls.t on X- 100 for 1 hour. The cover slips were
washed with PBS and incubated with prinmary antibodi es agai nst Tuj-1, G-AP
or MBP for 1 hour. They were washed again with PBS and i ncubated with

f1 uor es0ei nppedicApelTEpR SHinfAg AR *Qdcggﬁﬁsﬂ?t | -nmouse or anti-rabbit
| gG secondary antibody for 1 hour. The st ai ned hMSC cover slips were

once agai n washed and i ncubated wth second primary anti body NeuN
overni ght, thep weshGldididteB2 d"density of 1.0x10° on glass cover slips (18x
18mm’) in 35-mm dishes using different tréatments noted above. The cells on
glass cover slips were used for immunocytochemistry. The supernatant 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 serurh, 2% bovine serum atbumin 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 nuciei in the field.

The cover slips were then mounted with glycergel mounting medium.

30  ELISA
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i ncubated with cyanine-5.18 (Cy5) conjugated anti-nouse |gG secondary
antibody for 1 hour. 4' b-Di am dine-2-phenylindol e di hydrochl oride 1(PARI )5

dye was ug Qudgt erm ne the nunmber of cells by counting gl in the
field. Thégﬁg@éf‘ slips were then nounted with glycergel rrgtgﬁﬁfsjr'}gfﬁlr}ééi um 30

ELISA 26 1 3 JUL 2006 WD 113/059272 PCT/t1S03/ 111129 ELI SA was used to
nmeasure the secretion of BDNF, NG, bFG, VEG and HGF by hvsCs at 1, 4,

uper nat ant 1 LA afes §RP0 o TSR 4h8 et CLEbiNar NOTs TS KEGHar ed as

directed byahReHaRNLY 3MIYCE at AN, AR 1P Qalysah SlIRME A dRlone@SHRAY B dr¢ent
sol ution was added per well in the 96 well plates. The wells “were gently

m xed, and hooodldirath ésract-stipeoatantt v boef, ad rpagentsrand Wadiing siainidaceds
irated d hed, ti th th i t t | ast

ook L O Bl LSRR LR G ool S et ke 6756

well, and 2894y Bluyd' safioldvpad Bobaa!ddr welliNGALFe WRIIChIRACIThE wakh Wel |-

The plate was t’hen 1 ncubated rs at roomtenperature. prration
and washi ngwsee @entdpeanixed, aB@dntuindtedubs Crétheuselabtroom wasperdes. teachach

well and incubated for 15-30, m nutes at roomtenperatuyre. 50 | st.o
ol Ut on wad Sl HERISRERERrATY Warhed. reheatiBg e Abaess 58 SiescARB I was 15

det erm ned wg} %{%?%%ﬂé%@@tng%m@wab GERRIVAHELY %@g@éﬁrfgebrpecm&% nm

Statistical Analysis dent's t-test was used to evaluate
nor pholldgi calelidand @0énded vaeiowe growtihéacion conjagaidsssens addethtd eaeh well.
respective ggntrol. The sig f tinme responses was assessed by

ni fi can?e
 epoat ed med BRRISISANERyaP8 TeRUDAISH fainad NOURCHACOM femBeIatir el AP eIan
| near i zed Byd bk BGobOell 206 VB LaYS ol ] MsOadkREeaadrat i ons

versus the [og of the optical density, est-fit I ne was determ ned by
regressi on aedll ared sncubatedder d5p80 aainateseatiirogs temperatmee 50r yleat stop

standard, control, and sanple and the average zero standard ptical density
was subt r acEetion|was, gdded and.oently 8uxee ahepgfcalgignsityf %?\’P?\A)é@ﬁd@fsi der ed

stati stiscal h¥tepnitd WRARL30 minutes using a microplate reader set to 450-620 nm.
Statistical Analysis

Student's ttest was used to evaluate morphological differences between

20  the stimulated sampies and their respective cbntrol. 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 h(MSCs Into Neural-Like Cells
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RESULTS 30 Morphol ogical D fferentiation of hMSCs Into Neural -Like Cells 27
WD 03/059272 5 10 15 20 13 JUL 2006 PCT/US03/01129 Phase contrast 1
1 2ol %

m croscopyugh the normal norphol ogy of fibroblast-Iike m
conpl ete [ﬁ\v/él\/’%%)gm enmented with 10% FBS. After 7 days of expos‘u'rj‘@?l i'n the

knockout DMEM wi th 20% knockout serum repl acenent, sone refractive cells
exhi bited short processes. A few (-2-3 % of total cells, Table 1) cells

xtr act - super rERaRR COTBARERTOHSIHEANQNYSIE NURid SER BN RIS s ke || 51
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cells with ' r e | ured
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decrease, but this did not, reach atistical significance. Al of the
vari ous con®EfG St ngyse fhpl"{ﬁgtf?@ align @O ﬁnﬁcgomeafeJ W'g“
nmor phol ogi ¢ re u - ki | p Si of rs By
hMSCs Af t er%bgzg’ysé@n[m ﬁogﬁo@?é Dk}éﬁ)ﬁ(vﬁh %&)ﬁinoc ou éerkﬁﬁ%gégﬁl a%%%ehﬁt and
cont ai hPng APfacePNSntor (14084 1040 Bk101 YaUp @<OESt OiNdreee miMgBEOgYer but

processed for imunocytofluorescence. This permtted double |abeling with 25
DAPI ( pur pl ¥pisalle meHackve calls wildniongi Branching, PracRSSesr derycass tanghl e

| abel i ng C@rﬁf il gﬁomﬁr‘}’%ﬁﬁ FPaiQSttgﬁmn%fs{’}’[]&hP&é Iglftfﬁg%' h&ffbfn-%a‘éeﬁ?r row
origin expréess’ neural” specific markers for neurons aN Ty - 1)
astrocytes of total cells, Table), 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 calls in the TBI (1.08x 10%40.3x10*
/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 resembie neurai-like cells.
20 Expression of Neural Markers By hMSCs

After 7 days in knockout DMEM with 20% knockout serum replacement
and containing 10%,7 20% or 40% of TBI tissue extract culture, hMSCs were
processed for immunocytofiuorescence. 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 DAPL.
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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(GFAP), and ol i godendrocytes (MBP). Cellular nuclei were stained by DAPI.
In cultures stained for immunoreactivity, 0.2 to 0.5% of the hMSCs ??p‘agssed
>

30 NeuN pr [{N<o,and 6 to 10 % of the hMSCs were | abeled b 2806
10 15 20 2%538%\6&}03/0: 9272 13 JUL 2006 PCT/ US03/01129 ph)e‘)r({f)r%lésﬂ:@%hNeUN and

Tuj -1 i munoreactivity was colocalized in sanme cells (pink). 4 to 7% of
hMSCs- der i vphenatypés Nexpr esdebujcFrpmiuneneastiviy twas cplocalized ibgaove celis

hMSCs- deri ved cel | s pr P.i noreactivity _AlLl. of the_ variaqus.
concent rat i BiEKlof %?éwfﬁ@ﬁés%ggy#%gﬁﬁz ﬁéaﬁe@&eﬁl\%@h 'H"B%‘?rgég_“w{}’egilal
phenot ype i prunoieamiseistderiveacidls expbs&l b mAlrGRBIviVBRN Jr aad ed
Wth TBI Tissue Extract Supernatant Gowmh factor secretions by hMsSCs after
1, 4 and 7 daysus nontentkatmnisooft TBDeEvAclst éxardirednoduced hidsUsnte @xpaessrent
medi um and cont iﬁi ng 20% TBI extr.atg/t supernatant are shown in Figure 1.
The nor el BPFYiEhPARACHRE IMMUQIEAEIMWYact s i nfl uenced the hMSC secretions of
BDNF (Figure 1a), NG (Figure 1b), bFGF (Figure 1c), VEGF (Figure 1d) and
HGF (Figure 1e) in vitro. The normal brain tissue extract increased the
secretions Secrafion aft@rawth FgctomshBYy dISCs Treated WithohhaTissua Extrabt

medi um - al %ne contrql. In each experinental group, BDNF, NG and HGF
secretion | RUPEREE ™ om day 1 through day 7 in conditioned TBlI extracts.
VEG- secretion was simlar for normal brain and post TBI brain groups. VEG-

secretion was consistently larger for day 4 and day 7 durations in culture
than fd€ day 1GrewttufacteresecrationpbphiMBEs fafter IFrdrasedr daysom Hefkneckaut r om

ot L OPTb ) Yk BB seblicEs oD RO 2 o "
day 4 and d3B| éxvatt@Gperh2@s® 8! Shown in Figure 1. The normal brain and T8I :
tissue extracts influenced the hMSC secretions of BDNF (Figure 1a), NGF
(Figure 1b), bFGF (Figure 1c), VEGF '(Figure 1d) and HGF (Figure 1e) in vitro.
15 The normal brain tissue exiract increased the secrstions for all 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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i ndicate that TBlI pronotes the secretion of NG and BDNF by hMSCs in vitro
and that all neurotrophin, and growh factors tested showed a sigri ¥ Jma%s

i ncrease of,oRse:5£cretion in normal brain conpared to hMs5 S
r epl acement e RSl ON 26 V0 (130592725 .1 ?CC}J(}( SRR

PCT/ USO031111129 Human bone marrow stromal cells treated with TBI extracts
nmor phol ogi cal | Humfrln diboher emainaive isttoonaie ucells- | ireatexk| Ivdtrand B x pexdsacts
protei ns phenot f cer arenchynal secrete
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of nor phol oFGH, IV;E(BE,UH@F— Ialnkiesemdeﬂlcm twe&@qsendabbm dmthe tisuef expdsuagt s in
V|tro reate hMSCs al so res pecific cerﬁe_&1| protein 10&r kers such
as, (fE?r Regxisaats in ‘FH!“J Cgmeetémﬁ;ﬁtd‘m'@'é fisae YRsHmaactRrite
outgrowt h), GFAP (for astrocyt es) and MBP (for oligodendrocytes). Thus,
hMSCs is capable of differentiating along nultiple cell lineages. Studies
have reported That dMaCslecamstaterihaerhM8Cd ichar est dat.'miirmtmesmnbtm-slubke

cells in culture b Sanchez- S e | . ury et al
2000; 15 DeRgP&atigns szﬁ&é}“%{ﬁ ica ifrﬁluﬁ ecRe '% 2 . z%xp@f‘“%ﬂ ‘OQﬁgbé'SS%pen et
al ., 1999; , Ly et
al ., 2001 b %Bgtﬁélﬁﬁ? Zggég% g hrmsf)lcf(i t@ﬁﬂesgé%%cﬁfc_r%'er%bﬁg% E)é\}va or
the fidét tmmkdarlsasusimms NSRS { fmhefembas)edT wjel (fder eanlyt(hffera\tlapem and
m croenvi ronment cont ai tissue extract ssumi
mor phol ogi cBRUHEE %ﬁgro‘ﬁg‘)p%@%&y@%aﬂﬁo@ﬁﬁﬂa@ﬂgrW@E{%Rg’r ‘P"%oé% S’F%ﬁytgs)
par enchymal Tk | fvsEROE ff RS Rl e cbllfRBagsd.!
provi de a source o @%el P rep ia%?rrnté]%f} (ﬁy arrageggbralg%mg% 30
Bone mar r owhave oeportarkbthad Mﬁs@s caglia édvéroto dtbﬂenerhttmemmtcrdmreemke cklls in
culture by reagents (Sanchez-Ramos et al., 2000; Woodbury et al., 2000;
15  Deng et al.,, 2001) and in injured CNS (Azizi et al., 1998; Kopen et al., 1999;
Chopp et al., 2000; Li et al., 2000; Chen et al., 2001; Lu et al,, 2001b; Lu 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 T8I

G-,

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 Flt-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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nunmber of sol ubl e factors secreted by MSCs that nedi ate hematopoi esi s have
been characterized (Berezovskaya et al., 1995; I\/aj umjar et al., 19983 JUL 206

Maj undar Qko@bmser#000) . MSCs produce IL-6, -7, -8, ég U%é\}f Jp and
FIt-3 1ligand, and induce steady-state |evels of MCSF G IT—I F and

SCF. However, these factors alone are unlikely to provide the mechani sm
under | yi ng ather, teidrapeomire stoemed factofs MBCbeesaiastuiatanl. TBthe Fkperawméstsence of
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ti ssue extracts concomtantly secrete VEGF and HGF in a
manner deperd@énin dHotdnnan dependest botieoras:uﬁete tuane amwelltaﬁeumomﬁweatlmevm ch TBI
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BDNF i n brajn, Lok iy @Ph@t 8RS- $B]  rats WP sufotLtHe ﬁbuf%l rote%ﬁ\geq)rol The

neur opr ot ecti ve poternt after NG- 1njection, or via Inplantation of NG--
produci ng ffobrBIMNEsitishraird imkeFy (Kelr&tgmm ati, cmgmeﬂidlobkeet dlend@R3)r affbe i n

di fferent paradi of ex eri rre Hefti 986 r 1987;
AR 0 T B S N B NV T R it ey ot e
reduced Inf@rbehcmglﬁtsrsma@tsnaﬁslNeﬁftragg%m@%e@rﬁhvé ?tfe’é%rﬂ‘érﬁoh&rét%ﬁsm nce,
and cats (‘Suginori et al

the stron pr onot er of
angi ogkhesi differsing paradigms at espammtaldnragv oviuty, (Hheftiv 6 9661 Kremevi 1887;and

Pol o o crabh B o S 0@, diav iR AP PVARRRLER B o e
in nerve rer@aneé@tmfafbt(v'émm@m m@ums 52 Rdcl cé%ﬂr)al isEhe8RidBNfatdf mpep@pgent al
stroke in the rat with significantly reduces functional def|C|ts
(Zhang et atats (3090 eha,{sc&OOU VEGF, the strong promoter of angiogenesis, also
stimulates axonal outgrowth, nerve cell survival 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 importani
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
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constitutively produce HGF (Takai et al., 1997), and HGF is an irrp?r‘gﬁlnt
nol ecul e for tissue repair (Mzuno et al., 2000). Therefore, the firq ILI&QOE
strongly s@@wsliat, hMSCs are sensitive to the nornal brai n @hduéfie H6!
environnments and respond by significantly, increasing the production of many
factors. Gven the survival of transplanted IVISCs in the traumatically
injured negsllafart arss meolebulaetresdrvoirZ00iHe tieatreentbf a 2ty of Mehmolodicat al . |

2001), a cgntinuouys and icroenviron nentally res sive secretion of

neur opr ot ec‘i“?%%sesagﬂ"%ﬁéﬁg]&eﬁ?ﬁe ﬁé@?’oﬂ“@t H&ar}aﬂ%@@gdﬁ%pf%’ f‘t”é‘(‘}@”agf
conprom se | I byt I I fu i LkVI

t rgﬁspl ant g?éldoeﬁ‘&%?ﬁé%c%ﬁguse%%\lmEtéﬂﬁi#q%gftaﬁ'l %}?@E Nggﬂﬁﬁ%\ﬂi %ﬂ'&?got% E&er cone
their nesepmtigoal, M&Os tarebé readihcopiinddifrom asmaiwalame artbrecoesmivol e

brain 31 1 3 JUL 2006 V\p 03/ Q59272 PCT/ US113/0 |. 129 5 CQ¢| ul ar and
mol ecul ar r&Brihsi patiant's; pun diacasipshangrexpangdedencuturge isreigreaMsCs

di seases. T t r t I )V f tepnal
benof it af 1o ViR o hellf EpSSalie i reRRARRRBI EGy YR St MBS A 1P
ﬁOOl). In trm}rspila;mthﬁom. MEessec aalidimn ‘maél tl tys sudat Erioniziz: érmtigugualsbuv?ﬁ ofre of
one marrow_fromthe patient's _own iliac crest and expanded in cul ture.
Theref ore, WBEETOWINIAC Si‘?fr@&’@i‘rl@%@@H%‘F%P@”M@d%éﬂﬂgni shabl e source of
aut ol ogous cells for transplantation. These cells in injured tissue provide
a continuous source of wvital growmh factors for repair and plasticity of
i njuredfbrain. 1Rigkrgurshdws Hoavsetiwioneasfegroonis fattogs ohWBDN B (Figuse ofA) BDNF

(Figure 1A), - (Fi gur L PFGE (Fi 1C), V Fi gur D) and HGF
(Figure 1E)NGf'Jr\I(?;r?9‘§WB_ ):%@%éﬁ‘%? H%'ﬁB%g(f%ég%”@(Eﬁ&(”ds%égrecég rl‘?c'.'g}l'he
secretions @hg hlﬂS@%t{réétte‘?id\?Mh tﬁalg'is!sﬁé- e%lffctr&a{p@?ﬁatgﬁﬁ' Thee! Sstr&tidnd hast
increased the secretions of all detected growh factors in vitro conpared
with the negliantitated avibneEldSA.r dhe horat hbraipdissoenextragt dogreaBBNFtheNG- and

Al R R Ly L SN e AT
S 55 Y= HonE Rl o, e RSNl o ONFONC e M S,
secretion dhtfeased froomdayhérthroughidayd imcoadiionedy TB! akteactson VEGHul ture
bFG- Secretsie%rr]et\llc?r{ WWas siir%ile?ro ct>rr %tsﬁ'mta b%iﬂe%nd 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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25 30 growt h factors, exceeded or was equal to secretions for day 4 and day
7 values. Exanple 2: Methods: Rats were subjected to transient m dJIU§ 2006

cerebral ‘ Q¢cl usion and 1V injected with 3 x 106 hMS ler
stroke. Fﬁ\%é??/éh)g?z out cone was neasured before and 1, 7, gﬁi}l‘/#ﬁy/?ﬁys after

stroke. M xed | ynphocyte reaction and the devel opnent of cytotoxic T

| ynphocyt espri@agyse dLIBA anapzee near@aiphim levieldhiarebrartissed roat hIBG-body
specific to human cellular nuclei (nMAb1281) was used to identify hNMSC and
to neasure ‘rRaIed|0r sprdrepted satsoBpamodeourisyzey jadions wegoese 88HY/ 01129

phenot ype. - £, 54 ARahLRd FEWTIAL 0B hELELSoh L CRRER Al R3HE g NVEC

treated or nontre oxyurl ne I'njections were u

identify neytedfivitmaidiSeIdisi4 tompafidgywithi @aiol rgicoNigh YsoberdignEeivon was
found in rats treated wwth hMSC at 14 days conpared with control rats with
i schenia. FHawio po)tMSE) exprassed prodeieg Rbesolinie QbHEaB: pRienchy M@l £efs.

par enchymal sy rakn: | phi.c .f er : h
factor si gnﬁ{aﬁgﬁ{w?& ﬁlﬁchggd’gg\g&dfaa%? ag%d[’)#)o'?ﬂé@ec %@fhsfiﬂgagﬁ}l gmlﬁé%creased
i n the ischaoteasedounsidr gpaptatic selni sighHikhily ndeereased in the ischemic

br onodeoxyuri di ne-reactive cells were detected in fhe subventricular zone
of the i scHAHWAREFAMesINFICaNHY s MareaPeAModp@ryURIIE -raaotive; falk avere

proliferati I | t 'n%&hcé" 0 |
| ynphocyt es&é%gtfr?g I'ﬁrsm %%’?‘ﬂ/ t&%%g&beb@ﬁgéil r te”l's'gﬁei"ﬁéplﬁér!%né héECtr ?teegt ment
of strbke iwiti AMSCanMET iivduced proliferation of lymphocytes without the induction

of cytotoxic T lymphocytes.

Conclusion: ‘

Neurologic benefit resuiting from -hMSC treatment of stroke in rats can derive
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 celis in the subventricular zone.

Bone marrow stromal cells (MSC; also referred to as mesenchymal stem and
20 progenitor celis) are multipotent and capable of aiding the repair of tissues in
vitro and in vive. MSC normaily give rise to bone, cartilage, and mesenchymal
cells, and MSC can differentiate into myocytes, hepatocytes, giial cells, and
neurons. MSC can pass through the biood~brain barrier and migrate -
throughout forebrain and cerebellum. Male-derived bone marrow cells
25  systemically 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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fromthe increase of growh factors in the ischemc tissue, the reduction of

apoptosis in the penunbral zone of the lesion, and the proliferation :J

endogenougyégkbg [.n the subventricular zone. Bone narrow str | qeﬂz U(U\@ﬁ:;
/:10)2 Ci@l

al so refer % mesenchymal stem and progenitor cells MU e pot ent

and capable of aiding the repair of tissues in vitro and in vivo. MC

normal |y giNg Metfop@tdie @Agent 288s amproRsEnenltme ¢elldveing artrolBC can
differentiate into nyocytes, hepatoc tes,(hfal ial cells, and neurons. MSC can

pass t hr oughhempeuliodeenefii of barmareMa3@d (hiViglat Bor mypeaghadluischemédraich and

Scho o 1 SAORE g SresE T ORGP o EE R SRR e R e
bone narr ownggétich @@%ﬁ@ié?@rﬁ@eﬂstafmd nagdildgefesikemabe Bbste eunitsr bf ai n
over daés to weeks and differentiate into mcroglia and astroglia. 33 WD

113/ 059272 gomth 1 factors. 2006 cykaineso3which narmalivo sunpposhr beméatapaietieagent
has i nproved outﬁome fal Therapeutic benefi

| vmr% str%. fit of human MSC
(hvBO) for Migdeaidialc weeliEld 2 direaral: GRR DTV LR LLS
derive frommiRilecaN8rhapEeticts davanl ahbi%)ge'nﬁ‘tﬂE%W@n”fa@forgﬂﬁblgﬁi%@e?EﬁFa”d _
vascul ogenesis. MSC secrete a nunber of © growth factors and cyt oki nes, which

normal | y sudrsbbtGhenblepoViSG ¢an pevglepiinior gable thesapy tardraatingcheurologic
differentiate. Bone marrow,.contains variqus .primgtive cells that secrete
cever a | anglEATHS: ORISR e atan soryiea dhoridleeCalilin REEL Can
devel opoi ntoMePHl middier darebfrartidrfaldoNkide UMEl R0} wheti geagRBwitA hedenhas
been denonstrated significant functional recovery in a rat nodel of mddle
cerebral arM&fy occlusion (MCAO) when treated with rodent MSC. Materials
and net hods. 15 hMSC preparation and growh kinetics in vitro. To exam ne the
cell growth Kkinetics and expansion of hMSC in vitro, bone marrow aspirates

were obt aipgaeriis RHF hidtRodE. t he posterior iliac crest of three healthy
hunman donors
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 [denSity, 1.073], Pharmacia, CA). Isolation 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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under | ocal anesthesia. Mnonuclear cells of bone marrow specinens (15 to
16 nL per person) were separated on a Ficoll density gradient (Fic -
o P

20 [densi ty Q¢3], Pharmacia, CA). Isolation and establi p.gﬁ .
cul tures V\%?é&/g'arzﬁ ed out as described by Digirolanp et all.§ rlg'liejf'ﬁf/z,’

nononucl ear cells were plated at a concentration of 1 x 106 cells/75 cnR
ti ssue cul tmamslartakeni A @6seriof Iow JOULBST Budd ejectedadiol eech Eatglhd/1B€di um

(G bco-BRL, Gand |sland, NY) and were supplenmented with 20% fetal bovi ne 25
serum ( G bclRrEREYRd ftom ﬂVﬁ P@Fﬁ?geﬁaéﬂﬁJPF’Pg’ﬁPUH‘G’GdﬂQ/W@ @chsilb%@%ﬁwand 2
mmol /L L-gl 3 AE t h I td n e Id re

r enoved f?orm)ta E’eeacﬁ?%r g{se,dhz?irﬂd&# E@ﬁf%éd:‘?@:&g Brrgg? l\j\ﬂﬁ V\gg%agﬁ(g%( of[ﬁ g Ste?]%r\afl asks.
The pl asti creptdommeartt mdBUmEGdcaBRL) weralayed dor(ROBAC orfalsummeent (anebkvery 7
days af ield. Nucleated narrow cells

30 mreggguﬁgt&eﬁgﬂ@sgﬁ Egﬁﬁg{#@tﬂ% rr’fﬁrbé&tggpf;?gga@ H4BENRI #anGDRBE 9rWthza 5 10
15 20 25 3 r/ | 81 | i . A
fosaof 3 XAAEE (PR Fde dbk rciinefial 1. Sldnd In daysih HASERIRERL L 7

passages anfulbectderodifitd Ezgte medidre. knockout Dul becco nodified Eagle

medi um (serum free; G bco-BRL) with 20% knockout serum replacenent medi um
(G bco-BRL) were used for ELI SA-neasurenent (n = 6). The secretion of

br ai - der | BB WA QYRS GehB5 0 het HONFkaRRH e Xengral Ausladh e NEF) By

hMSC was neasure serumitree ecco nodified
Eagl e &Bdi ustudM areidryimainoes t igmpbacyieoprdiiédration, 2ak $05 expleereldetis ainsinhMSC i n

el | from MRV RIS Baretsriacis Wi R0 ISR 8 WeaksealiBCe o EukERear | er
\rASLrenglt t ;riﬁgt:rifiiéhtbr@vﬁhi SRhRnBLE Rrafiatdhi(POUGy) MRECatr b ABufdyat AMRG:1f or 96
responder (spleen cells)~to-stimulator (hMSC) ratio. Mixed cells were pulsed
with 3H-thymidine (0.25 pCi/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
fatrogenic disease. Therefore, human graft-versus—rat host T cell response
was measured using a 51Cr assay to determine the lytic 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



responder (spleen cells)-to-stinulator (hMSC) ratio. M xed cells were pul sed
wth 3Hthym dine (0.25 pG/well) for 16 hours. The induction of ‘]3JUL2005

proliferatygnsnlya;spl enic | ynphocytes by hMSC was neasured PQ%“B &/01129
incorporation of 3H thymidine into replicating splenic cells. Mdfes were

harvested with an automatic cell harvester, and incorporation of
3H t hym di neeilsgstorstanuiatst (W SCH aatial Atthet eht aifi the. intobatidn peuad,i viabRat

cytotoxic T | ynphocyte response to hMSC in vitro. T, lynphocytes ar ‘

i npl i cat ed cellioWERR (RFAVSIBar T tieapHliersaad fesieck larafviol %g@nﬁi% sease.
Ther ef or e, = YS- I response was neasured using a
51Cr assay ltggg%gtrg‘?%bhg\%ﬁlgﬁ%ﬁ?técg?gggt&%gh hy rat spleen cells or
spleen cells of rats injected with 3 x 106 hMSC 2 weeks earlier were
cultured with irradiated hMsC for 5 days at a 10:1 responder (spleen 3S 1 3
JUL 20086 5 Animal MEAR medelo 03/ 059272° PCT/ US03/ 01 129 cel | s)-to-stinul ator

Fecover ed A3 el SRR Ble [GohRG 27 13308 PEre BLABsadn THELS, .
hM5C i n an RBiveoBreedinGr Comlpaaye(Viiramgtofinmg| HdtédovaredipiitialipdandstinetizedV st ar
rats (weighing 270 to 300 g) were purchased from Charles River Breeding
Conpany ( WWilh ng$énhalptyangand maiataingd with ¥-03adet R Aadothanenn378k,
hal ot hane aslong| bneh. W 9 . 8% hal Hw j % : 0% 02
using a face rran%é(dﬂlégé’%?a% %ﬁg %?%ﬁ/@uwe%ls\%b%é)ﬁg@r;[tgal nestdarlg J%hewt%%lrn%@gﬁgut t he
surgi cdP praxedutreoughoy thef eedjical kpmegdu edingatefeedbaekiregulatest enmter
Tr ansi ent Q was i nduced ysi thod of intralumnal . vasc

REansism MeA] W

occl usi on TRATNGERYSHHIM MEANSeR Ao PR S GATRe Bdot raluinal
vascular occlusion modified in the laboratory. The right common carotid
artery, external carotid artery, and internal carotid artery were exposed. A
. length of 4-0 monofilament 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 MCAQO, 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 MCAOQO 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 aveoid 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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artery, external carotid artery, and internal carotid artery were exposed. A
| ength of 4-0 nonofilanent nylon suture (18.5 to 19.5 mm), determ r}e}jjﬂg{y@ e

ani mal wei N its tip rounded by heating near a fla ance
fromthe e\g?ern j}carotld artery into the lunen of the |ﬂ?§?ﬁ§ﬁﬁ%‘§go)t d

artery wuntil it blocked the origin of the MCA. Two hours after MCAQ

animal s were reanesthetized with hal ot hane, and reperfusi on was perforned
by wi thdrawal of the suture until the tip cleared the |unmen of the external
carotid art@rqupExperi ment al groups. Group 1. To maasure neurotrophi ns,

rats were s ected ta or we cted W th
3 x 106 MSCH?% werg sypieqt eﬁ%@%ﬂwﬁ? @é&&cd %1868 Varor al
flui d vol unhrbplagtst (fhe- @abbnt\‘&P mjéct@amaf a@y OW@A@ a@h@ w.mv;af cell 6@l ast
study is arestrlcte contro I n which Tibroblasts were collected from

the sank st(naFr Gfcontrsi)aRatatveereokibedild dapx péiet MDAawtmemeeswenmtojf

control cell othe h ts ed 7 s af ter O for

nmeasur enent® eiI]u arﬁe@Pé@'?‘ﬁBﬂY ng C%H?%ﬁﬁgﬁtlﬁéu?gﬁ éjrﬁ}é éﬁrbé’ EHOUSnt r ol
bj ect

by oot od 15NN P pIRoAst cEl i RESALR, abdisiipendgmafabhener e

fibrobl ast s(a(am ref@red tmas dhe venpmﬂadzoate/ﬁum@y\tmulammaa[\bZiSV\Zﬁ])t,hbcmtscel I

d 5 = 10 ki d.l4.d f O
o mour emontMoBrad |5 TapERED: Ao, dotrSesidhen Rt ot Woffoddamatdhs, of

endogenous (ghgur al twnﬁmr@nanaro@gmatt:aberéehémy @yhﬂh@s%@l”@%}@@% g/kg]
subependynmal zone (also referred to as the ventricular zone/subven rlcular

z ](c)ng [ VZéI S\&ipmal Btr &psis, MODCQUQG@QW@%MMH da?w wftentM@per Wldtbrm’thﬂl@t}tect i ons
oynt hest zed CUeclia Bibbabbehs ) OMECAPE of BRI MERGl AR S ePioans 4 gays

af ter MCAO auditiorall twid héalthy |a‘r€1majseﬁier@r91@én dp.n@hn?ahje@nb@s of R irmdagat i on
of cell proliferation. As a control, an additiona heal t hy aninals were

gi ven 14 dd&Bndy Iﬂﬁp@@flmﬁgﬂbbeﬁmr@aﬂ@, BrdU i ntraperitoneal |y before death.
15

Behavioral testing.
All animals underwent behavioral tests before MCAO and 1, 7, and 14 days
after MCAQO 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 stimult 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. Tﬁe 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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15 Behavioral testing. Al animals underwent behavioral tests before W(g
and 1, 7, and 14 days after MCAO by an investigator who was bli nded/4lolidbhe
experi ment 0 . To neasure forelinb somat osensory asy, i snmal |
adhesi ve- bgtkz)lgg@‘%gfpaper dots (113.1 nmR) were used as bil a@%‘”@g%i |l e
stimuli and applied to the radial aspect of the wist of each forelinb on
five trials per day in the hone cage. The tinmes at which the rat contacted
and renmoved the stimuli were recorded. Individual trials were separated by
at least 5 H [ . ; ' in the adhesive-renoval dot
test for 3 ?392%?‘?’%‘?’%@%&@@?%@?5@’?&%% ats were able to renove the
dots within 10 seconds, they were subjected to MCAO. A nodified neurol ogic
severity score (NMNSS) was used to grade various aspects on neurol ogic
function. nNSS is a conposite of the notor (nuscle status and abnor mal
novenent), sensory (visual, tactile, and proprioceptive), and reflex tests.
30 37 1 3 JUL 2006 WD 03/059272 Table 1 Modified neurol ogic severity score
test PCT/US113/111 129 38 1 3 JUL 2006 WO 03/1159272 PCT/ US03/ 111129 i
Motor tests Points Raising the rat by the tail 3 1 = Flexion of forelinb 1
= Flexion of hindlinmb 1 = Head noved >10 to the vertical axis wthin 30 s
Wal king on the floor (normal = 0; maximum= 3) 3 0 = Normal wal k
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1 =1Inability.to walk straight 2 = Grcling toward the paretic side
Fall down to the paretic side Sensory tests 1 = Placing test (V|su$ﬁ-ﬁ%d%6
tactile t o3-,Proprioceptive test (deep sensation, pus e paw
agai nst tﬁgég'"g I)g'”edge to stinulate I|inb nuscles) 2 Beam E’J‘éﬂgﬁ(&%”ye}sts
(nor mal O; maximum = 6) 6 O = Balances with steady posture = Grasps si de
of bean12 = Hugs the beam and one linb falls down from the beam 3 Two
l'imbs fall dews:from-t:he:beam:or-splAg...0n:t:he. beam(>.6£l B AMMAtwtﬂenpts to
bal ance on tih tsfalls off (>40s) j 5 Attenpts to dhal e on the
beam but f alil gogggﬁ%géo s) 6 = Falls off: no atterrpt t 9®bal aﬂr%%er?ec}f 'hang on
to the beanr(ézgws% AjrRef-exes--absence-and-abror-Aal-apverent-s--t-= B nna
refl ex (a héad shake when touching the 4 39 WD 113/059 2 7 2 1 3 JUL: 2006
PCT/ US03/ 1111591%%|ng%% Frturky &§iec tédderity score test 5 10 153

1 = Flexicn of forelimb

Flexion of hindlimb

| el
n

1 Head moved >lO © to the vertical axis
within 30 s

Walking on the floor {(normal = 0; maximum = 3) 3 %

0 = Normal walk

1 = Inability to walk straight

2 = Circling toward the paretic side

Fall down to the paretic side

L2
]

Sensory tests 2

’

1 = Placing test (visual and tactile tast)

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

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

0 Balances with steady posture

1 = Grasps side of beam - 4
2 = Hugs the-beam and one limb falls down from

the beam

i 3 = Two limbs fall down from the beam or spins
on the beam (>60 s)

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

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

6 = Falls off: no attempt t° balance 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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20 25 30 Extract preparation fromthe ischem c brain: Seven days affer MCAQ,
rats in Goup 1 were anesthetized wth hal othane; brains were re edl, 2086hd

the ischenyg JhAgm,spheres were di ssected on ice. The sanpl hen
stored at -80 C. Subsequently, each tissue sanple was homﬁgﬁ’gﬂwﬁ 1 g/nm

honogenat e buffer. The honobgenate was centrifuged (10,000 g) for 10 m nutes
at 4 C, and the supernatant was collected for secretion neasurenent.
Measur enent of secretion of growth factors using a sandwi ch ELI SA. The BDNF

ELI SA kit V\mgdﬁi%q{ glofg'icﬁgé\%rﬁy cesStegp® (M nneapolis, M), and ELI SA was

prepared as directed by“the manufacturer. The ELISA solution was nade for
NGF. Anti-13(2.5S, 7S) NG nonocl onal antibody, anti-13(2.5S, 79

NGF- 13-gal, and NGF- 13 standard were purchased from Roche Ml ecul ar

Bi ochem cal Ex{ractpraparation from the isdheinaic, braie: super nat ant col | ected from

the isghemic ti t f | di um from th C
Givi ded s noevarbBavs SN MEARE i i Siatt o ke TR A anEe o
BDNF and  Nefaindewrd! $86hode80aHH pﬂetigcﬁé}ﬁicmﬁfs%%bké@hie?e idisddcsd ioPNige.

Subsequently, the second specific polyclonal antibody to each prinmary
ant i body wakheigdawles msrediencstaed at dialCodbubsenventiy, taach tssusneaepic

substrate, colar devel.o i roportion to the.anou o] rowt h, factors and
i s measur ed"o3i agewgﬁowl gt 5’@&@%’?‘0?2%% 5’”@%{) n%? W@P&PB&F%,WE‘S

i mrunohi st ogdirmiugal, (FNJdoePEPESt 1O ARSAESNBINY. °CSldride thd enpertdtant doup 2
rats allowed to survive for 14 days after MCAO were used for norphol ogic
anal yst8. moliertad for secratipngnessweairnt heti zed with ketamine (44 to 80

ng/ kg intraperitoneally) and xylazine (13 ng/kg intraperitoneally), and 40 1
3 JUL 2006 WD 03/059272 PCT/US03/01129 5 10 15

Measurement of secretion of growth factors using a sandwich ELISA.
The BDNF ELISA kit was obtained from R & D Systems (Minneapolis, MNj),
and ELISA was prepared as directed by the manufacturer. The ELISA solution
15  was made for NGF. Anti-3(2.5S, 7S) NGF monoclonal antibody, anti-3(2.5S,
~ 7S) NGF-B-gal, and NGF-f3 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-pL 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 o 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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the vascul ar systemwas transcardially perfused with heparinized phosphate-
buffered saline (PBS) followed by 4% paraf or nal dehyde in PBS The 1§ dUhgi0s

wer e i nmer j4y,3 %0 par af or mal dehyde in PBS for 2 days, CtIJ*‘ g, brain
tissues \Ae‘?’g)q'cstﬂ'tplé}nto seven equal ly spaced (2 mm) cor onal bl oc%?";)i[Fl &

- tissues were processed, and 100-pmthick free-floating vibratone coronal
slides fro Y i I}Q%IQ L
r emai ni ng ﬁ?ﬁscgh&cﬁé%r @a‘éé{%&e@@g@ aﬁry Bgrﬁg?§€Wltlﬁ amlggé(?es@g?hﬁﬁj acent
6- pm t Ihi ck b]?;fem!ssamee(!%BS) fcwh:amt o byrette mHraforratdehyde mrrBBEI.)tiB‘l&)braaasPh
coronal paraffin sli m se S was_ ,sta Wi
henat oxylol nY @B%Hrﬂm(eltﬁﬁ $ ppé@v‘%ﬁﬁn%ﬁj ¥dgs'|n| %@5 f%ged( VSaeRY thef '?1°gg'i
d obal Lab t

obal Lab hisBs anabyeus iR¥SLerar AT SRl P mlfBbBRina dibdis. T

i ndirect IeS|on area, In area I psilateral hem sphere
was subtsr actiesuds mrereharcwesaedf anuembmmwﬁthlak efrad- fihamng phieradpomeasoronal

cal cul at ed. he | esi on vo resente val.unme percenptage. of th
asi on conPHSRITL ARG HEOCE Y PPEIS HERSRAT e s oh fﬁéfﬂ'w
staining. 204 ifscid Rekd BehtdHdeef MBbarg ! o%'se\fi'ﬁgr&t rHt' é?ﬁn
treated with the nonoclonal antibody speC| Ic to human mAb1 81
Cheni con, Jkdescwkes c@A) diluted at 1:100 in PBS for 3 days at 4 C.

Fol l owi ng sequential incubation with fluorescein isothiocyanate-conjugated
rabbit antibody to nouse 1gG (dilution, 1:100; Dakopatts, CA), the

secondary 2@1% %ﬁ%\ht‘@%%’ﬂgd khe first anti body to mAb1281. Cells
VS

derived from were identified using norphologic criteria and
i nunohi st oaméaachscaronaigaamaﬁhn ISMESZEIGS pmeﬁ'amk) fnom reeveonblocke| was but

not present e reng | cell i suatiz the |1 ular
Col ooal + zat PN ik BERGHIR-eB8n i HeS Severs hupREcides Witk tamdcer 1 s
doubl e st ai gsiRg tH@SSI@bQﬂLQB IPA géeanawsné gffﬁbﬁﬂgBat‘é'%ﬂb%mn,SMa(i@&o( M. pm
centered at_the ischemc core 5 10 1520 2
The indirect lesion area, in which the intact area of the ipsilateral hemisphere
15  was subtracted from the 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 [gG (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 pm) centered at the ischemic core
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30 WD 03/059272 . 13 JUL 2006 PCT/US03/01129 (coordinates at bregma -1.0
1.0 mm. Each coronal slide was treated with the first primary anti@p?ytzﬂ%
gifre

mMAb1281, agoWdsashkiPed above and then was treated wth cell tirzb%}}ﬁpﬁ
secondary prinmary anti bodi es conjugated to cyanine- 5.18 (gal 'ochem CA)
for 3 days at 4 C a neuronal nuclear antigen (NeuN for neuronal nuclei

[dilution, (éb@ﬁﬂ]éte ] @Fﬁa -{rocroh Ll"ﬁ#\!)?'@é@@‘éb?ér% sHidEOWaS Mreaté i for
neuronal dendrites I'luti"on, 1:200]; Sigma), glial fibrillary acidic
protei n ( GRiAR firgtrprimsa ryoanticesty] diAkita8dn asidescbet;atbar@ndthepi watreated CA) ,

B
i mmunohi st of hgnteMiosh %b?g’fo?écﬁfﬂﬁs émtoq@wvﬁgmen%mhue F GRNER INQTIN t ed.

[
Laser - scanni ng confoca oscopy.” Corona ratome slides Wwere anal yzed
wi th a Bi o-iRadn&®Gnad2duciar ddiutiony 1k2QQ)t oGhetrasa); soacmoiutyle-associated magi ng

syst em nount ed .ont eiss nicroscope (Bi.o-.Rad nbri dge, M. For

i mmunof | uor%gt?é'?lge@l"%%é @f neyrpRRyl ,erﬁﬁiﬁﬁi”ﬁ‘mﬁr é@ggﬂ élﬁ&%hﬂ%}%@@% and
red (cyani ngy £ h |t HeSq. exei ‘ Laser
beam at 483& Blﬁcéﬁgte@ﬁ@ﬁﬁ]p Lﬁgﬁ i‘mi‘t’%ﬁgﬁ%‘?ﬁ L‘%@é?@%ﬁ’ﬂeﬁﬁpﬂﬁéw th a
phot onul t i gfARrancduY&/F {fhr enghttedal eelsajoiuBdd- he08hi BAKEY). Negatives comtrel t ot al

nunber of 1281-, positiye cells was neasured. pn five sequential slides
(100 pm't hi%'a?sf orfOEact‘?a‘%'l ocRNMYm af8celEFen Eﬂoe(%'@' by P[@?ﬁ{aﬁ%ﬁz st@ge
encoder® fqmn%tdnzﬁeeﬂémn&u%@amﬁ@%k@é;ﬁlthayﬁmﬁ%%?anﬁﬁ*és&@%e?@%miﬁé@. celI's of
the whole forebrain was then calcul ated by su ng nunbers of '

mMAb1281-positive cells fromall seven blocks. A total of 500
mMAb1281- positive cell.s per were counted to obtain the percentage of

il
mibl 281 - WTWWPBSC%SEIEEFT'QQPWRW cel | -type- specific markers (NeuN,
MAP- 2, VW, CaraflariBRitole siidel wed ahdlyRsH whRAPBR-RadaRC $024 (Brgan drigve

coronal paraffin slides (6 pmthick, 25-pminterval) fromthe above-
ref er enced K5YRIOR) deseHBERANAY acOMPeadMaging Bsystem waunied eentbor iRt oti c

42 VO P/ Oﬁéz&cope (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 photomuitiplier 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 ceils colocalized with cell-type-
specific markers (NeuN, MAP-2, vWF, and GFAP) by double staining.

Apoptotic cell staining.

Five coronal paraffin slides (6 pm thick; 25-pym interval) from the above-
30  referenced block coordinated at bregma -1.0 1.0 mm were used for apoptotic
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510 1 3 JUL 2006 PCT/US03/01129 cel | anal ysis. These slides were Stained
by the term nal deoxynucleotidyl transferase-nmedi ated dUTP-biotin rfifiy] 2005
end- | abel i\pg (¢ J4NBL) nmethod for in situ apoptosis detectigpy o) Kit;
Oncor, Gai tﬁgr sburg, MD). After quenching endogenous per OXI8 a’se\gﬁalt?w ty
W th H202 in PBS, slides were placed in term nal deoxynucl eoti dyl

transfer aseeeII“’éthy@IQOThQﬁ"§I§d§§r\9ér‘éj%$eﬁne&’a§y ans! ieMin @é’@q@ahbl@%ﬁdyland
per oxi dase was detected wt - di am nobenzi di ne. After TUNEL staining,

t he slides mﬁe@é&ﬁmchaf@dnéHTﬁrbmmm!yﬁrel'hiéimebﬂgI (ThINENegaethvas! tasinr of

lid f I I I
cont ai ni ng. Hit ICHHFRE A BBRe0PRc (BB 9 (K5 CRegPe ey sau Sy T 4B ot i c
cells. Fig &&W'%ﬁ%g@né&@%b?dﬁ@é%ﬂ \AZGIHTIHI Hpogdant PBBedliats visrel evel
of the ant erior comm ssure of rat brain, di vides the right hem sphere

into thPee placed dyitemsingl sehuymucleotidy] ttamlfm*ase Bouﬁd@oylgemhperoacrdmsvz SVZ).

15 Ex hVBC ( mAb d, cel t |'s, (JNeuN,
VRP- 2. CRAPYESNAPRIRY , KaniiospObt | & 0o HecoT9eAR] Wese: 1516806 ML) 317 T hose

regi ons of &IQR}I:‘I&%HZ@(HIHMNI@W‘W@EErs?éiﬁh‘é;r fhe @ﬁﬂé§mﬁé%un%r§ia%étﬂhﬁth
features wth routine HE staining were used to identify three regions: the

i schemic cdage( cﬂlefﬁalsayip‘al Negatpfe tcnetrebslldm)meremmammmem bdgekK. tlne i nner
(vacuol at i or s lness of the n ur o nd the o Q ry. zones
(From sponh RELoPreRRRRTE g el ol fattl oo irouly FoSilort neppie i
howeveLD scgbteflstred b dsepophsticiand. cel | s coul d be observed]) of the

I schemc lesion, and alterations in the shape and stain ability of cells.

Figure 2 shows a standard coronal sectlon identified at the | evel of the

v ce. subr dgPbiR & SeBlesh, <ol Bplon) ot cRghitfed A e BT R HE g ©

ventri cul aramerner serweBsurewfral beamewhicN4ivigs tha ighehgmisphiead ﬁh‘-’eo tHreest he
cortex in IC 2, the striatumin IC 3-4, the cortex in IBZ; 5- t he

striatum i rSUtBggioaad Fsahemifie oarei alSGREMIC VEOEERNY oEoN&naanGi ¥ Zé$ £bsponse
to tregsment, ,dhtd hMSC (mAb1281) was measured, celi-type-positive celis (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 observed]) 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 to treatment.

30
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1 3 JUL 2006 WD 03/05 9 2 72 PCT/US03/11 1 129 5 10 15 20 25 St ati(s}_{‘i cal
anal ysi s. nmeasurenments were perforned blindly. The behavi or sd éléLZUﬂfrom

Al |
t he adhesjxe-renpyval dot test and the nNSS) were eval uate re lity.
Repeat ed %é?ﬂ?’%ﬂzznal ysis was conducted to test the treat n&rg%'%e%"?@!: on the

behavi or score. The analysis began with testing for the treatnment-tine

I nteraction . .gni fi.cance | evel of 0.1; testing for the overall
t reat ment gﬁﬂeég!?avl\;dsr@g%%%'if there was no interaction detected at the

si gni fi cancalllregabueimertts OwereA prrogmedpblmdlyy Sihe dbhatier tsceatstgitomefifiect on
each behavior score at each tinme was conﬂijct ed at the sj i.fi cance | evel

0.05, if a RPRAFYRFeMOVAR dof Hest Ad die NNIR) WagRi FrRlHALY Ty @0mBalY. 1 or
an overal | hé@é&féﬁ%eﬁ&ﬁf‘&éné‘i sisfas ébﬁ&h'détb g&QSsﬂtﬁ%q}eé%ﬁ]e‘ﬁtQﬁgp?én Rhgsent.
] es re con ere udent™s

O herwi se, subgroup analys SI as exploratory.

t -t est s5verpehmaor tszoty.alliet endifsie temes wiltettegeng tfoe thentrsatmgntdipnend t he
treated grouﬂgin_terns of the lesion volune and cell nunbers. The ELI SA
data were |infIaFiigRAIEpFigNiTicAGCE Havelogh 6f1:BBRENTRE tREFOVRIAL dRAtAENoNs vs
the |09 of Lhag.opld GBhe SRS YasHindISchES Helddial i tre URRIHGRES BTV
regressi on anal'ysis. Average duplicate readings were nade for eac

standard, co05l & subgrbupaamdlgsisagicdthtteegtnrsmasisttran shcnthehdvioopbaalat
density was subtracted. The neans %SD)_ and p value for testi ng@t he .

di f f erence $REWEETR MWasateodumied &inheotioniisanee deve! R-B3eHta dreafmenitine
G owt hyki neg. i L yr ' r

neal ¢ hy huriiciasion &Yte shyficdripe, IS0 64 Sveldiftradnloryatect 2t oo
cul tures, hdigGifigaree dsvel ofoOfitowag pralsknt. Othvergdse aibgropp | atalysesovere

et ol 2 et WG A SRS T b b e
t6_hg i”‘i ng Cl%t}&@e%‘ﬁt&%{%&ﬂfgo?%?@«?&ﬁﬁb’thé B2 dPGrl P lierR8 Hidhe RESWEGBILME and
and cell numbers. The ELISA data were linearized by plotting the log of BDNF
15  and NGF concentrations 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 cultures, hMSC grew as a morphologically
25  homogeneous population of fibroblast-like cells. During subsequent passages,
usually at 7-day intervals, hMSC grew as whorls of densely packed spindle-
shaped cells. At the end of 5 weeks (four passages), the hMSC yield ranged

between 5.4 and 6.6 x 107 cells {table 2).
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44 1 3 JUL 2006 Table 2 Gowmh kinetics of hMsC ...... ........
................... 9.018.953. E 14.335.864.; 18.928.866.E 11 5 10 15JN %8

| ynphocyte reaction and cytotoxic T |ynphocyte response between rat spleen
cells and hMsC in vitro. hMsC significantly increased the proliferation of
healthy rat spleen cells (stinulation index = 18.8) conpared with

unstinmul ated spleen cells (figure 2A). The proliferation of spleen cells
from i B4 ) ﬁyﬁﬁcwas al so increased follow ng restinulation
with hTrI\75'(’1%)1&@?'IC?l}}o\(?!l%tb?‘gqé(qﬂsct%IrbnruatlonIndex=156)howeverthelorollferatlve
respofiSE" T THESE ™ CEITS Was not srgnificant 'y different fromthat 11 the
spl eep cells of a healthy rat. These mﬁe&ca i ndi cate that although hMSC are
capabj e of inducing a primary prolif¥@atiiVe response in rat spleen

| ynphpcyt es, administration of hMSC t8 peats fails to sensitize |ynphocytes
invivo for a secondary in vitro prol igattati ve response. 45 13 JUL 2006 WAD
0311)59272 PCT/ 1388/ 01129 5 10 15 FRFHaffle 8A shows ni xed | ynphocyte
react] dIPTHRS V\eerﬁa?ﬁ?wspyé?@fntléllggfand human bone marrow stromal cells
(hMBG) -2 x 105 h8%f thy F&t1€pl&8n C&TTE™TRE Spl) or spleen cells fromrats

treated M mid hpAMBG L T-Spl) 2 weekspgacLigr were cultured in triplicate
with brq V\,isfa)#out ?rgadi at ed s628e08) hMSCy gr 96 hours at a 10:1

respo’-;'nder rstinmulator ratio. Cultures were pulsed with 3Hthym dine
i1 16 100 1.65° 9.0 18.9 53.¢
P2 16 130 3.21 14.3 35.8 64.:
13 15 160 10.8 18.9 28.8 §6.

hMSC = human bone marrow stromal cells.

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) cbmpared 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 indek’: 15.6); however, the proliferative response in these

10 celis 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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(0.25 pCi/well) for 16 hours and then harvested with an, automatic ccgl;;lJUL 2006
harvester. The incorporation of 3Hthym di ne was neasured by liquid

scintill afvi'(%bmsl}%zdi fferences were detected between spl eenpgphkss@hial ned
from hMSC-treated and nontreated rats. SI = stinulation index. Rat
spleen cells (1 x 107) were cultured with 1 x 106 irradiated (20 Gy) hMsC

; E - _ : . . :
rgzzover %Sfﬁlgr@h ﬁgesféﬁﬂtsaﬁrmefse'&g% it est%%??g@%dyf{?%{tvgé?@ﬁaﬁ s?éféégig}léﬁ, a nec1 ed
hMBC i n an larhawbobéOnarrowl stasealasslayhMS@E Rect 05 heaiterat($pigen calls §¢- Rat
I Ils did not t totoxj¢c T | t t o, . hMSC.
2] Cen o S0 o e LsRTe ot Ho T i RSN Sl BRRBRE ATLSS o
target cel 'ﬁer@w;(%%@ tritERatWith 3 ARCEE frédibted gaggp%@réaw roePholitd hout

the stinulators arly, t primng o een cells 1n vivo by

admi ni stratatan 101 rddg@ndeoistiondatobyatiesCultereatwere pulsbdhMBEC 3Httomhidimee for 5
days failed to evQ totox'bci ty in them, indicating that hMsC fail to

e C

i nduce a C)(p(ﬁ%MQ!)("‘Ie”)I ABcHPRrS @sshien | harvastesh Wit afe UMl retlbgi ¢
functi onal LAg. : e [ funct ban e : by
the adhesi Vrga??%%ggalﬁedéfictg@?aﬁﬁ <6fo.s%g;m’$|“’g°fﬁ¢g]e @E}g ReA ey by HAGHT (p <
0. 05; see fdcintillati®B) WNasdifZiefcemadvare detestddhjbetwesn viptder8 celid 0ébtavie@ 1 day
after MCAO co r with control rats subjected to MCAQO, al and rats

1 et od il B G EE AR 38R GBiSaSY & SngaHEn A aTodE) PR SPISEN & s of
behavi pg al [ : [ S, et ForBs i fied
neurolg%i C éségsg? i)ét)g@t)c\gfgié ?%@f%gﬁ)ﬂgﬁ ore Igdr?éj g%%?} 26 5 {c())r&‘?LS )

03/ 059272 1& theUehd26D&he PAIURIERB pafdd1viable welld| were retmedredrit@mythe

occl usion ( 0. ts were subjected. t our s of O _al one = 10) or
were inj ect%ﬁ% ﬁ%d??ﬁ?ﬂe@f WHX*S%@ %&@gﬁpe@grm%ﬁ’@'ﬁw}s_@} _C('n = 9)
or rat |ivepddsBrailegsdt é’f%dtér:tétéét (&) Bhios. Y géféeﬁ‘nr celAE nori M drafeant
functional recovery was detected In rats treated wth
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 [MNSS] test) before and after
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hMSC conpared with control subjects. Open circle = MCAQ filled circle =
+LC, triangle = +hMSC. Sandwi ch ELI SA quantitation. Using sandw chqBLHSA06

met hods, th ¢,efion levels of BDNF (969 198 pg/nL vs nm. and
498 76 pg?%ﬂ'?’%ajﬁg' NGF (1,227 111 pg/nL vs 834 123 pg/ n@%ﬁ@ggﬁ% 55

pg/ m.) were increased (p < 0.05) in the ischemc hem sphere of hMSC-treated
rats conpar gfqirtdbraph M ARt vsre WisjBetel Be holiFeat ment
and rats treated mrt}qﬂrﬁelrfv%? Hrﬂ%?ﬁasts. In vitro Jdata i ndi cate that
hMVBC secr et 8BENFaland (MG= i10) artwere injepeddeitt quwiuned human dgoinki Tamow

i ncrease i n BDNF, an detected in .the serumfree mediym,at and 7
days in cul f rP@%Bﬁ@%ﬂﬁSWﬁH ﬁbggf/rclt'a’ﬁfé'br I"?‘St‘lc@ﬁgﬁ}se{@;r@eﬁg%ﬁrg%?ﬁer
secretion b Ci i 2 i i

secret 00 DYOAEC Sofithaiy fuiihr Jaebasgpds el doml ol usbedtan
57 12 3141hMSIB chapared wBilconiml E®jectd40pAn tirde eadCAQ; BINE cirade NGF was

detected in {he serum fr medium at 4 and 7 days in culture conpared with
1 day in cﬁf—{}up@ngﬁje=+h!ﬁ§o_

Sandwich ELISA quantitation.

Using sandwich ELISA methods, the secration levels of BDNF (969 = 198
10 pg/mL vs 434 = 59 pg/ml and 498 = 76 pg/mL) and NGF (1,227 = 111 pg/mL

vs 834 x 123 pg/mL and 980 + 55 pg/mL) were increased (p < 0.05) in the

ischemic hemisphere of hMSC-treated rats compared with animals 7 days

after MCAO alone without cell treatment and rats treated with rat liver

fibroblasts. In vitro data indicate that hMSC secrete BDNF and NGF in a time-
15  dependent manner. A significant increaée 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 Meurotrophin secretion by AiMSC in culture
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* p < 0.05. hMsC = human bone marrow stromal cells; BDNF = brain- derived
neur ot rophi ¢ factor; NGF = nerve growh factor. 13 JUL 2006

.......... “0"3/‘),9.172 pCT/US“_;,{"]l')()
SlIiIiiIiiiiiL... .. iiii... .. ..... 5 Mrphologic analysis. Rats subjected to

2 hours of MCAO were infused with 3 x 106 hMsC 1 day after ischem a and
killed 14 days~atter NCASFo6r Hwor pHoi ogt C"“aﬁ“a'r”y"s“rg“’“"“W"t’ﬁ‘i"ﬁ"""’f’h’é""(’:”ﬁ‘r'ohal _
sl i des st aiintdumict-hrobfEn damie ,and red neurons weMeambseptvedni Aevehexi scheni c
core of alli; dats subjected to MCAO with and wi t hout hMBC mpgym€etion. No
significant; reduction in the volunme of ischem c damage was 48 WO (13/ 059272
1 3 JUL 2006 PCT/U"SO3/ U~ T129 detected W HVBC tTeat sd Tats  (TEs 61 viol une,
33.3% 7.6% Rquared with control rats subjected to MCAO al one (36.3%

10. 5% or r{aPs injected with rat liver fibroblasts 14 days after MCAQ
(34.6% 9.%%. 5 10 15 20 25 30 Wthin the brain tissue, cells derlved,from
hMSC wer e ¢haractieri zed by round- to-oval nuclei identifdedy the hunan
speci fic anti body mAb1281. hMsC (124 x 103 46 x 103; 4% of 3 x 106 h!\/BC)

survived afgd were distributed throughout the ischemic g d brai n of
reci pient rats. t hough mAb1281- reactive cells were 3 ser d in mul tj pl e
areas of tHe ipsilateral hemi sphere, including the cortex and striatum

nost mAbl 281 | abgl ed hMSC (60% of the total of 124 x 148 +468x 103) were
| ocated inithe ischenmic boundary zone. A few cells were also obser ved!in
t he contral_,at eral hem sphere (9 x 103 2 x 103; 0.3%of 3 x 106 hMSC)

Doubl e st ai'fgnNﬁa i mmunohi stochem stry reveal ed that few mAb1281-positi ve

1 : 162 + 22
4 _ 321 + 74
: 7 : 581 + 147"

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

{ * p < 0.05. i

; hMSC = human bone marrow stromal cells; BDNF = brain-
i derived neurotrophic factor; NGF = nerve growth factor.

Morphologic analysis.

Rats subjected to 2 hours of MCAQ were infused with 3 x 106 hMSC 1 day
5  after ischemia and killed 14 days after MCAOQ 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 MCAQO with and without hMSC

injection. No significant reduction in the volume of ischemic damage was
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cells were reactive for the neural markers used. Percentages of mAbl1281-
| abel ed hMBC that expressed NeuN, MAP-2, GFAP, and VW were 1% 1% 135041 2806d

2% Laser &é?'?/ % confocal m croscopy i mages showed col ogaliigadd@sy of the
nonocl onal Do y specific to human nuclei mAbl1281 (green for hMSC
identification) with NeuN, MAP-2, G-FAP, or VW (red for cell-type-specific

markers) in ddEcte@GhMMEE- tF@éteerﬁtéq(lé;@.lbﬁWo%rﬂe 8313% auUglBoh) comMaRdd with

mMAb1281-positive cells encircle vessels, few cells located in the
par enchyna. dangm cals sumeniedHot M@GAD @Q@@I{@ﬁ §ﬁ(ow hg. SeA)ecrmsaiphinjestgcc with

h t t |1 hVsSC d
ndogenous. BRLRYE TEEPHaStan 4 36 HABPHILCR? e Gonth & Fomunof | uor escent
stai ni ng, mAb1281 (the nonoclonal antibody specific to hunman

nuclei)-reactive cells were present in the danaged regi an of the brain.
Laser scanniWghindhedirain tidstiepselpyetived fom BHIGE: wen\bhasct¢graskby faunthVsC

d, f-h]) | 06 V\O / 21
b Usi13 0¥o-pva BupRbisRtts by e it sarelia 2ibody eI SR LVMSClRS. 2)
(e.1), ol ial fbhril hery 108ci4¥Coproiel o (FMAR) éMwe@”QnHVWe@‘Bls(tF&ﬂeﬁor
cel | -type-specific markersj in the recipient rat brain. Scale bar = 50 pm
5 Usi ng TUNEhrolighgut (h@;schermc darrtagﬁd bradh Hf Eecipienhratg. Aﬂbeugh\ guAlz1 2850,
rounded or oyval pt oti c, bodi es

t ot | b
D et unt edsrfive kel Wtk ihsebie: ik Araas: o e Vs o Br e hsThisPparE e

6- pm t ik Sl@(ﬂ&ﬂﬁgj thetMtWHﬁﬁrstl@étuﬁp%bﬁt m%&@hhﬂaﬁaéa%rﬂgoﬂ@éo%‘iﬁ%@d
(38.5 3.4 vs 6. 8; 05) in the ischem c boundary

zone i n hvstowed @éﬂéé * &0& +1®6 db?ﬂiﬁr\&ara/\bpﬂtﬂhmrﬁessquﬂwm zMmRCAal one
apopt ot ¢ PR TRl Hlseapbohsd Th ahb SntaRb i ieusthd? [LE g 2%
dUTP- bi ot i n 103¢ b. 3RbflBRebEMMET JNEL] - positive cells [arrows]; b:
hemat oxyl i n-eosin [ H&E] staining) are present in an ischemc boundary zone
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
ceII-'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 iﬁ
the damaged region of the brain. Laser scanning confocal microscopy images

30 showed mADb1281 (green for hMSC [a,c,d,f-h]), neuronal nuclear antigen
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after mddle cerebral artery occlusion (MCAO al one. Decreased apop? lJ
cells (d: nore survival of blue-hematoxylin-counterstained cells; 13 JUL 2006
ar r onheadsyg gWedes7detected in rats injected with human bonep.cwsr(,g,mlgr,ronal
cells (hMsC) conpared with rats injected with liver fibroblasts (c). Few

br onodeoxyuridine (BrdU, a marker for newy synthesized DNA)-positive cells

(arrows) wefNeuN)r @s.eft niitrotiiily-estotiatdchipra@ie/ s Ymamp) i ey aglialofieriildvi/ SVZ)
of healthy brain ie . Increased BrdU-positive cells were detected in the

VZ/ SVZ of  t &eidici proteiat (3RAPh §ﬂﬁéfV¥Fo(\h) (erd faruasllelypedsrer NcRakesndn (1)
d rat Si gni f t d
B aU posi t 1 6 EEi el BB BTk D) 617 1 fate tr vat od with hMEC

(h) conpared with rats subjected to MCAOwith or without liver cell
treatnment. Scal e_bar = pm Few BrdU positive cells were present in the

VZI SVZ PseelsinguFeNEL @Qtifﬁ éuanc, and disanghH-Eciaining (seediasira U caremtelC cel | s

subj ect ed 1 & ReRS! WRINEARE Pywh Mfuided B VL ol EPRRRRSHErSiqlghg iy |
2006 PCT/ U384 RObbutddry zOme. tlatini the trafdrente catdha Woeectask ééthBAO
alone (see figure 7f) or rats treated with [iver fibroblasts (see fi ure

79). Five cf@emb%@awmogc cabs n"(e@syﬁed wiscledupsd 38Dt Srd/¥§ B21G mﬁ

st andard refe Cc ctl e used
for Br dUreélc?f@\%egcéegl baér)ngrd@ 'n tﬁ%ﬂé %}ﬂn@ @ q‘rplﬁ%g'@po& %C\}tergc s ger
slide Lf th@:ﬁo/ﬁér@dzmm aﬂ:hmlwbu gayediter NWCAD widre ohl‘vﬁfhém@atamsmtea(té& 3
24.1) was significantly higher than that in the VZ/SVZ of rats subjected to
MCAO al one ‘0'8'7 liwer fiyobjasts. i schemic rats treated with Iiver 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.< 0.05) and GFAP (4.4 10 2.3 vs
1.4 1.1 orFigure 70.shows apdpijc fceflls r(at steaubja%dmkWch@thmhsmeS@-

{1 br bl ast sMedday AGTPaPioghs ik, crcblasing (L IESspastive ool famowst, b: <"

15 hematoxylin—eosin [H&E] staining} are present in an ischemic boundary zone
after middle cerebral artery occlusion (MCAQ) aione. 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 MCAOQO with or without liver cell treatment. Scale bar = 15 pm.

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 MCAQO with hMSC treatment (see
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IV injection of hMSC 1 day after stroke significantly inproved functional
outcone according to the somatosensory score and the nNSS conpar ed] ¥ fh 2106

rats subj {9, ,MCAO al one or injected with rat liver fi g THi's
benefi t (ﬁﬁ%r%?)l‘é’ct production of growmh factors, includi Egﬂ?éﬁ}rﬁ@tﬁ%’ophi ns

that can pronote repair of damaged parenchymal cells, reduce apoptosis in

the ischeng . , ' rafi i.ffer ji.ation
of endoge%@ggmﬁgﬁxéﬁgﬁ%ia%?}g? gg@%@%&@@'ﬁi@%ﬁ?%ﬂ%@f -};f?tog?asst roke
in rats. Nesstad witefivsr firwblasey ereligdrerd)i Phel calehbcpamffas slidasateegmwi t h
brain damage. The present human graft-versus-rat host data are consi stent

with findi ngék: 2oomnontasyaly fiom e sinwiand rpfesgnacesestian wBhicegrgnaley at

of per manerd SBEHO 1 19 P BOSR 1ET UHEPE Ao T P o T
noni rr adi at gfdBRNI-FBERIve dNs PReIsAgs tn MAMPSEYZI didher @setiaat toWBBhang t he
capacity to selectively 51 WO 03/059272 5 10 15 20 25 13 JUL 2006

PCT/ US03/ 01hMiSEhtratignentd 95 @ & 2dht) was isignificanditddgherrthan bihal in the MBZESYdr vi ve,

and a scattered few expre ofein ers,f.or_parench | brain cells.
Though: hveco ciats B THE | MIGRET AR, By o da s e BHERIFH B 1Bafed Wi
that the nReEhamrGETESRN(@YIgLENG 2N ARPRE NGk &F BrdBLgodiid tallsonaesideThe
data show that injection of 3 x 106 hMSC 1 day after stroke inproves
functional exuresseNesdb2dd gl do/st B8 £ OmPD8dns Or 4 Bsdl-85haad ﬁ%ﬁh@s

conpar W t nont reat ra 7 d 14 < 0,01 fter o
adm)ni g ratT %na ‘%O\I}\e‘ﬁgrf‘qo% ;‘/S’ fo/‘,lg‘%S% <a¢f§gg$§rgfatﬁl\§§%@%q égyﬁéﬂ Mtgl ,
astrocytic,hiasd eadahbel irain fRlrats BUBeeidtFto RETAO 4lBAeSHOMLS Bleatad Wwigel | ul ar
differentiation and integration into tissue. Therefore, a nore |ikely

medi at or offivendibrobiasts Hedrsts aftersstral@ hMSC  suppl ement  conpromi sed ti ssues
with array of growmh factors that pronote
viscussion.
15 |V 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 1V transplanted allogeneic
bone marrow cells to the site of injury after onset of permanent MCAOQO in
irradiated animals7 and transient 2 hours of MCAQ in nonirradiated animéls.

Morphologic analysis indicates that hMSC have the capacity to selectively
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functional recovery of the remaining neurons and reduce apoptosis in the
i schem ¢ boundary zone. MsC can be directly involved in pronmoting pl agti gdﬂgy

of the is | £,43maged neurons or in stinulating glial ce gjete
neur otropﬁ{kﬁ[sﬂngégg., BDNF and NGF). The interaction of hI\/Sl&b\?\ﬁdt-sﬁM?ﬁé host

brain can |l ead hMsC and parenchymal cells to produce abundant trophic

factors, ' 0 ' f ' of a
| asi on. 30, LR M e e SRR Rordln. IS AR e 3chReted o
denonst r at efdwt ddalret Hprarey markers fevpdrenohyiBBNbraamded- were significantly

i ncreased in the ischem c hem sphere of hMSC-treated rats conpared with
animals 7 days after MCAO alone without cell treatnent and with rat |iver

cell treatﬁﬁm ﬁ”éb) e %Ehlg LR the, i L brain
wer e neasur ed, gthhe pos%gﬂi ﬁ%yﬁ{%éﬁﬁgﬁﬁgio gr oﬁ%%&%@%%@&mg&gpgﬁ%ﬁcogeni o
f act or s5 VEGR32matHahishas3 preddingiierdpelitin anefia| areemamisrynged. Fast data part
by increasing angi ogenesis was not excluded. Angi ogenesis 1S associ ated

wi th i npr oW Higtdniagtienracdved 96 ACs T rdddealticeirpka dneraess functionsl ecul ar

. Pr oVt | . . !
ractors. Ty ARSI ReRs M ShmplafhlsBY Shore shd MG NS cABfhgre it
(13/ 659272 ffonkfealsd iraisS2 Q614 dhy? (B €X.eT)dsiematinidsteatibrl However, shiygl e

bol us dose. MSC express many cytokines known to play a role in
hemat opoi es1%, &fd e 3% W FINSauexIESH Sleusenalc asHecYtica@dd endelbelidecelhct or s

that i 141 uengethenceld st obherdy Rl e ORRKAGRIR bnd! h8lriof tnle

likely tha ereépral tissue express these fac

effect of ttiwese. Theedforssa andret likgimediarirosfssiaortsrm ehefis isethaiMBC api dl y
and effectively pronote restoration of function. These cells when cultured
under diff eMBN EOMPEPHETAR HoTHAsHwith( arrgy | of caomtd fpcioss thatiptametee cues

of _the i onl,6 il YeRKl L nBP e B AhiNg' hOGoASOMA LAGEE aRIREES Shofhe, Th S
suggests that cellTs Wthrn injuréd tissue express trophic and growth factors
titrated tdsthemicdssimddry zZbaet ME&Diean! e tirectly &ivolved ieaprvendtingf plasticike wi t h

VBC PLPAUCS s Ythemit Samagel néurons of n ekmatatng i cansto Seerats ° Y
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 neuroclogic recovery from stroke.

MSC behave as small molecular "factories." These cells produce an array of
30  cytokines and trophic factors. They aiso secrete these factors over an

h
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distributed, tissue-sensitive, and tenporally ongoing way, in sharp contrast
to a single localized injection of a specific factor. 15 Neural shkdUch]hgs

reside within the VZ/SVZ, and these cells mgrate to their Li-ny in the
devel opi ny‘%PSA‘f’ﬁ”l n the healthy adult brain, the absence %@qﬁ?‘g?’g ¥ ai n

neuronal production can reflect not a | ack of appropriate neuronal

precursor cglibgdddibefiad 3ad rottierl ﬁnf?lart'bdw& de8e AN Exgrdsathamy cporingst ot i C
trophic and mgratory support. In this study, BrdU-reactive cells increased
in the 20 \RSYriaplat avMoDIMWNEM HMBTEsISe2NaiR0 supRHrastofine NATALIIRE . one,

suggestin V. inj e C st _mul at e.en i ells to
pr glgi fer a'? e&rﬂcﬂﬁjxt%; 'Pr"lﬁﬁgﬁfg tlF%EIﬁHgS‘rp%epg]erng%ls &Stb%gﬂ?ggﬁgﬁﬂcgﬁ%‘ﬁ{@ﬁn%ﬁ These
findings arige®onss skapthad MSCIRitRiIrcSErabRAdisHed BSprds¥ thdse fadibrsaingnt ief MSC
derived fromthe rat. 25 30 |V transplantation of hMSC in rats does not

sensitize rthesfiaghiohthesevegokines atst bophinddctoys enxerdin Ysaseovytieh ragidlyi on in
vitro. Sim]arl .he spleen cells of ealthy rats or rats,injected with
BC fai | B haEPVEY Fepie caeioraien o Rrsen st FRBCRNE GkiEEha

i mune respguRe diffidrent forlidPlibeRhefohmehhe e.?.elcﬁfdithrﬁ répdn@f 18I tBB cUegasy/ cel |
transpl ants. These data suggest that 53 13/1159272°'5 10 13 JUL 2006

PCT/ LI S03/ dhe2@niemmitsbegviconrapric thyordiystingsgrowth dastars expresaiopontisn f or

testing hMsC tr.eatyent.. for .stroke. Potentially,. d i tant, is
that the ra’iu@_%ls_%emataéqugﬁyftp@t ggurleptég(ﬁsgeogxpﬁr Ség%%%'?\aﬁﬁ%/gy%ﬁq‘h%%? JSect ed
hMSC. The itpahed itd thOhecthRE the tistddCh heSbfMMOtrbaMLIR dfetRKBSRItE MSke
related to the weak inmmunogenicity of these cells due to the absence or |ow

expr essi on RPduegDra hvaiady orbdrondic i tegtarsnpndxcytokines in s anatedisally and
secrete sol BT sarereneRlE. HBE PR AP T bR dhsuR B E =
responses imy‘mg}@ldchmzed imedtidheasitd spedfic fack@nograft. These data call for
additional studies to
15  Neural stem cells reside within the VZ/SVZ, and these cells migrate to their
destiny in the developing brain. In the healthy adult brain, the absence of
forebrain neuronal production can reflect not a lack of appropriate neuronal
precursor cells but rather a tonic inhibition and/or a lack of posimitotic trophic
and migratory support. In this study, BrdU-reactive cells increased in the
20 VZ/SVZ after MCAO with hMSC treatment compared with MCAQ alone,
suggesting that IV injected 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 tymphocyte 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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i nvestigate the i mMmunogenicity of allogeneic cell-adherent popul ati ons of
MSC. The data indicate that |V adninistered hMSC pronote neurol ogicl § JUL 2006

functional,reaqueyy 2 weeks after stroke. hMSC sel ectivel 13t he
cerebral i\ggﬁ'g@ﬁ)(f?iﬁ region. The interaction between hMSC )afl’rﬁﬂiﬁémlhsiéhem C

brai n enhances the secretion of neurotrophins, which can reduce neuronal

apopt osi s i imhfimoldgi6 hej@ctioh @i AKEY byaaes RNGbid eoRdéerndel tequihgliNi8Caas an from
the relatively intact SVZ in the ischem c brain. However, whether the cells

ori gi nati ngtieatmaet f@veiraker Roendially. anddgnarte impedanthds itahdm atbpalegNhas

equire act Fom B Tefsheie el BLis NREBLRMSE e TRy o o
remodel i ng eMSEr @bhimduceCiar etrohg. invhiiRe t REpPEKEST cArELRARGIaNEY heithe waeRrtain.

Wth elucidation of the nechanrsns underlying the MSC- evoked reduction of
neur ol ogi ¢ dBmMusiogeniglty Gidhpsaselis myestor el alpsastcel omigw expieshioNYeBRIT

stroke and PoLeranBeEIS0ArERE I Es: Al st S0 Sy alort BT &
Treat nent ofCyer ahd iCDEBY mdle&@ksNi PRadERIBhOTMSCSdarl abso) dbcrBGolidle
03/059272 PCT/ U SO 3 /111 1 2 9 In investigating the hypothesis that MC

pronot e f unéiadiatars thalodewpraguiaie thedayelnpmenl nvaune reaepensasnnyelyeddnwi t h

vari ous options for. i e i pr inical.c | ar y . Pretocaol s.
Anong issuey%]ore ecfélpbgg’kgg&%ﬁﬂanﬁ%’?ﬂ%@og%lwf)gn?&c{lﬁéﬁ@efﬁéﬁ%ﬁﬁce t he
i nteresto i sirivastigateontndi meamUH@gémictjy Vit BlIbBendichy@phbrsicht t beiulatiensiagre of
the ischaemc lesion is not altered by effective restorative therapy,
Applicants MBE| ally chose to treat aninals 1 day or nore after stroke.
This timng is clinically reasonable. If deficits persist for a day after a
stroke, the event is classified as a stroke and not as a transient

i schaem ¢ afThacHataAindicaiathap i izentinistered KIS psdrabtd nearblogioduhbiorseiverity
of 10 the neurological deficits can be easily assessed. The nopst direct
route of pl EREMERY Zoveeks pler sifeke MMAC i selestively ertee i) the ¢RIREMR! dsahemisn.

UL 50 s, RN LOLIRAISSEIA SRk AR e R
secretion of neurotrophins, which can reduce neurona! 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 remodelind 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:

th
=



of the brain, particularly with the boundary zone of a |esion bei ng in a 15
devel opnental state, in the initial studies Applicants opted to pl cdUhadltge

whol e bonegmarraow.cells within the boundary tissue. 3' Thu re
extract ede\‘vrgg’ﬁ*'dld.rllz(c)r rats and surgically and stereot actica??§&|gbr%{ﬁé¥1}$teed into

the boundary zone of the ischaemc | esion within subcortical and cortical

tissue. "- aairkketigating tieoiyeshssis ahbe MBSt gdnv@s fuhatioridieeeceelyl aftgr onot e
functional 20 recovery, so neurological and functional tests were carried
out on the &Pkl 4pplipanisnyred COREPNERh Vit vasionsi ARYEH for imBleaentingas
done. This ] | | £ 1 neur. | cal Y S),
provi des ansf‘%ﬁ]&@%?&%ﬁ%@&g Ho?é&g%réﬁp @bﬁ%ﬁx@sﬂ?@é%%(’%%% Q%{IFS}}S I n

addi tion, Applers enimplasiethalcelR0 BiEs HesMitarebBRtin rabiceitivaheryss wigmheal of a
sticky tab fromthe paw, 25 and a rotarod test, 46 which nmeasures the tine

the rat Jper Bypetbess tatdbeecsier £fithg iscbaemia lesioeas nobradiered iy effgelive bef ore

stroke and 4 erwards.,' Ani S, wer i, Led at days,
and transpl g#@@"%@ﬁ?%?@@ﬁ%t meﬁl!yﬁsQoggptggﬁé?t ngf‘éﬁ{é ‘Itﬁy I“?fﬁ‘%rlléogy.
One quest i opftepstdsies SEE Thid tmidy & dlintda0ly G8hSGhalsealf yieiiitaVersMigbharddysC
differentiate into 55 WO 03/059272 1 3 JUL 2006 PCT/ US03/ 01129 brain

par enchymal atel @s strekeq the avepers rdassifietras aodlsoks amdc 8ok @) aclransient

ol | o : . . . .
't r acor ebr Seiegi ke AL 7S, PRKEMsRenbebe SRkt BhBdhf i SV ryPhonor

m ce. RONCt t@durofRAcAlrdtRNt samtedBildesd8ssigys after transplantation.
There was 5 emarkabl e and rapid functional recovery after placenent of these

cells withi ne boundary of, the ischaem c ]Jesion. A simlar study .of

i ntrapar encﬂpﬁamo raﬁg | éfﬂ't‘tgf[ io(gnms eW_@Qti ﬂgt &eglﬁe'rg?rsraat'rbn’\sof”arrisé‘ég'icﬁl whi ch
a Par ki nsonghh&SlantRioh0BHeRcd tHEleems bwi placed within the lesion, in healthy non-

1- et hyl - 4- phenyl -1, 2, 3, 6-t et r_ahﬁdropyrl di ne showed significant ‘recovery of
mot or f unct Isehaemic tisswai ewithisdhadrauridasy ened RDawing aocihe ekseivalinusi on

et o B R BB M, R o JERH bpiRREY (o
t r ophi a5f actigvsiopsienbaiastabs, ainntr ke inilgidsnelise Apptivhhtst astear to Pl hawve
functional whole bone-marrow cells within the boundary tissue. #® Thus, cells were
extracted from donor rats and sufgi'cally‘ and stereotactically 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, »
25 and a rotarod test, ® which measures the time the rat persists on van
| 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 cersbral tissues by histology. One question

addressed with this histological analysis was whether MSC differentiate into

*h
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15 recovéry, and precul ture of these cells in growth factors facilitates
functional benefit as well as increasing the nunbers of cells that E’eXlﬂrgﬁﬁ
e

brain-cel | ywoRigaRLypPi ¢ proteins. Acclimatisation of cells igprGdisiiBoto t
environment Jof " the brain seems to ease the transition fromin Vitro to in

vivo. Many of the transplanted bone-marrow cells underwent apoptosis in the
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can i nprovenidmsuteaengd welb madeorrs Gys | aftet haaaqﬂamamonnt Fhemnt vass were
also effective in aninmal nodels of traumatic brain i n{ e‘@ spi nal -cord
i nj ury, 2and PAAkERANY rapigeiigstiond recovernyadter pliaerINgNt AkiNesgeellg within

si gni fi cant U I gl t
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However, only 1-3% of cells exgressed pr ot ei ns ghenot pic of parenchynal

cel I's. Al t %N W38 iprYpRA Mithd-raethybiirheayhi e dithigtayAronyreing ARowsti d be
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conpar ed e anoun hem spheric biain tissue arcte

occl usilén otdjasentritsld eontusid EPés:@lﬁ tofrtte (spinghcyrdi08Ad sighiftbrys fuattienal

occl usi on, abo‘h 50 000 cells (SE 18 000) or 12.5% of the 400 000
transplanteHeng 3% 8Vidgnknml | percentage express neural proteins far too
fewto replace the infarcted tissue. The success of the direct inplantation
of these cells into brain pronpted experinments to test a |ess invasive
vascul ar route of admi nistration. Rats were subjected to occlusion of the
ni ddl e cer eNRaptiaNs onytheggdexprsiragnist shpwed dhgt coadministration of MSC with

trophic factors, such as brain-derived nerve growth factor, promotes functional
15 recovery, and preculture of these cells in growth factors facilitates functional
benefit as well as increasing the numbers of cells that express brain-ce!l
phenotypic proteins. Acclimatisation of cells in culture to the environment of
thé 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-marrow 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 of_
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

th
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I psilateral to the hem sphere with the ischaem c | esion was cannul ated for
injection of cells. About 2nmillion MSC were injected 1 day after stdaké.200h
battery of,, gl,.ogical tests was done before and after tr e
Hi st ol ogi c%{j%fg“n)lé ‘ysis showed a paucity of cells expressi ngeyrﬂgp}é‘f'ﬁgsj
phenotypic. of parenchymal cells. However, significant functional benefit

was evi dent of trf\fipldrianss. Bbweveedngd118% Fistdx@refedatrotdihephahotypld e of
MSC administration for the treatnent of traumatic brain injury. Although

cel | s ent erefd perendbymial celifenAliliptgh dher pEPRATHOIH Ofc LS RXPIBRRIRT FUEEY e was

no function etf.l o] C e te adm.istirati
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hypoper f usi panddaite@xaeetibatethpaied Wit tdantolit adfrhémisphiric Apaini tssiles t hen
i nvestigated the feasibility of the nore clinically relevant intravenous

route of adRfairiad aiteropcclusips ofphe seighla seabsal aeryseuahy 497e 14r@RYshas

f ewer adver e S t Ot} dj ' I Aj=ect ] S
route al so SToREIFUPrnaRPrE YR FigleEria ooy, LETEd e SHLRRG
shown that gghdsanteiesipdvenkr svanqsitentagadeigheiss MeUral PrSteinde—fdr ®ion.
However, there had been no studies. showing that in injury, such as stroke
or traunm, fem icaieplanesthg infareleddissuel | s woul d sel ectively nigrate to the 57
WD 03/059272 5 10 15 13 JUL 2006 PCT/US03/01129 site of ischaem c injury

and pronot erhing 084! ofofie Hirket ﬁﬁpiﬁﬂn@a’?ﬂﬁrﬁ lotf hRBSE %&Ils IS idint BrsmBaRpt hesi s

in rats subjected to occlusion o e mddle cerebral artery. A day or nore
af t er 5fr okexperin®ents ltbitest aVBGsvievasivenvastuddr raute of administratiom. Raysphéreant s
carried out_a.battery of neurg i cal, .outco neasur es able 1). - Animals in
whi oh the. oSSRl TR afaRE: &) B FteleRbRa cRANe et I Rt e R8N ay <
after strokgsiatbrubethke hemishHdrasRith raat Behdekiny odidl ass thRkGataper kil l ed
at 35 days. As in previous experinents, cells were |abelled with

br omodeoxyuhjagiine, ofacels.kAbouf 2rulipy Mkt Neresisieaied, 1 ayi atercatreke. A
generation oly NGV 58\ rSioglhP RustdRs dsHE BBlcFe RkSarlSt tfed Rt 1iidifhiRal el ©
15  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 aiso 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



animals, and the cells identified by in-situ hybridisation to the Y
chronosone. The treated ani mals showed significant functional irrpﬁdvﬂj‘[emgs

W th treatgynhnsdbsgure 2). Control populations of cells wesEpdsapsed to
test for the specificity of the cell type in pronoting inproved function.

Dead MSC and liver and lung fibroblasts (as non-nesenchynmal cell controls)

showed no t bigs apestHzerRienafury amngrovmor fldiehhPbehSin Applicanihtderetonsf er ed
saline control. Thus, the intravenous route provides significant functional

i npr ovenent testacd thist hynahesis int ieds mabiented taaecaiision taf Jaer aiddle Larpiimd

initiated 7 s after r e, . . fitk .si .| in
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nore cl osel yeinhWpYlicard BRIrieRost 20 BRtteBE bf halRbBgie blasorhBemeararescel |
popul ation, rather than rat MSC. Human cells were extracted by puncture of

t he posPeri bl [1j.sdniprais in whicthiha cells wersoadministered dcday alieesit ol ware

dose of 3 i o fovdTReyeliad RPeTa A ThiRarelisad " W oAl oay
after occl ugep kifledast 85 ddyst A MbréviifeRpbhmenys, dBllonsrd labelibanaih
I mprovenent was found after both stroke and trauma. The human cells are

easi | y obt aPipsapdeudeing: sa TRatkerc o pewheagyntpesispenddAt otov eingiagitegh

magnet o copt ey r Y TedEnE Rlson AECaLth BERCIAS oo er S IS8R
S03/'U 10129akiaeds Usadl tie cbNeRienfifibd &y in-shiut hyisrfisioratdthaLY tohpb hoseer 0si s.
Thus, safet data in human beleggs are avail able. Applicants did not observe

any i ndi cat%bﬁtf@ﬁtedﬁﬂm@@ﬁé\@w sigoitigan! fuswtianaldpyspvemeshyith trRat@enéens of

untreated r I JTRd d w t, I .

cul tur ed wi IFaakrCRREE ol R pLball WHERIsD 5 1668 {2 TRY ShePiRELy

i nj ected wi phtheusaintybBGnipromedingdrrbwsd flaRition DakidonS® &hd livbearddehd s in
vitro; howeyer, the proliferative response did not differ significantly

from that itProplasth (@erpa-mespRcivmalaalicanitols) shavwed apihsiapeUtin BRRRTKEC can

i nduce1g prigmrycpd Qld fb%rtt%fit\‘\%{wr Esgﬁ%@\étﬂ-&ﬁ?eré&' Qéllrf‘e %Q)nrr)f)ﬂ’pﬂﬂﬁé‘,t %e . LNe
admini stration of these Cells to rats does not sensitlse [ynphocytes in
vivo for a séavedauy rputelproeidasisignifiesptdonetiomal improvenient! gftgrtetioieeandr e
'nplicated as 80 Wi WAL HsS bl A ekt nahe iniieaY 3598 Stter 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, ratﬁer 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 functiona! improvement was found after both
stroke and trauma. The hurnan 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. Humah MSC have
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Therefore, the response of rat host T cells to human graft was neapyrgd wbth
a standard chrom um 51 assay to assess the |ytic effect. Human MSC di "r%

15 i nduce g Q i c-T-1ynphocyte response in the rat spl YT
Appl i cant saogé}gh}ét?i(excl ude the possibility that rodents anggﬁﬁﬁar{'@éi ngs can

respond differently to MSC treatnent. However, another possibility is that

a uni ver sal pe&ldsedabl @88NphGe8! with cAREePahdadlLifibRIebRrédt | Theansdietyused to
treat patients. Cearly, nore data in hunan beings are required to test

t hi s hypot hésliasn human beings@relavailalle. appl i cation will entail autol ogous
transpl antation. 25 There are still many issues to address, including how

{niese Ce | SABpfcaflS R4 Sfb B8SALEEPindiBhtty of At IRleidhen FLABLIERIRRNer i -

How do the ¢ now wher e at nechanisns targ e ce
speci fi cal | ghsarvsiidrgs Thie spipeny 2f Tndreated rafisrdes esimalg traxted witlohamam, i s

t he effect f.th | 1 the brain.and h ffects t te int
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1 3 JUL 200thes¥Oc@Bs ObOiRo PEGvievEt13h8 prdiiferadlive 1€spkdnsk0 did neiardiffed
antibody reactjvity to various |abels. can be labelled wth

br omdeoxyu?‘gaif‘ﬁéf‘P{Y‘rﬁ[@Dd@ﬁty@ds @?Pscggnsgﬁ@ i‘ﬂ_“@éﬁ%‘g_r?}ﬁ- STR%@'@%Q%| s
and the Y CRGAERSRISC! ERAtINuRE BY phitady Lrolidiativl S8EbGASe Oh FtTRAIGARI | S can
be injected Into rats and an anti body to human anti gens used. Intravenously
i nj ect @ celyhyphrayweshetbr adorinistration rofl these, cklisinteyrats ptiesn nchnsersities
marrow. Howev rg{%fé identified MSC encircle mcrovessels in tri}ese rgans,

with few cUMRDGYtEs da VYO A far SHRORTREY RIMPTRUF JEFPOnga . 8. ¥, J 3
mllion injgaidbeylZCAE IpRutddyss ahh enitidtsAtsreBtaft-VBFisdiseCHREa%k! hi n
the parenchyma of © brain tissue. In injured brain, whether after stroke or
traumati c i hhenejore; tee vasponse of rat host T cells to human graft was measured with
a standard chromium-51 assay to assess the lytic effect. Human MSC did not
15  induce a cytotoxic-T-lymphocyte response in the rat spleen cells. Applicants
cannot exclude the possibility that rodents and human beings can respond
differently 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 intefesting issue, however, is the effects of the cells on the brain and

25 how these effects translate into therapeutic benefit.
Tafgsting of MBO o sites of corebral 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



majority of cells were targeted to the region of the injury. For exan‘gl e,
after stroke, nore than 80%of cells were within the affected hemi splets, 2005

with the p@i9deby Of these cells congregating in the areagcgfRushbhe
| esion. Many cells were also present adjacent to or within vessels. How do

cells target injured tissue, and is the |localisation of these cells to

m crovascul aiddhe bimatibaay reiBBviod NerictisofablRC MSGidaes bef ldbejiedywits
rem ni scent of the response of i'nflammatory cells to injured tissue.
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and the vaspgligiebfc®) inddlirds 4ME afehntibddy fothumaf Amtigaie usedl htravspendlyt hese
cells across the vascul ar boundary, cormonly passing through the

bl ood- bPai ninigated eells Tiavedaarn turichyitaindiveahidenay. sppesuned bogermraraveoncer t
i th chenokj,nes. licants,th . tested whet dhesi ) | d
chenat ¢ r actPye a6 aipe BRbPd Rl B B Rk s el L RES AT PR Mk eq 2

Boyden chanbslis log8tebipanelpgtrefchyma] UEAL 19N celRelMELY.004RT BhANRET mjsReadr at ed
by a perneabl e nenbrane. MSC were adjusted to 5x105 cells/nL in mgration

medi um (| scha et 1ddB3hi daysDaiterelreatmeantivgire deleatad Svhiohe dasenrcihvrad dni n) .

i ar at od ¢ SORE UBeee ol Dl Ha bS5 ABA e bt rapRA R e Bt 12 me
ar ea) . 18i ncmaijst aﬂraecnsm&mtatrgéwet&@»elre@idn df th@G8jry. "Forlddrhple?) attef 2
PCT/USIT3/111 129 5 10 15 20 25 expresses chenotactic proteins, such as

monocyt e cr SiERERatmPER thatnt 8pFopbrallsl weswvithin thy Rifgetadhemisriese ywWith dbei n 1,
2O onts RS of Y5 pueLaSEDe 01, U BIRIAS el BRI,
adhesi on noleesllatd prederaadiadamtiael druvithin askdrss. oOHowote adlie targetrigjupkdced in
the | ower chanber. The increased mgration was effectively bl ocked by
addi tion of lisgus Bodiieshe ipaalisatipmhekihege cells to microvasculature’important?
15  The homing in of MSC to sites of injury is reminiscent of the response of
inflammatory cells to injured tissue. Neutrophils and mondcytes 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 molecules-
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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nol ecul es or the chenokines to the | ower chanber. Wen tissue from brain
subjected to traumatic injury or stroke was placed in the |ower chahbelt 006

cell mgr " al so significantly increased. These fi Loyi de an
I nsi ght \% 'ﬂ )\Q%tshe cells assune an inflammatory-cell-1li E R%gjr@l f};, and

how they "know' to target injured ti ssue speci fically. Thus, any injury
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such as Parkinson's di sease and mul ti p er si's, can guide MsCto the
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provides a . g\rmof ti on of "effect] dose, of cell he .nore severe

the injury Bnfe QMo Ni iR |Péﬂ¥+9?<ﬁ %@sﬁ%@%@er{th@cfﬁa&ﬁew MieraiBRber s of
cel I's direcgpgiar tr%s%@ﬁséé Were d?'fes%?ﬁ h%?e&?%%ch@s i?\?érlsélhﬁéif ect

the brain and t ere pronot e unctlo recovery rominjury and
pat hol o§i caadmmmresmeﬁbuﬁne‘l POSE lmlaaetdy in tae MS@rbehefmber. déeebcabasedssue by

becom ng brain cells is ver li kel hlntrave ou I.njectipn and the
nunber s of TATPARRGAT AR Vel biec b SR kR O RS ARGl st

there are vilgted i 6Flthe RERRHHes BY ffk IdwdihSlaiBERRNBRABue ARl Sprald

replaceavolurreo tissue rmret an a fewcubic mllimetres Benefit is
detected i nsmtaegtedasetsamamlrdawsomumfe vasapiaeed in Kie fovedr, chamsiers, caliral |
proportion of c ess. rote heno C of arenc

|1's exp y | cell.s
oy ossi on DOEHRACNES Gish ROPYGES R RcTRATP ot BSeS (EBIOR! SFRUE o BHkhG
neuronab or gk I—f’Hw Qﬁé'céll‘é”&%é&ﬁe A tisfarimalors-&Make RRIGHRE. a®Y 8dw they

differentiated ells are highly unlikely to integrate truly into tissue and
form conpl eXnew” 1t<3 tatgﬁtzmdlﬁedvmm GpeeifizalpCTIbEs3/a0y1irgury et 1522 @5
connections, ;which inprove functio acenent - as

h .
rochani sm o RAIGHORECIPBRDPe THORO,Aots G ER B8 BREESHes S5 9y
far more repgAiRtes Qigd38ahhaMURDIE BEIPEAST thni guilBauSESto itel et ebr al

sites. The dependence . of guidance on the degree of injury also provides a
15 form of titration of “effective” dose of cells. The more severe the injury and
concomitant inflammatory response, the higher the numbers of cells directed

to the site.
Mechanisms of sction

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 celis.
Expression of these proteins does not indicate true differentiation Aand,
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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tissue to activate endogenous restorative effects of the brain. IVB% can turn
on reactions and interact with brain to activate restorative and p §9ﬁ%l2905
regener at g (iBsbani sns.  MSC behave as small nol ecul ar facterh@asnpkeduci ng
many different cytokines and trophic factors. MSC within cerebral tissue or
Wi thin the mcrovasculature of injured brain are likely to express these

factors, angbrreetiehteakvhieh ﬁrﬁ?rd\fepﬁhh@tiorf.aqtl'@x@,s BSEUY gbpldcemiie bs the
mechani smthat rapi dly and effectively Erpm)t es restoration of function.
Appl i cant s thackarisowhy twhich NGBCppremate thepdhiengficial ajfesia is Yoyt wilikelwrer,
nerve growh. factor (N and _br.ai n- ' neu I I t Qr F),
among nany G RS sheci % Raaie pat s BeRert UL AEC, Righ8F (Bend® oy
not the singsaebid helivalé ehdriehbGy!rastosatnd BifEast OF the bt | MST eantiit
beneficial effect. A very inportant observation is that MSC when cultured

under d?ffedremmeactione andriotangstr withe brainr ¢s partivate reptorativg and podisidy i ng

grow h-fact or exEressi Qn, This finding suggests that cells within injured
ti ssue expr'@g?nF %Hﬁ}l@ 8“?1”'§W3Wh factors adjusted to the needs of the
tissue. Different environments affect the secretion of these factors. Thus,

the degreeM8C bekave asrgmaly matetuldrefactoriass poodiicing dianyugiffecamt aytdkiees oni ¢
environnent will diciate t ecretion of trophic factors. . | i cants have
Cest et ni <2 pophissledtarnabio Bt romtsat inia af Wb Bisbrassidlves of  NeC
I n tissues &xhiasy ‘B?P'aifwré}m|fk€§)pt%$e)&§ré§§ir%¥ebﬁ1éﬁ§6r5956d He bR & tﬁbgw%a']j

: cantly
i ncrease the secretion.of trdphic factors. € response Secretions MSC to
t he i n}@r edfabtoms ordbfafire tissee & thenmetbabisen thateaphidy ahd sifectivelgpromctest fr om

th ffected brain. .,Th .' t re tak f d | h
Teasur ement S EAND AT O RRIGIR Haxg Sravh niTB MSCTTedPERNRPRlP M
Appl i cants u3qeh a tasaRt | YaER € ngard WardwiRL | faftor MINGF)TeagHr &sraiderived

I mmunol abelTi ng method's the expression of growh factors in brain. 62
113/ 059272 rewoyophRobstoP(BDNEY ambhalmarny othex drerdic amdograwtbptactorsact or s

an mal o subl a5 aeRs CLIRGRE A pal i SBelERUREoLA it lah S Re
sel ectiyel yagifitfes ithe BeRdfidiaPéffed@nA iRbBrtadf eBEdrvaneh iy prbSCamars in a
ti ssue feedback | oop, how do these factors .
cultured under different ionic .microenvironments respond to the cues by
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 secretion 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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-5 alter the brain to pronote therapeutic benefit? The operational Tgp% hesi s
is that therapeutic benefit is induced by a set of events associ at o/ UhiZ§06

brain pl L EhdYs, this process includes but is not limt | fgenesi s,
neur ogeneg\?é!'ﬁ'léﬁﬁ%pt ogenesi s, dendritic arborisation, ande'?cewléfggfb?'g'hgof
apoptosis within strategically inportant tissue in the boundary zone of the
10 tissue. Iohid 14EGRIASE snfMah [ Afrb er I POk @Bke R BRINAZRN! C
agents. Ap%ﬁ%%%’?’g O?Z?tp@l the ef ect@(’)?yglesgggﬁ su;r)ernat ant from MsC on the
i nducti on thanéngoogemsd snilvdasuboted & skEolee pattaumiat h an assay on human
brain endothelial cells, in which supernatants from MSC were shown to

angi ogeni ¢ Grahate. st PUt i M S RbryES, afeh Bt B A SeflP

corneal assgywti\asdr gbghic facfi Sha titStaHeadPASKK Riop, hdvhelocieReafacid a
col l agen wafer coated with MSC supernatant or MSC thensel ves are jnserted

i n the docléder timpiraipl tcpradnetedAsrapssiic kenefitdfThaupgewiipnahbyretbasiang

Phe. pocket b ierdne @ Bhoh ByrPUERE S Soth0EroTa ettt it Bl '™
corneas trg_ﬂéﬁcéit i t higafpessedsoddeddebt IbuYBis swpelimatbantio Alrdissgtesi@st of
the cells directly placed into the corneal incision diffuse away fromthe

site, angi ddieaenesins BRataenesiter dendstinoarkaiisadgenecand refdudiencdit r ol
the Wee sufpitkieid imidn S PHE . TapBLaft 6398 AR BouRR P SR i

t he sub®rnafsagk. is a highly effective source of angiogenic factors.
Prelimnary studi es of angi ogenesis induction by MSC treatnent of brain
tissue als gest, increased farnmation of new bl ood vessels . (unpublished
obser vat | onfECRY BRGS0 GRS PIWEY (GHGY cifEn Eora d RgREPIcG FORNGE. oy
2006 WO 03495RarE BSTBRHCE 9 MBCatduperiaant RbM MSCoRIgsRiduREoAT

function, Applicants have previously shown that treatment of stroke with
VEGF a day @rangiegengsisar Measulamentgnvere ayadsy withndh AsssY fAih&umeambraiscovery

'S0 cont ri el P RERET hownkR Rk ERahls BB RECIRE Hou R s e .70 ¢
of neurbgenapidsfordatibe cinetulad) @eiesting a dthectlial andlangiudanic passelisbeThe

subventricul ar zone. Neurogenesis is . . )
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  pilacement 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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also found in the ol factory bulb and dentate gyrus of the rodent ﬁ;}al rlt
Cerebral injury such as stroke anplifies the production of neuro \'}\H Wﬂﬁn

certain regi f the brain. Functional repair, particul gebX:shilodihe | ong
termafte%g‘{g"%ﬁe, can 10 be related to the production o? new brain cells.

Mechani sms that pronote the production of these cells can inprove recovery.

Appl i cant s aa?éét@/q?r%t%ﬁp&fbﬁam@eﬁoﬂ bERIHERBA, ﬁbﬂiéérﬁ falbtprelRusBNshdWHCt i on

K
of neurogenesl s. significant 1 ncrease in ce numbers was measured in the
subvent ri cuthat teatmeat todrstroker oike. VEGRy aoflay lesw ooz lafter sipkeasigsificantly new y

f or med progenitor.-}i ke, ceLI s, 15 as, shown 92‘% t he exgr.essi on of specific
nol ecul ar nHIKBYES LEI?@'H”Q repRyeR angriereaieARYI0BFAsTIR Wit hin t he
i psilateral hem sphere al so shows a massive increase of expression of the

stem cel | nineketion bésburogdregichy inmgarndef MSC \oahi @lso cohtriritelbs aindticgsile i nto
a progepitor or devel opnental state., Histological analysis of the cerebral
tissue PranSHrav¥eBENhialterVeiroks.s dns Kapedanh Sligooh NEMERRRNET'S He thes gRea e
rosettes withi he, | ' ' 5 e r el.ls are
i1 ar o tHeSiE A ISR ASH e R R AbYER 2oy, AR SBRedE RS CLl)

systens i ntglsp feurae rethiead fdcteryusulis andtergatedggrub\of ties tademttbrginl Ceeebral
projections, emanating fromthe _ventricul ar zone, again _ resenbling events
Wit hin t he BBVESERN 7§ BrAserampHiigs thenrrogugtian ok ngHIaRsHIthis GestaimPTians s
seens to pr i, o WN! %bcalx QAN | [ r a
primary sou@@”s'&r%ﬂﬁn#wgg\?éﬂ |cﬂufb§r zoarll@ g\?% E@ggtfﬁgﬁ%ﬁ p %ﬁﬂ‘s‘é.ﬁ o the
i nj ur edObr ahe reldtees o thed peodiation aitmevb btain tazllis uNMEchanasms traipromals fleeigh t he

rel ation of the i nductjon of neuro_glenesi s and thg n‘ ration gf theﬁse cells
to the resR'GAHENYN ohthesm eelis FARADPRBYE FREQVETYr 2BP 'Q%nﬁ%ée%te. tag effeptyuL

2006 VO 1136@;2%%%@?#3&%% ol %@%rﬁirﬂ&cﬁtaﬁ &fﬁaﬁrﬁgéﬁgsﬂs! %PEs’pﬁiffc%ﬁi ors
produced by can affect synaptogenesis and increaSe dendritic
ar bori sat i dncieasehin iggllunechbensl was raeaswureldr & rthe Thebvetitriewsar efohec aftef

g o it B S Btk PR el AR
R e e
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
resembling 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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Giosis can be an inpedinment to neurite outgrowh and arborisation 1a§ tjﬁe’_r
neural injury. The transform ng growmh factor proteins are of nmjor 2006

| mportance,,| g healing and have been inplicated in inhihitd,on 95
scarring qugé?%qénd nyocar di um and the scarl ess wound re?gﬁ@g lglelr'ved in
the fetus. Since MSC produce this gromh factor, therapeutic benefit can

al so deri ve Ther gfuith S le#EphicoRcRIrs $H8anESY b?ﬂﬁSﬁ‘@aﬁHﬁé@ﬂﬁ?ﬁﬁptb eygnment.
of synaptogenesSis and dendritic arborisation. In addition to cytokines and

growt h and @ndpiniceedsec tendritioBhangatiessint fu tjsredisnddsemamiedorain.hThene

f [ , h bl - i fic f 2 d b . '
brotei s TR PlROCaPRa e St e wiBT G Ra PR BRI RRERRBF o
and neur ot r apinér fA@bARENHC!INdbRIIMIREN kRNt ReABPlcatsdhg%e  SRMen Shown

t hat bone norphogenetic proteins, sonic hedgehog, parathyroid hornone, and
fi brobl &t iaeesed aexpessioghtofhaysapiegiyainor § syhagtiadupriotejn20within  the

differentiation of enbryonic cells, by nodjfying nesodernal and

neur oect odehﬁﬂpdﬁ%%ﬁ%?yé.thﬁﬂéﬁﬁmpﬂgg@gcﬁ@i*ﬁgﬁy MSC of this cytokine
cascade in injured brain contributes to functional benefit warrants careful
consi der at i @liosiyd chor bdean dmpediment so ridurifdeoygrovth sama arbarisstiors dieghl vy

susceptible to agpoptotig¢ cell death. opt 0si.s ersists for nonths after
stroke or bP§PF§'tt‘ Uha. %Wﬁe“@ﬂsgﬁf"gn%n F‘S’E@vé@@ﬂogr'e PTRHRABWATE APpIMBIRAt s

have shown ¢ f ; L A Wb fhi Lagplficantly
reduces apo%@gégéﬁ%@?ﬂﬁgh?ﬁi@% gﬁg?ﬁd%egl?féer&rﬁ{g%%f%dem%né iltgér{ﬁ %ﬁi%?{lé%
productli®on of skincanchnfyaceodism asuat bheascalBEss wothd rephie obseweddnateitus.

(13/ 1159272 3 2006, PCT/ USU3/ 129 Dbrain. plicants specul.ate that

the sel cot | SoeHISE: BRAVFSIHEERME atR herEe B aRrialt can S0t SeHve

cerebral rewot Nehe Srekfliclion2®t23carring and the subsequent improvement of
synaptogenesis and dendritic arborisation.

In addition to cytokines and growth and trophic factors, MSC express factors
15 associated with bone formation, such as osteobiast-spacific factor 2 and bone
morphogeﬁetic proteini. They also express the neural cell-adhesion molecuie
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 embryonic 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
23  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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The nechani sm by whi ch brain renodelling, neurogenesis, and neuroprotective
mechani sms evoke functional inprovenent after an injury is uncertalf Jaib doan

i nportant fopic_Qf, research. \Wether all these events, whi ' lified
by treat rre‘%'lﬁa\%\ﬁﬁ‘t)ﬁ%l\/sc, actually contribute to inproved out ?g%%gfﬁ‘g? st roke

and trauma i s under investigation. At this tine, specific events that foster

restorati O”b%in.”RHﬁI@ﬂ% %?hcﬁlﬂf@ma‘? fhe S8RV PEJLERNAEEbo B WARM this

specul ate, however, t e process that pronotes restoration of function
i s not singregiondafisustaiocectbral sswiengeg, neurogenesis) but is nost |ikely
an interwoven set of events, angi ogenesis, neurogenesis, synaptogenesis,

d bound d [ f | : ' h | '
Coupl od 11 MOF SyREPANETTe REnrapRR, B CoRR kARG, hefRIGIERs P oallany o

t hi s hypot hasisprowdctide mhétharasmernewiiket fumctipesl improvémenorstet hatinfmtisi but e
to i npraoved neurol ogical function is worthwhile; Applicants have |Iimted
abi lity>to HREPAHATKhaptiDoPLaskianie pleaspaish.nMiethes albibesaaveniomdich o
reduce angi s i ' e | Ny..LH i ssue
| many vy o BTy ek G| Mo A OER RTRute o it e SRl

ti ssue reveusftsr stpolananditdueta B @yterdhvetigatiopment and thus becones highly
responsive to stinulation by cytokines and trophic and growh factors from

t he invadin . .The NBC.praobably.stigmul ate within the asi deyel pprent al
cerebral ti g&?@%f@&cﬁﬂe&l’fg’aﬁ&emég rfgg{e\;ere %ﬂg@%,m_ TR I '?Pg .uncﬂ.gn
angi ogenesi ganN&SeH! RN AppieHhRIepesiiate, aRGwEeBH! thiat CtheahRssafHgn. The

primtive state of the tissue, which is highly sensitive to various
stinul &8t s armmgeswrestbetioor ©f fuactien ishaet wsingler medificaiost at disseet (gg, MSC,

primarily fqster t her apeuti.c, F qonse., The NSC ¢ [ npl rovide. the
resour ces rgéﬁﬁeorgéﬂ'%ﬁ?)m '5@85%[%@%2 b MRV gghgpfageg% ryﬁﬂ]géqg@nggf'sebral
remodel || ngneduiicheay ssylprogerrat udad! beungasy hedidiiorishal_sidigngcahys or
an orchestrated sequence of titrated infusions of cytokines and growh

factors 66 2Pepipsis Hedecantribateokoareoupisd iEngt synermists Manngh t8tinMAIPYee t he
conprom sed ' tare: & ' ¢ 9l
pop 1 cant o Aes: AfhpBgh ISR B IS e e of PybBE
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 growth
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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M5C we stem|ike or progenitor-like and can synergistically react wim}h 1
injured tissue. However, Applicants feel confident that the MSC w tHi 111 HW&G
brain do gg)tmyquJTace tissue, and they do not differentiatgdmi®sh

neur ons an supportive astrocytes, at least on the tine scale In
Applicants see functional benefit. Primary benefit is obtained by
activation @anidlimlilgt fHeSsdtBptamisb&drRl caRtot rRspond ensiaberebiire ifdhetioh.
Figure 3 illustrates the present understanding of the process by which MC
can be har vé&iméarhanappleants cannotaxdugeuthal possslituithel &seebPaREalen it at i on

cel Pt her apyTeGrretstefRlF ¥ bErEiRem RS 2B B RAGRIREND It M iy
transpl ant atisgife.i Bloweler,CAPPRIANRS dsSIdibrident ¢RNChie MSTAWBIM thebrAmsdbeen

used as an adjunctive therapy in rrulti(gl e sclerosis, phase | studies on
safety ih stobkeplace tisgeer and daey Vo npitdiferantistainte Sunstioning NepurEBDaAAI mal s

or indi cat | SHOBP Ve BeRoo S al Teact bR GhR B sBlt o Briol dilnionts Seherr
own cells, Iifstivabf bedefieFritnambaefit idifhtagictPby defvdtid?Potinplrea@nidsh8eo

preclinical data so far suggest that treatnent” with donor cells is
possi bl e. HoWBPER! anckdPi APEWENSAE pRAsBIUrY.clHigieald ihshates thasPreésendone to

addr ess thi L on: p LLpi d [ i ' i,n this
evi cw i nai YPERTHARD SORSRETS L W BRMEY e SR RN L BPanP e ana
hi ghl y f f e¢iday thjlirest curabial éiséter apy. Thus, clinical studies 25 are
warranted. 30 Throughout this application, various publications, including
United St atiegnpateniSonahairirgeenced by author and year and patents by
number. Full citations for the publications are |listed bel ow. The

di scl osures of these publications and patents in their entireties are

"ot or ence. | iegarh e BpReEEettR addebegy heos W (MR I RE a0t e o

the art tobehiughdt in sstrkeerjdtientferithbogh bone-marrow transplantation is a

15 common procedure in cancer treatment and has been used as an adjunctive

gtioning
I ch

Hi
whi ¢

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-matched cells,
20 or a universal-donor population? The preclinical daté so far suggest that
treatment with donaor 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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10 The invention has been described in an illustrative manner, and it is to
be understood that the term nology that has been used is intended §g ﬂﬁ_zl
the naturge ds of description rather than of limtation., i Qusly,
many nodi f\ggg‘g”f’%bﬁgsz and variations of the present invention P%g{ues%/}é!sxg?bl ein
i ght of the above teachings. It is, therefore, to be understood that

W thin the ggopAcafintdei ea}fp{lib@ﬁ% MY Mmook Gu il B BEHI R Bts dpnRet i ced
ot herw se tﬁ'gn as speci I|gc y descri Ecgé({ 68 WO 415;]3}3059272 13 JUL 2006 '
PCT/ US( 13/ 041t 28 whadh &his hfdntioamarinon of hMSCs | nduced By TBI Ti ssue
Extracts Goups TB 1 Ext (% Neural-like cells P0l1) Knockout DVEM) Nor mal
Brain Extracts203. 16+1. 97 402. 08+1. 19 TBI Extracts102.07+0.49 2029. 60

+16. 89 4012, 70 1He 4Qchiiihal LRRN LSt bEd TFlard NIBSHEIRX HaRHFIEP SRIRAL G0l O
control knockoutT eél\/\ﬁllmwt aﬁnocbout sler um raep1 a%g%trlsnt and nornmal brain
extract§. *bPubdelst6ed that theltetdelod@haBhasb2en (REH b iigedded 1d be iREFRERENCES

20 25 30 35 . e
> 1015 nature ofo’-words of description rather than of limitation.

Obviously, many modifications and variations of the present invention
are possible in light of the above teachings. It is, therefore, to be understood
10 that within the scope of the described invention, the invention can be practiced

otherwise than as specifically described.
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1. A therapeutic conposition for use in inducing angi ogenesis and
vascul ogenesi s, said therapeutic conposition conprising angi ogene if ﬂGg
vascuogenesi s inducing factors isolated from mesenchynal stemcell's A 16

pharmaceutically acceptable cell therapeutic, said therapeutic conposition
for inducing angi ogenesis and vascyl.o sis. 2. The therapeutic
conposition according to claim1, sai d angi ogenesis and

vascul ogenesi s inducing factors are selected fromthe group consisting of
angi ogenic, trophic, and growth factors. 3. An in vitro nethod of anplifying
pr oducWhst inelained éjenesi s and vascul ogenesis inducing factors secreted
from nmesenchymal stemcells conprising exposing to and co- culturing
mesenchymal stemcells with a differentiation-inducing conpound for

i ncreasi ng AhBeipeiitie tdompaitidrnforael indedesihg angfbgenesid AUAENESEHoh &l Ng
factors. 4. An in vitro nethod according to clarm 3, wherein said nethod

i ncl udéaidethigsaperdic coMpSitieon- e0MpPHsingg 2rEIOgRDASIFRANG t ARCHODEBESIF t IRdECINg

di ffergntiat ' ' f ' asi - cli t

angi ogansrR SARIAd R PbsERERPHAF ssRiosl® B3 AfraBeRlCAly docbrdtle et

di f f er thetrapéutien- | saldci therapsipioincopepotitiolt ¥od JibbHuding6 aegrgjeadsikr oamtihe
group consi st n%, of brain extract and calcium 5. Angiogenesis and

vascul ¥RREWRGeNeSifduci ng factors isolated and purified from mnesenchymal stem
cells for use as a therapy in conjunction with a pharmaceutically

acceptabl e cell therapeutic. 6. The angi ogenesi s and vascul ogenesi s i nduci ng
f act or 8. accohedithgrapeutic acompositiovh exceordingdn do aclgirode nelseéreirasdids asginigegesissi s

i nduci ng,factors i nduce angi ogenesis and vascul ogenesi s upon adninistration
to a paRd cRESIUPIRIES S NSUCRD T FAclRTeRte SeI0TRE 4 ofendEPEP afenSting of
vascul Qﬂgﬂﬁéﬁi& {rogte! &%g?&ktﬁ_rféct%%m ding to claim5, wherein said

nesrs

angi oge and vascul odenesi s i nducing factors are factors secreted by
stemcell s when exposed to and co-cultured with a differentiation-inducing

conpoupd fQr .increasi t he production of desired factors. 8.  The .

angy og8nesi &ndh s Sifite of corRNG Py tonc o Gee i AGd GochRBRnesissai o
di T er gt fabtors SEEieted FBAPRIEZENERIMAE SEMFEAIRLIMSBIAG @XPOSHE 6 Mgl &-1 N9
of brain eXtract and calcium 9. The angi ogenesis and Vvascul ogenesi s

i nduci egjturingt onesenaiymiingtaro celis nwh anditernentistionrtinguging eseampeund sfor

sel ect in récars?nra Eh%epr%rdagf?or? 8f’ t?'liesetiri\gri] eCHesPsr S‘riuﬁ1 vggclzdlageﬁeeslié ﬁ]ducing factors.

4. An in vitro method according to claim 3, wherein said method includes exposing
to and co-culturing mesenchymal stem cells with a differentiation-inducing compound
for increasing the production of the angiogenesis and vasculogenesis inducing factors,

said differentiation-inducing compound being
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obtained fromthe brain, and supernatant from nmesenchymal stemcells
cultured with a medium 10. A process for obtaining the angi ogenesis and
vascul ogenesi s inducing factors as set forth in claim5, said prb&d¥k 2006
conpri sing the steps of: isol ati ng and purifying human nmesenchymal stem

cells fro su rior to entlatl nd cul ture expandi ng the
mesencﬁ?lﬁﬁe %EEIQF%UR So?ﬁ'ﬁ lga{rbgq(trq\rg,an% aCl4M3 . 2006 neur ol ogi cal

and nuscul oskel etal therapy. 11. Isolated and cul ture expanded nesenchymnal
stemcells under the influence of a differentiation-inducin (g conpound, said
stem c8l | s Anpiggesesis andf\@se:htqg&nealg inducingr taptersnisotateidsand pusibed from

Bngt ot ResnErTgl, s oxls 16 bE8 s e hEkemie fut Pihca AePaERutsa,
cel | s aceaptadblecdiiahetapenti¢l, said differentiation-inducing corrpound bei ng
selected fromthe group consisting of brain extract and calcium 13. The

stemcells according to claim 12, wherein said brain extract is selected

from ghe grpy a@@&gﬁéﬁé#é"% vaé |89%rﬁ%%|§’in J\#@ﬁggt%?n%géfbg:ﬁf&ﬁgt&?ﬁgm%n

and super nat ant I Oe ure stem
cells a¢|ecnfldlthg amguogememéJarfdowasaﬂogenw@lim@rduhggfattemﬁ:&ddoee atglogentyisof
cells. Use of angi ogenesi s, and vascul ggenesi s j nducing factors isol ated
from ?rB@éﬁéW%?“%ﬁ'gHP@BIaﬂg"ﬁ'ﬁHaﬁ%F%? padient 'ﬂd}ﬁqqpféd{s?é‘df%ﬂiﬁ‘@ el |

t herapeutic for inducing angi ogenesis and vascul ogenesis in the manufacture
of a nmedi canment for inducing angi ogenesis and vascul ogenesis. 16. The use
accor dvng t dhel angivdénesihand vastdogebsisiimiucing fachm'rmiamerchdgito caimegner

selected fromt rou consi st n of subcut aneo er al
o ovBRgtEn Bl ﬁre&aae &' BrOasHoDERRY B INS Tacibis B Belsis aertpted by
i ntrangeah ks V\Q'Fé' d ¥ an@- (YUIﬁJI‘é@f\t*'ﬁ‘l a4 Eﬁal?l'i‘i'aﬂHﬁﬁanc:TrP% U%ﬁmbfund
angi ogenesi s and vascul ogenesi's i nducing factors isol ated st
mes encfoyimtreasing shapdodugdbarafeiesited dadtoss. accept abl e cel | therapeutic for

i nducing tissue repair in the manufacture of a medi canment for inducing
tissue repair. 76 1 3 JUL 2006

8. The angiogenesis and vasculogenesis inducing factors according to claim 7, said
differentiation-inducing compound being selected from the group consisting of brain

extract and calcium.

9. The angiogenesis and vasculogenesis inducing factors according to claim 8,
wherein said brain extract is selected from the group consisting of brain cells, cells
obtained from the brain, and supernatant from mesenchymal stem cells cultured with a

medium.

10. A process for obtaining the angiogenesis and vasculogenesis inducing factors as
set forth in claim 5, said process comprising the steps of:

isolating and purifying human mesenchymal stem cells from tissue prior to
differentiation; and

culture expanding the mesenchymal stem-cells to produce a tool for
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18. The use according to claim17, wherein the pharmaceutical conposition is
adm nistered in a manner selected fromthe group consisting of

subcut aneously, parenterally, intravenously, intraarterially, 13 JUL 2006
intramuscul arly, intraperitoneally, intranasally, intrathecally, and via

I nfusign techniques. 19. f.cellular function augnentation factors
i sol at EBU@%?#MWMPEE@@%‘ tRRIBPY and a pharmaceutical |y acceptabl e cel
therapeutic for the preparation of a pharmaceutically acceptable

conposition for augnenting cellular function. 77
11.  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 and wherein said cells

produce angiogenesis-inducing and vasculogenesis inducing factors.

12. The stem cells according to claim 11, said differentiation-inducing compound
being selected from the group consisting of brain extract and calcium.

13. The stem cells according to claim 12, wherein said brain extract is selected from
the group consisting of brain cells, cells obtained from the brain, and supernatant from

stromal cells cultured with a medium.

14.  The stem cells according to claim 11 for use in redirecting reparative capacity of

ceils.

15. Use of angiogenesis and vasculogenesis inducing factors isolated from
mesenchymal stem cells and a pharmaceutically acceptable cell therapeutic for
inducing angiogenesis and vasculogenesis in the manufacture of a medicament for

inducing angiogenesis and vasculogenesis.

16. The use according to claim 15, wherein the medicament is administered in a
manner selected from the group consisting of subcutaneously, parenterally,
intravenously, intraarterially, intramuscularly, intraperitoneally, intranasally, intrathecally,

and via infusion techniques.
17. Use of angiogenesis and vasculogenesis inducing factors isolated from stem

mesenchymal cells and a pharmaceutically acceptable cell therapeutic for inducing

tissue repair in the manufacture of a medicament for inducing tissue repair.
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18. The use according to claim 17, wherein the pharmaceutical composition is
administered in a manner selected from the group consisting of subcutaneously,
parenterally, intravenously, intraarterially, intramuscularly, intraperitoneally, intranasally,

intrathecally, and via infusion techniques.

19.  Use of cellular function augmentation factors isolated from mesenchymal stem
cells and a pharmaceutically acceptable cell therapeutic for the preparation of a

pharmaceutically acceptable composition for augmenting cellular function.
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