, e3e,r <6rT@= 5 MULTI POTENT ADULT STEM CELLS, SOURCES THERECF, METHODS .))
OF OBTAI NI NG AND MAI NTAI NI NG SAVE, METHODS OF DI FFERENTI ATI ON THEREOF,  ; &/
VETHCDS CEo\jSf FHERECE AND CELLS DERI VED THERECF RELATED COSESyTNES: -

|

appl i cat al the benefit of iiEi@enal  Application No.

60/ 343, 386, filed COctober 25, 2001Ln|||mﬂ|mmnlmmmlml onal Application No.

60/ 310, 625, filed August 7, 2001, U.S. .RgQuisional Application No.

60/ 269, 062, filed February 10 15, 2001, U.S. Provisional Application No.

60/ 268, 786, filed February 14, 2001, which are hereby incorporated b

ref erence forMVLITIROTENEADEEI S'EEMQE&J{IS%S(QER@E&%H i s MEAHODS1 011,
60/ 147, 324 and 60/ @FA)BTAINENG AND-VAINTABNING SAME, MEEHOD$HOF por at ed by
ref erence i nt o DIFFERENTIATION FHEREQF, MEFTHODS@F USE THEREOR ANIbr acti ce
of this invention. The presentCgpjllS DERIVED THERPOF nuation-in-part of 15
. WD 01/110%1, which is attached herein at Appendix 1 and is part of the
present application. Docunents incqimokpEptypgeference into this text are
not admtted to be prior art. FIELD OF THE TNVENTI ON 20 The present

i nvention rel at es Tanappdichtyort daimesnthre beraafit ofiUiS. PoowsionaldipplicstiamNeel | s

G 11 of ent at | R 4oRea6, HlodEEtefer A i, e PR B ortRbra T2 ccase

are also pr 0Vﬁ1@@@u§3§ 7??@?%“%?%6&&%5&(@%%. 60r8em6aNticl IFebriery

generation fromstemcells, and their subsequent transplantation provide
prom si nd Ot r ek, 280k, 3J.8 dtrovisimmabépplifatipa Neo F&/g6& 286, filed Fepraargddc2iils a
central focus of research in na fields. Ste e r Qyv:l.des a
proni sing al t‘gﬁ'ﬁ}éﬁ T brg(ép%worpgeﬁ R SES for&gfr@%ngssg%. s%ﬁé@%ﬁ%@ |l\l}1er

di sease, heargrioly of WeRO€/1 18N 66UUT|3TN4HE 60i169)68@ asd thiese applieations ave
However, there are at |east two maj or probl ens associ ated w th organ and

tissue transphaehyancaporaedbytreferense antp $hig textny dgpshings Hreip My Peisedifg
tissues. As f S.:H ft : - i &y t he
nited 5t at oo TEPRRUCHhE Rheron. 16 PLABRpPRGHEH ic SlorkhARTALANarl gt
1992) . Acieor dmmot/01011e whithris aaschke heteints Sqpeadik drandosipart 86the ps@entof t he
40, 000 Anericans who needed a new hear&a in 1997, regﬁi ved onet Th&l WO

02/ 067- 48 PCT?RbEetIon- Bppumenisdnearperaied by referrnge 1o BHS teEhyemet (dmifted for e are
fewer than B,Qﬁolﬁ}id}%ﬁ?rs for the nearly 30,000 patients who die each year
fromliver farlur he second major problemis the potenti al
inconpatibility of the transplanted tissue with the i mmune system of the
reci pient. Because the donated BIRD QN THEISWENSTTON r ecogni zed by the host

i mune system as faoreign, i|imunosuppressive nedications st. be ovided to
the patietft at a sTHPFESEAHIVERG r-eg%?srﬁePP‘ﬁ‘ﬁﬁé‘? mammaliag "H'ﬂy%‘?tﬁlglafjg{t stem

Xenotr anspl a”%afsi(ms(@[ ald APRPLBOHRANPR REthbdSOHEbiamirY, efifainfananot her
speci es, coul d provi an al tetpnatl V€ neans to overcome the shortage of
human 10 or gadisfeeantatingsBASC. Wessatf MASE] inthestherapewtis tedtradrit of dispaseatiy ant age

of advanced pl.annin The organ could be harvested while still healthy and
t he patient c%lﬁ?aroﬁ%{ﬁgr go any beneficial pretreatment prior tomimmmmnmmm""
surgery. Unfortunately, xenotransplantation does not overcone t

of tissueydnconpatibility, ByAckeHGBNDESRAGIDATEENTIONFUT t her mor e oo
according to the Centers for Disease Control, 15 there iIs evidence that

damagi ng vi ruses cOomm appéissussgebaratipe from ey selinged hstorbsaqurrt] y candi dat es

as organ and tissue donors, . .yet Cr.oss-specj 1 §Si - han one
T rus from pi EPERA AL e hmETiSE ReARERt i 4 pEMB T paftdi s atin Y, O
pi gs were recepil 18 h dsi &5 of Fesdiitinitbinany fields Sfemadell technolvpl Provides

out break of Hendra virus, a disease that was transmtted to npre than 70

humans 20 with pdm@jdilng a}tg@gﬂivgth@@gy |f@'r4iat[g_tesi§g§)n_son's disease, liver disease, heart
30 disease, and autoimmune disorders, to name a few. However, there are at least two

major problems associated with organ and tissue transplantation.

First, there is a shortage of donor organs and tissues. As few as 5 percent of
the organs needed for transplant in the United States alone ever become available to
a recipient (Evans, et al. 1992). According to the American Heart Association, only

35 2,300 of the 40,000 Americans who needed a new heart in 1997 received one. The




Stemcells: Definition and use The nost prom sing source of organs and
tissues for transplantation, therefore, lies in the devel opnent of stem
cell pecr‘?glo%%ﬂsmeoreti cally, stemcells can undergo se+¢f[~T/[]§ k9o cell

di vi si on girve rise to phenotypically and 25 genotypically 1dentical
daughters for an indefinite tine and ultimtely can differentiate into at

| east one final cell type. By generating tissues or organs froma patient's
own stemcells, or by genetically altering heterol ogous cells so that the
reci pi ent immune system does not recogni ze them as foreign, transplant

ti ssues can beAgefricindtieer Eomnpatinn rdportsthataberantafpesr deadc00t dedorsi fohthe
xenotranspl antation without 30 the associated,.ri ?I%irlOf infection or tissue

rejection. StewrdEpPHORpatents whe die sarR wra dromy iverf8ilWSi ng the results of
gene therapy. A patfide cpep@ lthie fOEhGhIREcRGREDIIRALS the dlahgpl@fled N

. vitro, then rei ntroTucegl&lln |0\§/gﬁjltg})&girsc}d%ge a desired geny(f::1 prgdSc?l_ T?lese
genetical | y altissuedith tleninuetiessystom of the ¥cipicdt0Becsisd §8 doaFedSomn®r468E have

the potential to be induced . to differentiate.to forma nultii.ude of cell
types for inpl ‘éﬁ‘icélgf“ﬁﬁgﬁi’ ﬁ?ﬂ@éf IrUng; SYIE™, %ef?ﬁégrbéwu%sru@%ers glggs_t enic
appl i cation. AhtBERRINS st BEHRVRIQ IO paii@inNat & kighifianl ¢sbboth diandialdy hyd
altered to express the recipient's major histoconpatibility conplex (MHC)
anti gen, or nophysiCaint i gen, allowi ng transplantion of cells fromdonor to

he chl 15 that have SeraRaRgRTROr P EiuPlllRLkey TR Bl RR T 0%

several cell |fpgegesuldyidvidean Rldrakdvelhéeans & ougroome trnshpttageidthuaan The
gui ntessential stemcell is _the enbryonic stem it has

| , ESi1 cell, as._i ‘;
unl i ni t ed el fonganscand)tissues. enpiraspisptatign pouldokferdhe advankee Af pdyantethonson,

J. et al. 1995; ' 998;
Wilianms, R L. P‘é@ﬁﬁ%g@?“é’@?fh@’ eitSég?’%ﬁéﬁg?’%W&‘g.t% pétfen tal{%ﬁ“.lézoom .
These cel | s arenddego agcbeheficink pretréatment priek ko rasplapnt sirgerye Unifersunate)y.t
{Thonson, J. et al. 1995; Thonson, J.A. e} al 5 I99?'. Mactin, . 3?9§1 ),
or can be deri ¥Y&EQUappRRANFoNfOSBPIRVATCORShF RIgblem 8??‘.“8“}98‘3‘?9%% Pation
embryo (enbryopal.,@ekdPeftfatdsst. Hurfabiiéit] Rbordig BMHe EtnteRlthsDReNR e,
derived 15 from nouse, and nore recently al so from non-human primates and
humans. WhEh i thiereoid eviddnéathat damagimghlimsesougssispecigsbarabiss Pegshayehesomtut e t o

all tissues of .the no (animal ) (O Ki S .1998). rl > e

t herefore plur PE@Y émﬁg%ﬁe?f o(rg%%ﬁ tgﬁ‘t‘ee%jqoﬁ’ 5%‘5?8%15&%‘)% ea{ri]l?%sa %S?&L@slgﬁlrcf EG
cel I's gener at eqfa8lak 9IFBS froMf PigitodBiians deyBueaidoatasnteder or examplepovancy. ES
(and EG cells can be identifred by positive 20 staining with the

anti bodi es to stilignpigsersreireceatiplpeshitered in Mglaysiafinapaffort toeeptain ap; ¢ e

nol ecul ar | evel S : | B | ctors
hi ghly speci fi 8m1b(F)er§k?’ Eggegg%&ﬁg%fae@g%[siggtﬁte agg s.lﬁg{iléiéeﬁgi{ﬂumhg@ﬁﬁ and
Rex1, | eukgon awithhlehdlgrysulta¢BateryBcE90r (LI F-R). The transcription factors

sox-2 and Rox-1 are expressed in both ES and non-ES cells. Cct-4 is

expressed in FMSE!E.MB& embryo, early cleavage stage enbryo,

celI's of the inner €I§E '[ntlc{&lﬁx%nﬁ;ing bsurbd @f_sarg&iél%d tﬁE‘\SEg%Méfﬁﬁllaﬁtaﬁaﬁ,Cl nona
adu

(EC) cells. In the animal , “oct-4 is only found in germcells. Cct-4,
i n conbi nat i on thr¢fhreRligs ih, the dercdopmenanEsemsell devhnolegyi Thedretically, stera cells

Zn-finger protein -1 nd i s al sqg.r.equired f.or i ntaini in an 30
undi ff erent i at &8° E‘ER%I’%‘? ée—]-ﬁ@ng\g{n_gfeggh%mﬁg %od%l\)(/ﬁ-rlrS%bourrIi"ah at é@b&ﬁ@ﬁa@; s are
i nduced too4li f ioghppicalyEiderioal HaphtePeRR bAindefinttt Gmemdaltiharaly dahat oct-4 is

required for maintaining the undifferentiated phenotype of ES cells, and
that it plays diffeapesiate piteatleast encfingl gelhgypsaBY/eenembas fissussHpr eNa and

di f f i ation, .Sox-2 | i 0 : ] 2 4
W th ot -4 t o WREITA ot EnaR bf Epesnctiah et bt SR MRl 1

nurine, but notredipieRIimrmMeasblefh ddek ABUTecugnine thera ap foreigndiraispiet tissoed ¢an
require presence of LIF. Another hallmrk of ES cells isarﬁh‘esence O&ngh

| evel s of tel ofseasrategdie provisledhe adentagesassecipted Wih ¥engiranispiantaiion vt

renewal pot,gnti AL : : :fheen identified in nost
organs or ?ssd@%?és%é{egé&( Og nz%cglgb(gﬂl%%gl??}g&%oﬁé hemat opoi etic stem cel |
(HSO). This mesoder rBtelarcelealse providegsorhise forpmprévieg thearssdts ofi gews therapy f dce
mar kers and funct.i opal charactleri? jcs. Th H%Ceéjsol.at ﬁg from hone marrow
(BM), blood, cdaiemisoym stemcslls ¢q e%"r{kﬁ“@f’glyka% VT Haen FERINORPE S e el |
that generat es ,pl N@Ghr&hlck S dRSirddden@ prdifict. M'EHeSE péretiBallyealtréd AémgellOwauldt i pl e
hemat opoi eti ¢ |ineages and can reinitiate hematopoiesis for the life of a
recipient. (See Fei, R, et al., US. Patent No. 5,635,387, Md ave, et
al., US Patent No. 5,460,964; Simmons, P., et al., US. Patent No.
5,677,136; Tsukanoto, et al., U S. Patent No. 5,750,397, Schwartz, et al.,

~ 2 a2 —— g o o~ ™~ 7~ " i e~ T 1 N A ——a



HSCs can repopul ate the erythroid, neutrophil-nmacrophage, negakaryocyte and

| ynphoi d henopoi etic cell pool. In vitro, henopoietic stemcells can be

i nduced t\gogg/ﬁ?%gp at | east some self renewing cell divispepgs@ifleean be

induced to ditterentiate to the sane |lineages as is seen I n vivo.

Therefore, this cell fulfills the 20 criteria of a stemcell. Stemcells

which differentiate only to formcells of hematopoietic |ineage, however,

are unable to provide a source of cells for repair of other danaged

ti ssues, for exanple, heart or lung ti ssue damaged by hi gh-dose

chenot her apeuthaee dgantsitialtodedohited tediffeednitiateta toms mydénde ol eilldppes for
extensively is the neural stemcell 2 NSC). ( e.F. H. 2000;, Svendsen C. N

et Al 1995 | CrRwtonal seeIc RS RBeA TS SRR R A ERSE  he

subvent i cul arcEoABeARMH el oA 1 gorlibdlydlitcle@Blexicdl the rddibhtsimgent | v,

it was believed that the adult brain no | onger contained cells with stem

cel | potent i alhistblovepatibility eoreplek (MtHE) angigem or g MHE antigen, @bpwingecent |y al so

non- hurman pri mat es, and n have shown.t hat., st ] [ be

pr esent 30|%i n t%?@%%&ffgﬁ%ﬁgge&é?éfﬂ resipret g’étﬁg%tﬁg% %%esgjr:laeg?giﬁ ‘\?.pe %Ct“(éﬁd

continuously regeneg@ihent are@RGhebay G118 Chiit vl exg&ishv prolifefadion pdtetialcul t ur ed
ex vivo, NSCs can be induced to ﬁr_oliferate, as well as to differentiate
i nto differ entdiffprsatiateintp senesnl selh Hineages.andgepapylatefissyes wRoRdnSPRREOht o t he

brain, NSCs cap engraft eney - - - <8¢
por] Gsob) 0 aca SARFEisea® et R i fft ?}“t"%}%@ EPRAL. o hdsfubhired shis
defi ni tidonhOf @né&uﬂ}[ﬁnd@idlt;ip(ﬁérbeliiﬁferantirfﬁmt}mmne'ai @ hstnem(aj,debtlal. 19941 Khoresonal .
reported that NSCs from Lac-Z transgeni c_ i j njected i H T8Y | he

bl ast ocyst orl-Ane/cddi ]cﬂ?géwgﬁ’dﬂnf’r‘ilblwg]; g‘g”&mﬁu r"’{’)i? ?&@ﬁr&@’ 8f the 5
chi meric mouse gy, Flgﬁlgihgf'?, lfgglr%gl \%ﬂ)(ﬂr KesdLells arderfed frRRPAL inner cell mass

LacZ- expressing celTs were varyi ng degree of nosaicism not only
in the central ofithe bhswcwy §Tremsohyl. eabk 4997 Thessderindl erdiérliofd: Magim, &sRwel |

as in epithelial cells of the |jver and intestine not _in other.tissues,
i ncl udi ng t he 1B 587 Bt f‘%f"éfgstjf‘g?n‘heﬂ&%fr&éﬁ? &8%83‘Eﬁt‘?‘%ﬁé’?&“’é‘ﬂ%{g?{"é‘d t hat

adult NSCs nay ,{19%/% (&heﬁbﬁélc%%%lcxng&e@@%tells’boE@iafnﬁea@eélisa{aiveae@m@maal t han
previ ously reaTl zéd but "stil1 do not have the pluripotent capability of ES
or of the Edul fronenousedandunereseteatly alsafram sew-hiwen psmaigasny humaes. | Waen i n

Furcht et al. (lnt tj onal icali : JSO0/ 0.
The.ter s mscricenis e BERIGT 8L TEEc saf bR AS AR COEIR TS
adul t derived pEakhalpd&iY, S20098). M@inedEs tells atbththdoreplaipoiat. Wdgener ative

and traumatic brain disorders would be significantly furthered vvi.thh )
cel | ul ar repl atrenspiantedria paginatal an@@%ﬁﬁ@%&ﬁ@%&ﬁ@ﬁ‘%@rqtﬂnﬁ%&h‘c agamn
sub-ventricul a hi B Sk chiBe fRdHhE cm‘;rg&“@ brain
(G ccolini et g?ﬁg&%éé:g@%@{r}ﬁgéﬁﬁce g??@l%& Pg me? et 1(31?. , 9519%;

Reynol ds ap@l V\étaiting WRB fe avidbaodivs toatagatspecifio @gbprymit aigend €6H/9 Ipandsent i n
(Doet sch ot 4l . - 1od8theppiBrdanhva EaAnd EXboas Suite Rt mapbey ol Yoagegfidn ey
or adul t brai ngderi ket NGEcifid Tolifie @ RANEGEntANed/deNS. THEbeIii¢luGeskti4and Rex-
differentiate into astrocytes, oligodendrocytes and functional neurons
{Ciccolini et a&)lepkergiggnhbitohafastonrecepton(L.IF-Rpobhe traispription: fagiprs soxgomd.

Reynol ds et al , 1996; der . e I . 1,990; er~ et, . ; Vescovi
et al., 1993). RIOHJ\/?ISS’,(}%?fS? 8 %?tgllﬁsl anddio nl\%%géé%l touc(r?'gdg% ’(()Qre\glsgcrllgrg e anount s
of time dipfer ?g%gahﬁatidﬁt@nﬁrw,ieahy@wamge SEARARIEYS, calislofihp arien eelhmassefur ons

(Flax et al., ; CGage et al., 1995; Suhonen et al., i 996). The nost
commonl y used ghablesocyst, ustembrygnicsgesinoma (i) gells, In the adplt apmab k4 iyt h

i mrunol ogi cal a i r ens. Alternatively, NSC could be harvested
"fromthe autol 83%@{‘@4@%?”%8&% it is not known whether pre-existing
neural pathol ogy wi IQctaf fnaoimbitgioalwiti Ryx-df cNSE transtréptiombl actisatiemef theduced
to differentiate into neurgnal_ and filial '%ﬁ%a“ils ex Vivo Eaﬁnd because

" addi tional sur dg@rijngenpegieinReszl gndjisausesteauiEzdion MHAIAEG EY WA 1 he
under | yi ng i S%ﬁgﬂﬂeﬁ%niﬁ:a%ggfﬁw OB bdt3 defie 3 %M-?&taxla‘t'&i; whean@ll(; 37 {uded 16 8

PCT/ US02/ O"'~GS source of” neurons and glia for replacenent
strat egi es wouldifférentixd IrsvitnarSesstah ktudies hava shomintthatagt-8liprequised fassue

different than the brain that.was readily accessihl e and t. c

expanded in vi tRYNEHINEHE 1“8&%%9“3?@8 pgﬁ“‘é?’?ﬁooﬁssfﬁisv?%ﬂ?td Pslf%s %gﬁ"%{ﬁ’/‘ﬁe '
that is deficigRleleRninit ARYisRPS in LABEBEedeeRARY diffuRiativgo8e%-2lisTeddirnd BM
derived cells acquire phenofypic characteristics of neuroectodernal cells




when cultured in vitro under NSC conditions, or when they enter the central
nervous system (Sanchez-Ranos et al., 2000; Wodbury et al., 2000). The
phenot ype,.af Mcells with this capability is not kno pacity
for di ff&@ﬁ%@%ﬁf%n of cells that acquire neuroect oder nal %ggﬁﬁ}égﬁto ot her
cell types is also unknown. 10 A third tissue specific cell with stem cell
properties is the mesenchymal stemcell (MSC), initially described by
Fridenshtein ( 1982). MSC, originally derived fromthe enbryonal mnmesoderm
and isolated fromadult BM can differentiite to formnuscle, bone,

cartil age, f atwitlractrdiy retairothe undifi#rangiattd statdoly ESG Camid ity orpénteininurine, but

nmesoder m devel 00331 i ntgﬁé‘i%f)- d nesoderm ti SﬁU? t hat ,gener. at s, o] NS
cartilage, 15 U ges: TR IS JUURGRRT BRrbe AR FrIHe RESDHeY i al so
di fferentiat espjr0 Motk hallmABRSSTIS £8l1s\Whpreberca of Bigh@evelsSof ttlomeadselj vilsicRuscl e,

. smooth nuscle, or blood islands consisting of endotheliumand hematopoietic
progeni t or cel provides thesa ¢ells withsandmlimitedseltwaesval poientedl ér &ifracoul d provi de a

source for nunber _of cell and tiss ave been
i sol at ed. (5gee, forStg%‘}‘?‘gF h?vec%ﬁvé e,n%ﬁ\.e(? }'rg%%settor %Q%P%Esgggpg@gﬁﬁs'{'m
5,486, 359; YoUftfhrackbrize@ls thé hemMo%iei?@Et@ﬁ\tceNQHSE,).8ZKi,s?ﬁébdﬁﬂpﬂamedhell hed
al., US. Patent No. 5,6811,094; Bruder, S., et al., U S Patent 5}@
5,736, 396; Capbegn,purified besed jon cellsgfagegmarkers mpd functional sharactghsticsoJ8ky, B. |
U. S. Patent No , 837, 670 P , . . . ;
Jai swal, N., e{_lsgr fs,glaiegffgn,r?g é@?ggg (BM,[)’ gt&% co?@&@gg @% lﬁ%f%ﬁé% qu?a,c’ et

al ., 1998; Yoois tké p@dkenitot 981Bthal erfeeaed blosd cdls,or TAMAYing GanglitemmeimitidvBC t hat
have been described, all have denponstrated |jmted differentij atifon to form
cel I's genetll | pullipleherasteppietis lipeages andcan cripitiale hsmagneiesdofthedife pha "o st
mul ti potent MS r i eljlgi d 04 1 Ve, b AllS. Which
expresses the gﬁﬁ%ﬁéﬁ%&’ &Ay'smgﬁa&%gyﬁ%g%120a+ 30 CD124- CD
14- CD34- CDA5Patphie¥iatsy4sd,968hBsnmend, Pi,ef ahgaS! Baterit Nib. 56 7ek36; dsukamota ef or m

i T orent | at§ oft-JoSoRRERING o> FOr Y PP Hatle 3y RS 7 LI GHARY o
who WO 02/ 1) Gy, 1 8s RéaldrdR25 684652, Tsukambey, ek, U. S Fasht Noab, 76887 ol et i ¢

cell's were never identified in the expanded cultures (Pittenger, et al.,
1999). Ot ht¥ t Bsxuak 4p2%) fWherstrangplenteddntp dethalycismadiated animpls @ hpRans, di ng

gastrointestin temcells ( ' a4 enl I Watt,
F. 1997), and ﬁéﬁtﬁ%%ﬂ"@% %eetF?é%y%gP'g‘io“%‘g‘?oﬁﬂ rﬁﬁ&gﬂﬁ'@g%n;e%{ﬁfb gg,héﬁn et al.
1998) . Mbst of |yrsifed BéBopoidi dstlipook: haanves, dreimopdietiCstepecetls cav bhindScaretol s,
tissue specific stemcells have |l ess, self J.e,n_ewal (gbi Li t, ang, al t hough
they different uBgese? atlgastsome prlEranewingyel diyigiops apdcande %‘I‘H‘ﬁe fdtent. No
studi es have aggressad Wkt %gic ﬁr?eagékeaﬁ?%'nfih Givb e IThereforBI AR T cfl F@fiNIS thEpr ker s
descri bed above as seen in cell's. I'n addition, the degree of tel onerase
activity ip0ti sdtesiasecich cellorStemmedgwhich differentiate emty d@ farm ¢ells ofiot been

fully explored, in part. hecause |arge nu rs of .highly enrich .

popul ati ons of DEWatOROKEES Bgeagpéhcmq:v]eﬁ@m 'tmrglgge Bprayide 95?1 t5 Oticeegltse(r?l |Tgpat o was
thought that tioaﬁvaaﬁmitrs's&es,Sfoeekﬁﬁ¢1l3;sh&atdrcﬂu@rtksxue1@rﬁagfea@yemgﬂ-am into
cells of the same tissue. A nunber of recent publications have suggested
that adult or gahemptbeiapewticaagentscel | s may be capable of differentiation into
cells of different tjssues.. Ho ; t :

cell s has not been ﬁuchﬁn(gftg%lec\réﬁ\é%t hﬂg E%rrrlbsé‘#ﬁ%%@gs#{f&eg&sh%g&; l)é\%ﬁ '? ﬂgt
ST 3 PRI . s A, s b
within the realwaremigilysidgntifiediin the whysnips W?ﬁ&?éﬂ& fhgiof toﬁ%g‘ghé’_ﬁm cell's
 that are presenfhn IR FQhiy) ASKAYYRHD haNBE addtebraiRObgdtablalrichecne! | s
can differentiate into henopdietic cells, again a swtchglmn phenoty}glteallﬂgjl
within the spl avigthstera cel podatish dfovdver, seteralstudiesdh sadento@8) more ieeent i es
. have shown that stemcel]s fromone e r%oni C Iaﬁer gcflgr in.stapctg 25 1

spl anchni ¢ nmesdWBrHMAAIRALE dymans.chay FQP"WQ‘Q MR %‘QCPW’_“P% L Y&V ed
dur i ng embrgo0qH a3kt biai Miikst HEMRICAL Lal HRIINQAL fr b9y Bhid cifinubidty Aijeforate

endot hel i al’ cells or eir precursors detected in humans or ani nals that
under went mar r cldastros reotannl cells ar vivat Wheasultined gavivod¥SCs 6en be indnegscto

mar r ow donor ( Tak tg?shi, 1999: Li 000). Thus.. Visc . not
spl anchni ¢ msscﬂi%ﬁl At 25 3513 19 é@gw%@%c’htoa%ﬂuﬁfgﬁ tyaésr(?{/n%hmg? %g%ﬁ{}gpacr%{ew
transferred w tWhifgaspldatednidahé biin, NSTS dlleagfrandigendrgieaiearal bellsramdor t s
denonstrating both in rodents and humans that hepatic



epithelial cells and biliary duct epithelial cells can be seen in
reci pients that are derived fromthe donor marrow (Petersen, 1999; Thei se,
2000; Thej 0) . WO 021 06-t 78 PCT/ US02/ 0~652 Li kew r gr oups
have sho%élﬁﬁg(fz'@%s& can differentiate into henopoietic cgﬁ/g.&&@?ﬁs&l ly,
Clarke et al. reported that cells be termed NSCs when injected into
bl ast ocysts can contribute to all tissues of the chineric nouse (Cd arke et
al., 2000). It is necessary to point out that nost of these studies have
not conclusively 5 denonstrated that a sifgle cell can differentiate into
ti ssues of difdliar&iis. Thefsre, thissell tat faifilisehé defisdbmbéal stemocellaalpeiven or gan
may not necessarily be a lineage commtted cell. Indeed nost investigators
" did not identibepatapeeihEs®ic§he of the initiating cell. An exception is the
study by Wi ssnan Riged el t he
. liver were present Eﬁllgrlﬁ%e??z)%?ﬁmﬁg\t@gal + %@?%@&?&%@gé&%n{ﬁg U’Jg?tgﬁﬁi ghly
enri ched i n H3fMwine blkstodyses,or imehibkitmbryas contdbpte st owethbehof tissuesradtheSp cel | s,

hi ghly enriched.for HSC, can.differentiate into nu and endot hel ium and
Jackson et al .ChERGURIOBFAT GFHISER gM Oégl?arrge’ﬁé“'reégl;gh@)blri@cigﬁpﬁémoi etic
reconstituti O%eg%mhn&wﬁ:myiﬂ@@ ee Jf AGRNIAAL ALY 1Afthd EntrdPSeros\s

organs generated from heterol ogous cells 15 requires either that the
cel|'s be furt ystemehetalseain nresoderinfal derivativenas well acinepitbeliad gelisf ofdbg bygrn cel |

surface narkers,,.or that the use of chemther t1G i ors

continue in ora(ﬁ‘grlm(:f}"}frabé’t‘ Bgttmé)zléﬁrﬁé?uef’r'nag%'f’%??e < ag%‘lt’(?r{%cb&?%ﬁjsp?fh%??hough
ES cel | researghiiey Mviets sdgdebeatifit ReuIENSEE Ralyihaee Sighifidantly greatehe probl em
of alimted supply of organs for transplantation, the problens and risks

associ at edlOwi tdifferentiatiancpodentiabthan pravimishiselizedibyh stilhde nat have the pluripotent
transpl antati on _aof...het | o . j I esti mat ed
20 i nmunol ogi cczﬁ’??}hg’i ?ﬁsﬁ)%rn(?ﬂﬁ?ﬁ%@ %e?w&@n%\% f&si&\kowgyllcf]gtﬁég?fts M@Qst abl i shed
in order to prdeéidiedimPurhe engatlhetratiordl|ApplioatidniNe RCEAISN02438Bchndo t he
majority of the popul ation. Using cells fromth evel qped i ndivi dual ,

rat her than anheeiBr Je tamsMAS(y g@%a@ﬁ MEGt %ﬂjdl? ‘dﬁcgf’?tSW#‘?g U@ typing
mat ched al | ogeqel.& , LAlioakg Rfis.overcone the probl em of
tissue i ncoma%%???%@%%@o%‘??@?osﬁnﬁ tﬁe use %f. transplanted ES cells, as
wel | as solwve the eTharapiks fiirldegemerative and trawvatid brainktisardérs woakdbg ch. The

t t di dv i at i,th th i ol |1 f
ol eabe o anhoey TaRSed 0 dibhe fepcREr eRtier] REPIENR. ont at on
potential. 30 RentfidEh (R sublfRuGAildrgoReSV DEa the Rippbetnpus@hthe adult

fully-devel oped organisns, 8_art icularly humans, but these cells, although
reported to bemamimalipnbeain (Cieeslini defol 998:dYlewison gf elod 9981 Rlmpner ¢/ 91997;
differentiate {0 tinpl I oab Vs . I : , 2 9
Thus, even t hogﬁwrgg‘ise “%C\E’F‘ﬁg’ lv%g?hG%E?YIieﬁ\fég %2)/19 ? éIrYdelﬁlt§ ?Etglz gﬁlﬂ;r)%%tg étlnltg F%EIG have
been isol aged grepdimbahy othyr piebenead worEndirodenéc greassafithe brare(@aetsh eaal.,

rogenitor cell with the potentjial to differ iate. int W de var,i of
(IC:)eIIg types of &7%% é?f&’iﬁsqlﬁp%é' gE8; Palmengh 4ig 1§&br gi’ﬁfaéé’f §$“1ﬁ%r H‘t"?‘?f‘,vedll\%d
osteoblasts, ChAN QOUAES: ey ahPRRARRed B HiRkHiRle ifeBliBeyigndot hel | um

stromp, snooth nuscle, cardiac rrusc(ﬁ% and hermp_o! etic cel has not been
descri bed. |f obkgddeadrdcytes snfuncéorebhanons(idcaptiniertaied 398 Jahanssan gswbyi de

o eat est or moitSe YAl e 6 6EPE ot FL Jovetidl SRR iRt s
needed is phe @d@ﬁ;?v&é’d%!ﬂéﬁ&%;l???i RviveSukdittrendfleBMSQtIgah&l fopdadubé N ar e

the three tissues in which S with apparent reat_e;rdol asticity than
previ ously thoaghunthaftimeakfferentéate inte glial cails, Aptgdc and dapamipargig agurons

ol 1o0e; PP PP 1Bos PR b9k Siieeh o/, 1598, g cofiRgRy
al ., 2000; Ol ySedRoufle oXINSC %@Hb'genl:&ﬁﬂe&@bralﬁa, vdiiclaposes BOMTimmentipieal amd
(Petersen B.E. et al., 1999; Theise, 15 N D, et al., 2000; Iégtgfisse E. . et

" al., 2000; Kragthécabproblemy. Alterngively, NSE eruld be haryesiedrirmthe 2wplogoes brain. 5|

2000; Brazehton T R ) : en G
ot ai - 1088) *Medt gy Shogth el cRRAAE feliaholog Philfufiect ARAITRPDE
muscl e may contNSOist e dubtutddeandandtcedp ti diffierentigtetimoneimnkband $ial ellsaix vjvo1999;
Seale P. et al., 2000). There is also evjdence that NSC may 20 '
differentiate ¢ Beqruhmaddigona] sureeryip an ‘(“IBT"E‘V AssAS<a brasp gy %/ggi%&; thehih ¢

et al., 2001) | s lctiReY. et al., 2000) and that
NSC gi ve rise ?‘88*53@8{&?3%31tﬁ‘sﬁg@s‘j‘aﬁﬁﬁ&}ﬁﬁect ed in a nouse bl astocyst
(Carke, D.L. et al., 2000). The present study denonstrates that cells with
mul ti potent adult progenitor characteristics can be culture-isolated from
multiple different organs, nanmely BM 25 nuscle and the brain. The cells

o o - e - I LY Y



isolated is bone marrow, nuscle, brain, unbilical cord blood or placenta.
Exanpl es of differentiated cells that can be derived from MASC are
osteoblagkaw?ﬁggﬂprocytes, adi pocytes, fibroblasts, narrppﬁﬁ%g PFzs_keletal
nmuscl e, snoo muscl e, cardiac nuscle, occul ar, endothelial, "epithelial,
hepatic, pancreatic, hematopoietic, glial, neuronal or oligodendrocytes.
Differentiation can be induced in vivo or ex vivo. The MASC of the present
invention is also sunmari zed as a cell that constitutively expresses oct4
and high levels of telonerase and is negat®ve for CD44, 10 MHC class | and
MHC cl ass || expr esHBieddeal Asurge oEndrzonsaindtglisdommeplacerhéntstratebies adnldhest er ed

to a patient in,a therapgeutically effective a nt. A surprising benefit of
" this treat _mantce“§ h?‘?fﬁﬁtgﬂﬁ o8} %‘i%‘lr‘/rﬁ%to ﬁgusftbﬁsﬂ%g&féﬁe%it%.&{% 4 l]!héc 3%f the
i nvention is t@adifyostdésRitle AT 1B can'MRRx PAHHRA irATi/SkHnd GRffEEhtSdtéteMNSor in

~ Preferably, the animal is chimeric. 15 Another enbodi nent of the invention
i s a conposi t iy ©chpeslkiypg that poodaiicient wrthe patigahsRegeit eepotts havesuggastadm t hat

expands th pul.ati o |t is advant ageous ip s cases for the
et um t o Sont AR s el PR Bl Featers e AR Rr R e 1
factor (PDGF) wahsh dudtke@hdirké\iihder NSYcdnd@ions, driwteh. thdhéntgi s edtitral AvOBES ON
al so provides a conposition conprisin ulation 20 of fully or

a_ po
partial |y puridyséem epriageeRe! airh0 i&@@dgurdeeﬁahaww-h’éhwmetm of thepe
further differ i e - ) I i 1 I .

preferabl e enbo |dr$gl%1t€ﬁt httﬁ{eS C%?%bdgﬁ;}ggétgqn g%‘ t %nggéﬁagggﬁg}s@%%%n rng%fycte }als
adi pocyte, fi bhatdcgsire nemoeavdesmabieatureske bthentelhtyped ie alssrmkhdwmuscl e,

cardiac nmuscle, occul ar, endothelial_ 6 epithelijal, hepatic, pancreatic,
hemat opoi et ¢, gl aﬁ,thlzdstwersemﬁkc el Wfas@e% rpém%&déme ‘T‘%ﬁ%‘ﬁ‘yﬂi’isﬁﬁ%sent
i nvention al so..pr@ydEhes,; f L : MARE by
obtaining ti SScL?g Wso(%q’ gnﬁ%]%élg&‘?%é;j?{ qur?‘gh?ﬁgﬂgl%%Eg'u%%t?’gﬁ&g@géihe'r ent

cel I's, depl et ifngmttheempbryohaltmenoderin SiMiSelated ifiom addcBYe camdifieRpbiatede férsn and
culturing them unciler expansli on.conditions to rgqcﬂ.:cell;&r}. expanded cel |

popul ati on. ABHe P SEAB 8% PLPHLN STPRGATN (THION: RIFESTIPTY98enE S oduce
an expanded cehbsdaeph dekdlops it 1ahP8dd Mesédrd, IRLB afht gdMerasPRSite, rtifabe,
invention is a nethod for differentiating MASC ex vivo by isolating and
propagat i nif t hiamskelgia!l musele and pessibhyyendethebivap esodarne alsp diffesentigges to WO

1) 2/111~7~8 PCJ. - Senc g ' i atl factors.
The pref erred%%%?%ﬂé%? ?egﬁz’gﬁ% ?}g%%%cﬁ?% rgsreceigﬁg@?dbc rﬁ?%cgéd {ngé@r}%"lrlsg\ll& ﬁxnl?lgg or
(bFGF), vascul grané$i¢lalsizahg af eglotivdlinnf ahdthemalogoldtic prélemitohydlis L PHimitivte ( DVBO)

and isoproterenol; or fibroblast growh factor4 (FG-4) and hepatocyte
growt h factor PF@FF’“%%M%‘P&&E%@%EC’ gould méow%mqreﬁqforgw@msofaceﬁ and

di fferenti at ed; ki sg&l MYEHaY InNedidgs ReghH18" Caplan. A.
differentiati ﬁtégﬁ/gggk% nﬁvd:u\r/nob:gp‘g{/ [ sopltgt ?E%énaﬁd expg%gﬁog t heéng’ %?‘Fdar%’he’n
adni ni st erding #tud, B Dattetl Noe b 4805 p%| YdungnHt, @ o/, A SnBateatrNO3s82,7, 1#ier ei n

said cell popul.ation is engrafted d.di entiated in, vi i.n tissue
specific cell s,&a‘_élﬁ%h‘?'tﬂzﬁ?" ?‘Lg éﬁﬂ%ﬁg’oﬁ’gu’]bg)@%l“fl‘?rog”(ﬁ ﬂaﬁj,-gg%?‘%‘éﬂ%e due to
10 injury, gen§{t786,39¥§;5t%g%,, AACH W F eSS, BhieRASS. 837,589 MRy, BAtEBNt S, S
augnented, reconstituted or provided for the first time. Using this method,

the MASC can uPatentg¥o. Se8 ¥7.670n BitkengernMyi W.8. Patenti¥e.1hed2 7ak40 daiswal, Nhef al.,
invention is a,dif ferentlat . I, nednby o O i,n; vq .
differentiati o%éjd?llc”n@aasgﬁzrlée o Ff ol 00s A € Boer aly, 1908PY0 gL 1% o 1 s
ect oder m ZxesoCesrthaf Sendetler m I n anot her preferred enbodi ment, the

differentiated cell is of the osteoblast, chondrocyte, adipocyte, .
fibrobl ast, marrow f thermansMSCethal haye begrodeseribeg h[){ &fﬁ‘é"c‘?eé‘?onéﬁ?tﬂ‘inl&““ﬁﬁscl e,

occul ar, endot Lak: .. epjt i i : i PR QkiGin Cr
" glial, neur ona&?%ﬁééﬁﬁlgrgt?eﬁgbgg{}% %&?g@’ clg 9%@&925&%bﬁnnﬁ%§t ant gggh c’%Ot ion
of this technodagyhe moshauhipbtend MEC tepardd isgheaceblatoletet bly\Pidshgeniesdleri ng a

th ticall fecti f. t hej
" either have t nWhERsEBIESElF BHCT SRERED2 £ Pas erDrA CEROCEnlR eBIBE nalTy
di fferentigfedepiRsungiReebed: @Em?fﬂhEn&gpeé. Mitis AP QapbId éf&ihﬁltenﬁ&ﬁlg‘kggd for

pretreatment and/or post treatnent of t patient with irradiation,

chenot her apy, formemmsulgrodsell (pesgbmesencrynodl loeigind butyis apparentisalimited & i s
reduced or elinipated. The induction_of tolerance.before or duri
treatment is a{p‘g r‘i@f’ﬁ?'éﬁ?ﬁe?té%go gﬂ%wt‘ﬁ?eergfsrggﬁlgyn&ajﬁmﬁ%ea?s © Ve 8’?‘39/ of
di seases and conditions, including cancer, cardiovascul ar di sease,

net abol i ¢ di sease, l|iver disease, diabetes, hepatitis,



30 henophilia, degenerative or traumatic neurol ogical conditions,
aut oi mune di sease, genetic deficiency, connective tissue disorders,
anem a, | i ous di sease and transplant rejection. ~7-48
PCT/ US02/ ({)ﬁ%‘? 2 MASC or their progeny are adm ni ster\e/\g)eﬁg$§)éézi zed

i nfection, including catheter adm nistration, system c injection,

parenteral adm nistration, oral admnistration, or intrauterine injection
into an enbryo. Administration can be in conjunction with a

pharmaceutical |y acceptable matrix, which7may be bi odegradabl e. MASC or
thei r progeny isoded Nindiedrtked hemamppiztit eells, waletrevertiientifrerthim thessxptmdudt 0 r esi st
viral, bacterial or fungal infection. Surprisingly, teratomas are not

" formed when Mswtwss (Rinenger.sf 84eld?%re adminstered to a patient. 10 Wen
adm ni stered to a %Hggtﬂ%ue-%%%ﬁcgierﬁ @ﬁlsfhaﬂé%ﬁ&mﬂeﬁ’tliﬁéﬂ, flcfudily € to augment,

. reconstitute or provi or the first tine the function of a cell or organ

def ecti ve due ghsirdiniesting) stgmrreils (Paties c@s98xepidermal stitrs eelbse( Watt,iFatll P@Yeni ¢

treatnents, The organ is a f bone marro . ood, , spl e l fye ung,
| ntest  nal 5t r 468 hegjisiem ik o BREAATS SRR (RORE - 2 B BB of 1
connective tiSgdRss WHBChfactteaat . bl ood 15 vessels, pancreas, central

nervous system peripheral nervous system kidney, bladder, skin,
epi thel i al appendad@unparedewith ESeaehartissug wpeeidic stem cellsdiwyelesasaif-ranewahl

f i ncl udi agi.nal q I f di
eatabi e by ORI AR S aREREE R ren B R o BB s HATB Tt ol o

di sease, |iverpglifsR@aneNodnaheliese ald@pakd Whetheh 6suBRbédi fic celBgRprEstheve or
traumati c neurol ogi cal 20 conditions, autoi mune, disease, genetjc

defi ci encyl0 conarkensidgecribed sbevedissesruiaris> cellse in addifion.dbs degiee ofitelogszasgng
transpl ant rej L on. .. R I gans
in the pati enta%é%féfﬁ}%&ﬁ%gl%eog htnhgéeﬁroﬁﬂ {stgcgﬁg%ﬁh(%'? gﬁﬁi&ft gﬁ%t ﬁllci)lg 'EgP R’é&{iel I
or organ, def dgtphnrtdechige tavgd mmisers ofisipkltyicaridhatpupalatinosiof thew atllsemse or
iatrogenic treatpents, is augnented, 25 reconstituted or provided for the
first tine, V\/rﬂlg'}?“itéo@b‘ia}ﬂ*i sing and unexpected. In a preferred enbodi ment,

the injury 1S | SChoha Blenil9f 4 RATBGLIA nk i SAOKAETICRLSH saf:eduRrihag! rent.

the MASC or their progeny ehhance an I ogenesis.” I'n an additional aspect of
t he invnetliSon dvi&Enbatettteicellpoidhe sametissug0Agumaher offdegntipubliestionabave o

deliver a therapeutigc,agent, prefer.ably an.antiangi ogeni o

i nvention pr Oﬁugg%St%@cqlﬁ‘g%gbé’ﬁ&}“éPE‘BﬁﬁS‘ém ?eéﬁ R erg'iag ??laomg%?%ﬁ]lgnggﬁno

phar maceut i cal deyis 3¢ @RI iSsuRE! HBWever e &iud rialive bPBEseaty pesufeeRfhad iotan

anount WO 02/ 0G 478 PCT/US(12/O.tl~s2 13 effective to Pr oduce tissue
S

sel ect ed from bdea fgilndiscasnersi A nhmberdf shishies hage shown Blaberlls tepsrlaned pt her |
lung, intesti nt"larlnﬁé){" g ?M BF%%'&;{}{(/ Ec%rg@;t‘f;é?enﬁ}{t%tiﬁm st@&‘F mu%aP '@?&Hrl\/ £998: Gussoni

ti ssue,, nuscl e, ar pancreas, central "nervous system

ki dney, bl2zdder9993kirhis copidtbealohsitierap péthitaihe sealinr efpossibla differgntiitiands, f at
ti ssue, and nmucosal surfaces inclyding oral esophageal ., vagi nal. a nal .
The invention H"ﬂ?‘ﬂﬁéwawwgéeﬁﬁ@agﬂélPF‘?SEmrthrPﬂfg’W'omlacF%)g’t%‘?’#lﬁ%&gtP%an,
tissue or cell | Q) boh @fRAntiSRNGSUTRIOpSIcE cEilke agdif BSwitth e MOVI Ng
MASC from a rra%ka l? gén{ag{g}n%r,s expandi nlg I\l/lllASC topfggr mcan e%%anded popul ati on

of undi f f er ent plenbbge eathistheaphneliié mesatermf theecmbyya ftheksond|998).t Qthehe
patient, wherein, 10 organ, tissue or. cellular function is restqored. The
restored fpnct?tﬂﬂeﬁﬁﬂl"e&‘ OWR} _t(ef'bce(glf% ehets %‘T‘?"iyﬂmﬁ lae_é{%F %ngsgmgérbodi nent ,
the mammaljan gonehnicnésd8erRBicas Qifferdiiitd MULHisuONhBg 6B daivatidusidgof
inhibiting the rejection of a heterol ogous MASC transplanted into a patient

conpri si ng t heembeypgenssisifram s diffarens embryoniqlayes hassestansg, epdothelial Gells og; ¢

. acid sequence 8\%%%%&]1 sotrshgeté&gci i?li h%ma;nss. ol hffinfai¥ tihgtqﬂlderwent marrow
transplantation are at least in part derived from the marrow donor (Takahashi, 1999;
Lin, 2000). Thus, visceral mesoderm and not splanchnic mesoderm, capabilities

30  such as MSC, derived progeny are transferred with the infused marrow. Even more
surprising are the reports demonstrating both in rodents and humans that hepatic
epithelial cells and biliary duct epithelial cells can be seen in recipients that are

derived from the donor marrow (Petersen, 1999; Theise, 2000; Theise, 2000).



operably linked to a pronotor, wherein the MHC antigen is expressed by the
MASC and transplanting the MASC into the patient, wherein WMHC antigen is
expressed at a level sufficient to inhibit the rejection péT/hE‘ﬁ/O-lﬁZ
transpl atlt@4RMESE  The patient is of the same species or another manmalian
species as the donor of the MASC. 20 An alternative nmethod of inhibiting
the rejection of a heterol ogous MASC transplanted into a patient conprises
transgeni cal ly knocki ng out expression of MHC antigen in the MASC and
transpl anting the transgenic MASC into the8 patient MHC antigen i's not
expressed by tIReWASGhaRGrégistatd shovaf thateSCs earsgiffarentiate dtb hemppoietiti bi t ed.

25 An object of the invention is a net h}?d QII ener af.i blhood.ort d'.n i vi dual
" bl ood conponerrelsekinglly.Clatkeenal. seroried dhag ee Sst%tﬁFP%Nﬁg@&‘ hyuectec mto

differentiati . &R Crarkdéeficoatl)y, the
i ndi vi dual bl %?@%&%ﬁ%ﬁ%@“&?‘é%ﬁ%ﬁ Sggf?g?ﬁg? whi ;Qe%g| ood cells o
" platel ets. Another Rspsztssafy tbipeiritouethiat mostiof teeserstutiss have et ggndvsivdyer y
conprising the 30 steps of analyzing th enoi r.pr ] up of
MASC or théir SHeRsHpt ﬁé‘l‘?p’)?é%g eélrfgf‘féﬁ%rg’?tﬁ‘g? 8’3‘? 8§ﬁu§5 @ﬁ@ﬁ%@fe gtr% i'¢s and/ or
conputer anal ygi3 {shngidlseRtddiiis o gt &g&ﬁw@*} hotheasdasi9earlineggnew dat a

w th known databaSes to conpare and contrast these. = WO 02/ 0f >7-g18
PCT/ US02/ 0- 4GStrishittediogtt Irafeed spetinvestigatonedidaat wentifydhe prepphgech the

conponents of a.differentiation. pat hwa P&l zing
t he genonic or“‘bﬁ‘%{n&fﬁﬁcwg ! lsﬂﬁﬁgé&i %duglg%@g%%w(e}r eﬁél’gﬁpgﬁ&gédmsc

In vitro or inggt¥gis tﬁfﬂ%]}bg)b%dtth@ligafW%@)r&éntﬂhQﬁxéﬁhj'.&on@kaﬁpnam‘ow cells,

internediary cells in the differentiation 5. pathway, anal X]%Hg)qvetdk}ﬁatgenom c

or proteom® nwhibrrohighbrenriched ip HSE€s- ek kawiss: tbg Mulligan grg
differentiation pat i W i ; iafal i rhide Bando
characterize tﬂﬁgagmeé‘@g%%%ghnﬂﬁﬁa@&%&o @QM{‘A%E&aar%d their _gnr ogeny, and
conparing the giaddhéhingiané dadksor &)altshonad tiat mustlhSpeelipareesponsbletipe

pat hway. Using this nethod, differentiat idﬁn 5 t occurs in vitro can be
conpared with Hemppoigtis fesprsinupn (Oasony e dir 979 vi vo such that fundanental

di fferences between '[%}%Rfa}qﬁtiﬁx of RS A HfatsRhefatarftoir tete JuB ESrdellon

provides a nethod of geherating products in vitro that have therapeutic,
di agnosti c1§r repe@s eithartthdt ithieycelly be fiether gonatigalihmogifisd ke inhibihexpressioq

isolating the products fr.om C. | referr ' e products
are 15 protei n§?“?1PﬁF]3§‘,‘rf§98r’?‘baF ?S’cozip%%ﬁ@%?sgto é:ﬁ&&ﬁﬁ@%ﬁé%ﬁﬁ?lﬁ%l uded in the
invention is agthadrfontifstiiaidider tb Pratedrapatalt transplatacjeatidno Tus sithoggin
adm nistered to said manmal , the method conprising th

. e s}{q%) ﬁf £ limited
adni ni stering B eedli rdsearhrppyides a promysing pKematy 10 e Prepigm ol a imite

adm ni stration of ;sai.d anti : J o s MBseSa ¢he need
progeny so thatsugg{yt?fmﬁrgggﬁﬁﬁ%ﬁﬁéogrlg?ﬁ% ﬁéﬁﬂ%@%ﬁé{)‘%se totgd ‘s)\’?}gseqllljeeent

chal | enge wpth fgﬁinﬁ}na;ﬁﬁshg%assii@ sppamssedpladthton ofindterdlegouscells petitiyd f or
removi ng toxins fromthe bl ood of pati ent conpriSing.cont i d ex
vivo with NMASCvaedd Wlﬁeﬂnsef“%ﬁ@gzpd“@&i“&}o@éqapg dfﬁ?ﬂ%‘%zimﬁ%f)fgév? a?sl ‘glt)a@gbas ed
device. In a profeflgd s‘?ﬂ@gém%trderttg'gr d SRl clingeble 0¢lls! o derapidsl . 25
An object of the I hvention is a nethod for deliveri ng therapeutic products

to a patient cafifcicditotheanaibrttafite popiligianod of said patient ex vivo with

MASC or their progeny, wherein sai SC, or.. t.heir_pr e L y
transformed to deli c(ﬁ?méc‘?l[?eﬁ%{ﬁglfﬁ%é’%@g%fr’.d“ﬂg&&’rrta ﬁ,gfggﬁ%gg@%f@, ggérgfﬁg%j
for testingsth 164du¥ oP from EsHEtyPAPMbRhattal Aencio stant detig wollBGniigatehai r
pr ogeny exgz\?i V?ft/\ﬁaﬁ%ﬁfl\&ésé?ég drPug gnd nmoni t ori g&itgfegl | .survi, aLéuI n fa preferred

enbodi ment,  t heoyeragerthe prablere b tissed ingomnpatibidityassogjated with the use o
transplanted ES cells, as well as solve the ethical dilemma associated with ES cell

research. The greatest disadvantage associated with the use of autologous stem cells

for tissue transplant thus far lies in their relatively limited differentiation potential.
30 A number of stem cells have been isolated from fully-developed organisms,

particularly humans, but these cells, although reported to be multipotent, have

demonstrated limited potential to differentiate to multiple cell types.




consi sting of hepatic, endothelial, epithelial and kidney. WO 02/ 06~7~8
15 BRI EF DESCRI PTI ON OF DRAW NGS PCT/ US02/ (1~652 The followi ng Detail ed
Description, given by way of exanple, but not intended toptim

i nventi onW9(92/g(b'éﬁ fic enbodi nents described, may be underg Jggg(hlj(%%
conjunction with the acconpanyi ng draw ngs, incorporated herein by
reference, in which: Fig. 1 shows a graphical illustration of the expansion
potential of of bone marrow (BM, nuscle and brain derived MASC. Fig. 2
shows a scatter .plot representing gene ex?)ressi on in (A nuscle and brain
MASC and (B) bone nHliuspeveartbouphsstére cllsS@th multiriledifprestigiian poigntgl hiaral

i|lustrati fFA | ysis, of undiff tiat ed MAS > cul d
i thOVEGE. Thebssh raaehaittoud e i pabhy M arestt g B St | he)
vs. specific a@gh?@éteﬁiﬁiﬂ)id]ﬁ‘eﬂ%hﬁ&b|itﬂ0@1tvh'ti§|&aﬂiétylﬁfcell:@@e§ ofNlifbews t he

| r

phenot ype of un entiated MASC. MASC express |ow | evel s of
~32ni cr ogl obul limeagéd, kicluding fibroblagts Agpage ostsablagts, shendoestes, aliRoRYShy of t he

ot her anti 5 .endqt hel j al rkers; e t he,. of MASC
cul'tur od ot 1o mgelenen e SyRRR SRERale. AfuROIRICBRL O O

mar kers associ gigshotdtichtefindiat hel beah destribed. Huklllang tiseepraasslgrandfged 133;
and panel C shows phenotype of MASC cu] tured or 3-9 days vm'ekh 10 ng/rrL
VEGF. NMASC | osthempyaesioipsavide thecharapeutic aguinces eypegted; 3 stemgellior PEREENIY: qui r e
expression of T VE- | o 1 SR4qandviiiRd2 by
day 9. Fig. 4 gﬁt@“&’eﬁ%@%ﬁﬁgﬁﬂgg} %ﬁé&quﬁ%%%?%@rﬁ&éﬁﬁg In VvVivo 1

di ff erenti ati ofeddkd WMASGdulStquietdemafan ESarlined by fl uorescence or confocal
m croscopy. Panels A, G J, N, . Q and represent, identically stained
tissues of 1@ontrol RMbmecls andibrainarg \%ﬁt‘h’\ﬁﬁ‘?uﬁ%’c“ Wﬁfé&%&wmﬁw SC.
Panel s A-F sho ' fy thOMBt BaveBREh fEn(iBM. BW Bsifaifis E1BM a
control (A) an re??ﬁ@%?@%“’ggﬁg&uggtta%d vm'et h ant.ir(lg3-gal -FI TC anti body
and PE- conj ugatted cantdniridite® 4 gumbericf mesodarmabisitetii@ eaat.i 98sGupsopt Eqm s,

C CD 19, D MA . 1, F T 19 a AP | :
phot om cr ogr apl‘f?oqugl;zgﬁﬁg‘;%rf' §EC¥9|§§|nAﬁagfﬁng e?(%‘t lrgcﬂo,a?“% §a%0al§?g(é@ (Zr#fcrlr)al (H,
|) stained with gntiool Shatisod . eFhlTQ0an) éldyma (Paeisen BIX 2r BE 1899] Disse,

Donor 30 derived anti-[err]-gal+ cells are seen in clusters. His 1 OX and

| are 60X ffigniN.DeetdloRQ00; Jagaise Ejenls RBOR; krapsed? ottickr YHABRd of a i ver
section froma control no )~ ang, st @] t 3 LR d2-

anti - (3-gal - Fl f@roﬁgtﬁdwgij@\ggése&é? ‘gé% cém ? ﬁ(yoﬁnﬁgéigﬁgﬁsr:% '&-?{QQP Ug’gsta%ﬁrféguse- oy5
pl us CD45- PE amthmds\i &b/ R0G® Kopeh -Galebalyi 1999) adtskin (K2 DOBY ai7 2081)

PCT/ LI S02/ 0~652 16 nouse 3 antibodies. J-K, L .and Mare 20Xt 603( nd 1 OX
magni fi cati ons streepest Cels fromyansalemey ontHBYE 10 FiedEaiHmesgIcashenJagkson
intestine secti f . Ol I andersivslyo avidemle thaPNDG nfayai ned with
anti-(3-gal -Fl _}%’Eﬁf{é@%ﬁ%@%ﬁﬁtﬂgﬁ@ / '%nti - rr(l))use- e5 ant i bodlsles %N— P).
N and P ar @0contifferentiatavirtidy hGDéBpoiPtic eeltsi(Bpunsen, C.(e8 afal 99pghihk-ecmhs2001),

ithelial cell 50% ( solid. , P f
TP Pan- G sl garcle o peSi e B ar D00 abd i NSEGrG SR ELAAEE, ©
O co-stained fQyy l%vr{eﬁ)mjeae@ﬁiénfau& sihaveyst (@ lake DAL @oak@000f. a | ung

section froma control nouse (Q and study animal (R) stained w

th |
anti-[err] gal - FI TC Hleygesenusiadwndemnonsiatesthat cellstwithpudianotgns adylt progemitorpe
tibodies. 10 | .(3-qgal * -.CK+ LS. i ni
Aol of the Satcisrstfs cafl Br oy SO BOM mERiotCoffefon? BRMny gty BRE, .

origin are geenpgickd afiché Prain.OThd bdlstaid ihelsarak neephaogyg piemdyys, 2 849 show a
phot om crograph of a bl ood vessel sectiigg f,rcim a control rmut?le (S) and

t hynmi ¢ | ynphonediffasentiatiapeaabilya and haye ah &%‘ﬁl AEAXPIGSS PITEy

transplantation (T) stained with anti-(3-gal-FITC, anti-vW--PE and TO15

"PR0O3. (3-gai+ donor cells di ffegﬁwl' t]ﬂddFr‘]EﬁE;&gl\ﬂFl@N helial cells in the
thym c | ynphoma which is of recrpre%m‘rgi‘, unor cells did not

,stain with anti-~3 Gphe gratdnbafliegon is a multipotent adult stem cell (MASC) isolated from

30 amammal, preferably mouse, rat or human. The cell is derived from a non-
embryonic organ or tissue and has the capacity to be induced to differentiate to form

at least one differentiated cell type of mesodermal, ectodermal and endodermal




Fig. 5 shows inmmunohi stochem cal eval uation of MASC-derived endot heli al
cells using confocal fluorescence mcroscopy. (a) MASC grown for 14 days in
20 VEGF. ' menbrane staining is seen for the adhesi . r,
av( 35, aﬁggggﬁ(abﬁe adherens junction proteins, ZO 1, Vii -pgﬁgg@?gg#eni n.
Scal e bar = 50 pm (b) Mrphology in bright field of MASC at day O (upper
panel ) and day 21 (lower panel) after VEG- treatnent. Bar = 25 p.m Fig. 6
shows a phot om crograph of MASC derived endothelial cells. Panel 25 A shows
hi st ami ne- nedi ated rel ease of VW from MASE- deri ved endot hel i um St ai ni ng
wi th anti bodi esigigainsprefeyediembotionent.alie orgesloetistue droamybichthe MASe peeased
nunbers of nyasin stress fibers, apd,w.deni.n f [ unctions (Arrows)
" (Representati v‘é(’l%’fghspmé’ed?ar?v&%‘b P%Bf?t‘%)um%@%ﬁ? Orggﬁodéﬂgdﬂ%c.e & panel B
shows MASC-derived pnggiihedfdifeleatfsd bilisahdtan boéibvedfrsNeASCakd s
expressed Tie-1, 30 but again did not take up a-LDL. However, acquisition
of expressi on ateobldvs, chrondepey@s eaipassteachibroblastai marraw sgmagkelgiabmuscle,

(representative exanple of 10 . experi t % | e. 3 panel
C shows va culsé’?o“it(lﬂgﬁ'sﬁ?l&r% '?COWUB‘%‘/E Ocﬁﬁﬁfﬁ %Eg%geﬁggg@he%%gczﬁ gh%%‘gg; 17
MASC- deri ved emgelibilidtitglidf hdirofd or b gideadroefes UDHferéntha6ion cavbdindacaieen.
(Representative exanple of 6 experinments). Scale bar = 200 ~mFig. 7 shows
a graphi cal il#¥wtoregtexd¥wwoof FACS anal ysis of MASC derived endot hel i al
cells. The Plots shﬂ\(%' | - kol 4l £ aldeNigut! i ne) vs.
5 specific antibody s %@ﬁdngpglrg%ﬁsﬁg l?Jf“ﬂ‘lﬁgatlﬂllﬁée%lﬂélg%égsagﬁt at itvé exanpl e
of >3 exper i megynsiitutidelye preades vetdpindthigh levelh ef tdbmmerkdeland es segative fart(@pdt, t y
(MFI) for the control 1gG staining and the specific antibody st.aining.
Panel A shidhs MHoglass lﬂiﬂé\jﬁﬁa&%@qﬁ”mreﬁm' @Qg‘f’gé’zf%ﬁ"}?ﬁt’m%?%eri ved
endot hel i al cel}s i QNRLIY effBaRR lanfBufifl OXBurphiding ¥R a
upregul ates VI stg%%ﬁ%%&?%{}{‘i‘%%wgﬁsé -deri %l/gd endgt h(lall I al l(%Ittglhil s.g VEGF

| evel s wer e neafsthisackabyerfEld BAl mnratomas s fbinedan @ivehown as Mean ~ SEM of 6
experinments; and panel ,C sh .that IL-1 a jnduces expression of class II
HLA anti gens and inéPé’é’ée&o&ﬁ%?’é@gflglhlsc}? PR 8%?83“?%(:’2%? TR = g show

i sotype contr olohgiziss MABMIPREQABIYEthE bhinal lid dheNs. speci fic antibody

staining profile (thick Iine) (Representative exanple of 3 experinments). 1
S Nurmber abbve pl ot Angthenempgdiment ofithe INVEREQILIS 2|CgWPESIHPAFAYPHABE fhe

ifi ti bod t ai Fi g. . t Qnl SC
dor 1 ved" endot PBTTAM Rt MASG e SRR AR SFsI6E DR Chorliih, 0
for either antisdduamagdodzin sonxpdastfor thethddiufnakentait)epidermal growth factor
ti- -CD31-FI TC |. D d i f 20t t P E
RS AT N NIRRT
G). Panels A and B 3‘?9#{&5&% if\‘f}miﬁﬁﬁiso'p%ﬂ@esoafcoﬂxp%'si’i‘i%h%oﬁlglﬁiﬁg%tp%bﬁl%ﬂow th
- obu -Cy3, or

ei ther anti-hunman ( crog I n-FITC and anti - vVWF ]
ant i - nouse@D31 efblyanpartially puiifiedvBA SGpadgenpa il he-progenyean laa dhe ¢apatibiie

wound heal ing resulti in.a highly . vascul arized ar.ea.in the punched ear
stained with ahf’ ?‘m@@éggge' t@?%g?%%t?e 9%"?%5%@12%5%@{%9% in mce injected
wi th human NMASC- der iy gdrgadplcR@lbodim&r)! the Bfo-@@ﬁ)y RRNEHe Sitedbli¥t RhémtreSke,N

fibroblasts (Bottom panel). Scale bar = 20 um C= Cartilage. D= derms.
Panel | shows edigociterfiroblasi vaepwsiremasskelaialaescie; se@th dsEls) Faifiagel | s

shows ebigocrierfBirotiagi masnesiismessisial hdorRl paftel s
Pumor stai ned. OReHREL Srdb Rl el i, Rt R Dk ARG Rl SRR BB T e

Scal e bar 2520 n¥idhalldr@ligbdekiesstesqellypg behavi or and expressed
vol t age-gated sodi um currents in hMSC derived n urgn-_l i ke celé s. Panel A
shows a phot oni cr ogridgPresentdnyention dlsomseyides 2 metrod dof-ispfating,and RIRBIEAHNS
~ spi ki ng behavi expr.e: = doulafioh®f adherent

PCT/ US02/ 0. 4G~%ﬁ’i‘geg’é’o‘fbg‘{rhﬁ@g?gse‘}ré?{'rs&?tgﬁ%ﬁsi{ﬁ‘ggS%a%\gh%eao%ipﬁeat't° e points to the
cell). Panel B cshygdeplgtiagpthepapuliatibrief €RYB Ocedlsacavering D45 eets and cultetimgys

~from a hMSC derjved neuron. . Panel. C shows ,graphi cal,i,llustrations, o
ik Wgonda

fo.
| eak- subt r act edh@y ppdsTexpansiquconditions jupro panfled;cgll gopdatidh Afepiect g
shows quangpt atgryie, FlsRCRvamsbn rtabr, B Bhrafrb ¥ bepamasd tdnpdmldden
hepat ocyt e-3l i ke p eér?g% ype. Pannél s A and Btpshow MVA?C (A aﬂ%diﬂlNASC (B)
cul tured on Matabtagmdd®y'thisihéthédsF4 and HGF or FGF4 al one for 21 and 28 days
respectively. For aF 2 and 2h 13 I e
relative to mRNA frd@?s%gtr(’?%é%m%’%o?‘d a1pqthy &sjfs?v\g{fger%ggelé lie\@g |S§ Loty
undi fferenti at ggbl ndlpropaghfinglthefe afd tHed RNuding/be prdfifatedidelis inohd enpl at e.
Representative exanple of 5 nouse and 1 hunman studi es, Panel C shows hMASC
(B) cultured on Matrigel T"" with FG-4 and HG- or FGF4 al one for 21 days.
FH= FGF4 and HGF-i nduced hMASC on Matrigel T'", Huh= Huh7 cell |ine used as
control. Fig. 11 shows a photom crograph of hepatocyte-like cells. MASC

o, o o o e ——



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Defifnitions 20 As used herein, the
followng terns shall have the follow ng neanings: "Expansion"” shall nean
the propogation of a cell without differentiation. "Inter l1s" are
cells pr (}896’%/8(’481{?“ ng differentiation of a MASC t hat have@@yﬁﬁ? not

all, of the characteristics of MASC or their termnally differentiated
progeny. Internediary cells may be progenitor cells which are 25 commtted
to a specific pathway, but not to a speC|f|c cell type. "Normal" shall nean

an animal that is not diseased, nutated oflnalforned, i.e., healthy

ani mals. " Sel fpréseneemﬂdesﬁéraﬂﬂffematmmﬁcmbs |Theyprofencéldifﬁert:mlqypoé@cgaﬁere

W t hout the addition of ext er at i o sen es or
" other growth f@é@&@ogﬁtﬁf‘l)‘&'ﬁ é‘E}o‘l @h::gl% AVaseH ?rI‘Fé'IaP h@@ﬁ&“& Wlﬁéf not

constitute eXt(ﬁﬁ@ﬁ{glsﬂfbﬂdE IHMHD) an'ﬂk?%rot&téﬁbl' offﬁ%bla@?gr%h‘tlﬁ fdctbr@(F(GBﬂt)t ain

~ MASC or their progeny to mgrate specifical 'y to sites where additi onal
celI's may be rmﬂd&ﬂatocytv\@mhﬂ'&tdrKHIH:)P@iﬁloﬁsﬂ'ﬁwe@t ofithg invgntipthisdhe ng out

expressi on” (ﬂgj Qﬁ m nation of the function of a particular
gene. As ussed F’@PHatedﬁ B8Rt or proteonic makeup” shall mean the gene or

protein conponents Pfe ﬁ\va&tmnnaﬁaés-a méthed forelfbenedtidgVaSer imstvoaby i vi ty"
can be correlated to the two-fold | evel observed in the i mortal rluman cel l
lll

| i ne MCF7. Souiselagng and exngaiag them, @ad ghen adpupistegng thepaxpanded celApapylation on of

10 dystuncti onths Bemgtea bor Sk nl o AYPERAGP RIS AR TRRR RO 00

celI's coul d beyihhiegisasspaeific defis, dﬂ@lsthaumerfgncawn(ﬂfag:eu@r organ defeptiveidoe tel | s
with or without nature or artificial supports, nmatrices or. pol to
correct fol0 | oigurys ganeli¢ diseasprsaried disease PbWtYBSC‘E%FrF%mGF“SO‘rS@H °’é‘e‘3
genetic such as _mi ngj LRkMod UREMAST sMch as
sickle cell di $63% tt%tﬁggls%r%('1&8@&qhéfsiisg?‘gdge dg?%é;l?;ges" \(/)mere products 15
accumul ate in therfosif-kacanlse vob. faul ty proceSS| ng, e.g. Quacher's, Neiman

Pi ck' nmucopol ysacchari do etc. .Exa e re.t't tj,0 ng.or dead
Cel s woul d ba. 1 ho. drbyr e ob e manion s irtsronates e PBisthsy B A9

treat ment of HJ\% ﬂ?fgf‘éﬁﬁ @, O o gd}@'feﬁ{e@eﬁabasweﬂdem@mﬁeeénny@dde1$ pases.
G ven the ab|I| y to have t ese home" to and incorporate into 20

organs/ ti ssfies ectbdemhnm’soéanmmlenﬁmdﬂmf dn anasherpaefgrred embadiment.éb¢ t hey coul d
potentially be ed top \ud dot hel i,al eart
and al so rryocafd& ‘F"t@éqdi‘? tlﬁg \gggbq ﬁuﬁ@}gpg{?g Jﬁ §°°§§a 6b§§sg’m S VtI1Ther
may be medical sﬁbﬂlﬁbﬁﬁﬁfeﬁaﬂ‘ﬁﬁécl\éﬁ"@ﬁ&tﬁ ﬁﬁsaeamdlb@meédlé &ctﬂaﬁehd]cﬂb&lmlor or gans
function coul d have desirable effects. For exampl e, there are now case1
with 25 Iiver #pithakiab hepaticepansressiorhemalgpaigsicaghial gagurona 8falquFv§P°Y‘€vﬁFih
was sufficient tg allow for the recovery of normal |iver function,

obvi ating the NS4 for a liver transplant. This is a serious unnet mnedical
need, for eganple i Mringpdrianedppiicatamsd thik cevbnolhgpistthe netiod oftuspengr e 4-5

|1 Al tl f d th h Lit C
st mat es  hat PEow gy ad eﬁwﬁtebg%gclﬁmemwa&ate Beive it S AR U ver 30
transplant. Thig ?ééeﬂy g PFO&SH? Lé&enhﬁf“h&d@: tRE 4a1Y t 6 fukthe DEGBIeADatbdrora

remedy. Hepato rom aut ol ogous or all ogeneic MASC, can be
transpl ant ed i rahbé mmmnabltyrdaaffeltmwa;ed dhg Ga@@@ﬁe@mmﬁﬁtpﬁﬁ@bﬂ%@@hﬁﬁﬁ‘%m@her

ransientl y pr o de i yer, fUNSLRDLE0 BLLO LAROYSh Wil iHafl,P! ent' s own

liver cells or T5&
25  chemotherapy, immunosuppressive agents or other drugs or treatments 1s reduced or

eliminated. The induction of tolerance before or during treatment is also not
required.
Such treatment can treat a variety of diseases and conditions, including
cancer, cardiovascular disease, metabolic disease, liver disease, diabetes, hepatitis,
30  hemophilia, degenerative or traumatic neurological conditions, autoimmune disease,
genetic deficiency, connective tissue disorders, anemia, infectious disease and

transplant rejection.



PCTI US02/ O~-GS2 20 repopul ate a danmaged liver to allow recovery of nornmal
liver function via the donor cells. In addition to nmany cell therapies
where th ' rentiated MASC are administered to a hu r mamal
to then &#pgﬁéﬁﬁ ate into specific cells in the donor, t e’ﬁ?"é@te‘% of the
MASC coul d be differentiated ex vivo and then be adm nistered as purified
or even mxtures of cells to provide a therapeutic benefit. These MASC i n
the undifferentiated state could also be used as carriers or vehicles to
del i ver drugs or nol ecul es of therapeuticlbenefit. Thi s could be to treat
any one of a nunbemMASCdirsbeispogemciradilménisatedrvaa localided drjectone mghising
cardi ovascul ar, 10 inflamuatory,. inmunol.ogic, infecti.ons,..et So by
" exanple, a cel®thgier ﬁ%gﬂ%ﬁt@ﬁdﬁﬁmlﬁf H\’e%@% pa@%?réggé%@ls ratrll%%gfalor hi gh
level s of an a3ngiiNgeRidh, HPInBGMHeAns RidcHoR Tt dAleRibsyEr RdmirdstAtipAtaebs inshi ch
. woul d be incorporated into existing blood vessels to pronote angi ogenesis,
for exanpl e i reonjuactiwawith aphameacputicly geseptable motiixd Whighengnbfot hel i al cel | s
produci ng gDI ebrc\u%:es dt at m ght suppress angi ogenesis that would 15 be
i ncor por at 8d i PeEHABYE cel s and inhibit their further formation for
exanpl e i n di abeti q\ASJ AQReik brogehy,iadmédiserd twagiademealteh tirdthnmersgbtem
formation is key to the pathogenesis, spread and extent of the disease. The
ability to popairesiss virale banengl®r fengebinf§HPBod ex vivo has an untol d use for
i nportant nedi cal I i,0 ) k tion of
20 bl ood, the transtu #lﬁﬁélgf{égﬁt%rggg%{géa%%g%& g@g‘:ﬂ}é’?gcg’féh\ﬁﬁ ?%29\%% dis
still perfor megdinihdtbred 8 b phfientsaf ety because of transmission of infectious

agents. Bl ood transfusions, have |lead to H epatitis C and B, d now t he
i npendi ng kohr eat of Whew admipigeredion p@%NéS&{]QIJ}S?BBrogp%glgg?refhg{gbi lity
to produce bl o ' | i | Rd thefunStiort & @lIRIrQYghe a safe
and reliable aﬁﬁ%(g{reﬁ}iﬁct\?é&%tgéidgﬁjﬁg\gﬁ gorr]"tlg-;gﬁ%]t bl ood fnr (lj?n peopl e.r I% m ght
never fully regdfatioeldhoodinfwly] gametiodiséasorncdomed disedstnB@Etrogemp trpgtments.

hemat opoi eti c progeny. coul d.be placed jn.animals in uterg su s,.sheep

whi ch coul d f oﬂ*ﬁ %&ﬁ%h“' 39 04 PO MEFPY- B‘Ié?P?sSPL‘i?B’ @Ve‘i’\r}lé‘“%fs}“‘ St “c?ﬁtr}%%’ ‘?‘%‘r“’ human
bl ood conponenfgn@ie RERLE cReuliory HRTADBShe, Tothédtive YissublRusagheatWicode true
for hepatocytes, I1sléts or many other cell types but would praovide an

al ternati v t ove3gelpipetereas) geraraarvens systerh periphealneavaus sysieis. kidnsl s as

factories for the,cells. li .coul i 53}{] . that are
predicted to o@@gqe.r’ W§&'t§eolhal?§p l%lng‘%)gseg’o%g%%t_\% yalg']eﬁ @ﬂﬁ%ﬁ%ﬁ?’gﬁdi nto a
human enbryo t guesal Sefacedihchidéngfraleesophupeil, odginkdfaad bsal. ExeiBplR of diSedses-8

PCTI US02/ O~-CS2 21 Because these MASC can give rise to cl onaL. Bo%ijl tions of
speci fical |y diregtehlepy this methad are cances, cardiovasqulandisepse, msfaborie fis saShver

di scovery. Thi g R4 Haidiohusaiflo PR, SRAEARLOD: rARRXTOBIGRA
expression, disCovery of hew genes acCtivated patterns of activation,

pr ot eom ¢s2@ndcqmalitiaspatoimmpuom disease gpnaissieficicanyl aspuiictive tissuedisordersundi ng
this. This would he .apal.yzed with {oi n o[rrati.cs, usi ng data bases and

al gorit hns f or 22ffRETHOP s ARG EBRBE S8 publ i cl'y avai | abl e or

proprietary data baggs MASE or M prBEdn9hogfe 10ie b ervte Bigasinahe pgint andi ght
act could be conpared to information derived from MASC, their

di f f er ent i at edarsrengenfied adeinrsuph thahie function of acel) eppreansdefective dug tp gy

avai |l abl e. Pat hways,,.targets.. r .g&%’ﬁ jof 1 ed. New
drugs, anti bodﬂ%’kéﬁ(grdlsg? e?c%uérﬁgggsﬁé% Oégﬁfo%%B{g%*e%ﬁﬁ%q?’(?@%do ugég’a

bi ol ogi cal by desonaltled bepridedSor Bofirasimen)whid is sutpnsiniatCuaagettedi In a
differentiated progeny could be used as nonitors_for undesirable responses,
coupl ed with dareferseskémbagivent thedaiuneis 1sehamia ofonflammationhese MASC deri ved

. from human, nouse, §ab, o r%%ﬁﬁe@@%@ﬁi&eﬁﬁ?ﬁfﬂd&& 5ehRR phdbendBhanET MBI
non- mal i gnant, somafiC cerP rRon germcell) known to date 10 express very
hi gh | evel s of ahgibg¢rrsiase even in | ate passage cells. The teloneres are

extended in MASC and they, are kar ot%gi cal Ig n?\éggl . cause MASC i njected
into a manmal , hone % 80 AP @SRACHAAS VRSN, ePrRREPORIR A hat newl y

arrived MASfy | ARG brahdSfmaY BRI Y tﬂeﬂaﬁelﬁi%lafgeﬁ@P@\férmK af\antdagiogehieey
have the potential 20" to repopul ate an organ not only with thensel ves but
also with self agemiewi ng differentiated cell types that could have been

damaged, died, or otherw se m ght have an abnornal. f ' RIS
genetic or acqui redL[gﬁeé’é‘é‘g@.onIP (FVI%?MT%I)? 'ctcybnémfmglggﬁ%b géng ﬁgre ?29%1
progressive | ogphaffaceisdallyhcépsbi€tdiferd aharepetlesMAS( die praat fiead amoust! et s.
In various renal diseases there is 25 progressive loss of function and in

sone cases obliteration of glonerulus. If in the case of diabetes, MASC or
differentiated progeny m ght home to the pancreas and thensel ves or via
interaction with endogenous cells within the pancreas, induce islets to be

- . o o, — ———



PCT/ USO02/ (1-4GS2 22 MASC one will likely find pathways, nethods of
activation and control that m ght induce endogenous precursor cells within
an organ &/809[094 Aferate and differentiation. This sane abi’&i‘;{%()iﬂﬁ(ﬁZ

repopul ate a ce [‘ul ar tissue or organ conpartnent and self renew and al s
differentiate could have nunerous uses and be of unprecedented 5 usefulness
to neet profound unnmet nedical needs. So for exanple certain genetic

di seases where there are enzyne deficiencies have been treated by BM
transplantation. Often tines this may hel g3but not cure the conplications
of the di seaseffdctveta medubedisswef febected fofm theegrdis eansisting ghbonsemairew, i n t he

b b L& ticall d MASC offer th
hope o anal | YGRS TSGR S JUERL AR Wl B BaCet CTRESNE |

al so be usef ulids@s, MiRENRASHH, 61030V esLREPdFeab UchRBIaR Y sPhtetd, IBdaGQvery. The
. present invention also prow des net hods for dr ug di scovery, genom Cs,

prot eoni cs, anklagderskity epithehinl 4npeaddges breastrprammary slands. yfat twguq, laed genoni ¢ or

k h I f
b1 i nfor oo csseh G BB el BNt RR Al S8 e o anc

conpare new W th kn@%lﬂdéﬁtﬂiﬁ&ﬁﬂﬁeﬁﬂ&lﬁ@@ﬂkﬁpam% mehbd &sttredthiseorgdhi s Wil |
identify key conponents. pathways, new genes and/or new patterns of gene

and protein extsuesr eplulas dunstion &9 m patist F@l@atl$16&1}\€r§FQP§@8fﬁ"&V)‘n& MASC biomy

| ead to the defj a gﬁ’%" | pr ot ei ns,
smal | nol ecul eZI g’g}gng{rll@%"?on&rb%%%?mgr 0 gl%&Hp?;Pdglc ?)\'f;e nol ecul es
t hat woul d havxmdlffe:reaﬁﬂitﬂ|cell:baneﬁdmmsE)€Ag/IBh£&pMdfaallt m/ﬁmgateem,rmhaemare

provided to illustrate but_not limt the invention. Sel ecti on,
Cul ture and cnefieaRttissyeefielipapfngtonsiyedongd; i &S&H?fFX Mgﬁo neebéPFOel I's

(MVASC) Cel | é‘r@ly kP Ry gé}féngxm fe ealelnﬁdd%ﬁe&ﬁsthwmmaﬂldaﬁgr RAGrording to

guidelines fro e University o nnesot a | ACUC. BM mononucl ear cells
(BMVWNC) were opdtenned by ficoll hypaque separation of BM was obt ai ned from

5-6 week old R@;AZGTHi ce or 30 7BL6 {H‘ﬁ% %‘5 veI n%é ‘ nd brain
tissue was obtai ned ¢ BYFRIQRRFo¥aes a Bsthod oL 1 rFFS 1 fe? ﬁ‘? 8'3? s
parts of fore mehaﬁsdldnmﬁnw tRYEETRSH i OiRe 31 Cﬁs bbﬁ&@&%glm feed. The

tissue was treated with 0.2% collagenase (Signma Cheni cal St Louis, M)
for 1 hourlat MKSC,fezlwweau@ylc@cm smwrygsnwd(mgwhhwmenSh@%aﬂu@nand NY)

for 45 m nutes, eth £ I ~7
PCT/ US02/ 0. 11, ﬁpef lgiame c<{iss roUg %ﬁg ?laﬁlj%érlyls Ssgéégé%eswéﬁssc wer e
collected and @mﬁﬁnsblageﬁg ﬂm@rMASCrihfcbuhepat&tnt Wotdein MHCBReEen isiexpressedvma

di ssected and m nced t hor oughl Cells were dissoci ted incubati.on . with
0.1 %trypsin tayel oif 1c1%tr_tm§\éb ihe gegstiongf thetragsplan %y The pepentds @by e

then triturategeul P\%%@&ﬁ&%r%ﬂ&h@ﬁ%ﬁfﬁamgﬁ ?%?%S%S %Jdlmﬁm)ffﬁll? iMAscCe! |

suspensi on was co centrifuge m nutes at 1600 rpm BMWNC
or nuscle 20 brain s\msqunmnwmetked@fpﬂhibiédgdle rejet0&1 cfrhdterotogoandl ASC rredl um

2% FCS in lo | ucose, .Dul becco's mn S.e di DVE

Lg/ m. eai:h pl \z,ivf g\’%’i “(S‘éir’i“(?eadpaé‘reB\/ﬁWRr!fé?g?n ﬁﬁéﬁ G@ﬁFE |u )gpfﬁssbqno h
factor (EGF) aﬂmt%ﬂhgéﬂ 1ﬁ tl'lé"lbﬂAtSG ﬁfd’trir%ﬁtaﬁfm%ﬂie@a}lséﬁﬂﬂ: NRIST Rt 8 patient
Sx103/cn2. After 3-4 weeks, | s recovered by trypsin/ EDTA were depl eted

of CD45+/ gl ycoMIdv@lantlge:H nypowexpc@serdsbmhp MAS@ra@ﬁfﬁgﬁetqncof isheattansplrated| aellpig
C45/d y-A- cells ) replated at 10 cells/well in 96-well plates coated
with FN and Wefengwgﬁded at cell densities between 0.5 and 1.5x 103/cnR.
The expansp®n 15 pOTP&ﬂdHJ@Jt oﬁfhemﬁtlm% zsinﬂihbafofgﬁ@?ﬁtﬁigﬁﬂﬁodlfr lhﬂh@ldu'alssue
fromwhichthei/) wer e derived Flgyﬁ . Characterization o gA

Phenot ypi cal | yblapssmpaagnts,eqvire }'Bl‘ﬂro‘iﬁ:?%(%f’éo‘éﬂ@ﬂ M’ﬁ@la%@'f Rntighegthen FN

. were CD 13+, gﬁ(‘ S€68 1%1%?4 eﬁt?ﬁg&d %m%@eﬁewréfeﬁbg{, QAR duli Bloby

antigen', 20 entic to the characteristics of hMASC,
as described i nompbﬁnnﬁérbmﬂlﬂaméaimwme bhnodlééledﬂ?pﬂmélEtB%? Al t hough cel |

' gﬁf? Ef ggnoﬁugl()lnlg agge | télaq%ct q émﬁ%Q%Qt?onV\g% rgetﬁgc} etr drug gcc():veelr}lf gor\rl\lgrlgng the

30  steps of analyzing the genomic or proteomic makeup of MASC or their progeny,
employing analysis thereof via bioinformatics and/or computer analysis using
algorithms, and assembling and comparing new data with known databases to

compare and contrast these.



" harvested and

or Matrigel T"', cells had phenotypic characteristics of MSC, i.e.,
expressed CD44 and did not express CD 13. As with human cells, mVvASC
cul tured ressed 25 transcripts for oct-4, and th ~ <
Appr OXi m‘?@l“@miﬁ@fof wel |'s seeded with 10 CD45-/G yA- cel %W?"e% &
continuous growing cultures. This suggests that the cells capabl e of
initiating MASC cultures are rare and likely less that 1/1, 000 of
CD45~/dyA cells. mvASC cultured on FN were 8-10 pmin dianeter with a
| arge nucl eus and scant cytopl asm 30 Sevéftal popul ati ons have been
cultured for > 100 ABhsthel hspeotis pmodtbar/ofidentiflysgahy pempdneotsidfs r emai ned

unchanged t hrouyghout cultyre. mVASC t hat had undergone 40 and 102 PDs. were
difiprsntaon natioyayCORPEing | BeiSRo P ARaPE e ERMQIS OF RENEHg

using the Tel o VASC ARGRIng differdrialibn bIMAR kil QR i bivSaRalddink! €

e
. from Phar m ngen New Jer sey, USA) according to the manufacturer's
r ecommendat i orthe génwoaniageprogdonnie nakeemof intgrmEdiprydellsvnde ditierentiatonf or 40 PDs

was 27 Kb. When re-tested afiter 102 PDs, ATL remain unchan . For

kar yot ypi ng ofpme?“%&‘?%I‘\WB"@%‘&W‘P‘&P@&“ Igf‘keé’pf?gewl?{]si cgﬁgrfﬂﬁé)tﬁ%f ore 5
harvesting, caleliged @ dwiférémtawp?hm%pmin@mirﬁmz@m @hld/bPalgorlthbi’ t¢ ol cemi d

i ncubation followed by lysis with hypotonic KCL and fixation in

aci d/ al cohol aghapactevize thel genemiccer pyeigomiempkgup fMAS Cand theippregenyopndgeni ¢

anal ysis was cgnducted on.a nt hl Sj I ne,
except for a s‘ioﬁ’waélpﬁg'&u A ?]%q%nfaé'{(egg)cﬁ%@ﬁ%%? I Cf):l?i g%%tl{;%éaﬂﬁﬁ%%@%’nﬂgm ch
was no | onger gafethed, dsffardhi@sion 10atMddeurs & WMASCan bt @bmeared ity diffbrentatk0 PDs
were tested by Quantitative ( RT- PCR for expression |evels of Oct4 and
Rexl, two ¥ aribaroqsuisdm viva suely hat fapdamental differensesibstweenghgfvo systems can

undi fferenti attfedcclﬁa%ﬁe‘ﬂ&e f ES cells. RNA was extracted from nouse MASC,

neur oect oder na Itterentiated progeny (day 1- 7 after addition of bFGF)
and nouse ES cel | s. TRNAvewanrpevddesa tmethod of igbetatingdprotiects 2swidro ithag ha®NA 15
underwent 40 rounds of anplification (ABlI PRI.SM 7700, Perkin. lied
Bi osyst ens) wi DRFAPREIC GABRANIAGT FeSsRICh g?ﬁ@ﬂd‘#ﬁ“&fﬁ%@fﬂ@%@&?‘@g‘%éf’_ step
PCR (95C for .léol%ﬁﬁ?{h@%mcﬁg@ fhéth MRSEeqRaGFfeRbd EhbbdiiehBthedRBdIcH @ki On
(95C for 10 mnutes) with 2 ul of DNA solution, 1 X TagMan SYBR G een

Uni versal M x RORins lpids,monipléx ecarbolydiates, DNk er RNd.ed in Table 1. 20 Table
1: Primers used . . .. . ..

NEOS' - TGGATTGCACGCAHed insthe inveptipp-isamethad aEindpeing. 18 Mammah AUFARS Brocet
GGATT-3' 5" - GT b GiRrhiebebrEd 13sdid nfafkIGhE Gldthédl €dafprisINgGha sfapof

15' - GTGTAGGATTGGEGTGCGITT- 3' S' - GCCTGTTCGCAAAGACTCCCTAC-3' ot X, .

15' - ATGGCTCTGEBhunairinetrsaiGnzmsmalogharansomulprerahcaiti fepaminisgationsof GaaccT

CCATATCCCTGEGT (XL 'S ; i : '

5 5 - TOCAGAAACTEARRE B RO T NEATE e DIBBL o hasald patmpy's

housekeepi 2@ ghmaorahimimosamespade v 4 bubseqesns challengeueth ESd @eligen is Sopptessed!  Rex

1 nRNA were present at simlar levels.in BM. nuscl e. and brai erived MASC.

Rex 1 mRNA |evels wél% inclygsdis amethod for pemepind Sreeam Sk RIP PQ?P?‘}F SC

and nES cells, f%bﬁﬁn%ﬁa&%lddﬁvﬁtlv}?yd(‘ﬁft%%\@&@@fdeﬁvw&l&%?erkiﬂ%fd defls MVASC
S.

|
than in ES cel Expr essed gene Q ofi mouse BMs nuscl e and brain
derived MASC i bnta hbllgwdiber based flovicar Irha preferedd embodihenthibe crliisae didney o
fromdifferent .tissyes were
liver cells.
25 An object of the invention is a method for delivering therapeutic products to
a patient comprising contacting the blood of said patient ex vivo with MASC or their
progeny, wherein said MASC or their progeny are genetically transformed to deliver
a therapeutic agent.
A further object is a method for testing the toxicity of a drug comprising
30  contacting MASC or their progeny ex vivo with said drug and monitoring cell
survival. In a preferred embodiment, the progeny are selected from the group

consisting of hepatic, endothelial, epithelial and kidney.



simlar, the expressed gene profile of BM nuscle and brain derived MASC
was exam ned using U74A Affinmetrix gene array. Briefly, nmRNA was extracted
from 23x muscl e or brain derived- MASC, cultured ul ation
doubl i ngs}%ogl%%%rsati on of cDNA, hybridization to the U74A$(gl:/}]g[§mg%2t ai ni ng
6, 000 nmurine 10 genes and 6,000 EST clusters, and data acquisition were
done per manufacturer's recommendations (all fromAffinmetrix, Santa C ara,
CA). Data anal ysis was done using GeneChip _software (Affimetrix). Increased
or decreased expression by a factor of 2. 35f ol d lyer V.R et al., 1999;
Scherf U. et al., 2000; AlizBREEFDESCRIPTHIN OBBDRAWRNGSconsi der ed
significant. rz valye s det.erm using linear regressio al ysi s
" (Fig.2). Conparison etﬁﬁ%‘gwgtlzeég%%ﬁ%%g%%&b@hvgngﬁy qu)ﬁoﬁx%mpﬁséifnﬁgm t he
three tissues jgiau&arotlfinit thelikvéitiof &9 SfecifRr EntdRhess Gebciibed; Znag-Heol d
~different levels in MASC from BM t han nuscle. Likew se, only < 1 % of genes
ver e expr essedinderztopdfip cenjgngtioareith the ageampany B@ drawineprineaperated etpInRSC.  As
the correl ation.coeffi¢j . 20 between the different MASC popul ati ons was >
0.975, it S rgg?l%q%ﬁ’dke’?}ﬁ%t MASC derived fromthe different tissues are
hi ghly honol ogous, Fig. 1 kiews glaphiost iphendby pt thedaparsidvgsbieahial ef afftdnt he
differentiation characteristics described in Exanple 5. Using the
mouse- speci f i cnamew (BM)cmuesle pashbraindgriged MASGr es have been mai ntained for

nore than 100 cell ub L Lygiﬁlgi‘, - SNkt ith
marrow from C57B1/ 6 i ggﬁ&%ﬁ%ﬁo ] 8?%‘%% r@g%@%e%ﬁ%dp{l gtr(légféﬁlgcclg oqm t he
-HVG- LacZ. ExattraineMASCSeldg@t) ibone miacto@uant mnesclefMRSC. Mul ti not ent Adult Stem
Cells (rMASC) BM ang, from Sprague Dawl ey .ar W star. rats were .optai ned
and pl at ed%0 undeplg @owﬁla%wmgmgﬁﬁ?k ’ﬁPStfaﬂPnﬁ_ﬁ/géégWB'é}s %i‘-"%@féffé&tfg edoel | s
wer e depl et ed GiaeDAIMORC SulnRRwith & EGHS UThd Sﬂgts@é@'is&%é Snel BG

subcul tured at 10 cells/well. Simlar to mvASC, r MASC have been culture

expanded for >gai6in@DsofilExXthembnorvscepedificiantibodyf stainingpagte Ciakding).r Bapgi Hed

the addition of EG-, PDG--BB . V1'.O 02/ Cki 4 /1 US02/ O~-GS2 26 d LiF
and oul tur e orfheRS B BNeRBPEOf PAGERTIHES MA?ZQ MARC sEP Ry P &Yk oL Bvnsc
were CDA4, Cméﬁggg%@ﬁ, Fassit ﬂaﬁ‘ﬂcl1'33£l§ilifabftn\g?staﬁﬂgitl?§rw SSRS6heE afti-l evel s

of tel omerase. ty of a nornmal grow over 100 cell doublings
i s unpr ecetfent edlothetiebaparkersd paneti Bgbews thgaihesotypoal/MASGadiuretbipnd4 dayshor e

than two decades t a under,gone 42 P 72 PDs,. PDs, and
100 PDs, were W&Nﬁaé‘ﬁ/éﬁwbi%é‘? .erE(?8x;rrgsﬁdgwgeveevsarp8%trféadker§gf[§§%§egsw1§f d not
shorten in cul ¢ddotheliaBeeltdshufl @4se EXprastbnf ARDUBheind paheltC shvalsyphefotsbé 6f 42
PDs, 72 PDs, 80 PDs, and 100 PDs. WMbnt hlg/y cvg&%eneti c anal ysis, of rat MASC
reveal ed nor maMASE guityrpdor 39 dayawithd0 ng/mie i d\‘{%o@ﬁﬁ’%‘i’s@oﬁfoﬂﬁmn

Mul tipotent Ad B@% S:ngﬁlré %%Gﬁ'\gcgﬁis% 2 é’gsﬁ?l%ffﬁeﬁ?gg{i'w-&ﬂ%eﬂ@b?m eer

donors (age 2- er Informed C usi ng gul ines fromthe
Uni versi t y20f 8AydeRietaVEpGDB4 and HOPI 21y ddye?.use of Human Subj ect in

Research. BMVNC wer e, oht ai ned Fi,col | - Pague densi t radi en ..
centrifugation and ﬁ%?éﬁ%ﬁs _BPEéEKBQO&rﬁBh @?9‘2‘% F‘?tr‘ig-{’ﬂgn E'é’P%éfffﬂg?tffémn of
m cromagnet i c H%gggg?éild}e%ﬂlgié exﬁnlﬁfeﬁ(by fRIORY MR &r cOitbeal BERABEIAN Panels A,

condi tions: Sx A- cells were diluted in 200 pL expansion
medi um [ 58% DVEM G Q 404 SVEDBse20 idefiBiallymtaiindtissugs afsontSl NODEYJDsanima)s,

suppl enmented wi,th 1 X insulin-transf if-selermi um (| 1 X linghei¢ acid
bovi ne serum \gih(?EWFW Wﬂy%ﬁ]Wltﬁér-’r@ﬁ%e%ﬁgtpﬁgssgﬂvev,a @drﬂ}l%g@(r:@?lb%?g%g%i d

2- phosphat g5 ( ahdarfowQBM) E89pin frofh d-td@dl CA) dnidrndlyd BIF00mbl stdinepwialy ci n

(G bco)] and 0-10% fetal calf serum (FCS) (Hycl one Laboratories, Logan, UT)

with 10 ng/nl eitifEe-K1EiCraniibody and BE wgninkatedbantitediqs e pardyusthepatopoietic

M nneapol i s, and, 25 ) I | ) Id. i 2N
~coated i th' 5 Ao iiol, CroB B MACl S GBI RRE il DREr AR TS

Once wel | s wer esrffs DRGSR MERH of APMNEBEIdHEdE aMdhRoI0E))aal eldMahimd). 25%
trypsi n-EDTA (Signa) and replated at 1:4 dilution in MASC expansi on nedi um

“and bi gger cul (HrB siagwdevith ausap edl-W TG agibody hd Eni(D4%aP R ealitedy e Donor
censites betven 2 and, 109, ol E%, 30, SLTEL BhR AR

express

panels J-M shows a photomicrograph of a liver section from a control mouse (J) and
study animal (K-M) stained with anti-B-gal-FITC. J-L are co-stained with mouse-
anti-CK-18 / anti-mouse-Cy5 plus CD45-PE and M with mouse anti-albumin / anti-




CD62- E, CD62-L, CD62-P, HLA-class | and Il, cKit, Tie, Tek, a~~3,

VE- cadherin, vascul ar cell adhesion nolecule {VCAM, intracellular adhesion
nol ecul e MASC expressed | ow very | ow | evel s of | obul i n,
a" [ 35, c&\éw&&iﬁs Flkl and FItl, and high levels of RS PURARG D (Fig.
3). WO 02/ (1G 47-48 27 Exanpl e 4. | mrunophenot yui ¢ Anal ysi s

| mmunof | uorescence PCT/USI| 2/ 0-GS2 1. Cultured cells were fixed with 4%
par af or mal dehyde and net hanol at 5 roomtenperature and i ncubat ed

sequentially for 30 mn each with primry éntlbody and with or wthout
secondary ant nbmky CyB&hmbeahesﬂé‘fo,sL arsl Mckee 2081 60Xanth e0X wiagni REPBEA. Cel | s

db I
EE A e ey
m cr oscope; d%?&?UPmAﬁ%Oandqliﬂ%&{ﬁanLﬂaktaﬁed “htT,[&nuJ@JganF}ngluIﬁlo%%eSS t he

frequency of rent cell types in a’given culture, the nunber of cells
" were counted tdmitpait@KradtimosistiCys annbbrhas@if\PénNamti|Pomdy0$tnm¢d)mth\ﬁ13ftﬁal

of bl ood artd o AN DRy Bt - SR BTE PRSiaLpe BN P L) RBIE B8
room { emper at Ut Bl GoLdn RARSor SIPTP b Blial el heEsR RTINS of

ti ssues were n%a[?n ass I des an I nmedi I xed i n acetone for

10 mi n at roomopenReswipih€l O)Fe-staned friQIR450@); memQ-[R shoot zyplmtsmrcmg‘rqrh 20
mn, cytospin preparations or tissue sections were serially stained f

tissue specifief alng geation from gapntepd ancuse (Q) &k stedy animpl G tainedrym) a‘Bl’

TO PRO 3). Cover, wer e no nt e | ecul ar
Probes I nc. lgﬁtg{)ius wse@ %F’FZ@E %rugx\g@g%]%bhgqﬁ %{(t)lﬁ)gé%/ge)nce

m cr oscopy1@nds@@%@cgdl EveldJQKe%(%ﬁ‘d“rQ:@llﬂh&rséérC@ﬂMg thi al Pl d;mﬁe gfipidthimater e
fixed with 4% paraf ormal dehyde at roomtenperature or nethanol at -20C and

i ncubat ed sequétit |C’;l]>4§/ /fpan-C30 cnilmofémmtwaﬁlcmrlgmm spen dighactly fram ge oy 3

coupl ed anti - nouse- ant i S were
Coched i preiEhuSkIS R ghRAr e U FRno BRIIGRIGES: £BROINEER RelibP

anti - CD62E, antrbmMpédntrobiouisedS) dnd thyhiic %}i}&maﬁthhﬂ deCEBpediiith stndy arlimal 169
anti bodi es were obtai ned from BD Pharm ngen. agai nst GFAP cI o e GA—5

1: 400) , gal act wceksafﬁeoghmla(r@m@)ﬂl gaingd Mmbaantl-ﬁlg ITGyaptivybF

(cToné 30 5pL. 88070 F-aitsfejer SR BRI BE i Wi ¢ ﬁ%shgﬁﬁﬁcei'ﬂgw JNNT‘{%'

1: 40), and NF- WPzt
(clone AP20, 1%{"?’{ el eof xe lf}ﬁg\)‘?”% 400 Sﬁp@!%r?gl?do%g*?a%m 1:1000), DDC

(cl one DDC- 109(}allan‘mﬂ)hesTrH (cl one V\H—3' 1 1000) serotonin (polycl onal

1:2000), glutamate VWO 02 48 P 1 Sl.12/

1: 400), fast tw tch% HWEJ:TF%’HB&W’%‘?‘“‘E@‘ FBVA l?’h?%ﬁge"ve elr{aét ehal .
DAPI “and TOPRO:313\Rirfy Joweal\fhh@@weaée :chem@ $ MSE pedwiy W l@ptalysycﬂ onal
1:50) Neuro-D (polyclonal, 1:50}, c-ret onal, 1:50) and Nurrl

(pol ycl onal 1 VEIF.vBymcdl mumlgane siaigings B?e@t ercnhn@dbmoq rﬁeeptorsatﬁ% apddor  CA.
Abs agai nst PSAN (pol ycl.onal San eg CA and
agai nst ser ot ofh&P F@H%ﬁ%‘ﬂ“@ﬂ P%ﬂl%é&v@ Ca angb aé[ﬁ% (?)djllug)cl?@n
1: 200 Na- gat |

), gat g, r)s%lggﬁl mgﬂﬁﬁid deaahge awaa& 0 é%por%gg%]rael)l\ﬁ\x/lgp\daef 21 (lower

gl ut amat e-recepto clone 3711: pol ycl onal
1: 400) receptorpaﬁafl})afﬁeﬁihéiﬁfinnathwmarﬁaﬁ Zhpin, Tenmecula, CA. Anti-nestin (

1:400) Abs were a kind gift fr 0
Sweden. Anti bodi es e!;n i WI§I§FP ngg,!)ogggh Oggl?gég dg %(?%'idoﬁ%ell@gce?gngan&
C-2562; 1:3Q0) A %w%%ﬁ%ﬁﬁ%edd{e@@&éase af bWF flofMBE884derived Radothetivgn.al |

obt ai ned from Signma. Pol ycl onal antibodi es _agai nst Fl k| Fltl, Tek, HNF-1 ~

wer e obt ai ned fStaningaritheantibadieBpgainst myesiaPhow eytosksigia l:chapges withnincrease
o arestin § it QUIRATES, ML alliBehidh b edyf BN RS (Rrrob&fdaN!

University of ' ‘mouse or,-rat 1gGs and

FI TG/ PE/ Cy3- an Re@e&n&ﬁmIeﬁﬁknﬁﬁcmc&&bmaaﬁs)bm&syoax«erem iahi paneEB shewsn Si gma.
Rabbit anti-(3-gal-FITC anti body was obtai ned from Rockl and

| munocheni cal SVIASSAderived privthelivas tases up ard L5 r dfienvbiaxsusells expressed Tie-1,

30 but again did not take up a-LDL. However, acquisition of expression of vVVWF on
day 9 was associated with uptake of aLDL (representative example of 10

. experiments). Scale bar = 100 pm; and panel C shows vascular tube formation by




Probes Inc. and DAPI was obtained from Sigma. B. X-GAL staining: Tissue
sections were stained by for ~3-gal act osi dase enzyne 20 activity using
(3-gal stajni it fromlnvitrogen, pH 7.4. Manufacturer;s.i tions
wer e fol b’g%wfg‘;@ept for the fixation step, during which lt)iTe/hF@sogﬁgg
sections were incubated for 5 mn instead of 10 mn. C. FACS: For FACS,
undi fferentiated MASC were detached and stai ned sequentially with
anti-CD44, CD45, CD 13, cKit, MHC-class | and Il, or b2 25 mcroglobulin
(BD Pharmingen) and secondary FITC or PE édupl ed antibodies, fixed with 2%
par af or mal dehyMaS@hdérlvedeadotbélamus Afigr 6h, Fyytisal GasdubartulieBsovldibedeaki nson) .
Example 5. Sinele Cell Oigin of Differentjated.Linega~es from MASC The
“differentiatid eaﬁﬁ?qtﬁtyvec?ﬁgmég?Xmeé'@sﬁgglFé?éf'e‘?}aﬁ’)b‘maddi ng 30
di fferentiation fackgrskeydLihpssdl if{ksa0n BAFRE SR L VRSO RBAVEESCT i bed
_for differentiation lgf fﬂ\/ASSIC %’lraﬂ%% cells to mesoder %Wgneuroect oderm and
endoder m Di f feadethilialtdebs TlxBlotsedhowhadtypreddntrohtg(e staimpigpretilesthin ligg) is04

I'Is/cnR i f di. i thout ECGF PDCGF-BB.and LIFE ith
[ neage spdoi FPESE PRRRarBE M hEryF ik TnepGmtrssnpg cpeame of 53 ™

Di fferentiati Qixpu@met). NiFnBa&hbBYe pHIIREHY Bl Plbrdsednct IiftenkitySNET) for Che
markers [slow twitch nyosin and MyoD (nuscle), von-WII|ebrand factor (vW)

and Tek (endotdeatiolilgG staipigondribe spepific(antibedesstioing: ahgl A shavsyppokiar at i n- 18 |

and al bum n (endoder nma ~+-PCR._and f i | studi

ot oy ot at | TPTPRTHPREN] an ToK ifesSiOR o NAASICRRGIved bt Eoia) MlRGnlvzed by
neur opr ogeni t oflGw egontee QEAI{cUB%hWI@ﬁﬁdB?dMiat ipr®) e BB E@prodaitioadyt o
differentiate n%\renovaly of PDGF and addition of bFG- as a differentiation

factor. Baded MASGrdeivesiondpthslialcalls t VBOEdevabnyererraepsuer by FBs@nd thgsc and
r MASC were pl a i oat I i : JR@: W th
100 ng/ m. bF .eg‘ngoag? gﬂs}&svf‘;n Vzgs @gﬁgm#%g Qnewg)on-’ Ialﬁggé%éﬁlgo\%a%aggﬁer%w

t hr oughout cul indaees eRpriession’ ofkdyss, 11 HLe\ amigens 4nd iatreass espresgivresfadteniast i n.
After 14 days, 15-20%of MASC acquired phol.ogi ¢ an enot ypi c,

charact eri sti c§CtoLs P r%%ﬁ%‘sf’@ﬁp‘?-‘}t,mqgéf@%%g meﬁaghgﬂawgﬁ%eg“ﬁc

(gal act ocer ebr g5 i) B ift \hie IR0 RbreEHARRXLABKI AT xBEHAENEPO (N
15 200) +). NFZ%%{bg%Y—%tgﬂ%@ %ri)?llc lre 1n‘geb\//ae{rf)rfeound i nx‘t hg same x?el I, P
suggest i ngl& haNumbei abowa pldteshowsidF] foe theorontrok kg G shingngandghdspesficor gl i al
cells that ina rogri at eI% expressed neuronal markers. Neuron-like cells

al so expressed %}Pﬁ,ymﬁ‘én nd NSE. Approximately 50% of neurons expressed
gamma- ani no- but yri CFﬁg@B@h&»%B&ot@ﬂﬁ'ch}j’ffagﬁthhﬁﬂlmm M3Q9C Harivasdli sn@othyich] @xld. ase
and dopa- decar box%ql( ase (DDC), and 20% 20 serotonin and trypt %Ehan
hydr oxyl ase. DPdrfeds €t shatv e 3vid seconpiryciad figyses fonsithesantithemrndepanded for 40

or >90 PDs. Q RT- e I ¢ |

expressi on of lr%gcl}géieggltdg’hgiﬁa@%ﬁi)e&gaiﬁodﬁgﬁgyég3 Eﬁ@@ﬁ%&?g%%‘% %fnd

ot x2 nRNA, 2ndth@ftiver(Pahetl &Y, antiasWFrCyBRiNAnaMES, ahdtrearbing. of Thecthedefseining f
fibroblast growh fagctor FGF) -8hb as di fferentiatjon f?ctor 25 was. t est ed
next. This is Pﬁfm%@ﬁ?elié?- %Cavel%%n dppwthe ‘E?@ff/%ak)‘é‘?ﬁgﬁt" e PR r o
to induce dopagk i 1 Qo hi6n- ; i ntflsts on
AVRSC. Vien o] Ganr HRae T Ph A poB-PARC BREal LORSTRIMME sRa T Ber

di fferenti ati o@D3NtOycald mtist WFACyRy Soals ibar ¥4 00 am. nRanebHahowsmioend héalingnot

ol i godendrocytes and astrocytes was seen, Neurons had c,haJ ag:heri_?3 i cs of
resulting in a highly vascularized area in the punched ear stained with anti-p2-

25  microglobulin-FITC and anti-vWF in mice injected with human MASC-derived
endothelial cells (Top panel) or human foreskin fibroblasts (Bottom panel). Scale
bar = 20 um. C= Cartilage. D= dermis. Panel I shows that tumor angiogenesis is
derived from endothelial cells generated in vivo from MASC resulting in a highly
vascularized area in the tumor stained with anti-X32-microglobulin-FITC, anti-vWF

30 and TOPRO-3. Scale bar = 20 pm.

Fig. 9 éhows spiking behavior and expressed voltage-gated sodium currents
in hMSC derived neuron-like cells. Panel A shows a photomicrograph of cultured

hMSC-derived neurons that showed spiking behavior and expressed voltage-gated



30 GABAergi c (GABA+; 404% , dopam nergic (DOPA, TH, DCC and DTP+, 265% and
serotoninergic (TrH, serotonin and serotonin-transporter+, 34t6% neurons.
DOPA+ neurans,.s ned with Abs against Nurrl suggesting d tion to
m dbrain H&!ﬁ{f&gﬂn FGF- 8b i nduced neurons did not have bR

el ect r ophysi ol ogi cal WO 02/ 0G 478 PCT/ US02/ 0-tGS2 30 characteristics of
mat ure neurons. Therefore, cocultured cells from 3-week old FG~- 8b
supported cultures with the glioblastona cell line, U87, and FG--8b for an
addi ti onal 2-3 weeks. Neurons acquired a fre mature nor phol ogy with

i ncreased cel |sodiunecarnshtS(tinustiadow olfdregnimtar;dnmetmthexﬁkl» RspekBghowsir i t es,

and acquired el ectrophysi gl ogi cal ch racteristic rons (a
" transient i nweFaPH ?r%rﬁraﬂﬁrscftfrséae @PBF‘TﬂO{ff %’W\?I *{@%¢5’§8 ?eﬁlr?nl'TX)
together with phg) EsRew Eﬁbhﬁchlﬁﬂuﬁ%ﬁbﬁﬁoﬂ@ﬂ( E\hﬂra\éeht@geﬁtaﬁeegiﬁsm tBebaHat i on

of the inward current 1s typical for voltage-activated sodi umcurrents,
found only in MSGrderivediname).. 10 When hMASC (n=13) were cultured with 10

Cclusi vel v oA - T BB BEKERTIPCR b Fy SR it ahB SR bl 1P
supports neur aghe %]{ﬁt@éﬁé’lhk@bh&ﬂt)fpéo Pafeds AeindB sy MIAGCEAYhhd mmm (Bhoi

et al. 1998), no studi'es have shown exclusive differentiation to DA-1i ke
neurons. 15 Sierltuged ¢1eMamg;’lT\'Am1§1 EeBhaibHGHWmISFhelgeeter &l apd BRdaysand r MASC

h bFGF and BDNF.. F ; .
\rl)mr tesent ed in ESeapgstiyel lﬂ) on %k?i?‘éﬂ??&%ﬁng‘;’iﬁ%’%s iy {tlf(?f’n@f"élar el?a}tweig an
exanpl e of msﬂ?\%’}&g@ flvé?r ?ag&ﬂibty‘@%ré RBEEL il R dFRGGHIRARII MASC2 Qi =

Undi fferenti ate ot express the endothelial narkers
CD31, CD62H) Teroumonhm;anumer mﬂMAe;sN'@& ncnwmmaxm&emsemmve exaumdeob? r MASC

U1t erenti ot i ORI | HECE Sudiny Froth G rrrAS: lErFRGEeR Mtfest wi
>90% of MASC, FGE%%Q&@{%& Pélg&r\ Ql%né‘?d’f%rda% Fs Hwey aadGHIARIE8MRIASC

expressed Fltl conSistent with endothelial

di fferenti ati oon Mdtkgelp, |}|Irlm=yHmlrﬁjmﬂHaieuabd aetdmrol. I\/ASC- derived endot hel i aI
cells formed vascul ar tubes within 6 hours after Iatl

Sinmilarly, hMASC expi%dd Sh‘P‘P(?’aBR‘b‘OWI“’chgrBHlEO ‘Tpaw ﬂ% M;ﬁ% du%ﬁii

E- and P-seglec p‘a}g% 8&‘@.%}%@@9 st acethliplic A 8f wake 30
cul tured |ﬁ$ se?g@G eg gguy-@%é c ng/ mL Vascul ar endot helial growth
factor (VEGF), stalihg(Repprsestatve @Bﬁ@]edﬂﬁa@ih@rl&‘-ale\h@p\fﬂ?&nﬂn Muc- 18 from day
7 on. On day 14, they al so expressed Ti e, Tek FI'kl and FlItl, PECAM
P-selectin and E selectin ED \\ ernore, cells
could uptake low WO OZIPW’.A. b EDES s P& =4 y—t | popr ot ei ns
(LDL) . Result s ffiphitiofs hi st ochem cal staini ng wer e confl rmed by Western
blot. To mducé‘V%T&TU‘par tube formation, MASC cultured for 14 days with
VEGF were 2@pl at ed dvs used héngisi, thefolipwing termsghall hyreghe gollayying meapingsit hel i al
differentiati on was  not seen n_hMASC cul D d. In
addi ti on, when FCS waSPIBIY Iﬁﬂf@garmagropéﬁ%ﬁéfgfdﬂ &T‘er é/%‘%:% ﬁ@%‘ﬁlaﬁ%ﬁ

endot helial cells we‘meﬂeraerr@wcb”apécdne@sddu&éwamﬂ@diftérepamomfa/m&mt ai ned
when hMASC were sub-cul tured, suggesting that en?ot hel i al recur rs
gener at ed fromthmmﬁlbﬁmo"taa ‘Pfatb%d%%‘ﬁ?”ﬂﬁtﬁéﬁ MAYF pr et t?%“% ential .

Cel | f
day 7 nen AL B AR e e el e b B e oLl y

25  committed to a specific pathway, but not to a specific cell type.

“Normal” shall mean an animal that is not diseased, mutated or malformed,
i.e., healthy animals.
“Self-renewal” shall mean the ability of cells to propagate without the
addition of external stimulation. The presence of cytokines or other growth factors
30  produced locally in the tissue or organ shall not constitute external stimulation.
“Home” shall mean the ability of certain MASC or their progeny to migrate

specifically to sites where additional cells may be needed.



(LV.) in NOD-SCI mce who have a human col on-carcinonma i nplanted under the

skin, contribution of the human endothelial cells could be seen to the

neovascul ar.i i in the tunors. It nmay therefore be posgj 5

i ncor por a\?é O%@&Bgﬁeti cally nodified endothelial cells to gteﬁhgoeztﬂg(az

t herapeutic benefit, i.e., to inhibit angi ogenesis in for exanple cancer or

to pronote it to enhance vascul arization in |inbs or other organs such as

the heart. Further studies on MASC-derived endothelial cells are presented

in Exanple 9. MASC Differentiation into Eﬂaoderm,ZQ Whet her mVASC or r MASC

coul d di fferenti at &'Krockindoutexnapssioal”ishalivasan thetelininationpdits fusstien effaer ent

culture conditions . were tested including culture with the diffentiation

" factors kerati%‘(‘,‘i}{l%gﬁpﬁmh factor (KGF), hepatocyte growth factor (HGF)

and FGF-4, either ofs|igdinkidin, “gehdraigen prdtboric Mélleup ysiall meanahé geheverl | s.
When re-plated on Matrigel T"" wth 10 ng/mL FGF4 + 10 ng/ nL HGF, 25

" approxi mat el y motgm¢omppents©f aigiven oBr phol ogi ¢ and phenot ypi c

characteristics of | t i . i Qi

appr oxi mat a1 y. 109 of B EKsT stk RERE bRy Eeh Be PERAREY BRI Byl

stai ned posi tiosteefved ifiheUmintortal tirakecell lime MOE7: Sdnleand]. KNFE3) P. Cancer Inst.

Endodermal -1i ke cells generated in FGF4 and HG- containing cultures also 30

had functi onaIS]d%QS’aH]gri stics of hepatocytes, deternm ned by neasuring urea

| evel s in supe Aan f ' tiated MASC and FGF4 and HGF-i nduced

MASC usi ng theégﬁg%b g enig¥ichhblo it 640 according to the manufacturer's

reconmendati ons.. NMAB@&chasogiet@mdd belusad tametilddeatamageditdistadedSC cul t ures.

Urea production s .10 VWO 02/0G-t,78 PCT/.USO2/ 11~ 32 Leell [,hr. 14 days
after addith _F‘éﬁ%}fﬂanﬁh@tds etllé_r‘r‘éf[}?&c?déi&f BT SSP%EFW?QEF‘_‘GIS%S%‘BSC"Hn i |
day 25. This ige ﬁg)émriﬁw fie hOstREINFBANOISEus DL MRS gRAYE CElIOWRHGT Witholakayer .
Presence of albumn together with urea production supports the notion of
hepatic diff er emartificiabsupperssnmandession pelynress tomertepieior ks af eedlsopbnopsal der i ved
hepat ocytes arg pr.esented in Example 11. GV | i i S ..an
endoder mal i nﬁﬁ‘ﬁgo'b?re% P SbPTESRY 1reTE &ﬁ&gé‘: Fﬁlﬁ?ea\%gn lg?ts%lsrokgé%tsg‘fﬂacg{é@%ﬁoﬁé{?

forms various fglclisn buthtdeickievll distatd)Bepapitilie as"suahfe dixases "nehaaa products.
endocri ne conponents and ot her endodernmal derived celév ti ssug | i neﬁﬁgs. 10
MASC deri vEY f peswiralaie inethe body Beausipletaptoyprosessing. &8s FUachRts Metmed Pk Suder m

(endot hel i al Cﬁdcgéqusgébﬁaﬁﬂ%ig’gﬁg EraAid AP YRR BA G AFE R AadelsaitiRIBE M

(hepatocyte-like C using t s descri bove for BM derived
MASC. Tr ansductheane bMAS@emheatdifferentidted paigédeingh¢ ireatedntcef thaculer e si ngl e
cell derived and MASC are,indeed "¢l onal " |tipotent cells, cultures were

made in whi ch Nessacrygn gadether ngi PETAR YIS, r ovi ral vect or and

undi fferentiated celdiger AR abilif) fo RNVEURRY MESE 1 THOREL" O ah@R ofPdLatE &ité OVi I US
inserted in the sane site in tthe genone. Studies were done using two

i ndependen20y degany/EssuROSI®BosvABMal pralifoptecndiffgenmionahey emid pajpially
popul ati on expanded for 40 to >90PDs. (I it P uced
"cl onal " rmuse%ﬁl"faed't(? IPERATS PEX AR .tﬁ%ﬁ\llc?l gé}s}’i’gra éﬁ%@%ﬂ\%{&ghggﬁﬁgé‘% ch{r??%GZP

transduced and ¢l thamssivesefurfielous othef eximipdes xdtP expressi on persisted in
differentiated MASC. Specifically, nurine and rat BMVNC culft ured.on FN with
EGF, PDGF-BB 25 and Ther may bg medisalgirpmsipares Whesn tansiend bepefithte aUSsHeRt i al

days with an e . Ik 3 : e CHS @ith
cells were depsﬁe;agg?‘gﬁggééwg hgtebé-{%sﬁr%%reg ttgft F?(P)é)%gmls’/ V\e?*lam“%a%eé’ ‘
eGFP- t r ansdsic ediverfailduficnte heokedpanweachibatifigisl [PRs, wiich avas aufficising to atlows e

MASC expanded for 80 PDS were used. Subcultures of undif.ferentiated MASC
wer e gener at ed fwhﬁF%Pi"?févowaG"ﬂigﬁef ign,jobyiaBge & need ford ey trpm,p(iia}g. PDs

. and re-expandi Rg,;{ ReMLLGusuntet HMiGEhé, fdPeRAMAPRAn MASGver disease alone -
hepatitis C. There are 4-5 million Americans currently infected with hepatitis C and
there are estimates that 50% of these people will get cirrhosis and need a liver

30 transplant. This is a huge public health problem that is begging for a remedy.
Hepatocytes, derived from autologous or allogeneic MASC, can be transplanted in
this or other liver diseases. Such transplants may either transiently provide liver

function to allow recovery of the recipient's own liver cells or permanently



were induced to differentiate in vitro to endothelium neuroectoderm and
endoderm Lineage differentiation was shown by staining with antibodies
specific r e cell types, as described in Exanple 4. |G ~7.~8
PCT/ US02/ &’r@]g% Single cell origin of mesodernal and ne%?gg%atzgvgéesgzrml
progeny To prove single cell origin of nmesodernmal and neuroect oder mal
differentiated progeny retroviral marking was used (Jordan et al., | 990;
Nolta et al., 1996). A fraction of hMASC obtained after 20 PDs was
transduced with an MFGeGFP retrovirus. eGP+ hMASC were diluted in

non- t r ansducedepisiaté a damaged lvanty atvoresovasy obnerimal siver fuactiarnovie gietdompr on of
~5% transduced ¢cells. These m xtures were plated at 100 cells/well and

" cul ture expand®&dS-until >2x 107 cells were obtained. Sx 106 MASC each were

i nduced to differenhigldi€ioh® fkAY eélftherapiivifetSthe @fdiTtdraltiatsd MASC are

.~ neuroectodermal |ineages. After 14 days under differentiation 10 .

condi tions, ceidminigisrad tharhusmaned othes magwaaltte then differentiate intp spacHis elis in

integration site,and €0-¢e i . Jscl e and
endot hel i aIrg rrat}‘ﬁg?go.r’ 'l%&prgr%égﬁgg\%%?‘spgcﬁﬁ%a ffg%,ﬂ{l%mggg&grqgh ST ated at 2x
104 cel | s/ cn? ddmiRikeridSs putfied ofle AGHix0084 6ff dellng propiiesi therapmudictenetitd
treated with 3 ~, M5 azacytidine in the sanme nmediumfor 24h. Afterwards,

cel I's were nmi Fhese NASE in thegndiffesensiatsd staleiramld aise Be asgdrassarminegor ¥ehi - BB.
For endot hel i {: ti.afl : a cn? in
serumfree ex?gr?g!lg%%nr%dﬁﬁhﬁ%gﬁ%ut ' alrillg b%’ gﬁlg %h%(ﬁ%lt%(lﬁesf%}’ (%/{IEGZ B
for 14 days. |sfampibenof dsemsecinchdaigiatt nonlimhedwecanbat casdid@8scolar,cel |'s in

cultures induced to differentiate wth 5-azag E}i di ne lstai r] d positive for
oGFP and skbl endamatopsy immunslagieiiectiont €61 AMGYEHARBIG? FAILPERERA. t o

endot hel i um cog{RiHIGM Jeﬁrexg%ﬁng?‘QQOVé{\%r h%ﬂqe@h]&%hq{ngf(@ehﬁ rh&1ee1€ 8oulld be
differentiate to neuroectodermcostained for eGP and either NF-200, G-AP
or MBP. To def administezed teta marientawhich seuld bmingerperatedistoexdstingdlend essalsioki ng

region in MASC and differentiated proge s sequenced.. The n of
retroviral insBPfel ﬂ’gf?%“aﬁl%?%ﬁeéﬁﬁpg%‘ﬁﬂ?{%ﬁ%‘n%"'\%%SS"B‘@P %\}é’eor?%c?ﬁgﬁgg‘%gl/e 25
seven. As showghdoheligiXes %rod%ci% b 16culésARMrhigB] supPEE4e AvEogdnasik tHag wolRl
retroviral insert in nuscle, endothelium and neuroectodermal cells in

popul at i onl%A 1Be inkeporaigshiatp bleod pellsand drkibiy thearfurtherformatian for exgmplejn 1( ~7-8
cells PCT/USO02/fl -4652 l. . Woll i
muscl e and neu?’gé%{corgé?%fh%dﬁ8%%0eefl~§9{eﬁlfg’%lé%cggé§?%]go g’?}%ﬁﬁﬂgk‘%&)‘ rtgﬂ 7) TAG
CGGCCCCTTG AAT4thbhntsi € spteATANCEx teMGAHEAEAsETS- Azacyt i di neTAG CGGECCGCTTG

AATTCGAACG CGAGAC t ACT GIGACTCACA CTVEGFTAG TG AATTCGAACG

CGAGACTACT GTGACTCAERE ebilifciepapilerscheoBMraes iede X CERARS FAGNold use
GTGACTCACA CT _ T ’
Seacatonats. | A plfn ol b Reatars) Ebf e il VO pleth R f
GCAGACGAGCUEGFAIGed Al traiOIAGT afl oo d T@rdoad paduasacnadAayrd ssiHATA

TTCTAGITTAT TTGIGITT one Alz- A (Chraom.
TTCAAGCCAC ATCR@%K&%@TW%&%&?& ﬁf%&“ﬁ%&?&f%@%&g@%w
ATCAGTTACA TCTGAFISINGRE @ad & AT nphEACCaRAB, ATTAGT TR N Fend MgARTERTIIF G~
TCCTGTCTCA TTCAAGCCAC ATCAGITACA TCTGCATTTT Primers specific for, the 3' LTR
ver e desi gned Mad Gaw or GEDf Cepnkfeldy-Jakatodipease ehrrcahilitydp produseplood inyigoe 3
and using Real -tine,P i I t : i I - Site
was identi cal F?Peﬁﬁﬂ?’%% e‘?lgéﬁ @%é‘goqg%h{o& O%faeslrag%ﬁnltdg? lelétﬂ%:éﬁ%%aﬂlehtgsr& gﬁéémﬁ

25  of blood from people. It might never fully replace blood collection from donors.

hMASC or their hematopoietic progeny could be placed in animals in utero such as
sheep which could form human hematopoietic cells and serve as a source for human
blood components or proteins of therapeutic utility. The same could be true for
hepatocytes, islets or many other cell types but would provide an alternative to

30  producing human cells in vitro and use the animals as factories for the cells. It could
also assist in blood shortages that are predicted to occur. hMASC could also
conceivably be transplanted into a human embryo to correct any one of a number of

defects.



results proved that the fl anking sequence and the eG-P DNA sequence was
present in simlar quantities. Clone A 12 contained two retrovi ral inserts,
| ocat ed one 1 and 7 respectively, and both flanki nces
coul d be g%gfﬁg%’slo not only in hMASC but al so nuscl e, endot ﬁeﬁgtﬁ and
neur oect odermal |ineages. To determ ne whether this represented progeny of
a single cell with two retroviral integrants or progeny of two cells,

Real - Time PCR was used to conpare the relative anount of the chronposone 1
and 7 flanking sequence to eG-P. It was f8lnd that similar anounts of both
f1 anki ng regi ons whwapregbesstMASCHRNGTE ningde Clonalipcpulnticns plespecificali

neur oect oder nal...cel |l. s stin Si e c t iral
" inserts was |i gfrgnt'laégcbgﬂgQﬁqyeanginc Wi:at @‘—*Ftn g di %f&v?fmgé‘ d'[ 13BN
differentiat e%ﬁ&{%&\ xpreBsibilQnaly ARk cBRDEkpREISASdiBEIVery Of Hedv genes adtbiated
~retroviral ~~1'"0 U2/ t78 PCT/ U U2/OtGSZ 35 inserts we were not able

to determne \igemeof petivatinr.airptcomiasand patteras aLProtein expressiontangn sites in a
single cells Orrgﬁcinfilfzét{oo '& urr%ﬁﬁ ﬁg ﬁ)opt'f'llnp thﬁﬂlaé &aﬁﬁgd %%1&@F%aﬁ& fiLiggt i on.

Nevert hel ess, 2 u ons,” progen renti afed

into muscle, ef@obded armlgmthﬂs tfdsmﬁmdgrtmﬁrcatmnnpm tforpﬁlbhdyalvmgibtb &M
derived progenitor cell definitively proves for the first tinme that
primtive cel |Roprigianyelaga hases- eﬁ’qIPWBMQ ALhovy Ko drtes F agefs Might &tngl e

cell level in &gl S Qm ﬁ%ggqﬁ@hglilérp@&ﬂgpqﬁ)rﬂ\ﬂliS@Sthél?91f§e|f'érﬁﬁteq r%fa(f)g'ern?nt

| i neages of the neuroe rm anki ng reglons and pri
Cl oneGenom ¢ sadifeom afgapulation of people which could be available. Pathways, targets, and

fALgI]'kI ngGAT CCTTGGGAGGGT, ‘?‘é%w TT U%e%uencem GTAAC

MUCA@TCAWE%% El_ﬁrable res onsql_s Correspondmgly, the MASC

f I anki ngGAT CTCCTCA GITAsequence TAAGCTGGCATGA
CTGTGTTGCTAAG@WBAEH‘GGE’@&U&C@ mOgeBulcauldNBcuze@mnomm femindgsithdld reppamseBCY
t al nd under | Flanklng sequence priners

LTR d
usedp; Io?e[} gé%o grﬁ?ﬁ gRaba%% g Hﬂatlfﬁtagijglf >of Mammal i an MASC i nto

Numerous Organs in Th&eBeARCHeriid\$omiRingin; £19USH rdt@r deiee Mahimalniyichen t hey
had t he abi | |;t,\gqto engraft and differentiate in vivo into tissue_ specific

cell's. hegnbuermgl, aenunaligaant sprEatissiidnan goraheedl) Kaewn ¢ dats eni ¢
| ack _ ;
I o L

CE tar velns Wt tota
radiation 4-6 &xtendediin MASClahe tieyjaeckdrpotypithiky amﬂl Beé’dﬂnsmMAeS@mjcdtéd ced by
cervical dislocation at 4-24 weeks after the injecy %s '[ﬁssu Harv
Bl ood and bonell? MHRma, kome 1 mpkipf esgapsathereisiths eehihgpd thatney Pf@”éYﬁ rral s

vere sacrifice SR Ssirf0hky RavdSthe p¥ential
phenot ypi ng, Q{ 552’?‘1’@ %l%?&%ﬁﬂﬁ%lﬁ%}\)ﬂbgg?géﬁggp I"et ed Su3| nayl ce C%F e

anmoni um c20 or todepé;ﬁdaiemﬁbrgﬁaldot dely hwith thgined vésmt ; alSVam cnevaaaada) and
R A S AT N T T T
secondary reci Hax%%sab\ﬂbﬁnéléﬂnhctwﬁlb@cau@é BEEdmREc oS@cmﬁldaﬂysedmm pl ent S were
sacrificed after 7-10 weeks. WO 02/ 06-478 PCT/ US02/ 0-t GS2
For example in type I diabetes there is a progressive loss of insulin
producing beta cells in the pancreatic islets. In various renal diseases there is
25  progressive loss of function and in some cases obliteration of glomerulus. If in the
case of diabetes, MASC or differentiated progeny might home to the pancreas and
themselves or via interaction with endogenous cells within the pancreas, induce
islets to be formed. This would have an ameliorating impact on diabetes.
Ultimately conditions, agents or drugs might be found to in vivo control, i.e.
30 promote or inhibit their self renewing capability of the MASC and control, or
enhance or inhibit the movement to differentiated progeny, e.g., islet precursors,

hepatocyte precursors, blood precursors, neural and/or cardiac precursors using




36 Solid organs: Lungs were inflated with 1 m 1:4 dilution of OCT conpound
(Sakura-Finetek Inc, USA) in PBS. Specinens of spleen, liver, |ung,

intesti “ewo%/ﬁéﬁiaal nmuscl e, myocardi um ki dney and brai naﬁ%wlhg(ﬁﬂh&rzi pi ent

animal s were "harvested and cryopreserved in OCT at -80C \“Lat er
(Ambion Inc., 5 Austin, TX USA) at -20C for quantitative PCR mVASC
engraft and differenti ate in tissue specific cells in vivo Engraftnent of
the (3-gal/neomycin {NEO transgene-containing cells (Zanbrowicz et al.,
1997) was tested by inmunohi stochenistry £8r ~-gal and by Q PCR for NEO.

| munohi st oc héﬁAﬁerneamidl l'@ehcﬁhdnpmbwm frethedsl ofiactiveson ambebnitnel d@at Mightpl es 5
and 1 respectlv . ners_are hn Tabl e ned as
Gotecti on of - JgickenibucBBLSpRtGen RIS it At Srefn Finril BEh aft Teralabes

(bl ood, BM and spl epi3 saise ¥8lily t8 Seppulabiied (IR tistuend orgdrv@mpadtiifént sest i ne
of all recipient animals as shown in Table 4 and Fig. 4. 15 Table 4:

Engr af t nent | esgHirgnawandaisatifferantiate cpubiﬁ@pw anmerpugiuses aRoOGaRE unpecsdeniadi mal

Ti meEngr af 't me resce

(Q PCR) (vvee'sks)‘[}‘éé}é‘?e\ég |OOIH£€I\//%”&§\E}V&EM§ Ceaeln v?ﬁ’l{?u%xaml’qe Gertdin genetic
| nt est i nel4No2dibades Adtbzd et a(ré)ew@am&&a@aeéa&m&a&aw BM
(4.9)524No32364168Yes8 (8)6452 ( 1. ) 778yes1087

(7. 3) 46888 Yes SEsBlg0aYR% 7 Qemslmam-ﬂe@ey bslpmt (lotlczlrgyhsz‘—empilii\téglseéémo
(11.9) 121 1Yes \/ WO
021 0 7o PT/TaGS iEasYls el ind GXERR iyl perfi R AL SRR AR
(Fig. 4H1) cmltaﬁeteMMSChndgemetmabBen@miedm offifrtthe My 1, anmﬂlbrateGr 1
and anti-TER 119 Abs. Sinmilar res seen for peri ral. bl ood.

ot e o (19, gatRERE eenely el apgnEcbaReorn BieoraN BodBhscBRD diagRosnind o

t hough ~-gal +%§rgﬁﬁﬁbés§5g@d@m§gﬁawé} chinmeric mce. The 5 reason for this
is currently not known. Engraftient in the spleen occurred nostly as

clusters of donor cEhd m‘pswbnyemmlswwmhldehmeﬂwpsfdrekugdtsbra’terymgemMSC honme
to the spleen, t rol rate. l oc and differentiate to farma col ony
of donor cel | sf" Q“%VF c{%a?wgemllt?caf‘é NSRS eAn8 Z"rﬁﬁe&?‘}‘\"@?&ﬁu ation
of MVASC into ﬁf@f&h@@ﬁhlal%éd QM!ASO Bo lé/d)wﬁﬁlanl\/'\%s@@]e%df WidbibRforhftics

contami nation of the mVASC with HSE First C are depl et ed of C45

cells by dél unwrrwt@@naldwsw@fqig@ltmg agsentble angd eaneparghew axithcknosac ond,
early nmesoder L& PTh i

brachyury (Rot%?bg%eﬁmgtﬁ% gﬁﬁ%e%f}%fh&%ﬁ%% g%&%&gwm ésl)glll]:g)q’ Hﬁg , 1995),
are not expr esmldwa)m, nevd gédes madiot ﬁéxeqiaundm&f gems aﬁdﬂpMclbpxpﬂBMoraaﬁcaprotein
anal ysis. Third, the culture ond| Hslo ﬁ g%qt mVASC ar e not
supportive f_orm ‘He‘HP'ICS_ gt"it g definjomehiRrasboios new
differentiati chbnflﬁdi’lmm RS0 dids, ¥ididiRs, snl?Mll tiblecule organic compounds, or other

20  biologically active molecules that would have therapeutic benefit.

EXAMPLES

The following examples are provided to illustrate but not limit the invention.

Example 1. Selection, Culture and Characterization of
25 Mouse Multipotent Adult Stem Cells (mMASC)

Cell Isolation and Expansion
All tissues were obtained according to guidelines from the University of

Minnesota IACUC. BM mononuclear cells (BMMNC) were obtained by ficoll-
hypaque separation of BM was obtained from 5-6 week old ROSA26 mice or

30 C57/BL6 mice. Alternatively, muscle and brain tissue was obtained from 3-day old
129 mice. Muscles from the proximal parts of fore and hind limbs were excised from
and thoroughly minced. The tissue was treated with 0.2% collagenase (Sigma
Chemical Co, St Louis, MO) for 1 hour at 37°C, followed by 0.1% trypsin

(Invitrogen, Grand Island, NY) for 45 minutes. Cells were then triturated vigorously



cul turing hMASC wi t h henmat opoi eti c supportive feeders and cytoki nes, have
been unsuccessful (Reyes et al., 2001 ). Significant |evels of mMVASC

engr af t | so seen in liver, intestine 20 and | un bl s col or
im*runohir@pég e{Fﬁg{j‘ry was used to identify epithelial (CK+?C£/31}§62W4?32

hemat opoi etic (CD45+) cells in the sane tissue sections of the liver,
intestine and lung. In the liver, ~-gal+ donor-derived cells forned cords
of hepat ocytes (CK18+CD45+ or al bumi n+), occupyi ng about 5-10% of a given
Sp, msection (Fig. 4K-M. Several CK 18+CBA5+~j - gal - hemat opoietic cells of
reci pi ent ori gind passed t@bugh s 70mot filger dbltsubpandions wvere dodleetpd andr¢mtifuged | s.

Al buni n+~- gal + CK18+~i-qgal + cells. fted i ds_of tqcyt
- Surroundi ne- pdet 1 mines @ 160 pinc Bt GSBE Ve dswfedans Binfe BERERATY om
hepatic stem cedllsswéBdiseydted B intubfdnswith 611%8rypsih 8250, 1 AEDRMSE (Sigiad! - |

. 1999). This and the fact that only 5/20 sections contained donor cells, is
consi stent wi tfor 8Gerimaes @3 7t9atCallserare giengrinmated vigorauskyomd passed hyough »

areas of the 30 liver, re the roliferate . and differempiate in
o ooyt ooy eyt el ospraion beSrdeeleuba SRt s She M mitfe 1800y
known about i %ﬁ§ti nal epithelial stemcells. In the gut, each crypt

contains a population of 4-5 long-lived stemcells (Potten, 1993). Progeny
of these stem cel | sSBMMNEgu nsuselsrag|brain ypeasipnoverg-plagedaixUBGomT in-Gs2 38

rounds of division.in the md and upper rtions. of .cypt Lve rise
o optthel | al cwRnor medp oaFESIRfay BERox{BOke O Ry AP SRl o
villi. Donor d rG-WEl\/lg&(Dﬁé/fm%h@ﬁﬁﬁMé—de@i%a RIvitBlfact®! (PP G dpiddrinat over ed
several villi (Fig. 40P). In some villi, ~-gal+panCK+CD45' cells

consti t ut e ongrpwsnfactsr (EGE) andlienkamipdnhibiteryfagpy d-1E} mpdanaintpiged ap)

cunesting CnsEelbIRE e SORLAS A3 RS BB UT: B YPA e aplcaan

e core o nal ~villi n arrow,
Fig. 40). TheseDa6!/k5cophosindGigdaT calls Gidbm{dromagrtily beadsdiReatliing CINEE t hey
wer e donor-derived hematopoietic cells, In the IuBg t he jo’hislg%of donor
cells gave ri syt @UbﬂFtFﬁﬁh@%d@Dh%9el§f‘vab}"a?6‘@’ﬁ Plasgsicapted oyt Bfeas,
nost 10 hemat opgi.eli I : LR O kg - s/ - gal -)
(g, dR) eV P o e i b O D e Eae et o
concor dant 15 t potemtias lof M#e8 @ mwas izl ldpye g@r ISR of dhe MEQE (fPabwiick theyBveye af t ment

| evel s were sinpgilar, Ln animals anal yzed after 4 to 24 weeks follow ng LV.

i nj ection of g&'e{i-ﬁg}ﬂ- @'4). 15 No contribution was seen to skeletal or
cardi ac nuscl echhfdcteAMtiordf MASEPi t helial tissues and the henatopoietic
system little To no cell turnover is seen in skeletal or cardiac muscle in

the absence of tiss8berotypicaly, mAEASE serivedftempyl, muyscle aprb brainsangrqultuegnt
contri bution of +t i VE&Hh.: 1. - not
found in skin SRENTHEGP ™ L EPrEERdS, SRUET apd MR i BAbIR IR,
rapi d 20 t20 no¥HI"Y ardd dKGit Sidenvical t thbehdrhastiaivy of hM ST tas dascetbpedini ment s

Exanpl e 8) that mVASC can diff [ into t I] t ;
bosel bl o oxpl ARETBHOT SPPRHOR ek PoT/GHaK aF et ek rebexnigan eiife e
post - nat al - eci i Ant s mohu ks SRR AL ARG Ped (EAMABEORRE Y Aaminin

el ng eval uat ed.

hypot hesis that 1s currently Al't hough SCdifferenti ated
i nto neuroect odeMuarigel®, esdlsihad phencitypmc clevacergmict o€ MBC, engesfressed CDs4 ap8
nMVASC was seen in the brain,_ and r@‘rﬁa don0|]' ce“{&éownd%n E e brai Qi di d
not co |abel wdidnaisupsettBYRr Aaithdrumancells, g REItYsethPR £ QtS¥BrFSSe
denonst r at t r4 lyk:sp Wi t h neur oect odermal characteristics
can be det ggt eggbsﬁg?ﬁgbﬁggidﬁ\% ﬂ%ﬁflg;ll{'s that underwent BM transpl antation.
However, a fully ablAgiprosemptebphtacf wellsrsegdadewitipd § 6ID453GH y Anesbls areldad on or
transpl antation i nh newborn anilmal S ,@]9 was L{S% conﬂi ti OBIS ssgcti. ated with
" br eak- down of tcﬂ'ét“B‘Io_H%@-oB‘P’ég FUIBEeS: | eh'S SUESFY'S the Geht tpansiY B r adi at ed
adul t - ani mal's, \pAS@RUITEIS ale'rBR! A 1metyhe$sq_watd1?§,eoo afCaubvo] yAheNe mheASC

_blood-brain barrier is intact or only mninmally damaged. This may explain
the lack of nvkaBiredgniiN west8-1humHa denster wigioa dargesuciews apdsrantoyteplagws2 39

nfused andOgr SRRLPRBIPTE 5P bk Bort 1P Phictoe PRI BRE 001

confluent |ose phgﬁ;typea&icleng yerﬁ@ndaim{cﬁa@eaitmagmmwumej n cells outside of
t he nmesoderm and behave |i ke classical MsSC &jReiges, M et 5 al. 2]801 .
4G and 40 c8MeHonor

| nfusi on of 106 confMMASC thapled undgreene ZPhsverehasyested andd

cell engraftne = 94l s stiiftfle TRI0RMre 1 BESIE AGSdY S
did not co-| abg%n%\n@t%}}agﬁtgpl g%%g‘ez\%%?lg}hn\g?gcat ?Sng dﬁlat ﬁ/%c: may %nglfg;ft i n>J

ti ssues, but are no longer able to differentiate into tissue specific cells
in response to |local cues. MASC derived cells in bone marrow of mce can be
serially transferred 10 BM from nouse engrafted with ROSA26 MASC was tested

.




whet her they contained cells that would engraft in secondary recipients.
1.5x 10" BMcells, recovered fromprimry recipients 11 weeks after LV.

i nfusion EEIY@ were transferred to secondary irradiat h@ d,D
recipi ent‘gb(O §e 4. animal SR-1 and SR-2). After 7 and 16&\/(/% éo,%gszecondary

reci pients were sacrificed, 15 and bl ood, BM spleen, liver, lung and
intestines of the recipient aninmal were anal yzed for engraftnent of ROSA26
donor cells by inmmunohistochenistry and QPCR for the NEO gene. A sinilar
pattern of engraftnent was seen in secondafy recipients as in the primry
reci pi ents. Fd@rtfn@%BlﬁarsmgeeﬁNewdemu W&Ab@cpehmtuoéhe-g@nuf@mms 5| x and 8%

of intestinal e |theI | ung
" epithelial ceIF IW@F% ﬁon@al +?53%et5& er?_e éﬁ"soa“n?L%:]fé‘%’g‘ﬁ% ‘?ﬁl A th ?j:?er of
secondary reCi\PéﬁZ‘ﬁﬁlefénh@mtedtdf@ﬂlomPDbeAWLlrémmﬁed esdhangsdl Fof 1 and 3%
vs. 5 and 8% ~i -gal +CK18+). Thi s suggests t hat may persist in the BM

~of the primar ykalfmib'lp\iléﬁf mhASEi galls meare F\&Céltﬂrﬁ?@t%e#ﬁlb‘ﬂei‘é?b befors | s as wel |
as epi t hel isal ésﬁné\’& ﬂeétémﬁﬁvﬁgwgf Erﬁic%xgg% Ri19 colcemiyASC deri ved

cells can pro uceln inTn vi mce were 1njected into

irradi at ed NOOn&{Babofiifeléovas toegsis Ni)lhdlybetoﬁlchCszhﬁi fixesioh tin mcgd/MkSEo]ctBrl ved

cells co-stain for LacZ and i nsuli qu of stre t ozot oci uced
19§§

di abet es. SunrMFYIIOB@y@ﬁ@“@Fd f‘ﬁ@f%u‘ietef 664 Yi9gen¢ gna %%‘%W?%%qq ucted on
plasticity” is, %ﬁ{hﬂfﬁasﬁ d3nGH grrﬁéﬂ(a@'oft)f& SRkhEfors sBRPopIIMSE uR
functional. The result scrl er el n sh

ow t hat™ one ani nal devel oped a
| ynphoma in tmﬁcﬂmempemml@élaftaﬁfePDs,BNMems nadoniger geddendtydisee i n agi ng

o s g0 R P e
host - derived: Rpp f&r@xb&sé’i@r’i Fevels%bcm ARPR S| ﬂwtﬁin‘écrﬁﬁ?&l(}'ﬁct@‘iﬁlxb%t

cells in the vascul asture of the tumor stained with anti- (3-gal
i ndi cati ng t hain maiotingng genedifferentiated statug o6 ESvegts.i RNgavves @féliﬁp‘\?vécfmﬂm om donor

mVASC (Fig. 4T est hat f rogeny
in vivo. Like ggsehm %?i %@E&E’ grpa‘lt’%eﬁ'e&?a faﬁf%g@@gﬁgl gtl on
in radi osensi tbW@FpﬁﬂaﬂguseSBSC&msmme“laemgmtaﬁﬁdrme&uﬁd therequlting ¢ N nal
epithelium (Table 4, p<0.001 ), follow (glowdoselrradlatlon SquStS

that mvasd 5rray“%49ﬁW¢’ﬂtﬁQt‘@“ﬂd§rﬂfWH§F4‘3Pnt EHdtISM &40 SerkimElper
showed that ”aﬁm%gétgﬁx b th%%u&sl glfédcfllbﬁQO%cﬁggx?sngﬁg¥(ﬂ?§[ I Wo'kep PER

i nfused LV., hone ous sit engra i nto nunerous
or gans, and t hét5°ClHer t@kdcendsr 604 fovéOlseccnﬂde)ssztevanilmuknam@&ins(Qﬁ‘l’@ foohOh or

| onger. Such donor S fer nt| a ent.i at ed are
found, by vi rt Benges it kLRI adnRtiony K aa PR SR e S MEE F ko
limited to, thg.BMn GEFEE Prinletyat 1,@@3"1, ¥hele 1These cells can be used to
repopul ate one or nore conpartnments) to 15 augnent or restore cell or organ

functi on. Exanfhbbled: Pimeraused ati on of in vitro Hematonoi esis and
Eryt hronoi esis MASC from human BM differentiate at the single cell |evel

i nto neuroecto erﬁiJ&‘ endoder mal aftdlGEAT TESAGSOEGTTGERIes, i ncl udi pg
endot helial ce]ls: caulse endot heklippreod TUEPAGICGAATG-| osely rel at ed

in ontogeny, i c%gt‘;oe 0 hypot heSy &0 GhaiT TS e cangdiATreentiate intp
cel ¢! esﬁ

hemat opoi eti c P transduceq PG GAPPeddPcaTe-H YA CD4S and
CD34 negative

= - re eun,uu e thﬁ: CFEE cac mesoder nal
cell line, YSMS, Rex3$uspension c SE é Bﬁ;r&ﬁ@?iﬁ 3n serum frep
medi um suppl enpptedwith-10 nglmi ._ \31,,,,, ert-y—p GFP*
cells (i.e., MASCoprpoeny) I’EITB.I éeQCJ ?8"‘%? ‘9 ed. Remain| ng
cells were trapsferred tlo net hvﬁcéTG@Q%TQQM@AIA@GQATﬁrﬁ 10%
ofx2 5'-CCATGACCTATACTCAGGCTTCAGG-3'

5'-GAAGCTCCATATCCCTGGGTGGAAAG-3'
5’-GGAGTGTCGCTTAGAGGTGC-3'
5'-TCCAGAAAGCCAAGAGAAGC-3'

Nestin §'

mRNA levels were normalized using GAPDH as housekeeping gene, and
compared with levels in mouse ES cells. Oct4 and Rex 1 mRNA were present at

similar levels in BM, muscle and brain derived MASC. Rex1 mRNA levels were



fetal calf serum supplenented with 10 ng/ nL bone norphogenic protein
(BMP) 4, VEG-, bFG-, stemcell factor (SCF), FIt3L, hyper 1L6,

t hr onbop and erythropoietin (EPO for 2 week e

cul tur es%gtO /Eﬂqjﬁer ent eGFP* cells and 30 small, round ng(r:lwgg?%tédrlgﬁt cells,
whi ch formed many col onies attached to the adherent cells were detected.
The non- adherent and adherent fractions were collected separately and
cultured in 10%CS containing mediumw th_10 ng/m_ VEGF and bFGF for 7

days. Adherent cells stained positive for 2 f or med WO 02/ OFr~7-48
PCT/ US112/ O-GSpmilar ip ae)déiShr andupEs cakhe w@#&%%@@nelw*@reﬂéw 153§)0cfoldy

upt ake a-LDL, |nd|c thelial nature. 5-50% of the
" non- adher ent ce rmq\%“é”ﬁ%eh%%’s@??%% for human specific G yA and HLA-cl ass |
by flow cyt ometxpresséd yenbprofildof hivmuse BM, ewiscle andibeais dbeed eMARC BEAGHIY On
. Wight -G ensa, these cells exhibited the characteristic 5 norphol ogy and
st ai ni ng patteﬁi_‘ﬁ_é!f primtive erythroblasts. Cells were benzidi ne+ and
human Ho+ Ry 'mmnop@fﬂﬁw@m @whaﬁeﬁ%sg.*%ﬁvee?}dn%dﬁmﬁsﬁﬁfés sl
specific Hb-e, but not en re In meth | ul ose assay with
20%-CS and EPGim#amkie ap;dskﬁdcgedepmfdmoéBMmmscbaed bwalndﬁniﬂiwwamd | 00%

f th | i .stai t f As
o6l etton of remiBdsmEU 2 ity et orre: BeelBrRNAS v R 1 2 o
BM and cult Ufﬁ@lo”%ﬁ@ rﬁ‘ﬁs%le%am@l@ﬁv@ MQ'ES@tcuﬁhlledtfbm SpiddtioneidubBhgsg bot h

FACS and cDNA array anal ysis, contam nation of MASC ?h hemat opoi eti c
cells is very Pmparkédnyof @d‘éﬁph)d?rghzdtlnnw%%%mm cqm%nml&(w@dwme Nat ur e

of MASC as, Shown 15 mer.i mfo

I nfections bof $ES @éqbggwh%trc UGS, %8& d%é‘?%'ﬂ%‘df’? & eéepg necpg %loaﬁgfagﬁ‘\(%hese
cells is the aéebémhﬁena&nomam fr&mPX fBimctiex, Haatadlldrag CiAf) e Dewed aralysis wasadonbe
appropriate cell épes in vivo. Up unti| this point the oply cells that

shoul d be capa#sieg an@%ﬁ‘t"ﬁlﬁdﬁfﬁmﬁé)f lﬂCFeaé%%‘t‘iﬂ"Fe&ﬁ‘?%ﬁ‘Pé?SS‘PP?é’ #es and
organs in the pg f&‘gl ?I (o (‘]fﬁ;ég/s %tr}zloﬁ% StRerf DALY #E 2‘0’0@%1‘?%?&4‘9@9\28 agoul d

show the full Capa y were assdyed to determ ne their
contri buti on tpoaohevak comsddrahsighificanti dUealnd wasderminedusingllinsan egréssioni nt o
the early bl astocyst anc& observing the fate of their progeny. MASC were
generated H¥ on?ff?ih‘sﬂso(\)\:/‘%? ROSA26 m ce that are transgenic for the

~i - gal act osi dase ( g &?Eﬁ%ﬁ%ﬁv&ﬁqﬁé bxpr@ssed %n e%roﬁl%qg‘MAthRﬁn tlﬁ‘khﬂe@ 13)

and 25 expanded as ed 1 n Exanpl'e e or -
obt ai ned aft er ti§beGshoRed th@Ké‘Vmitgetmﬁmyve@tmrqsmd(ﬁtSQ ?afvdld 4lff€33l51€d’a§8 1IC57BL/ 6

bl ast ocysts, r Bl ast ocyst,s ra

foster not her s%hog’eebgﬁ Q\EH‘S@ Z“&F@f’ b’é t\gr“ Séyseré; \%Ssi&ﬂ)?%bl e 5.
WO 02/ 0(i-478 RYd diffpet eviGRBNAhdm blatn &rlv@&MASCOfAsCthe melsumﬁmerfma:mg
MASC injection in blastocyst MASC/LittersTotal #NEO positi

byO- PCRbl a9 ochetivsen the ers@trMéS@/pqpui%%lwaQ6%97{1’@“%0“01“@(1 that MASC
>409%4.0-t 24/112 55/ 1
50/ 1501 | 52/ 155§%‘%%?%5€§§/ﬁé%§ﬁ* s MR RIS, B b e
rate seen in otéseribad atshive andlthrei diffedehiistionathiacadteristies deseoritsd 101Exmnph Jer
litter varied between 1 and 8, for tal of. 37 5 | s born from
mi croinj ected bl ast ilé%tﬂée monss- wec'sf%rﬁ ufture conditions; ’ﬁ@% 'ﬁmf a’é’ AP di d
not di spl ay any,gyghtd ﬁﬁWr@ﬂ{a'nt1'0@%9,11ﬁf)ﬁlﬂ{nngOH{MWSQk&Jltu?éym BeetfGhitiated

eval uated for chimerismb I pping their
25  with marrow from C57Bl/6 mice, ROSA26 mice and C57BL/6 mice transgenic for

the -HMG-LacZ.

Example 2. Selection and Culture of
Rat Multipotent Adult Stem Cells (rMASC)

BM and MNC from Sprague Dawley or Wistar rats were obtained and plated

30  under conditions similar for mMASC. After 21-28 days, cells were depleted of
CD45" cells, and the resulting CD45" cells were subcultured at 10 cells/well.
Similar to mMASC, rMASC have been culture expanded for >100 PDs.
Expansion conditions of rat MASC culture required the addition of EGF, PDGF-BB




tails and assessing the contribution of ~i-gal/NEO transgene contai ni ng
cells to the tails by QPCR for NEO Percent chinerismwas determ ned by
conmparin unmber of NEO copies in test sanpl es witfe- ti ssue
from %&ém%ﬂégw;ccor ding to manufacturer's recommendati ons ?(%déngBl

PRI SM Det ector Software 1.6). Chinerismcould be detected in 70% of mce
derived from bl astocysts in which 10 to 12 MASC had been injected and 50%
of mce derived from bl astocysts mcroinjected with 1 MASC (Table 5). The
degree of chimerismranged between 15 0. 129 t0 >45% After 6 to 20 weeks,
ani mal s were sadrlilFianddult@eme iN,bat netrcellageppe I, tariniuordMairigeBerMaSE t hi n

t t d t d
S O oneCt e s L ang Ml e AR B Bt R etmered bR MSRS S ot i on
vere then assegpl,efade0 THE 8BilRy afgmbélpwgm%vehm dheliggsmuse

section. In a representative non-chineric animl (by QO PCR for NEQ 20
derived from aurtplra:stlcmwstunﬂxpmd@hd &oes apginst memwml dwgr@a:o%rnorertbarwmal
st ai ni ng vvass In contrast, the animl was 45%chineric by R PCR for
NEO by tail’ cl ‘i‘i ‘?;ﬁ?al ysis and had contribution of a single ROSA26-deri ved
MASC to all somati CRAd MAKESthafiRid WRUBRbneM PBkS72 P4, ISOMHS, ahd) B0GPDE,ere
harvested and anal yzed for the 25 presence of MASC ‘derived cells by X- GAL
stai ni ng, st ai harvestad and telomerg fengths g‘éﬁllllﬂtqcb Talemprss id ot ghentandp cpliypreneso,

Ani mal s that had NEO+ | t

ROSA26- der i ved" WX rmr{ge4 +y %@lsl%}gs Otlcanc&‘p%gﬂgr {?pb%?gll{nmb%lp% %Edl%)dgt 78
PCT/ US02/ O. t f i pPs.ABon€tly BRogenedg ,anﬂyilﬁlbﬁﬁt M]de(S kelealed normislddaeyotypever ,
intestine, kidney, spleen, BM blood, and skin as shown by X-GAL staining
and st ai ni Hb with an anti-~i -%al FI TC antl body. Chimeri smwas detected by
X-Gal staining and anti-~i- ga 1 W enerated from

bl ast ocysts m croi nj ect edHu ANE pressed mar ker s

co stained with ant P e 3%’“%?#699 %a“ﬁﬁ “&%&8@5&‘? %&ﬁﬁ FirplGS
532120 a6 T a0 o s v
fS )(;f anti-~l3 gtheI@e pf ﬁ@%ﬁ@“hﬁﬁt ipReseargh. V@ngnwerspg%mdﬁ{)gje %‘\?ﬁ??@ﬁ%)
(observed at 2%%: ffg%’fﬁdflérﬁ@Eﬁtﬂﬂ@aﬁ&??@@hetéﬂ‘é@éﬁ4ﬁﬂl?&dﬁ&%§%ells

anti-~i-gal - strophrn RO3 was observed
magni fi cati on. usiegnticroamgsétai beads (MiltengnBioteed SgathyVEleTCPénd cardi ac

troponin-1-Cy3, TOPRO3 was ob erve atl on,. . st ai ned
with anti-~i-gal - FI FEPHRIPILRC @R“b%xg]r?d%%éégg‘gy/% vigls yere L‘t ‘Vé’c?o\%a 40X
nagni fication %%513 &Q?{nﬁmﬁhf[smbr@ﬁkd LO)46RNMODBAS] &iginA € herdidal Co, St
anti-(i-gal-FIT pan- CK- PE, and TOPRO3 was observed at 20X magni fi cati on.

Ki dney was2@t aiLoaid, MQ)hsupmlemengedguith FXTsuligttensiermnrsclenivm (ITS) 1 Xdimnoliger ved
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anti-~3- galb Fl f@lﬁ@;ﬁha@(aﬂ%n@@m%ﬂ%p&ﬂdxl@aﬂ&t 580 ULmeptosnng ghgcra)ﬂtment
estimate y Q PCR for NEO were concordant th thqse_esti e L
and ant i - (3- galRo¢PH% fesal s gerumiited (Hyel %Mﬁoa@féﬁgm %t%’é’%Al rst

time that BM dgri Ssgg | 6d MRS pg%élfﬁ@r@%@n' @n{shmlﬁre\éﬁélgpmm) gRYSE,

giving rise to cel ari ous tes, and contributing to the generatlon
of all tisgfies phaell innvgelsofOb Wdhleplatlasémt k}etbnehayam@“mth 5 rggmirofIEN .(Sigenag 1 1

live ani mal s, respective, of hed Chl

functioni ng or d\éﬂg ’gt"Y?é%c}H“ﬁB‘; %‘éeré 3§'ﬁg a5t Ve %We S@ ﬁcﬂﬁr{f?‘feﬁ ent i at e
in vivo in funghhGem!cef§Wese ditachBewARI0SS 88y RihFIST 4 (SihR) bRl rephed at 1:4
contribute to germcells, 30 when injected in a blastocyst or when in ected
" postnatally, hahlumm 1wWS§b@rpansgm sudiuax andobige. Cumdﬂeg\ieﬁsedﬁcoﬁﬁ-'dm’lﬂeﬁn ml
Progenitors Va enes

f
_endot hel i al ?)‘PE‘““ ‘féélr‘#é‘amﬁga?stg}ﬁ?% f’gé §fﬁf @ I%I'%?hce)l i glrl (r:nelt: \s/et hat

aggregate i30“) a prlwﬁiﬁerenm&)ﬂm At o8B e XpddsWSO 2T, @I6EE CBB & aD44] EDAS,
pl exus is responsible for the devel opnent of the vascul ar(gg%stem duri ng

enbryogenesi s ((PORENCRE2d:, CIP62-P,ildbdyclass | and Hs $Kisi Tieq gk, 8gfan¥Er@dherdti ned
as the formatiqn.o

o0 Lhe Tor et Qo SR, NERGEE YL, ALORTAIEL SHARRICAORN:
(Hol ash et al.,1.1d9%C é&@lﬂ@sﬁt loalvery B30levils o) inhicrogbobmlihyg, Bi, tCINRS0,t hought

that bl ood vessel formation st - nat | i S i at.ed, by sprouting of
endot hel i al cel"f‘gl}%glﬁléﬂds‘:tm @'E)qcl)’é‘ggé‘f@?sM@eﬂ gg%ﬂ’n&tl%t di es have
suggested that endothelial "stemcells" nmay persist into adult life, where

they contribute to the formati on of new bl ood vessels (Peichev et al.
2000 Lin et al., 2000 Gehllng et aI , 2000 Asahara et aI , 1997 Shl et
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1995). The ontogeny of these endothelial progenitors is unknown. During
devel opnent, endothelial cells are derived from nesoderm The 15 VEGF
recept or l.,, characterizes the hemangi obl asts, a bip cel |
f ound inwtgﬂé)glgééf] 8o-gonad- mesonephr os regi on (Medvi nsky et 9%?/%%02%8-? Fong
et al., 1999; Peault, 1996) and in fetal liver (Fong et al., 1999), and
comm tnent of enbryoid bodies to hemangi obl asts is acconpanied with
expression of Flkl (Choi et al., 1998; Choi, |1998). Whet her henangi obl asts
persist in adult life is not known, and oRfy 20 HSC and endot hel i al
progeni tors have, been docunented. Like hemangi obl asts, endotheli al
progenitors express Fl kl (Pdxahmle ¢! ImmunophenstypivdAnalgsis eport suggest ed
“that HSC in past-natal life express FIkl (Ziegler et al., 1999). During
enbryol ogy, cdBmuneflupreseence s henangi obl ast to the endothelial |ineage is
~ characterized by the seaHane)@lvefXPlesTitIP B/ ParMbrhAdLR e And FhnoARd
shortly afterwards TD34 25 (N shi kawa et al., 1998; Yamashita et al.,
2000) . | n postroomttenpérafuee, asd deubabd sdqueniajbyrfor 30 smihaach Witk prigatyect ed from
BM and bl ood usi.ng, Abs  agai nst. AC 133, Fl k 1, 4. and the 1 P12 Ab
(Pei chev et ala.n,tB @nd With orgwithout sesepdqry @ﬂhqui:g%&fwiﬁ“.s,‘epéoﬂ@ﬁ WRE133 has
al so been foungasped REMGBIBEAS .Cells WerdéRhilRBy ﬂb@@s&ﬂc@ﬁli@bscop?gmas and
gastrointestinal epithelial cells (Corbeil et al., 2000). Upon 3
di fferenti ati ohxiowertidtark eiss diwstNdiormwgod; Y )xnd resfocealdfiysrescenas ralgraskoBY | ost

(Pei chev et al 000; hling et al .. 2 .~Anot her r t f on
i roulating ermsphenr L2 9aiereng! OMmays RRID 0GR Bt BCRIR VM, T 5
12 Ab (Linoet PdassestQ0Frequddey d8differenosdll ypeindi dil @t anturétthonuraber of cells
endot helial progenitors to endothelium _ CD34 is WO 02/ OG~7~8

PCT/ US02/ O. ~Ga¥ergsountad that staingd pesid weth agivesrangbady wyfour wisualdields30-gR0
hemat opoi eti c &Flgggﬂﬁé]gfs (Peichev et al., 2000; Baumhueter et al., 1994)
and hepatic oval Cells {Crosby et al., 2001 ). This antigen is also | ost
upon differentiati dh Hdrvesndaishedsi Gltoppiagpedimensof doedatat BB wemn fixed stithmat ur e

endot helial cells, t. m grova | af. endothelial cells,_no l.Qnger ress
D34, 1t 15 aaseiin bR ety 10 Pt SR CPRGeIS- P SR B of
vast nunbeyss o g1k ?%@%%cﬁﬁ/%s%ﬁfsgﬁs V8 hidfubteddnVd1 ¥R sRAE mANnkidakidyt 0

neoangi ogenesis froma can be culture expanded -for >80 PDs” and
endot hel i al cefixesl ig@anetone fod 10 MmaMABE empetturex Falowingfineubation wathtisodyie
addi ti onal 20 PDs {yﬁSC 10 maY t herefore l%e an i deal esgurcagl o&iee;aldro; hel i al
cells for cli nﬁeﬁ%for é‘?‘&p‘f%%s.l’ﬂwea?{aﬁ‘?‘}so"ﬁ, ISSHE SERERS WL® St @'é”l'& loy | ess
mat ure than t hgssu@Bsicty @sigens, ?@aﬁm@ﬁhclé&ﬂ@bbﬁebﬂaiﬂ%@hﬂﬂl ot TOCPROSB) eri ze
endot helial commtnent and differentiation. hMASC differentiate into cells

wi t h phenot ypi €ovaislipe wereimeunted usingelgwiaderantifadodac Meleaulgdirabssdac-and

cul tured d j [ a i '

di fferontiali g%&gé’{}gggkv\grs@r g‘g{‘%ﬁi" © g’?aﬂé‘&g%g ﬂi’g’fe?%?‘g%gﬁ%‘lﬁ%fﬁygggt ed wel | s
in serumfree enfenatilooreseedcamiosdpdchpyt EG-F and PDG-- BB but with 10 ng/ nL
VEG-. In sone instapces, FECS added. Cul tures re i ntai ned by nedi a
exchange every 4-5 ga%%‘l@ﬂﬁﬁsm WS %ﬁ%&%@’eﬂ*@%@%ﬁ%ﬁﬂ?%w after
day 9 at a 1! Aefidetiir@ior iedRhol 128 e HclibitEd $QREATdINTEr 3@mirkLdchRigh 20

In order to define endothelial differentiation from MASC nore extensively,
FACS and i nmmunptinatyosbhemid F&TCan &y soeplod antemosiserfaranti3abitgt-lply Abwdstween

per f or med. pression..qQf Flk 1 and FE o i, f ferentiated SC. ow,
s e el at Ay B idr v GeBtCuTh RBST T 4 e PRI IR PR A 2834 "o
BM or bl ood engqf-1ei3il 2ntRCDELR] 4Bl SalIPehE-TRY, Aiti-GD19, 2A8U0D3 NindhinkaMem] B
al ., 1998), was not expressed on 25 undifferentiated MASC, but was

expressed af t eantibodigy avess obtained, frem PP P horngemdApeagaingt &F AR(clonefinh-18.

" MASC expressed,| I e t i ll.c @S

hemat opoi eti c %)r4 g@éﬁlgl%géf) §er%&é§% valgt) e%hqug%’ogg&@kﬁ# ﬁig? 1’2{?0%.1{5@000) but
~was no | onger GABX(AMEGBIA%N:108) parvalbuddn (fossPAR Ve, drzidohellulbiclaned
henmat opoi eti c progenitors (Peichev et _al., 2000; Asahara_et %Ll 1997;

Rafii et atl, @L%@LO; 1:408% NFo68 frlensdiiR4.ofi40MaNFr 0LRlong NN 1Rt &1y 4p)
but was expresggddy 91 URHY siaqg . AP gni zed by
the Ab H1 P 1 hadcsO @@é‘g?‘ﬁgé&up@’iﬁun ?']’ghOé‘g?ﬁéf{ﬁ?’gmg?%gﬁ%‘é?g ?’om bl ood
(Lin et al., 20a0p), TAL{(pwydbnaVASEW); TH (cbe TH-21A :+H700)3DBCTcYBDINCA082 46

not stain with H MASC 1 reat ith VE or 9 t ai ned itive,
but prlres\g: onl'\kgé)’ IPr&ét%dG?e %‘31231S%gseéﬂﬁ’t'}ﬂ(@f)]yﬁ;ﬂ"@bg?@f)i "h?'&@?kﬁ,‘s’hel Y
av~i 3, (Eliceiri et al., 2000) was not present on undifferentiated MASC,

whereas av(i5 was expressed at very low |levels. 5 Expression of integrins
i ncreased progressively during differentiation and was



maxi mal by day 14 (Fig. 5). The tyrosine kinase receptors, Tie and Tek,

i nportant for angi ogenesi s but not endothelial cell differentiation
(Partane 1999), were not expressed on MASC. Expr Tek
coul d ber\g§e?ﬁ%%4f7fer day 3 and Tie after day 7 (Fig. 6). Nﬁé@&f&/{ﬁ? cfo not
express VWF, but vWF was expressed fromday 9 10 on (Rosenberg et al.

1998; V\agner et al., 1982). Mdre mature endothelial markers, includi ng
CD31, CD36, CD62-P (Tedder et al., 1995) (Fig. 7), and the adhesion
junction proteins ZO-1, ~-catenin, and y-@&tenin (Fig. 5) were detected
after day 14 (GLUet, 1a400), &@tgoatch/aryoﬁimj(elnneM\é-;BZ ] 400 dilutivgy) »eroromrSigmag) | |

2000). VCAM d h l.evel
Gurihy i ter cRiPharoROPRR 33terd BB RERRuA pRbia A SotrpR o lPYpak el D o
descri bed bel 0W5oj314£6r6r19@5dl lbﬁ’cﬁ' 1:90 e@-@'élt(P@lbtlBH&lV\@S SROGIAL @8lyoidnal,

] aCC]UISItIOI’l of ~172 -m Crog ul |n an evel s of A—C ass | antigens,
but not HLA- cI hS8) were frctm ﬁasta&enBroemnobgyM@,vSmCyﬂz ChatAbsragainbia’s A

dlfferentl i hed om NVAS and %

| ess, but &H@ﬁ‘qé&‘ﬂéﬁ%@ \%Bb@ %nfg ’ege'( ggggﬂe%{ %XM %ﬁ %:?&0% gher
concentrati OnStrﬁﬁs bt (SIREMAB 1569\Y: JFOO)fDﬂ?PQp(ﬂyG]ahall\/BQ‘O(D)hNh-gdtefdf\@ltﬁgé i at e
only into osteobl asts chondr obl asts and adi tes (Reyes et_al

Pittenger et achann*:ﬂsiggl)yclomleh 1005 sliamyie-secen OT%‘ r16rftjldt'7|é91?‘?ﬁ 3714¢509) 6%6/5 of
di ff tiat
o cont | uent - NREGRABRRRF0 L 3 Cflerifath SRSl PBESL, CHOen

endot hel i al 25AnEshepi (15460) ABAvae WREG gif feons Db.Cll Lendekl, Dnidleysityaf Land,
exposure to VEGF usi ag@serumfree medi um wi t h 1(?@ / niL VEGF eI \S?éé&m d

under go at 10 eaSwedan. Amrtihadissasainst M (1:Yharen-codpkeratincajalog nj

added to the ) L 1 g | d coul d
undergo an adg? ﬁb%@igi}égﬁg?’ #??(@Sggﬁqﬁ\%ﬁ%s{q;Or?z%léé:ﬁ!)bﬁémfi&?bg% MASC
had under gone. SRhaCdrgprienhl whtibodiesdighiher Mkt i EitleTeh/ABLT - 18ndo¢ hbtainsd frost |

When NASG vier 2”8@2?%%‘%9\% S ysana e e gh e Ao Syt o
(n=25) PDs. ggéké@foﬂ 3. @Cﬂéddﬁ@ZUQrv@@sﬁ@ AL uRHNSWERARICHRTII- Mol L Sti CS

of MASC-derived endotheliumIt was tested whet her VEGF-i nduced
di fferenti b3 edrqhbdgxl}ﬁlylt lgGmsaTE&E/Eumd&mﬁ labplgd seqondarytantibodigs were

endot hel i al cel dot hel | aI l l.s t ul ating
expression of 9&@95 % 18 “bas &965“3?33 oa(ri)’gBWf%saOnglP ﬁc?frﬁﬁ’)

angi ogenesi s r ReephaAd ﬁnmﬁh@chbnﬁémis,m.(mwmawmlﬁmnai fromM8BulahMASC and
hMASC- deri ved endothelial cells were incubated at 37C in 20% or 10% Oz for
24h. Cell's wer @reheainreandPAP]Aves obpineddroneSigma.Fi ¢+ 1, Tek and 1gG control,
fixed in 2% pa &Hé&e ; tion,
VEGF concent ralha&oam Q ‘CE?S? ger géagh%sé\gﬁg‘? %ﬁl{ég %ﬁ)’ﬁ%ﬁ%&{o\élg a%%n%gﬂgn ELI SA
kit (AP 10201 otaetivity ﬁl@[ﬁﬂgal\ma/iningk)t frd\ﬂ\ﬁ@inlegeinypﬂ MdMahdacmtersgtSkmcm

undi fferenti at ed NP\ re ex dto OXIC congi) ns for
Expressi on of PMkg CF SRR OrsI ?“\‘tl(’(?a? > Juring waichd %ﬁ?“‘ﬁ/ﬁ\% OBSeWFVed

endot hel i al celllllo%bgté@@&egqu,pmlgbég&)gfm,(nﬁg g. 7), while the levels of these
receptors remai ned unchanged on undifferentiated MASC. In addition, |evels

of VEGF in 15 €UFAGS F@uﬁéﬁﬁauadﬂffsremﬂathé'bwse veareldetadied and s@inedr es was

increased by 4 fold I S exposed
to hypoxia remﬁf%&tl%}ﬁcﬁgh é’éﬁl‘ﬁ 3‘23245 gj:&tcg%"? @H\ﬂ:dy% ﬁ/ﬂ%&pégn ved
endot hel i abs ceInhlaro\gwyudnwammt@e@mﬂesaorﬁarﬁlmwmm@msmabddxeg| |
adhesion ligands in response to inflammtory 20 cytokines, such as IL-la

(Meager, 1999; fsedatity2%pargformajishyge U%@G“WS@“&'HE aseS-Galibwd BegiRot hel i al

cells were |nc%)lgﬁl gl(}n\enth 75 ng/m IL-la (R& Systens) in serumfree medi um
“for 24h. Cells were trxed in 2% paraformal dehyde and stained with Abs

agai nst HLA-class [, :
~and CD62P, or cont+e+—Fes-—an . :

Di ckinson). Signifi Cﬁﬁtdlﬂfeﬂeﬂﬁétﬁﬁ%dnd' @YKHMASC dril:MACS(aﬁvas tesﬁﬂdbylaﬁdlng

(32-mcrogl obulin, VCAM ECAM CD62E, CD62P were seen bx FACS %Ify3| S
(Fig. 70 48A differentiation factors (cytokines) chosen based on what has been descri

differentiation of hMASC or ES cells to mesoderm, neuroectoderm, and endoderm.
Differentiation required that cells were replated at 1-2x10* cells/cm? in serum free

medium, without EGF, PDGF-BB and LIF, but with lineage specific cytokines.



endothelial cells. In contrast, on undifferentiated MASC only upregul ation
of Flk was seen. 30 Another characteristic of endothelial cells is that

t hey tak Steinberg et al., 1985). This was teste gbat i ng
MASC | ndﬁ‘xgﬁzb&aﬁ(ffer entiate with VEG- for 2, 3, 5, 7, 99(:?5]5 15 and 21
with LDL-dil-acil. The dil-Ac-LDL staining k|t was purchased from

Bi onedi cal Technol ogi es (St ought on, WO 02/ @7-L8 PCT/ US0210~6s2 48 MA).
The assay was perfornmed as per manufacture's recommendations. Cells were
co-labeled either with anti-Tek, -Tie-1 oR29-vWF Abs. After 3 days,

expressi on of Didferamatidevas etdrmned hy)impmladxla'stofoga-fmuissumnee'rﬁcmwacyes, cells

d Ti but. di d not i gnj f L ,
et on o Bl Pk myose i WD), sof 3 BRR Bt R Ten o
aLDL (Fig. 6B)( enEaﬂam? ND06 hd Mm&@wbem&erﬁa@r asd bytolehtie 8 Bad | ade

. bodies that is released in vivo when endotheliumis activated (Wagner et
al ., 1982). Thalbumm'(ebéodend%ldleﬁ'l"-ﬂc&l anddfunstionel shudigs-i ng cell's with
hi st am ne (Rosgn, 0.et ! “resultsm activation of the
cel | cytoskel etd¥ S Ssisics 0 derived endothelial cells

were plated at hi ghPﬂﬁi&F bﬁ%ﬁnﬂﬁbw@dlthéi’ﬁe@x@bfo'@éﬁﬂt@k cambd-Ohlaeat aandébwhir
slides. After 24h, cells were treated with 10 pM hi st am ne (Sl gnaf) |n serum

free nedi um foPD@§n$B anénwugcchtmffewuﬁehmserag‘éal ﬁgPD\ﬁRFafkﬁl ﬁvi@sq

stained with ABS? 4 and os| n, usi ng uore cence

and/ or conf ocahl\/ﬂ&scnnemmm rMMECwaae pra&ﬁieﬂTFN wamalghmstwmhmn@jac&fpmsm of
unt reat ed endot hel i al cel asm of endothelial cells tr W th

hi st ani ne Ebnt %%@@F@bm‘hllegﬁﬁ fpggg VUFErESHy e pptuRen ghnguraay! EFS ein
the perinucl ea(va%%lh‘?ﬂ'ios%ﬁ(}ﬁ?L:Xltﬁr@pA‘?t%ie'?tdhfgtﬁé ajBFBSSYelIL BeBRe@ REGR asmi C

reticulum (Fig am ne treatnent cause g of gap junctions
and cyt oskel et AlftechfadmsIMO% ofiMASEseduinethinerphotuigihdmphesotypst r ess fi bers

F 6A) . Fi dot hel i al t f th
Could {of i "vaGRE D BLSRRAS (FEARY. LN P PO T ace | ul 4

t E t
(51 om) vas adi pr D end A PO §e§ﬂ°ﬂ§cﬂ%§§°ﬁ*§%‘i‘m§ﬁ“§?393 104

MASC and MASC- a60)i v SdF 28, @rlfdd’tcbre(ﬁal@wqrelnb%er\f@m@ ladbre@npeeqellmggestmwhst i of
serum free plus V ubat
culture of MASE W’E’%Fkygﬁgéﬁﬁ%{nﬁgfe A Wgﬁe@% C‘SE?fl\Cﬁhranedﬁ %’qndr?rbngjsrg‘a r t ube

formation w t hiefpresdb@uérsrondl Mispkerd € Neul-1éedetin alsod akpnesslea Tat OVIAP2andeNS
t unor - angi o~~enesis in vivo A _breeding colony of NOD-SCID nmce was

establis hed f r dpPrAXimatsin W% efinguons exprassrd grmREaMINoPYYHE aﬂde@f’(%} and

Har bor , PL ¢ 1§B§‘rzﬁf %

mai nt ai ned onl\% f"g%lg\?ffajr’ an alﬂt ﬁg@é@gggﬁlgé&a |§%§ﬂg?)lr)|@?nsa€g@% and
sul phanet hegaz @émto&ﬂﬂamr)@t{uﬁﬁaﬁ&nydmlxalaﬁb chEffdrcrmanomutals siymilaNiyhep v ASCthadi
water was given tw ce ekl S0210- 46s ee lLew s
| ung carci gona Eiih%’ﬁpﬁl"g% f%(ik%{%q ﬁ%/)éﬁ;ﬁ &%tﬁ%ﬁ;ﬂ‘? ouRt aﬁq?s?rh ds‘HE}f’H@}e

and 5 days aftqrcdmh@akﬁﬁ&%@éf&eh?oekmal m&gerwnejdym PASehrkdied
0. 25x106 human MASC- deri ved endot hel i al lls or human foreskin fibrobl asts

via tail vein |omla:;rtd|0§x2 mRﬂ\{fb,ranﬂzaftdaY/daymmesﬁa@ﬁieﬂi ced, tunors

renoved and cryopre cQ tor a _H. ,
Torrance, CA) at 80 ﬁfd%fd)glﬁ%?%g?tgﬁo‘ﬁgg?c t@?/%g’raé ag lﬂ%tﬁg% t%%%? étBP
nmouse wer e§l S%Js%ﬁédqcéxanﬁh@wammmm%mt AGAUEIE de oeTpprvent and us&ma F| ve
~mthick sections of the tissues were nounted _ on gl ass slides and

fixed and st ai nétp wsindecsdoppminergic and sarolepinetsic neuens fhem mung By cql gerﬂj't h and
, Number of br a“%ﬁ‘»’?&sé?%&%ﬂﬁﬁd&ﬂme (n=8) were cultured with 10 ng/mL FGF-8b +

EGF, differentiation into cells staining positive for neuronal markers but not

oligodendrocytes and astrocytes was seen. Neurons had characteristics of

30  GABAergic (GABA"; 40+4%), dopaminergic (DOPA, TH, DCC and DTP", 26+5%)
and serotoninergic (TrH, serotonin and serotonin-transporter’, 34+6%) neurons.
DOPA" neurons stained with Abs against Nurrl suggesting differentiation to

midbrain DA neurons. FGF-8b induced neurons did not have electrophysiological



10 sections of each tunor showed that tunors in mce that received human
MASC derived endothelial cells had a 1.45t0.04 fold greater vascul ar nass
than tu i trol mce that did with anti-hunman-~2- lln or
HLA- Cl agg&@"%ﬂ“%gom ned with anti-nouse-anti-CD31 Abs glﬁg{“@g%z&
anti-Tek or anti-Tie-1 Abs, which recognize both human and nouse
endot helial cells. These i ni tial studies 15 showed that sone bl ood vessels
in the tunor contained anti-human-(32 m croglobulin or HLA-Cl ass 1 positive
cells that co-labeled for either VWF, Tie38r Tek, but not with nmouse- CD31,
i ndi cati ng t hathatagtepistiddiSrafencineerbnen dberdeéire, alocwairédcalsitam Buweedt dd turmr
neoangi ogenesi Vi vo. etter. a dr the d ree ti.on,
~ sequenti al frﬁg'l%?’d&p% éugﬁreﬁ)ﬁ‘?tglt %8 58“\’/%‘?8 hpgllaﬂgtgrﬁhp g‘?‘ﬁat e
fashion wt h elddifnaPLB iwdagran ~32 mi crogl obul i n- FI TC or
_anti-nouse-CD31-Cy5 and anti-vW-Cy3. All slides were exam ned by confocal
m croscopy. The di fNememﬁtacnug@d emone maturh gerpivdegybvitiincreasd cadl destandni ne

the rel ative cont,ri nur i.ne endot hel,i | to t.he
oo Cvassd: s Mgt ehE And bomiiTRy 8P he MALHRE AR ASHIZY RerbBhyTolbBeadi"n
25 derived endihahtdriglicsCst rh@iuiietrodid 3 Yrafserd WY ctié] dlodktbredertiBR Bynor
vessels were positive for anti-human ~i 2-mcroglobulin as well as v

wher eas appr oxiMdesodptopind bFX biegethpewith theteansientiine gewrspard theweltegerh
anti -muse #ﬁp’bﬁ)&n g&tﬂfat1§ e 1T»U£}? nJe Egvtp h?od % ﬁcq Qf%h soc? gﬁ}
bre S hel i al

endot hel i al S or recelve unan con In

cells that st ajuredtspfotint iovly imnidluteheuspnt i - QB2- m crogl obul | n or
anti-HLA-cl ass-1 Abs_ Abs. NMASC-derived endothelial cells were al so anal yzed

whet her t &y cont ri Wiea hMAS(e (el 3pavre stussdyvidl df agins braideriveda of t he ear

-t ho ear wouldRo s AcRAMDNE) FECE Ha-hRucE T et ST 20075, °

fromthe MASC BECQ, AR mdd*ﬁlrﬁqjo'siallve nelidons. SithoughrBDNF shpmatswessatl s in t he

tunor the per el J al re CAn.the ed ski.n wound
was 30- 4590 (i Gler AL GRS e aag S HSHE ISP el a Tt St o
cells in vivo ﬂeﬂr@sHMhEi&ﬁﬁﬂl81%%t1h/ﬁ§§d"l§ﬁ\ﬂlldemeﬁfbtn§d LV. in 6-week old
NOD-SCID mce. Animals were naintained for 12 weeks and then sacrificed. In

one ani mall3 a t hyni Similamesulimwergeseen fardnMAS GindieedovithhbrGl andeMASE wighng
NOD- SCI D 92 :
Cryopreserved ProBRtd BoMTo gt stlson MASC AP Re By ETEE PRl i sues

were mounted OBxghples0.10 slides and were fixed and stained as descri bed
bel ow. All hematom etl c cel I s st ai ned posi tive for mouse CD45 but not
human CD45, i - ' = BYY®8 in origin. The tunor was then

stained with an ant h EH%ﬁlgéfﬂk%&gxlnofe 15('1%9&!% nﬁﬂ&gga cfA@dthelyff- ©y3 Ab

t hat recogni zes bot uman ‘and nouse en proxi mately 12%
of the vasiul aUndiffetcntiated nddAISERak rIMASCfd\Mﬁiﬁeé(Eregs the lehdothéled enaskarsl CES 1,

further confir t th mato oi et.i.C e wer of nor|g|n
as no human (3§Bg1zéhﬁed‘l (HbSVP Gﬁﬁegé?‘é VS[}?@ E’Vﬂi&Q 51\42‘1%
structures. | ngipedd ﬁtmb&mz&%ns i 1081g7m PoRthedndothBliM diffeteRtidtionr B&or
Undifferentiated MASC or MASC i nduced to differentiate 20 to endot helium

for 2-18 days, VEGItBdFolloving teatment withiMEGE &irildeleyse’8”s o6MdASH.t h 2%
ar af or mal dehyde f or erature. el
e ning. chanbBreserSER! tisPhmbefbEPll el KEFTRES R Hhfessd P f R LoMEE

intracel | sar bi @BBYconsiClehtSw itk Efddlied 1 aiffekdntiatomV Like Primafy riddithelal &l@,mi)
for 10m n and incubated sequentially for 30h in each with primry antibody
(Ab), and FI TGMASCHerivad e@astheb%lmekla forrmer vatsutas fubeg yvathin 6 howrgighipt teplpbingp.
Bet ween each s E%ﬁhgles were washed with PBS+1 %BSA. Prinmary Abs agai nst
" CD31, CD34, 4, HLA-class | and -11,(32-mcroglobulin were used at

a 1:50 dilution. Pr SnﬁlaﬂyAhMAa&@eméss\@e\Nhnd Bii\but ot cmlaeMums SRIRIN) ns,
H P12, ZO 1, connexin-40, connexin-43, MJC 18, a"b3, a,,bs cateql n and

" y-catenin (CheREESM. BrradPeselectingCD36, Q}V@e/TSbnMe@ﬁM&SGérxéO uesdle/cm wera : 50
di I ution. 3% r eﬁtJré&)ﬁrs%n}?ﬁ FiGe ﬁ{eﬁhﬂﬁ q'ltW io*}xg?tﬁﬁ vascular endothelial growth factor

(VEGF), cells expressed CD34, VE-cadherin, VCAM and Muc-18 from day 7 on.
On day 14, they also expressed Tie, Tek, Flk1 and Flt1, PECAM, P-selectin and E-

selectin, CD36, vWF, and connexin-40. Furthermore, cells could uptake low-




agai nst nyosin (light chain 20kD, clone no. My-21; 1:200). Secondary Abs
were purchased from Sigma and used at the follow ng dilutions: anti-goat

| gG Cy-3 ; anti-goat IgGFITC ( 1:160), anti-nouse 134 1:150)
and anti -\&83?%@9)”%\0 02/ OG. 17~8 PCT/ US02/ 11~652 51 | gG- FI T'ét?’g?%"z‘gﬁ(
anti-rabbit-FITC ( 1:160) and anti-rabbit-Cy-3 ( 1:30). TOPRO 3 was
purchased from Sigma. Cells were exam ned by fl uorescence m croscopy using
a Zeiss Axiovert scope {Carl Zeiss, Inc., Thomwod, NY) as well as by
confocal fluorescence mcroscopy using a 8bnfocal 1024 mi croscope gd ynmpus
AX70, O ynpus daosityhpopBoteinsTDPL).aBasits fibmnthe hissecheoricad stainigg were cphirmed sue

liced usi tat in 5-10 wnthick slices.Slices. fixed with
- acetone for 10MNEEE MabaTe titpek weeHE URbESERRt I ASEHTRRATRE A 9 T on X
for 5 mn. Sligdes WRIEWLRG T%@%BEM%@H@NVHBQD n@é‘ﬁL VEGF® fofek, fol | owed by

~secondary incubation wth F or "Cy5 coupl eéd 10 anti-nouse-, goat- or
rabbit-1gG AbsEmduthedimbdiffieteénsiatiomeadadtiseen wherhhMBS Gigadtuwned inpYe ECEMMSEPE or

human CD45- FI TC, humap . (32-ni crogl obul .n-FElI TC .npuse 1-EI TC or TOPRO- 3
for 60min. SBetWQﬂY‘b%fgihtg%’b ,ené?&i%d\@%ﬁﬁﬁﬂ%tm%%gﬁl?%%§ngati%’ BSA. Slides
vere exam ned By fHeHQr @HS QREEHFRQBCOPY USiNg a Zei ss Axiovert scope as

wel | as by confocal fluorescence mcroscopy using a Confocal 15 1024
m croscope. 3D r ecoAsleasidid08foldampansicadwas obtdinedcwhere BMASIC weresulwahutedl 0.5

f | hot f 35 id f S t hi | of t 0s.
o tos vere o SiegEsgEH coorbelrl Puraft Refrafel  nBNRRE ol SO RRYE ©°
human~2 m cr Ogﬁigﬁﬁbﬁrﬂpﬁlmaﬂﬁ/e poiehtal COBMlekpabision Mg ¢ven igfsitdr fwhgh FalShwad | de

were aligned w the next slide in Metanorph software (Universal |maging
Corp) and tthe adledm thscwHyres gfier day lvas made in 3D Doctor Software (Able

sof tware Corp). Vol L: i i | mari ne
endothelial cells (fa g%ﬁ\%ésgfd;ehvgds&b%%}%@?ghgElgf% vggsghé%g{/r\}aﬁgo%ngﬁg | at ed
as cubic pi xel @.vf irtHOD-80I atice Whehareashuianamidn-catinomadsphinted undbcthk at ed

as square pixels 1n 4 vessels through the 35 slid to obtgin an accurate
percent age of &dntqonHihutien Pﬁ*ﬁé‘“&?@é“é‘?thﬁﬁ?éﬁ@%%’ﬁéﬁ’ serado aieso cal cul at ed

in alternate slj : of t trHigD[li.‘ ; findi ng
of this study bés&tgﬁcél?grgfgﬁ%l%g&&{é%?b&r| y Vé\ﬁefoﬁyﬁﬁbgsrl%i%%B%%ﬁ%\égt?{ he
ability tol#lifgatetdnillyamedified endimthélal cells todbtive a thetapeatiebénefiviiter, ¢o inlilwt | onal
characteristics i.ndist.i nrﬁ i shabl e from mat ure en?ot%&l ial cells. t.I t ii s al so
showy that 30 SREIRSSERRYISITHEAr EXEMPIE ICARCEE BIOATRMPE 1 19 RANGToYaSTUAAagn i iy o
in the settingjifhs WPYiEr Hi@ahd fi8haDthetHeAR! FERIA ShitliestHAMAST-derived _

undi fferentiated MASC can respond to |local cues in vivo to differentiate

i nto endot hel i anhdotkdliabcallsrare pissenteshintixampl?. angi ogenesis. As the sane cell
that differenti . ndot hel | I differentiates to other WO

02/ 0(-47-48 P A e 8' igibinto 1 d§,x9n| cell types, as well as cells of
non- mesodepgal ori giwhetlidren®A9IC caMASO cheldalifierentiaie so ¢ddedemsil odllsasds and
even the hemangi obl ast in ont ofg;ny. LrL has .al so been s(ﬂowr t hat . MASC.
differentiate fastcd- denpabenpfdifisrpnteuliuncpopdiniensweretasie meiuding ltuze Wih
proved that VEGE i f Il j ha oreWaohbgt 1 al
cells nmodify | igﬂéodﬁﬁglﬁgaﬁﬁg IY%EI‘ |Srll(gwlt%gﬁg%g}roﬁ ﬁ&gﬁte(kgﬁ)’eirﬁ/pg%h% g(r Adamsagt

al ., 2000). EnddaGirehndFGEel, leitherainrituainin,aofegeneBNidriNgtrigel™ caated Weltugh
intercellular junctions that w_den when expqgsed to hem)digﬁgil:c forces or

vasoacti ve agerWhen srdatedion Mattigehwith HyagmeFgFar H} ng/m »Li et al.,
1990; Vi L toal. 7, | i :
ol ease pr 0% hr GRESH Ay 79 QLMK Elgufttd Bommpfdiiydnd ARAGHE drtacktsic

pl asni nogen actolf Hepabscytaitikdédlinr Cetls pecantrepithélrddliapgrdxifnaehyer0%bf edlls, 2000) ,
and regul ate eg)r§ess of |eukocytes by echangj.ng .exgres.s.i ogglf&\‘/el.s of l?d esi on
" molecules inr W%@“P@eatﬁ‘f’la&%ﬁ?‘itcm/‘(Wg‘&B%Ft,amf Pgsitiyg umip, GHtoKErdigh 1
}. Endot hel i um qg’ SACHREL P hypoxi a by producing VEG- and expressing VEGH
~receptor ained (gbﬁrsltream ggﬂ)\iascul ar density {Kourenbanas et 15 al.,
1998). Therefore it Hidsddremhlitteneisgenatited it R6F4and HGE comthingg dudturpsadaoat ed.

f MASC f |1 of these tasks when tested.in vitro. Finally.it
has been prbvedad AAICUPRRNRTRGIeg SHB oL PERP RIS dRSFBEH bR msesiearetgrd

respond to angigg Atﬁnébkﬂhﬁikfem&ti%gmmgm? lPGIFh%anF-iﬁddc@d RIBC using

contributing to tunor vascularization as we as wound healing in vivo.
This finding cohd Sigme-licaiNizogemidis bR hicordiogid he granafastuer's reermmpEtatioase
all the functiqpal characteri,stic f i f
contribution oﬁ“%ﬂrﬁgﬂ?&%f*t&f’{egéﬁ‘ Pgﬁf@rep@%@’ﬂﬁ%ﬁ‘?g@éﬂgéi tsj[-@gr{);g&ﬁlc%ﬂ%ﬁ 18
neo- angi ogenesi s was 35-45% levels simlar to what has been described for
ot her sources of endothelial cells (Conway et al., 2001; Ribatti et al.,



2001). In addition, it has been found that angiogenic stimuli in vivo
provided in a 25 tunor m croenvironnment are sufficient to recruit MASC to
t he tunor, i nduce their differentiation into endot j | s t hat
contri but\gaﬁgmt gsturmr vascul ature. These studies theref E?Jgfug{)( /(feiﬁgcf st udi es
reported by other groups denonstrating that cells present in marrow can
contribute to new bl ood vessel formation (Peichev et al., 2000; Lin et al.,
2000; CGehling et ul., 2000; Asahara et al., 1997), in a process 30 simlar
to vascul ogenesi s, precursor responsible 53r this process has been
identified theg/cellits lidslaysatberraddmgll@tgand HEFfand s¢maiegdddtedtibde af shanbi fi es a
cell present i,n post.nat al as a very, earl. rogenitor for endotheli al
el 5T 0 odrulriny By dscihisdnsomnade R pihel FORCRARME N B Neur ons
Single adult BibgisyeYeBrddebr AlbufiiRigeRE RithesdLstod 1R LappIrRIhdRIdIeT
. they can differenti'ate ex vivo to functional neurons, as wel| astrocytes
and ol i godendraddwpais differtatistianirorm dAECHavite| Furthgpstudies v BOASGdletikgdC wer e
5 sel ect edsan cgl tﬁrge ex andteg.a %r]elviﬁusl y described in Exanples 1 and
3, respect Pvel YPUREHER LA #’bgé P§r cells (hNPC) were purchased from
Clonetics (San D egBiveffie likeNP&ineh® ofdhleHd@ibraadintagd preirsdrded dIMPMESC
manuf actures' recommendations. El ectrophysiol o~y: Standard whol e-cell
pat ch-cl anp r ddshoging risggte aeddbthatfonrps warigyscells Wehg Hyeiinthegpansteapbeper t i es

abt i ned usi ng SRHCAR SOl RFREREE AR R bRt A FERRIDT 1

M nneapol i s) Whieageswas retrofitted with a Dagan 3911 expander unit. Patch
pi pettes, made from borosilicate glass, were pulled on a Narishige pipette

pul l er (nddel Pp- 83YIAS hderpisdifomppnusale g brainypiednduged fe diflsreatige tas (nodel
MF-83). Patch pj i d. i j i sti
o Tin . 142760 SrlBIELA el Son bt AR Qb RE R h e A COT3 ! Bt 1 1O

EGTA, 1.0 gl utedhdametheBatocyge-likosd]s) Bisidg AkPméthadndestulbadsaoyg forBM-defiPed
(sodiumsalt). 5@&““ recordi ngs, the fluorescent dye

5, 6- car boxyf | g ein (0.5 mm Eastman Kodak Chem cal s) was al so added to
t he pipette sotMhiqRid® confirmvisually, using 20 fluorescence m croscopy,
t hat the whol e-celT patch recording configuration had been achi eved.

Pi pette rédsi stanceslo dﬁge@stﬂatedhatﬂi%eneonal sllsriverg piaglet gl digriviedeantd MASG ul ar

recording saline.was. ¢ rhsed. o he, fol,l ow n i n i | .,5.0 KC,
0 7. 170" My i3 PR REiRlecd S8, Bub S Mo e TN nich AN e el
added to the sfgaRdaded vwied fettoviall wkiodand hhdifferdntihted Belld dildrtagieblogbmy wafed 25
extracel lul ar recordi ng solutions was adjusted to. 7.4 and 7.8,

respectively, 10spdip hayerthe wirpvispeinpertaddn e @mermisihgragnomel anp 8.0 (Axon
I nstruments, Fost erstiexxNe\t@&%gﬁgﬂlgttwm& RAAT RAL %6%2%%385', & and
wer ted r a 8.

store data. The data presente corre i qui
f unct i onal20pot ERTBIaH, MASCcaindwms rvi S bagdatianséxpgnded-fot 4kt BORDS, asok¢has e

package. Of |ing an es gnd graphj,cal representati f 30.the data
were constr uct@ﬁﬁf}?l %yﬁ r%’ﬁg?‘?etd 8!3‘ ai( ARYRE 2 gtaﬁ??énf]g?‘rgéogﬁ%al 16141955 and
Pri sm (G aphpagereSaéh RtREenN eGP aandedd AHd urftRhidubd 811sS WFsloRaaRrp Was
produced by incubating M-GeGFP-contai ning PG 13 cells, provided by Dr. G

Wagemaker, U. eXpréasiongeriasied in differomiiased- ®CT/ US2/ 0~C>s2 54 Net her| ands

(Bi erhui zen et al., 199 w t h MA: -on.medi u or. i d and
frozen at -80C NAS%?%@%”W@HB% g@cﬁémcf%%uﬁaél 0’%&%‘3‘%&‘2‘5@5?@

~g/ m  protzm nghd SFSFeRIhréOwediR weldliransdased &Peas Rduéddial Hatsavith af éGERIUCt | on
efficiency was anal yzed by FACS. Gene nicr oarra]y anal ysis: RNA was_ i sol ated

from hMASC, bFegeomtiovial wistqrGAfienwardadClodd | and &1y qelle wrredepleted and gells

st g the Reodb-Elibdd & BeRAS | ECEPTARARRA B QNBING NeD o fadiiol 3 00
t he manuf act ur BDs. Aétematie¢ldahome MARGexpyindeddae8d PDStWeee bkeadarSublenltupds afl ogy

~Atlas Array {Copetech # 7736-1, Conetech 10 Laboratories, Palo Alto, CA
USA) at 68C f ofn g’?@m\f}te‘ﬁ A gensrafed i plafing 29%) %@éé i UERS 68C f or

30m n eachyq ”Fnain(t)ailjn%ﬂ for9s P@)s%%&l‘?@@xaﬁaﬁndﬁ%cfhérﬁrto SQx D Neel RN ExPaRd MAGE SSC
at roomtenperature for 5 mn. The rays were read by a phosphori nager
screen scanner weithdungdae diffenentiatesip vBtotoner@ethielismdnamedoyxtedm asd agdotieimas

Image 1.0 (O optech),.  Differences. between .undifferentiated d.1

i T or ent | at edLEEMSAIiGRIEENoT WO NP e "CUHETmar Ea Seadih o thest b
anal ysis for rgipe¥kdedcribb$ i Exanfffisvas used o anplify the flanking
sequence 3' fromthe 3' LTR of the MFG vector in the human genom ¢ DNA. DNA

from 106 MASC or endothelial, nyoblast or neuroectodernal differentiated
pr ogeny -




was prepared fromcells by standard nethods. 300 ng of genomi c DNA was 20
digested with Ascl and a splinkerette linker was ligated to the 5 end
(Devon R 1995). The two ol igonucl eotides usedp
spllnkeretﬁezlﬁﬁ%%r were as follows: aattTAGCEECCECTTGANT%?%?f?@ggaaaaa
(the hairpin loop form ng sequence is in |ower case and the upper case is
the reverse conpl enent of the second splinkerette oligo), and a~tgtgagtcaca
tgta ctc~c~ttc 25 gAATTAAGCGECCGCTA, (the gnderlined sequence is also the
sequence of the | i nker - speC|f|c pri ner (L Prlner) used for the PCR and RT
steps). A% Single well ) [Meqgogarmarand/@eureecaderma iProgentgni zes a sequence
in the eGP gene [E}otln

" tea-ata-cga-ctc-act LQpIQYE %ggf d‘g“t@ia #@E?@@@@F@@@W% AC,

under | i ned pordifferene4teaverogbfy fetrialFhlnhakHEolAusé@ Joedaaer RECHHBY; Notta 3.,
,efficient in vitro transcription and the upper case is the eGFP S&ECIfIC

sequence] and 1986prfdeactiono Wﬁsﬁ‘yobtwéw P@ﬁﬂ&oﬂ’d)sr‘é@i teansdpead viith e usi ng
Advant age 2 POlRLASGi(C QY rl'g gﬁﬁl]@ H&f‘ Sﬁ ‘}xs%dfr%qgé‘“ Vas
captured using streptavi Ui n ma ne S f {'t ept avidrn gnet

Particl es; Rocdage c%ﬂdrstthebtald/m&ﬂ/cﬁﬁceﬂraﬁ@l mwﬁﬁﬁédmeé&é’el% Trhewl t ant
product was further anplified usin he T7 pol ynerase an approxi mately
1,000 fol d andMi¥RS PRIKRIated at lr@aﬂteﬂa}weﬁ dF@@FFéP&“dﬁﬁi yatkct2x48scells e
transcribed usiitintd)esan® MASOLEAAG: u%%&ﬂ)ccﬂ fenBk kg éﬁltrﬂ%&c{lbs'i@r
according to the superscri pt protoco an sequent |y
anplified by m%tmbmdmdméumabéﬂnﬁmmemmftmMaymnddr@ffemmleﬁiobTR [ ggc
caa gaa C at aa cag,ct at at The, fl.anki.n uence .in the .human
Gonowe 1 o erhotigns e hled Sleang st bddoNe e e rur iR el | s

and undiffere ”éddaéoe&ppé‘éﬁgn‘%éGFP QHE BE&Gecta'&érﬂﬁmBﬂﬁélé ah& ehdithelldl &aﬁé‘?@
insertion site was present in multiple 10 différenti ated gr eny ecific

primers were gener ak@dnyoblashdiffenertiafipmhiMA§Coeato platedre k1 %

anplification n El mer/ i ed S susedto
Guanti tate CnerC TR AR BOGT ol bk Supsiiop s ehun B BeQE B tﬁ?seﬁM Eact on
condi tions foraAbplditd mahé Snd@ediuasfot Q4h Oniierwids; ¥ell ©serefmdantailed 34 ep PCR
(95C for 15 sec, 60C for 60 sec) after initial denaturation (95C for 10

mn.) wthl% 16Xpansion modamwith2 %/mﬁCSaLE(S(F?a@;R’/&GFsBBRI@éM«? ligbr sal M x

Fol | owe: G onetReipReiL RV RAC Wete R AR b sl e oot B 7

sequence chr onmsdiom \ZnthnuT(HGFTﬁa-mGF(BAGNAAAOEgAmIOﬂEGELB)mmdhaschronosoma 7

sequence: LTR primey = G&G- TCT- FlLa 0 sequence
CAG TGG- CCA- GAT- Gfsn “PG%C@CGGV%;“%L O&ﬁﬂm e k{( wgares TR =
GGA GGG TCT- Cqﬁdge@ t@‘%f%xa?e wﬁh%%@ﬁld%ﬁpéﬂﬁﬁé@posmve for eGFP and skeletal

GCA- GAC- GAG- GTA- G&C- he rel ati've anount of the flanking sequence

was cal cul 2t edadtim, édﬁb’:atbﬁ ®di$| mdupthd wdEiffersniipie trendathebpni qogtairsdfereG Rt and er ' s
dat A Sof t Ne |
(T anapl antat | oRVENBBaTH G Fchs et Do iR bRl peafestifefp EnlyipBT oV or

Laboratories) YGFPan$€ither NH-P0G Cﬁwdur MBPe Toddinelicretbaiesltii@iiicgtdtehihe
cryoanesthesia. The cranium was i nmobilized using a nodified stereotaxic

head hol der anbost Bencswig flgnkiag region in MéSqnsdifferatiaiRd progepy/maessguerced.

harvested with ﬁﬁ.{ S.
The viability gp Bé‘fd}f Qﬁh‘ﬁ/&ﬁ gﬁ@erﬁ%‘@gnﬁeﬁani@é@@o@p @%Héﬁ%vowg ol? Q'Pl{;ASC
suspended 251 phevephAkehdwi freTatde 224 single Atleticabseqeertce dlankingahe firéxirdl04
cells/pl was stereotam al | ected intracerebro entrlc Iarl tha
tapered gl ass HS&R JphnpeR ‘E(—?né‘?tb gn Be‘%io‘i%C?ﬁ%F‘P%lrFe @F‘Wf@%‘ r%m(
~follow ng coor HHRJJB gl e tified® -0.6, M. 0.8, DV V\002/06 478
PCT/ US02/ O- 465%J g@éoet% c, toost ar %ggasle% at -1. Follow ng the injections,
the scal p was sutured and the pups allowed to recover.




" rabbit anti

Four and 12 weeks after transpl antation, the rats were anaesthetized with
chloral hydrate (350ng/kg, i.p.), decapitated the brains renoved, frozen in
power ed r and stored at -80C. Fresh frozen brain tioned
using a CE\rvgoo)sé/tOgt%%and fixed with 4% par af or nal dehyde for ZBC%ﬁj%&ﬁ/%d ately
before staining. Sections were incubated for one hour at roomtenperature
wi t h bl ocki ng/ perneabi lization solution consisting of 2% nornmal donkey
serum (Jackson | muno Labs) and 0.3%tritgn X. Primary and secondary
anti bodies were diluted in the same 10 bl klng/perneablllzatlon sol ution
for subsequent stepbableRi hingle egHiorigitefeendothglivm, musdle Audmevregetddermgl 1: 25)
anti human nuclgg menbrane ( 1:25) and anti NeuN ( 1:200) from Chem con;
(1 :250) from DAKO, rabbit anti NF200 (1:300) from Signa

wer e i ncubated overni ght at 4C ri nsege@@h@em’tyrgsccaa@,h I n PBS and
_ followed by secondary €y3 ( 200) _anti and FITC ( 1°100) antibodies (all

15 from Jackson G0 JLabs‘)"GFS?C‘tC\%T‘h%VgGét‘C‘?Sﬁﬁptcgﬁf%%ﬁﬁ&rr@f‘c%q des| ver e
exam ned by fljuétheme®dn¢e nmi croscopy using a Zeiss Axiovert scope as well as

by confocal flUoreaSCeNte MIAG 05CCUTLTHS ANT CBARCEICCAGHCTADPETARCTEAGT@PE. hMASC
acquire a neur ORacyddihd PC-t € and ol i godendrocyte phenotype when cul turef
with bFGF. 20 Neuroectodermal differentiation was done_as described in

Exanpl e 5. Brilef IYC%Fcell s AP ECEHIUTEHATIHOAALC EAUE TARBABCIFAIEST or
cul ture pl at es| witkFBFser um TAG €GAEWICTTHS 6@W§GBAC®QGMAC6@% G]‘(ZEIVIIQG;A (ZIIO%
MCDB- 201 ( Si gnEclehelCal  CO, SITHOA S . g ‘ dhaE
LA-BSA, 10'$ M gegamet hasone, 10'i M ascorbl c acid 2- phosphate (AA) (a I
from Signa), 10 o5 penicillin and 1,000 U streptonycin (G bco). In sone
cul tures, we added100ng/ nL bFGF whereas in other cultures 10 ng/nlL EGF +
10 ng/ mL FGF-8b weke afded (aWITTATNRTREAGTIIFAT BIGEHTTTIGEH IGEAGET@AGGOT

subcul tured, buhzatmeiha|was exchanged every 3-5 days Two vveeks after

re-plating w thREGE—26t4%of eI SrER IS SE P-+H=—28t 3%
ol i godendr ocyt ;VI\E/E‘SH and Aﬁt}h% neuron (NE nmﬁa’ﬁrﬂl“?ﬁr“?"i’iﬁ‘%ﬁn in_Thbl e

6. WD 02/ 06. t 7-X6F pCT/ USD2/ BHEET AT CIBITEABT TR FIGOE SEAAAT Y Smar ker s| on
bFGF and FG-- 8p ClendAiged hMSC BEOETEECA/DEGERGHACIMICARGTATA TRIFHT8D da 7FG-- 8b
da 14FGF- 8b da A (Chrom.
21GFAP36f 4926t 4%) QOI\/BPBSt 3928* 3%t 29900Gal C30+x%26* 598* 3%900Nest i n35t b%HB* 3
o%0N\ot t ested90*10% Ot 6Y /ALY t est ed50f 6%Not t est edNot
test edTu' | 30f 3023t 53] 2988f SIESNCICHET TEPARCCAIHIASE THHaL 3080t !
t est ed40* 7%Not t\e'srtﬂé'dNDt t est edNF68026t 79%22* 39920f 3%Not

t est edNF160046 ) i CCTGTCTCA TTCAAGCCAC ATCAGTTACA TCTGCATTTT
t est edNF2000152%; A A v ‘ ABO40
9995t 4995t 3%l au

+6P80+2

& BAOOQ0O0O39t 4940t 294Par va um
i N000028f 6935f 3%I'H00020* 5%’23f 5%’25t 6‘%DCCI)00025t 6928t 29OTPO00035f 7988t 3% r HOO

331 3985+ 5% When hRSR ey dofor ATt NeCuc i bordbe 1R 0 g pmic
cells/cnR) 5to sequhmeammbwnenﬂtaatermxd usmgdhdall-smw R(BRnewaoemtﬁrdted ket the

phenot ype coul d be detect ed, su estln t cell i nter ons prevent
DFGR- | miuced HEBPUEH (e A Mo SRBFa iR Rad ?fgrrmwrﬁe aar? diffsrgucareely. Thise

astrocyte-, ol ﬂeaggqﬂ&'reqqutt%e ﬁé!&x% §9@née A8 tRELG PP BINK Eélfuggéef\tr%gprm‘ﬁp

di fferenti at| on was I nduced C that had under gone
However, when insiSGirappatitsd Flome 2102 uddained bvargtroviraldnseirts hlobd€d-on

chromosome 1 and 7 respectively, and both flanking sequences could be detected

10 not only in hMASC but also muscle, endothelium and neuroectodermal lineages. To
determine whether this represented progeny of a single cell with two retroviral
integrants or progeny of two cells, Real-Time PCR was used to compare the relative
amount of the chromosome 1 and 7 flanking sequence to eGFP. It was found that
similar amounts of both flanking regions were present in A(MASC, muscle,

15  endothelium and neuroectodermal cells, suggesting that a single cell with two
retroviral inserts was likely responsible for the eGFP positive hMASC and

differentiated progeny. In the other populations containing 3 or more retroviral



10 >50% of cells died while >70% of hMASC cul ture expanded for >30 PDs
survived and acquired a neuron-, astrocyte- or oligodendrocyte i ke

phenot ypeayohhesgdiggest s t hat not all hMASC can be i nduceg-Rs@GHr, €
neural characteristics but that a subpopul ati on of hMASC t at surV|ves

| ong-termin vitro may be responsible for neuronal differentiation. It has
been shown that the karyotype of hMASC is normal 15 irrespective of culture
duration (Reyes et al., 2001 ). Differentiation of hMASC into
neuroectodernal -l1ike cells is therefore nd likely due to transfornmation of
MASC f ol | owi ngn$emtsngcm1n@mh1@|tcedetmne wbcth@mttn@ enses wers) dugdermdrmmeyt e-like

cells died aftesre 3 vvefe 4 Plro rce sjve ga e@tlg r1§f nrtet%rtﬁ&%@: IIs was
seen throughodP E0PR TS 0 AfPel ISy R ¢ BSreEoY g tpgf

positive for NestioR, NUestheless, bRl Yindiak ahatn 2 pYuIeRsddprogd sy cﬁﬁ’EfeHSétk&A&MGSZ
58 neural cell adhesion npl ecul e (PSA-NCAM, and tubulitn-~111 (Tudl)

(Tabl e 6). Af trapscle, gedatkeliugrap nrquesgpctodere presdesivad frem pesgleBM degredres,
- 160, and SZOéjAegglr:t’or M‘}ﬂ?e jve ﬁroI@sufor H‘Fcfrst ﬂﬂb‘ﬁf‘a@' HSM \%rl:%llgt:%l Qé)t EXpress

mar ker s of gl Cc, Sserotonerqgic or dopam nerg Rellr ons expressed

gl utamate as vaa:llthrealsfrddmwﬂgﬂt dtf&lmttﬁteramleqmn@glecal levsl ianrdlls Bfraaﬂbdermal
N- et hyl - Daspartate ( %} receg @r, ?nd Na+- gat ed volctiage channel s.
ek derspy 1

Huse

nepecs of BSMEUoPAdstEL obt ai ned from
S IIgIVASC popul ations induced to

Furt her confi rH’&?g‘bi‘F well
cDNA array ana
differentiate

3 G )
otx | 10 and d nS|st eNt th
aa®) noct 1

a >2 fold incr 2!
gl ut amat e-recedp o Ticngﬁgdc WPCXTTG‘AJTEAWGC CASSdi um gat ed
5

vol t age channalsguengsyt i JICﬂ%@Gﬂém@NXﬁWEWA’FPrAﬁGGﬁWWMeveI :
>2 fold increase i n mMRNA| FrevelGGTVWEIT AGT SAGTOUNRG TITH6GEraRtaCAGIAAGs hGRt e- sCut e

honol og 1 (MASH |) nRNA, @A@r@m@m{jm@,@@gﬁ-’éc&mtmr found only |n bral n

(Franco_Del A”“rir‘ous’é%anm%e BRI TR R AR T pr:

1999). The astjrocyte s E igg E ana o: I godAendr bcyt e
speci fic mar kdr&*ffyel i n: 6“%&@%?%@\}?@“&%&68%@%%% sor and myelin
protein zero {PMZ), as well as Huntingtin, and major prion protein
precursor IPRNA wer eB&d pVISS¥ @A R>BokiGind uhiigiiaed:afi$E€V LERPOIFIEF 65l GorlgFBER A 20
greater than 2ndiek dnd meledinst FHakingkegoense primére used €otad-RCRYI yCi ne receptors,
GABAr ecept ors, the hydroxytryptophan receptor-A and neuronal acetyl choline
receptor, glycine transporter -rotelns synaptobreV|n and
synapt osomal - associ atiempledeH gand Engraftmant of Mammaliag MASCey pr essi on
of BDNF and glia-derived neur anteNumere AL b Li ke hMASC mVASC
acguire a jneuron. with
brcr. vnsdider i ved Tiomoriey et 2@93‘2% ‘*@’é‘h&a“?%“ L SRD e
simlar resul tmffremmtldtebevmbmmmsme sphABCcelksnaniABC verelodn aPEb&m@bcféin

lated at 10 || ne di t t h hMASC.
AfLer 14 days, EXRRRIE 45 daF7 SAOTRSP ey UPek RO SAGHIRgERC IBREMASG 1ot i os
of astrocytes ﬁ@lﬁAﬁéLacplnbgstd@mrmcyﬁjeae& YRPRODBUSE IDaHe Bl ¥y wilRsr NSE+

and Tau). NF200 and GFAP or MBP were never found in the same cell. In
contrast to unmth@letﬂéﬁtﬁad’é eﬂtotal\hmmmd@@onﬂ 6 Brspoipt US@@/I@C@*OZ! Skheravixaals
MVASC tre W t T nt |y [ e processes
for >40 p, {festa‘é’?%:#%%v%'é‘tl% ‘Sn°e°6r%‘ha 42‘2“’(% hf %onal

characteristi csslsgienmegns and |f bFGF- |nduced cel | s shovved evi dence of
vol t age-gated Na+ currents a patch c No sodi um currents_ or

| a
fast spi ki ng behavi 8foodegd dawhmprroyny). 52? mtll?gb]rﬂVAS@Sd’éFailﬂﬁé(ﬁt HSUHBR apimads
cells (n=59), in 4
" cells there was %&aﬁce %sgﬁ@&%@lﬁgﬁ/rﬁ%} é{%ﬁnﬁ?&ﬁig céﬁ: g?’ﬁ%ﬁ?éﬁﬁﬂgnts.
Thus, bFGF i ndidadlisa IbISOctimdi BM wbka\deplfewdatsmgnaé coddlahmgnmgat:bhbnﬂafStem
- currents, ESGSDICE:I? T%i:(t?nro?ggslésolplc O{/agt%%lvgrmC% d%sj ar\llc? 16 %ﬁs use%r}gr cytospin and

centrifugation. For serial transplantation, 5x10’ cells from 2 femurs and 2 tibias

were transplanted into individual secondary recipients via tail vein injection.

Secondary recipients were sacrificed after 7-10 weeks.



10 protein. hMASC acquire a m dbrain dopam ner~ic, serotoner icg-an_d
GABAer ~i ¢ nhenotyne when cultured with EG- and FGF-8b. FG--8b, expressed at
the m d- hj, i.n, boundary and by the rostral forebrain, | <

differ enwgg%ﬁ']{)&f dopam nergic neurons in mdbrain and f%?ﬂ@%@i‘ﬁ“’ﬁ and
serotonergic neurons in the hindbrain (Ye et al., 1998). In vitro, FG~-8b
has been used to i nduce dopam nergic and serotonergi c neurons from nurine
ES cells (Lee et al., 2000). hMASC (n=8), expanded = for 20 to 60 PDs, were
replated at 2x104 cells/cn2 on FN in serudffree mediumwith I TS and AA and
with 10 ng/ nL FG-- 8!lid@rgmd. Langy/ wire latedvyite 1trhiah4 8ilwtiof oL@Clsompound/ ed

for 3 weeks. FGF-8b and EGF | i fferentiation int |.s st ai ni
oS i ve T o HSHRERASIREr ST B 6pPeatagherl spRANERG) NG AR iTind Tu3 1.
day 14: NF-68, ngiétalﬁﬁlsclu':m%}di@rﬂgkﬂﬁé’y%db%%?‘tﬁ@rec%t anfsbls #B@ Nat- gat ed

. vol tage channe but not ol igodendrocytes and astrocytes. In contrast to
our obser vat i drarfestedlaR@eryopthsemdd ABOMiTT 4t 3@t dndtin N A deter {Apbenndgcat 104

cells/cnm2 with E d - di.d not |.ead differentiation. After 2-3
weeks, cel }gns HAS lgh'gﬂayggiagﬁocé%&m&aﬁg@yg?’@& GABA+, par val bumi n+),
dopani ner gi ¢ (gikaS aft and d PERnkiat e tREUIpOFIAE Gblfs mbi¥dt and ser ot oni n+)

neurons (Tabl e : s al so expressed the A- A-receptor and gl utanate
receptors. Cells wiEngr@ftmgpmhedi-galénepmﬁm@Pﬁé))atr@xsg@teaqqm@emp&sq:l Sve with

30 Abs agai nst .t he nuclear, t [Jd.RL . rl. e in
m dbr ai n dopan(izﬁ‘g\%é?%‘%gﬁcflbr%gaﬁégﬂsctg%%@ﬁgﬁéhggsmgp &g rr%l?trﬁégg)gazggc\i/\g?pyas
t he prot ooncogemR f&REEQ. damARitbhidtpehafnneiand €HPCROGHE perfomuddeisietoribediime
ki nase, which is a conmponent of thelgjial cell line-derived neurotrophic

factor (GOWF) Pesepiesot and \ngspectivelyy Tainpresanodistedan lable 150 conpl ex expressed
on dopam nergi c ne u I o NS & G-- 8b
i nduces a phenot ypgl\Ié %ﬁ%&gétégﬁn%ataﬁdﬁ’?&%ﬁi@fé%@é’ﬁi %gggﬁggﬁﬁf?ﬁ"sﬁ Agai n,
resul ts from i kemumopuicicaidsess (bwbod sBMtindspleenpascwelf as eppthebhymoebimgativary
anal ysis on hMASC i nduced to djfferentiate for days . with FGF-8b+EGF. 5
sy st ent it HATRESS IR RIABHESPEHSTral o chavsi TS Sanedie 4 55 fofd
increase in NMRNA for TH, TrH, glutamate, several glutamate-receptors, and
sodi um gat ed vol tage channels was detected. As parval bumi n and GABA are not
present onl% he arr a¥abledeEngaftpreatisivels it QR SEHY npice trandplantesowisly RAMR6
anal ysis. Consjstent with the al nost exclusive neural differentiation seen
by i nmunhi st oc I'stry, there was 10 no increase in expression of GFAP, S
100A5 nRNA nor[ nRNATTor tHe ol i godendgpeitnRnSNaabd) hdkermmédigr , PM.
FGF- 8b+EGF i nduced ¢e gxpressed >2 fold [ rasi ki nase recepfor
(Trk) A, BDNF an’ehir@DNF:tgs Jeral gl yci np-'f"'“t‘%g‘%.’°g"ﬁ§f¥°rqa"’ea’ b
hydr oxyt rypt anji ne-reéept rls, and.|severall synaptic proteijns. Caculturelwth
the glioblastdma celll |ind Ragtioannh¥aces |nBo¥on SHER ufr 4¥ on. 985 |1 MYEWBert i ve
of the culturel candi|tidns used, hMABO deri ¢ed neiJrolns7di d rfot |survive| nore
t han 3-4 weeks[ TR CUlT@re.[ ANonei[t Ny cUl Tur e| cosit aj ned Pl isal [CETBS after 3
1 ]

weeks, it is ssbre—thattreprotfal—ceths—that—express—beth—ghutagate] and
glutanmate rec By JPRR.)O gl u'rgrm'r(3 f 0x r‘ij'rr\;/J \A?\dp Qngng;nd Swanson,
2000). Alternalti el y, f6act|or§“°re ui reéd flor 2neliral " clel F surVivdl 449

differentiation and |[maturgti o 20 prdvi ded2byjglial|{céllp Might not b
present in theftgturegy (Grondel [etgal - .| 2@00] Ogad] and| W&i$y, 1999;
Wagner et al ., 39999 —Feo—Hest—t+his—hypoethest-si—eetts—from3—week—otd
FGI%-8b+EGF cul Lures lwere docdft urled with t Be 3I7i\(z%| stonp cel | Ii‘gp, ) 87,
in serumfree medi um sdppljemelit ed wi fh EGF88b+EGE fpr an| addi tli ondl 2
weeks. 25 The glisong ceall [ines U 877 [Anmesican ¥issué Cel 14 Cgl | eétion

P V.wi

(Rockvi |l | e, s TRy Nt g T DgEMR 0% FCS ey cTgne| taborat ogies
. L )

Logan, UT). Cel-s f.rent.Lgd.qﬁe!/ ol d-{ +ECGF ¢ ont-ai-RRrg—EuHuHes

"abel ed vi th the'lidophylik dyb. [PKEDG (Sidma). &5 ber mhnik adt (RarPs
~ reconmmendat i ons. 12ahel éd clel I1%ss were fepllat éd iin £N cd&2ed dhanber 8slides in
FGF- 8b+EGF cont ai ni ng seru ee medijum toget her| with| 12003 U-87 cells

and mai nt ai ned—gggagditiot Week S Wt edT S CITRGEF eVET)y 335 Uays.
d no
Bi

D

v

To assure that |-PKH24 p iHved !!§d & tfensfer() te4t he
U-87 cell line| W87 c&fls| wer® cultored in BSA ° Wp 32106-7-8
PCT/ US02/ U-4& 61 containing nediumand 20 pl PKH26 dye for 7 days. No

| abeling of glioma cells was detected. Under these serumfree conditions,
U- 87 cells ceased to proliferate but survived. hMASC derived neurons were

| abel ed with the nenbrane dye, PKH26, prior to coculture with U-87 cells to
allowus to identify the hMASC-derived cells by fluorescence m croscopy.
FGF- 8b+EGF i nduced neurons cocultured after 3 weeks with U-87 cells and the

same cytokines survived for at |least 2 additional weeks. Neurons acquired a

I T T T Y 1 N B o - ] Y 1 N




10 The el ectrophysi ol ogi cal characteristics of PKH26 | abel ed neural cells
derived from hMASC after coculture with U-87 cells by whole-cell current
cl amp anqg,, -clanp after current-injection was eval u Fi 9B)
Current-g?éﬁg%ggﬁ%nstrated spi ki ng behavi or in response t@éﬁﬂF@éyga current
in 4/ 8 of PKH26 | abel ed hMASC-derived cells present in FG-8b+EGF/ LJ- 87
cultures. The resting 15 nenbrane potential of spiking and non-spi ki ng
cells was -64.9~S. SnV and 29.7t 12.4nV, respectively. For each cel |

studi ed, input resistance of spiking and 3bn-spi king cells was 194.3 (37.3)
and 216.3 (52.5) I* EBISREBM URk Y4 B-PRamispigngFipf. 4DIAK coflabidheal wigh hi-i n

whi ch w observed spi ing behavi or is shown e top panel shows

in Fig. 9B. The .

“a fanily of véiR4yenti+2s apjiniMaslygi-er} @Q%“TE@H%AQS Similar ryubeMereunder

control conditj LA f n?p/}ﬁ I Ay J cel d
~themin the ras%eg]gf% of er—‘ﬁ?g&ﬁ'{ﬁ cl)cgo-%l m%i’/fn.O ﬁzéaéu@r)gﬁ %‘Iglll’lgj \D%%F ?%‘nlﬁﬁﬁtg%rgoég?c!’ as

shown in the BMdrepleanelen thaghtfrgal CBFUTcellsinveresetnin chembriamécepditenti al to
different |evels. As shown in this exanple, depolarizing current steps that
ver e suffiéi engasn forthis 18 gumEsntligot keP¥s| | to threshol d for action
potential, evoked ' | fvRARRktes I MR nbh&d st he spi ki ng
behavi or of the cel @%&ﬁﬁgﬂégﬁgﬁgggﬁr&h% K/I TTX,S esuggegt{]ng Si hat the
acti on pot ent icahsistantewinie thiedtypothksis fiiat ghtreMASC hage te thersplekes,. they proliferate

Leak-subtracted current_.records,. obtaiped i.n voltage-cla romt he

sane cells (Fﬁﬁc.a?]g@_f‘g%bfé%‘i%"tt? torfom &ﬁorwgoﬁﬂrﬁe@grtswﬂggg\ﬁiﬂ gr ittr@ f8ht in
time course angd)gfdd Al EferhtidRnloTARIATY dtPRhdtbpdietid\@ls i»HveYan B Wel | as
outward 30 currents. The transient inward current was bl ocked reversi bly by

1 pM TTX. 10hi sittpibatedde ocdomsgyinatiogef themMASKE whb HSGnBirssBMMNE acdepigiedind

t he vol t age- de t tivation of. the.in urrent is typi.cal for

vol t age- ggt ed q%gﬁﬁj‘gsﬂ?erl%rc?ty scf’ﬂﬂ‘nglﬁ? chﬂ? geﬁoﬁe W%? CH@WF%WSC ! ﬁ%{%gkgf’%qn%l’
nuscle cells (ﬁﬁz nfisodérmal dOematdvidticarmserigiondhctors, inddWil Kbetdds,

PCT/ US02/ 0- 4GS2 b2 1999). Skeletal nuscle markers in these neuron-Ilike

cel s was not (Bebewsoad! alri098). SGAA ekandfgdde1 (Waiss ef &atlF82) atginoh

FG-- 8b+EGF an - CUl . it h gl u [N at ion to
ol 15 wi th ¢ ne Pl hittoral AR R bELDRE IR LALAE: 1hel

TTX- sensi tlisve thotulage coaditchsNaed foutmiMASE ark MBS@ippoaivebaHC8d Fonrtivelit ri cl es

of newborn rats differepntiate in cells,. ressi a ocyte and neuronal
markers 1. 4x 1CACHPRIE! inghematonoiRici dd&ﬁ)’(‘}fg?“?t’rﬂ“g?‘{”égi\'{‘%@’( Heviray By -
ventricles of ﬁhtuﬁﬁ@?&ﬁ%iﬂqﬂrﬁi’o o?etti%-su;%(;rﬁ{le fbe@Qd add cy¥BRKSs, havt hEhs wer e

sacrificed and ana r presence of hunman cells and evidence of
di fferenti ati amsoécebdfBiSBeyes @/ .n20f¥ldect oderm Human cells, identified by

staining with a antj.bodi es .agai nst n nucl ei. or human nugl ear. nhr ane
coul d be seen in th%‘gg%'lfa'ﬁfde%gs %Sdﬁwﬂ*ﬁ}g%a MERL YHE a7 REH '([,llqlevef’rllmgsﬁfnﬁal s
anal yzed ait erad 1weeKsripletdlctithRiundRistoekdiSistri wiB Qs ligentify bslthalisiq Ok ) seen
deeper in the brain parenc such as in the hippocanmpus and al ong the

t

hy ma ! ,
forni x. Sone WWH@“W&&W&C@HF ingthe s LisSUSIEE NS 9§ thedivar Inedingi ned

positive with anti.- P iLbedi 5 ' sitive

W th ant i Neu- REAUREBTET B BontiiRERER oPle RimEEL Se B RfaRicyie

anti bodi es. Tr(QKl B €DaiShongbsimig dcélpyingaboans10% efar gise 5igaseqmmi(Figre
Neu- N positive cells did not coexpress.and GFAP. S ry. 20 The central
finding of thi¥h}HiSqvsral @{1836931?; @-@&m&%retﬁwﬂgﬁgﬁa Shpiheeie T e

i nduced t 65di f gl xﬁiﬂaetfro‘ﬁ{‘!mé_egﬂﬁaialr@a&d9&1Bﬁxhixffﬁlg|al+tam@ﬁ<1*sﬂﬁ-gaw%@11@6' I's
wi th mature neuronal characteristicCs, as well as astrocyte and .

ol i godendr ocyt engrdftadadotcerdsof hemtociassunewetineporta $rapks) 4 pattem seen in hepatic

cul t ure- net hod- dependen turation SC to,cell.s with rqect oder nal
* features was sW&?ﬁﬁratMﬁ’&P%ﬂcﬁ%c‘gk %@ﬁvﬁ\tﬁ"@ﬂ‘bs %ﬁs%gﬁtepﬁ%;
neuronal or glj@al1996).| BhivaiEthe WMo ek bAlyINED §REbhd Sontihdl didlbor ERIR, 150

~inappropriately expressed neuronal or glial markers. These results were
confirmed at témmsisRAwitnthe notiRattha\stana Pellseangratiinspmgi bas nofel lareps e theo

denonstratg, that the neurons,.astrocvtes and.ol i ocytes were derived
froma si n@ e ﬁ%%d”ﬁ%rsﬁﬁ%ﬁ psrghf&r%f %’Péé%l%fi%ﬁetngiggilﬁ oorgﬁi%§£5ﬂés'and endot hel i um as

the sequence of theEhgatineal in t(ROIngRTIAEVES b16Q corbidteramithnghdt hiekowir about al
vector was identical 1n all |ineages. hMASC did not only acqui req%g%r;otypi c

but al so el ect iggstipalispitbefial slemcgedlpa bt Be et ieaeh FYPIRONIAIRS HRRAUAtON ly
TTX-sensitive t < HitcpU t hU8k inése stbmWRa QILY~7~8
PCT/ US02/ GGSZ%gg 1@%28&5 gé\?vlr? t l‘ée?l, R/%%(j: ggoréég??f erséent irgt e ?lrl]na\fl}/%/ao into cells
expressi ng neuronal and astrocyte nmarkers. Using retroviral marking of
hMASC combi ned with PCR-based sequenci ng of the genom c sequence fl anking
the 3'-LTR of the retroviral insert, it was shown that neurons are derived

o o R AR £/ ~7~ 1 1 N L Y T o, . o



10 multi potent adult stemcells, or MASC were re-naned. Sanchez- Ranps et
al. (Sanchez-Ranpbs et al., 2000) and Wodbury et al. (Wodbury et al.,
2000) sh%qz/gﬁeﬁs popul ations of human or rodent MSC can gxpi&smbdr kers of
astrocytes and neurons, but not oligodendrocytes in vitro. wever, neither
study provi ded evidence that the sane cell that acquired neuroect oder nal
mar kers could also 15 differentiate into nmesodermal cells. Furthernore,
nei t her study showed that cells expressing neuronal markers al so acquired
functional neuronal characteristics. Thus38although suggestive for neural
di fferenti at i anundshfslevisiepor the ndiddle and uppmpouins of gypie padheive &tsetheur al  and

glial differentiation fromNSC. |t s al sp.,.sho t hat .. .r ant ed
" in the ventri (ﬁpétgﬁlfa?ﬁ%ljl%g?tﬂmrgéﬁtg u%ﬁg\@gfnouﬁlog}hgtcéyvgﬁhoqqﬁtadjg%?%lh' ol

e ‘neur ogeni c

subventri cul ardefQBE e JaRCR ChaspRReea KBllserthely @ovdrey sevesdd ailtl (Fig. hOcal
cues to differentiate into cells expressing ast roc%te and neuronal markers.

" This nodel wasP)Hoseme wdlidiigel pangKaCDIA eehls cangtiteted prlyaxd”paf € NSC t o

speci fic neuronal phenotype CCURS

transpl ant (§t i oﬂr‘ﬁugﬂﬂgﬁcé’ (%((ﬁld;aér?%sngfg.g%gusg@gﬁnﬁ%ﬁ& al eﬁl‘?ﬁgﬂg ?ﬁ#ﬂ%{'both
non- neur ogeni Cerapt€aSevedal pagel pARER” telRNGft dBtiActly el dmtheicoreefibestinahnillial s
conpared with adult animals (Bjorklund and Ljndvall, 0Q: .S endseFﬁand

. ] 2000: ., Sy
Cal dwel |, 2000pemamomsiia. HMaIbess eelingrrstaipdsior CAME (ig AB)-dediraiing that o
cells outside gf . i d r . at:
nunber of cel Itgle{/ hgfé %glg;'gng@egﬁgh{%otﬂa gﬁ gg e?%ielng ﬁ%)\l/den fﬁe(ﬁ?&;@ ggnﬁfllf ow
after 4 weeks, gdutrist ocp-gal pahGH 1451 2lveslekepithdlalldets shseasindést whi ch MASC

can be isolated frompost-natal BM. expanded andg,.i ¢ed to.differentiate
in vitro th) ashemaigrRaidic il %&@FHEW@Q“%‘P%@%ﬁ:i?%%c[_g'lgi“lt)t(ﬂfeékﬁray
circunvent one of thg. RE AP RINP dd et hﬁlgaﬂﬁéﬂi@tﬂ&l%mi weR ®in¥ordh&t

availability of suitable donor tissue. 2/ 0G 47. 48 PCT/ US02/ 0. 1G52 64
Exanpl e 11. MAGTh DiviefsatetmmiredibyrQPARofordED (Faled). i Engraonens lexely were

enbryogenesi s, .the first si of, liver rph esks 49 a.thicken of the
ventral endodefifilr BAYHals iaﬂﬁvsz@ﬁgé%% ?‘%%%?’\%8%“%#?5‘“5&5%8?@1% t he
nouse (Zar et K(”l%ble 001}. Little is known about the signals involved in
initial endoderm formation and subsequent endoderm specification. Early in
gastrul ati bn (e6- e7Nosauaibution wes prsn ta pkeletpl arpardign musedsy Infogpast to
anterior/posteri.or .directi : : I Etis sdeHdh es
showed that ex“Rh 8aet§<sglgesslf$g ﬂg)%\%é%aggbcﬁ%%s}%%ﬁﬁgﬁg\ggpgf }lct){u?lges % e early
endoder m whi chkkelaln \vagitataiseid inttlie shspricesst tiseyeainjury.nihdrefose, (OnéImay nbtM et
al., 1999). By e8.5.in_the m)uige,, definiti et ltgﬁertl.doder Eotcvas for r;eﬂg trr;te gut
tube and expr e8%rest sigmicant contriaptiqn of stem geie Lo these USYEE o LHOWEN B0 SRETAUIE

| nduced to the 4 £ KiDSROGIRY, AFd Bigand &) whith epithena(Follshatidrgpiasaced
by the adj acen'rggg?ttl g% mesoder m (l}%’? et Kg%n 2001),ﬁvvhi ch are reéui?gd to
i nduce a hepat honéar.eltanshavot intthebldspeyst injgtion experinerftatExapmie 8t thpt S, |

2001). Basic norphqogenet.i roteins,(BVP.s roduced. the t. m 15
nmesenchynme ar e"é{\aég%rcéa &i‘f?eégméée %%&Pg?en%eﬂ‘e%% ’ P%?/%qsglbg%/e’& l%na&ﬁgoj\{ﬁé ek
Fam o (Zaret Ko e o P aqui 164 Tor henat e
speci fication snthessorginspahypothesis thaids sumenly hesnevaluaisd. «Yidhaugh) &i% to
hepat ocyte differentiati.on, ] : : S&%

specific expregﬁeéﬁnt?ge(%g{ésnegfoﬁh@%ﬁQ%ggi%%éﬁggg{gﬁff?aﬁgst |fﬁ§%/lgﬁ’ges,
mat ur e hepas oc wiMa SCaRadieee irghe deaigranl rareldoneki calls ifons ikt bram did apoewsi bl e

for hepatic cell replacenent. As a resuli, there has bee reat controversy
about the exi stiawbwithmguogsiedsranl parkers. ‘Preé’?’étrﬁ‘@gF?t!onﬁaFH%ﬂBSt&?dgtﬁgﬁ ve

(iver necrosi s glig deeReisitn hilixlodim iU RASAACER B dRicRrclif fleaaiti

chemi cal s 25 that bloc eir proliferation, a population of smaller cells
with oval shapef ahietalettiaoumlerveant B tremsplantatioan Howayer, fadnbly eblatiret er sen,
~B.E., 2001 ). These oval .cells nmay constitute the "stemcel|" cogg%{atlrrent

in the |iver. GISRATAIVEIERIMER PHEr ofransRiantation atranspiaplatigp i ReWRQip AAMAlY oo
cal | ed the 3?6”%% REd, 'BAAitOE asEsRARARRh BréadRedowH & tAE BldoBitRaihbarddrv eells
parenchyma (Theise N'D., et al., 1999). Oval cells are bi-potential, giving
30 rise in vitrwerairfused iwnowitradiased adilieamalsyercanimalg tispted withclow dase

epithelium Oval ,cells . expre veral heny et 'y asp:Thy
171 "Cpaa, it dediaRen R Ao B FERRROLEL Rt pgiat Phid
"y-glutanyl -tr %ﬂ?f SIpRAR thedck EMnBIA SThengaftgem infthe CWE. U2/ (16~7~8

PCT/ US02/ O~-GS2 65 oval cells is not known (Petersen, B.E., 2001; KimT.H
et al, 1997; Petersen, B.E., 2001 ). Until recently, it was believed that
hepat ocytes could only be derived from



cells of endodermal origin and their progenitors. However, recent studies
suggest 5 that non-endodernmal cells may al so form hepatocytes in vivo and

invitro \Q,BQ)?@WQ%EIB. E., 2001; Pittenger MF. et al., 19?53%5&2%%3\/\1 ng

bone marrow nspl antation, oval cells are derived onor BM
(Theise N.D., et al., 1999). Transplantation of enriched hematopoi etic stem
cells (HSC) in FAH -~- mce, an aninmal nodel of tyrosenima type I,

resulted in the proliferation of |arge nunbers 10 of donor LacZ+
hepat ocytes and ani mals had restored bi ocB8nical function of the |iver
(Lagasse E. etCanfluenPRNCddmotdiféeremtiads insiivigl e HSC nay not only repopul ate

the hemat opoi etic system I ribute tq epitheliumaf |ung, skin,
" liver and gut (Kr auééc‘ﬂi?t@?y%?géﬁgjﬁggélwﬁﬁr? ‘@%@rﬁnﬁ@r‘b‘@%& -ugncteLpﬂJ&r cells
treated in vitihRchbh "MIS@ABSDAPRNR cORE ¥dnMehhlosE théirlaBRIY tOligRENAhlcExM

. (OBM may acquire a 15 hepatocyte phenotype (Shen C.N. et al., 2008%).
Fi nal |y, nousevienbr sediaioptsidearhtliieagysoderm,aind hehavedtkgedasyical MSCr(Rereshdb &t ocyt e

Dox (i o 2013 iMion g T ARG MSE TRt il Do B 1 e s
not only diffegsiokicel amgrmﬁmemseqdﬁhgmevaﬂrgaﬁ%nm@tm% EBM; ehdss cellutid al so
enotypi ¢ and functional characteristics

into cells with norphol ogical, 20 phe _ch

of hepat ocyt esnqtigoviphel &lthﬁm@f‘iﬂ&é}@ indigatantbat MSGunaengraf prtisuss, but arge
phenot ype when_cyl B L. : . R C were
sel ected and culf tbﬁlégaa%g%wd%ggr%ﬁégm&gg%’g? rcﬁﬂggﬁgg iré COtﬁ |tar%4r?§' for
MASC di f f er ent MtS©deriviidaetie pebone tharrdw Efmiveldas be 2&ridllyarankfeerett of di ff erent

t |1 ul tri ts W d t oki known t
nduce hept ocyt e M BPBVDPE RBRARRT WP OSAPS DB vl e, P,
2001) on MRSCyBEMEMAR-cSHchihed Ells!iBi Aikid ehddERf QYRS redpiched | REETUT ALl on

requires cell cyc est, e effect o density was al so tested. To
denonstrat e di BMecallst reabvered fromipejpadry cocimients R & veeks sfterd &M . lisfusienef st ai ned

fter 14 d 3Q WiLh Ab i | bumi K18 3~i... i nal
i fferentiat i off e pnoRARlo Soush e DS bRpsoie B b 41
epi thelioid cejlimaldR- SARISNNENAMBSLaNE [ EwREIR ?éioﬁ&ar?lq&ﬁﬁeﬂ{@&'eﬁ@éahﬁf\}\%é@ in

the presence of 10 ng/m FGF4 and 20 ng/m HGF on Matrigel T'" as
(12/ OG~7~8l 53CT§rlSBb)\QP‘?,IBNE splem, Eerwhing and dessingspof the resipient aglyal wereie per cent

al bum n, CK18 and HNE3( 3 itV i iel i) [ + 190 )|
17.3% of cel | sg\‘/@gﬁfzeehlﬁ?‘f&“@?%i’?ée‘{& ."?ﬁﬁ‘%A&Pgég%ﬁ%&@'%&%ggﬁéﬁ%‘ﬁgﬁ Sﬂa?g K
18 and HNF3 ( 3P@Rsfof theaNEQigehe! A ginlila ¢lattemudenglagimenewas seei ésdcbadigy onl 'y
53.1t6.3% of cells stained and fewer, K (10.9% pi nucl eated cells were seen.
Culture with efechuentsasrin the prmaryseepisats. dioyirdynof By splesmandNiBcsllsyvete Br ve
epithelioid cellsg hAuRi Relia PR BaE sENTSER-Ad¥eShid ¥qngel | s
was hi gher Mehélmg%ﬂgwﬁl%%égggﬁ%sﬂt?gﬂtgﬂlam tﬁ bot IEI_%G%A% and’ HGF ag shown
in Table 720 AG%i dfilong efittefi@rellbRere B-ECHTan-CKP' Eevaly ofsdigrafirdem it the diver
increase the pegcent,cells .positive for hepatocyte markers, while 1 % DMSO
and 0.1 M 10" ANSOMERISSIRIGHS PErO T e S0 ST G FREP R AT fvaSC
or TMASC to cehﬁ&s%qﬁgélramm)r TRRARAESGK!RatAKEIC mapeRist & the BMSF tees
between 2.5 and 25x103 cells/cnz were tested, the highest percent cells

wi t h hepat ocyt primarkeseipiens gnd didfgrantiatsintohematapsiiissells asiwell 23 emthebd cells
cells/cn2. No Qﬁgﬁ%%%t eggi'offeerg&frie?%ng op was seen when cells were plated at
<12.5x103 cel | & APRRSC A e B S8 &t 3-30x 103 cells/cn? on | 0Ong/ nL FN

or 1 % Matp$ gel TM wiMAS@Rehiveddelis cat-fioducelindal MR, vdIGEAS@floth ROSAZE4. Only

cells treated with 10ng/mM FG-4 alone, 20ng/nm HGF al one, or a conbination
of both differ BH¢g wewdnjected into irradiated NOD-SCID mice as described herein. The

resulting MASC derived cells co-stain for LacZ and insulin in a model of
streptozotocin-induced diabetes.
Summary

30 One of the critical questions in “stem cell plasticity” is whether the engrafted
and differentiated donor mMASC are functional. The results described herein show
that one animal developed a lymphoma in thymus and spleen after 16 weeks, as is

commonly see in aging NOD-SCID mice (Prochazka et al., 1992). Phenotypic



20 into epithelioid cells that expressed al bum n, CK18 and HNF3~i. hMASC
ﬁ:\/g\ts(ca:d i’it 15-30x103 cell/cnk differentiated into epithelioid cells whereas
p 103 cell/cne died. Like nmVASC or r MASC, nt
al buni n,%ﬁ%’ﬂ{a‘ﬁggmws (3 positive epithelioid cells was 'ﬁ{fﬁ/ﬁs&‘?‘{mﬁ?ﬂ hMASC
were cultured on Matrigel TM (91.3%t 4.4) than on FN (89.5% ~ 5.4), and the
percent binucleated 25 cells was higher on Matrigel TM (31.3% than on FN
(28.7% as shown in Table 7B. Table 7: Optim zation of MASC differentiation
into hepatocyte like cells. A Muse and #tB: HumanFGF- AHGFFGF4
+HGFFGF- 4HGFF@hRalsis IskdkedahbuthisB-Cill lyﬁ'lpHNﬁ&p»asl hest-derived: (ElD-iP+ee—llsWe—re B+/ +
+++/ +++/ ++ ++H A - ++E +++ ++ +++4++ +++ +++++
5FB g el

bt VO 02/285 Approxgmately 1008 Is in the vascu asture of the tumor

Matrigel T"" Al Q&Hﬁé?r*w{tITiIM-Ptg*I/A*b'§+ihﬂfbﬁtl'{#%tglﬁf’f’féﬂ§h%| géﬂa/sfsirrﬂ{eﬂwm& whs fpartNT++

- +++FI NF3( 3+* +/ +++% ++/ ++++ +++++++++ | agen um n- - - NTNTNTCKI g- - - NTNTN
THNF3~I - - - NTNdxfived ﬁom%onm:mMA@C-(Elg_4§)3%hlsrsuggesta@% MASG gfyeg@%to +++++ =

80% cell s stai ositive for specif.ic

Phenot ypi ¢ chatﬂﬁ‘[c}g’é‘ﬁ) ERIPEBN B RS AP E gi@ﬁ Ev %§%M§ f&’%ﬁ] Fig?(e
cel I's 5 Hepat aptt@nitionah eafidRhiifiVe ¥@and, Bﬁémrthehélhatab@lén@y}%terﬁmﬁw by

i mmunof | uorescence and confocal m croscopﬁﬂfor early (HNF3 (3, GATA4, CK

19, aFP) and liatestigatrnigheligmy(Tiable 4, prf08)), Fadlowang layf dw@pa@@etﬁresuggests that
differentiation | ™" with FGF4 and HGF
enl ar ged from'B M‘rﬁ@é%g contrlwq‘u éetira&‘g nt%)A\%/n{ﬂ{l|§§r“llg$abl e 8A. On d21-d28,
approxi mately 60% of hdéekelsﬁltsmlomdehaﬂmetxmhlnm M A Ghcanberpomifid dcexdpandsdedx] er
round or spindle shaped cells. Undifferent.iat eﬂ1 rH[\éASC or rMASC did not
exprk ess anf ofvivmand infasedd pechemed torvarious sifssiip fherbody 0‘?”§r miQ RYPRFTRYS ¢

mar kers. . After a H¢h | evel s
of CK19, and v(géa)l/rgsf g‘?dethggHa gelgs)gzglé ﬁﬁé pglsi%\é{é %\e/l%a(b%‘lso?rgﬁ?\-lgéﬁlg altggl‘:n:lorr]l g(é))t\rN CK18.
At seven days, Sudhalonar gis amdﬁﬂﬁahmtmtdi aed dnffesd:rﬂnatedd)rpgmwtam/@um& tyovirtep8 (3,

GATA4, HNF 1 a with increasing stainin al
cel I's expr esseic fppresqgnt garkey, in 9§gans i >b§t n‘?twgmltgtﬁeg(&ﬁhsgﬁ& Hvecfel l's
stai ned posi ti %E@éellmﬁ%e@sed% viate Ge dBmaRcomfent(sPiét not
aFP or CK 19. The séna ler cells surroundll)(?lpg t he nodul es ofﬁeplth(ejljllbm d
cell's stailfed pmicnt verestore €Kiy onga fympion20 hVASC was pl ated on Matrigel T
with FGF4 and HG-F or FG-4 al one

Example 7. Demonstration of in vitro Hematopoiesis and Erythropoiesis

MASC from, human BM differentiate at the single cell level into
neuroectodermal, endodermal and many mesodermal lineages, including endothelial
cells. Because endothelium and blood are very closely related in ontogeny, it can be

20  hypothesized that MASC can differentiate into hematopoietic cells. eGFP
transduced human MASC, that are GlyA, CD45 and CD34 negative (n=20), were
cocultured with the mouse yolk sac mesodermal cell line, YSMS, as suspension cell
aggregates for 6 days in serum free medium supplemented with 10 ng/mL bFGF and
VEGF. After six days, only eGFP” cells (i.e., MASC progeny) remained and YSM5

25  cells had died.

Remaining cells were transferred to methylcellulose cultures containing 10%
fetal calf serum supplemented with 10 ng/mL bone morphogenic protein (BMP)4,
VEGF, bFGF, stem cell factor (SCF), FIt3L, hyper IL6, thrombopoietin (TPO), and
erythropoietin (EPO) for 2 weeks. In these cultures, both adherent eGFP” cells and

30  small, round non-adherent cells, which formed many colonies attached to the
adherent cells were detected. The non- adherent and adherent fractions were
collected separately and cultured in 10%FCS containing medium with 10 ng/mL

VEGF and bFGF for 7 days. Adherent cells stained positive for vWF, formed



enlarged from 10-12pmto 20-30pm di aneter by d21. After 7 days, cells
expressed HNF3~3, GATA4 and | ow | evel s of CK19, while few cells stained
posi ti ve n or CK18. After 14 and 21 days, >90% g, oid
cells stalﬁ éfa{)‘gwu ve WO U2/ 06~7~8 PCTI US02/ 0~6s2 68 éT/%(g.‘zgidh HNF3~3,
HNFl a, HNF4, CK18 and al bumn, while only rare cells stained positive for
aFP or CK19 as shown in Figure 10B. Table 8: | munohi stochem stry Pattern
of Hepat ocyte Marker Expression A: Muse and RatB:
HumanD4D7D10D14D21D4D7D10D14D21HNF3+/ ++ +#l++] ++/ +NT+NT++Gat ad+/ ++/ ++/ ++/ ++
| +NT+NT++a- FP+asculaiNibédTwhen platst oNECNANEIdawere ableNT ke a~EDINTadwating theiri n- /
- +/ ++/ ++/ ++/ +NT+NT+ 18-/ -+ ++/ + /++ + ressed,
- = Marker is ‘WG‘M@ r@gggdSa{Q ﬁnﬂ’&?%"éﬂ%ﬁ"?—@ﬁlﬁ%eo?{}\éﬁ: ﬁofi 'gl s are

derived from té{is%ﬂ yAl dﬁaﬂ@ﬂ&%ﬁbp hatv d%&ﬁa §'c3; ntlyah DHLiAtIsHE eeReatRder m

~and endoderm | een shown that Sing or rMASC differentiate
into 10 endot Imlectn@byri@tﬁﬁe&no‘t‘!eugm éhdmsml@sandls@qmmﬁeﬁ theoediagaciesisbedoder mal

cells. It s als vvnth Si soder m
and neur oect od@PH™ t\)% ’5?%5?8%’ Rﬁ%&mtw es IbaJ ﬁo%(}h%ge?ne%ée?&%nﬁ%her
they can di ffemrﬁun@énemh Jolnlﬁﬁmdpammbl R¢ RIGPCR. thadaSel 1swexpeessed himatl,

e

cultured and expanded as scri bed. For differentiation, mVASC or r MASC
were pl ated atS@leEI%ﬁ,l@BnééHbtﬂl cnz on 0.0l-10pg/n fi bronectin (FN),

0.01-8p, g/ col | aggH, Iggt%d@ ?Jen&% e§stsay H'Z%"/TF%?/aqd%Pé sthall

Matrigel T"' (Becton Ckl nson erumftree nmed um ow gl ucose DVEM

(DVEM LG G begrythirbid colomies W@ba&ﬂh afteir1 0 ddﬁ"/mm%ﬁﬂt}(e& gﬂm)ws staippd enent ed
W|th1X|nsulln/transferrln/selenlum 4.7 ~gl i nol

bovi ne ser U apasifivefor Bamgn spegifiy @%Yée%@n%‘? hééé €°“°Z’£Pfi€5§9| ‘%Qﬁ‘lﬂsﬁ’i“gﬁ%m d
2- phosphat e ( ah@}tk%@f%&?)m 1P dtlis BBR B, bideuldRG] MASE SelcpADRYE | N

(G bco)], wth one gan Ut ah) and 10 ng/ nL each epi der nal
grow h fact or GBG&)at é&nxgim)exammﬂamngbnﬁtﬁleS@nQ'CDh@t gray(dnakysisCheni con,

M nneapol i 5. hgpamiages REMA: Eheaortas FE0S o Pkel: Sﬁ‘DoWSES/ﬁ

FN, or 25 1 % Matrigel T"" in the sanme_nedi ym w t hou LIF( 2002) .
After 8-12h, nedia Jdexample§sJayivoqnoptol the e pltingtent N 3‘“3—:--—- LShowa o o
sal i ne (PB¥) dyMuttiple Orgemthimepism follawingdBlastogyst dnjections of the Cells |

f di 7,
e M o o i o HRRbEIE B lentbllicpBROMORS of Ese QTiCTs tERGEy SMASTETT

Transduct i on oprdhifSE anidtdiffer€htfatevirso ﬂ&rafpprqmdtemllm@eam e@Pup[mAl this
containing retroyvirus and expande o >SX 106 cel.ls. Twent er L

i nduced to difPRIEHE; %quﬁttﬁatﬁgg‘gfii’ @?ﬁ&quqopmhu%ﬁm“@gﬁ%g% Sﬁﬁef%nanm%F
endoderm For gkQReaM dGads i tREbEdY AEBESVdelld! In staer foiaahlysé hethesMaSESent i n
undi fferenti ated MASC as well as nesodermal and neur oect oder nal

di f f er ent i 30 ed cewtishowthe Buticmpabilitmd ES qeélsmgoverefafSWéﬁttq deteamipethsirck18 and
albumnp05|t|veclls S I

FGF4-treated MA 58%%’% attggf rk%gﬁ?{' ﬁz%sradrlrlg%é % f’)opfj atl grtﬁe?@mngé carly
CGGCCCCT TGAATT GfatfyeAraniobdodiihpilia ale @Aﬁﬁﬂﬁmigeny Chronosonme 7), proving that
single hMASC differentiate into endoderm asid

Sﬁgiéresod r m and

neur oect oder m QuantMASE; were genepeted doppmarpyod RQ Bigefhay are wRgsernif f¥es
hepat ocyte 15 I 4 tga n C entiation
by quantitati vzﬁﬁ?@gy&éﬁldg& (g:ggil)rd%?%é%?%ﬁr] ga?’l‘9 H—?Iélle:B%\(}gl % %(A—ﬂi_%\iﬁﬁ CK 19,

aFP) and | afe (ekjfantidd astieneribed ml-E\iEuﬂplal Opt oc medaacmsm MasSG ebigingfl after

hepat ocyte diff ation rac or MASC

i nduced to dif#f réréﬂ’%lwsret‘alcﬁ%wf é’ m&%ﬁ%ﬁé&xéé@@éﬁ@% Z%F’i bed and

. 20 CDNA was a”?& Eb&%l@SBfaedoEM(S/Ach@»C\b@s trafsfardd'@ 15t BReRRRhcAMadimice 15"
60C for 60") a r Initial denaturation (95C for 10") with 2pl of DNA

sol ution, 1 X Riqwed teiSRIdEandrbelioiny ey shawninXaPieR r eact i on buffer using a

_ABl PRI SM 7700 (Perkin El mer/Applied Biosystens). Prinmers used for

anplification are listed in Table 9.




25 Table 9: Prinmers used
Pri mer Pri mer sNameMOUSEHNFI aS: 5' - TTCTAAGCTGAGCCAGCTGCAGACG 3' A:
5' - GCTGAGGIT CTTTCAGA- 3' HNF3pS: 5' - CCAACATAGGATCA CA
5 - ACTGG@%T‘%ACG 3' GATA4S: 5' - AGGCATTACATACAGGCTCACC- 95’:%5&’0“’2
5' - CTGTGGCCTCTATCACAAGATG 3' CK18S: 5' - TGGTACTCTCCTCAATCTGCTG 3' A:
5' - CTCTGGATTGACTGTGGAAGTG- 3' CK19S: 5' - CATGGTTCTTCTTCAGGTAGGC-3' A: 5' -
GCTGCAGATGACTTCAGAACC - 3' Al bumi nS: 5' - TCAACTGTCAGAGCAGAGAAGC-3' | WD
02/ 0G- 47a8 70 PCT/ US02/ O-GS2 A: 42
5' - AGACT GCCT TAHBIGSABESAET oBttamPsib follondag ACASL I ECBIGE bEGIRCSA:
5' - GOCCTACAGACCATGAAACAAG- 3' TTRS: 5' - TCTCTCAATTCTGGGGGTTG 3' A
* 5' - TTTCACA CGACTCTG 3" Qyp2b9S: b’ - GATGA 1" G TGGCTGIGATGC- 3 A:
5' - CTGGCCACCATGMASGAGTIHES Qy piebl 8S ’3',—@?1@69@1%%59 GTATGGCATTTT- 3' A:
5" - TTTGCTGGAAGPEAEACTAGEA- 3 MENBNAFPS: &), - TCCAGHBAAAGTEANCAGEIRAAGAS3H0A:

5' - CATAGOGAGCAGCCG A 3" Al bubi-nS— 5" FOC TFG-AMTCFCSTEATCAS
"3 A 5 - AAGGLAAGTEAGCAGECATCTRATC 3'@%9& 5 W@%&G@A&’%Az
- CCATGAGCOGETGGTACTCC- 3' Kl BS: 5' { TRSTACTCTCCTCAATCTGCTG 3" A:
' - CTCTGGATTGACTG 1' GGAAGT-[3' CYP1BLS: 5’ - GAGAACGTA A
' - GTTAGGCCACTTCAGTGRGTEATGAT- & CYp2BaG 5'
- CACCCTACCACCEATEACEE-3-RATT—HNF &S] cocae
' - TGTTCCAAGCATTAAGTTTTCTATTCTAA- 3' HNF3( 3S: 5' - CCTACTCGTACATCTOGCTCATCA: 3' A:
' - CGCTCAGCGT CAGCATSEvEn dittels i Shotm, ir3HeGHIHGAMETHITAGDALCER-1B 'oflier studies during
' - ACTTTGOCATCCACGACCTT- 3' CK19S: 5' - ACCATGCAGAACCTGAACGAT: 3' A:
L CACCTCCAGL TGO Ahe MATBER A ics PO API T AR ATHARES tofalof 37

' - GAGAAGCGI: GT, -3 aFPS 5 . L GRAEN iR A 1

L CrareacracTER T POTEASESY: Soflabisro et LI be e 2L abnomma

' - GGGTAGAACT GiAGAISGAATCa &' dB3phRtdAng: dvert GBGIME@NTHET CTGGGTTCCTG 3' A1 5' -
ACTGTGGGTCATGGAGA -3 nRNA | evels were nornalized usi ~i -.act.in (nouse
and hunan) or 18Sﬂ§959"é}§"‘1‘?%s%@‘ ‘ﬁ‘@reé:@?llégtegﬁ?f CMA%EMIPH%“%%&R | evel s
in freshly isolatef habssiHg tnpk@ﬁrm@nﬁat%aﬁm@%ni@ﬂébmﬁuﬁ@ dellk tahed T or
7 days, or nmRNA from human adult I|iver purchased from C ontech, Palo

Al to, Califor niails bQ-BOR fiohNEO. Bargentghiaewsm was delgrmisgd by gempadte Bebuni n

aFP, CK18,,CK19, TTR 3~.. HNFEI %Bi nd
CYP2B13 (njo(hse?mBPer&%fo?lF%&n)tesgﬁ%ﬁglf g@gtﬁé’tkwls_%@ :ﬁoovr\ﬁ? g‘égt reat lr(r:gnt of
MVASC or r MASCaaiotding fehhamutectinels respiadatiovns ¢7706NEBEPRISM Matdober Siiware
increased | 0 on d2, becane naximal by d4  decreasing slightly and |eveling
off by d 14. miRGA €himersm conidibadetaded inci¥a eEmicerdeived from; ast%@ézﬁf@ maxi mal
by d4 and decr ' WY, égﬁ;{ = : sts] TR
MRNA i ncr eased a?@glro t8>1& h\?fé‘(g%ﬁf&ﬁ%{?lrﬁét 7 g@@é@ﬁ%ﬁdeﬁ ?& %Oﬁlitg?gt%ybum n,
HNFI a and P45aianmjenediti 1iMABE{Teble ).t Ehe dapremef ahimemnsm ranged between.,

Bet ween d14_and d21, FGE4 and HGE i nduced. MASC expresse | bum n, TTR
1B, - CYP2Eb alld AL (RFS0s 20 Boistalt MarS PR SARTIFSITRL | at ed
hVASC expr essego, Gy lrfﬁg?d Rit@EerPAfIURI N becidrkSvera @t dstdeSorited PWBole-Bidus@iot aFP
(Fig. 10) and CYP2B6 NA. Levels of al bumin, CK18, CK19, CYP 1 B 1 nRNA

i ncreased si gnisédtioanwiee stinedmIICXeGot. Praithansand seiof digdakineesfQvsTingr4 and

HGF for 14 d d.to day O {MAS of Lo CK 18
and OvP 1B 1 RRRRCRInEr st T asteriblid e a S RpRe indleplTdtn

Al t hough, CYP H3lelmioGsdWektidh. SIR@Gkprcsenta@inoayhimeriy ddmal (by<Q-BERefpnNEG)N
suggests hepat ocyte comm tnent and maturatjon. Low I_e,vela of _CYP2B6,. 0. 5%
to 1.0% of 201 edrrived/Bemsrplpstecystdn whighea siagls MASGMasRiscled 1nb St UHSTAIMEE RNA
| evel s of i mmat yr epat i}@% rfa(_F[E RIRH EAIGED B9 tail cli
differentiati orﬁﬁ%gég}r'ggscgg%%s?f&%g{aﬁwé er icﬁng% ttﬁes I nduced \%?tﬂ F&L—4
“alone, | S whenasysisBNAhids@itsbuiion ofatsingte ROBAR6aletieed MASE tazltisaahdiieni n)
were higher in FGF4 and HGF-induced hMASC. Western Bl ot denonstrates that
_FGF4+HGF i nducd$sYsépat ocyt e specification and differentiation Expression of
hepat ocyt e- specific WathaR, SRIENE bigaiBdefihaWhstedrand Bhalyzedor ik
perfornmed as descri ngﬁng%r Reyeas’et tgﬁ (g%OOO). _Abs to aFP, Human. al bum n,
CK 18 wer e26i | yresnde AR SChdenived kélispybXHG AL staing, staining with-ancntirB-gali : 1000)

was from Sant a z. .Second ' 2- | | anti. - MMUS |-
RP- 1 nked dontpCatipogoard RpERInINEO pATmalsg el At Priso BfSishies
per fornmed accongiRntDuliehsf A6 ROSK F6-ddrbled MABQA all AvBiesiaduding the brain,
Undi fferentiated hMASC di d not express 25 CK18, al bum n, or aFP protein
(Fig. 10B). After treatnent for 35 days with FG-4 al one or FGF4 and HGF,
hMASC expressed al bumi n and CK18, but not aFP, consistent with the

hi stochem cal anal ysis. nmVASC, r MASC and hMASC acquire hepatocyte
functional activity Five different assays were used to determ ne whet her

”~ o e N T L ) Y 1 e

gogaoiogooooa



Urea production and secretion by hepatocyte-like cells was nmeasured at
various time points throughout differentiation. Urea concentrations were
determn /06.17-t8 PCT/ US02/ 0~652 72 by col ori negpi (Si gma
Cat . 64Osgof2§§?9%anufacturer's i nstructions. Rat hepatoc%?gnggﬁﬁe?i n
nmonol ayer and fetal nouse |iver buds were used as positive controls, and
culture nedium as negative control. The assay can detect urea
concentrations as low as 10 ng/m . As the assay al so neasures amoni a,
sanples 5 were assessed before and after dAease addi tion. No urea or

anmoni a was dettnd, dthg, cardisktand eketedi muscld, diver, intestingflddeay, prieerd Bidddoer.d not

produce urea. Faollowi ng trea - wth FGE4 and H ur olgjﬁg i on by
© MASC | ncreasecF‘qdr?k‘H‘ 3siS Waz?ﬁm Stﬁﬁ'ﬁﬁ?e?n.délsﬁ*gmgi@ a@oaun?g%%[or ur ea

production in jppsgy.and rat cultures was simlar. For hVASC treated with 10
. FGF4 and HGF, urea was not detected on d4, was simlar to nouse and rat
cultures by d 12, aGhimexiswesesdletisiad hynXrioal stainipg ard antiiBreal 4ainig 193 | evel s

f d b - [ h . h Akl hat o4
monol ayer cul {BEGERIFCHRIP PR T Re T pRarR FEhZE MASE Bigdl]

significantly gapexpleRd Waikds Qe torille &k sn dhicheheriddihenpomtelhPrgatiel T" "
conpared to FN. 15 ‘Al bum n producti,on was neasured at_vari o%@ g points
t hr oughout t hecellsicpetainnd; with apti-Breal” HiTGand anENE0 ¢ 75 4h and L P erm ned

by a conpetiti enz i i : i i
(Tzanakaki s £ GosEgHiR0x BEAabITHIRRTRH0 it GPAP RccdBanGUOI QuSKY
al bum n concengrdfor @psrophireindied sketstalenuseki riging tissue was stathédShr petifeghlwi t h

substitution of human or _nouse 2Q al bum n. and | =human or i,- nouse
al bum n AbK0 f oF”E%é“dr%Rn'@En‘ﬁGh"éﬂl'§“9\BE}"§R‘£EPJS$H%Q§(%% %2@ conj ugat ed
ant i - human- al bmax'g@fi@ﬁ?onr).%ﬁé@??&u%{ms aBleAhABRiep-balOFITCRRP@lophRePBXI dase

conj ugat ed and nity purified anti-nouse al bum n and reference nouse
al bum n were faehTORRO} wasadbservedri 208X {ropnifigatiosn: \Hearewassstaingthwith gt 8-

specificity of t LI SA, human, no t Ab [ } for 2
hrs at 37C wit ﬁalg‘g)sTgsﬂﬁgicﬁf ?%v?ﬁqngaﬂﬁ?efa?ﬁhiowés St a %H‘gg@%@?‘ﬁ vity
of at least 1 Rgelyas Hafiel vt oadF IESiadh8-ORIPE &t POPRAB WS .
Fol lowi ng treatnment with FGF4 and HGF, mMVASC, rMASC and hNASC produged
al buni n inl& t bhseradpeit4X magnificatiomand X waghifieasion)r BuesHpe wae s@BRd MasC
differentiated _opn 3 t,rd u I I[ﬂp&gm' han
when cul tured B‘H&Iﬂ{@%’ﬂls%%r h@%@ﬁ@%@i&%{?ﬁagg@#gﬁﬁ29%1 ar ffbgbgllas of
al bumin, even Khenghwalseiingédwithantigtgal el EC (gldmicrulim, tebulus) Wasipbered af 20X

Level s of al bumi n produced by nouse, rat WO 02/ OG. 17~A / U 2 73
and hurman MASCRgRifigatiom eMatroRyHaiRIngaYas °§F‘?ﬁ’?daYm(‘ Bmt"li?éﬁ?é'_l:i)ﬁﬁ“i?%}) ayer
cul tures of pridey pplah 1\?&@ Iliie%ése;ﬁéen SHAAE MR PBsdRdRDwAR hhiypt g4l FEEC AAY

r

assessed in aggregates o SC- I ved hepatocytes and primary rat |iver
hepat ocyt e 26 phe&ld4HBECDAPR dnd CIROD-RES skhevelsiizsgrafiopsat @%Waéedaéng"g%Ré%f wer e

formed by plati d 14 FGH4, and. treated t X € cn2 on
non-tissue cul FQ Wsregangordaps ‘c‘f‘ﬁgﬁ%ﬁ%eﬁ}%ﬁg%%Agh%@épa%gzﬁgh?g/ol utions
per mnute for jphningel | aggregates were transferred to PrimariaT"'" dishes
and allowed to conpact for 4 days in the presence or absence of 1nM
phenobar bi t al . SWwWNSEY hepat ocyt e aggregates were forned by hangi ng drop 10

met hod. Briefly, 10%%%@?% %ﬁgﬁ&&efﬁghﬁ%fgﬂnﬁ%w& ng%fvea%g'lﬁ[m e

placed into 1 OOpL or Wt eno Ital. "After 4 days,
aggr egat es yger Qn@gﬂaltefeiﬁt&?e %l@%&h@ﬁi@h@?gi%ﬂsmtdeuk b’g‘/vamg:ﬁzﬂeﬂ ahy PRCD
assay. Pentoxyresorufin (P Mbl ecuyl] ar Prohes, Eugene egon) is
O deal kyl at ed” pntripugeg iothe gmet}%q’faﬁxbﬁl%e &ﬁgWSgﬁ@éh{fﬁtgegB%Sffnﬁtb%t 0
. f1uorescent ig. GATROMTve HERRIL LARERR RN cEEE of chierRm, ha@ AlHhal

n y P

Fl uorescence intensity cause met abol i sm consequent 'y estinates
cytochrome P45GubpéidRingaargans these Aindies sise siggestdhatN ASECi can differertiate i wive im

_situ was perforpmed usjng cqonfocal m crosco S i bed.. (Tzanakakiss E.S.
2t a1 2b01) . Bmets e ot DR gETE L AT SUAD GO AR RPGT SHIE at ol
nMVASC or 2 h"’% i e AY§edtd Podntdratlya ek et Béed teISC (28
days, FGF4%:9I one '}‘%’3@23‘3?8 for%t(gég;ﬂeéga?gs hg%l Si gn}?fi Cﬂgﬁ? PROD activity.
PRCD activity in MASC derivgd Bena) q5¥bin &84 I enitond | ar to that of

primary rat hepatocyte aggr cells have P450
activity, but P450 a¥asculoggnasis; thegalsas didferdyiapbentpranbiveandotbeligll y seen in

hepat ocytes. Therefqre, P45Q 25 was al so test i h res . nce
of phenobar bi t aPTOSERAORY ltﬁ"“ﬁaé‘ﬂ%‘ﬁﬁﬁﬂ?’t 1gfo englg@lgﬁgh Ceﬂﬁ&@?@%‘gﬁ‘g‘éﬂ’ Pg‘{aﬁi
participate in PROD netabolismgiving an inflated fl uorescence val ue for

those sanples. In contrast, in the phenobarbital induced aggregates, PRCD
activity is alnost wholly metabolized by mouse cytochrones Cyp2b9, Cyp2blo,

o ~ o~ oA AN — o~ - NN NN A



WO 02/ UG-7-t8 PCT/ US0210-4GS2 74 hepat ocyte specific Cyp2b9, Cyp2bl0, and
Cyp2b13 in mVASC and CYP2B6 in hMASC-derived hepatocytes. MASC—deri ved
hepat ocyt | so assessed for their ability to take g

i ncubat i ‘gaﬁﬁéﬁi‘?eat ed hMASC with LDL-dil-acil. Cells vvere c?’%/(b%ezl ed 5
either with anti-CK18 or anti-Pan-CK and HNF-3~3 or GATA4 Abs. After 7
days, low | evel uptake of a-LDL was detected, which increased to becone
maxi mal on d21. Another netabolic functi on of hepat ocytes i s gl ycogen

production or gluconeogenesis. The |evel s 40f gl ycog:n storage were anal yzed
by periodic acagilthfy Sekis i r¢spas)bls ferithé dgvetlﬁpﬂmmf dasquiarisygemairingus e

MASC and FGF i nduced hNA d PAS I wer e
© oxidized in 1R8HEYPRILYS éﬁr%sthfrm 615‘9 é\%?%r ing 'ilr ?apﬁlggénemd eh%?@ &r war ds
slides were trgghatbnbfiiewiabsd F&sél@BﬁQ@PoJeﬁ oﬂs@routlﬁlgﬂ‘ﬁﬁdpte@x@ﬂﬂ@vés@éls 5-10°

~stained with Mayer's hematoxylin for 1" and rinsed in dH20. G
st or age vvas f|mnrsde@WMoamﬂmllmm"tn@@’elllfg (Hglagk peals d QR =a¥3tr@re’ d21

rom 46 wiek Bradih Pl AEMIRL ARyl dha bR térmalh i O HERE o
1976) . Hepat OClYfevadélrﬁélllétbd By eproéting cﬁﬁnhaﬁh\éﬁatceﬂﬁﬂgﬁﬁhxﬁstmgl\@ﬁeBS%owever

Hepat ocytes were cultured as described (Tzanakakis E S. et al., Zaa@ﬂifezo

Tzanakaki s E. Jecet saidies hﬁ%&“gﬂeﬁ%thﬁb‘i“}ﬁog‘eﬁﬁhﬁ%%‘?’“S RAY RCHS) i1e

cul tured on 35 %Eﬁ{l Ry t rgh,
PA) coated wi tWH%de ﬂbe?n‘%ﬂ{n %attogp\g egr?gfngél"igﬁng v§§s :egg Pb;&g&oet allf%mCA) To
f or m spher oi dsmeaa;ijDt G@hma a¢u2(1)0ﬁ)‘ Mahma%almiﬂﬂ’?,l&‘dnler@l]' 1998, shes

(Becton Di cki nson). Under both C tions, seeding densjt s Sx ,104.

cel I s/ crp. 10 2hsugeegtingjthatdiks) uﬁvég? PEnt HECANGIN %Slsdﬁéh“g%‘ii‘\ﬁ?%ax et iead
and unattached, i dsiSV BréudBrsTotériotbaRIRiIs h
Summary |t has %F rF% gﬁm%#ﬁee}?@gf\éa?ﬁg@%%pgst na}tlal Sm)use0 rat and h‘lljerran
BM deri ved MAStzendsolaied fremeBM atdeperipheral blood ﬂfﬁ@cmﬁ eéakio?d)@ﬁ)hwaﬁ@élal type

wi t h hepat ocyt enot funct cul t under hepatocyte
differentiati oﬁg%g B.E? PB Qny gﬁgﬁsﬁ&ﬁ“}‘%‘ p{c?g% %rgﬁs ik %f ashion prinitive
and mature hepat OCymrnﬂgﬂlé@élépméhCBHﬂthalfHéuflﬁh‘fddéﬁwaisﬁemQﬁesfasdemﬂs”Cm:)y of
double and triple | abeled cells. The proteln expre55|on profile

B jopEs 75

hepat ocyt el:'speUIEIGR:rea@‘mOTn%tFlbbGhﬂé@lﬁ“zeéé e hegrangsolestsy abipqient 51§

non- hepat ocyt e. mar ker tgogy

Results fromi Hﬂﬁﬁgﬂl St°oC dg%@s(%neﬁﬁ}og%@ﬁﬁ\??dr%%p ePS st grl?] ota!l'gpg®
addi tion, RT-PEEaniQno9dhandtettalpivegoat eoal. df999hand camsitmept dembryoidor s
HNF3~i and GATA4 known to be inportant in en oderm s i.on
transcription ba@%&%heﬁwmqb&aatwccgmw&m WE&F‘BE?% E ﬁiﬁcﬁféﬂ? ’:@tgison

such as HNF3~3 waHhdsily
al bum n. AIthoghﬂp 99%%[1 ﬁ&]}ﬁm gfoggz%pg%éﬁﬁﬁégt%ﬁs @&%Oand HGF |nduced

MASC i nto 2el | HS&E ard mﬂomebalqgomhtoamvghquPpmntﬁﬁamM@gl®éﬂ5§f

hepat ocyt this al d t cell ‘
nepat ocyt oo unPBIFCIRL PR eEIor Gemrbrat Lt ahet o 4b A0 e a1 O
characteristi C%&ﬁ{d@mqsdaﬁﬁétmsnfeﬂa@mfme(Z:&gweeétadl flgm,)t iDp#lg enigysloger e

done in conbination to identify functional Pat ocyte
commitment of the hemangioblast to the endo helial lmeage is characterized by the

sequential expression of VE-cadherin, CD31, and shortly afterwards CD34

25  (Nishikawa ef al., 1998; Yamashita ef al., 2000). In post-natal life, endothelial
progenitors have been selected from BM and blood using Abs against AC133, Flkl,
CD34, and the H1P12 Ab (Peichev et al., 2000; Lin et al., 2000; Gehling et al.,
2000). AC133 has also been found on other cells, including NSCs (Uchida et al.,
2000) and gastrointestinal epithelial cells (Corbeil ef al., 2000). Upon

30 differentiation to mature endothelium, the AC133 receptor is quickly lost (Peichev et
al., 2000; Gehling et al., 2000). Another receptor found on circulating endothelial
cells is a mucin, MUC18, recognized by the HIP12 Ab (Lin et al., 2000). MUC18

is lost upon differentiation of endothelial progenitors to endothelium. CD34 is



mVASC, r MASC or hMASC produced urea and al bumi n, contai ned phenobarbital
i nduci bl e cytochronme P450 activity, could take up Dil-acil-LDL, and
cont ai neqygl%/@&ggdﬁ granul es. Although urea production is phpiRgh@EisStic of
hepat ocyt e i activity, kidney tubular epitheliumalso produces urea
(Hedlund E. et al., 2001 ). In contrast, albumn production is a specific
test for the presence and netabolic activity of hepatocytes (Hedlund E. et
al ., 2001 ). Cytochrone P450, although foynd in hepatocytes, is also
present in many other cell types (Jar ukan]agrn K. et al., 1999). However,
Cyp2b 1 acti vidxyrdswdrfmten{im{\;%ﬂmmeﬁltas,&Wéltl agpn hemggpoigtic prpgemHPrand 20
Cyp2b 13 in noyse, (Li - Sl e . ; - | e , and
" CYP2B6 in hunéﬁe]icgévcecfﬁg? g‘é@é?%e g%tfﬂséetlaé" ﬁgﬁt‘%@% éﬂnscgg& eiug.(cffs)rs%ggﬁ%:lé of
these forns of2084R0THAantSRAMNaloY Id3T upeRliffErmtisthacof endothylidlgrodeajiatsaoyt es i s
. enhanced further when P450 activity 1s. inducjble by pé\&gobargit I lé%Rader
D.J. et al., xudotheliug. Meshimatyse epdntblial pglls, pytanicrgvasarsndof ﬁléagﬁ? Pes
(Ch S.H et; al r cells such as 25 endotheliumhave a simlar
capabi | i tyts( AVIP?%"I%%?S])C%SIQQF%, 200l ). Finally, only hepatocytes can
generate and store Igiydeegibed hétefor takdint timgeahd ér vitrvlpeseratiemef vasnmimberst s
denmonstrate that MASC.from nouse, rat or h mansbtreat ed i.n vitra with FGF4
and HGF not orhendgibelial celicthat enepaftmwyqandscagtibuly LONeQaREIoERaEs t9RLE
char act et | St | OB RN S{BIRALarid dIARANEAGIIToFBAAPDL id Bfddihtlial @ls 30 Several
studi es have shown that BM derived cells may differentiate into
hepat ocyt e- | i kgenestddsfrom MASG canbe ienpanded for(aplaast andradgitionalgd0 Bips. MAGEH-

Theise N.D._ et al., 200Q; Krause D.S. .et, al,,, 200%1: PRitt er. et al.,
1999: Wangls, way Hjereio f;“li?%{%é%‘gge fe’}éif’ﬁ‘fﬂlal,ceglééﬂ)qhnﬁgm\g/%p ,le'y'lrrgl%t st udi es
have not addr egrithd, BEMARNReRfogehichilg 1e8Vhfatlrt than\hie QdgldBlast";-this model

PCT/ US02/ O-G-2 76 that differentiates into cells with hepatocyte phenotype.
It is unknown shioutchlesusefin teeharasterizgienfefelia spmmitmend and differatiatian.nar ker s

had functional,g Leristics, of.h t 0 . t hat
differentiate M@.e iate Jgto tells'f of ‘5‘?‘1’:"."8 %gg?ﬁﬁfcgt% ge&%él(ll)aa]él%hnal
cells, such as hemaMABE QletcCobisihéd and Agmsskasales@ibedde Braapledt €kb indate
cKit+Thy~~"" Scal + Lin+-_cells present in rine BMdifferentiate into
cel I's wit ht%hot ensiethelinbdiffersatipteons Mmdt yysae a‘%‘r %‘c?x'r\{lQp%q‘%@m én Fﬁtn%‘{afeg‘n
(Lagasse E. et g, s%ptgmfree:égﬁ%esﬁﬁq{iﬁjt I?urﬁ%'ﬁﬂu?ﬁ_@ilﬁa%dmﬁ-ﬁ?ﬁbtﬁ%fh yden as

few as 50 cells were transp S study did not prove that the sane
cel | that diffegerl VEGFs Ihnome ivestemicepn FiCSt was asided.s Calteres wiefef maigtainegitys i nt o

hepat ocytes. Krayse et al sho that a 10.single |1 can repopul he
hemat opoi eti ¢ nga&’ﬂ:%eﬁ?"?h‘é\%r?? days; “F%’PE‘W&?&?%S@F@?W%W@F& ar@} ay
functional assessientdiRfioh MRISIIRAEMSYERRrd\BSnditIR fOIAUEBs.D. S. et al ., 2001
). Avital et al recently published that 32m, Thy-1+ cells in nouse BM

express alMuni n, HNEordey BRIefine grdpticyiabdiffesensiapgn froma ABRNROE RK ehsBIEbY: n
(Wlmut L, et al 1997 a e ) I bAQr |y
found in the | ?(}gfs a"%ﬁﬁ?é?u“fgggo‘?gg%}r;c%gan%iysg uégﬁ&ﬂg%%%o}ggﬁggér‘%%é%f@%#%el | s
in BM coul d expkpiessibmef FIR1 whd BlitliohuadiferémiatedMaS Cowasdowpwaomakimal at
hepat ocytes noted in recent studies (Krause D.S. et al

: 2001; . La s?.e E.
et al., 2000). dan9andmstsistednty dax d oy RER: RretenkonBY orp P?‘%%“‘g’ghe ial
functional hep f | ONék i t
retroviral mar ﬁo%%vat\grg I(%éégl(fg%ﬁte]f/ezyo% et M%BJ aae? ‘31 fzg(%ihﬁ\{lsldgﬁgip\?é%&gg%Z .
has been r2%enuhyifferemviatet MASCebltsvasxppressidragtenB idays of, cultkeegwidln Y EQNRand can

be generated fromthe s, d r MASC t hat di f.f tiate int lls

with endot hel i RFTSH %@H&mﬁg?x%%ﬁ%{% Vf’@foﬁrﬁ?ﬁ?’?z @B%E? endodichal

~confirmed that ,siv)la@hem8®pbictc Bfogefitsts (FREnRMARL, 2060t 6Bl L. CEOU0) But
publ i shed studi es denonstrating derivation of cells wth nmesodernmal and 25

neur oect oder malwasmeriongep detagtable aftet dayn. f EDA¢ girpsgneomendatheligednds M | 2002) ,
it h h t hat. t.h ingl.e h i ff &L 8S i |
i th hepat ocyt SerBRBRistE By Rt KL ar R} el ST OTL TORLE €57 e

first timesphat;ob)5Gat Aet pre@nnoh uidiffeRStatee M@QXF%. HR) k@ wasaxgrdssedefrom
functional hepatocyte activity exist in BM which de

) . ) E@ndi ng on tt})e cul thre
condi tions, acdayPangbday Hepbheonyeia, MMGIS: yasesnized by etAHAP12 has been use
characteristics_of .he [ u O :
characteristi czo 8*'”&’9%@%%%%%%“3%&?@@tgzlo%g(e\(%?rpa &Z"e?&q)' Ea‘El‘t\ll/\\?)u%hZI/\AéSESSS dl~dB
PCT/ US02/ 0~6s2 77 Exanple 12. Transplantation of LacZ Trans~enic MASC to
Treat Henophiliac Mce MASC were derived from ROSA26 mi ce containing the
(3-gal / NEO transgene (106 cells/mouse) and were LV. injected into
hemophiliac mce (N=5) 5 wthout prior irradiation. The animls were
sacrificed at 1 (N=2) and 2 nonths (N=3) post-MASC transpl antation. Bone

ey o o P Y O T o,




showed that animal M5 had < 1 % engraftnment of CD45+ donor cells in the
spl een, 15 marrow and intestine. Tissues of the animl M had sone donor

derived I i mmunohi st ochem stry; PCR data on this apj endi ng.
Al'l publ ic‘gétulilg((r’)l@fé patents and patent applications are i ncg{;ﬁ@rg%it/@&%her ein

by reference as though individually incorporated by reference. Wiile in the
foregoing 20 specification this invention has been described in relation to
certain preferred enbodi nents thereof, and many details have been set forth
for purposes of illustration, it will be &Pparent to those skilled in the
art that the invtenind with i PidddARCitithedtvdathadBGE fon@Hawsmmokdmositiveabiat t hat
certain of the details d?scLi ged gerei n may be varied considerably w thout

- departing frorfXPERSSIBAL 1o PRERYIRs of the 25 inventi on. WO 02/ 0G 178 78
REFERENCES PCT/ USO2tQ én@c")al_eﬁ‘gﬁggeciffc htegridvid, RERecciffer 472000)) whPHotr ecept or s
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(Reyes et al., 2001; Pittenger ef al., 1999). When FCS was present during the initial

L.

7 days of differentiation, endothelial differentiation could not be induced. When
non-confluent MASC (<1x10* cells/cm?) were induced to differentiate, endothelial

25  was not seen. When MASC were subcultured 9-days after exposure to VEGF using
serum free medium with 10 ng/mL VEGEF, cells could undergo at least an additional
12 PDs. When 10% FCS and 10 ng/mL VEGF was added to the medium for
subculturing, MASC-derived endothelial cells could undergo an additional 20+ PDs,
irrespective of the number of PDs that MASC had undergone.

30 Compared with undifferentiated MASC, endothelial cells were larger, and
had a lower nuclear/cytoplasm ratio. Results were similar when MASC were used

from cultures that had undergone 20 (n=30) or 50+ (n=25) PDs.
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It was next tested whether MASC-derived endothelial cells would upregulate

expression of HLA-antigens and cell adhesion ligands in response to inflammatory
20  cytokines, such as IL-la (Meager, 1999; Steeber et al., 2001). 10° MASC and
MASC-derived endothelial cells were incubated with 75 ng/ml IL-1a (R&D
Systems) in serum-free medium for 24h. Cells were fixed in 2% paraformaldehyde
and stained with Abs against HLA-class I, class II, f2-microglobulin, vWF, CD31,
VCAM, CD62E and CD62P, or control Abs, and analyzed using a FACScalibur
25  (Becton Dickinson).
Significantly increased levels of HLA-Class I and II, B2-microglobulin,
VCAM, ECAM, CD62E, CD62P were seen by FACS analysis (Fig. 7C) on
endothelial cells. In contrast, on undifferentiated MASC only upregulation of Flk
was seen.
30 Another characteristic of endothelial cells is that they take up LDL
(Steinberg ef al., 1985). This was tested by incubating MASC induced to
differentiate with VEGF for 2, 3, 5, 7,9, 12 and 15 and 21 with LDL-dil-acil. The

dil-Ac-LDL staining kit was purchased from Biomedical Technologies (Stoughton,
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less VWF and vWF was only detectable in the perinuclear region, likely representing
vWF present in the endoplasmic reticulum (Fig. 6A). Histamine treatment caused
widening of gap junctions and cytoskeletal changes with increased numbers of
myosin stress fibers (Fig. 6A).

Finally, endothelial cells were tested to determine if they could form
"vascular tubes" when plated on Matrigel™ or extracellular matrix (ECM)
(Haralabopoulos et al., 1997). 0.5 ml extracellular matrix (Sigma) was added per
well of a 24 well plate, incubated for 3h at 37°C. 10* MASC and MASC-derived
endothelial cells were added per well in 0.5 ml of serum free plus VEGF medium
and incubated at 37°C. As shown in Fig. 6C, culture of MASC derived endothelial
cells on ECM resulted in vascular tube formation within 6 hours.

hMASC-derived endothelial cells contribute to tumor-angiogenesis in vivo

A breeding colony of NOD-SCID mice was established from mice obtained
from the Jackson Laboratories (Bar Harbor, ME). Mice were kept in specific
pathogen free conditions and maintained on acidified water and autoclaved food.
Trimethoprim 60 mg and sulphamethoxazole 300 mg (Hoffmann-La Roche Inc.,

Nutley, NJ) per 100 ml water was given twice weekly.
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25  derived endothelial cells were analyzed approximately 35% of the tumor vessels
were positive for anti-human p2-microglobulin as well as vVWF whereas
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(Fig. 8A-G). Tumors in animals that did not receive endothelial cells or received
human fibroblasts did not contain endothelial cells that stained positive with the
30 anti-B2-microglobulin or anti-HLA-class-I Abs Abs.
MASC-derived endothelial cells were also analyzed whether they contribute
to wound healing angiogenesis. The area of the ear that had been clipped to tag the

mouse was then examined. Neoangiogenesis in the ear wounds was in part derived
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purchased from Sigma and used at the following dilutions: anti-goat IgG-Cy-3
(1:40), anti-goat IgG-FITC (1:160), anti-mouse IgG-Cy-3 (1:150) and anti-mouse
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Volume of relative contribution of human (green) and murine endothelial
cells (false colored as blue) to the 3D vessel was calculated as cubic pixels of each
color. The area of each color was also calculated as square pixels in 4 vessels
through the 35 slides to obtain an accurate percentage of contribution. The area of

25  each color was also calculated in alternate slides of four different tumors.
Summary

The central finding of this study is that cells that co-purify with MSC from
BM have the ability to differentiate to endothelial cells that have in vitro functional
characteristics indistinguishable from mature endothelial cells. It is also showv that

30  such endothelial cells contribute to neoangiogenesis in vivo in the setting of wound
healing and tumorigenesis, and that undifferentiated MASC can respond to local
cues in vivo to differentiate into endothelial cells contributing to tumor angiogenesis.

As the same cell that differentiates to endothelium also differentiates to other
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mature endothelium. The degree of contribution of endothelial cells to tumor
angiogenesis and neo-angiogenesis was 35-45%, levels similar to what has been
described for other sources of endothelial cells (Conway et al., 2001; Ribatti er al.,
2001). In addition, it has been found that angiogenic stimuli in vivo provided in a
25  tumor microenvironment are sufficient to recruit MASC to the tumor bed and induce
their differentiation into endothelial cells that contribute to the tumor vasculature.
These studies therefore extend studies reported by other groups demonstrating that
cells present in marrow can contribute to new blood vessel formation (Peichev et al.,
2000; Lin et al., 2000; Gehling et al., 2000; Asahara et al., 1997), in a process
30  similar to vasculogenesis, precursor responsible for this process has been identified
the. This is to our knowledge the first report that identifies a cell present in post-

natal BM as a very early progenitor for endothelial cells.
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20 fluorescence microscopy, that the whole-cell patch recording configuration had been

achieved. Pipette resistances ranged from 11 to 24 Mohm. The standard
extracellular recording saline was comprised of the following (in mM): 155 NaCl,
5.0 KCl, CaCl,, 1.0 MgCl,, 10 HEPES, 5 glucose. For some experiments 1 pM
TTX was added to the standard control solution. The pH of the intracellular and
25  extracellular recording solutions was adjusted to 7.4 and 7.8, respectively, using
NaOH. All chemicals were from Sigma. PClamp 8.0 (Axon Instruments, Foster
City) was used to run experiments, and to collect and store data. The data presented
were corrected for a 8.4 mV liquid junctional potential, which was calculated using
the JPCALC software package. Off-line analyses and graphical representations of
30 the data were constructed using Clampfit 8.0 (Axon Instruments, Foster City) and
Prism (Graphpad, San Diego).
Transduction: Retroviral supernatant was produced by incubating MFG-

eGFP-containing PG13 cells, provided by Dr. G.Wagemaker, U. of Rotterdam,
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al., 1995). The two oligonucleotides used for the splinkerette linker were as
follows: aattTAGCGGCCGCTTGAATTtttttttgcaaaaa, (the hairpin loop forming
sequence is in lower case and the upper case is the reverse complement of the
second splinkerette oligo), and agtgtgagtcacagtagtctegegtic

25 gAATTAAGCGGCCGCTA, (the underlined sequence is also the sequence of the
linker-specific primer (LS Primer) used for the PCR and RT steps). A 5-biotin-T7

coupled primer was used that recognizes a sequence in the eGFP gene [Biotin-ggc-
cag-tga-att-gta-ata-cga-ctc-act-ata-gge-tgg-CAC-ATG-GTC-CTG-CTG-GAG-TTC-

GTG-AC; underlined portion shows the minimum promoter sequence needed for

30  efficient in vitro transcription and the upper case is the eGFP specific sequence] and
LS primer to amplify the flanking regions for 10 rounds using Advantage 2
polymerase (Clontech). The biotin labeled amplified product was captured using

streptavidin-magnetic beads (Streptavidin Magnetic Particles; Roche) and the
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0.25% trypsin/EDTA, washed twice, and resuspended in PBS. The viability of the
30 hMASC was more than 85%. A 2 pl volume of hMASC suspended in phosphate
| buffered saline at a concentration of 0.7x10* cells/ul was stereotaxically injected
intracerebroventricularly with a tapered glass micropipette attached to a Hamilton

syringe using the following coordinates (mm from bregma): AP -0.6, ML 0.8, DV
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confocal fluorescence microscopy using a Confocal 1024 microscope.
hMASC acquire a neuron, astrocyte and oligodendrocyte phenotype when cultured
- with bFGF.

20 Neuroectodermal differentiation was done as described in Example 5.
Briefly, cells were cultured in FN-coated chamberslides or culture plates with
serum-free medium consisting of 60% DMEM-LG, 40% MCDB-201 (Sigma
Chemical Co, St Louis, MO), supplemented with 1X ITS, 1X LA-BSA, 10 M
dexamethasone, 10™* M ascorbic acid 2-phosphate (AA) (all from Sigma), 100 U

25  penicillin and 1,000 U streptomycin (Gibco). In some cultures, we added 100ng/mL
bFGF whereas in other cultures 10 ng/mL EGF + 10 ng/mL FGF-8b were added (all
from R&D Systems). Cells were not subcultured, but media was exchanged every
3-5 days.

Two weeks after re-plating with bFGF, 26+4% of cells expressed astrocyte

30 (GFAP+), 28+3% oligodendrocyte (MBP+) and 46+5% neuron (NF200+) markers

as shown in Table 6.
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contact regul ates f aﬁleerﬂ’fMASG \te replated at higher cell densities (2x10* cells/cm?) to

induce differentiation, no cells with neuroectodermal phenotype could be detected,

10

15

20

suggesting that cell-cell interactions prevent bFGF-induced neuroectodermal

differentiation.

The distribution of astrocyte-, oligodendrocyte- and neuron-like cells did not
differ when differentiation was induced with hMASC that had undergone 20 or 60
PDs. However, when hMASC expanded for 20 PDs were cultured with bFGF,
>50% of cells died while >70% of hAMASC culture expanded for >30 PDs survived

and acquired a neuron-, astrocyte- or oligodendrocyte-like phenotype. This suggests

that not all AMASC can be induced to acquire neural characteristics but that a

subpopulation of hMASC that survives long-term in vitro may be responsible for

neuronal differentiation. It has been shown that the karyotype of hMASC is normal

irrespective of culture duration (Reyes et al., 2001). Differentiation of hMASC into

neuroectodermal-like cells is therefore not likely due to transformation of MASC

following long-term culture.

Most astrocyte- and oligodendrocyte-like cells died after 3 weeks.

Progressive maturation of neuron-like cells was seen throughout culture. After 1

week, bFGF treated hMASC stained positive for NeuroD, Nestin, polysialated
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(SNAP)25. Finally, bFGF induced expression of BDNF and glia-derived
neurotrophic factor (GDNF).
25  Like hMASC. mMASC acquire a neuron, astrocyte and oligodendrocyte phenotype
when cultured with bFGF.
MASC derived from other species was tested to determine whether similar
results could be obtained. mMASC expanded for 40-90 PDs were replated at 10*

cells/cm? in conditions identical to those used for A(MASC. After 14 days, nMASC

30  acquired morphologic and phenotypic characteristics of astrocytes (GFAP™),
oligodendrocytes (MBP") and neurons (NF-200", NSE" and Tau). NF200 and

GFAP or MBP were never found in the same cell. In contrast to undifferentiated
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02/ OG~-7~8 PBT/ Usixetd@s@ic neurons in the hindbrain (Ye ef al., 1998). In vitro, FGF-8b has
been used to induce dopaminergic and serotonergic neurons from murine ES cells
(Lee et al., 2000).
hMASC (n=8), expanded = for 20 to 60 PDs, were replated at 2x10*

cells/em? on FN in serum free medium with ITS and AA and with 10 ng/mL FGF-8b

20 and 10ng/mL EGF. More than 80% of cells survived for 3 weeks. FGF-8b and EGF
induced differentiation into cells staining positive for neuronal markers (Table 6)
(day 7: PSA-NCAM, Nestin and TuJ1; day 14: NF-68, NF-160, NF-200; and day
21: MAP2-AB, NSE, Tau, and Na'-gated voltage channels) but not
oligodendrocytes and astrocytes. In contrast to our observation for bFGF induced

25  differentiation, cells plated at 10* cells/cm® with EGF and FGF-8b did not lead to
differentiation. After 2-3 weeks, cells had characteristics of GABAergic (GABA+,
parvalbumin®), dopaminergic (TH', DCC", and DTP") and serotonergic (TrH" and
serotonin’) neurons (Table 6). Cells also expressed the GABA-A-receptor and
glutamate receptors. Cells with a dopaminergic phenotype also stained positive with

30  Abs against the nuclear transcription factor, Nurrl, expressed only in midbrain
dopaminergic neurons (Saucedo-Cardenas et al., 1998) as well as the proto-
oncogene cRet, a membrane-associated receptor protein tyrosine kinase, which is a

component of the glial cell line-derived neurotrophic factor (GDNF) receptor
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20  provided by glial cells might not be present in the cultures (Blondel et al., 2000;

Daadi and Weiss, 1999; Wagner et al., 1999). To test this hypothesis, cells from 3-
week old FGF-8b+EGF cultures were cocultured with the glioblastoma cell line, U-

87, in serum-free medium supplemented with FGF-8b+EGF for an additional 2
weeks.

25 The glioma cell line, U-87, [American Tissue Cell Collection (Rockville,
MD)] was maintained in DMEM+10% FCS (Hyclone Laboratories, Logan, UT).
Cells from 3-week old FGF-8b+EGF containing cultures were labeled with the
lipophylic dye, PKH26 (Sigma), as per manufacturer's recommendations. Labeled
cells were replated in FN coated chamber slides in FGF-8b+EGF containing serum

30 free medium together with 1,000 U-87 cells and maintained an additional 2-3 weeks
with media changes every 3-5 days. To assure that PKH26 present in MASC-
derived cells did not transfer to the U-87 cell line, U-87 cells were cultured in BSA-




20 vivo. 10. The cell of claim1, wherein the cell constitutively expresses
oct4 and high levels of telonerase. 11. The cell of claim 10, wherein the

cell is ' or CD44, MHC class | and MAC class Il e ' 25 12.
A et hod g%é)#)é’eagff{ ng a normal non-human ani mal conpri si ngi‘?ﬁ@%@@gssz of : (a)

I ntroducing the cell of claim1l into a blastocyst; {b) inplanting the

bl astocyst of (a) into a surrogate nother; and (c) allowng the pups to
devel op and be born. 30 13. The animal of claim 12, wherein said animal is
chinmeric. 14. A conposition conprising a 'ﬁcl)pul ation of MASC and a culture
medi um wher ei ¢ontdiming miedivme amk 20 phPleKpa dys farYedayrnSBo labelyie ©f £ldana cels

PCT/ US02/ 0-4GS2 97 . 15. The conposition of claim 14, wherein the nedium

" conprises epi d&? et %wt h f act or (EGF) and platelet derived growth factor

(PDGF). 16. The conpagdriheds séunfiréd €8ndftions 181891 dllt beass® b proliferité ber
conprises leukema inhibitory factor (LIF). 5 17. A conposition con&ri si ng

" a popul ati on ofuryiyed.yhMASEadarivad ngurgny wetedabalmiswith thayapmbrang dye i H

Fur ther i 1 or e PR 187 Lol BRARERE (fReR R SORRC Mkt 3

progeny are tesyfliiglescendddmibrédeope NFGRBBEEGFUnduded neaisne sodulmredaifieeBai m 17,
wherein the progeny are of the osteobl ast, chondrocyte, adipocyte,
fibrobl ast, mawed vt Wrf celr andthgisame sytokines pyatved fomalleast 2 addifiaial sl e,

occul ar, endot j.a i 1Al ol LG eti.C,

glial, neurona g‘lblérs' lc]deiugdg1 t(g?@%e?yat%Q%gﬁth%y%@iﬂgfggg%ﬁ%n%tg%gggglg)fr% iagol ating

?pd' pr O]E)agatl ngell Iilercasd:dbnmhb?l ﬁhgxhrllxlndoomplesim?f theenestiteps of : (a) OH ai ni( n?
i ssue from a nanna!' establis a_popul a adher en s; (c

depl eting ﬁ}ai d popu E‘Télﬁ‘%fr%’ily waL&gﬂF@f&?Bcs(%‘;ﬁﬁgtggwgﬂd‘eﬁﬁl?ﬁﬁcel |'s;

and (e) cul turjfgeFhm 'hﬁ@ld@aﬁ&@%&ulﬁ%@%ﬁ'&@?%ﬂﬁb* WABR-defl cRFRSUGANEN

expanded cel |l population. 22. An expanded cell popul ati on obtained by the

met hod of cl ai andvoltag&-clammaften ourrérdrinjdeticnewasgvahuatesy(Figh88) e Cunrenteclamp
conprising the,ste of, 25.cl.aim.21. and furt her risi.n u Lng the
propagat ed cel 9%‘“?'??%{"1?3 SB&&%‘?F@@"‘B? mcfgﬁﬂot"(%%todfl#ef:geag:ﬁfrf’ﬁtt’f’%ﬁé:?t?c#g?@. 24.
The method of ghaledhREAS@RIRFH Sddcells Predintfif FEF SPHEGIVU-8T blliesa FheSBithipt €d
fromthe group consisting of basic fibroblast growmh factor (bFG);

vascul ar ehtlot membsanepotantinl efpiking Indmomyspikingeelinvansor dxdde\ a0 and
B A L T e L
claim 23. 26. nhespikingeekivaal B3 (3.3) anfl 2¢6.3i(62.3p Moking respactivety.c&hl i s
ectoderm n‘esogxearmn;lg E)f gr?ed(?fqﬁer: (r:%lls in which w observed spiking behavior is shown in Fig.
9B. The top panel shows a family of voltage traces which was elicited from a
20  spiking cell under control conditions. A DC current was first injected in the cell to
hold them in the range of -100 to -120 mV. A current injection protocol, as shown
in the middle panel, was then used to drive the membrane potential to different
levels. As shown in this example, depolarizing current steps that were sufficiently
large to bring the cell to threshold for action potential, evoked a single spike. The
25  lower panel shows that the spiking behavior of the cells could be blocked by 1 pM
TTX, suggesting that the action potentials are mediated by Na-gated voltage
channels. Leak-subtracted current records, obtained in voltage-clamp mode from
the same cells (Fig. 9C), demonstrated an inward current that was transient in time
course and activated at voltages more positive than -58 mV, as well as outward
30  currents. The transient inward current was blocked reversibly by 1 pM TTX. This
pharmacology, together with the transient time course and the voltage-dependent

activation of the inward current is typical for voltage-gated Na* currents, found only

in mature neurons and skeletal muscle cells (Sah et al., 1997; Whittemore et al.,



WD 02/ OG~7-48 PCT/ US02/ O-GS2 98 27. The differentiated cell of claim 25,
wherein the cell is of the osteoblast, chondrocyte, adi pocyte, fibroblast,
marr ow st | etal nuscle, smooth nuscle, cardiac nu ar,
endot hel i\gf}@/eo?oﬁt elial, hepatic, pancreatic, hematopoi et ?gjr)%a z?(gfi*&'
neuronal or oligodendrocyte cell type. 5 28. A nethod for differentiating
MASC in vivo conprising the steps of claim 21 and further conprising

adm ni stering the expanded cell population_to a mamralian host, wherein
said cell population is engrafted and di ff@renti ated in vivo in tissue
speci fic cel | s1999hchkeletat musnde markets inrthest nguatlikesellpwganot detected: ifhesalue t o

injury, geneti i sease ui red. di > Ratrogeni ¢ treat IS
augent ed. | 10 TubsSRER B R phAEET 8P RHE T PELL Bk AR o o
of claim 28, wagkfbsulsMnituRSbe tGeABIViticthe findanfheal charhdierigiss 6pdlokable
chondrocyte, adipocyte, fibroblast, marrow stroma, skeletal nuscle, snooth
" nuscle, cardi areunerse[dX-ssasitivavoltaggataddNe squrreglsi t hel i al , hepati c,

pancreat i C.s nehQROl Gl fnicdih bnrilRUHPRALLEN ok HARJGRAIR LSS Seldsshgpe. 15
. e netho ) C unadergo s 0]

rrenewdal Thn Vvivo.

31. The net hodagiocgleandmd@onaltiearkers cel | s are adm ni stered in conjunction
with a pharmaceutically ,acceptable matrix. 32.. The . nethod o.f cl ai ,
wherein the matrix i1§xi;(?4é%©§§d%?_6? Et?re?&°§9?1f)ﬁﬂ@°w_§t‘g§t?_q6t?rag P’%’?tﬁ‘ﬁlfﬁg}a%er ein
adni ni st at | 0np Selgfe HAGALY ARY Al A% 9D WS LATHAS WHEGkHiAEd s ent er al

adm ni stration, mni'stration, or intrauterine injection into an
enbryo. 34. Thanabetelddor pEsentaofhiditan ewhlsasd avidenm df zefferemtjation o hMAB LG ses

cat heter adm ni strati on. 35. The ., net of .claim.28, wherein.the di sease
is selectetf rB‘?Hr?‘FFé‘_"&"Bug{_s eﬁf’i‘ﬂ?t6%8$§ﬁ%?‘Pg 8‘8?’04 %\}‘ggg‘ﬁf AR E’@’é@&

met abol i ¢ di seggdei drihtififan BuSlBASRemBraAd 856 be ReRARIthe SVZIPTORDO LiPaway
degenerative or traumatic neurol ogi cal conditions, autoimune disease,

geneti c defi ci frnmythe vontrielstin animalsanalyzdd sBertewseksaudhafter 12 weeks, hvmnandi sease

and transplant _rejectiqn., 30 36. A differenti el | i

net hod of cl ai ﬁ?@zﬁou@?ﬁas%b%?ﬂg%ﬂpgf 1qt§18‘§{a&%ﬁg?r%¥é<§m n?% ssﬁc}ﬁgpélgﬂrﬁgﬁﬁ?tg éﬁ@% to a
patient in neeghd fiehge forihes@REHimeRLelk IRftgsital\vetrresydmbrphbldghandel | of
claim 11. V1' O 02/ OG=7.18 PCT/ US02/ O, 1G52 99 38. The met hod of claim 37,
wher ei n nol? er stawd positive Mithseu-GHAR patibodigsewhereagother Gels pged POFIFINE Wit
conpri si ng adni ot K. Qi O t4 0 :d.cal |y
ef fective arml:ﬂ‘r?{;ﬁ %ﬁl\%g%l%ogle?h]g?rjog%agﬁg}T}l%ggﬂgﬁa%ﬁg&#gtb aggléo CI%E’ m 39,
wher ei n r educedriple sutiningashowedt thanhundn tiedeap abtigentpoisiive dbpuil¥ @dsitivid cellFhid
met hod of claim40, wherein pégt reat nent conprises nyel oabl ation via

i rradiation or PRHRAEPIET HNOFAD. The nethod of claim 39, wherein it is
unnecessary to% 10 tolerance prior to or sinultaneous with

adm nistration o C or their progeny. 43. The nethod of claim 39,
wherei n po2® i munodhppenssa ifndingof ghisrierk isfthatrsinghapesenatal BM-derinedMASKpar ed

with traditional pharmacpol ogi.cal..doses. .44. Th 0 f chai wher ei n
t he progeny ha& g%gxdggepggt&d%ergglageenq LPN%}:H’" &egcfd(;g?lén c%g'? %P(f’% bﬁgﬂ]ﬁ%gel he
met hod of cl ai RWiSmatoheicRikrdhal BRratQBHBY, a8 w1t aBirdtakd shddilfghaerinddyad ed.

characteristics. Time-dependent as well as culture-method-dependent maturation of

ee

MASC to cells with neuroectodermal features was shown. Double staining

25  definitively demonstrated that neuronal or glial cells were authentic and results were
not due to inappropriately expressed neuronal or glial markers. These results were
confirmed at the mRNA level. Retroviral marking studies were used to demonstrate
that the neurons, astrocytes and oligodendrocytes were derived from a single MASC
that also differentiates into muscle and endothelium, as the sequence of the host cell

30 genomic region flanking the retroviral vector was identical in all lineages. hMASC
did not only acquire phenotypic but also electrophysiological characteristics of

mature neurons, namely TTX-sensitive voltage-gated Na” currents. Finally, it was




46. The nethod of claim 39, wherein the MASC or their progeny are

adm ni stered via localized injection, systemc injection, parenteral
adm ni strati al adm nistration, or intrauterine injegkd j an
enbryo. Z@roﬁ&*fl%{e met hod of claim 46, wherein |ocalized ???@gﬂ/‘%&?z
conprises catheter adm nistration. 48. The nethod of claim 39, wherein
cells are adm nistered in conjunction with a pharnaceutically acceptable
matri x. 49. The nethod of claim48, wherein the matrix is biodegradable. 25
50. The method of claim 39, wherein the M&C or their progeny alter the

i Mmune syst em 4lso shesinsthatVMIASIC, capatifferentadte ar vibaimg@atellsrexprassiog negenal png

met hod of claim 39, wherein the MASC or their progeny augnent, reconstitute
* or provide for2¥REVEMAKETi e the function of a cell or organ defective due
to injury, genetic gipgasfovildfmidikifEothMAREobihed WRB PORChAsee sdquendiig 30
52. The nethod of claim51, wherein the organ is selected fromthe group

* consi sting of 6fthe gemamiowequshefiankdng ré:eﬁ:-LTcIlR\nnfrtbe retreyirali ingests it wasishewact |

eye, brain,_i e syste ci r.cul at.or 1 i i

misel o, “hestt T GO eEEtrt ek m R AT, A Mo ERME TN Mkl
nervous syst e%liéﬂd@ﬂ&%gﬁesf&/@eﬁ%& AHto 4rddctBel ftfaT hitdSRBEdde Posdan e @l bl @G €This
skin, epithelial appendages, breast-mamuary gl ands, fat tissue, and nucosal

surfaces i ncl uetnelpsorely demensiralgetiat MAR( faf). abthe singlg celidgveldifferapfipls 4o of

cl aim51, whereij he I I A,V : T nmet hod
of claim51, M%E@Fﬁnﬁsﬂl@ﬁagég&i&?%&@g%%?gﬁgﬂe&x}ﬁégy@%w Sglptﬁégl?\lisqlggtto i ng of
cancer, cardi odiffeedtitiate bt 8aBS A0 MEbdérmial cellliypeabt,aldo nearoedicdensd cellitypiset es,

hepatitis, henophili a, degenera}i ve or &raumati cn Lgol E%ZI gal condi tions,
aut oi munel @i sewdiEpotepd adylf stemeellsios MASC v Eciamed. ( FAShe Jr0gt g s

anem a, infect L@iﬁéh -ﬁ%ﬂé@et%.qzédoﬁgﬁﬂ'v?@dbﬁﬁj A |(WoodblryDe ol TR0y ShdWeH

of
claim44, wherein the progeny are fferenti"ated ex vivo or i1n vivo. 56.
The met hod of dlaapopuldtjonsiof heman dhrwdpmdd86\can exprdss markerstaf asteerytes apdlvo or

in vivo. 57. The nmethod of ,claim45, wherein,the progeny. are sel,ected from
the 15 group cOA¥PRY:] Hb“%@llgg‘?eé’g]mcﬂe?é',’ v’yﬁ’lo %eé'ﬁgélggﬁ%{)c/f’l"bdgc%%s“@g,& :

fibroblasts, nmayHeNethiIRBsantk@NIehal acqhisd RourcedRAbfindlussrkérs cé@ddisac muscl e,
occul ar endothelial, epithelial, hepatic, pancreatic, henatopoietic, glial,

neuronal ah8l oMiffensiaty intrymespdesenl crhie Frstheouoss naithar pudy shawedrthateellne MasC
o Tt BT IR A8, TP PR i,

engrafted t her & Nnctio or organ,
due to injury, Thageltheudi Seasstive fadicurat diftiraniaten,aheseatpaaiid cott r eat ment s,
i s augnented, reconstituted or provide he first_ ti gﬁ%CSQ' The met hod

> f.or..
of claim 58, wierdpsivelydempagmieneuial ap _Slﬂi‘léh%f?rFB%t’cor‘i‘gﬁ‘ﬂP p-consi sting of
cancer, cardi ovascuhag,diseasn FRUARSCIALAERSE in IeWRhuileaaeabof Ae! os,

hepatitis, henophilia, degenerative or traunatic neurol ogi cal conditions,
25 aut oi nugane can seg@ar, in gemsduregedisf subventigularczone and inje thei ippasagpupwhetes

83Tk | EBRRA S S AERRPY ©

neuronal markers. This model was chosen because migration and differentiation of
NSC to specific neuronal phenotypes occurs to a much greater extent when
transplantation is done in germinal areas of the brain than in non-neurogenic areas,

25  and when transplants are done in newborn animals compared with adult animals
(Bjorklund and Lindvall, 2000; Svendsen and Caldwell, 2000). Although hMASC
are multipotent and differentiate into cells outside of the neuroectoderm, hMASC
did not form teratomas. The number of cells that had migrated outside the '
subventricular area was low after 4 weeks, but increased after 12 weeks.

30 The ease with which MASC can be isolated from post-natal BM, expanded
and induced to differentiate in vitro to astrocytes, oligodendrocytes or neuronal cell
types may circumvent one of the key problems in NSC transplantation, namely the

availability of suitable donor tissue.



61. The nethod of claim58, wherein the organ is selected fromthe group 30
consi sting of bone marrow, blood, spleen, liver, lung, intestinal tract,

eye, bral‘pookm_ihe system circulatory system bone, connggtiNeydis&sue,
muscl e, hear bl'ood vessel s, pancreas, central nervous system peri pheral
nervous system ki dney, WO U2/UOC t7.t8 PCT/US112/0-6s2 101 bl adder, skin,
epi thel i al appendages, breast-manmary gl ands, fat tissue, and rrucosal
surfaces including oral esophageal, vaginal and anal. 62. The method of

claim 58, wherein the MASC undergo sel f réﬂewal in VI VO 5_63 The met hod
of claim 39, wherei nExémnple Djiffen Y IO EAPS ! RAHS; | 64.

The net hod of cl ai 39 “ M or t en 7 e .caIIy
transforned to del %\é’ﬂ"‘%ﬁf{lﬁféﬁ’ﬁﬁ‘bﬁa‘cﬁ %‘N?S%ﬁfgn (ggwe g’ﬁf‘%ﬁﬁ%é ? g‘fgi%tlr#
wherein the th&rtﬁ@?éﬁtia%ﬁcﬂﬂ@hna]?epﬁﬂelﬂt@n apiitiRoguedsstiveeragfhind 665 inlihe nret hod
of claim39, wherein admnistration is via a three dinensional matri x

" conprising an mpusef(ZeteaK.%.e2001) 6 Rittlgjissknopmabguithe sigapiniwelvegiaintial  he
treatent 1S di@aLa0eiRaARIAM OBk c@%ﬁxténﬁoa&ﬁvgcp%@@%a& G iPYRRRRRHT 08T Y.
U ar )

peri pher al vastl di'sease or ronary vas | sease.
therapeutic co@pas) tndoderin iridt Spendfidd)\no emcl imap bateriaggostarioadirgctimncept abl e

carrier, wherein the MASC are present in mount. effective to 8 oduce
ti ssue sel ect e(M‘F R+ R Gr &W%M?@Nﬂ 16? that ex §ito axPeBEe Ok p| een,
liver, lung, r'n?t%l EGFABbster®: h‘[eaéaﬂ ch@304R8, WHRhGThoW RpeteRtpect i ve
tissue, nuscl e 2 esse ancreas centr ? nersous system

ki dney, bl addeéxpreds|hapate:pnmﬂleﬂsl(WelhrjMMax§1,e$999c)r BasdB Snmrthempusy, defimtivé at

ti ssue, and nucosal surfaces including oral esoph a(g, vglg# n&i{wﬁmg anal .
69. A therb(beuemdmmﬁof%? ﬂeeubmbﬁ@népwﬁssef%ﬁf’gg preg f4REti on
t t t t ; MASC
0 a patien If:'or ?gn&(m%%rﬁ% ind fEdy &%Rég%?’é lﬁng gﬁgnac%&c @k(}'r%{ﬁ'a \GFCEE,

froma mammal i an donor ) expan expanded popul at'i on
of undi f f er ent bethipestiuced bysxheaadghcent)caaﬂm mssadenngzarh'eKES(p’%ﬂ@dlbdﬂueﬂ drs to the

pati ent, wherein organ, .tissue qr .cellylar function is r 0 70. The
net hod of clai Fﬁqﬁgegméij'é‘ierf‘ hapatie fale argpptitiee ‘i% @lhﬁﬁqcﬁem‘? aée%%hod of

cl ai m 69, wher \ Wb Gcdded Qnﬁﬁ vetsahim
wherein the nar%)’gll i gﬁs%onorhfgs&n%tﬁceﬂgg?ﬁeﬁwmg) e%h c 7.18 sPCTI USOZ/ 0-GS2

102 73. ThiS neteshcbyme hesi atlsce@quinkrbasghey inaeeasy kgsels Of the3ATAA tragpqription

sel ected from the con bo row., hl I iver,
lung, intestin tqr%%ipprgyg) eﬁye&ﬂﬂﬂy Oﬁ?ﬂjﬁgegﬂ}é rgﬁ?or@ tﬁi@?F Sﬁinag%ﬁ Ve tissue,
nuscl e, heart, > GOGAELS 8hE HNIBPCHE Auiré® rhdbatiepeaifisatforisdrdre Meydrier al
nervous system ki'dney, bl adder, skin, 5 epithelial appendages,

br east - mammary efjtcam:lsf dpwnstrdagsersntsdeatling todephtosyte diffesentiation s they or al
esophageal , vagi nal h |on of a
het er ol ogous Nﬂg@gylta% gﬁﬁtoé&e? at?%yt%Speﬁﬁﬁ’en eg‘gin{l)lrgllléhl Z{r%gdll%"ﬁ'gmsﬁ&% (a)

i ntroduci ngoi Nhthetshe I\/ASC ex vivo, a nucl eic acid sequence 10 encodl ng t he

recipient's MHC antigens operably linked to a prormt or, fﬁ‘g{fﬁﬂt he M—lg
antigens are expres%@@ownﬁtﬁ@%@urmaﬁ)"eﬁ Fafhyd eé&ﬂﬁeﬁﬁra SS9 t he

patient, wher e'afé n?imé @ﬁﬁéqa%E%eﬁ¥§{1%%§‘%Qt' ak s RrdsB ShersHak bedrBfttart O

inhibit the rejecti'on o ranspl )
controversy about the existence and function of a liver stem cell. During extensive

liver necrosis due to chemical injury or when hepatocytes are treated with chemicals
25  that block their proliferation, a population of smaller cells with oval shape, termed
oval cells, emerges and proliferates (Petersen, B.E., 2001). These oval cells may
constitute the "stem cell" compartment in the liver. Oval cells reside in the smallest
units of the biliary tree, called the canals of Herring, from where they migrate into
the liver parenchyma (Theise N.D., et al., 1999). Oval cells are bi-potential, giving
30 rise in vitro and in vivo to both hepatocytes and bile ductular epithelium. Oval cells
express several hematopoietic markers such as Thyl.1, CD34, Flt3-receptor, and c-

Kit, and also express oFP, CK 19, y-glutamyl-transferase, and OV-6. The origin of



MASC. 15 75. The method of claim 74, wherein the patient is of the sane
speci es or another mammal i an speci es as the donor of the MASC. 76. The
net hod Of“£hﬁhﬂ1ﬂ§’ wherein the MASC are transplanted intg@ctRRoDAGELNt Via
| ocal i zed 'I'njectron, system c injection, parenteral adm nistration, oral
adm nistration, or intrauterine injection into an enbryo. 20 77. The nethod
of claim76, wherein localized injection conprises catheter adm nistration.
78. The nmethod of claim 74, wherein cellsfgre transpl anted in conjunction
with a pharmaceutically acceptable matrix.°°79. The nethod of claim 78,
wher ei n t he maoval gelisis bpoideyme@atsrsen, BE.. Q901 AKire tTHd et of, 108K Brterseny B e
rejection of a%&gaerologous MASC transplanted into a patient conprising the
steps of: (a) sgeni cal |y knocki ng out expression of MHC antigens in the
MASC, and (b) transphDictéilyt fevasbeneedtha hyPiecyied @uldenlpdt idetived fibrar ei n
~said 30 MHC antigens are not expressed by the MASC such that rejection of

t he transpl ant edlsifsamiodsrmalirigin angl theit propeaiterst hlowveyer, rcantstghies sHgeesi n t he

patient is of Lhe sa i 0 i necl or of
Phe nasc - & vdgordeisaRERuEsJpbRR A fRANEY R TG EhE R 2 WPRedlanel)
wherei n the MABE.22601t PRrapiravifFed: 4lnt1699)h & oplatvirgboneimartave éBMjed i nj ecti on,
system c injection, parenteral adm nistratiaqn,,6 oral 1 ni ation, or
intrauterine i HPJ&PIWIOMQWI sollsamp, Ariyeddrom theadagnay FIB@ IS¢ bm%??’ wher ei n
| ocal i zed i nj eggdpn i td oy d of
cl'aim 80, vhr 31 oA aPangRE Br GRIE] BmACRRBLE HER Rl (e in PR TERe,

phar maceut i cal hty asieméptodbl f tyrasenimia t§pe I, Fesultow iththe podlifetatiomoBlrgemnentzrs t he

trix is bjod dabl e, 86. A nethpd .of ting. bl ood i ndi vi dual
b1 000 conphhent LagierLecs: Bepatcaier e Mimeladrenie Biodhdpicahngton ¢f fhac
and (b) differgdld @binge £ HMPE500H O FlthdAnREQ Qfhg®l HREQRS, sRBARNRPbSulat87. The

met hod of claim86, wherein the individual blood conponents are red bl ood
cel |'s, white blhedematdpoictiorsygemtbat else comgbag to ppithslivmdofdengi skig, Hyverander y

conprising the steps of: . (a) a@bz'n t he genom ¢ oOr ot eom i of
MASC or their §P'o€<8ﬁ‘§/ﬁe_[?'§) S&%? ng™ ?{mefsﬁggre?%ce@%q c@iﬁsatr%a?%l %fﬁ?ﬁa%cs
and/ or conput egegddthfsbfie I3dx) Wit @FWitHohBrcosatn 20 (OSM) assarghireg and
conparing new data with known databases to di scover new drugrcsy. 89. A nethod

of i dentif¥$ ngheprtocssnphanerips (Frend--bi £4dr 2ROttt Vp BOHRSMBRYRPICI S Fhe
steps of: (a) %&#{ élf)g)b&ge&gry %ﬁ@gﬂa F"E}%E%%{é&%m e TP BERs Blat Mianded thP)

i nducing differe Ion o zing'the genomc or proteonc
makeup of i nt etnedthent withaFiGF, HGR 0SM, dntlddexntHantazali hat dwp01).d) anal yzi ng
Lie, genom o o Pr ot o Oy RKSHR Fhet TN VAN F o) ikl 1 he

mesodermal and neuroectodermal cells, but also into cells with morphological,

20  phenotypic and functional characteristics of hepatocytes in vitro.
mMASC, rMASC, and hMASC acquire a hepatocyte-like phenotype when cultured
with FGF4 and/or HGF.
mMASC, rMASC and hMASC were selected and cultured as described. To

determine optimal conditions for MASC differentiation into hepatocyte-like cells,
25  the effect of different extracellular matrix (ECM) components was tested and
cytokines known to induce hepatocyte differentiation in vivo or from ES cells (Zaret
K.S., 2001) on mMASC or rtMASC differentiation to hepatocytes. As
differentiation requires cell cycle arrest, the effect of cell density was also tested. To
demonstrate differentiation to hepatocyte like cells, cells were stained after 14 days
30  with Abs against albumin, CK18, and HNF3.
Optimal differentiation of mMMASC or rMASC to albumin, CK18 and
HNF3p positive epithelioid cells was seen when MASC were plated at 21 .5x10°
cells/cm? in the presence of 10 ng/ml FGF4 and 20 ng/ml HGF on Matrigel™ as



30 (e) using bioinformatics and/or algorithns to characterize the genomc
or proteom c nmakeup of MASC and their progeny; and WO |12/ 0G 478

PCT/ US02/ .~ 4 (f) conparing the data obtained in (e) i 4,fy the
corrponent\gog'?/%ﬁj%gs pat hway. 90. The net hod of claim 89, mg{;@P%&?HEZ
differentiation occurs in vitro. 91. The nethod of claim89, wherein the
differentiation occurs in vivo. 5 92. A nethod for conparing
differentiation in vitro with differentiation in vivo conprising conparing
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A16 a single retroviral insertion site was present in undifferentiated MASC as well
as mesodermal and neuroectodermal differentiated cells and eGFP” clone A16
MASC differentiated into CK18 and albumin positive cells. The same insertion site
10  was present in FGF4-treated MASC generated from the same cell population (5°-
TAG CGGCCGCTTGAATTCGAACGCGAGACTACTGTGACT CACACT-3’,
Chromosome 7), proving that single hAMASC differentiate into endoderm aside from
mesoderm and neuroectoderm.

Quantitative RT-PCR demonstrates that FGF4 and HGF induces hepatocyte

15  specification and differentiation.
Hepatocyte differentiation by quantitative RT-PCR was confirmed for early

(HNF3p, GATA4, CK19, oFP) and late (CK18, albumin, HNF1a, cytochrome P450)
markers of hepatocyte differentiation. RNA was extracted from 3x10° MASC or
MASC induced to differentiate to hepatocytes. mRNA was reverse transcribed and
20 ¢DNA was amplified as follows: 40 cycles of a two step PCR (95°C for 15", 60°C
for 60") after initial denaturation (95°C for 10") with 2pl of DNA solution, 1X
TaqMan SYBR Green Universal Mix PCR reaction buffer using a ABI PRISM 7700

(Perkin Elmer/Applied Biosystems). Primers used for amplification are listed in

Table 9.
25  Table 9: Primers used
Primer Primers
Name
MOUSE
HNFla S: 5°-TTCTAAGCTGAGCCAGCTGCAGACG-3’
A: 5°-GCTGAGGTTCTCCGGCTCTTTCAGA-3’
HNF3 S: 5°-CCAACATAGGATCAGATG-3’
A: 5°-ACTGGAGCAGCTACTACG-3’
GATA4 S: 5'-AGGCATTACATACAGGCTCACC-3’
A: 5’-CTGTGGCCTCTATCACAAGATG-3’
CK18 S: 5°-TGGTACTCTCCTCAATCTGCTG-3’
A: 5-CTCTGGATTGACTGTGGAAGTG-3'
CK19 S: 5°- CATGGTTCTTCTTCAGGTAGGC-3’
A: 5'- GCTGCAGATGACTTCAGAACC -3’
Albumin S: 5’-TCAACTGTCAGAGCAGAGAAGC-3’
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oFP S: 5°-TGCAGCCAAAGTGAAGAGGGAAGA-3’
A: 5’-CATAGCGAGCAGCCCAAAGAAGAA-3’
Albumin S: 5’- TGC TTG AATGTGCTGATGACAGGG -3’
A: 5°-AAGGCAAGTCAGCAGGCATCTCATC-3’
CKI19 S: 5-ATGGCCGAGCAGAACCGGAA-3’
A: 5’-CCATGAGCCGCTGGTACTCC-3’
CK18 S. 5’-TGGTACTCTCCTCAATCTGCTG-3’
A: 5-CTCTGGATTGACTGTGGAAGT-3’
CYPIB!1 S: 5°-GAGAACGTACCGGCCACTATCACT-3’
A: 5’-GTTAGGCCACTTCAGTGGGTCATGAT-3’
CYP2B6 S: 5°-GATCACACCATATCCCCGGA-3’
A: 5’-CACCCTACCACCCATGACCG-3’
RAT
HNFla S: §-AGCTGCTCCTCCATCATCAGA-3’
A: 5-TGTTCCAAGCATTAAGTTTTCTATTCTAA-Y’
HNF3 S: 5'-CCTACTCGTACATCTCGCTCATCA-3’
A: 5’-CGCTCAGCGTCAGCATCTT-3’
CKI18 S: 5'-GCCCTGGACTCCAGCAACT-3’
A: 5’-ACTTTGCCATCCACGACCTT-3’
CK19 S: 5’-ACCATGCAGAACCTGAACGAT-3’
A: 5’-CACCTCCAGCTCGCCATTAG-3’
Albumin S: 5’-CTGGGAGTGTGCAGATATCAGAGT-3’
A: 5'-GAGAAGGTCACCAAGTGCTGTAGT-3’
aFP S: 5'-GTCCTTTCTTCCTCCTGGAGAT-3’
A: 5’-CTGTCACTGCTGATTTCTCTGG-3’
TTR S: 5’-CAGCAGTGGTGCTGTAGGAGTA-3’
A: 5'-GGGTAGAACTGGACACCAAATC-3’
Cyp2bl S: 5'-GAGTTCTTCTCTGGGTTCCTG-3’
A: 5'- ACTGTGGGTCATGGAGAGCTG -3’

mRNA levels were normalized using B-actin (mouse and human) or 188 (rat)
as housekeeping genes and compared with mRNA levels in freshly isolated rat or
mouse hepatocytes, rat hepatocytes cultured for 7 days, or mRNA from human adult

5 liver RNA purchased from Clontech, Palo Alto, California.

On d0, mMASC and rMASC expressed low levels of albumin oFP, CK18,
CK19, TTR, HNF3B, HNF1a and GATA4 mRNA, but no CYP2B9 and CYP2B13
(mouse) or CYP2BI1 (rat) mRNA (Fig. 10). Following treatment of mMASC or
rMASC with FGF4 and HGF, expression of HNF3p and GATA4 mRNA increased

10 ond2, became maximal by d4, decreasing slightly and leveling off by d14. mRNA

for aFP, and CK19 increased after d2, and became maximal by d4 and decreased
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albumin, TTR, CK18, CYP2B9 and CYP2B13 (mouse) and CYP2B1 (rat) mRNA.
5 Undifferentiated hMASC expressed low levels of albumin, CK18, and
CK19, CYP1BI1, but not aFP (Fig. 10) and CYP2B6 mRNA. Levels of albumin,
CK18, CK19, CYP1B1 mRNA increased significantly in hMASC cultured with
FGF4 alone or with FGF4 and HGF for 14 days compared to day 0 (MASC)
cultures. Levels of albumin, CK18 and CYP1B1 mRNA continued to increase and
10  were higher on d28. Although, CYP1B1 is not a specific hepatocyte marker, its
upregulation suggests hepatocyte commitment and maturation. Low levels of
CYP2B6, 0.5% to 1.0% of fresh liver mRNA’s could be seen on d14 and d21 but
not d0. mRNA levels of immature hepatocyte markers (CK19 and oFP) decreased
as differentiation progressed and were higher in cultures induced with FGF4 alone,
15 whereas mRNA levels for mature hepatocytes (CK18 and albumin) were higher in
FGF4 and HGF-induced hMASC.

Western Blot demonstrates that FGF4+HGFT induces hepatocyte specification and

differentiation
Expression of hepatocyte-specific genes was also confirmed by Western Blot
20  and performed as described by Reyes ef al. (2000). Abs to oFP, human albumin,
CK18 were diluted 1:1000 in blocking buffer. Goat anti- B-actin (1:1000) was from
Santa Cruz. Secondary Abs were HRP-linked goat anti-mouse and HRP-linked
donkey anti-goat (Amersham, Arlington Heights). ECL was performed according to
manufacturers instructions (Amersham). Undifferentiated hMASC did not express
25  CKI18, albumin, or aFP protein (Fig. 10B). After treatment for 35 days with FGF4
alone or FGF4 and HGF, hMASC expressed albumin and CK18, but not oFP,
consistent with the histochemical analysis.
mMASC. rMASC and hMASC acquire hepatocyte functional activity
Five different assays were used to determine whether cells with morphologic
30  and phenotypic characteristics of hepatocytes also had functional hepatocyte
attributes.
Urea production and secretion by hepatocyte-like cells was measured at

various time points throughout differentiation. Urea concentrations were determined
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controls, and culture medium as negative control. The assay can detect urea
concentrations as low as 10 mg/ml. As the assay also measures ammonia, samples

5  were assessed before and after urease addition.

No urea or ammonia was detected in culture medium alone. Undifferentiated
MASC did not produce urea. Following treatment with FGF4 and HGF, urea
production by MASC increased in a time dependent manner. The time course for
urea production in mouse and rat cultures was similar. For hMASC treated with

10 FGF4 and HGF, urea was not detected on d4, was similar to mouse and rat cultures
by d12, and exceeded that in mouse or rat cultures on d21. Levels of urea produced
by MASC-derived hepatocytes were similar to that in monolayer cultures of primary
rat hepatocytes. For all three species, significantly more urea was produced by cells
differentiated on Matrigel™ compared to FN.

15 Albumin production was measured at various time points throughout the
differentiation. Rat albumin concentrations were determined by a competitive
enzyme linked immunoassay (ELISA) described previously (Tzanakakis E.S., et al.,
2001; Wells I.M. et al., 2000). Human and mouse albumin concentrations were
determined using a similar ELISA method with substitution of human or mouse

20  albumin and anti-human or anti-mouse albumin Abs for the rat components where
appropriate. Peroxidase conjugated anti-human-albumin and reference human
albumin were from Cappel. Peroxidase conjugated and affinity purified anti-mouse
albumin and reference mouse albumin were from Bethyl Laboratories (Montgomery,
Texas). To ensure specificity of the ELISA, human, mouse, and rat Abs were

25  incubated for 2 hrs at 37°C with 3% BSA in distilled water (dH,0). ELISA’s had a
sensitivity of at least 1 ng/ml.

Undifferentiated MASC did not secrete albumin. Following treatment with
FGF4 and HGF, mMASC, rMASC and hMASC produced albumin in a time
dependent manner. As was seen for urea production, MASC differentiated on

30  Matrigel™ produced higher amounts of albumin than when cultured on FN. Mouse,

rat, and human cells secreted similar levels of albumin, even though albumin was

not detected in human cultures on d3. Levels of albumin produced by mouse, rat
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mMASC at 5x10* cells/cm? on non-tissue culture plates, which were placed on a

shaker at 10 revolutions per minute for Sh. Cell aggregates were transferred to
Primaria™ dishes and allowed to compact for 4 days in the presence or absence of
1mM phenobarbital. hMASC-hepatocyte aggregates were formed by hanging drop
10  method. Briefly, 10> hMASC treated for 24 days with FGF4 and HGF were placed
into 100uL drops with or without 1mM phenobarbital. After 4 days, aggregates
were collected and cytochrome P450 activity assessed by PROD assay.
Pentoxyresorufin (PROD) (Molecular Probes, Eugene, Oregon) is O-dealkylated by
Cytochrome P450, changing a non-fluorescent compound into a fluorescent
15  compound, resorufin (Tzanakakis E.S. er al., 2001). Fluorescence intensity caused
by PROD metabolism consequently estimates cytochrome P450 (CYP) activity.
Assessment and detection of resorufin in situ was performed using confocal
microscopy as described (Tzanakakis E.S. ef al., 2001).
No PROD activity was seen in aggregates of undifferentiated mMASC or
20 hMASC. However, nMASC (18 days with FGF4 and HGF) and hMASC (28 days,
FGF4 alone) induced to form aggregates had significant PROD activity. PROD
activity in MASC-derived hepatocyte aggregates was similar to that of primary rat
hepatocyte aggregates. A number of different cells have P450 activity, but P450
activity up-regulation by phenobarbital is only seen in hepatocytes. Therefore, P450
25  was also tested in the presence or absence of phenobarbital. Without phenobarbital,
several P450 enzymes partially participate in PROD metabolism giving an inflated
fluorescence value for those samples. In contrast, in the phenobarbital induced
aggregates, PROD activity is almost wholly metabolized by mouse cytochromes
Cyp2b9, Cyp2b10, and Cyp2b13, rat cytochrome Cyp2b1/2 (Tzanakakis E.S. et al.,
30  2001), and in human, by CYP2B6. Therefore increased fluorescent activity is
smaller than the actual increase in the protein expression of the stated cytochrome
P450 enzymes. When aggregates were cultured for 96 hours with phenobarbital, a

32% to 39% increase in PROD activity was seen, suggesting presence of functional
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’ LDL by incubating FGF4 treated hMASC with LDL-dil-acil. Cells were co-labeled
5  either with anti-CK18 or anti-Pan-CK and HNF-3f or GATA4 Abs. After 7 days,
low level uptake of a-LDL was detected, which increased to become maximal on
d21.
Another metabolic function of hepatocytes is glycogen production or
gluconeogenesis. The levels of glycogen storage were analyzed by periodic acid

10 Schiff (PAS) staining of FGF4 and HGF induced mouse MASC and FGF induced
hMASC at d3, d7, d14, and d21. For PAS, slides were oxidized in 1% periodic acid
for 5’ and rinsed 3 times in dH,O. Afterwards slides were treated with Schiff's
reagent for 15’, rinsed in dH,O for 5-10°, stained with Mayer's hematoxylin for 1°
and rinsed in dH>O. Glycogen storage was first seen by d14 and maximum levels

15  were seen after d21 (Fig. 11).

Hepatocyte Isolation and Culture

Hepatocytes were harvested from 4-6 week old male Sprague-Dawley rats as
described (Seglen P.O., 1976). Hepatocyte viability after the harvest ranged from
90-95%. Hepatocytes were cultured as described (Tzanakakis E.S. et al., 2001;

20  Tzanakakis E.S. et al., 2001). To form a monolayer, hepatocytes were cultured on
35 mM Fischer culture plates (Fischer Scientific, Pittsburgh, PA) coated with
8ug/cm? collagen (Cohesion Technologies, Palo Alto, CA). To form spheroids,
hepatocytes were cultured on 35-mm Primaria™ dishes (Becton Dickinson). Under
both conditions, seeding density was 5x10* cells/cm?. 12h after initial plating,

25  medium was changed to remove dead and unattached cells. Medium was replaced
every 48 hours thereafter.

Summary
It has been shown that a single post-natal mouse, rat and human BM-derived
MASC can differentiate in vitro into an endodermal cell type with hepatocyte

30  phenotype and function. MASC, cultured under hepatocyte differentiation
conditions, expressed in a time-dependent fashion primitive and mature hepatocyte
markers, shown by immunofluorescence microscopy of double and triple labeled

cells. The protein expression profile was hepatocyte specific and not spurious, as
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corroborated upregulation of the transcription factors HNF3j3 and GATAA4 known to
be important in endoderm specification and transcription factors required for

5  subsequent hepatoéyte differentiation, such as HNF3p, and cytoplasmic proteins
such as CK 19, CK18, oFP and albumin.
Although it was shown that FGF4 alone or both FGF4 and HGF induced
MASC into cells with morphological and phenotypic characteristics of hepatocytes,
this alone does not prove that cells have differentiated into hepatocytes unless one

10  can demonstrate acquisition of functional characteristics of hepatocytes. Therefore,
several functional tests were done in combination to identify functional hepatocytes.
mMASC, rMASC or hMASC produced urea and albumin, contained phenobarbital
inducible cytochrome P450 activity, could take up Dil-acil-LDL, and contained
glycogen granules. Although urea production is characteristic of hepatocyte

15  activity, kidney tubular epithelium also produces urea (Hedlund E. ez al., 2001). In
contrast, albumin production is a specific test for the presence and metabolic activity
of hepatocytes (Hedlund E. er al., 2001). Cytochrome P450, although found in
hepatocytes, is also present in many other cell types (Jarukamjorn K. ez al., 1999).
However, Cyp2b] activity in rat (Tzanakakis E.S. et al., 2001), Cyp2b9 and

20  Cyp2bl3 in mouse (Li-Masters T. et al., 2001; Zelko 1. £t al., 2000), and CYP2B6 in
human is considered relatively hepatocyte specific. Presence of these forms of P450
was shown by RT-PCR. The specificity for hepatocytes is enhanced further when
P450 activity is inducible by phenobarbital (Rader D.J. et al., 2000), as shown.
Although LDL uptake is seen in hepatocytes (Oh S.H. et al., 2000), other cells such as

25  endothelium have a similar capability (Avital I. er al., 2001). Finally, only
hepatocytes can generate and store glycogen. When taken together, these functional
tests demonstrate that MASC from mouse, rat or humans treated in vitro with FGF4
and HGF not only express hepatocyte markers but also have functional
characteristics consistent with hepatocyte metabolic activities.

30 Several studies have shown that BM derived cells may differentiate into
hepatocyte-like cells in vivo and in vitro (Petersen B.E. et al., 1999; Theise N.D. e/ al.,
2000; Krause D.S. et al., 2001; Pittenger M.F. et al., 1999; Wang S. et al., 2001; Lagasse E.
et al., 2000). However, most studies have not addressed the phenotype of the BM cell
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transplanted, this study did not prove that the same cell that differentiates into
hematopoietic cells also differentiates into hepatocytes. Krause et al showed that a
10  single cell can repopulate the hematopoietic system and give rise to rare hepatocytes.
However, no functional assessment of the hepatocytes was done (Krause D.S. et al.,
2001). Avital et al recently published that ;m’, Thy-1" cells in mouse BM express
albumin, HNF4, C/EBPa, and Cytochrome P450 3A2 mRNA and protein (Wilmut 1.,
et al., 1997), a phenotype of hepatocyte progenitors usually found in the liver. Thus,
15 presence of such hepatocyte progenitor cells in BM could explain the in vivo
differentiation of bone marrow into hepatocytes noted in recent studies (Krause D.S.
et al., 2001, Lagasse E. er al., 2000).
To address the question whether cells giving rise to functional hepatocyte-
like cells also give rise to other cell types, retroviral marking was used (Reyes M. et
20  al.,2001; Jiang Y., 2002). It has been recently shown that cells expressing albumin,
CK18 and HNFla can be generated from the same mMASC and rMASC that
differentiate into cells with endothelial and neuroectodermal phenotype (Jiang Y.,
2002). It is confirmed that similar results are seen for A(MASC. Extending recently
published studies demonstrating derivation of cells with mesodermal and
25  neuroectodermal phenotype and function from single hMASC (Reyes M., 2002), it is
shown here that the same single hMASC also differentiates into cells with
hepatocyte morphology and phenotype. Thus, it is demonstrated for the first time
that MASC that do not express hepatocyte markers and have no functional
hepatocyte activity exist in BM, which depending on the culture conditions, acquire
30  ahepatocyte phenotype and functional characteristics of hepatocytes, or phenotypic

and functional characteristics of mesodermal and neuroectodermal cells.
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transgene (106 cells/mouse) and were 1.V. injected into hemophiliac mice (N=5)
without prior irradiation. The animals were sacrificed at 1 (N=2) and 2 months
(N=3) post-MASC transplantation. Bone marrow cytospins and frozen sections of
liver, spleen, skeletal muscle, heart, lung and intestine were stained for presence of
B-gal antigen using a FITC-conjugated anti-B-gal antibody and pan-cytokeratin or
CD45. Tissues were also analyzed by Q-PCR for the B-gal gene as described in
Example 6. '
Preliminary analysis indicates that one of the three animals (M3) analyzed at
2 months post-injection had 0.1% of pulmonary epithelial cells derived from the
donor cells by immunohistochemistry and Q-PCR. Immunohistochemistry also
showed that animal M5 had <1% engraftment of CD45" donor cells in the spleen,
marrow and intestine. Tissues of the énimal M4 had some donor derived cells on

immunohistochemistry; PCR data on this animal is pending.

All publications, patents and patent applications are incorporated herein by
reference as though individually incorporated by reference. Whiyle in the foregoing
specification this invention has been described in relation to certain preferred
embodiments thereof, and many details have been set forth for purposes of
illustration, it will be apparent to those skilled in the art that the invention is
susceptible to additional embodiments and that certain of the details described herein
may be varied considerably without departing from the basic principles of the

invention.
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steps of:
(a) introducing the cell of claim 1 into a blastocyst;
(b) implanting the blastocyst of (a) into a surrogate mother; and
(c) allowing the pups to develop and be born.
30 13. The animal of claim 12, wherein said animal is chimeric.

14. A composition comprising a population of MASC and a culture

medium, wherein the culture medium expands the MASC.
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comprising the steps of:
(a) obtaining tissue from a mammal,
(b) establishing a population of adherent cells;
(c) depleting said population of CD45" cells;
20 (d) recovering CD45" cells; and
(e) culturing CD45" cells under expansion conditions to produce an
expanded cell population.

22.  An expanded cell population obtained by the method of claim 21.

23. A method for differentiating MASC ex vivo comprising the steps of

25  claim 21 and further comprising culturing the propagated cells in the presence of
desired differentiation factors.

24.  The method of claim 23, wherein the differentiation factors are
selected from the group consisting of basic fibroblast growth factor (bFGF); vascular
endothelial growth factor (VEGF); dimethylsulfoxide (DMSO) and isoproterenol;

30 and, fibroblast growth factord4 (FGF4) and hepatocyte growth factor (HGF).

25. A differentiated cell obtained by the method of claim 23.

26. The differentiated cell of claim 25, wherein the cell is ectoderm,

mesoderm or endoderm.



s10% & () -

MLO9% & () -
1109 & ().-
f,410% &Y
10% & () -

" 10%& () - !10%&'()-10!10!WZ4|[:A410! '10% & ()- 1fnt10% & ()-

s.10% & () - &101/6008{6(&')()-|10%&'()- | [: 410! " 10% & () -
) 100 & () F10% & ()- 10% & 0% &
OZ/SﬁZ%W' ~ U110% E& ()-F o 1004 & ()- ()s$[1|[ @f’?j?mf Lo 1e
7"10%&'() 86f 10% & ()- 1 410% & ()-  210% & () -
F1109% & ()- RYUB10! s 10%-HE ()- !109% & ()- 10% & ()- 10! 101 10! <10% & ()-
109 & ()-Np_| [:vU310! m 1096 & ()- 10% & ()- } 109 & ()- L 10%& ()- ss

109% & () -
F@L0% & (

s 104 & ()-";|[:vU310!m @T 1098& ()- 10% & ()- 10% & ()-

) -

| "1 109 ()-3 $10% & ( 11098 &
" 8109 & (§) ostrblest; ygor@lweeﬁ(hymﬁ{f replast. &%@m%@a( %‘Jele‘éljs fusels,

. 10% & () -
910% & () -
" LT 10% &

"10% & () -
-10% & ()~

1109 & () -
L109& () -
109 & () -

S10% & () -

j ' Vs%ﬁo]o(t)h n‘f%%:ﬁe/dc&é%c mgs% e %l?r cn@o@t/é‘l?a@%saﬁﬂeh]a@'h%gétﬂco ban

() -

hemﬁd;ﬁ%t& gl)al mgufatfal bdligoderidtd Ot &1 ype&! F 108 & ()- Y

¥ ; "1300/:/ r%il{qsbé%%ﬁ}erentvaé&%&é%({@z \% é%@)}lkl’l?ljlé%teps of

1090! & () - $N| Jlamf‘ﬂ-pandgfuﬁi]i&@o&nﬂsi

0% & ()- ?bA410! nfoa?éng%%gr%%%zxg W& ()-

! 10%1&h(a)1a116¢81,0l'b€61:lp s;wlc@ll p@pqlgg@lggs(epgraﬁgd/@gg (h)ffercp_nt@(p%z&v(vy

610% & () -

10

15

25

30

"Ly ST B S G i TG

) 109 & () - lEJAfi%"u?1 @n@tm( disea¥d, Q¥ dirdd diseabSdOi¥brSgehic treal@ehts, i6 hudiertéd, A410!

- 210% & () - 31108 & ()- F/- 108 & ()- -Z10% & () -
reconstltuted or provided for the first time.

29.  The method of claim 28, wherein the tissue specific cells are of the
osteoblast, chondrocyte, adipocyte, fibroblast, marrow stroma, skeletal muscle,
smooth muscle, cardiac muscle, occular, endothelial, epithelial, hepatic, pancreatic,
hematopoietic, glial, neuronal or oligodendrocyte cell type.

30.  The method of claim 28, wherein the MASC undergo self-renewal in
Vivo.

31. The method of claim 28, wherein cells are administered in
conjunction with a pharmaceutically acceptable matrix.

32.  The method of claim 31, wherein the matrix is biodegradable.

33, The method of claim 28, wherein administration is via localized
injection, systemic injection, parenteral administration, oral administration, or
intrauterine injection into an embryo.

34.  The method of claim 33, wherein localized injection comprises
catheter administration.

35.  The method of claim 28, wherein the disease is selected from the

group consisting of cancer, cardiovascular disease, metabolic disease, liver disease,

diabetes, hepatitis, hemophilia, degenerative or traumatic neurological conditions,

autoimmune disease, genetic deficiency, connective tissue disorders, anemia,
infectious disease and transplant rejection.

36. A differentiated cell obtained by the method of claim 28.

37. A method of treatment comprising administering to a patient in need

thereof a therapeutically effective amount of the cell of claim 11.
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25 50.  The method of claim 39, wherein the MASC or their progeny alter
the immune system to resist viral, bacterial or fungal infection.

51. The method of claim 39, wherein the MASC or their progeny
augment, reconstitute or provide for the first time the function of a cell or organ
defective due to injury, genetic disease, acquired disease or iatrogenic treatments.

30 52.  The method of claim 51, wherein the organ is selected from the group
consisting of bone marrow, blood, spleen, liver, lung, intestinal tract, eye, brain,
immune system, circulatory system, bone, connective tissue, muscle, heart, blood

vessels, pancreas, central nervous system, peripheral nervous system, kidney,
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15  group consisting of osteoblasts, chondrocytes, adipocytes, fibroblasts, marrow
stroma, skeletal muscle, smooth muscle, cardiac muscle, occular endothelial,
epithelial, hepatic, pancreatic, hematopoietic, glial, neuronal and oligodendrocytes.

58.  The method of claim 39, wherein the MASC or their progeny home
to one or more organs in the patient and are engrafted therein such that the function

20 of acell or organ, defective due to injury, genetic disease, acquired disease or
iatrogenic treatments, is augmented, reconstituted or provided for the first time.

59. The method of claim 58, wherein the disease is selected from the
group consisting of cancer, cardiovascular disease, metabolic disease, liver disease,
diabetes, hepatitis, hemophilia, degenerative or traumatic neurological conditions,

25  autoimmune disease, genetic deficiency, connective tissue disorders, anemia,
infectious disease and transplant rejection.

60.  The method of claim 58, wherein the injury is ischemia or
inflammation.

61.  The method of claim 58, wherein the organ is selected from the group

30  consisting of bone marrow, blood, spleen, liver, lung, intestinal tract, eye, brain,
immune system, circulatory system, bone, connective tissue, muscle, heart, blood

vessels, pancreas, central nervous system, peripheral nervous system, kidney,
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genetically transformed to deliver a therapeutic agent.

65.  The method of claim 64, wherein the therapeutic agent is an

10  antiangiogenic agent.

66. The method of claim 39, wherein administration is via a three
dimensional matrix comprising an artificial vein.

67. The method of claim 66, wherein the treatment is directed to
abdominal aortic aneurysm, cardiac bypass surgery, peripheral vascular disease or

15  coronary vascular disease.

68. A therapeutic composition comprising MASC and a pharmaceutically
acceptable carrier, wherein the MASC are present in an amount effective to produce
tissue selected from the group consisting of bone marrow, blood, spleen, liver, lung,
intestinal tract, eye, brain, immune system, bone, connective tissue, muscle, heart,

20  blood vessels, pancreas, central nervous system, kidney, bladder, skin, epithelial
appendages, breast-mammary glands, fat tissue, and mucosal surfaces including oral
esophageal, vaginal and anal.

69. A therapeutic method for restoring organ, tissue or cellular function
to a patient in need thereof comprising the steps of:

25 (a) removing MASC from a mammalian donor;

(b) expanding MASC to form an expanded population of
undifferentiatied cells; and

(c) adminstering the expanded cells to the patient, wherein organ,
tissue or cellular function is restored.

30 70.  The method of claim 69, wherein the function is enzymatic.

71.  The method of claim 69, wherein the function is genetic.

72.  The method of claim 69, wherein the mammalian donor is the patient.
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10 encoding the recipient’s MHC antigens operably linked to a promotor,
wherein the MHC antigens are expressed by the MASC,; and
(b) transplanting the MASC into the patient, wherein MHC antigens
are expressed ata level sufficient to inhibit the rejection of the transplanted

MASC.

15 75.  The method of claim 74, wherein the patient is of the same species or
another mammalian species as the donor of the MASC.

76. The method of claim 74, wherein the MASC are transplanted into the
patient via localized injection, systemic injection, parenteral administration, oral
administration, or intrauterine injection into an embryo.

20 77. The method of claim 76, wherein localized injection comprises
catheter administration.

78.  The method of claim 74, wherein cells are transplanted in conjunction
with a pharmaceutically acceptable matrix.

79. The method of claim 78, wherein the matrix is biodegradable.

25 80. A method of inhibiting the rejection of a heterologous MASC
transplanted into a patient comprising the steps of:
(a) transgenically knocking out expression of MHC antigens in the

MASC; and

(b) transplanting the transgenic MASC into the patient, wherein said
30 MHC antigens are not expressed by the MASC such that rejection of the
transplanted MASC is inhibited.

81.  The method of claim 80, wherein the patient is of the same species or

another mammalian species as the donor of the MASC.
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(a) isolating MASC; and

(b) differentiating the MASC to form blood or blood components.
87. The method of claim 86, wherein the individual blood components
are red blood cells, white blood cells or platelets.
15 88. A method of drug discovery comprising the steps of:
(a) analyzing the genomic or proteomic makeup of MASC or their
progeny;
(b) employing analysis thereof via bioinformatics and/or computer analysis

using algorithms; and

20 (c) assembling and comparing new data with known databases to
discover new drugs.
89. A method of identifying the components of a differentiation pathway
comprising the steps of:
(a) analyzing the genomic or proteomic makeup of MASC;
25 (b) inducing differentiation of MASC;
(c) analyzing the genomic or proteomic makeup of intermediary cells
in the differentiation pathway;
(d) analyzing the genomic or proteomic makeup of terminally
differentiated cells in the differentiation pathway;

30 (e) using bioinformatics and/or algorithms to characterize the genomic or

proteomic makeup of MASC and their progeny; and
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of the method of claim 91.
93. A method of identifying the molecular components of disease or
injury comprising the steps of:
10 (a) analyzing the genomic or proteomic makeup of MASC isolated
from a healthy donor;
(b) analyzing the genomic or proteomic makeup of MASC isolated
from a donor afflicted with the disease or injury;
(c) using bioinformatics and/or algorithms to characterize the data
15 from (a);
(d) using bioinformatics and/or algorithms to characterize the data
from (b);
(¢) comparing the data obtained in (c) with that obtained in (d) to identify the

molecular components of the disease or injury.

20 94. A method of generating products in vitro that have therapeutic,
diagnostic or research utility comprising the steps of:
(a) identifying the products in MASC; and
(b) isolating the products from MASC.
05. The method of claim 94 wherein the products are selected from the
25  group consisting of proteins, lipids, complex carbohydrates, DNA and RNA.

96. A method of inducing, in a mammal, tolerance to an antigen
administered to said mammal, the method comprising the step of administering to
said mammal, after or simultaneously with the administration of said antigen, an
effective amount of MASC or their progeny so that said mammal's humoral immune

30  response to a subsequent challenge with said antigen is suppressed.
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97. A method for removing toxins from the blood of a patient comprising

contacting blood ex vivo with MASC derived cells, wherein said cells line a hollow,
fiber based device.

98.  The method of claim 97 wherein the cells are kidney or liver cells.

99. A method for delivering therapeutic products to a patient comprising
contacting the blood of said patient ex vivo with MASC or their progeny, wherein
said MASC or their progeny are genetically transformed to deliver a therapeutic
agent.

100. A method for testing the toxicity of a drug comprising contacting
MASC or their progeny ex vivo with said drug and monitoring cell survival.

101. The method of claim 100, wherein the progeny are selected from the
group consisting of hepatic, endothelial, epithelial and kidney.



