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Portions of the present invéntion were made with support of the Und tAdl 2004
States Governnent via a grant fromthe National Institutes of . -
Heal t h/ National Institute of Allergy and Infectious D seases to Mrayana
Reyes under grant nunber 1F31Al-Gnl10291. The U. S. Government nay therefore
have certain 10 rights in the invention. Field of the Invention The

i nvention relates generally to nethods for isolation of stemcells, cells

i sol ated by the nethods, and therapeutic Iuses for those cells. Mre 15

specifically, the invention rel to isgolated marrow derived progenitor
cells which have the pot eWhF?éé%EWQMTﬁ@MOCﬁB% cells of a variety
of cell Ilineages, as well a Ofl{?' ' ' cells and for

i nduci ng specific differentiation of t eF?e s?il"ggfg?‘gd by the nethod, and

specific markers that are present in these cells such as proteins and
transcription factors.. 20 Background of the Invention Organ_ and tissue

generation from st efRTEERs of the presertiinvestipr werramade with supposteidhe diitsdovi de
promsing tre ' : | |s a
central focusa%gﬁgg%ggm&f ﬁ‘d%ﬁént?fo&? 2{56 ' i hgﬁlgttltélm@?g?‘%saﬁ %?’Ll
generati on of lastifatesofailibrgy aslinfections DiseasepkaMaoatyamn Reyes indda gragr omi si ng

alternative therapy r . diabet es, Parkinson's disease, |iver disease, heart
di sease, and rﬁ’lﬁ‘?a‘?ﬁrr’rhgh’é?@iﬂé %er@’,e%tlg- aSH%”H’CPEWY perhavecertaingr e at
| east two18) YomPiOL §RndGEOCci ated with organ and tissue transplantation.

First, there is a shortage of donor organs and tissues. As few as 5 percent
of the organs needed 30 for transplant in the United States al ong ever

becone available to a recipient. é.gvags, et at, J. Am Med. Assoc. (1992)
267: 239-246.) According to the ' i SIAsSOCi ation, only 2,300 of
the 40,000 Ateri canpnyfQefiRfGeed sehbitiliRAhLmbas A FoURAYrLRM BIR, and the

American Liver Foundation reports-that “ there are fewer than 3,000 donors
for the nearl yeB)sob0edby themathadspardi therpariticuskior 2064 coMz. Yot 011

15  specifically, the invention relates to isolated marrow-derived progenitor cells

which have the potential to differentiate to form cells of a vanety of cell
lineages, as well as methods for isolating the cells and for inducing specific
differentiation of the cells 1solated by the method, and specific markers that are
present in these cells such as proteins and transcription factors.
20
Background of the Invention

Organ and tissue generation from stern cells and their subsequent
transplantation provide promising treatments for a number of pathologies,
making stem cells a centrai focus of research 1 many fields. Using stem cells

25  for generation of organs and tissues for transplantation provides a promising
alternative therapy for diabetes, Parkinson’s disease, liver disease, heart 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

30  for transplant in the United States along ever become available to a recipient.
(Evans, er al., J. Am. Med. Assoc. (1992) 267: 239-246.) According to the
American Heart Association, only 2,300 of the 40,000 Americans who needed a
new heart in 1997 received one, and the Amencan Liver Foundation reports that

there are fewer than 3,000 donors for the nearly 30,000 patients who die each




PCTHUSOQ 21387 2 year f+omliver failure. The secqpqwrraj or problemis the
potential inconpatibility of the transplanted tissue W th the i nmhMAY ik

system of we1/16fal Pi ent .. Because the donated organ or tiss IS recogni zed.
by the host inmune systemas foreign, anti-rejection nedicgﬁ%’gg‘"?ﬁ@tg be

provided to the patient at a significant cost-both financially and
physi cal | y. Xenotranspl antation, or transplantation of tissue or organs
from anot her species, could provide an akternative neans to overcone the

shortage of h n rgan n L ssues, Xenotranspl antati on. would offer the
advant gge of i@gﬁe@dﬁ%ﬁsﬂﬁ?hgﬁ%#?ﬂgW%%{gg@gﬁe,s%nogw?wb the organ to be
harvest ed whi | Rcshpadbiligedfithy rampthntdd (86 Gith Be REhhiRNYyslemh sfler 90 any

beneficial pretreatnment prior to transplant surgery. Unfortunately,
xenot r anspl ant&epiaat.dBeeavse thealonated wegantos tispredb resnguized by thedhost immune

I nconpatibilit ut_ 4 nstead.exacerbates iLt. Furthernore, according to the
Centers for Di%’gtggleésé@ﬁ 1#&@“?%&"9 E‘e‘gv?‘b%ﬁc!%“*‘f hﬁ?f‘)&&#ﬁd?ﬁ'@epwmﬁégs Cross
speci es barsr i efignifibirgsoftavisoth finan@ally & physRaEgy dat es as organ and tissue

donors, yet cross-species transm ssi'on of "nore than one virus frompigs to

humans has been doctfiairadgplamation s tphsplantatn of tissud drengaisdeomvenaherecent | y

sl aughtered in Ml aysia . in .an effort.to contain an oytbreak of Hendra
virus, a di sesggcelest’hg’tl%v%gv@f:ﬁﬂg W%%FTS%?@V‘FH%{HC%ﬁ%ﬂﬁﬁﬁf’s"%‘l“?ﬁndeadl y

resul ts. (But|dgansRnd tNaldir XendB2Rp1a3Bion d offét:ﬁerw&htagg r?ggﬁmkéd on and

use The nost prom’_si&g source of organs and tissues for t antation
therefore |i ePlamingef dee@nspianinalloying thenrgai to tedwmivested gyhileRudidreelthy al | v,

stem cel g C Helo) | f: - hng cell division to gjve rise to

phenot ypi 3 3*‘8%998’%@33’?@%‘??5;%.“%%%? F‘&Ya+°“8§ﬂ ’8&8‘*‘?‘8& PPLifdefinite time
and ul ti mat el yragplanthiuk g2y c Unifathmately, XeddtrdnSptahtalSe ddds ik ofGkbmb e By
generating tissues or_ organs froma ‘L))atlent s owmn stemcells, or by

genetical Iy alRreblempfiitisses srempetibikiey but intiead exacerbates iteFuphemtoré,nmune
system does n [ Pralg] rranspl an ti,ssuyes can be
generated to g‘tf%‘gfuﬁg’%g‘tgﬁéeeg vg{lgtfgl;%gssgé%so&hgi’ rﬁfﬁ%'%@ﬁ%h@ﬁ%?@ﬂ% ation
Wi thout the asdmsésatresh speciks birriensf ®6gs e BecdmERkidy ERIIRIHEOR orgadl S0 cel | s
al so provi ge prom se for inproving the results of gene therapy. A

pati ent' s 13wn USBYSIPNORS, V6 IBSFPEHES anmmissien pimare thanens virus from pigsiten

humans has been documented. For example, over a million pigs were recently
slaughtered in Malaysia in an effort to contain an outbreak of Hendra virus, a
disease that was transmitted to more than 70 humans with deadly results.
(Butler, D., Nature (1999) 398: 549.)
20
Stem cells: Definition and use
" Themost promising source of organs and tissues for transplantation
therefore lies in the development of stem cell technology. Theoretically, stem
cells can undergo self-renewing cell division to give rise to phenotypically and
25  genotypically identical daughters for an indefinite time and ultimately can
differentiate into at least one final cell type. By generating tissues or organs
from a patient’s own stem cells, or by genetically altering heterologous cells so
that the recipient immune system does not recognize them as foreign, transplant
tissues can be generated to provide the advantages associated with
30  xenotransplantation without the associated risk of infection or tissue rejection.
Stem cells also provide promise for improving the results of gene

therapy. A patient’s own stem cells could be genetically altered in vitro, then



WO01/11011 3 NAY 2004 PCTILCISOQO 21387 3 rei ntroduced i'n vivo to produce a
desired gene product. These jgenetically altered stem cel | s woul d3 mreq

pot enti al @gﬁ)g‘ bnduced to differentiate to forma nultitude of cel ypes._
for inplan A%t specific sites in the body, or for sysPERUS021387
application. Alternately, heterologous stemcells could be genetically
altered to express the recipient's major histoconpatibility conplex (MHC)
antigen, or no MHC, to allow transpl ant o those cells fromdonor to

reci pient wthout the associ at e reje Stem cel | ef| ned
as cells that THRFOAUCEdHIF AL PE F’Be%%ﬁﬂe PF‘?d!I'é? i Hhese genstigal foé

potential thatgh CERE QBhIdHSe trfktﬁtéﬁl‘éﬂc?ﬁeﬁ‘flxﬂbéed th ARRSER e ordh B2 can’

repopul ate tissues upon trans tation ui nt essent emcell is
t he enbryonal muleimedesd)cetiaypes faﬂmﬁla:hamnmlspmlﬁesitesehﬂxerhmﬂgeymifoand

mul ti potent differenti atl on tent| al. These cells rived fromthe
i nner cel | nmaS¥stsmi¢ App wav%tg@?eet%#lemowscfmee WP@‘%Q&F@“‘M’% ¥or di al

germcellsfr dsied8digtehos QodoSHEKBIRAL - or EG

cells). ES an EG ceﬁﬁ)r ﬁavg Eéegitr? de]rn?‘érlg}élyf(r)o?nlﬂ;r%l)lusiggFI orﬂ@l %re r)Zcent |y

al so from non-antigem, orproi MBI $o aliu:bv trangpiat oNhese cellsrionn denbrito texipients e

bl ast ocysts or bl astocgts of, er animals, ES cells can contribute to

al | tissues of*iiuttes, °"(‘%'ﬁiiﬁ'ﬁ P “W‘Fé‘ﬁn transpl anted in post-nat al
| ES d EG trat
ani mal s, an §l‘3cl§1 &gggf@dg&:g% EfE@HSQHﬁShavﬁ!"%hEﬁhvégﬁhQ Wi trates

their nultlpotency can be ntifred by positive
stai ni ng w t h ihdefirate, pttxhﬂereﬁorﬁﬁ&édn&llﬂuht 8HEotentiatd intdeevenl edlhseagesund, ES

and EG cel,ls express a n er of transc [ actors hi.ghly specific for
t hese undilPfe qaatTEBOPd‘eq? ussugf,Ron “‘FﬁBf g@‘”&rc? ﬁq‘élﬁlfsﬁé‘%gllstg%cg % ound

are the LIF-Rgdmbbforkl ﬁ@xﬁ“(ESPEélP@sft%E %ﬁnut&?&‘e‘l?re%@%ﬁﬁf& rﬁuluﬁﬁfeﬂt t hough

the latter tvvo_areaso expresse i n non-ES cel . oct-4 is a ranscrlption
factor expressefferentiatien pﬂtegmt K‘hd:satqetls]alerd@nyeﬂ ﬁemrthtymnct edvmgss fitbye
enbryo, cells

th f th st d nb [
car ci nona ( EC) ??,se?GIYEt ggh‘gﬁ?v&gﬁ?‘? Lﬁrﬁfe'%’ OC@ %‘)%gflel nl nguce)d/otmoC
di fferentiate gost- dﬁtlraﬁtaﬁ&‘il emnBrylo@mbeiinal SéHr &lis 3F EGAcell§). BR dnd BGNEIEN  germ

cells. Several studies have shown that act-4 is required for maintaining
t he undi f l&r edavebeen gerevedtisape mousEand andre recanidy ﬁisfaﬁgannal}marr ole in

determ ning  Garlyedh§Pfurhhs® WhUPHEBER iABTnollst bRERULEH Huolfiis b |

other amimals, ES cells can contribute to all tissues of the mouse (amimal). When

transplanted in post-natal animals, ES and EG cells generate teratomas, which

again demonstrates their multipotency. ES (and EG) cells can be identified by
20  positive staining with the antibodies SSEA1 and SSEAJ.

At the molecular level, ES and EG cells express a number of
transcription factors highly specific for these undifferentiated cells. These
include oct-4 and Rex-1. Also found are the LIF-R and the transcription factors
sox-2 and Rox-1, even though the latter two are also expressed in non-ES cells.

25  oct-4 is a transcription factor expressed in the pregastrulation embryo, early
cleavage stage embryo, cells of the inner cell mass of the blastocyst, and in
embryonic carcinoma (EC) cells. oct-4 is down-regulated when cells are
induced to differentiate in vitro and in the adult animal oct-4 is only found in
germ cells. Several studies have shown that oct-4 is required for maintaining the

30 undifferentiated phenotype of ES cells, and plays a major role in determining
early steps in embryogenesis and differentiation. oct-4, in combination with

Rox-1, causes transcriptional activation of the Zn-finger protein Rex-1, and is



Rox- 1, causes transcriptienal activation of the Zn-finger protein Rex-1,
and is 3 MAY 1004 WO 01/11011 PCT/US00/ 21367 4 also tequired for 3 MAY 2004

mai nt ai ni ngvgPfpran undifferentiated state. Likew se, sox- ' ed -
together with oct-4 to retain the undifférentiated state ES%E&J’%%BF%Q '

mai ntain nmurine (but not human) ES cells. Human or nurine prinordial germ
cells require presence of LIF. Another hallmark of ES cells is presence of
tel omerase, which provides these cells wigh an unlimted self-renewal

potential in VidtOui : - | L ' ];[ﬁﬁ . or gan, t. ssues.
The best char é%:%ér uélgg?&sﬁfﬁh{eéwg%aﬁﬁc}ggﬁe%{l Pgﬁg%dgrﬁeggﬁta |é’lsl%s&§p2’ s

mesoder m der i vadededltbgetlidn atithhgrs-4ite eetaimthé hindiffelontiedd sratecet ES/BEQ dndae mar ker s
and functional characteristics. The hepat opoietic stemcell, isolated from

bone marrow, bMAEYAIN rRwRe (BrbRey human) EScelle Human ppmuring primosdighgerm
o | O X er Cto of i ent
e generat oo SeliRbyiEEirBidneBbEET ERRBAMERIR of B cfllis piedeindtofy *° P! &

Patent No. %, 68omé&rase, Mitdloproyides thebe celld.with an Wdimitdd solf-rehewalo¥éifial
Simons, P., et al., U S Patent No. 5,677,136; Tsukanoto, et al., U S
Patent No. 5, 78bY897: Schwartz, et al., U S. Patent No. , 759, 793;: D Qui sto,

S 36 Bar. ki1 B, St celitidbe Beeh indMAKANR sy BlaaRlisener) Thgpesid, SN N

transpl ant ed i chavadterfizedlis theibenathpaietid seomh o&ll. STIGE iduhnedslenialsRvePesIpt i C
stemcells can _repopul ate the erythrojd, neutrophil-macrophage,

nmegakar yocyt e ME%HBPHE%P%%PBFPE surfaqe mazkers apé fupctipnal henmopoi eti ¢
stem cel | sygan Lighle : | eas: - | cel |

i vi'si ons Shd apaqttiHeerohd RerOgkeR: Bbm 8o AR LbAL FARMBIBE ¢ | ¢

seen in vivo. dvdibddal fetaltlivesamkydlk sia)hi the lpogehiorcdellttRitirainitiatés st em cel | .
Stem cel | s whigh di ff.er,eg%i ate only to form cells of henmatopoietic

| i neage, howevBfmatgpeiesisfarithe lifs of agesipientand generatesrmultiplehepptonoistia r  of

ot her danaged f{i}; rREXARPIE. S. r A agmged; Qy

hi gh- dose cheﬁt%ﬁ%@?ﬁ?b%éﬁ%’s@ S, ol N 5635888 ESREIIHLR i ed
ext ensi vel y i sPateat Ne f,4600,%4e Bimmehs, P(,Gags, THS. Baen Noe5537;18633- 1438, 2000;

0. 8. 102,11 00RKaRIAN A1 <L, REFPNGD L4 SaIWS T el SoBHER 1 ho
subvent ri cul ar NgON89 393 RIS [ GO0, Ptelt RE. 5,88?,599_;%3@110&}?9 4, geently,
It was believed that the adult brain no |onger ‘contaline
S. Patent No. 5,716,827; Hill, B., et al., Exp. Hematol. (1996) 24 (8): 936-943).
When transplanted into lethally irradiated animals or humans, hematopoietic
stem cells can repopulate the erythroid, neutrophil-macrophage, megakaryocyte
20  and lymphoid hemopoietic cell pool. In vitro, hemopoietic stem cells can be
induced to undergo at least some self-renewing cell divisions and can be induced
to differentiate to the same lineages as is seen in vivo. Therefore, this cell
fulfills the criteria of a stem cell. Stem cells which differentiate only to form
cells of hematopoietic lineage, however, are unable to provide a source of cells
25  for repair of other damaged tissues, for example, heart or lung tissue damaged by
high-dose chemotherapeutic agents.
A second stem cell that has been studied extensively is the neural stem
cell (Gage FH: Science 287:1433-1438, 2000; Svendsen CN et al, Brain Path
9:499-513, 1999; Okabe S et al, Mech Dev 59:89-102, 1996). Neural stem cells
30  were initially identified in the subventricular zone and the olfactory bulb of fetal
brain. Until recently, it was believed that the adult brain no longer contained

cells with stem cell potential. However, several studies in rodents, and more



cells with stem cell potenti al . However, several studi s in rodents, and
more 3 ‘MAY 2004 WD 01/11011 - PCT70S00 21387 5 recently al so nond

pri mat es aﬁ%gﬁg@s have shown that stemcells continue to be present in..
adul t brai fi. stemcells can proliferate in viva and RGP {?r&?gly -
regenerate at |east sone neuronal cells in vivo. Wien cultured ex vivo,

neural stemcells can be induced to proliferate, as well as to
differentiate into different types of neu ons and glial cells. Wen

t | anted i nto the brai | st [ 1 ft t
el e B Pt e ST A e e
definition of QnaheddIRd presePRERRIRY. TheDska) bais(RBroliferaledn iV d ahader i ved

fromthe enbryonal nesodermand isolated fromadult bone marrow, can
di fferenti at e contifgousiymegenezate bbleast scme newragad cellsin, viver Mhensultaned ex and

t endon. During .enbryogenesi s, the nmesqdermdevel ops i nto |.pnb-bud
mesoder m t: sg‘iﬁ@”f‘ﬁéﬁapif%‘é‘lreaf g lﬂﬁfﬁgﬁceaé%ﬂq %{\é& as?wg?lfl a%??é‘{lbgrgpt‘ﬁﬁscl e and
possi bl y enrdotijg) diH@?an@?@é’Sf‘ﬁBu?An%%d diifif @nenvneh %%n&gﬂax%b&ﬁa% e tFRACdEr m

which can give rise to rdiac nmuscle,;” snooth nuscl or bl ood islands
consi sting of rentdsteel ¢alincandngrefrahd paicedte sewpalagiinandglideklls . Threfore, i ve

nmesoder mal or sench stemcells, .therefgre, could provide a source
for a number otg‘%(%ﬂlt"%ﬁggltl?é?@@ﬁ’?';‘/'ﬁ%é’faﬁfe’c“rﬁe d tissue specific cell that
has been named a stg@dnghimalStédle 1@%@3@&#@51 G&RVeRfrom tHe UnbtrdbraY

descri bed by Fridenshtel n}TFri densht el n,” Ar hz.inat ol ., 455 11,@{1982). A

nunber of nesenciodamh and solated frem aduiebdreanarren can différentiate fodformaxanpl e,

Capl an, A,.et al., U S Pate No. 5,486,359; Young, H , et al., .U S

patent NJO 5.msele, bane, Gy, T Mg kifome, and kendpily EhnRisTOEy SRt ,

Bruder, S., eltha@inesodedn develops BHY 1iM8-bud nfc36detRl tissuRha benérates 8bndl - . U S.
37, 539; Kk B U S. Patent No.” 5, 837, 6/0;

Patent No. 5,8 Masi novsky, at en

Pittenger, M ,caftilags, f@aslelﬂtalmc}i,ﬁﬂ'ibMy edditbelnim. Mesodsrmadlso, J. Cel |
Bi ochem (1997)..64(2).: 295-312: Cassiede.P., et al., J. Bone ner. Res.
(166) 1] (9): iSRG Vithd mesadery; whichcan Blve Hse o Biralis Fustll 565. 7o

Yoo, et al., kmdd@udE, Ur bRUd SlandyeontitAR83f end0hiRirn sbd4Bmhibpsicti& ont hos,
S., Blood (1994) 84(12): 4164-4173; Makino, S., et al., J in. Invest.

(1999) 10365) :prégenitpoedlls. Brinitive mesgderalom otssenchymabstemcsllsgherhfore,have been
deoer ! bed ol el e MR BPAEE I Mo O BGLSR AL R A, o0l hoee
date, the nostspggifit ca0iRNhasBREE AEMYAR ktefil @INi§ flelmésepelyngd siemn édilg cel |
initially described by Fridenshtein (Fridenshtein, Arkh. Patol., 44:3-11, 1982).
A number of mesenchymal stem cells have been isolated (see, for example,
20  Caplan, A, et al., U. S. Patent No. 5,486,359; Young, H., e al., U. S. Patent
No. 5,827,735; Caplan, A, et al., U. S. Patent No. 5,811,094; Bruder, S., et al,,
U. S. Patent No. 5,736,396; Caplan, A, et al., U. S. Patent No. 5,837,539;
Masinovsky, B., U. S. Patent No. 5,837,670; Pittenger, M., U. S. Patent
No. 5,827,740; Jaiswal, N,, et al., ]. Cell Biochem. (1997) 64(2): 295-312;
25 Cassiede P., et al., . Bone Miner. Res. (1996) 11(9): 1264-1273; Johnstone, B.,
et al., (1998) 238(1): 265-272; Yoo, et al., ]. Bone Joint Surg. Am. (1998)
80(12): 1745-1757; Gronthos, S., Blood (1994) 84(12): 4164-4173; Makino, S.,
et al., ]. Clin. Invest. (1999) 103(5): 697-705). Of the many mesenchymal stem

cells that have been described, all have demonstrated limited differentiation to

30 form only those differentiated cells generally considered to be of mesenchymal
origin. To date, the most multipotent mesenchymal stem cell reported is the cell

isolated by Pittenger, et al., which expresses the SH2* SH4" CD29" CD44"



i sol'lated by Pittenger, et-al., which expresses the SH2+ SH4+ CD2 Wi+ 3
MAY 2004 WO 01/11011 PCT7USOQ 21387 6 CD71+ CD90+ CD-106+ CD 120a+ CD 1244

CD 14" CD34yo 6fXye11 phenotype. This cell is capable of diff to -
forma nunber of cell types of nesenchymal origin, but is %@Z@%’ﬁ“@g

limted in differentiation potential to cells of the nesenchymal |ineage,
as the teamwho isolated it noted that henmatopoietic cells were never
identified in the expanded cultures. (Pitfgenger, et al., Science (1999)

284: 143-147.) ¢ etrfdo@ ek* e0198 EB¢84 EB 1Y cfmfﬁcnd‘s@g aiol e. This

gastrointesti na stem ce s epi dermal stem cel and h stem cells,
al so termed ovedli zedapsblé Ebdhfkrenu@tmﬂd foorn ahiunttser B Sdtt)lpemdf Reddnchyniali
353:821-30, 1998;. watt, F, Phi] os. Trans R Soc Lond B Biol Sci 353:831, 1997;
Alison Met al ongisphutds apparently lgmited mgtifiprentipyion patentipd facellsof thess wel |

el f - reneval  TERRAAL iRy, 55 £Elch whd REURIIPAGI i BLBRRGI|iF R e | o°
| i neages, theywareenevet identifidd maheaipanﬂhi sﬁludtseS(PheangexadMIE;&Mw\me)?r

tissue specific cells express markers described above of ES cells. In
addition, the jrlidé-1 )t el onerase acti vi ty in tissue specific stemcells

has not been fully hly
enriched popul ati On?ﬂg%:%geﬁgeszeeﬂs? ealgﬁg E%rﬁggﬂﬁ% cuﬁ&?%g obﬁgiésrtll.%{ﬁ%rﬁl
recently, it wedlsésideidal stemi cetlsgard tepetic Sten celle,mlstﬂlchﬁed:@mll delm'(letten

di ff [ f h
bl F oot ons: navBRidh ass Bsacilondtn Bial S5 55 aw%lpaeﬂ qu9§ Sost s Foros Trans. be

capabl e Ofldj'f&%fo%mch@tﬂ By Sc'8.93:881, 1900 ALK RY, hibSRUOD - QyITDEr Of

studi es have shown t I's "transplant at t of "a boné marrow
transpl ant canl288)f Mcmnbfﬁmsr.amﬁcss vadlathataateriaedicl e (Ferrari Sci ence

279: 528- 30, 1998; soni Nat u#g ﬁl 390-4, 999 l’]l s could ge conS| dered
within the realm o?éﬁHg’Q‘Teﬂl"é‘ﬂH & %r‘n‘ts?‘%ftqpﬁﬂ Cﬁt%m sdhave fessael

celI's that are;RjRSSl akibu gg&ﬁmlfeeﬁhae%eﬁmu@m&eag&am W& Sate' lite

cells can differentiafe in hénopoi etic ce agaln-a's
phenot ype wit hmmhMersﬁhlm@msdﬁteswﬂ(wlmﬂi&dlﬂsm&lﬂs;écl%eme’ssz 6,

1999), QR Spud oyl ol ot heL L ol MmRe RLine) | ver
to be activity in tissue specific stem cells has not been fully explored, in part because
large numbers of highly enriched populations of these cells are difficult to
obtain.
Until recently, it was thought that organ specific stem cells could only
20  differentiate into cells of the same tissue. A number of recent publications have
suggested that adult organ specific stem cells may be capable of differentiating
into cells of different tissues. A number of studies have shown that cells
transplanted at the time of a bone marrow transplant can differentiate into
skeletal muscle (Ferrari Science 279:528-30, 1998; Gussoni Nature 401:390-4,
25  1999). This could be considered within the realm of possible differentiation
potential of mesenchymal cells that are present in marrow. Jackson published
that muscle satellite cells can differentiate into hemopoietic cells, again a switch
in phenotype within the splanchnic mesoderm (Jackson PNAS USA 96:14482-6,
1999). Other studies have shown that stem cells from one embryonal layer (for
30 instance splanchnic mesoderm) can differentiate into tissues thought to be
derived during embryogenesis from a different embryonal layer. For instance,

endothelial cells or their precursors detected in humans or animals that




‘derived during enbryogenesi.s froma different. enbryonal | ayer. Far :

i nstance, endothelial cel:s or their precursors det eia:-Jf'\:éd i n humehMAGHN

ani mal s thgt, & MY 2004 WO 01/11011 PCT/US00/21387 7 ~underyent narrow
transpl antati on'are at least in part derived fromthe mar 1 b TYSHER1387 _
(Takahashi, Nat Med 5:434-8, 1999; Lin, din Invest 105:71-7, 2000). Thus,
vi sceral nmesoderm and not splanchni c nmesoderm such as MSC, derived

progeny are transferred with the infused Jarrow. Even nore surprising are

the reports denonstrating both {n rodents’and. humaps, that hepatic
epi t hel i al cel‘i"?%“ﬁ?fﬂ QW fransplantatiog;arg, ay leagt ineant "XPE%BQ&&?“P%m t he

donor rar r ow (ReePRnastRONANE 34441 Pos 119 Cri % Toses, byt ol 00y

31: 235-40, 2000 | se, Hepatology 32° ew se, ee groups
have shown t haThuseuisedrakmesodeme hhd natosplatichfie measddesmesuchtae M&Goienived | c

cells. Finally, Carke et al. reported that neural stemcells injected into
bl ast ocyst s camoawqumﬁgfrsd‘aﬂﬁﬂﬁwgwgﬂaﬂﬂ% VERHRTE SWPTIRRESEE they ar ke,

Sci ence 28&: 1660- . |8 i . o1 of these

Studi o5 have nopodaRHRirahs b iR RKEARARS thihaRp ral nethc LRicliREe

di fferenti at e andttolidnyshiaespithielialdicli§ arealerived framsthe Horbe athrroms(Petenseast | gat or s

did not identi th t of the.initiating cell. Apn exception is the

study by Vei ss%?f“’&%éﬁgggﬂé%ﬂ?gg; E%We "’Pﬁt&kg@eﬁlpést‘ﬁ?agqq(ﬁp €ated the

1 ver were P cfghiology 5217l DijohOuakaLe, 1HRE BROE faleSholhied ngid) Skl Y
ells e, t

enriched in hemat opoletic stemcells. Likew e Mull'igan group showed
t hat marrow Spcetlechrsdiffereitiate iator hanpoidimrce HS(Finallyy Clatké £ealerepoatdethant o

nmuscl e and .endot hel i um _and, Jagkson et a]. showed that scl e cells are
responsi b€ f ¢ ﬁi?ﬂb?‘ﬂgilﬁlcf‘@ab‘ﬁg&lﬂslﬂ%’ cm&%‘aﬁiteaalﬂl}fw ﬁ\%(tstﬁ‘?e
401: 390- 4, 19%&6%9&@ jgac&feztggg%ggg,méprgans generated from

e

het erol ogous enbryonic stemcells requires eithéer that the cells be
further genetical | ylt nonkick$sary totpointomi that mexiofabese smdes hewrnati n cel | surface

mar kers, or that the use of chepgnt herapeutic i ne s essors continue in
order to prot ecé’tnd[ét‘ Fﬁ's‘fmwgﬂ@%? S&F%W%W%%fayﬁﬁ%%ﬁﬂﬁ nbr yoni ¢

stem cel | r esedffelenPo@uhsl Ehdéed bR ThvdstiGatdsldid AGtiHMRIfP Qi_elﬂhbﬁ&f\;ﬁé)oiﬁhe
problemof a linmted supply of organs for transplantation, the problens

and ri sks lassovitiating cell.t Antekeentioads thestudyrhynWeispparand Gremps, whet ai n
transplantati %%o&‘::d rf'l?a& %t[-:l?sl & Orlégoﬁ‘iﬁ:«lltg& ﬂl%rli\}eir %Sélueepresent in Lin'Thy,LowSca,+
marrow cells, which are highly enriched in hematopoietic stem cells. Likewise,
the Mulligan group showed that marrow Sp cells, highly enriched for HSC, can
differentiate into muscie and endothelium, and Jackson et al. showed that muscle
20  Sp cells are responsible for hemopoietic reconstitution (Gussoni et al., Nature
401:390-4, 1999).

Transplantation of tissues and organs generated from heterologous
embryonic stem cells requires either that the cells be further genetically modified
to inhibit expression of certain cell surface markers, or that the use of

25  chemotherapeutic immune suppressors continue in order to protect against
transplant rejection. Thus, although embryonic stem cell research provides a
promising alternative solution to the problem of a limited supply of organs for
transplantation, the problems and nisks associated with the need for
immunosuppression to sustain transplantation of heterologous cells or tissue

30 would remain. An estimated 20 immunologically different lines of embryonic

stem cells would need to be established in order to provide immunocompatible



woul d remain. An estinmated. 20 i munol ogically different |ines of enbryonic
stern cells would need to be established in order to provide 3 MAY 7004

I munoconpaae bi/giodd 01/ 11011 3 MAY 2004 - PCT/USOQ 21387 8 qGg} "ﬁﬁé’” L
therapies directed to the majority of the popul ation (Wadman, , ture
(1999) 398: 551). Using cells fromthe devel oped individual, rather than an
enbryo, as a source of autol ogous or allogeneic stemcells would overcone
the problemof tissue inconpatibility asgociated with the use of

transpl anted egéiyfnilerafi@nifeledso tRSmuBlty GiSthe gbmﬁaﬁ&ﬁgwsdﬁaﬁfm.di | enma

associated with enbryonic stemcell résearch. The greatest drsadvantage
associ at ed wi t Nature (1839) 3P8:a8810l ogous stem cells for tissue transplant

thus far lies in their |imted differentjatio otentjal. A _nunber of stem
cel |'s have been i sofi?fﬂ%‘:eﬂ%m@f’ﬂﬁ‘fﬂ%@ %é@ﬁ‘@idﬁ‘ﬁ?’s‘h@? ap SMPIYO, RHA| y
humans, but th@&&cesfﬁ‘ﬁologbﬁsmunbgér@wt&ﬁ@eﬂsowaﬁzd%k:ogggﬁé'brob of

denmonstrated |limted potential to differentiate to nu e cell types.
Thus, even % hotggvesnenmpatbilgy assoeiated|witlpthe ude Hf earsplantedi emibrpodie stenal have

b i sol at ed pr,evi o by ot her by the present inventors, a
B e b e PR A el s e R e Sr e b S s G oty of
cell types of gistirgheThe bicBRAIBRdvhRIEEAELHGatkl Wi@ﬁg?lﬁéesof an%&lS%@sas?érﬁ’

chondrocytes, adipocytes, skeletal nuUscle, endot um stro snoot h
nmuscl e, car di acelisufot tissua tindpdant toisded kees in ¢hdislimited differeritiation getentislbedl. | f

cell and tissue transpl ant d ne ther are t rovi de the therapeutic
advances ex.pec‘t“('—}llz},g""ra‘J &W@gma"%&%‘ @éﬁﬁ%m @glﬂ'gﬁkﬁe ed RESASAL est  or
MoSt ext engy Vepatkibhrrg Ruinahd, 8ot Iﬂl@écf‘&tllh,ailtlhrﬁgﬁ‘%@ﬂgd to%uh@ofbﬁgqﬁ@c' s the

adul t equival ent of an enbryonic stemcell.” Summary of t entiron The
present i nvent demopstataddunitespdtentiahtoedifierentiatedo endltipteaethtypes, stem cel |

that | f ti ti f 4 5 d HLA d J d 11-
The cei | "y al so bdleneraLRout g8 eeliEyinipls ERimataigproiamatii: 1 a
class-1 and nayedddsslaet pretfodsBi byosthérs AniB)ihe pYasethieRfer ,Qﬁirééc?‘ngtﬁ); %%JSQTRT

MRNA. I n particular, the cell may be surface antigen negative
CD34, CD36, C(pBh thepuentiabprdiffecDEaE intod Wide 2arietiloAcBIRtyes of 8iffesditO- 1,

cKit, Tiehkek iRk, ithitaith ABRblast SstéonTasty, 2RSRELAE, S0t ied Wt e O
muscle, endothelium, stroma, smooth muscle, cardiac muscle and hemopoietic
cells, has not been described. If cell and tissue transplant and gene therapy are to
provide the therapeutic advances expected, a stem cell or progenitor cell with the
greatest or most extensive differentiation potential is needed. What is needed is

20  the adult equivalent of an embryonic stem cell.

Summary of the Invention

The present invention provides an isolated multipotent mammalian stem

cell that is surface antigen negative for CD44, CD45, and HLA Class ] and 1L

25  The cell may also be surface antigen negative for CD34, Muc18, Stro-1, HLA-
class-I and may be positive for oct3/4 mRNA, and may be positive for h-TRT
mRNA. In particular, the cell may be surface antigen negative for CD31, CD34
CD36, CD38, CD45, CD50, CD62E and CD62P, HLA-DR, Mucl8, STRO-1,
cKit, Tie/Tek, CD44, HLA-class I and 2-microglobulin and is positive for

30 (D10, CD13, CD49%b, CD49¢e, CDW90, Flk1, EGF-R, TGF-R1 and TGF-R2,
BMP-RI1A, PDGF-R1a and PDGF-R1b. The present invention provides an

isolated multipotent non-embryonic, non-germ cell line cell that expresses



CD10, CD13, CD49b, CD49e, CDWA0, Flkl, EGF-R TGF-RL '@,nﬁ TGF-R2,  BWP-RIA,
PDGF- Rl a and PDG-- R b. The present invention provides! I sol at edMAy 2004

mul ti pot e - ryonic, non-germcell line cell that expresses
01/11011 %@R%@ﬁ? PCT/ US00/ 21387 9 transcription fact or SCHUSSYAISTREX- 1

and ROX-1. It also provides an isolated multipotent cell derived froma
post-natal manmal that responds to growh factor LIF and has receptors for
LIF. The cells of the present invention dgscri bed above may have the

capacit to be induced.to dif I t
di Pf elr e%t i at ecfr?!’:?f"l’utf I':r’réscrb @t){)g‘em?gﬁo %[ﬁa 8%%8’38???& origin.

For exanpl e, trhﬁlt{p%ién?cmenm\@orﬁ faq)os@mﬁ infafnrhf) (RA eGSR SrBwth

differentiate to formcells of at |east osteoblast, chondrocyte,

adi pocyte, fi bﬁagtbk hif andrhasrmwmtmscfmal-ﬂ“skel et aI muscl e, srmot h nuscl e,

cardi ac nuscl e, dﬁhel | th?l | al g topoietic, glial neuronal or
I

ol i godendrocyte cel FP&SR} Off]i’ﬁe RESHIE D Lign. oxemay davethesapacity ce| | |
The cell may hg Herlﬁan&dﬁ@a%e&ﬁmrfemshrewonpalf&@ah%tedﬂeg tg;ﬂéeAfppggegte

derived froman organ, such as frommarrow, |1ver or brain.
i nventi on f ur tthesodpmoalj eldedetini endoentdoderani omgihs Fobexdmyde, the cells mdye

mul tipotent adqult stem cel] des ove, rein th eny cell may
be o hone.  cAIYPIBR@PAGH (ot ducetin AT te rpi LY AER e ot
nuscle, snoot hysidwpst %hoﬁcﬁraegh@cadfa&%ee ﬁdeBQa@tt hﬁHoaJ strofifd, Ewbﬁ%us@docr i ne,

exocrine, hematopoi etic, glial, neufonal or I godendrocyte cell
di fferentiat eckmqmbgmsqlec@irtﬂlaquwsbb a1d®l<hehaleq:plt}iebal|, hématepoietic,ighial,

oD 1 L BETSESES RS BERES RS RRISCAE SO o

cell, or an eFHcﬂeW‘I%'ceﬁWeaﬁ% SfefudCheWiRdnt, THIA @2dBIthThE cell Ry be! €) . The
dlfferentlat ed progeny cel'l may formsoft tissues surrounding teeth or may

form teet h. Trigriyedfiom an ergans sugh ap frowi mewow,livies of bragy transgenl c

rm
To P heen art oFREpRb ST B Etiod Rortie? Bloxties altbReael SIS bR o ' 1"

substitution ahe anfifystierittaddlt siheclPddsulibed H80&) Wherdih helireseyasellanhay ol at ed
DNA, or by deletion of or inactivation of at |east a portion of the

cel | ul ar dénorfeborpheartilagecadipacyte, Alyottast, marow steama, skels@liensdp, smagh as by
Insertion of %c?é’ chdla%lths%(fé %ﬁdotﬂéﬁaqreagt'hala’l e?ndocnne, exocrine,

hematopoietic, glial, neuronal or oligodendrocyte cell. The differentsated
progeny cell may be a skin epithelial cell, liver epithelial cell, pancreas epithehal
cell, pancreas endocrine cell or islet cell, pancreas exocrine cell, gut epithelium
20  cell, kidney epithelium cell, or an epidermal associated structure (such as a hair
follicle). The differentiated progeny cell may form soft tissues surrounding teeth
or may form teeth.
The present invention provides an isolated transgenic multipotent
mammalian stem cell as described above, wherein genome of the cell has been
25  altered by insertion of preselected isolated DNA, by substitution of a segment of
the cellular genome with preselected isolated DNA, or by deletion of or
inactivation of at least a portion of the cellular genome. This alteration may be
by viral transduction, such as by insertion of DNA by viral vector integration, or
by using a DNA virus, RNA virus or retroviral vector. Alternatively, a portion
30  of the cellular genome of the isolated transgenic cell may be inactivated using an
antisensc nuclecic acid molecule whose sequence is complementary to the

sequence of the portion of the cellular genome to be inactivated. Further, a



by using a DNA virus, RNA-yirus or retroviral vect or,~Aternativ W@Y?ﬂm
portion of the cellular genone of the isolated transgehic cell ma e

i nacti vat edualgi/fig1gn anti sense nucleic acid nol ecul e whose ?, mﬁs .
conplenmentary to the sequence of the portion of the cell ul & %8% e°to be

I nactivated. Further, a 3 MAY 2004 WO 01/11011 PCT/ U800/ 21387 10 portion
of the cellular genone may be inactivated using a ribozyne sequence
directed to the sequence of the portion qfy the cellular genome to be

e vared. . BBoR bf BlRdnBRP SRnlaF B EALR LW EHb SR RRENEIERC"

sel ectabl e or "screenabl e nmarRer gen IS expr e

progeni tor cel dirsdtédtoahé ssgeen@asTalieEportion of the Reldganyenofietobe iflictivaeant i at ed
fromprogenitog, cells having an wunaltered _genone. For exanple, the nmarker
may be a greenlhé @tered genogis may coian dirgenphigsequancemitaselestablawso, DHFRm  or

hauct bl e pr onttareble T HERE OB b BRARd At (LRSI el on

of a proteis, gamoyERoOits Propedy, eat be diffecbutibted Tven Bropeitdr delly 8iNih®An Pr ovi des
a cell that may express high levels of telonmerase and may nmaintain | ong
tel oneres af t efnaigicd ggemenFor example themarkepmay be deaeeagrado yellaw t el oner es
from | ynphocyt . ) . I res be, about 11 - 16
KB in length aﬁ Oé%{cg@‘;erﬁﬁggﬁl%a slﬂ{qu%oscpu tur’éa}%‘]‘%ggamﬁcé%me ?‘ﬁl/'gﬁfi on

provi des a cel éxpeist b geneithanédnore pilated 69 af didicitat Phmdtacirtheriddatrorodul at e
the |l evel of oct3/4, expression for pronoting continued growth or
di f f erenti at i oRegRMSAYRIFBHaEthaepiessionof perean, snamediker celgrodust ent

I nvention ovi des : 1 ' ' I emcells
(wmsO . Y et hod ThafEal “TJ%%?%‘?I?‘%S*‘*E%%%&PW%‘%# R ERbecROMh 1W< o' |
CD45; gl ycophoelomefase@ad ey maiamiekhg teléhéfes afby@oaided invifro cltute as pl at i ng
the recovered CD45- glycophorin A- cells onto_a matrix coating, and

cul turing the %“maé‘iﬂf tedhg selpmergs drom ympbpevienfram e semedenars. Ahetors. The

oDl onal iRy G @i d1 MBS HEIABHS ShIA RDAMAIR BT

pol ycl onal anti bodi es. e growmh tors m osen

| GF, and LIF. The Tlegireshemventyorf protides a telldiffeeemiationisologion Borfptiding

suppl enment ed V\#r" h dexanet hasone, |inoleic acid, and/or ascorbic acid. The
ent

present i ‘E‘)tﬂ Yurerssaty ﬂ&‘illFY"ldP R HIRI SO IQBPTAMORY 8 #APtTYSSt ent
adul t stem cel drgwiQlirRAt At SnbitferGRialed thdd Slekl S SENO! | ow-serum
medi um containing insulin, selenium bovine sefumalbumn, |inoleic acid,
' The present invention provides a method for isolating multipotent aduit
stem cells (MASC). The method involves depleting bone marrow mononuclear
cells of CD45” glycophorin A” cells, recovering CD45- glycophorin A- cells,
20  plating the recovered CD45- glycophorin A- cells onto a matrix coating, and
culturing the plated cells in media supplemented with growth factors. The step
of depleting may involved negative selection using monoclonal or polyclonal
antibodies. The growth factors may be chosen from PDGF-BB, EGF, IGF, and
LIF. The last step may further involve culturing in media supplemented with
25  dexamethasone, linoleic acid, and/or ascorbic acid.

The present invention provides a culture method for isolating multipotent
adult stem cells involving adding the cells to serum-free or low-serum medium
containing insulin, selenium, bovine serum albumin, linoleic acid,
dexamethasone, and platelet-derived growth factor. The serum-free or low-

30  serum medium may be low-glucose DMEM in admixture with MCDB. The

insulin may be present at a concentration of from about 10 to about 50 pg/ml.

The serum-free or low-serum medium may contain an effective amount of



serum nedi um may be | ow gl ucose DVEM i n adm xture wi t'h}NCDB. The

may be pr a concentration of fromabout 10 to about 5 err)g/m. ..
The ser ume‘?ﬁgi“grbl_l ow serum medi um may contain an effecti vePg%B{('ﬂ?pl 3 MAY
2004 W01/11011 PCT/US00/21387 11 transferring at a concentration of

greater than O but |ess than about 10 jig/m, the seleniummy be present
at a concentration of about 0.1 to aboutyp ug /m, the bovine serum

| bum b ' f 0.1 5 /m,
o U T, DS cBeEe Sn P SORES B Bl ey A g B S
5 / d ' f about
S B! 0, S A5 DB LAAFNE i ) SOORGR B R, 200

about  0.05 - Hobiné sBink-aBEMNH Ria§ baprcdent B @ codeuitatidres! ARl OMtOabLAF Ser um
medi um may contain about 5 to about 15 ng/m platelet-derived growth

factor, 5 to atgdml, thedinalgicdcidmian b peasenfrabarcondentraiaon ofabogt 2bwahout 10ng/ m
insulin-like growth 10 factor, 10-10,000 N | eukem a inhibitory factor. The
present i ngenﬂ%gdﬁl’ﬂl&tt xamethasopeandy be presentet acqoeﬁsntr%laamfag?w

mammal i an nul t,j \y I ' 0 ' .

above- descri btééeaémd. ﬁémﬁ'g’é%ﬁ’t%hi“ﬁ?/%‘lnlt% gé%}%gﬁ%%ﬂ%%ﬁ%%gﬁ%m
permanent |y amddr 0.2GANOLtakcubiclayid. MMHelskAm-&ee Mo3fint of iovweskriml hediamd
differentiated progeny by 15 transferri n%@t el onmerase into MASC or

di ff er enti at edndrenmeaiy abauy tpebawtdd ngfubplatelntrdsnved growtafastarhdip ahput

reconstitute t L et | .

admi ni stering lgiqlﬂg%mg{ompﬁ}%& %@ﬁ‘,“i){% t.‘ﬁ%%@#m&“@é | s (MASC),
derived hegat gaabgt0a0,00040 leakdnsia inHibipdry gRtérl QThegRtdefit inVentiviiafthérol er ance
in the mammal for subsequent 20 multipotent stemcell derived tissue
transpl ants oPretifiesa iy elenal pppulatien ofnampmabiakpultinaient pdelh sisposaliges a
nmet hod of ex ' k: i al e ' gent stemcells into
differentiat gd !g?(?a%félfnéﬁ%@@%@&aea%%%@?%ﬁé& appropriate growm h factors,
and grow ng the celThe. prdsent investidntprovidesd methof n@ pésieangntiyedralisr uses for the
above-described 25 cells. For exarr&! e invention provides a nethod of

,. th .
using the i solcapdigiopally igumesializg N%? qeﬁﬁf’%cquﬁ apd g}fgerglpt@,tgdmrgg@w b%on of a
popul ati O'i‘f]Of ntaggfefxﬁlg tl'é]r?'hﬂerzfsgriﬁ% hﬁﬂSEq{r'd?f@%rQEtia‘iﬁi %‘éﬁé}{ s't | ssues, thereby

produci ng human ce prenatal or post- nata or animals
fol | owi ng transpl arfhetpresant nhent@nprovidescemmkethop t@rhgonstitute the

dexanet hasone, and pl atel et-derived growth factor.: The—lserumf'reg l‘ﬁ”{’{ w
d ?i n

hematopoietic and immune system of a mammal by administering to the

mammal fully allogenic multipotent stem cells (MASC), derived hematopoietic

stem cells, or progenitor cells to induce tolerance in the mammal for subsequent
20  multipotent stem cell derived tissue transplants or other organ transplants.

The present invention provides a method of expanding undifferentiated
multipotent stem cells into differentiated hair follicles by administering
appropnate growth factors, and growing the cells.

The present invention provide numerous uses for the above-described

25  cells. For example, the invention provides a method of using the isolated cells
by performing an in utero transplantation of a population of the cells to form
chimerism of cells or tissues, thereby producing human cells in prenatal or post-
natal humans or animals following transplantation, wherein the cells produce
therapeutic enzymes, proteins, or other products in the human or animal so that

30 genetic defects are corrected. The present invention also provides a method of
using the cells for gene therapy in a subject in need of therapeutic treatment,

involving genetically altering the cells by introducing into the cell an isolated



t her apeuti c enzynes, prc')t,.-’ei!ns, or other products in the human or animal so
that 30 genetic defects are corrected. The present invention al so JpMaVilties
a met hod ofwg dsidy the cells for gene therapy in a subject in need of e
therapeutic treatnent, involving genetically altering the E&[T{U&50p1387
introducing into the cell an isolated 3 MAY 2004 WO 01/11011 PCTI USOQQ 21387
12 pre-selected DNA encodi ng a desired gene product, expanding the cells

in culture, and introducing the cells into the body of the subject to

produce, the Sl A1 OO0  a Bl R S R BR B RIIES 2 18

of repairing I'Ssue Th & h repair by

expandi ng t he &inirgtad inkdduchgitRatelRdiotthe BoAPDLAE |s§bjédi,t&E}JdHE@guea”d
contacting an effective anmount of the expanded cells™ with the danmaged
ti ssue of sai ddesinsfl@ene profactcel |s may be introduced into the body of the

bj ect by |ocali injection. ..or_by.systenic,ipjection. The cell b
Thtroduced i nto t o TBRFEEH i¥Ruad R Ribiy bhleBRbnE dhmAted She i o S0
mat ri x i nplsant huiesbhéet intndedIf Sikh #EB3i BY expARiROHE tdoniad mgﬁ@‘agé#g afpt erial,

cytokines, growth factors, or other factors to pronote grow
di fferenti ati oemeells mecudlard, gnd qonsactisiglan effeptiveareowd o tHeatxpahdadicetls t 0

capsal o The pYIR i GenRa iBtue o SO RHBEE ThertrDa Ry b aithbe A P Hemmune. 15
response to arbddyfcfahé SubfechBf RcaliFedBinfbdiiom of ¥issttmidMRLNbNOTREEA]S cal | Y

altering an expanded clonal popul ation of multipotent” adult stemcells in
cul ture expres®ay bamtmduesskiatqthe bedy efthe subjucti igennunctizinegith esuitdbde elicit a

tective . i_nst i nfecti t, and introduci
"nto the S9bj ennta B, e Bt iinnial avabenrpyite 0gived senficmarriabtive to
i nduce the i nmayiekih&s BRVAR factdis, 2 Qi T8e6Ys 167BEdMSte mﬁ 4hé Bfiferbition ©;

prior to the second step, the step of differentia the mul t1 potent
adul t st em celafdhe eelisoIke gelismpy be eneapsulated ipsiop teeitiadudtionéntbitbebpdyoof des a

met hod of usi Ldeptif enetic pol ynorphi sns associated with
physi ol ogi ¢ agﬁ%r | t%uglsl,agl AVO %P%'gmef%%ﬁsﬁﬁr ng the MASCs from a

statistically signiThepresenpiivehttdn provides h Rt difoa ifduding fah ¢RmineM phenot ypi ¢
data can he obtained, culture expanding the MASCs fromthe statistically
si gni ficalf pdBMORET Wrandnlectiensagenbing humanswublsict Bvolmencieallyraltsring
i dentifying atanle‘iﬂﬁﬁdeﬁQ%ﬂ?ﬂtﬁﬁlﬁio?x%%ﬁﬁ’&%ﬁmduﬂ stterﬁ?c&iéli}llélrlﬁ\grel\éﬁg%s
one or more pre-selected antigenic molecules that elicit a protective immune
response against an infectious agent, and introducing into the subject an amount
of the genetically altered cells effective to induce the immune response. The
20  present method may further involve, prior to the second step, the step of
differentiating the multipotent adult stem cells to form dendritic cells.
The present invention provides a method of using MASCs to identify
genetic polymorphisms associated with physiologic abnormalitics, invelving
isolating the MASCs from a statistically significant population of individuals
25  from whom phenotypic data can be obtained, culture expanding the MASCs
from the statistically significant population of individuals to establish MASC
cultures, identifying at least one genetic polymorphism in the cultured MASCs,
inducing the cultured MASCs to differentiate, and characterizing aberrant
metabolic processes associated with said at least one genetic polymorphism by
30 comparing the differentiation pattern exhibited by an MASC having a normal
genotype with the differentiation pattemn exhibited by an MASC having an
identified genetic polymorphism.



i nduci ng the cultured MASCs. to differentiate, and ‘cha,r»a.(':ter,i zi ng aberr ant
met abol i ¢ processes associated with said at |east one genetic pol §rivafdilism

by 30 cor’rp&,HdlgHBne differentiation pattern exhibited by anPgﬁmgg&g a -

normal genotype with the differentiation pattern exhibited

having an identified genetic polynorphism WO 01/11011 3 MAY 2004
PCT7USOQ 21387 13 The present invention further provides a nethod for
treating cancer in a nmamal i an subject i nyj)l ving genetically altering

mul ti potent adult stemcells to.. express a.tunoricidal protein, an

anti - angi ogeni c pro{rgF RIS 15‘_’?51”892:&%]??%?‘"15?a@?‘ﬁ?‘gg’gé%’a_ tHEST ace of
a tunor cell ipaa@diiaRGUbRE WvbRing Rineligdlly AeSACmaitpdtént WillPstéhicels &t i on of
an i mune response to antigen, and introducing an effective anti-cancer

amount of the expressiacmiioyicedal prodein,mn antisuigiopeniggudteingormpitdin that kst o t he
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mul tipotent stemcells to selectively express an endogenous gene or a
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transplantatiop/administration into | .0 f. | gig r
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The present invention also provides a method of using specifically
differentiated cells for therapy comprising administering the specifically
differentiated cells to a patient in need thereof. It further provides for the use of

20  genetically engineered multipotent stem cells to selectively express an
endogenous gene or a transgene, and for the use of MASCs grown in vivo for
transplantation/administration into an animal to treat a disease. For example,
neurorctinal cells derived from multipotent stem or MASCs can be used to treat
blindness caused by among other things but not limited to neuroretinal disease

25  caused by among other things macular degeneration, diabetic retinopathy,
glaucoma, retinitis pigmentosa. The cells can be used to engraft a cell into a
mammal comprising administering autologous, allogenic or xenogenic cells, to
restore or correct tissue specific metabolic, enzymatic, coagulation, structural or
other function to the mammal. The cells can be used to engraft a cell into a

30 mammal, causing the differentiation in vivo of cell types, and for administering
the differentiated stem cells into the mammal. The cells, or their in vitro or in

vivo differentiated progeny, can be used to correct a genetic disease,
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engraft a cell 1nto a 30 mammal , causing the differentiation in vivo of

cell types, and for admnistering the differentiated stemcells into the '
mammal . The cells, or their in vitro or in vivo differentiated progeny,
can be used to correct a genetic disease,14 MAY 200t WO 01/11011
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i ncl udi ng anong others but not Limted to nyocarditis, cardi omyopathy,
hoar & Tai | ur o hereriasey Shamaien ool rRY R Fdiyinsr heily i FeRERA of
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can be used t ortcipent. They sambeusgdith eI IDfedri athergnfsctioisndispasesFur t her t he
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T fefent i ated cel | ThenaRinciles B MG Rt ot b S FURPRIR oot e i 1
or degener at i Ofhdlitfihg knbaig aieRGUPHbL IiAked fothiRdrdifs, Shiddktyoptiahasaer ' s, 20

Par ki nson' s di sease, Huntington's disease, AlDS associated denentia, spinal
cord injury, mitihe|dagmage sasedby bedrbattacky bypatepsignnatheroselpmsisnkeayes. A
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di fferenti ati osteif cedl, Beits Gidletentiyed progeny, can be luséditomidat 8 diseasel with CWSHbut not
limted to 25 hematopojetic cells, pancreatic islet aor beta cells, .
hepat ocyt es, egdeficitser damage. Further the multipotent mammalian derived stem cell, or its
neuronally related differentiated cell, can be used to treat a disease with neural
deficits or degeneration including among but not limited to stroke, Alzhemier’s,
20 Parkinson’s disease, Huntington’s disease, AIDS associated dementia, spinal
cord injury, metabolic diseases effecting the brain or other nerves.
A multipotent mammalian derived stem cell or their differentiated
progeny such as stromal cells can be used to support the growth and
differentiation of other cell types in vivo or in vitro, including but not limited to
25  hematopoietic cells, pancreatic islet or beta cells, hepatocytes, etc. The stem
cell, or cartilage differentiated progeny, can be used to treat a disease of the
joints or cartilage including but not limited to cartilage tears, cartilage thinning,
ostecarthritis. Moreover, the stem cells or their osteoblast differentiated progeny
can be used to ameliorate a process having deleterious effects on bone including
30 among but not limited to bone fractures, non-healing fractures, osteoarthritis,

“holes” in bones cause by tumors spreading to bone such as prostate, breast,

multiple myloma etc.



cell, or cartilage differgntiated progeny, can be usgd\ito treat a disease
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met hod of gene profiling of . a nultipotent derived stemcell as described
above, and t haimaker parasite antigeme Theplasmids may be packaged vathsompaneRisder pr ovi des
for the use of gene profj.l i cri bed above
in data bases “POM&T HR?SRL%’F’ S’g"‘“’. sti:og\egthﬁ%gége‘f%@g@gﬁakf.ﬁe?r‘?c%? t he Draw ngs
Fig. 1 a and Ebmpritiagauclephids guaibsembdingdintiferseniindren diGEelds, or he
present invention. Cells |acking CD45 expression, as well as gl ycophorin-A
25 expr es$ on thiegence Flspieats 13 PovRsHRSHEQRENING NislegtidesaueEncss e’g‘?%‘“ﬁcs.

gle;![ Zdr?ﬁover%gtigénts%rfpﬁr%ﬁiic%ggﬁfﬁémll blasts (Fig. 1 a). 5000 cells were

The present invention further provides a method of gene profiling of a
multipotent derived stem cell as described above, and the use of this gene
profiling in a data bank. It also provides for the use of gene profiled multipotent

20 stem cells as described above in data bases to aid in drug discovery.

Brief Description of the Drawings
Fig. 1a and Fig. 1b are photographs of undifferentiated MASCs of the

present invention. Cells lacking CD45 expression, as well as glycophonn-A
25  expression were selected by immunomagnetic bead depletion and FACS. Cells
recovered after sorting are small blasts (Fig. 1a). 5000 cells were plated in
fibronectin coated wells of 96 well plates in defined medium consisting of
DMEM, 10 ng/ml IGF, 10 ng/ml EGF and 10ng/ml PDGF-BB as well as
transferrin, selenium, bovine serum albumin, dexamethasone, linoleic acid,
30  insulin and ascorbic acid. Afier 7-21 days, small colonies of adherent cells

develop. (Figure 1b).
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DVMEM 10 ng/m I|GF, 10 ng/m EGF and 10ug/m PDGF-BB as wel | as
transferrigo i@ UM bovine serum al bunmi n, dexanet hasone, plirfigh@bzgaci d, -
30 insulin and ascorbic acid. After 7-21 days, small col onies of adherent
cells develop. (Figure 1b). 3 MAY 2004 W01111011 - PC77US00/ 21387 16

Fig. 2 is a graph illustrating expansion rates for MASCs in culture.
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Transduct ' 2SS R fndar @l Tegsthere 1R Ras bpiimed af ter
cul ture asﬂ?nmegjg%%g. Ha{f-conflﬁugent MASC V\gre exposec? for six hours on

two sequent i al THisyeast3BIBGza@ED ichmat kingth Gfbleydlymphepyienoblained fede i n
MASC di i,e., M 2% FCS, .ECGE P = [ | '
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acid) in the pLesenseafdr 35CGeNGoib1RO i iRhangEHe Asyconfls, We tésted LT t he
| ast transduction, cells were trypsinized and ™ subjected to FACS sel ection.

Thirty to seventlis (Ssrtehimeres)andes3 wellx(ler@rplog®resdsi ti ve. One to one
nundr ed o POSL | Ko SIS e SRS R e i 0 o (1
these wells, apfFfepeitiaabsand 2oRfdiRiohTidaffdrtmiatidl veed b thwahtentors for
MASCs of the present invention. Transduction with an eGFP-containing
retroviral vector was performed after culture as indicated. Half-confluent MASC
were exposed for six hours on two sequential days to MFG-¢GFP containing
20  PA317 supernatant made in MASC medium (i.e., DMEM, 2% FCS, EGF,
PDGF-BB, transferrin, selenium, bovine serum albumin, dexamethasone,
linoleic acid, insulin and ascorbic acid) in the presence of 10 pg/mL protamine.
Twenty-four hours after the last transduction, cells were trypsinized and
subjected to FACS selection. Thirty to seventy percent of MASCs were eGFP
25  positive. One to one hundred eGFP positive cells/well were sorted using the
ACDU device on the FACS in FN coated wells of 96 well plates, in the same
MASC medium. Of these wells, approximately 2/plate containing 10 cells/well
produced MASC progeny. Clones were then culture expanded. Eight to 10 sub-
populations of these expanded cells were induced to differentiate along different
30  pathways, with differentiation being confirmed using the techniques indicated.
Fig.5 illustrates the differentiation protocol used by the inventors to

induce the MASCs of the present invention to differentiate to form osteoblasts,
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by the inventors to induce the MASCs of the present invention to
differentiate to formosteoblasts, 3 MAY 2004 WO 01/11011 - PCTTESCe/ 21387
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retinoic acid resulted in expression of 25 Gata4 and Gata6 during the first
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linoleic acid, insulin and ascorbic acid). Differentiation was evaluated by
Western blot. 5 days after induction with either 5-azacytidine, the Myf5, Myo-D
and Myf6 transcription factors could be detected in approximately 50% of cells.

20  After 14-18 days, Myo-D was expressed at significantly lower levels, whereas
Myf5 and Myf6 persisted. We detected desmin and skeletal actin as early as 4
days after induction, and skeletal myosin at 14 days. By immunohistochemistry,
70-80% of cells expressed mature muscle proteins afier 14 days (not shown).
Treatment with either 5-azacytidine or retinoic acid resulted in expression of

25  Gata4 and Gata6 during the first week of culture. In addition, low levels of
troponin-T could be detected from day 2 on, which may suggest that fetal muscle
generated as cardiac troponin-T is found in embryonal skeletal muscle. Smooth
muscle actin was detected at 2 days afier induction and persisted till 14 days.

In panel B, we added 100ng/mL PDGF as the sole cytokine to confluent MASCS

30  maintained in serum-free medium for 14 days. Presence of smooth muscle
markers was evaluated by Western blot. Smooth muscle actin was detected from

day 2 on and smooth muscle myosin after 6 days. Approximately 70% of cells



nuscl e actin was detected at 2 days after induction and persisted till 14
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MASCS 30 waévaoixed in serumfree nediumfor 14 days. Presppsgsffasgpoth —
muscle markers was eval uated by Western blot. Snmooth nuscle actin was
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Tyot Ubes. VASCEXHIEISIARLGT dryi HERSI Glpy.f HERAPR-BIn PhiIcL | BYF B0 found

non- tr ans ducedyMABE abiih N Wasen IR ubddivierk HairddinBd FrbSwetlhts Gk RSheger e

mai nt ai ned in MASC expansion nediumfor 14 days) were cultured wth 10%

horse serum i rsyDhiiNg. Bealso saw infrequént sperdanselis sonteactonsorcneningripthaibes wer e

| noubat ed jul ) RO G e SRoplEHIRY SV S miftRliggheand cooul tured with

Fig.8 is a photomicrograph showing fusion of myoblasts and myotubes to
form multinucleated myotubes. Myoblasts from an eGFP transduced population
of MASC subsequently induced with 5-azacytidin for 24 and maintained in
MASC expansion medium were cocultured with myoblasts generated from non

20  e-GFP transduced MASCS from the same donor. To induce myotubes, MASC
dertved myoblasts 9obtained after induction of non-transduced MASC with 5-
azacytidin for 24 h afier which they were maintained in MASC expansion
medium for 14 days) were cultured with 10% horse serum in DMEM. Once
multinucleated cells were formed, myotubes were incubated with PKH26 (a red

25 membrane dye), washed and cocultured with eGFP transduced myotubes
generated as described above in the presence of 10% horse serum. After 2 days,
cells were examined under an fluorescence microscope. The photomicrograph
shows that the eGFP positive myoblast has fused with the PKH26 labeled
myotube.

30 Fig. 9 is a cartoon depicting methods used by the inventors to induce
endothelium differentiation from MASCs of the present invention and markers

used to detect endothelium differentiation.



generated as described above in the presence of 10% hernse serum After 2
days, cells were exam ned under an fluorescence m croscope. The 3 MAY 2004

phot om cr hows that the eGFP positive nyobl ast has ith the .-
PKH26 Iabg‘%gﬁﬂﬂg}%]?ube. 30 Fig. 9 is a cartoon depicting me'{(#gﬁgm 48 by
the inventors to induce endotheliumdifferentiation from MASCs of the
present invention and markers used to detect endotheliumdifferentiation.
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(Gl O (ollbgoc{%gﬂngr%f,gﬁ))m A5h whelepf i | ament - 68 and 200 (neurons). Fig. 12
is a series of photom crographs show ng that when | ow density MASCs are
cultured in fibronddgi hl sastres ofiihommictolgraphe shxeping thdFGEASGeur ons 20
devel op. 202% | s..stained positive for P-tubulin-111, 223%for, .
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825% for neur e eple | oAl BRdok NomlysHittr SARHOY wiluRhHRUh SCF and
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(GFAP) (astrocytes), galactocerebroside (GalC) (oligodendrocytes) and

ncurofiiament-68 and 200 (neurons).

Fig. 12 is a series of photomicrographs showing that when low density

MASCs are cultured in fibronectin coated wells with 100 ng/mL bFGF, neurons

20  develop. 20+2% cells stained positive for B-tubulin-II1, 22+3% for
neurofilament-68, 50+3% for neurofilament-160, 20+2% for neurofilamnent-200,
82x5% for neuron-specific-enolase (NSE) and 80+2% for microtubule-
assocaited-protein-2 (MAP2). The number of neurites per nevron increased from
3x1, to 51 and 7+2 from 2, 3 to 4 weeks after differentiation. Not shown, after

25. 2 weeks In culture, 26+4% of cells were GFAP positive, 28+3% GalC positive,
whereas fewer cells were GFAP or GalC positive after 4 weeks.

Fig. 13 shows RT-PCR results and Western blot analysis for GFAP,
myelin basic protein (MBP) and neurofilament—200 x, x and days after induction
of MASCs with bFGF.

30 Fig.14 shows effect of 100 ng/mL bFGF, or 10 ng/mL of either FGF-9,
FGF-8, FGF-10, FGF-4, BDNF, GDNF, or CNTF on neural development from
MASCs. The nature of the differentiated cells was identified by
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weeks after injection of cont ani ma S receive Sal i n
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neurons. When cultured with exclusive differentiation into GAB Aergic neurons
was seen after three weeks.
Fig. 15. Undifferentiated MASCs were implanted around a parietal
infarct caused by ligation of middle cerebral artery in the brain of Wistar rats.
20  Rats were maintained on cyclosporin and function of the paralyzed limbs
examined 6 weeks after injection of the MASCs. As control, animals received
saline injections or media conditioned by MASCs. Results are shown for limb
placement testing 6 weeks after transplantation of the MASCs or control

solutions. Functional improvement to levels equivalent to that of sham animals was

25  only seen in rats transplanted with MASCS.
Fig. 16 Undifferentiated MASCs were implanted around a parietal
infarct caused by ligation of middle cerebral artery in the brain of Wistar rats.
Rats were maintained on cyclosporin and function of the paralyzed limbs
examuned 6 weeks after injection of the MASCs. After 2 and 6 weeks, animals
30 were sacrificed to determine neural phenotype. Because of autofluorescence of
the bram following transplantation with eGFP" cells, we had to resort to
immunohistochemical analysis of the graft. The majority of eGFP* cells were

detected in the grafted area itself at 2 weeks. Afier 6 weeks, eGFP’ cells
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Detailed Description of the Invention

Whether stem cells that are committed to a certain lineage have the

20  ability of undergoing a genetical re-programming similar to what occurs in the
“cloning process” or “trans-differentiate” is not known. The present inventors
have shown that multipotent stem cells persist even after birth in multiple organs
(such as marrow, Jiver, brain) when purified from these organs and cultured in
vitro can proliferate without obvious senescence and can differentiate into

25  multiple cell types, different from the tissues they were denved from. The
phenotype of stem cells derived from different organs with “plasticity” is similar
(CD45CD44' HLA-DR HL A-calss Foct3/4 mRNA* and hTRT™). In addition, the
characteristics of such stem cells are similar to that of, for instance, primordial
germ cells from which they may be a direct descendant.

30 The present inventors have evidence that a small fraction of marrow
cells, as well as cells in brain and liver, express genes commonly only found in

ES or EG cells (oct-4, Rex-1). Furthermore, the present inventors have detected
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.expl ains the perceived plasticity of stemcell der rommultiple

organs. Sel ect F‘@'thﬁlnﬁlomrrenl@p!qmgms Mul tipotent Adult Stem Cells The present
I nvention provides nultipotent adult stemcells (MASCs), 10 isolated from
human or nouse (and ot her species) adults, newborns, or fetuses, that can

differentiate Sél’ei‘tﬂiﬂl!MP’ﬁeﬁﬂjﬁe@fﬂ@ﬁ&:b)eﬁgﬁdulﬁgiepptf‘?éﬂseS fibroblasts, bone
marrow stronmal cells, skeletal miscle, snoot cardi ac nuscl e,

endot hel i um epi t helThglpresent isvgitionarovidesymeltippteheatiitites cells (M A8Cs), neur onal
and olig nd enitor cells hese ceII exhibjt differentiation
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herein were isolated by the nethod devel oped e i nventors
identified a nigewy sromal selly, skeletal muscia, siaoth mmsdlercarduduanuachar acterize the

MASCs. The net i s can b to isolate

nul ti pot ent ad%ﬂgﬁ é‘?ﬁp %Qﬁf“g] aﬁ%};ﬁgw Jiels? q‘eBWPP!f ccfj a?¢=5’f*ﬁ’é’“"lo‘l"‘*‘humam
nurine and ot heligstlefGioe$teProghnhtor édlls2THedel cells ckﬂbmi{?&entzailﬁﬁﬁﬁc&ﬁbﬁé have
been isolated frombrain and liver. It is therefore now possib for one

of skill ilf t Weoakin o amembryopisriécrmasl ban se piy adléedcrbnedﬁtwmell i ver
bi opsi es, described to date.

The multipotent adult stem cells described herein were isolated by the
method developed by the inventors, who identified a number of specific cell
surface markers that characterize the MASCs. The method of the present

20 invention can be used to isolate multipotent adult stem cells from any adult,
child, or fetus, of human, murine and other species origin. In addition, in mouse,
these cells have been isolated from brain and liver. It is therefore now possible
for one of skill in the art to obtain bone marrow aspirates, brain or liver biopsies,
and possibly other organs, and isolate the cells using positive or negative

25  selection techniques known to those of skill in the art, relying upon the surface
markers expressed on these cells, as identified by the inventors, without undue
expenimentation.

A. MASCs from human marrow:

To select the multipotent adult stem cells, bone marrow mononuclear

30  cells are derived from bone marrow aspirates, which can be obtained by standard

means known to those of skill in the art (see, for example, Muschler, G.F., e al.,

J. Bone Joint Surg. Am. (1997) 79(11): 1699-709, Batinic, D., et al., Bone

e
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appropriate  npumber of sources. Techniques for mammalian cell separation from a mixture of

cell populations have also been described by Schwartz, et al., in U. S. Patent No.
5,759,793 (magnetic scparation), Basch, et al., J. Immunol. Methods (1983) 56:
20 269 (immunoaffinity chromatography), and Wysocki and Sato, Proc. Natl. Acad.
Sci. (USA) (1978) 75: 2844 (fluorescence-activated cell sorting). (Fig. 1A)
Recovered CD45/GlyA  cells are plated onto culture dishes coated with 5-
115 ng/ml (preferably about 7-10 ng/ml) serum fibronectin or other appropriate
matrix coating. Cells are maintained in Dulbecco Minimal Essential Medium
25 (DMEM) or other approprate cell culture medium, supplemented with 1-
50 ng/ml (preferably about 5-15 ng/ml) platelet-denved growth factor-BB
(PDGF-BB), 1-50 ng/ml (preferably about 5-15 ng/ml) epidermal growth factor
(EGF), 1-50 ng/ml (preferably about 5-15 ng/ml) insulin-like growth factor
(IGF), or 100-10,000 IU (preferably about 1,000 IU) LIF, with 10"°t0 10* M
30 dexamethasone or other appropriate steroid, 2-10 pg/ml linoleic acid, and 0.05-
0.15 uM ascorbic acid.  Other appropriate media include, for example, MCDB,
MEM, IMDM, and RPMI. Cells can either be maintained without serum, in the
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poorly and die. When re-seeded at >10x10’ cells/cm’ every 3 days, cells stop
proliferating after <30 cell doublings and, as will be discussed below, this also
causes loss of differentiation potential. When re-seeded at 2x10° cells/cm? every
3 days, >40 cell doublings can routinely be obtained, and some populations have

20  undergone >70 cell doublings. Cell doubling time was 36-48h for the initial
20-30 cell doublings. Afterwards cell-doubling time was extended to as much as
60-72h. (Fig. 2)

Telomere length of MASCs from 5 donors (age 2 years-53 years)
cultured at reseeding densities of 2x10° cells/em? for 23-26 cell doublings was

25  between 11-13 kB. This was 3-5kB longer than telomere length of blood
lymphocytes obtained from the same donors. Telomere length of cells from 2
donors evaluated after 23 and 25 cell doublings resp. and again after 35 cells
doublings, was unchanged. The karyotype of these MASCS was normal. (Fig. 3)

B. MASCs from murine tissues:
30 Marrow from C57/BL6 mice was obtained and mononuclear cells or cells

depleted of CD45 and GlyA positive cells plated under the same culture
conditions used for human MASCs (10ng/mL human PDGF-BB and EGF).
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PCT1USCO 2138'ghie? mitidfoarofealtieo fameruehmpbictde ttlis. wes for huskap A4AB€s,depl et ed
Ch45' cells 14 days after initiation of gulture to renove henppoietic

cells. As for awines weneesseeded att2,000<celle/em’ pvery d €gH donblingsodmcendrasttioc np
2 cell doubli ] t i Ll's, wh
rery 2 ool SRS i fRah b0 phih lhutfe ARV PR 6B =, ver

were plated img Ay G ECDAS @119 Weke Maed irs MEASCY A fire] ol gréw i O W
nmononucl ear cells were plated, and cultured cells 14 days |ater depleted
of CD45+ cel | seereWhen piurine mraTeyy MERSNUsiRAr eolls were matgh and sulredieellso t hat of

human MASCs a red. en.c ] E | 1
doubl i ng was gl%%”%i er%l}[sé}ed;‘inftoééﬁ tc\éirléégelcfout%ﬁ%o H%g(@&? rfagbﬁp%iwn beyond
10 cel | doubl igh@flar t6dKkt bF Bimah MASC §hieaRd N Whith cultbrediveittRPDGFLBBGMdI U) LIF

significantly inproved cell growmh and > 70 cell  doublings have been
obt ai ned. Mar i along,igsll dloubbngwanglpwine davs) andeyliures equldoetdhe ol d FvB/ N

mce were,plat k Wt h - F on
fibronect ﬁﬁ fggg%"@gﬁﬁq @J%é‘%@%%@%%g%mﬁg@ﬁ#%a S
mai ntai ned i n (MEEabIYULC0OTEN) LABRitnificanty asprdestedbgdwatbad=> 70eklls wi th

mor phol ogy and phenotype simlar to that of human MASCs and mnurine narrow
C57/ B16 MASCs dpublingsfiavebesiy@dainedi tjated with marrow, brain or liver cells

]; mn E;J/E/e Eo[n ygieé gﬁ% yg@gﬁ%&eﬁ&%ﬁﬁmﬂéﬁpﬁﬁg&%ﬁm@mﬁ2_ 25 cel |
doubl i ngs showeske phutéd 10 NASCd @uitaies exthBGE, POURR- BBCRRUL [R@mBfibron&iins, CD45,
D50, CDBZE and, 1.0 1 CBRs* dS Sere remased and ¢olls mainizined th MASCs culture
conditions as described above. Cells with morphology and phenotype similar to
that of human MASCs and murine marrow C57/B16 MASCs grew in cultures
1nitiated with marrow, brain or liver cells from FVB/N mice.
C. Phenotype of MASCs.
20 L Human MASCs,
Immunophenotypic analysis by FACS of human MASCs obtained after
22-25 cell doublings showed that cells do not express CD31, CD34, CD36,
CD38, CD45, CD50, CD62E and -P, HLA-DR, Mucl8, STRO-1, cKit, Tie/Tek;
and express low levels of CD44, HLA-class I, and B2-microglobulin, but express

25 CDI10, CD13, CD49b, CD49e, CDW90, Flk1 (N>10).
Once cells undergo >40 doublings in cultures re-seeded at 2x10%/cm’, the

phenotype becomes more homogenous and no cell expressed HLA-class-1 or
CD44 (n=6). When cells were grown at higher confluence, they expressed high
leveis of Muc18, CD44, HLA-class I and p2-microglobulin, which 1s simlar to

30 the phenotype described for MSC (N=8} (Pittenger, Science (1999) 284: 143-
147).



and express |ow | evel s ofCD44, HLA-class |, and 02-m.crogl obulin, but
express 25 CD10, CD13, CD49b, CD49e, CDwoO, FI k1 (N>10). Once cel BMAHMEr go
>40 doubl i pgpedriioful tures re-seeded at 2x10/cn2, the pheno I@ﬁmas -
nmor e honbgenous and no cell expressed HLA-class-1 or CD44 =b)". &h

cells were grown at higher confluence, they expressed high |evels of

Mucl8, CD44, HLA-class | and J32-m croglobulin, whichis simlar to 30 the
phenot ype described for MSC (N=8) (Pittenger, Science (1999) 284: 143-

L4y 3 WAY 2004 VORkinbifilibeRetishPSideddihit fltnad MAMAOLSLACR ST Glch_Shoved

that human MASCs grown at 2x103/ch® seeding density express TG R
and -2, BMP- R seadingiensifl expaesd EGF-R, TGF-Rhatd 2, BMPIR KAIRDOEE!Ra 206 -Bpet ween
1 and 10% of staip with anti-SSEA4 antijbodi es (Kannagi R, EMBO J
2: 2355- 61, 19%%%@94185@83?‘@&% e%r#awslw%)mm%&wvmthexpressed

gene profile ofn;.99FRA m%ﬁ: Méﬁ%?@%ﬁgsﬁgpsﬁgﬁz of 2x103/cnR for

22 and 26 cell doublings an oun I'I"'owi g™ pr'o A. MASCS do not
express CD31, CD36, Uting ZHonteRSAPNAGIYs e aviiluiated the expresses g grofiliofl LI ,

L3, IL6, IL11, G ., OM CSF, Epo, FIt3-L, or_ 1 F, and |l ow | evel s of
HLA- cl ass- |, @a@%wﬁq@fmg é@nsmgeﬂé%gécg%omézﬁcqlhe

cyt oki nes BMPli,.B\E , ; the cytokine receptors FlKkI,
EGF-R, PDGF- R a",‘ﬁgpg%%“,“gﬁ“&.“ﬁ TolloWiie prbfges: 4" R2, TGFR- 2, BMVP-RIA the
adhesi on recept or's M2BCR do GEKSresCDTB 1, Q3 6C0DB2E1E6DE2P MABAS- I XxRIess MRNA

for hTRT and TRFI; the POUJ-domaj.n _transcription factor oct-4 ¢ sox-2
(required with oct - A€ GCFRIPISHIST I’Miq-'ﬁep-éﬁtc’a@%ﬁ @M5ESF gEpE B, omwanogho

D, Mech Dgy 49: 23- 36NTFLEPow RS HEQG_ X _ -
(chondr ogenesis, Lefebvie V, w%/a%qrr’ ?’g |oﬁg%6¥’%ﬂ4gm%% ;l§ oma%‘deorrai n
transcription fad dMASCiExpioesamRMNA fonthe Cpwkities AMBhBMPS| ¥EGF, HGH, et on

specification; or genesis of respiratory tract, Packer A, Dev Dyn
17: 62- 74, 2000), ?ﬁ%ﬁawf’nwm@? receptaririlk b.EGE-Ra PRaF 801 gp130, 1997) |

D x4 (specificati 0 Hhai N a ' X uctures.of head
A enkor M, NeurEok, deyihaaRg SRS, PEERES e REAURS SES uetilin, aaui
CD49c, CD49d, CD29; and CD10.
15 C. MASCs express mRNA for hTRT and TRF1; the POU-domain
transcription factor oct-4 ¢ sox-2 (required with oct-4 to maintain

undifferentiated state of ES/EC, Uwanogho D, Mech Dev 49:23-36,

1995), sox-11 (neural development), sox-9 (chondrogenesis, Lefebvre V,
Matnx Biol 16:529-40, 1998); homeodeomain transcription factors: |

20 Hoxad and -a5 (cervical and thoracic skeleton specification;
organogenesis of respiratory tract, Packer Al, Dev Dyn 17:62-74, 2000),
Hox-a9 (myelopoiesis, Lawrence H, Blood 89:1922, 1997), Dix4
(specification of forebrain and peripheral structures of head, Akimenko
MA, J Neurosci 14:3475-86, 1994), MSX1 (embryonic mesoderm, adult

25 heart and muscle, chondro- and osteogenesis, Foerst-Potts L, Dev Dyn
209:70-84, 1997), PDX1 (pancreas, Offield MF, Development 122:983-
95, 1996)

D. Presence of oct-4, LIF-R, and hTRT mRNA has been confirmed by

RT-PCR.

30 E. Inaddition RT-PCR showed that Rex-1 mRNA (required with oct-4 to
maintain ES in an undifferentiated state, Rosfjord E, Biochem Biophys
Res Commun 203:1795-802, 1997} and Rox-1 mRNA (required with




25 heart and nuscle, chondro- and osteogenesis, Foerst-Potts L, Dev Dyn
209: 70- 84, 1997), PDX1 (pancreas, Offield M, Devel opmgnt 122: 98:3 MAYS004
1996) D. \ﬁléstﬁﬂﬁoel of oct-4, LIF-R and hTRT nRNA has been confir ned by
RT- PCR. 30 dddi ti on RT-PCR showed that Rex-1 nRNA (7 /P58
oct-4 to nmaintain ES in an undifferentiated state Rosfjord E, Biochern
Bi ophys Res Conmmun 203: 1795-802, 1997) and Rox- MRNA (required with 3
MAY 2 WO 01/11011 PCTn7S0OQ/ 21387 27 oct% for transcrl ptlon of Rex-1,
dn

e traneori pti on IRALGT CERBTRLEAT Shinet B CET Rioy BBSTE. cari

cl eavage stage embrjyag) %'ek%egedtxﬁ‘ﬁdAQO?r ceII mass of the blastocyst, and
in 5 enbryonic carcinom cells (Nichols J, et al Cell 95:379-91,
.1998), and is down-ccedus altreniscwhém taetdrexpressedrid thepregastlatibs embirymt e.
Expression of oct-4 | ays an i npor rol e in deter | ear teps in
enbr yogenesi s e&ﬁéi CIEG"ggee%@t’?tean‘g %‘3{ the inpey th’grm‘?sﬁé?{p ﬂ’q%l ‘R%‘?(g
causes tragscr | : al so
causes. L1 agsCiuniy el (BE) SOIANLIAS Za 4l O3p5070hel BBl o)

Bi ochem Bi ophybuﬁe&gﬁhmdnﬂrcn c2D8arti6ducgd 2o difkpentiaBe rExpnessioarof Bet-€t al , Mol
Cell Biol 6-78, 1998. In _.addition, \SOX 2, ex ressed I n ES/ EC, but
al so in ot her Pﬁﬂﬁéﬂd@%%ﬁ?%ﬁé‘? defermyning carlyStepsdp g W&S’P‘ﬁ@r% th oct-4 to
retain the undilff&%ﬁ@awnato%m %%ﬁbman&%ﬁﬁ RONANOMBE: tRinsEptiolhl Car t wri ght

EJ, Pearl G ting PJ, Sharpe PT: 15 Enbryonic expression of
the chi cken Scnacﬁyat&m»«ff thmﬂn-ﬁngdﬂprg@n‘eﬁc)s-mg@asmquund fornnzan‘oaunmg/ESr ole in

neur onal veI BNt .. v, 49° 23- 36 ce of murine ES
o'l o andl mg%’ﬁﬁﬁ%s?n%r%ﬁr%&awpe% %Pgﬁ%mo S R EOREbas ¢ hi <

requi rement I820'301t79§£809| 2597, Bek-SRuSHRA @reﬁalnmﬂmememopts Imseavs BS9geis. 20
The present inventors observed that oct-4, Rex-1 and Rox-1 are expressed

in MASCs der i \additfonosmdaZirespressed imtS ke, b alsovin ather moserdiferantistedicellsr  and
brai n. Human MASCs e IFRan sta ve, W SEA- 4.
Initial experi ﬁﬂﬁ?@%&ﬁ?@’ ‘F’Oﬁ THAR e e %&gﬁpfgﬁg&ab& fts‘%/%‘c%t i on

HE R+ cel |'s quavinbpR¢!BOREE M, Tal@irigh€ E] PAG, Hedl €, sc@ﬁﬁgvpm smpfefrhect ed by

15  Embryonic expression of the chicken Sox2, Sox3 and Sox1] genes suggests an
interactive role in neuronal development. Mech Dev 49:23-36, 1995).
Maintenance of munne ES cells and primordial germ cells requires presence of
LIF whereas this requirement is not so clear for human and non-human primate
ES cells.

20 The present inventors observed that oct-4, Rex-1 and Rox-1 are
expressed in MASCs derived from human and murine marrow and from murine
liver and brain. Human MASCs express the LIF-R and stain positive with
SSEA-4. Initia] experiments show that human MASCs are enriched by selection
of LIF-R" cells even though it is not yet clear if their growth 1s affected by LIF.

25  In contrast, LIF aids in the growth of murine MASCs. Finally, oct-4, LIF-R,
Rex-1 and Rox-1 mRNA levels increase in human MASCs cultures beyond 30
cell doublings, which results in phenotypically more homogenous cells. In
contrast, MASCs cultured at high-density lose expression of these markers. This
is associated with senescence before 40 cell doublings and loss of differentiation

30 to cells other than chondroblasts, osteoblasts and adipocytes. Thus, the presence
of oct-4, combined with Rex-1, Rox-1, sox-2, and the LIF-R are markers that

correlate with presence of the most primitive cells in MASCs cultures.



25 In contrast, LIF aidssim the growth of mari ne MASCs. Finally, agyhg
LIF-R,  Rex-1 and Rox-1 nRNA | evels increase in human MASCs cul tur gq%nd

30 cell dewpdi@sy wWhich results in phenotypically nore howzgég ls. .~

In contrast, MASCs cultured at high-density | ose expressio

markers. This is associated with senescence before 40 cell doublings and
| oss of differentiation 30 to cells other than chondrobl asts, osteoblasts
and adi pocytes. Thus, the presence of ocjg4, conbined with Rex-l, Rox-1,

sox-2, and the LIF-RyaneeddBiKeEm { ; ' _pf the nost

primtive cells in NASES cultur Rorslibe RORGAG! A bR 7 BRBESR) o1 03509 5
The present i npemaeseGED gerex alinithesd anintals, eGRPs@@rdssioh ¢4 seen i ptimérdial

pr onot er - eGFP eneé%lLsn t hese animal s, eGFP. expression is seen in prinordial

germcells as S &&m ellafisr bisth. ths MASGyespsess opt-ddbe oct - 4,
the present 'ﬁx‘é@éﬂt%\f@nﬁﬁE&%d%?étm%cﬁﬁ.{gsﬂﬂ?cﬁlé’ ou cﬂ;lé §°é’aal|i‘|-lg{:a§ﬁ% found in

marrow, 5 brali and |1ver of these ani s arter bir S (1 %
bri ght est Spopbdait,iand Jiversitheseranaralt afien bimh.r eGFPbealls (1 Bttidhteser from 5
day-old mce. Wen, eval uated by fluorescence m.croscopy, <1% of sorted
cel |'s from br aPPPRFHPD) YEEre seitefldrem srgmow,; brin and fiyeudramp gidayedd mieeect ed by

QRT-PCRin t hWheﬁ%BﬁQteﬁ%?‘ﬁ&&és@%é@é&?ﬁpﬁekh% Xﬁc&)&fﬂé dfpc%/{eﬁﬁafgn \%9 er

conditions that support 10 nurine fonectin coa S h EGF,
PDGF, LIF). CetnhgowswereieGHP butt-dmBNwrodd bamdtectdidn Q-RANBCRIeKe t 0 nuri ne
enbryonic fibr obleg wth was seen. \Wen repl.ated agai n under

.. .cell .a
MASC condi t i on?rt §$§l%ﬁ§hSoﬂ%f%@lhéwbe&ﬁd’]ﬂﬁ@Hﬂficiﬁ@n‘ijfmmswlé
detected. 1@ Miulhine MASES (rtkandlin' bt WHRD 1l BGF, SBCEIEHS. YRRCS cul tured
n LI A-C e

with EGF, PDGF-BB a are Ch44 and ass-| negati've, stain
positive with S8&Aed putdid noesypaed s Wheanmasfeptd td morine tmbryonidfittobRexs; 1 and
sox-2. Likew se,, MAS from %‘éﬂNﬂ ow,. brain and |iver express oct3/4

rr
mRNA. 20 Cul t SFTEFORT P 85eBnt eplated againdmier MAG eRnditignsa erlistwith em
cel|'s (MASCS) jnaginaldyd 4R pheastybOSEMAICRIirs Biebigd. Cul tured using met hods

of the invention. Briefly, culfure in |owserumor serum free nediumis
preferred to maint af-n MwdncMASEs.in the undifferentiated state. Serumfree

medi um usqg to cul t 4K Gol fifnfedens, CHFREENEASES dulifEEHin EGF, PDGF-BB and
LIF are CD44 and HLA-class-I negative, stain positive with SSEA-4, and
express transcripts for oct-4, LIF-R, Rox-1 and sox-2. Likewise, MASCs from
FVB/N marrow, brain and liver express oct3/4 mRNA.

20 Culturing Multipotent adult stem cells
Multipotent adult stem cells (MASCs) isolated as described herein can be
cultured using methods of the invention. Briefly, culture in low-serum or serum-
free medium is preferred to maintain the cells in the undifferentiated state.
Serum-free medium used to culture the cells, as described herein, is

25  supplemented as described in Table 1.



25 suppl enented as described in Table |. 3 MAY 2004 \W,01/11011 :
PCTI US00121389 29 Table | Ihsulinl0 - 50 pg/M (10 pg/ m#)* Tr ansfer‘}r N%Zﬂ_ﬂt 10
jig~-m5.5 Lenium 2 -~ 10 nm (5 n m Bovine serum al bung .1 - 5.
~tg/mMO0.5 ?ﬂb@ﬁrllo eic acid2 - 10 pg/m (4.7 jig/m) Dexarré{gh(’g@lg@é?l 5 -
0.15M . Ol L-ascorbic acid 2-phosphate0.1 mM Low gl ucose DVEM ( DVEM LG 40 -
60%60% MCDB- 20140 - 60%10% Fetal calf serunD-2% Pl at el et-derived growh5 -
15 nmM (10 n m Epidermal growth factor59¢ 15 nm (10 n m Insulin |ike
growt h fact Oral‘ébilis ng/m (10 n mM Leukema inhibitory factorl

0- 10, 0001 U100 * Preferred concentrations are shown in parentheses. 5
Because MASCs express the LIF-R and sone cells express oct-4, it was

t est ed wheth C culture— Addition of 1. Q g/m_
LIF to human |MASEn di d not affect short-term i 30 wg/ol( 10 pghh® cel |

doubl i ng ti neTianbferr®b cel | doublings, |evel| ®f 10af/ (85QigES on) . In
contrast to letf@m _S€en w th nunan CelTs,| WNeind/AASH nBlkl NE NaT T OW
hononucl ear ¢ . F i e _pLated 1T m MASCs
culture, no O lg._vvas sacch. é e L%;vg%@]nuc I [ e

pl ated, and cl ingleigiacid| | 5 14 days 'later dep 2lGpg/a (hpgmbe| | s cel | s

wi th the norph@exagyetbasdnohenot ype sinilar  tid).00%kt 0.65 pMiGBh uMISCs apppar ed.
Thi s suggest s| LhaséorbiaGtir Splsssphtt ed by henofgdl.eniM cells may be needefl to
support initiaf o@lchidoBe DAVIEMI(OMEMASE. 15 &% (60oed W th PDG-- BB| and

EFG al one, ce{1cRBGINT Was SToW (56 days) [ gk Jg¥yS courd mot bp

enhanced cel | PRI S oo e o o enn betrozeh and
stored as fr 7_El,a}te‘]et-derivn:d'grow‘ih 5-15 hg/ml (i()’ngl‘?ni)

Epidermal growth factor 5 — 15 ng/m] (10 ng/ml)

Insulin like growth factor 5 — 15 ng/ml (10 ng/ml)

Leukemia inhibitory factor 10-10,000TU (1,000 TU)

* Preferred concentrations are shown in parentheses.
5 Because MASCs express the LIF-R and some cells express oct-4, it was

tested whether addition of LIF would improve culture. Addition of 10ng/mL
LIF to human MASCs did not affect short-term cell growth (same cell doubling
time till 25 cell doublings, level of oct-4 expression). In contrast to what was
seen with human cells, when fresh murine marrow mononuclear cells depleted

10  on day 0 of CD45" cells were plated in MASCs culture, no growth was seen.
When munine marrow mononuclear cells were plated, and cultured cells 14 days
later depleted of CD45" cells, cells with the morphology and phenotype similar
to that of human MASCs appeared. This suggests that factors secreted by
hemopoietic cells may be needed to support initial growth of murine MASCs.

15  When cultured with PDGF-BB and EFG alone, cell doubling was slow (>6 days)
and cultures could not be maintained beyond 10 cell doublings. Addition of
10ng/mL LIF significantly enhanced cell growth.

Once established in culture, cells can be frozen and stored as frozen

stocks, using DMEM with 40% FCS and 10% DMSO. Other methods for

20  preparing frozen stocks for cultured cells are also known to those of skill in the

art.



stocks, using DMEMwith 40% FCS and 10% DMBO. O her pethods for 20
preparing frozen stocks for cultured cells are also known to t hosk MY 10ki 1 |
in the art w@omA¥I2004 WO 01/11011 . PCT/US00/ 21367 30 | ngiteprpchoHfiass to —
Differentiate to Form Conmitted Progenitors and Tissue- Specific Cell Types
Usi ng appropriate grom h factors, chenokines, and cytoki nes, MASCs of the
present invention can be induced to differentiate to forma nunber of cell

5 lineages, including, for exanple, a varifety of cells of nmesodermal origin

as well as celddutingMASUs nebifeesitird toForg)i Corh@ifiadl Proghiifors and Tissue- _
ol i godendrocytes, and neurons as well as endodermal origin. A Splanchnic
nmesoder m 1. Ost rAsHeseel! Terast | uent MASCs were cul tured with about 10-6-10-8M

10 (preferably abou}; 10-' (o , 1 -glycergphosphat e -20 MM
(preferably 10n-M SSI(jg%ralgMc@ggfé?E%ha%g@%hgiﬁ?‘g? nfﬁ"@ﬁ %@E&FS’J@BSSSP sts,
we used Von Kihepeessheinbentibn(cah be giduceditecdiffornthte®s o a n@mbandf ndi es
agai nst bone sialoprotein, osteonectin, osteopontin and osteocal cin

(i mmunohi stochidhfages yncludapg tfer ewamplg, agiani¢ty-of cella p§ mesodsgnelorigin 280l of

cells stained it it h the 1 ti,bodi es. (Fig. 6) ., 2.
Chondr obl ast s:ﬁﬁﬁgé&g\/\é’%}% ?té%esr?"%ll %% - glﬁa& Cgﬁ ’toiﬂggéeqcﬁo?%‘suﬂ%q peionshy e
suppl ement ed wdstwielb@s dnddQermgll BHginpr ef erably 100 ng/nml) TGP 1 in

m cromass suspension culture. Small aggregates of cartilage fornmed in the
bottom of the tubesA ' tive with toluidin blue. Collagen type

0
| 20 d d ipig] ' 5), |hut 14
Gaye was only. et et QHEbbMes COMARBHMASS JLAQEBRR i oot 1015103 ©
Col | agen tippe (prefBRBRM@OUE 80 M) @dXathetiabdite, B-gIPoetoptbpdis 2RP5YoshRe ned the

m cromass by day 14. Staining for bone sialoprotein was negative or
m ni mal | y posi{Preferably 10w ascorbit apidi Togigmonsaateipresgacd aficateobldatsi wbl e

stai ni ng was foung,.f ost eonect i,n, ost eocal.cl d 25.0steopontin.
Pr esencg of colfsfzggeor?olg%g S'i%fm% “X%‘HF?‘?%H ogﬁi&é’gﬂé)f Antfodies ggamsphonscr | n
addi tion, RT- REBoproteit) dsteonely 85t8spontih @hd 5&%M§al§i§Qi&‘ﬁiﬂgRﬂélﬁ§tﬁﬂﬁé?nisﬁ’§d the

cartilage specific transcription factors CART1 an [ P1. (Fig.”5, 6) 3.
Adi pocyte: To Vesern. Adiesddyilalays of aderm, PE0Vorf cellsstained@ositivearithahesel0- 6 M

(preferablyy a%ﬁ%o&l%é.'( PlY& §j,96§<amet hasone, about 50 to about 200 g/ m
2. Chondroblasts: MASCs were trypsinized, and cultured in serum-free
DMEM supplemented with 50-1,00 ng/mL (preferably 100 ng/mL) TGF-f1 in
micromass suspension culture. Small aggregates of cartilage formed in the
bottom of the tubes that stained positive with toluidin blue. Collagen type I was
20  detected initially throughout the micromass (day 5) but after 14 days was only
detected in the outer layer of fibrillous cartilage. Collagen type II became
detectable afier 5 days and strongly stained the micromass by day 14. Staining
for bone sialoprotein was negative or minimally positive in the outer fibrillous
cartilage layer. Vanable staining was found for osteonectin, osteocalcin and
25  osteopontin. Presence of collagen type II was confirmed by Western blot and
RT-PCR. In addition, RT-PCR on cells recovered afier 5days showed presence
of the cartilage specific transcription factors CART1 and CD-RAPI. (Fig. 5, 6)
3. Adipocyte: To induce adipocyte differentiation, about 107 to about
10° M (preferably about 10”7 M) dexamethasone, about 50 to about 200 pg/ml
30  (preferably about 100 pg/ml) insulin or media supplemented with approximately
20% horse serum can be used. Adipocyte differentiation can be detected by

examination with light microscopy, staining with oil-red, or detection of




30 (preferably about 100 g/m) insulin or nmedia suppl gaented with

approxi mately 20% horse serum can be used. Adi pocyte i.diffferenti ation sap [E?
detected b exam nation. with |light mcroscopy, staining with oil -re%j, OIZ o
‘detection %P%“i!ﬁ? 2004 WO 01/11011 - PC17US00721397 31 | i PEELSRII i pase
(LPL), adipocyte lipid-binding protein (02), or peroxisone
proliferator-activated receptor ganma (PPAR ). Methods for detection of
cellular markers and products are known those of -skill in the art, and

can include detection. usi ecific l.i.gqands, such ags, for exanple,
troglitazone g‘R"?R@)"‘ tase @gh’@f)? BFHR! ‘f’“ﬂvﬁ?"éﬂ“Z%’ VPPN (Fig 5,
6) 4. apress?ﬂoﬂﬁ?ﬁoﬁﬁcﬁfaa{eﬁ r&%ippa?[g%inhi’.ﬁ?’ﬂﬁ@).bﬂéﬁmdl diefiGhbs | nventors

exam ned genes expressed upon rentiation to osteoblasts and
chondr obl ast s.cellhlar paarkdrs ahdiprodtdie grecknaminrie thask of ekifirin sisecalt, gadiearpr of i | e of

MASCs (n=3) and Cs switched ta gstepbl ast or chondyobl ast culture
condi tions for‘“?\‘zﬁggﬁtﬁ‘éﬂ%“sﬂﬁ %F‘gfﬁ%gﬁ‘é‘?ﬁnﬁ@f?ér%%e?‘gpﬁ y FRe!HeAgenous
switch to the LI L Grabd I & 4’1@9 ech and

I nvi trogentsc arf@?gbélgﬁ%gé%ﬁgg%ﬁigﬁmg ﬁg}gnges 'éﬁgg%?‘id is shown in
table 2. This is byd.rExpressed gen€prufile sf vartityad ail bée. Ofhd piesefxipiaased gene
profile in MASCs, ,osteoblasts and chondrobl asts. However, the results

i ndi cat e t hat SFrRRSAgFOERExRIessed upamstitiereptipaniutopsteoblastsiand ghondiehlasts 15
significant a i ' S ' - i stent
with the obs 29&’%??’%??9{2@% %rms @%g e{kgﬁ%@%ﬁ %ggpg’gflgafﬁéagggjegfﬁuced to
di fferenti at e MASGS switched srogobhiseyr. chdndidl]azO8Atur XA iti o3 ¥or two days to
PCT/ USOO 2%387 32 Q W‘tﬁZW s Mo~ ,~~0 U, P X
1 determine whether a relative homogenous switch to the two specific lineages is
seen, using Clonetech and Invitrogen cDNA arrays. A partial list of changes
detected is shown in table 2. This is by no mearis a conclusive evaluation of the
expressed gene profile in MASCs, osteoblasts and chondroblasts. However, the
results indicate that differentiation of MASCs to bone and cartilage induces
15  significant and divergent changes in expressed gene profile, consistent with the

observation that most cells within a culture can be induced to differentiate along

a given pathway.
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subtracti %F%ﬁridi zation: The present inventors used a subtracti ,
_ approach 83ty genetic differences between undiffer BRT{EPEH3RhSCs
and conm tted progeny. Poly-A nRNA was extracted fromundifferentiated

MASCs and cells induced to differentiate to the 5 osteoblast |ineage for 2
days. Subtraction and anplification of t differentially expressed cDNAs

_ : _ Lhe |
1 SoTe St 10 e O e ekt o Shr Ry SR PR T o
present inventors used a subtraction approach to identify genetic differences

between undifferentiated MASCs and committed progeny. Poly-A mRNA was

extracted from undifferentiated MASCs and cells induced to differentiate to the
5  osteoblast lincage for 2 days. Subtraction and amplification of the differentially

expressed cDNAs was done using the PCR-Select kit from Clonetech, as per

manufacturer’s recommendation without modification. We started to analyze

gene sequences expressed in day 2 osteoblast cultures but not in undifferentiated

MASCs.

10 1) The present inventors sequenced 86 differentially expressed cDNA-
sequences. We confirmed by Northern that the mRNAs are indeed
specifically expressed in day 2 osteoblast progenitors and not MASCS. The
sequences were compared (using the BLAST algorithm) to the following
databases: SwissProt, GenBank protein and nucleotide collections, ESTs,

15 murine and human EST contigs.

2) Sequences were categorized by homology: 8 are transcription factors, 20 are
involved in cell metabolism; 5 in chromatin repair; 4 in the apoptosis
pathway; 8 in mitochondrial function; 14 are adhesion receptors / ECM
compeonents; 19 are published EST sequences with unknown function and 8

20 are novel.

3) For 2 of the novel sequences, the present inventors started to perform Q-RT-
PCR on MASCs induced to differentiate to bone for 12h, 24h, 2d, 4d, 7d and
14d from 3 individual donors. Genes are expressed during the initial 2 and 4
days of differentiation respectively, and down regulated afterwards.

25  4) The present inventors have also started to analyze genes present in
undifferentiated MASCs but not day 2 osteoblasts. Thirty differentially
expressed genes have been sequenced and 5 of them are EST sequences or
unknown sequences.

B. Muscle
30 Differentiation to any muscle phenotype required that MASCs be

allowed to become confluent prior to induction of differentiation.



gene sequences expressed i-n day 2 osteoblast cultures.but not in

undi fferentiated MASCs. 10 1) The present inventors sequenced SQMM 200

di fferenti@idoi86Qr essed. cDNA- sequences. W confirned by N?Eﬁbgé'ﬂ that the.
NMRNAs are indeed specifically expressed in day 2 osteoblas H38or s
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cells wergqptr P ] s _QQ%TEH- M
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mai nt ai ned i n tASEptiordactons cBldfberdetdciedtin approgsnatelyl 1004 6ficdlls. AfMst ern bl ot

and i munohi st.ochem styy. .Skel et al scle differentiation in vitro can be
denonstrat ed 6313% Bt %@'@@’&ﬁ@ﬂrﬁé%&ﬁlg’y by lgwerfevels, whgrseMyRa f - 6,

myogeni n, desigha Mypte§elidbd. aSLdntinang s]?éi&%:ﬁlcﬂh WBFO Bk facte bl Qﬁﬁdy ?% four ques

i munohi st ochem stTy or Western bl ot analysi's using standar
days after induction, and skeletal myosin at 14 days. By immunchistochemistry,

15 70-80% of cells expressed mature muscle proteins afier 14 days. Treatment with
S-azacitidine resulted in expression of Gata4 and Gata6 during the first week of
culture. In addition, low levels of troponin-T could be detected from day two
onwards. Smooth muscle actin was detected at two days after induction and
persisted for 14 days. When 20% horse serum was added, a fusion of myoblasts

20  into myotubes that were multinucleated was seen. (Fig. 7) Using double
fluorescent labeling we could show that transduced myoblasts could be caused to
fuse with differentially lateral myocytes (Fig. 8).

2. Smooth muscle: Smooth muscle cells can also be induced by
culturing MASCs in serum-free medium, without growth factors, supplemented

25  with high concentrations (about 50 to about 200 ng/ml, preferably about
100 ng/ml) of platelet-derived growth factor (PDGF). Cells should preferably be
confluent at initiation of differentiation. Terminally differentiated smooth
muscle cells can be identified by detecting expression of desmin, smooth muscle
specific actin, and smooth muscle specific myosin by standard methods known

30  tothose of skill in the art. Smooth muscie actin was detected from day two
onwards and smooth muscle myosin after 14 days. Approximately 70% of cells

stained positive with anti-smooth muscle actin and myosin antibodies. A



known to those of skill in.the art and commercially awgilable antibodies.
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These cardiac proteins were detected in >70% of cells by immuno-
histochemistry on day 15. We found the transcription factor Myf6 from day 2
on. Expression of desmin started on day 6 and myogenin on day 2. We also

20  found skeletal actin. When the cultures were maintained for >3 weeks, cells
formed syncithia. We also saw infrequent spontaneous contractions occurring in
the cultures, which were propagated over several mm distance. (Fig. 7)
C. Endothelial Cells MASCs express Flkl but not CD34, PECAM, E-
and P-selectin, CD36, Tie/Tek or Fltl. When MASCs were cultured serum-free
25  MASCs medium with 20 ng/mL VEGF we saw the appearance of CD34 on the
cell surface and cells expressed vWF by day 14 (immuno-fluorescence) (Fig. 9,
10). In addition, cells expressed Tie, Tek, Flk1 and Fltl, PECAM, P-selectin
and E-selectin, and CD36. Results from the histochemical staining were
confirmed by Western blot. When VEGF induced cells were cultured on
30  matrigel or collagen type IV, vascular tube formation was seen. (Fig. 9, 10}
D. Hemopoictic Cells As MASCs differentiate into CD34" endothelial
cells and recent studies show that CD34°Flk1” cells can be induced to
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progeny was replated in methylcellulose assay to determine the number of

colony forming cells (CFC). A 3-5-fold expansion of CFC was seen after 2
weeks and maintenance of CFC at 5 weeks, which was similar to cultures of
CD34’ celis in contact with the murine fetal liver derived feeder, AFT024.

20 F. Neuronal Cells Surprisingly, MASCs induced with VEGF, the
hemopoietic cytokines SCF, Fit3-L, Tpo and Epo in MASCs medium containing
EGF conditioned by the hematopoietic supportive feeder AFT024 differentiated
into glial-fibrilar-acidic-protein (GFAP) positive astrocytes, galactocerebroside
(GalC) positive oligodendrocytes and neurofilament positive neurons (Fig. 11)

25  The inventors hypothesized that production of FGF2 by the AFT024 feeders and
addition of EGF to the cultures might induce differentiation to neuronal cells in
vitro.

They then examined the effect FGF2, known to play a key role in neural

development and ex vivo culture of neural precursors, on MASCs derived neural

30  development. When <50% confluent cultures of human marrow derived MASCs
(n=7) that had been cultured with EGF and PDGF-BB were switched to medium
containing 50-500 ng/mL (preferably 100ng/mL) FGF2, differentiation to cells
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1) After i wo RESTEE ok CEAY dpitntasy piten i il stk AT 2530
GalC positive wegte®blét AR RILPCRAMAN s BVFGPS tehté® budMitMABES)Xam ned after
three weeks, fewer cells were GFAP or Gal C positive, but 5 202%cells

stained pd$itive foFGH-9.firet iselatedfronpaphoblasemacell bne, [indueas g feratdun s, f or
neurofi | ament 'gtsﬁial 298t ?nfc?xﬁm%?%@ft‘-bli?fs%ﬂh A ié&éu@%‘lsfoq(the cerebral cortex,

hippocampus, substantia nigra, motor nuclei of the brainstem and Purkinje cell
layer. When cultured for 3 weeks with 5-50 ng/mL (preferably 10ng/mL) FGF-9
and EGF MASCs generated astrocytes, oligodendrocytes and GABAergic and

20  dopaminergic. During CNS development, FGF-8, expressed at the mid/hindbrain
boundary and by the rostral forebrain, in combination with Sonic hedgehog,
imduces differentiation of dopaminergic neurons in midbrain and forebrain. It
was found that when MASCs were cultured with 5-50 ng/mL (preferably
10ng/mL) FGF-8 and EGF for 3 weeks both dopaminergic and GABAergic

25  neurons were produced. FGF-10 is found in the brain in very low amounts and
its expression is restricted to the hippocampus, thalamus, midbrain and
brainstem where it is preferentiaily expressed in neurons but not in glial cells.
Culture of MASCs in 5-50 ng/mL (preferably 10ng/ml.) FGF-10 and EGF for
three weeks generated astrocytes and oligodendrocytes, but not neurons. FGF-4

30  is expressed by the notochord and is required for the regionalisation of the
midbrain. When treated with 5-50 ng/mL (preferably 10ng/mL) FGF-4 and EGF
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and muscle and has neurotrophic and differentiation abilities. It was found that
3-50 ng/mL (preferably 10ng/ml.) GDNF induced MASCs to differentiate into
GABAergic and dopaminergic neurons. CNTF, first isolated from ciliary

i

ganglion, is a member of the gp130 family of cytokines. CNTF promotes
20  neuronal survival early in development. In embryonic rat hippocampal cultures
CNTF increased the numbers of GABAergic and cholinergic neurons. In
addition, it prevented cell death of GABAergic neurons and promoted GABA
uptake. 5-50 ng/mL (preferably 10ng/ml) CNTF exerted the same GABAergic
induction on MASC:s as they differentiated exclusively into GABAergic neurons
25  after three weeks of exposure to CNTF.
The fate of MASCs transplanted into rat brain was also examined.
50,000 eGFP* MASCs were transplanted stereotactically around a parietal infarct
induced in Wistar rats, maintained on cyclosporin. Limb-placement was tested
six weeks after transplant of saline, MASCs conditioned medium, or MASCs.
30  Functional improvement to levels equivalent to that of sham animals was only

seen in rats transplanted with MASCs (Fig. 15).
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rats transplanted with MASCs (Fi 15). 3 MAY 200 W01/11011 - PCTMSOO 138
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graft was per ﬂaédstedl smaﬁhﬁxsm @Rnekml-pbsﬁQ:&Hs G kHessanwer lecaiphaeditbegiaft dshe
grafted area itself at two weeks 5 ﬂ After five weeks, eGP+ cells
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anti body rema i r e 0
di anmeter. Aft g?%g?réﬁ\ﬁgékgﬂdd]ﬁm %vﬁr# t[ﬁuﬁﬁ%ﬁ{ﬂ%m :‘im% M-8 19 %hs
Neurofilament-68 and -160, Oligo Marker and GFAP suggesting differentiation

to neuronal and ghal cells (not shown).
G. Epithelial Cells The inventors treated confluent MASCs (N=4) with
20  10ng/mL hepatocyte growth factor (HGF), alone or in combination with
keratinocyte growth factor (KGF). After 14 days, large epithelioid cells could be
’ seen that expressed the HGF receptor, cytokeratin 8, 18 and 19. Presence of
cytokeratin-19 suggests possible differentiation to biliary epithelium. Changing
the matrix from fibronectin to a collagen gel or matrigel improved generation of

25  cytokeratin-18 expressing cells with morphology of epithelial cells. (Fig. 17)

Single Cell Origin of Differentiated Lineages.
To address if MASCs are clonal, the inventors have sorted by FACS 1
and 10 MFG-eGFP transduced eGFP” cells per well and cultured cells to
30  generate 10° cells. Transduction was done as follows: MASCs replated 24h
earlier were exposed for 6 h on 2 sequential days to MFG-eGFP or MSCV-eGFP
packaged in the PG13 cell line and 10pg/mL protamine. Between 40-70% of
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1. The inventors injected eGFP* MASCs mtramuscularly into NOD-SCID
mice. Animals were sacrificed 4 weeks later and muscle examined to
determine if, as has been déscn'bed for human ES cells, teratomas develop.

20 In 5/5 animals, no teratomas were seen. eGFP positive cells were detected.

2. The inventors infused eGFP* MASCs IV intrauterine in fetal SCID mice.
Animals were evaluated immediately after birth. PCR analysis demonstrated
presence of eGFP" cells in heart, lung, liver, spleen and marrow.

3. The inventors transplanted MASCs stereotaxically in the intact brain or

25 infarcted brain of rats, they acquire a phenotype compatible with neural cells,

and persist for at least 6 weeks.

Applications of MASCs
1. osteoblasts: MASCs of the present invention that have been induced
30 to differentiate to form bone cells can be used as cell therapy or for tissue
regeneration in osteoporosis, Paget’s disease, bone fracture, osteomyelitis,

osteonecrosis, achondroplasia, osteogenesis imperfecta, hereditary multiple
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15  treatment of Type II diabetes. In reconstructive surgery, adipocytes
differentiated as described by the method of the present invention can be used for
breast reconstruction after mastectomy, for example, or for reshaping tissue lost
as a result of other surgery, such as tumor removal from the face or hand. In
cosmetic surgery, adipocytes produced from the cells of the present invention by

20  the method of the present invention can be used 1n a variety of techniques, such
as breast augmentation, or for reduction of wrinkles in aging skin. Adipocytes
thus derived can also provide an effective in vitro model system for the study of
fat regulation.

4. fibroblasts: Fibroblasts derived from the MASCs can be used for cell

25  therapy or tissue repair to promote wound healing or to provide connective tissue
support, such as scaffolding for cosmetic surgery.

5. Skeletal muscle: MASCs can be induced te differentiate to form
skeletal muscle cells for cell therapy or tissue repair in the treatment of Duchene
muscular dystrophy, Becker muscular dystrophy, myotonic dystrophy, skeletal

30 myopathy, and reconstructive surgery to repair skeletal muscle damage.

6. Smooth muscle: MASCs can be induced to differentiate to form

smooth muscle cells for cell therapy or tissue repair in the treatment of



10 Crohns' disease, ankyl.-b$i ng spondylitis, osteoat h;;‘t I's, reconstructive
surgery of the outer ear, reconstructive surgery of: the nose, ahMAY 2004

reconst r uchigige0ery of the cricoid cartilage. 3. adipoc . Lpocytes.
derived fromthe MASCs can be used in rescul pting during rg%M I ve or

cosnetic surgery, as well as for the 15 treatnent of Type Il diabetes. In
reconstructive surgery, adipocytes differentiated as described by the
met hod of the present invention can be us for breast reconstruction
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dystrophy, nyofiemeflatditdadaint foséd] Bbaby 3P1iE210 Palehdtatidnh digséfast ruct i ve
surgery to repair skeletal nuscle danmage. 6. Snooth nuscle: MASCs can be

i nduced to di fAesrapathyat Smeethmausele praoissdrs pansalsecbecusied 4o fepriramdaula drasapy or
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devel opnment’al abnorma ies 0
oesophageal dilo@bpessurotepatatioal atresia, and intussusception, as well as

for replacenent of _tissues after _surgery for bowel infarction or

col ocol ost ony. Snool-ifafdioayecktes] Gandinmyagytes den teddrom8esMAS Geranhee s fe nt
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at her oscl er osimyaardiakinfaraion, Bnew)iinction slheconpetive hedrt felukg doARg A al
cells) cagabe used as an in vitro nodel for glonerular diseases or for

cel | therapy JFPlaFesRent. bxepngenisalinsar rromalimseerresulting Frompaardiomgapatkins miscl e
Precursors can,ghgstab@kSednd Sl tPRivefBaGitatty 4&PSGany by injection, for
increased effectiveness. Microglial cells differentiated from MASCs can be used
to treat spinal cord injuries and neurodegenerative disorders, such as
Huntingtons disease, Parkinsons disease, Multiple Sclerosis, and Alzheimers
20  disease, as well as repair of tissues damaged during infectious disease affecting
the central nervous system. Microglial cells that have been genetically altered to
produce cytokines can also be used for transplantation for the treatment of
infectious disease in the central nervous system where access is limited due to
the blood-brain barrier. Glial cells can also be used to produce growth factors or
25  growth factor inhibitors for regeneration of nerve tissue after stroke, as a
consequence of multiple sclerosis, amylotropic lateral sclerosis, and brain
cancer, as well as for regeneration after spinal cord injury.
8. stromal cells: Stromal cells derived from the MASCs of the present
invention can be used as transplant cells for post-chemotherapy bone marrow
30  replacement, as well as for bone marrow transplantation. In breast cancer, for
example, a bone marrow aspirate is obtained from a patient prior to an

aggressive chemotherapy regimen. Such chemotherapy is damaging to tissues,
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cells. Cells of the present invention can therefore be used to repopulate the bone

marrow after high dose chemotherapy. Prior to chemotherapy, a bone marrow

aspirate is obtained from the patient. Stem cells are isolated by the method of
20 the present invention, and are grown in culture and induced to differentiate. A

mixture of differentiated and undifferentiated cells is then reintroduced into the

patient’s bone marrow space. Clinical trials are currently underway using

hematopoietic stem cells for this purpose. The stem cells of the present

invention, however, provide the additional benefit of further differentiation to
25  form cells that can replace those damaged by chemotherapy in other tissues as

well as in bone marrow. Hematopoietic cells derived from the MASCs can be

further differentiated to form blood cells to be stored in blood banks, alleviating

the problem of a limited supply of blood for transfusions.

11. Neuroectodermal cells: Microglial cells differentiated from MASCs

30  can be used to treat spinal cord injuries and neurodegenerative disorders, such as

Huntingtons disease, Parkinsons disease, Multiple Sclerosis, and Alzheimers

disease, as well as repair of tissues damaged during infectious disease affecting
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10. hematopoietic cells: MASCs can diffeggntiate into hematopoietic cells.
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can be used for transpl ant

and/or gene therapy to treat congenital neurodegenerative disorders or storage
disorders such as, for instance, mucopolysaccharidosis, leukodystrophies
(globoid-cell leukodystrophy, Canavan disease), fucosidosis, GM2

20  gangliosidosis, Niemann-Pick, Sanfilippo syndrome, Wolman disease, and Tay
Sacks. They can also be used for traumatic disorders such as stroke, CNS
bleeding, and CNS trauma; for peripheral nervous system disorders such as
spinal cord injury or syringomyelia; for retinal disorders such as retinal
detachment, macular degeneration and other degenerative retinal disorders, and

25  diabetic retinopathy.

12. Ectodermal epithelial cells: Moreover, the epitheliat cells of the
present invention can also be used in cell replacement therapy and/or gene
therapy to treat or alleviate symptoms of skin disorders such as alopecia, skin
defects such as burn wounds, and albinism.

30 13. Endodermal epithelial cells: Epithelial cells derived from the

MASC of the present invention can be used in cell replacement therapy and/or

gene therapy to treat or alleviate symptoms of several organ diseases. The cells
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range of differentiation characteristic of enbryonic cells, but provide

t he added advantage 15 of contributing aytol ogous cells for transplant. The

cells of the pre t inventi.on can he ed jn cell replacenent, thera
ol or Cgene. t HERREDE visd 6 Bt R B RaREalEqital et Sisord SR LSRR ALRSLY
storage di sorglgdraei846éh ASmuddpolysischandddis, BUkOPRNEpRIES GM2dosI s,

| eukodystrophies (globoid-cell |l eukodystrophy,” Canavan di sease),

fucosi dosi s, GeRghosidesiylinaeisddbilisubinidserders, Rirdrstagg{higlepNejiay ndr one,

Whnan di sease nd Ta Sacks. .They .can. al so be used for traumatic
di sor ders suckﬁy& o&q;g.ﬁuél}or%ésogpge%flh& n %%?E@ﬁr‘f‘ﬁﬁa‘w& “«ngri pher al
hervous syst ensthsQ GffithintWeBardoxylafRi defikich, dithiMinknYiaCindSapinyu¥Qhica; for

retinal disorders such as retinal” detachment, nacul ar degeneration and
ot her degener acidusia; giborme¢ratis 9banimosacidsragd opBnidi asidstsugh pet | nopat hy. 12.

Ect odermal epithelial .cells: reover., the it helial. cell f. the resent
i nvention can %egﬁh‘sé"wdﬁ?fﬁg{gw ?erséB?'BEe?@%fp?’ﬁL' W%ﬁﬂ'aﬁ c'ﬁ’éﬁeaﬂ?her apy
to treat or ald@aphiatien 8xbHeRBucRhs fkiod VAIISAA YR dRfi8iéAby. aPh@t ARG AlsoSKi N
defects such as burn wounds, and al binism 30 13. Endoder nal e‘plthel I al

s

cel | s: Epit hellbeased ¢ treat@equivagdivier disordgrs dukmswrak infagtions: cBeellsoféhe i on can
be used in,cell replacement thera nd/or. qene therapy to treat or

al leviat e Sy iRt SR eRuSLFamalty itted PLes e sbpficatiolly iEY 5 (e
01/11011 PCT1ta18REAPRVER (aldh to RidubEdiaR sisy a6l pioduté Estgulitionlfa@¥isaind tsongeni t al
liver disorders, for exanple, storage disorders such as

nucopol ysacchaprpdeesi psotejns ok saRIsRIs@sAeTated beNver epithglitgsi dosi s; i ncreased

bi l'i rubin disorder for l.nst ' - Na|.L.ar X i a
di sorders such as is'lﬁ%cg?ﬁplé}?e?lg?geq%fo ﬁm%rggreggi-%y?@?o& &%{'o%? g:el nss‘?? gﬁ?@" O ni t hi ne

decar boxyl ase @dplat&héiehera®y} rididrl defi€ tHeapyad et ialleViatlsyBipibmis ofibilidey | a;
i nborn errors of am no acids and organic_ acids such as phenyl ketoi nuri a,
her edi t ar Y15t yrdisgrdensisuch asdliagy sprghostsand biNasy atsesddt i ci ency; and  coagul ati on

disorders such as T-agt QfimifidilceR08r the pHEEMGh RSN A G156 BE LiSeF I el SO

replacement therapy and/or gene therapy to treat or alleviate symptoms of

pancreas disorders such as pancreatic atresia, pancreas inflammation, and
Alphal-antitrypsin deficiency. Further, as pancreas epithelium can be made

20 from the cells of the present invention, and as neural cells can be made, beta-
cells can be generated. These cells can be used for the therapy of diabetes
(subcutaneous implantation or intra-pancreas or intra-liver implantation.
Further, the epithelial cells of the present invention can also be used in cell
replacement therapy and/or gene therapy to treat or alleviate symptoms of gut

25  epithelium disorders such as gut atresia, inflammatory bowel disorders, bowel
infarcts, and bowel resection.

14. Modification of MASC to ensure absence of senescence under less
than optimal culture conditions: Although MASC have long telomeres (12kb)
and the telomere length is not different in cells from donors of different ages.

30  Upon ex vivo culture of the MASC, telomeres do not shorten for an extended
period of time, i.e., for over 4 months in ex vivo culture (or > 35 cell doublings).

This may persist longer. Telomerase is present in MASC derived from people of



be used to treat acquireg=|iver disorders due to viral infections. Thel |
cells of the 10 present invention can al so be used i:n.iex vivo appBiMﬁt MWns

such as t%g%?ﬁﬁﬁtle an artificial liver (akin to kidney diglyskSlnsd® .
produce coagulation factors and to produce proteins or enzynes generated

by liver epithelium These epithelial cells of the present invention can
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di sorders suc jia.. inf tar [ : I
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of senescence telodrfask esastnich suchahitiinBllocatdd ber@caond LoxPnstes AThéGugh MASC

have | ong tel oneres (12kp and the telonere length is not different in
cel I's from domgsambipass;wikheahle todben expiza iglomegasey Gre caybg anstested! he MASC,

t el oneres go : rJ ' =N r over 4
nont hs i nlgx %Saggpkﬁrgetﬁ‘%@ cgﬁgggﬁq%pgagl\)ieggyg@ias&%sas%agt °§é$e§i st

| onger. Tel onmeelanmriss-cpnasdng constrSCrédean be thtfaduoedimepdoastiditiSeliiadtivied 04 WO
01111011 . PCTl1JSa() 21387 46 all ages. When MASC.cells are cul tured under
confl uent condPERGHAS 28 dndncibls sazymy, doriastancs Ry dlgienstbe Brtein g LMG Ten.  As
extensi ve exp | Lddq R RYA-TH Y . ﬁ.ﬁq?gﬁ le for
producti on, cgﬂrrérsg?@iltg dcl) a%?h?&%u%%@%?ﬁﬁm%&h@gn e yecgsmpmﬁmap

t ransduced/ t r &as be mddedvby B4-laydretysrmarcasen (OHT, it ngt maturat ERdigands, whi ch wi | |

prevent sepescence of cells. As these cells could then be used for in vivo
Pr anspl anfat | 5 WS1E HistRty e Gruraramientyat Sy a1 ChrradenecPEROER 1 fom ( he
cell prior to transy, appbhélies fdfiran§anAfiodd6 PFRYdnt Rathuk rRj@tioger i ng the

a. universal donor cells: MASC can be manipulated to serve as universal

donor cells for cell and gene therapy to remedy genetic or other diseases and to
replace enzymes. Although undifferentiated MASC express no HLA-type I,

20 HLA-type II antigens or beta-2 microglobulin, some differentiated progeny
express at Jeast type I HLA-antigens. MACS can be modified to serve as
universal donor cells by eliminating HLA-type I and HLA-type 11 antigens, and
potentially introducing the HLA-antigens from the prospective recipient to avoid
that the cells become easy targets for NK-mediated killing, or become

25  susceptible to unlimited viral replication and / or malignant transformation.
Elimination of HLA-antigens can be accomplished by homologous
recombination or via introduction of point-mutations in the promoter region or
by introduction of a pointmutation in the initial exon of the antigen to introduce
a stop-codon, such as with chimeroplasts. Transfer of the host HLA-antigen can

30 be achieved by retroviral, lentiviral, adeno associated virus or other viral

transduction or by transfection of the target cells with the HLA-antigen cDNA’s.




t el onerase construct such.that it is |ocated between -y LoxP sites. The

Cre reconbinase will be able to then excize telonerase. Cre can be3 MAY 200
transf ect egéno%lfg) 0}){ ansduced into the target cell using a Seﬁ’%ﬁé’?“ "
vector/pl a P as part of the telonmerase-containing co 1¥7e can
be introduced in a constitutively active form or as an inducible enzyne,

for instance by flanking the protein with one or nore nutated |igand
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honol ogous reconbi nation or Vvia introduction of point-nmufations in the

pronoter region or lﬁby}ennlthMpEtUohlmwdlup@nnelﬂnnmdlfglr@ﬂnnthﬂm}{hﬁvlel al exon
of the antjge t0|ntr codon svvlthc sts.
Transf er i#’ ﬁ&erh‘i’)%sfmf—ﬂ_&% F?"S‘é’ Hl%’“b%’d}gm S P EIUTES % %I(&
lentiviral, a@emec&ﬁaasmée&auealﬁ%n%e%a? H{y %cmmrar%ﬁli@mgranefedby
transfection of the target cells with t A-antigen c WO 01/11011
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in intrauteri @Egﬂ)éﬂgphaﬁt&iaeﬁi&nsﬂﬂiIM@(KB@QIM WSIB)CL@&B@@&I]H i es,
or 5 tointroduce cells that will be tolerated by the host prior to immune

syst em deV&| opn@nnt inventionecan bsextacted andoiselated fiotmig hody) grown ip gplgare
gquantities such

i tH&undifferentiated state or induced to differentiate in culture, and genetically
altered using a variety of techniques, especially viral transduction. Uptake and
expression of genetic material is demonstrable, and expression of foreign DNA
is stable throughout development. Retroviral and other vectors for inserting

20  foreign DNA into stem cells are known to those of skill in the art. (Mochizuki,
H.,, et al., . Virol (1998) 72(11): 8873-8883; Robbins, P, ef al., J. Virol. (1997)

“ 71(12): 9466-9474; Bierhuizen, M., et al., Blood (1997) 90(9): 3304-3315;

Douglas, J., et al., Bumn. Gene Ther. (1999) 10(6): 935-945; Zhang, G., et al.,

Biochem. Biophys. Res. Commun. (1996) 227(3): 707-711). Once transduced
25  using a retroviral vector, enhanced green fluorescent protein (¢GFP) expression
persists in terminally differentiated muscle cells, endothelium, and c-Kit positive
cells derived from the isolated MASCs, demonstrating that expression of
retroviral vectors introduced into MASC persists throughout differentiation.
Terminal differentiation was induced from cultures initiated with 10 eGFP’ cells
30 previously transduced by retroviral vector and sorted a few weeks into the initial

MASC culture period.



blood, in animals or it eould be used as a way to co’r,_r,!tct human erg‘or%,o
genetic defects by transplanting cells that nmake the torrect prote’i’I i
enzyme. 16 erapy.. Until now, human cells used for g t her apy have _
10 been.es;veﬁii?gllolﬁ; limted to bone marrow and skin cells; ﬁ&%@@”&gﬁer ‘
.types of cells could not be extracted fromthe body, grown in culture,
genetically altered, then successfully reinplanted into the patient from
whom t he tissue was taken. (Anderson, ., Nature (1998) 392: 30;
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endot helium and c-Kit posTtive Ce
Apolipoprotein E (which has been correlated with risk for Alzheimer’s disease

and cardiovascular disease), MTHFR (variants of which have been associated
with increased homocysteine levels and risk of stroke), Factor V (which has been

20 correlated with nsk of thrombosis), ACE (variants of which have been correlated
with risk of heart disease), CKR-5 (which has been associated with resistance to

/ HIV), HPRT (hypoxanthine-guanine phosphoribosyl transferase, the absence of

which results in Lesch-Nyhan disease), PNP (purine nucleoside phosphorylase,
the absence of which results in severe immunodeficiency disease), ADA

25  (adenosine deaminase, the absence of which results in severe combined
immunodeficiency disease), p21 (which has been proposed as a candidate gene
for treatment for ataxia telangiectasia), p47 (the absence of which is correlated
with lack of oxidase activity in neutrophils of patients with chronic
granulomatous disease, GenBank accession number M55067 and M38755), Rb

30  (the retinoblastomna susceptibility gene associated with tumor formation,
GenBank accession number M15400), KVLQT]1 (a potassium channel protein,

with aberrant forms associated with cardiac arrhythmias, GenBank accession




~enhanced green fluorescent. protein- expression although,the retrovi rg& R
vector had been introduced into the undifferentiated stemcell. YZ)W

t he prese ' i on provide ot her advantages over 10 he ojetic stem  _
HohDAifl AR

cells for ge erapy, as well. Stemcells of the presen are
relatively easy to isolate from bone marrow aspirates obtained under |ocal
anest hesia, easy to expand in culture, and easy to transfect with
exogenous genes. Adequate nunbers of he opoietic stemcells for the sane
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_(adenosi ne deeﬁka@\_&w udi ﬂﬁb@%ﬁ@ﬁcﬂl&-%ﬁd%eﬂ?ﬁiﬂd@ Fhﬂoﬁmﬁéﬁciéﬁuﬁ)! ned
i mmunodeficiency di sease), p2l (which has been proposed as a candi date gene

for treatnment afienosiealerniinast defigianey ssepiatewith(seyrae gpmbingd of which is

correlated, with | ! e YT VA t ids of patients with
chronic g(r) an t']‘%"(')"rlrlg?@étjﬁs‘% |cg)eéiésg%,se’ ﬁ%?@’ %léi cée}%%?%haﬁcg&%éécﬁc%ﬁd’h and
MB8755), Rb 3@nichbRebBbidaaeb|asfdBdaseisceptibility gene associated with
tunor formation, GenBank accession nunber M 5400), KVLQI1l (a potassium

channel protein, hesezbelgenss cirobedriven dyananédutible prometetsathablevlgt hni as,
GenBank accessi.on 3 MAY.2004 WO, 01/ 11011 .PCT SO 213&9 49 nu r U40990),
Che dyst ropht R GEAEY O LEIPRIEER HeRe BANSIBIE REOTESE Sy Ty SR | ConBank
accessi on nunpfitsted/li BaRPoindfhg Héﬂaﬁ%ﬂh%ﬁﬂﬁﬁéatr_o%&?&ccﬁtbh gseRT ADSARIY ane

ro

conduct ance regul ator associated with cystic fi Si's, . nBank accessi on
nuber M2B%68}he patsHpteche pigdyosdsT s wosldipaiziscthpbs individud iB2ests h at axi a

tel angi ectasi g, (BRAJN 5119\9%?&%%5?&1 M@Sfote%%ﬁﬁﬁé&mﬁ%@%é/ Ek‘raéylfc?lﬁson or

off systems, RUA486, and a rapamycin inducible system. An additional method
to obtain relative selective expression is to use tissue specific promoters. For
instance in the brain, one can introduce a transgene driven by the neuron-specific
20  enolase promoter (Ad-NSE) or the glial fibnllary acidic protein promoter
(GFAP) promoter, which will allow almost exclusive expression in brain tissue.
Likewise, endothelial expression only may be obtained by using the Tec
promoter or the VE-cadherin promoter.
Genetically altered MASCs can be introduced locally or infused
25  systemically. Human stem cells with more limited differentiation potential,
when transfected with a gene for factor IX, secrete the protein for at least 8
weeks after systemic infusion into SCID mice. (Keating, A., et al., Blood ( ]996)
88: 3921.) MASCs of the present invention, having a broader differentiation
potential than any non-embryonic stem cell described thus far, provide an added
30 advantage for systemic or local administration, because they can migrate to a

variety of tissues, where cytokines, growth factors, and other factors induce



or nutation of the protein,is associated wth Von-H ppel Lindau-digaﬁquA
Latif, F., et al., Science (1993) 260: 1317-1320). :OGther diseases

can be tr fectively using these genetically-altered includ, __
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Gonet i cal Iy art A RHERE rabfiRiln, Bho Fehei AP eel o AR fsyme
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al., Bloogh(1 ¢ 1. dc2) : R\ ' ing a
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adm ni stration, because t can.mgrate to a _variety of tissues, where
cyt oki nes, gr &GTHRELAPR ‘E}%mnﬁ?%&”?’%{@tlH?aémallfﬂﬁﬁ’@bg"m\“eﬂmﬂsﬁ}@%l/ 11011

- PCT/ USO0/ 213 fapAPan %E@%ﬁib@%ﬁiséﬁﬁr%‘em.Tm differentiated cell,

now a part of the surrounding tissue, retains its ability to produce the
protei n product of RarAlDSttherdpy,ddA§€sof thapresnk imsotidrscali begrsaeticallyr

exanpl e, inical trials have_,sh t hat . nesencephal i ¢ dopam ne._neur ons
obt ai ned ﬁ om_eﬂ%mﬁ?fegﬁ%?’ﬂ?gu'&?:%?(/%"Egﬁmdg“gWi"\? at&’ﬁdmftﬁ'?fé’?!rﬂ?ﬁ_tpﬂ t he
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. et al., Proc. Natl. Acad. Sci. USA (1992) 89: 9870-9874; Ranga, U, et al.,
Proc. Natl. Acad. Sci. USA (1998) 95(3): 1201-1206.) Once induced to

differentiate into hematopoietic lineage cells and introduced into the patient,

20  MASCs repopulate the HIV-infected patient’s depleted T cell supply. Since the
genetically altered cells possess the mutant Rev M 10, they will be resistant to the
lethal effects of infection by most strains of HIV.

Genetically altered MASCs can also be encapsulated in an inert carrier to
allow the cells to be protected from the host immune system while producing the

25  secreted protein. Techniques for microencapsulation of cells are known to those
of skill in the art (see, for example, Chang, P., et al., Trends in Biotech. (1999)
17(2): 78-83). Matenals for microencapsulation of cells include, for example,
polymer capsules, alginate-poly-L-lysine-alginate microcapsules, barium poly-L-
lysine alginate capsules, barium alginate capsules,

30  polyacrylonitrile/polyvinylchloride (PAN/PVC) hollow fibers, and
polyethersulfone (PES) hollow fibers. U. S. Patent No. 5,639,275 (Baetge, E., et

al.), for example, descnibes improved devices and methods for long-term, stable
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invention can be induced to differentiate into multiple distinct lineages, each of
which can be genetically altered to produce therapeutically effective levels of

20  biologically active molecules. MASCs carrying different genetic elements can
be encapsulated together to produce a variety of biologically active molecules.

MASCs of the present invention can be genetically altered ex vivo,

eliminating one of the most significant barriers for gene therapy. For example, a
subject’s bone marrow aspirate is obtained, and from the aspirate MASCs are

125 isolated. The MASCs are then genetically altered to express one or more desired
gene products. The MASCs can then be screened or selected ex vive to identify
those cells which have been successfully altered, and these cells can be
reintroduced into the subject, either locally or systemically. Altenately, MASCs
can be genetically altered and cultured to induce differentiation to form a

30  specific cell lineage for transplant. In either case, the transplanted MASCs
provide a stably-transfected source of cells that can express a desired gene

product. Especially where the patient’s own bone marrow aspirate is the source
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treatment of sickle cell anemia and thalassemia.

Methads for Genetically Altering MASCs

20 Cells isolated by the method described herein can be genetically modified
by introducing DNA or RNA into the cell by a variety of methods known to
those of skill in the art. These methods are generally grouped into four major
categories: (1) viral transfer, including the use of DNA or RNA viral vectors,
such as retroviruses (including lentiviruses), Simian virus 40 (SV40),

25  adenovirus, Sindbis virus, and bovine papillomavirus for example; (2) chemical
transfer, including calcium phosphate transfection and DEAE dextran
transfection methods; (3) membrane fusion transfer, using DNA-loaded
membranous vesicles such as liposomes, red blood cell ghosts, and protopiasts,
for example; and (4) physical transfer techniques, such as microinjection,

30  electroporation, or direct “naked” DNA transfer. MASCs can be genetically
altered by insertion of pre-selected isolated DNA, by substitution of a segment of

the cellular genome with pre-selected isolated DNA, or by deletion of or
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Calcium phosphate transfection, which relies on precipitates of plasmid
DNA/calcium ions, can be used to introduce plasmid DNA containing a target
‘20  gene or polynucleotide into isolated or cultured MASCs. Briefly, plasmid DNA
is mixed into a solution of calcium chloride, then added to a solution which has
been phosphate-buffered. Once a precipitate has formed, the solution is added
directly to cultured cells. Treatment with DMSO or glycerol can be used to
improve transfection efficiency, and levels of stable transfectants can be
25  improved using bis-hydroxyethylamino ethanesulfonate (BES). Calcium
phosphate transfection systems are commercially available (e.g., ProFection®
from Promega Corp., Madison, WI).
DEAE-dextran transfectioﬁ, which is also known to those of skill in the
art, may be preferred over calcium phosphate transfection where transient
30 transfection is desired, as it is often more efficient.
- Since the cells of the present invention are isolated cells, microinjection

can be particularly effective for transferring genetic material into the cells.
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avoi di ng bot y smc an ySosomal degradation of the injected
pol ynucl eoti de. ThiL$posomal delivery of DNA or RNA to genetically modify the cells can

be performed using cationic liposomes, which form a stable complex with the
polynucleotide. For stabilization of the liposome complex, dioleoyl
phosphatidylethanolamine (DOPE) or dioleoyl phosphatidylcholine (DOPC) can

20 beadded. Arecommended reagent for liposomal transfer is Lipofectin® (Life
Technologies, Inc.), which is commercially available. Lipofectin®, for example,
1s a mixture of the cationic lipid N-[1-(2,3-dioleyloyx)propyl]-N-N-N-trimethyl
ammonia chloride and DOPE. Delivery of linear DNA, plasmid DNA, or RNA
can be accomplished either in vitro or in vivo using liposomal delivery, which

25  may be a preferred method due to the fact that liposomes can carry larger pieces
of DNA, can generally protect the polynucleotide from degradation, and can be
targeted to specific cells or tissues. A number of other delivery systems relying
on liposomal technologies are also commercially available, including
Effectene™ (Qiagen), DOTAP (Roche Molecular Biochemicals), FuGene 6™

30 (Roche Molecular Biochemicals), and Transfectam® (Promega). Cationic lipid-
mediated gene transfer efficiency can be enhanced by incorporating purified viral

or cellular envelope components, such as the purified G glycoprotein of the
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transfer was described by J. Wolff in Gene Therapeutics (1994) at page 195.

techni que has been used effectively to acconplish germ ine nodifi CZ:% }@ggdﬂg

Briefly, plasmid DNA encoding a target gene is coated onto microbeads, usually
1-3 micron sized gold or tungsten particles. The coated particles are placed onto

20  acarrier sheet inserted above a discharge chamber. Once discharged, the cammer
sheet is accelerated toward a retaining screen. The retaining screen forms a
barrier which stops further movement of the carrier sheet while allowing the
polynucleotide-coated particles to be propelled, usually by a helium stream,
toward a targcf surface, such as a tissue mass formed of differentiated MASCs.

25  Microparticle injection techniques have been described previously, and methods
are known to those of skill in the art (see Johnston, S.A., et al., Genet. Eng. (NY)
(1993) 15: 225-236; Williams, R.S., et al., Proc. Natl. Acad. Sci. USA (1991)
88: 2726-2730; Yang, N.S, et al, Proc. Natl. Acad. Sci. USA (1990) 87: 9568-
9572).

30 Signal peptides can be attached to plasmid DNA, as described by
Sebestyen, et al. (Nature Biotech. (1998) 16: 80-85), to direct the DNA to the

nucleus for more efficient expression.
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exanple, into the cells. Viral
capsid productlon and virion maturation of the viral vector. Generally, these

include the gag, pol, and env retroviral genes. An appropriate packaging cell
line is chosen from among the known cell lines to produce a retroviral vector
which is ecotropic, xenotropic, or amphotropic, providing a degree of specificity
20  for retroviral vector systems.
A retroviral DNA vector is generally used with the packaging cell line to
produce the desired target sequence/vector combination within the cells. Briefly,
a retroviral DNA vector is a plasmid DNA which contains two retroviral LTRs
positioned about a multicloning site and SV40 promoter so that a first LTR is
25 located 5 to the SV40 promoter, which is operationally linked to the target gene
sequence cloned into the multicloning site, followed by a 3 second LTR. Once
formed, the retroviral DNA vector can be transferred into the packaging cell line
using calcium phosphate-mediated transfection, as previously described.
Following approximately 48 hours of virus production, the viral vector, now
30 containing the target gene sequence, is harvested.
Targeting of retroviral vectors to specific cell types was demonstrated by

Martin, F., et al., (J. Virol. (1999) 73: 6923-6929), who used single-chain




5 vectors and nethods for—using themto deliver DNA o, cells are well Er\gwﬁ
to those of skill in the art. Exanples of viral vectors which can bé é k
to genetweadilonl ter the cells of the present invention ipcrmdenszibst are—
not limted to, adenoviral vectors, adeno-associated viral vectors,
retroviral vectors (including lentiviral vectors), alphaviral. vectors
(e.g., Sindbis vectors), and herpes virus 10 vectors. Retroviral vectors
are effective for transducing rapidly-disiding cells, although a nunber of
retroviral vegirpbk ﬁaa?gvmba@tﬁbaa@r\mfdamchgmsahéemﬁcwgllgcoptomnsﬁgr DNA into
non-dividing cells as well il\/bChI zuki, H, et al. . Virol. (1998) 72:
8873-8883). Pmoleauianycight melanega- #S@@W‘é%@%%@é@ﬂ&f@nah@qu"@ 15
those of skil n_the ar, Pac n al proteins
ek Y chy BRAUAM AP Yebioh |\ B AHE ffadiiend 1

needed for I F1Ton nmaturat Vi ral vector.
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to producé a qhéitere@mcdwel}%@mhe degired Riestsdergamsps alteraiinmy Fetyil vesiors
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line to pr Odé&lellﬂehge dﬂfarmﬁtddaﬁaﬁ&hémmmtuepmwm ooehtiomtarbe wiedhi n t he
cells. Briefly, a retroviral DNA vector is a plasm d DNA which contains
two retrovi ra!otﬁfBF&sdBIWG’,iH‘tOltb?fécFeH&out a nulticloning site and SV40 pronoter

so that a 1 1St LIRdtifapvedGRafao hid'BSemitPLRIRERL of #liflbntion.

operational l'y Ilnke arget gene equence c Into
mul ticl omigng Mah?su&ﬂdcmﬂawb@nﬁewﬂﬁdm th'Emterﬁlmeandfarcmndwnmﬁloset roviral

DNA vector can_be transferred |ntoth Il Lline si ng, cal ci um
phosphat e- medpbtkdlliin the ag Setmens, Baé“‘b 5*%’ es f‘?‘gg&? °fl'—%?t{ (Wﬁgln
appr oxi mat el yvg?mg% Sl THLEHS Mﬁéﬂc@}r&:\rl&gg dﬂ)ﬂl 1990i4A" THagwv 30

cont ai ni ng the arge gene seque Targeting of retroviral
vectors to speeidrs havechdentefipetiverfas gemativaly nhdracg mrplanWmattrpmﬂlc stem al ., (J.

Virol. (1999) 73: 6923 6929 0 .U g Y 2004 01111011
PCT/ USOOL 21385l £Su é')’ i%wélﬁ%ln@%gﬁf?% E@Iﬁégt 513?%"{ Wt ace
gl ycoprotgj n Hé&meeﬁfﬁés%ﬁ%@forw&hamus%ham@@emﬁiocrl Y &:d Janm qmodysed to
t he anphotropic murine |eukema virus envelope to tar the vector to

delivery the 3r §&-5&bdull,d., atel.ahdhimolcd998) 7 -84 et ed delivery is

desired, as, for °R& mblhan%erpes viruses, such as herpes simplex virus type I (HSV-1)

have been used successfully to target DNA delivery to cells expressing the
erythropoietin receptor (Laquerre, S., e al., J. Virol. (1998) 72: 9683-9697).

20  These vectors can also be used to genetically alter the cells of the present
invention, which the inventors have demonstrated to be stably transduced by a
viral vector.

Adenoviral vectors have high transduction efficiency, can incorporate
DNA inserts up to 8 Kb, and can infect both replicating and differentiated cells.

25 A number of adenoviral vectors have been described in the literature and are
known to those of skill in the art (see, for example, Davidson, B.L., e al., Nature
Genetics (1993) 3: 219-223; Wagner, E., et al., Proc. Natl. Acad. Sci. USA
(1992)89: 6099-6103). Methods for inserting target DNA into an adenovirus

vector are known to those of skill in the art of gene therapy, as are methods for
30  using recombinant adenoviral vectors to introduce target DNA into specific cell

types (see Wold, W., Adenovirus Methods and Protocols, Humana Methods in

Molecular Medicine (1998), Blackwell Science, Ltd.). Binding affinity for



5 differentiated cells ar@ the desired objects for genetic alteratigr]$Y o0
retroviral vectors fused“to antibody fragnents directed to the spec€i A(;
mar ker s eMNpO@#daealiby each cell lineage differentiated ftoWd%W%wMBﬁﬁ% of .~
the present invention can be used to target delivery to those cells.
Lentiviral vectors are also used to genetically alter cells of the

I nvention. 10 Many such vectors have been described in the literature and
are known to those of skill in the art.sg&al nons, B. and Gunzburg, WE.,

"Targeting of dBahiQéilnfpes hieBéed denfddbir&8d By HagiRaNeon of tHY 'ﬁ@é‘ct&*m:{ Py
(1993) 4: 129-141. Thé?e vectors have been effective forv’genetlcac?y

al t eri ng humarsegeange.o pEervius veaion systemishaysSheenatescrived velticlpermit. Vi r ol .

1998) 72: 5781-5788). PRackagin Ll haye b i bed_f
entivi f s vedrBhtieq piotER Espsdigh iggme aiter (o X, ol 4586l 886576, g4,
Dull, T., et 3b:,8338-896IpIA s sl&ﬁ%)asZlgéb%@ﬁsmé&)rﬁﬁﬁ’éﬁﬁhﬂﬁﬁ&mpgs

viruses, such as herpes sinplex virus type | (HS nave~been use
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t L 2 S |, . | .. (1998). 72: _9683-9697)..20 Th
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a viral vector. Adenoviral vectors have high transduction efficiency, can
i ncor porate DRIEDiiakler inderfgsence vatikgnccensfil gene tramsfer by ipotexistiog humatalng and

differentiated cells. 5 A punbe .a i r.al t have been
descri bed in t"ﬁ‘gnqni“?’épgﬁ'ﬁ%’ nd 5imw)t7ﬁb§§§@ﬁ8§%ﬂ in the art
(see, forig@xanple, ARMbRAaRVecBid-are ao athilabld\Fhich Provi@dBlrbd& %&?93) 3:
219-223; \Wagner, E., et al., Proc. Natl. Acad. Sci. USA " (1992)89:

6099- 6103) . MHapsfgsandytable senetaxpressign geing mdlecular sonjngatd mectois; us  vector are

known to thos Lalal. ) ] f e thera as are nmethods for 30
usi ng reconbi ﬁgﬁ‘{mggégr?gvﬁogg‘%ngggﬁ%sr@dﬁgﬁ??tam%{eé?éﬁttgwl to specific
cel | types (peBlymewithithe pslgheinerliikedtt Iveflcand-iREhpaaitadeddvimga Met hods
in Mlecular Mdicine (1998), Blackwel| Science, Ltd.). Binding affinity

for 3 MAY 20065%hyaragmbergen P., epehi Jusiwl 145 748 85628621-h cel | types has been
oo a3, TORRAA 908 ARt e AR i SRS, o o
protein expr essaitabld for gemduting tisf @lls cFbeipieseM invé&itiodl Thede vedtdrelare ( 1998)

commercially available (Invitrogen, Carlsbad, CA) and have been described in,

for example, U.S. Patent No. 5,843,723, as well as by Xiong, C., et al., Science

(1989) 243: 1188-1191; Bredenbeek, P.1., et al., J. Virol. (1993) 67: 6439-

20  6446; and Frolov, 1, et al., Proc, Natl. Acad. Sci. USA (1996) 93: 11371-11377.
The inventors have shown that MASC possess good transduction
potential using the eGFP-MND lentiviral vector described by Robbins, ez al. (J.
Virol. (1997) 71(12): 9466-9474) and eGFP-MGF vector. Using this method,

30-50% of MASC can be transduced after a short exposure of 4.6 hours to an

25  enhanced green fluorescent protein (eGFP) vector containing supematants made
in PA3-17 packaging cells (an amphotropic packaging cell line derived from
NIH 3T3 fibroblasts and described by Miller, A.D., and C. Buttimore in Mol.
Cell. Biol. (1986) 6: 2895-2902), combined with protamine (8 mg/m)).
Expression of eGFP persists throughout the culture of undifferentiated MASC.
30 Inaddition, transfection using lipofectamine has been successfully used to

introduce transgenes in MAPCs.




72: 8358-8361). A system-has al so been described for-propagating adenO\A mxl
5 vectors with genetically nodified receptor specificities to pI’OVI \
transductﬁw argeting to specific cell: types (Dougl as , e
Nat ure Bi ot’ echm’?lQQQ) 17: 470-475). Recently descri bed ovtl;Tr{gs{gﬂt/el%dgw rus
vectors even address the potential for interference with successful gene
transfer by preexisting hunoral imunity (Hofmann, C., et al., J. Virol.
(1999) 73: 6930-6936). 10 Adenovirus veghtors are also available which

provi de targeted g usi ng nol ecul ar
conj ugat e vectors, g&ggsr?s l?ﬁa@%ﬁéﬂc@ﬁ congmcgpﬁg@&gé%E?ant ai ning the
target gene vﬂetnlibnsneieﬂ luying penetio mhkbﬂsemmbghmqumaﬂ 13 hh@dn tothase of
replication-inconpetent adenovirus. 1W&Schwarzenber et al J.

‘Virol . (1997)slqriim B . Jbe groeniiongseem Protew of deguperes "f?é‘?’t‘ﬁ' dor example.ne

S ndbi S VT USh SRR WowHohenWrec@Ynalt for @éntfff,ﬁgaﬁ&&?agvégﬁe%mf of the
present invention ese vectors are comerclaliy avalla nvi tr ogen,
"Car | shad, 5CA)maﬂmeHantmatmpereudesldsr(lpbsdns M., etfady; mv_kﬂ;clﬂa 8998p4:ent No.
5,843,723, as well as by Xiong et al., Science (1989) 243: 1188-1191;
Br edenbeek, P201-1205). a%ltem%ﬁlve\wk@qablem@bgf igrhudesthe §-G4 gsne.ghe gHACAS G| oV,
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t he eG-P- M\D o@UEQYMTH, hyefdndfcilescri bed by Robbins, et al. (,L Virol.
(1997) 71(12): 9466- 9474) and eG-P- MGk vector. Using this rreghod 30-50%
of MASC can be t r ahbdMASEsAnedisefuidinn FisweRenaie E“e stey g_Hmpkthey an 25
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made in pac aging ce (an anpho I C' pac ng cell line derived
from N B 3T3ddmdrisaied shat mﬂcdesmemb@dnmnvedtioheﬁfferémmc tafedm@ Buttinore
in Mol. Cell. Biol. (1986) .6: 2895-2902) qglned wWth protamne (8

mg/ m ). Expr eB¥nbm afrelbbipes,jusluding ﬁbf‘ml‘&{?gﬂﬂ lesie chondrasdesy

undi fferentiafg g?éyf%%kel :ﬁrﬁﬁkc?ed% fiunt, S@ORELCHS Whdbth Hﬁlsélep%&sé ani ne

has been succes use fntro u e’transgenes In 3 MAY | Ok WO
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resurface joints. MASCs induced to differentiate into chondrocytes, by the
methoed previously described, can be injected into joints to resurface joint
cartilage. Caplan, et al. (U. S. Patent No. 5,855,619) describe a biomatrix
20 implant including a contracted gel matrix into which mesenchymal stem cells
have been incorporated. The implant is designed for repair of a tissue defect,
especially for injury to tendon, ligament, meniscus, or muscle. Cartilage, for
example, can be formed by the addition of chondrocytes in the immediate area
around a porous, 3-dimensional scaffold made, for example, of collagen,
25  synthetic polyglycolic acid fibers, or synthetic polylactic fibers. The inventors
have shown that MASCs of the present invention differentiate to form
chondrocytes, for example, which can be deposited in and around a collagen,
synthetic polyglycolic, or synthetic polylactic or other scaffold matenial to
provide an implant to facilitate tissue repair.
30 Matrices are also used to deliver cells of the present invention to specific

anatomic sites, where particular growth factors incorporated into the matrix, or

encoded on plasmids incorporated into the matrix for uptake by the cells, can be



5 nodifi ed 'her'rat-opoi etictells (Persons, D., et al.,-Nature Medicine (1998
4: 1201-1205). Alternative sel ectable markers incl udé the a- Gal gerieMAY

truncat ed woeingngrow h-factor receptor, drug sel ectabl e_%i ncl udi ng
but not limted to NEO MIX, hygronycin) 17. MASCs Are Us 1387 ssue

Repair: The stemcells of the 10 present invention can also be used for
tissue repair. The inventors have denonstrated that MASCs of the present
invention differentiate to forma nunbeggof cell types, including

fibroblasts, esdeRtiast the gpROBYT A AR Fel%&;ﬂﬂgﬁ&ng%r%?%@wéc@’%&'e&’

endot helium stromal cells, snooth nuscle,” cardia enopoi etic

celI's. For exahirepoiksCheimaiux.dor exandilé fdurimptthafeamlife prcessastdphast s, by
t he met hod prgvi %:flsly descri bed herein, can be jinplanted into_bone to

enhance the r &Pl ‘°Br°(§88@@‘_,‘ p?WéF}Wéeﬁﬁé}&%Bﬂé@ebBﬁé,in&e foamingsur f ace
joints. NASCS pidadicapahds, HichirGSait DN Witk Pt iRRE! QRS colifoldiana ™! MO

previously described, can be i'njected into joi'nts’to resSurface jolnt
cartil age.S Capistainedrelease of plasrid Pl AeBucha m&@hebof Ml plegaatidicisa bi omat ri x

20 inplant in Iud})n(g a Bontr ted gel _matrix_ intgo which nmesenchymal stem
cells have bEEHW'PRH B)'ﬁ FhEEY: IW&@&E@—‘&E&M—@% 0 PeNdd: fot-Sépair of a
misol . Carti|age, Trari DNA Shediiig tohfs ERAAR e A bmofiE Yl Be " '
chondr ocyt es trappedewitmmeadiolynecr gene activatadndaimi xarmietsas désehibednsi Beadicscaf f ol d
made, for exapple col | agen, synthetic pol yglycolic acid fibers, or
synt hetic pol fgﬁ]i’mgég%én%&gsgh %zgﬁ%gmd%%polwm of the
present | 1/ entied imdlant @1, 4 Bofed Bod P exSHANEWALK iSOk REARLS. Vi o
can be deposited in and around a collagen, “synthetic posl yglycol1c, or

synt heti c pol §tdtake up the BNAe whinhafahsgsdhedtASCsato produgerachighliocah i npl ant to
facilitate tissue repaifa. 30 trices e alsgo used to deliver cells of the
present invent$o ﬁn?%e)tpoglpoer&’? ‘%‘I’\ﬁﬁﬁﬁr %‘Pﬁhgglgipf,é)g ?“’Vm%‘?ee a‘fﬁ??"c‘i“&ﬂ hgaligg gl h
factors incorgerdaifded fitet he matrix, or encoded on plasmi ds incorporated
into the matrix for uptake b§ the cells, can be wo 01/11011 3 MAY 200

PCTI UPS00121387 60Cellgpigvidgd 8 thepresentinyentiern opMASEs isolatédby thel |

eampi e, “dur hePRr i el ROERIEE o] f RS hisses eroigrmaior  a n
pol ymer mat r i g@splaftationeOPapatiiig, ¥baM MWatutd BictRRAGIBEY (1999) 17: 149-155)
reported the formation of a working bladder by culturing muscle cells from the
exterior canine bladder and lining celis from the interior of the canine bladder,
preparing sheets of tissue from these cultures, and coating a small polymer
20  sphere with muscle cells on the outside and lining cells on the inside. The sphere
was then inserted into a dog’s urinary system, where it began to function as a

bladder. Nicklason, et al., Science (1999) 284: 489-493, reported the production

of lengths of vascular graft material from cultured smooth muscle and

endothelial cells. Other methods for forming tissue layers from cultured cells are
25  known to those of skill in the art (see, for example, Vacanti, ez al., U. S. Patent

No. 5,855,610). These methods can be especially effective when used in

combination with cells of the present invention, which have a broader range of

differentiation than any previously-described non-embryonic stem cells.

MASC s of the present invention can be used to repopulate heart muscle

30  cells by either direct injection into the area of tissue damage or by systemic

injection, allowing the cells to home to the cardiac tissues. This method can be

particularly effective if combined with angiogenesis. Both the methods of
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is descri hea, et al., in Nature Biotechnology (1999) 17: 551-554. _
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wi thin a polymer gene-activated matrix carrier, as described by Bonadi o,
J.,. et al., Nature Medicine (1999) 5: 753-759. The bi odegradabl e polyner is
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cul tured snooth nuscle and endothelial cells. Qther nethods for forning

ti ssue | ayer s ihduped taidifigrentiatee A midung of Sifferentratedoandnudiffeséntiited ¢ellsis t he art
(see, for  exanple, .Vaganti. et al. .. L. S Patent . 5 5.,610). These
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any previously-described non-enbryonic stemcells. MASCs of the present

i nventi on can MASGsef thepresgpbinyentien, hewevernprovide thaaddittgnat benefdiof her di rect

injection intq the area of. ti e or by systemc injection,

all owi ng the ce Fesr ﬁ%erﬁ%tﬁ%mt“ﬁ?#%n geg[r‘z’g'ﬁ%ccallir%ﬁsiﬁc@ys}.ﬁosfﬁagmﬁﬁé] d can be
particul arly ehbmeiberdyiih otRfrtibdues agvivell agfigbsi@anasdve. Both the methods of 3
MAY 2004 WO 01111011 PCT 1USOQ 21387 61 injection and nethods for

promot i nglangi ogenetliemaiely, thsanpthed dessgbed by Lawman, gtal (W2 98(42838)ran MASCs
of the presentyel e HaRe Pt HiflGednpiiBARF tnkhdn' ot s Lafs' f¥in an allogeneic

donor or donors. Using this method, panels of available bone marrow

transplants can be generated for preparation of frozen stocks, storage, and
administration o patients who are unable, as in leukemia patients, for example,
20  to provide their own bone marrow for reconstitution.

Re-population of a patient’s immune system cells or blood cells can be
accomplished, for example, by isolating autologous stem cells from the patient,
culturing those cells to expand the population, then reintroducing the cells into
the patient. This method can be particularly effective where the immune system

25  or bone marrow cells must be depleted by radiation and/or chemotherapy for
therapeutic purposes, such as in the case, for example, of patients diagnosed with
multiple myeloma, non-Hodgkins lymphoma, autoimmune disease, or solid
tumor cancers.

For the treatment of leukemias, autormmune disease, or genetic discases

30  such as sickle cell anemia or thalassemia, re-population of the patient’s blood or
immune system cells with allogeneic cells of the present invention, or 1solated by

the method of the present invention, can be performed, particularly when the
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of the altered genotype/phenotype can be characterized.

Hahn, ez al. (Nature (1999) 400: 464-468) demonstrated, for example,
that normal human epithelial fibroblast cells can be induced to undergo
tumorigenic conversion when a combination of genes, previously correlated with

20  cancer, were introduced into the cells.

Control of gene expression using vectors containing inducible expression
elements provides a method for studying the effects of certain gene products
upon cell differentiation. Inducible expression systems are known to those of
skill in the art. One such system is the ecdysone-inducible system described by

25 No, D, et al. Proc. Natl. Acad. Sci. USA (1996) 93: 3346-3351.

MASC:s can be used to study the effects of specific genetic alterations,
toxic substances, chemotherapeutic agents, or other agents on the developmenta)
pathways. Tissue culture techniques known to those of skill in the art allow
mass culture of hundreds of thousands of cell samples from different individuals,

30  providing an opportunity to perform rapid screening of compounds suspected to

be, for example, teratogenic or mutagenic.



For the purposes described herein, either autol ogous,}—Qr al | Ogeﬁjﬁﬂ 5 MASCS
of the present invention ¢an be administered to a patilent, eit iqu 5.

di fferentiat undi fferentiated form genetically alter ered,..
by di rect%‘ﬁ?’é@ﬁ on to a tissue site, systemcally, on Orﬁgpﬁéﬂnﬂzil%
surface of an acceptable matrix, or in conmbination with a pharmaceutically

acceptable carrier. 19. MASCs Provide a Mddel System for Studying
Differentiation Pathways: Cells of thegresent invention are useful for

further research into Q _devel o ntal . pr. Ll.. sRukey, . et al.
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t he expression pf genes th an..be i tifie egyence anal ysi s.
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vect ors cont ahieGlaty dpeéthletednR{iRTs! Rfrod i RIBolyeptidey hstsrogeineintd f or
studying the effects” of certain gene products upon cell differentiation.
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2004 WO A /11011 PCTfUSOO 2. 13&7 63 For studyi ng, devel opnent al. pat hways,
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Cells of the present invention can also be genetically engineered, by the

introduction of foreign DNA or by silencing or excising genomic DNA, to
produce differentiated cells with a defective phenotype in order to test the
20  effectiveness of potential chemotherapeutic agents or gene therapy vectors.
20. MASCs Provide a Variety of Differentiated and Undifferentiated
Cultured Cell Types for High-Throughput Screening: MASCs of the present
invention can be cultured in, for example, 96-well or other multi-well culture
plates to provide a system for high-throughput screening of, for example, target
25  cytokines, chemokines, growth factors, or pharmaceutical compositions in
pharmacogenomics or pharmacogenetics. The MASCs of the present invention
provide a unique system in which cells can be differentiated to form specific cell
lineages from the same individual. Unlike most primary cultures, these cells can
be maintained in cutture and can be studied over time. Multiple cultures of cells
30 from the same individual and from different individuals can be treated with the
factor of interest to determine whether differences exist in the effect of the

cellular factor on certain types of differentiated cells with the same genetic



and vectors previously described. Furthernore, MASCs~gan be altered using 5
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In the method of using MASCs to characterize cellular responses to

biologic or pharmacologic agents, or combinatorial libraries of such agents,

20 MASCs are isolated from a statistically significant population of individuals,
culture expanded, and contacted with one or more biologic or pharmacologic
agents. MASCs can be induced to differentiate, where differentiated cells are the
desired target for a certain biologic or pharmacologic agent, either prior to or
after culture expansion. By comparing the one or more cellular responses of the

25  MASC cultures from individuals in the statistically significant population, the
effects of the biologic or pharmacologic agent can be determined. Alternately,
genetically identical MASCs, or cells differentiated therefrom, can be used to
screen separate compounds, such as compounds of a combinatorial library. Gene
expression systems for use in combination with cell-based high-throughput

30  screening have been described (see Jayawickreme, C. and Kost, T., Curr. Opin.
Biotechnol. (1997) 8: 629-634). A high volume screening technique used to

identify inhibitors of endothelial cell activation has been described by Rice, e
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with cell-ba hr ou t 30 s ni_n e be scri see
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A hi gh vol U%ﬁﬂlpﬁ&ha%t&ﬁmggeemﬁduéea to dfeRéntiare bythelthéRéds of
endothelial cell activation has been described by Rice, et 3 MAY 2004 WO

01/11011 15 Pdrsasedletadnsaboves al., which utilizes a cell culture system
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a variety of fHldirectéfisets dindibeabesusceibibty. In a direct case, even a single
nucleotide change, resulting in a single nucleotide polymorphism (SNP), can
alter the amino acid sequence of a protein and directly contribute to disease or
20  disease susceptibility. Functional alteration in the resulting protein can often be
detected in vitro. For example, certain APO-lipoprotein E genotypes have been
associated with onset and progression of Alzheimer’s disease in some
individuals.
DNA sequence anomalies can be detected by dynamic-aliele specific
25  hybndization, DNA chip technologies, and other techniques known to those of
skill in the art. Protein coding regions have been estimated to represent only
about 3% of the human genome, and it has been estimated that there are perhaps
200,000 to 400,000 common SNPs located in coding regions.
Previous investigational designs using SNP-associated genetic analysis
30  have involved obtaining samples for genetic analysis from a large number of
individuals for whom phenotypic characterization can be performed.

Unfortunately, genetic correlations obtained in this manner are limited to




differentiated and undi fferentiated, for high-t hr oughput screen’j MAY 7004
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Unfortunately, genetic correlations obtained inthis manner "are limted to
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In the art (Wang, D., et al., Science (1998) 280: 1077-1082; Chee, M., ef al.,
Science (1996) 274: 610-614; Cargill, M., et al., Nature Genetics (1999) 22:
231-238; Gilles, P., et al., Nature Biotechnology (1999) 17: 365-370; Zhao,
L.P., et al., Am. J. Human Genet. (1998) 63: 225-240). Techniques for SNP

20  analysis have also been described by Syvinen (Syvinen, A., Hum, Mut. (1999)
13: 1-10), Xiong (Xiong, M. and L. Jin, Am. J. Hum. Genet. (1999) 64: 629-
640}, Gu ( Gu, Z., et al., Human Mutation (1998) 12: 221-225), Collins (Collins,
F., et al., Science (1997) 278: 1580-1581), Howell (Howell, W, et al., Nature
Biotechnology (1999) 17: 87-88), Buetow (Buetow, K., et al., Nature Genetics

25 (1999) 21: 323-325), and Hoogendoom (Hoogendoom, B., et al., Hum. Genet.
(1999) 104: 89-93).

When certain polymorphisms are associated with a particular disease
phenotype, cells from individuals identified as carriers of the polymorphism can
be studied for developmental anomalies, using cells from non-carmers as a
30  control. MASCs of the present invention provide an experimental system for
studying developmental anomalies associated with particular genetic disease

presentations, particularly, since they can be induced to differentiate, using
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presentati ons particularly, since ey can be induced to differentiate,
using 3 NAY 2fHod ANBtticall0signifcIBopwlatiaedf iadividvalstfeam whermphenotypiccr i bed

v et and cebhgk B S5kl EFRIR P RehERSRylon bt hetg B
associ at ed Wi skl HEME QRS ApRpalkiivesite adficedit to lilﬂillliﬂdmémbéle et dtdéd MASCs
one genetic polymorphism) and culture expanded to establish MASC cultures.
DNA from the cultured celis is then used to identify genetic polymorphisms in
20  the cultured MASCs from the population, and the cells are induced to
differentiate. Aberrant metabolic processes associated with particular genetic
polymorphisms are identified and characterized by comparing the differentiation
patterns exhibited by MASCs having a normal genotype with differentiation
patterns exhibited by MASCs having an identified genetic polymorphism or
25 response to putative drugs.

22. MASCs Provide Safer Vaccine Delivery: MASCs cells of the
present invention can also be used as antigen-presenting cells when genetically
altered to produce an antigenic protein. Using multiple altered autologous or
allogeneic progenitor cells, for example, and providing the progenitor cells of the

30  present invention in combination with plasmids embedded in a biodegradable
matrix for extended release to transfect the accompanying cells, an immune

response can be elicited to one or multiple antigens, potentially improving the
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sone Furthermore, some studies, although inconclusive, have suggested a possible

limk between some vaccine components and potential complications such as

those diseases commonly associated with autoimmunity. Thus, more effective

vaccine therapies are needed and public cooperation with vaccine initiatives will

20  be easier to promote if there is a greater degree of comfort with the method of

vaccination.

MASC:s of the present invention can be differentiated to form dendritic
cells, which present antigen to T cells and thereby activate them to respond
against foreign organisms. These dendritic cells can be genetically altered to

25  express foreign antigens, using techniques previously described. A particular
advantage of this method of vaccine delivery lies in the fact that more than one
antigen can be presented by a single genetically altered cell.

Differentiated or undifferentiated MASC vaccine vectors of heterologous
origin provide the added advantage of stimulating the immune system through

30  foreign cell-surface markers. Vaccine design experiments have shown that

stimulation of the immune response using multiple antigens can elicit a
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antibody response, as determined by methods known to those of skill in the art.

Preferably, the antibody response is a protective antibody response that can be

detected by resistance to disease upon challenge with the appropnate infectious
20  agent.

23. MASCs and Cancer Therapy: MASCs of the present invention
provide a novel vehicle for cancer therapies. For example, MASCs can be
induced to differentiate to form endothelial cells or precursors which will home
to endothelial tissues when delivered either locally or systemically. The cells

25  participate in formation of blood vessels to supply newly-formed tumors
(angiogenesis), and divide and proliferate in the endothelial tissue accordingly.
By genetically engineering these cells to undergo apoptosis upon stimulation
with an externally-delivered element, the newly-formed blood vessels can be
disrupted and blood flow to the tumor can be eliminated. An example of an

30 externally-delivered element would be the antibiotic tetracycline, where the cells
have been transfected or transduced with a genec which promotes apoptosis, such

as Caspase or BAD, under the control of a tetracycline response element.
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destroyed, cells can be further genetically altered to incorporate an apoptosis-

ot

promoting protein under the control of an inducible promoter.
MAGSC:s also provide a vector for delivery of cancer vaccines, since they
20  can be 1solated from the patient, cultured ex vivo, genetically altered ex vivo to
express the appropriate antigens, particularly in combination with receptors
associated with increased immune response to antigen, and reintroduced into the
subject to invoke an immune response to the protein expressed on tumor cells.
24. Kits Containing MASCs or MASC Isolation and Culture
25 Components: MASCs of the present invention can be provided in kits, with
appropnate packaging material. For example, MASCs can be provided as frozen
stocks, accompanied by separately packaged appropriate factors and media, as
previously described herein, for culture in the undifferentiated state.
Additionally, separately packaged factors for induction of differentiation, as
30  previously described, can also be provided.
Kits containing effective amounts of appropriate factors for isolation and

culture of a patient’s stem cells are also provided by the present invention. Upon
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the stemcells, e net described herein, with the anti-CD45
B surface antigen or the protective antigens of hepatitis A, adenovirus,

Plasmodium falciparum, or other infectious organisms. These plasmids can be
introduced into the cultured APCs using, for example, calcium phosphate
20 transfection materials, and directions for use, supplied with the kit. Additional
materials can be supplied for injection of genetically-aitered APCs back into the
patient, providing an autologous vaccine delivery system.
The invention will be further described by reference to thc-following
detailed examples.

25
EXAMPLES

Example 1. Isolation of MASCs from Bone Marrow Mononuclear Cells

Bone marrow mononuclear cells were obtained from bone marrow
aspirates from the posterior iliac crest of >80 healthy human volunteers. Ten to
30 100 cubic centimeters of bone marrow was obtained from each subject, as shown
in Table 2, which indicates the approximate number of mononuclear cells

isolated from each subject. Mononuclear cells (MNC) were obtained from bone
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Co, St Louis, MO. Bone narrow MNC were incubated w CD45 and ‘

d ycophorin A microbeads’ (M Itenyi Biotec, Sunnyval e, CA) for 154nj Yhees
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We selected cells that do not express the common leukocyte antigen,

CD45, or the erythroid precursor marker, glycophorin-A (GlyA). CD45'GljrA‘
cells constitute 1/10° marrow mononuclear cells. CD45 GlyA" cells were plated

5  in wells coated with fibronectin in with 2% FCS, and EGF, PDGF-BB,
dexamethasone, insulin, linoleic acid, and ascorbic acid. After 7-21 days, small
clusters of adherent cells developed. Using limiting dilution assays, we
determined that the frequency of cells giving rise to these adherent clusters is
1/5x10° CD45 GiyA” cells.

10 When colonies appeared (about 10’ cells) cells were recovered by
trypsinization and re-plated every 3-5 days at a 1:4 dilution under the same
culture conditions. Cell densities were maintained between 2-8x10° cells / cm’.
Cell doubling time was 48-60h. Immunophenotypic analysis by FACS of cells
obtained after 10-12 cell doubling showed that cells did not express CD31,

15 CD34, CD36, CD38, CD45, CD50, CD62E and CD62-P, Mucl8, ¢Kit, Tie/Tek,
and CD44. Cells expressed no HLA-DR or HLA-class-I and expressed low
levels of P2-microglobulin. Cells stained highly positive with antibodies against
CD10, CD13, CD49b, CD49%, CDW90, Fik1. The MASC phenotype remained
unchanged for >30 cell doublings (n=15). MASC cultures with cells capable of

20  proliferating beyond 30 cell doublings and differentiating to all mesodermal cell-
types (see below) have been established from >85% of donors, age 2 - 50 years.
In 10 donors, we have expanded MASC for > 50 cell doublings. When cells were
cultured in serum-free medium, also supplemented with 10ng/mL IGF, cell
doubling was slower (>60h), but >40 cell doublings could be obtained. As was

75  seen for cells cultured with 2% FCS without IGF, cells cultured in serum-free
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cell doublings could be obtained. en for. cells cultured with

206 FCS wi t holAcarigHion e (44, ik-ArldRy aPﬁi. Hée%ﬁhsﬁ-i and Mugyl§, viish is similar to
the phenotype described for MASC. Culture at high density or with higher

concentrations of FCS was also associated with loss of expansion capacity, and

15  cells did not proliferate beyond 25-30 cell doublings.
We attempted to clone MASC by replating MASC at 1 cell/well once
cultures had been established. From 3 donors, we plated >2000 cells singly in
FN coated 96 well plates with the same culture medium. In no well did we detect
cell growth. Of note, when cells were deposited at 10 cells/well, we found cell
20  growth in approximately 4% of wells. Progeny of 5% of these wells could be
expanded to >1(’ cells.
Telomere length of MASC from 5 donors (age 2-50 years) cultured for
15 cell doublings was between 11-16 kB. In 3 donors, this was 3 kB longer than
telomere length of blood lymphocytes obtained from the same donors. Telomere
25  length of célls from 1 donor evaluated after 15 cell doublings, 30 cells doublings
and 45 cell doublings remained unchanged. Cytogenetic analysisl of MASC

recovered after 30 cell doublings showed a normal karyotype.

Example 2. Differentiation of MASCs

30 To induce osteoblast differentiation, serum-free medium was
supplemented with 10” M of dexamethasone, 10 mM ascorbic acid, and 10 mM
-glycerophosphate. Osteoblast differentiation was confirmed by detection of
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ascorbic acid,apand 10 mM -gl ycerophosphate. Osteoblast differentiation was

confirned by detection of 3 Y 2 . ..
15y To induce skeletal mj(z)oocgfrte differentiation, >80% confluent MASCs

were treated with either 3uM 5-azacytidine for 24h and then maintained in
MASC medium with EGF and PDGF-BB, expression of muscle specific proteins
was seen as early as 5 days afier changing culture conditions. Two days after
induction, we detected the Myf5, Myo-D and Myf6 transcription factors. Afier
20  14-18 days, Myo-D was expressed at significantly lower levels, whereas Myf5
and Myf6 persisted. We detected desmin and sarcomeric actin as carly as 4 days
after induction, and fast-twitch and slow-twitch myosin at 14 days (Fig. 7). By
immunohistochemistry, 70-80% of cells expressed mature muscle proteins after
14 days. When we added 20% horse serum we demonstrated fusion of myoblasts
25  into myotubes that were multinucleated (Fig. 7). Of note, treatment with 5-
azacytidine also induced expression of Gata4 and Gata6 during the first week of
culture, and cardiac troponin-T afier 14 days. In addition, smooth muscle actin
was detected at 2 days after induction and persisted till 14 days.
Smooth muscle cell differentiation was when we added 100ng/mL PDGF
30  as the sole cytokine to confluent MASC maintained in serum-free MASC
medium for 14 days. Cells expressed markers of smooth muscle (Fig.x). We

found presence of myogenin from day 4 on and desmin afier 6 days. Smooth
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expressi on, and production of bone sialoprotein, ostéopontin, ost 2oy Izm n
.

and - ost eongglghRiehi ch are relatively specific for bone. dely@hﬂ&w see -
Fig. 7). To induce differentiation into cartilage, serumfree nmedium as 5

previ ously described, was supplenented wwth 100 nglm TG-- | (R&D Systens,
M nneapolis, MN). Cells were induced to differentiate while adherent to
fibronectin, or in suspension culture, wygh both methods producing

differentiate uﬁgar&&ih% de@c{ea-frd'ﬂlhsﬂ%ﬂtahagheahtreuéc@émzseahtah%@w cells
y detection t H 'l as the

was confirmed of collagen type H, as we
gl ycosam nogl yags Asfigrridchys, @ppmximately7j0% adcélls stambdgesitiliepeitly amti-

the. cul tur e, neBioGR ™R {pAA ST BRGSO el AL e sy
Al pocyt e di f Py STt o a et ML DR P Rs R fersie MPOSTIP B 1 1o
i nduce skel5et dl). nyocyte differentiation, >80% confluent MASCs were treated
1 L7 B R Al e ST Dl B 2 27
early as 5 day r&?lkﬁégéﬁg)ﬁg%@@%b@@ﬁ)% 9’%%8@5” s@ﬂﬁn—ﬁ%%uﬂﬁyém@éi%er

i nduction, we detect , Myo-D MW/ f6 transcription factors.
After 20 14- 18relagusly ipwribediageiaxfeldswert canflsdngat énscoof bYGF ometmdngvel s,

wh f5 .and M/f i sted. W detected despi e | ti
nS earty s 4 ThpaicemrBE dedlopmepnor e usties W0 R aZicsinbe 1 Eh myosi n
at 14 dayqo( Fifgy/miBFGBYand 25 MgAaNbereaabikbadned e pioQ%iﬁQifaaga 4qBINB-28r essed

mature nuscle proteins after = 14 days. "Wien we added 20% horse serum we
denonstrat ed fRMPe) vodre agdsid|ta thescubtBré mediuny dtallsorere R80%enrdluent atiomset| eat ed

Fig. 7). OF nqte. treatnment with 5- tidi, | so i i f
Cat ot and Gt 48 padeS 4 e cdin, ase® FeH el o an d SRR oponi T
after 14 days.expfeseddistehias 4PPhkH ﬁéi—§igleﬁtiﬂcd§5rr15. %@&eﬁ’ﬁ&ﬁﬁfﬂf}lf@hn@ days

after induction and persistedtill 14 days. Shooth nuscle cel’l
di fferenti ati clesmaswanhsesn alerdiyamiooyegenin #Hioeday §0Cardiacieoponire Toyasoki ne t o

oo SRR o L8 o o PO A 8L
fromday 4 on carfiacisdteing vedre Qetebied &y S70%08 ¢l B3 ivurdHidtochemistry on
day 15. When the cultures were maintained for >3 weeks, cells formed syncithia
and we saw infrequent spontaneous contractions occurring in the cultures, which
were propagated over several mm distance. (Fig. 7) Again, we also detected
20 Myf5 and myf6 and smooth muscle actin after day 6.

Vascular endothelial growth factor (VEGF), at a concentration of 20
ng/ml, was added to serum-free medium minus other growth factors to induce
endothelial cell differentiation by day 15-20 ex vive. Endothelial cell
differentiation was confirmed by immunofluorescence staining to detect cellular

25  proteins and receptors associated with endothelial cell differentiation. Results
are shown in Fig. 7.

Hematopoietic differentiation was induced by culturing MASCs in
collagen type IV coated wells with in PDGF-BB-and EGF-containing MASC
medium with 5% FCS and 100ng/mL SCF that was conditioned by the AFT(24

30 feeder, a fetal liver derived mesenchymal line that supports murine and human
repopulating stem cells ex vivo. Cells recovered from these cultures expressed

cKit, cMyb, Gata2 and G-CSF-R but not CD34 (RT-PCR). Because hemopoiesis
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cells staj jtive with anti- snooth nuscle actin and [N . e
anti bodi'eé{]&\gﬁﬂgitl d also detect Wf5 and M6 proteins, WDWO-D
after 2-4 days, which persisted till day 15. (Fig. 5 7). Cardiac mnuscle

differentiation was i nduced by adding 100 ng/m basic fibroblast growh
factor (bFGF) to the standard serumfreeyculture media previously

descri bed herein. Il s [ aonf L wen f. To

i nduce furthef® ‘&‘g{}%‘?ﬁdﬁ'r%ﬁ rsgpgtcagé 6‘3:"%8&1&%'%5?’51‘8“63%5%{‘ &%g}z"g@g%?bli ne, 100
10 ng/ M bFG-cyrived ABmas MA SO Geth PTGV geREEBS indthe pedseticelo fhihath SCHYP- 2 and
BMP-4) were added to the culture nedium_ Cells were >80% confl uent at onset

of treatnent Fd3iladipecnddipgi bc2 sepaslestidies, evadntecsed dsmalbpepuiationofcat a6 wer e
expressed asmggat\égﬁsstgge %ﬁgn ?r%]s ﬁ;@d till day 15. Expression of M6

and desm n myogenin after day 6. Cardiac

troponi n-Tswas 15 aypifRme&rtsabhfl” sittredtaish BAMSEREnE MAST With IB1d, ANP
after day 11. These mature cardiac proteins were detected in >70%of cells
by i mmunohi st F1%andborge ssrumd®y démonitvatmthatthesadells cassuppod hemoppiesised f or

3 weeks, cells f d. it hi L nf t
contract} ons. SRS T LAY AECDIAREN blRpg PeliE AR AR sever a
mm di stance. (i fedef) ARG Weel&‘??ﬁ:lrgt?ﬁ&d@i@ﬁla%h iAGnétiy1zelangsaasksy wnd smoot h

muscl e actin after day 6. Vascul ar endothelial growth factor (VEGF), at a
concent r at i on defenine thehumberwd solpay dermting sellsFD ob 3nedold expansien ot her
growt h fag{)or%;géf i nduce endothelial cell differentiation by day 15-20 ex
vi vo. Endot hel't'at Wé&Ffi®™ differentiati on was confirnmed by i mmunof uor escence

staining to detect (CRiubNIARE dUlQi&ivisge dBsted ﬂ@tﬁﬂkﬁit&cﬁégmtfedowth
endothelial cell differentiation. Results are shown in Fi 7.

Hemat opoi et i ¢ (HFG) en@KGEat Afer hﬁd@ﬁrﬂﬂl&é@fﬁﬁcé'mnﬁhﬁélmgg@épﬁoﬂs col | agen
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fetal liver derived nesenchymal |ine that supports nmurine and human
repopul ating stemcells ex vivo. Cells recovered fromthese cultures
expr essed )5 ckibxampig4, Tragsdustign of 2 fdul B4 (RT-PCR). Because

henmopoi esi s Once MASC cultures have been established after about 3-10 subcuitures,

MASCs were retrovirally transduced with an enhanced green fluorescence
protein {eGFP) containing vector on two consecutive days. Retroviral vectors
that were used were the MFG-eGFP or MND-eGFP-SN constructs, kindly

20 provided by Donald Kohn, M.D., LA Childrens Hospital, Los Angeles, CA.
Both vectors were packaged in the amphotropic cell line PA317 or the Gibon-
ape leukemia packaging cell line PG13. Retroviral supernatant was produced by
incubating the producer feeder with MASCs expansion medium for 48 hours.
Supemnatant was filtered and frozen at -80°C until use. Semiconfluent MASCs

25  were subcultured in MASCs expansion culture medium. Afier 24 hours media
was replaced with retrovirus containing supernatants and 8 g/mL protamine
(Sigma) for 5 hours. This was repeated 24 hours later. Two to three days after
the last transduction, eGFP* cells were selected on a FACS Star Plus Flow
cytometer with a Consort computer (all from Becton Dickinson Inc) at 10

30  cells/well of 96 well plates coated with S ng/mL FN, and 40-85% of adherent
cells expressed the eGFP gene. Using the automatic cell deposition unit

(ACDU) on the fluorescence activated cell sorter, 10 eGFP" cells per well of 96
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MASC culturesweetreted with he toc growt h factaor HFG and_ KG-.
After 14 days]Je refﬁfﬁn %E?fpt?%we ﬂ@lw@ép%mamag eexpandedy t h

hepatic epith I anpl e 4.
Transducti on ?{6%&§é‘3%‘lrwgﬁq}’ﬁ(ﬁ‘?ﬂg%rlﬁig\%&&kﬁﬁ%& ﬁ#‘?ures & vagxbeen
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vector on twoPEJHeREYEPOBIalys Retroviral vectors that were used were the
MFG eGFP or MND-e ' : V- Igolrbal d Kohn,

M D., LA Chil drengﬁﬁosplrgﬁg?’?ﬁa@gg %« g@ﬂgg%t%&%?emégtg%gﬁg%%adps wer e packaged
in the anphot popilatiared. | SdmeeelRARLE cxyopiebarvéd inaliffereptiated,uidsres odeegtkagi ng

cell line PGL3. Retraviral rnat ant was produced by incubating the

pr oducer f eed SPUSWVETS IRPUSEd t%aﬁgﬁ‘é‘}“@f? ‘Hﬁ’o‘?%ﬁﬂ&"ﬁ?‘ ohprdpisyies, seamal calls, ant  was
filtered apd LkQ&Slaft sta&AFmiitle! ﬁﬂ?ﬁﬁlastsc-‘ gf'éell%m earon¥feiie
subcultured in MASCs expansion cul ture nmedium ter 4 hours ne |a was

repl aced wi t hdifédrerdiationslange given pathwayend s emtﬁzmammu&dyhnw pelistvaere ne
(Sigma) for 5 h urs. Thlﬁ]was re eat d 24 ho é&ater to three days

3
after the | a$t ffrrﬂé Yo F’I'séryvﬂé' ?%?P@&Otgpr BIOIEMISS St ar Pl us

Fl ow cyt onet ghowh tdbe pleRiiii h theliToihBited 8dll heomM Becton Di cki nson Inc) at
10 30 cells/well of 96 weII plates coated wth 5 ng/nL FN, and 40-85% of

adherent cells expirngleeell Sqmnegzﬁ’ngjehelnglh@s heent wsed sustovasinglecell|
CoPre Ler T phigin' G S RpulalGy’ HENTES BRASAHASC LR GaREret SR IS 10 ©FP*
possible that two rather than a single cell are selected by FACS or by ring
cloning. The fact that integration of retroviruses is random was used to prove
clonal origin of all differentiated cells. Because of the random viral integration,
the host cell DNA that flanks the retroviral LTR is cell specific. Upon cell
20  division, all daughter cells can be identified based on presence of the retrovirus
in the identical location in the host cell genome.

Inverse polymerase chain reaction (PCR) was used to amplify the host
cell DNA flanking the 3 and the 5 LTR of the retroviral insert. Inverse PCR
was done using a protocol kindly provided to us by Jan Nolta, Ph.D., LA

25  Children Hospital, Los Angeles, CA. Briefly, DNA was extracted from
undifferentiated MASC as well as from differentiated progeny, cut with Tag!
(Invitrogen) the fragments ligated and inverse PCR performed to obtain the
sequence of the 5° flanking host cell DNA. This inverse PCR technique or
Southern blot analysis have extensively been used in hematopoietic stem cell

30  biology to demonstrate that every differentiated lineage is derived from a single
cell. Once the flanking DNA had been amplified, 200-300 bases were
sequenced and primers were designed that specifically recognize the flanking
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doublings). Thus, 1/10'-11108 bone marrow cells has extensive
proliferative potential. The clonal expapgded cell popul ations were then
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bases were sequenced and prinmers were designed that specifically recognize

the flanking WO 01/11011
Example 5. Generation of Glial and Neuronal Cells from Adult Bone Marrow

Mesenchymal Stem Cells

Differentiated neurons are post-mitotic and little or no neuronal

20  regeneration is observed in vivo. Therapies for neurodegenerative and traumatic
disorders of the brain may be significantly furthered if new, proliferating neural
stem cells (NSC) could be introduced in the defective areas of the brain which
would resume the function of the defective tissue. It has now been discovered
that MASCs selected from post-natal bone marrow that differentiate to all

25 mesodermal cell types can also differentiate to neurons, oligodendrocytes, and
astrocytes.

MASC cultures were established as described in example 1. Neural
development was induced as follows, Generation of neurons, astrocytes and
oligodendrocytes was done in medium consisting of neural differentiation

30 medium. This medium comprised the following: 10-95% DMEM-LG
(preferably about 60%), 5-90% MCDB-201 (preferably about 40%), 1X ITS, 1X
LA-BSA, 107 to 10° M Dexamethasone (preferably about 10 M), 10° to 10° M
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sanples that were exam ned a single cell specific DNA 5 sequence flanking -
the 5 LTR, which was identical for undifferentiated and differentiated
cells was identified. This proves singleggell origin of all cells of
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Examle 5. GCe
CelI's from Adult Bone MatrBRe/MeEGkS(Rralcradivahant ] se/mls)-c A8FAGYSE ed neur ons
are post-mtotic ang;d.l . . : Lon i s observed in
vi vo. Therapi es fo;m%égggr:% g@@%ﬁ%‘%%ﬁ%@% aurlrlg%%g%@[ito?grders of the brain
may be significantly furi-béngbnl FGEelv{prifaiblyabaitildmgnall) a dopaimnergiel | s
(NSC) could be introduced ineqtnge gﬁf ectiive areas qf the brain which would
resune the functi orfSENONATEAE MG ActgigRemIons, poglial eH§y been di scovered

that WASCygsel ected fr o BosyIaral. RO ffelBHo Ubditd ndihl PLoBEbAS, T al |

25 nesodermal cell types can also differentiate to nelrons,
ol i godendrocyt es, alodaskooytest pat.neb®E cul t ures were established as

Gener at o of neurons,  ase) BepleECKR Tt anon A0 peGL faestBrBen modi um
consi sti ng of ] neur %&{(ﬁé?ﬂg@} hétheaforgedi um . Thi s_ magii um c?rrpr i sed the
foll ow ng: 10-95% LG (preferably about 60%, 5-90% MCDB-201
(preferably about 40%, %5Xng/mg, BDNF (prafeeshly about'10mg/mb) - IvdiRexiaengichasone
(prefer abllg about 1n%'{1?on'§,’90my 0-' to 10-' M 3 MAY 2004
5-50 ng/mL GDNF (preferably about 10 ng/mL) -- GABAergic
and dopaminergic neurons
5-50 ng/mL CNTF (preferably about 10 ng/mL} -- GABAergic
neurons only
20 The choice of growth factors to induce differentiation of MASCs into
neural cells was based on what is known in embryonic development of the
nervous system or from studies that evaluated in vitro NSC differentiation. All
culture medium was serum-free and supptemented with EGF, which is a strong
ectodermal inducer. FGFs play a key role in neuronal development. When
25  human post-natal marrow derived MASCs were cultured with both 100ng/mL
bFGF and 10ng/mL EGF, differentiation to astrocytes, oligodendrocytes and
neurons was seen. Astrocytes were identified as glial-fibrilar-acidic-protein
(GFAP) positive cells, oligodendrocytes were identified as glucocerebroside
positive (GalC) and nevrons were identified as cells that express in a sequential
30 fashion NeuroD, Tubulin-IIIB (Tuj1), synaptophysin and neurofilament 68, 160
and 200. Cells did not express markers of GAGAergic, dopaminergic or

serotoninergic neurons.
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Tubulin-111B (Tuji), synaptophysin and neurofil anment, 68, 160 —and 200.
Cel I's did nothiprerasmpusyialegius, Bidbesinand hrasmsteay yhers thisRypferegtially

ser ot oni ner gi gxp?gs%w Boneufornddit nll ) glial cells. Culture of MASCs in 10ng/mL

FGF-10 and EGF for three weeks generated astrocytes and oligodendrocytes, but

15 not neurons. FGF-4 is expressed by the notochord and is required for the
regionalisation of the midbrain. When treated with 10ng/mL FGF-4 and EGF
for 3 weeks MASCs differentiated into astrocytes and oligodendrocytes but not
Neurons.

Other growth factors that are specifically expressed in the brain and that

20  affect neural development in-vivo and in-vitro include brain derived neurotrophic
factor (BDNF), glial derived neurotrophic factor (GDNF) and ciliary
neurotrophic factor (CNTF). BDNF is a member of the nerve growth factor
family that promotes in vitro differentiation of NSC, human subependymal cells,
and neuronal precursors to neurons and promotes neurite outgrowth of

25  hippocamal stem cells in vivo. Consistent with the known function of BDNF to
support survival of dopaminergic neurons of the substantia nigra, when MASCs
were treated with 10ng/mL BDNF and EGF exclusive differentiation into
tyrosine hydroxylase positive neurons was seen. GDNF is a member of the
TGF- superfamily. In early neurogenesis, GDNF is expressed in the anterior

30 neuroectoderm suggesting that it may play z key role in neuronal development.
GDNF promotes survival of motor neurons in peripheral nerve and muscle and

has neurotrophic and differentiation abilities. It was found that GDNF induced
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in vivo i RygeyifRs of the cerebral cortex, -hippocanpus, whﬁmm gra,
not or nucl el of the brainstemand Purkinje cell |ayer. When cul t ured for 3
weeks with I Ong/nl FG-9 and EGF MASCs 5 generated astrocytes,

ol i godendrocytes and GABAergi ¢ and dopam nergic. During CNS devel opnent ,
FG--8, expressed at the md/hindbrain bogpdary and by the rostral
forebrain, inp\gRRPiRRkifRRedtiaidinRPGABAWEIRS BopiritigRsneutids! T ifti on of
dopani nergic neurons in mdbrain and forebrain. It was found that when
MASCs wer e culigolated ﬁmrtd:hdn@ryhghon;@:a Blemlvdr &fGhe gpt 3Bfamabyicd cykimesh

dopam nergic WBAH I C neur.ons oduced. FGE-10.is found in the
brain in very Famestonal SUVANE FELLIAIVEIOPIGR 1 SRR Pl

hi ppocanpus, erentially
expressed in %ﬁ%%ﬁiﬁﬁﬁ?\tﬁ%’sﬁ%?ﬁg{i&%ﬁéﬁ%%ﬂ%@ﬁ?&%ﬁbﬁ%@i nl Ong/nL
FG-- 10 ands EGEhtblinergib mm-omdh&ldgﬂmr apevented calt yeals ohGABAsrgmdenrimecyt es,

but 15 not neurgns. -4 not oc and.is required f or
the regional 8 PF‘HH"‘B‘? ﬁ’ip am e‘?ﬁ“@ﬁ%% 1009%_ 4 and

EG- for 3 mm&%ﬁgﬂae%ifffa@ Mk bGP RS TAISNEER mifbmRldagPaeadr ocyt es

but not neurons er” growt actors that are specifically expressed in
t he brai n andwekks of @poaire ég CNIEUr al devel opnent in-vivo and in-vitro

i ncl ude brain derived neurotraophic factor (BDNF), |ial derived
o oy et et orSame AR Gokinss far BELRRIvE P bEEPRICHARER O BONE | s
a nmenber pf t REMYLUELIN OV nd REE, A6 mehAbhdd/atoDal IPIdARE B hilfro\dnidi&

differentiation of NSC, human subependynal cells, and nheuronal precursors
t o neurons andnmeumnnbmemsmnaeﬁshm@homhhnfS%HtBprE@n‘ﬁPOsGeGSEainﬂs |n

vi vo. Consi st th t no fupctio

opani nor o o el b By omieclieeiftton thrgpeal celporupSdL S, iy B0t e v ¢ n
| Ong/ nL BDNFIEDHadiGhtetih GledfindEmdidritfine MA S¢S PRutddiwith h%ﬁsiﬂaﬁomsﬂr oxyl ase
positive neurons was seen. GDNF is a nenber of the TG superfamly. In

early neur ogerady %tlI@]NEMMSdiEme@membdml@mt(bllnd@lﬂ $?mémmdn@,der m
suggestin ol e in neurona vel opment

o omotes o vibasah R A ha g L R S T R SAme T has
neur ot 88?1' C 3UCkrditkRiGR (A3hEA) 28810/ intbdeul@s 3 (REINS dierhs)CONF i nduced

followed by culture for 1 month in a2 medium conditioned by the murine fetal
liver feeder layer, AFT024 (a kind gift from Dr. Thor Lemishka, Pnnceton
University, NJ) supplemented with 14ng/mL fetal liver tyrosine kinase-3 ligand
20 (akind gift from Immunex Inc, Seattle, WA) and 15ng/mL SCF (a kind gift from
Amgen) differentiated into astrocytes, oligodendrocytes and neurons. Neurons
generated under these conditions were immature as they expressed neurcfilament
68 but not 200.
In some cultures, MASCs had been retrovirally transduced with an eGFP
25  containing vector (described in Example 4 above). Differentiated ghal and
neuronal cells continued to express eGFP. This indicates that these cells can be
genetically modified without interfering with their differentiation. Thus,
undifferentiated MASCs can generate a neural stem cell that then gives rise to
astrocytes, oligodendrocytes and neurons.
30 The ease with which MASCs can be isolated from post-natal marrow, ex

vivo expanded and induced to differentiate in vitro to glial cells or specific
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dopam nergi c neurons. CNTF} first isolated fromciliaky gangli o, Mals
‘menber of__the |30 fam:y of cytokines. OCNTF pronotes ne =SsuLvi val -—
~early in W&/‘Bﬂggﬂent. In enbryonic rat hi ppocanpal cul turgé’?@sh@? creased
t he nunbers of GABAergic and 5 cholinergic neurons. In addition, it

prevented cell death of GABAergi c neurons and pronoted GABA uptake. CNTF
exerted the sane GABAergi c induction on g3MASCs as they differentiated

exclusively into GAB i c .neurons after, three Kk X o0 CNTF.
Some hemat opdieyrerRal 89?%%8%"%‘(78?%0&8 r??gf?ow Rr8bl\§%§t“?§§&"l tia‘rﬁgg#%ﬁgﬁ’of 10
NSC, such as bdndd o balthbiiny 26T sURRIE @06t iabgwe. | n addition, in vitro
studi es on neuronal precursor cells have shown that SCF, F1t3L, EPO TPOQ,
G- CSF, and CSF-1 7%bt cellsrdfyhe presenpeinyentian eantbieased in ¢sil replacementdherapypher eas
L5, IL7, IL9, and ILi 1 act |later in neurqnal turation. MASCs i nduced
with a conbi nﬁ’cd??frg%?lfheéao{’rm?n&é‘wrr?&e&%e Ry ng‘?{l&%&é]mronbopoi etin
(kind gifi5 fromrdidseherhtive dis&ﬁeﬁ%@k&%ﬁ%@ diddlfders Sth.as]fr Gbtdike gr anul ocyt e
colony stinulatingfactor (Angen), 3U erythropoietin (Angen) and 10 ng/nlL
i nt er | euki n- 3mpEgId] Basttanddsis, leukodpstephiss (globoigreslifienkodystinhly, Canayanedi um

conditioned by th rine fe liver,feeder |ayer FTQ24 (a K] gift
fromDr. ThorX‘E%aﬁFe)s %ﬁﬁﬁ?‘ﬁ’nﬁé@?cﬁ?ﬂg‘ﬂﬁﬂ‘%}’éﬁsﬁ?‘iﬂ,‘a‘]ﬂ%ﬁc’éﬁ%‘}‘g‘ﬁ%ﬁ% ggﬁ J\:/'\nl%? h

14ng/ L fet al wdigh diskasesial@ Ty SA8E: Thei 82 alse Be (feddb Méagbe dllehia@m | nUnex
Inc, Seattle, WA) and 15ng/nL SCF (a kind gift from Angen) differentiated

i nt o ast r ocyt synptoimis 9§ deqvaied oguiedegenarative dispuleraagh an Hunfjagtersat ed under

these congjtigns.were,i as_th S ' 68 but not
200, 1 She ERipEE MiTHRESferdin ol A ARBERT 3e) Sl Ao hBRR o ) 21" G
25' cont ai ni NGyr¥ARARY ditstass shéesh didkEEND bieedingh v NSDidubes: 6t | at ed gl i al
and neuronal cells continued to express eGFP., This_indicates that these
cel |'s can be peipheral oarvoys sstim disardgrstsueles spinalcoet gy @ sYrngospyelia;
differentiatign. Th ndj f | r.at: | stem
cell that theﬁor Ft agairsf“édérs[%mi' ggs%?%éy eg%%ﬁ%%g%?g@f %téﬁgﬁﬂﬂﬁg{ﬁ?ons_ 30

The ease wit hddgthéﬁtihv@\ﬁ@ﬁxanﬁﬁorb&s,i #dl ddtetic retinoppthgt - natal marrow, ex vivo
expanded and induced to differentiate in vitro to glial cells or specific 3
MAY 26QL Mo 01111011

Example 6. Hematopoietic development

Hematopoietic Stem Cells (HSC) are mesodermal in onigin. It was long
thought that HSC originate from yolk sac mesoderm. There is ample evidence
that primitive erythroid cells originate in the yolk sac. It is less clear whether

20  definitive hemopoiesis also originates from cells in the yolk sac. A series of
recent studies in chick embryos, murine and human embryos have suggested that
definitive hemopoiesis may be derived from mesodermal cells present in the
embryo proper, namely in the AGM region. In humans, between day 22 and 35,
a smal) poputation of F1k1* cells develops in the dorsal aorta that differentiates

25  into CD34" endothelial or hemopoietic cells. It is believed that these are the
cells that colonize the fetal liver. Although cells with hemopoietic potential
originate in the dorsal aorta, their differentiation and commitment o mature
hemopoietic cells requires that they migrate to the liver where the endodermal
environment is conducive for hemopoietic development. In contrast, cells that

30  remain in the AGM region will not develop into hemopoietic cells.

Some of the clones in the present MASC cultures have hemopoietic

potential. MASC differentiate into endothelial cells and form what resembles



PCT/ 00D-; "i 13$ 83 neuronal cell types ci rcunvent s oRe of the key probl ens
in NSC transpl antation,  nanely the availability of ‘stitable donqrMAYilﬁﬂiue.

The cel I s pf ol 1 Pr €S€ENt- i nvention can be used in cell replmﬁ?ﬁerapy"
and/ or gene therapy to treat or alleviate synptons of congenita

neur odegener ati ve disorders or storage disorders such as, for instance,
mucopol ysacchari dosi s, | eukodystrophies (gl oboid-cell |eukodystrophy,
Canavan di sease), fucosidosis, GW gangg4osi dosis, N emann-Pick,

Sanfilippo sy esdisaR@el tevdifitfhBate I8 hemdpoidtie0 be used
to treat or a?ﬁ@ﬁ?é"’%ﬁ?onﬁ of acg]gggge% nelurodeggneratei vgmdilsorders

such as Hunti egioriEhe érﬁalEankﬁenddgng@iwtﬂremsim iand rephatedrdon i, mer s.

bl ead ng, - and coNaseprispay of BEM Bletimer S ueeoRy S0l Pl BT such as
spinal cord i my ' LY and (PE- 'Q%I ' retinal
det achnent ngjc;vuf“%‘raﬁg%bg%%%@g? Plgg}dé%)dangt(ﬁserlb%ggeneggt?%%rg?l?%g{%%?sor ders,
and di abet$c mnefmhppaitiining M ASCampdiemGsupplementedovidt 3-8 00kng i pSERt

Hemat opoi etic Stem Cel | s (HSC e nesodernal in .o gih. )., was lang

t hought t hat I‘e@é&Sﬁ‘ﬁ%i#ﬁ?‘é@‘?@ﬁRc% MR, b‘lﬁ%%ﬁel:lpél‘ﬁﬂ‘zﬁg?'gvi dence
that primtives. gql?llg | Gk RAl 'gﬂnf e : slitgol s clear
whet her 20 de?% 2???9 e’rftggfg%%éféﬁogl:t 22 2grn: gl nj;t%}s{a#lgtz)@gglsll?opzlg{’% yol k
sac. A seri es PRIGF-BR ¢refestblyatesit i 6 ngmlckandthy- 680 ngfmli BEF dprtfdrabipin enbr yos

h ted that finiti) [ ' be der| d |
T et Shopt None ik Corraisns AN e VaY potd A T-HBAE e
bet ween day Z%E{}gﬂ 5?% gré’fex%ﬁﬁj AbolO PO A/ uedt s kbidifiehdabydRreoRPS in the

dorsal aorta t rentidtes 25 into 4+ endot hel i al” or henopoietic
cells. It is loells. Seld redvatret Hrme either of Hese adtures expaassasotkohicMyty, kat#let al

liver. Although | | oletic tential ..originate in.the dorsal
aorta, their gf“l’ @b@ﬁfﬂﬁ?ﬁﬁ%ﬁ%‘%ﬁ%@ﬁ?ﬂﬁ?wwﬁ %ghBIBSP%F:lI% cells
requires that diffG¥ntitiindk actiévabe | iver where the endodernal environment

I's conduci ve for henopoietic devel opnent. In contrast, cells that 30 remain
in the AGMregion wll not develop into henppoietic cells. . Sonme of the

c ones 1A ERRSRELE MTRBHIMGRORYS Pommpolctc polent el IeC
Applicants have also been able to demonstrate epithelial development.
Briefly, a vessel was coated with 1-100 ng/mL fibronectin along with other ECM
products such as 1-100 ng/mL }aminin, collagens or IV and matrigel. The
medium used comprised the following: 10-95% DMEM-LG, 5-90% MCDB-

20 201, 1X ITS, 1X LA-BSA, 107 -10° M Dexamethasone (preferably 10°%), 10” to
10"* M ascorbic acid 2-phosphate (preferably 10™). The medium may also
contain one or more of the following cytokines

0.5-100 ng/mL EGF (preferably about 10 ng/mL)
0.5-1000 ng/mL PDGF-BB (preferably about 10 ng/mL)
25 0.5-1000 ng/mL HGF (hepatocyte growth factor) (preferably
about 10 ng/mL)
0.5-1000 ng/mL KGF (keratinocyte growth factor) (preferably
about 10 ng/mL)
Some of the cells were pancytokeratin positive, and cytokeratin 18 and
30 . 19 positive, which would suggest that these cells are endodermal in origin (i.e.,
" hepatic epithelium, biliary epithelium, pancreatic acinary cells, or gut

epithelium). Some of the cells demonstrated the presence of H-Met, or the
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differentiate into henopoietic cells. The small, suspénded aggr 3& wer e

trypsiniz eplated on FN, collagen type IV or ECM si st et
ei t her ofag?gj?%bg ng/ nL PDGF- BB (preferably about 10 ng/ rl;%?ﬁigﬂ%&%ﬁg 1000
ng/ mL EGF (preferably about 10 5 ng/nL) contai ning MASC nedi um suppl enent ed
with 5-1000 ng/nL. SCF (preferably about 20 ng/nmL) or a conbination oflL3,
G CSF, FIt3-L and SCF (2-1000 ng/nlL, prgferably about 10-20 ng/m).

Al ternatively - ‘]&% I @,b%ta M5 nd
0. 5-1000 ng/ &9%@33?%%&&%#%*‘;? a ct)%?wg?%h%fﬁ?m%gnt al n%‘%gpl%gh)rggi um was
used with 5% k&3l apitheliuik 00thtDcel B/ demobsiFatéduthe besserrieyof kbratin, Whithng/ L) t hat

was conditioned by AFT024 .cells. Cells recovered fromeither of these
‘cul tures expr éempatilrwith skp epithehitgy  and G- CSF- R ( RT- PCR/

| mmunohi st ochem str. Lndl [ L Col0q o di oA IS

achi evabl e. 15 Exarr%?eé: eggbggi}etpﬁgﬁebgf&%ﬁgg? g‘gtrjr%%%&l&gg{ﬂ?{é rllfdsamﬁgf/tgag?js,o been
abl e to desronahd/er geithefp tatrester aliopae symptobrsiocfseyeralorgasdistasems coat ed
with 1-100 ng/nL fibronectin along with other ECM ..products such as 1-100
ng/ nL | ani ni nThesellaemnd bepsedtodreat pralieyigis congemital e ?ﬂf{’f‘sféo‘%orrpri sed the

M Dexaret hasofea{BreT S BE oL y g mi o iprtioigidl Iofidopaiiatiesr® 109

M Dexanet hasone M ascorbi ¢ acid

2- phosphat e ( | BMDgaagliosiddlis) incTdaeedigitiiubin dinyrdedssfor instance CrigbereNajjar nor e of
the foll ow ng cytokines 0.5-100 ng/m. EG- ref er about. 10 ng/ nl)
0.5-1000 ng/ nEYRsemeREnManks Gseeeyy Saﬂbﬁlﬂ'i‘égﬁng‘aafb@“ﬁ?ﬁy‘i‘Go’%fng/ mL HGF
(hepatocyjs Oppublieicifi g&? s ieROU biork e laha GrginchOQRnad . KGF
(kerati nog§telrgr SWeh agi{t%r gjr”g)][l%lraa F‘f} bolut l10 n%) %oms of the cells
wer e pancyt okatiiuria; pbsimtéries ofadino\acnlk endidrganit&cmlaductB® 19 positive, which

woul d suggest that_ these cells are endoderngl,ip origin (i hepati c
epi t hel i um bPheylketgiungher %%ﬁ?%‘?n@&fﬁﬁ?ya@%ﬂ@ﬁl @C&&Py’ nd

ﬁ/ﬁth 28{;4“”) - SBFBuIiod BSordels! siclH STRBRE VAl GHd 1R AeREiBR@N ChheellkicAbdiso Or the 3

be used to treat acquired liver disorders due to viral infections. The cells of the

15  present invention can also be used in ex vive applications such as to generate an
artificial liver (akin to kidney dialysis), to produce coagulation factors and to
produce proteins or enzymes generated by liver epithelium.

The cells of the present invention can also be used to in cell replacement
therapy and/or gene therapy to treat or alleviate symptoms of biliary disorders

20  such as biliary cirthosis and biliary atresia.

The cells of the ﬁresent invention can also be used to in cell replacement
therapy and/or gene therapy to treat or alleviate symptoms of pancreas disorders
such as pancreatic atresia, pancreas inflammation, and Alphal-antitrypsin
deficiency. Further, as pancreas epithelium can be made from the cells of the

25  present invention, and as neural cells can be made, beta-cells can be generated.
These cells can be used for the therapy of diabetes (subcutaneous implantation or
intra-pancreas or intra-liver implantation.

Further, the cells of the present invention can also be used to in cell
replacement therapy and/or gene therapy to treat or alleviate symptoms of gut

30  epithelium disorders such as gut atresia, inflammatory bowel disorders, bowel

infarcts, and bowe] resection.
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are specific for hepatic epitheliumand renal epithelium O her Y
dermonst r atwe giifeiRr €sence of keratin, which is conpatible phfisedlidyy =
epithelium The cells of the present invention can be used in cel

repl acenent therapy 5 and/or gene therapy to treat or alleviate synptons
of several organ diseases. The cells could be used to treat or alleviate
congenital liver disorders, for exanpleggstorage disorders such as

micopo’ ysacehari dosieeolel) AL bPRRIpFGent ifMhidAan LR3LAASL Pl ihRel cased
bil'irubin disorders, ¥or I'nst ance rgler-Najjar syndrone; ammoni a

di sorders sucheplacémdintiierspy aidforgfent therapy eatreatcir alletiate sythpioms afskin

Orni thi ne decarboxyl ase deficiency, cjitrullinem a, ang ar gi ni. nosuccini c

aci duria; i nbohsprders sueh asralepecesiip ﬂe@ﬂaﬁeﬂbﬁsm woypdly and glbimsna.

phenyl ketoi nuria, hereditary tyrosinem a, and Al pha /-antitrypsin
deficiency; and coagul ation disorders such as factor Vi and | X defi ci ency.
The cel |l s @dan BElanple Be Exprdsddpehe patfilacOMASES, canidigedinddioder s due to viral

i nfections. The cells of the 15 present invention can also be used in ex
vivo applications sddng &dontechanddpyitragemcDN Arariays the inyenjens evalupted the ki dney

dialysis), to ' I ns or
enzymes genera%égcqg{/de%%\glgg&ggﬁ E@P%ﬁ%ﬁ%ﬁ@@f S tg?éc{?xﬁ%ﬁ%}sie}fsegtﬁ? i nvention
can al so be usadoVemt forQeland 26 ReRdonitlgs. Infaddition theiventoganahiabedr apy t o

treat or alleviate synptons of_ biliary disorders 20 su§h as biliary
cirthosis and gl gang epressioppgheadyASCe vergindpsedtachtierspiste fon can al so

be used tqoi n &ﬁk]hgé%ﬁ@&%”ﬁ% d&%p_erapy and/ or gene therapy to treat or

al | evi at e synptons~ of pancreas sorders such as pancreatic atresia,

pancreas i nfl anRiAQ0s 4688t Apptd CDANED36YCPEIE, CBE2E] €D4Y-H, kXit iRy, as

pancreas epitheliumcan be made fromthe cells of the 25 present invention,
and as neural cekécgptoanfob &l ydtid, ILoelld1c6HCSF,daM-G8F gepm Fiddd, or CfiBEe cel | s

can be used for the. therapy di abe bc nepus JLApl ant ati on or
i ntra- pancr eas an‘ﬁﬂ“FE—"ggg\?«g?ﬁiﬁﬁﬁﬂ’gﬁ?{ﬁgaﬂ%ﬁ”ﬁé&"’wtel s of the
present inventio | S e Ln.cel | l@@,grr@gq nd/ or
gene therapy to %gﬁf%fprgﬁsﬁmfe&gh%é é‘gn'geS(%Mgg’tpé Tepl _%gﬁ%ﬁ]&%ﬁ’sorders
such as guts atres@p1;ithé tABKRE éckplonviak]l FGRR]PIGF- RV kp130)TAF R, S, and
bowel resection. 3 MAY 2004 WO 01/11011 -- PC 1US001213

activin-R1 and —-R2, TGFR-2, BMP-R1A; the adhesion receptors CD49c,

CD49d, CD29; and CD10.

— MASCs express mRNA for h'TRT, oct-4, sox-2, sox-11, sox-9, hoxa4, -5, -9,
Dix4, MSX1, PDX1

20 — Both cartilage and bone lost / had decreased expression oct-4, sox-2, Hoxa4,
5, 9; DIx4, PDX1, hTRT, TRF]1, cyclins, cdk’s, syndecan-4; dystroglycan
integrin o2, o3, p1, FLK1, LIF-R, RAR-a, RARy, EGF-R, PDGF-R1a and
-B, TGF-R1 and -2, BMP-R1A, BMP1 and 4, HGF, KGF, MCP1

— Osteoblast differentiation was associated with acquisition of / increase in

25 expression of Hox7, hox11, sox22, cdki’s, syndecan-4, decorin, Jumican,
fibronectin, bone sialoprotein, TIMP-1, CD44, 88, B5 integrin, PTHr-P,
Leptin-R, VitD3-R, FGF-R3, FGF-R2, Estrogen-R, wnt-7a, VEGF-C,
BMP2

— Cartilage differentiation was associated with acquisition of Sox-9, FREAC,

30 hox-11, hox7, CART]1, Notch3, cdki’s, collagen-I1, fibronectin, deconin,



86 Moreover, the cells of.the present invention can,aJ so be- usgcﬁ A 9ok N
cell repl acerrent t her apy and/ or gene therapy to treat or alleviaté synptons
of skin such-as al opecia, skin defects such as and—
al bi ni sm %%{gﬁfﬂse 8: Expressed gene profile of MASCS, ca?#?ﬁasgéeﬁ%gﬁ bone
Usi ng G ontech and Invitrogen cDNA arrays the inventors eval uated the
expressed gene profile of human MASCs cultured at seeding densities of
2x103/cn2 for 22 and 26 cell doubllngs addltlon the |nventors eval uat ed

changes in gene essj on |ate to 10
cartilage and bo"ri’épl;ag? glic‘?i’é%’m’ c%&gy\ggmﬁxa? ﬁﬁe '10?61 6 CD62E,
CD62P, CD44- H, OWP 40163 dridlod dnfe hLenmL@ BMszlBNﬁ’ﬁSF

Gw CSF, Epo, FlIt -ﬂgw(@gnd | ow Iaevel sgno HCA- ¢l ass- [, CD44-E and
Muc-18 mRNA. - MASCs express nmRNA for the cytokines BWMPL, BI\/P5 VEGF, HGF,
KG-, 15 MCPI; the cytokine recept R, PRGF \ |30 LIF-R,
activin-R an&xample ScCharacternmapionef L)ifferentia d ie eBage,  CD49d,
CD29; and M%W hTRT act 4, sox-2, sox- 11,
Sox-9, hoxga:g)f & BrSubttad O - Both cartil age and bone | ost /

had decreased expr aYeippi3etdnivehtors us'eth sdl:mamn #ppréich b identiBRENetib TRT, TRF1,

cyclins, cdk' syndecan-4; d stro ntegrin a2,. 0, 01, LI F- R
RAR-a, RARy, Etﬁﬁﬁrmcepbewﬁll ¥n Ffareﬂ @i“ﬁﬁ‘é?mfﬁ“ tedFE0gENN: ng)p% and 4,
HG-, KGF, MCP £0 SIMIEBSC LG iRthcdd ) acqui sition
of / mcreaseqi?%N%% e%%@éé%ﬁjgﬁiﬁﬂ%&%%hoxl So0x22, cdk|c s, syndecan- 4,

decorin, | um Qifferentidtbtoathecsteshladptineagsifar 2oayst éiuhtradtidm:anﬂ an@Qificatiog, R5
VEGC. " Bip2 o Uis i FEIRaB Yo Pt RIS 35 e e e R SHREF A i 11 o
?T brsgi(];a(?',t | E coertlgéri1 %WSS%EZ%%%OW %1%?§?§%§aﬁggag%2ﬂ : | age
gl ycopr ot ei n, sequencésaypressedgn day E@swabllasmuhums sieng anvifed 2but northose In
N- cadheri n, l.lnélff entmte%l&gs lL.ntegrin, VitD3-R BMP2, BMP7
Eighty-six differentially expressed cDNA-sequences were sequenced. It
15  was confirmed by Northern that the mRNAs were indeed specifically expressed
in day 2 osteoblast progenitors and not MASCs. The sequences were compared
(using the BLAST algorithm) to the following databases: SwissProt, GenBank
protein and nucleotide collections, ESTs, murine and human EST contigs.
Sequences were categorized by homology: 8 are transcription factors, 20
20  are involved in cell metabolism; 5 in chromatin repair; 4 in the apoptosis
pathway; 8 in mitochondrial function; 14 are adhesion receptors / ECM
components; 19 are published EST sequences with unknown function and 8 are
novel.
For 2 of the novel sequences, Q-RT-PCR was performed on MASCs
25  induced to differentiate to bone for 12h, 24h, 24, 44, 7d and 14d from 3
individual donors. Genes are expressed during the initial 2 and 4 days of
differentiation respectively, and down regulated afterwards.
Genes present in undifferentiated MASCs, but not day 2 osteoblasts,
were also analyzed. Thirty differentially expressed genes have been sequenced
30  and 5 of them are EST sequences or unknown sequences. Presence of these

genes in MASCs but not day 2 osteoblasts is confirmed by Northern blot.



Exanpl e 9 Characterizatian of Differentially Expressed Genes in MASCs vs.
5 Osteobl asts by Subtractive Hybridizati on The present inventors JM&dIl

subtracti ch to.identify genetic differences betwe : —
undi ffer eﬁ??g?'gyﬁ%ASCs and commtted progeny. Poly-A nRNA %@”W%ﬁ?t ed
fromundifferentiated MASCs and cells induced to differentiate to the

ost eobl ast |ineage for 2 days. Subtraction and anplification 10 of the
differentially expressed cDNAs was done ggi ng the PCR-Select kit from

Cl onet ech, as ﬁer Emf@@t& %5' ggg ﬁ%)m‘ren ation without nodification. Gene

sequences exp st cultures'were anal yzed, but not
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donors. Genes hgp@, lERprlvssenlegnandgames.i nitial 2 and 4 days of
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15 The studies also show that MASC:s are distinctly different than

embryonic stem cells or germ cells. MASCs represent a new class of
multipotent stem cells that can be derived from muitiple organs of adults and
children.

20  Example 11; Demonstration of the ability to select, expand and characterize

MASCs from murine ongin.

MASC:s can be generated from mouse marrow and can be present in

organs other than marrow.

25 1. Identification of MASCs in mouse marrow
The investigators selected MASCs from mouse marrow. Marrow from
C57/BL6 mice was obtained and mononuclear cells or cells depleted of CD45
and GIyA positive cells (n=6) plated under the same culture conditions used for
human MASCs (10ng/mL human PDGF-BB and EGF). When marrow
30 mononuclear cells were plated, we depleted CD45" cells 14 days after initiation
of culture to remove hemopoietic cells. As for human MASCs, cultures were re-

seeded at 2,000 cells/cm? every 2 cell doublings.




5 has been described for human ES cells, teratomas devel op. n 515 imal s,
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express transcripts for oct-4, LIF-R and sox-2.

15 MASCS derived from mouse marrow can be induced to differentiate into
cardiac muscle cells, endothelium and neuroectodermal cells using methods also
used to induce differentiation of human MASCs. Therefore, C57Bl6 mouse

marrow derived MASCs are equivalent to those obtained from human marrow.

20 2. MASCs are present in tissues other than marrow
The inventors examined if MASCs are present in other organs such as

liver and brain. Marrow, brain or liver mononuclear cells from 5-day old FVB/N
mice, dissociated with collagenase and trypsin were plated in MASC cultures
with EGF, PDGF-BB and LIF on fibronectin. 14 days later, CD45" cells were
25  removed and cells maintained in MASCs culture conditions as described above.
Cells with morphology similar to that of human MASC and murine MASC
derived from marrow of C57/Bl6 mice grew in cultures initiated with marrow,
brain or liver cells. Cells expressed oct-4 mRNA.
The inventors also examined mice transgenic for an oct-4 promoter-eGFP
30 gene. In these animals, eGFP expression is seen in primordial germ cells as well
as in germ cells afier birth. As MASCs express oct-4, we tested whether ¢GFP

positive cells could be found in marrow, brain, and liver of these animals after
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5. The isolated cell of claiml or claim2, wherein the cell is a human
cell. 6. The isolated cell of claiml or claim2, wherein the cell is a
mouse cell. 7. The isolated cell of claim1 or claim2, wherein the cell is
derived froman organ. 8. The isolatescell of claim7, wherein the organ
is marrow, liver or brain. 9. An isolated trantgenic cell, which cell is
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8. The isolated cell of claim 7, wherein the organ is marrow, liver or brain.

9. An isolated transgenic cell, which cell is claimed in claim 1 or claim 2, wherein its
genome has been altered by insertion of preselected isolated DNA, by substitution of a segment
of the cellular genome with preselected isolated DNA or by deletion of or mactlvatlon of at Jeast
‘a portion of the ce!lular genome. .

10.  The isolated transgenic cell of claim 9 wherein the genome is altered by viral
transduction.

11,  The isolated transgenic cell of claim 9 wherein the genome js altered by insertion of
DNA by viral vector integration.

12.  The isolated transgenic cell of claim 10 or claim 11 wherein the genome is altered by
using a DNA virus, RNA virus or retroviral vector.

13.  The isolated transgenic cell of claim 9 wherein a portion of the ccllular genome is
inactivated using an antisense nucleic acid molecule whose sequence is complementary to the
sequence of the portion of the cellular genome to be inactivated.
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mul tipotent stemcells, which cells ajg as claimed in claiml or claim?2.
21. A method for isolating cells as claimed in claim1 or claim 2,
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20. A cell differentiation solution comprising protein factors that modulate the level of oct
3/4 expression for proxnotlng continued growth or differentiation of undifferentiated multipotent
stem cells, which cells arc as claimed in clmm 1 or claim 2.

21. A method for 1solatmg cells as clauned in claim 1 or claim 2, comprising:
a) depletmg bone marrow mononuclear cells of CD45+ glycophonn At cells,
b)  recovering CD45-glycophorin A-cells,
¢) . plating the recovered CD45- glycophorin A-cells onto a matrix coatmg, and
d) - culturing the plated cells in media supplemented with growth factors.

22.  The method of claim 21 wherein the step of depleting comprises negative or positive
selection using monoclonal or polyclonal antibodies.

23.  The method of claim 21 wherein the growth factors are chosen from PDGFUBB, EGF,
IGF, and LJF.

24.  The method of claim 21 wherein step (d) further comprises c_tilturing in media
supplemented with dexamethasone, linoleic acid, and/or ascorbic acid,

25. A culture method for cells as claimed in claim 1 or claim 2, cox.nprising adding T.he c.:clls ‘
to serum-free or low-serum medium containing insulin, selenium, bovine serum albumin, linoleic
acid, dexamethasone, and platelet-derived growth factor.



32. The culture nethod of claim25 wherein dexanet hasone is present at a
concentration of about 0.005 to 0. 15 M 33. . The culture net hgﬂ {g{ ﬁl aim
25 wherein the serumfree medi umor | ow serum nmedi um contains a M Q‘OS -
0.2 mM L-ascorbic acid. 34, The culture nmethod of claim25 wherein the
serumfree nediumor | ow serum nmedium contains about 5 to about 15 ng/m

pl atel et-derived growh factor, 5 to aE@Jt 15 ng/m epidermal growth
factor, 5 to about-15 nghnl insulin-Ii grow h factor, 10-10,000 N

| eukem a inhibitor factor, 35._ A _cultyured clonal ;popul ati f. Is

i sol at &t6. ac cBheamityrermaetherbol flanep WF“E\“&#W‘?%T&"%%‘? '/E\B'H&’Hg‘g“%fls feE’)Q(J pandi ng
undi f f eglecuse BMEMcie lalimixterestith MEPB.n claim 1 or claim 2, into
differentiated hair follicles conprising adm nistering appropriate growh
fact or sy7 andgy QifuRGnethb®oL@hing25 Where# immilindsprefent at acprickmiratiohjof frof ¢l ai m 1

or cl aizﬁi'oﬁt 106 Jpdedd nggenet I ¢ pol ynorphi snms associ ated with physiol ogic
abnormal T ties, conpri'sing a) isolating said cells from sanpl es provided

froma statigtically sigpifican opul ati o I N4Ly.i {

phenot y4-c_d¥ eac“i%‘ﬁylﬂ%thg‘gf’é?lﬁ@ﬂﬁs B’ﬁﬂﬂgﬂﬂ tﬁﬁf @%%é %ﬁb%'sg%%ﬁggﬁﬁ%hhom t he
st at i stanceffective aganmtiof Harsiermpat a corpgnisation; @F??F%E‘E“sw‘ﬂ‘@ ?&FEB|“*’§‘H cul tures,
c) idemg/Mmyi ng at -l east one genetic polynorphismin the cultured cells, d)
inducing the cultured cells to differentiate, and e) characterizin

aber r am9, et Fhobilfrdmnomes sLclains 25 eihetetseldriim ssepreseat atl aspntentration tc

pol ymr@@i@g@,&“q@mri ng the differentiation pattern exhibited by a cell 3
MAY 2DD4 109 having a nornmal genotype with the differentiation pattern

exhi bi t by cal | | | ' 'E‘f{,]-ﬁ)é) raﬂﬁi‘%‘ M - t hod of

usi ng tﬁg isgﬁ%?ugi‘ ﬁﬁh@}éla(@?c@ﬁ“bgn%%eﬁdc al n%%",‘mto c afsaélése?@emecel | ul ar

r esponsERceEratiog o gbqut §;1 t0;ahe cwgléi c agents conprising a) isolating said
cells fromsanples provided froma statjstically siegni fgj(cant tgagfoﬁl ?t I on of
i ndi vi-dahl s, The clture method of slaim 2§ wherean lippleic apiddsprepent &1 3 coneen N

si gni f i gxwt 2popetddPpe/mlf i ndividuals to establish cultures, c) contacting
the cultures with one or nore biologic or pharnmacol ogi c agents, d)

i denti f $2.ng Thecslturemiethodelf klaim 25 vdrin dexmniethasome io present abd condshizitoniod or
phar mac @ 090836 01S pMand . . :

33. . The culture method of claim 25 wherein the serum-free medium or low-serum medium
contains about 0.05 - 0.2 mM L~ascorbic acid.

34.  The culture method of claim 25 wherein the serum-free medium or low-serum me.dium
contains about 5 to about 15 ng/ml platelet-derived growth factor, 5 to about 15 ng/ml epidermal
-growth factor, 5 to about 15 ng/ml insulin-like growth factor, 10-10,000 IU lenkemia inhibitor

- facter. : - y | B} o T

35, A cultured clonal population of cells isolated according to the method of claim 21. .

36. A method of expanding undifferentiated cells as claimed in claim 1 o claim 2, into
differentiated hair follicles comprising administering appropriate growth factors, and growing
the cells.

37. A method of using the cells of claim 1 or claim 2, to identify genetic polymorphisms
associated with physiologic abnormalities, comprising

a) isolating said cells from samples provided from a statistically significant

- population of individuals from whom phenotypic data can be obtained,
b) culture expanding said cells from the statistically significant population of
. individuals to establish cultures,

c) identifying at least one genetic polymorphism in the cultured cells,

d) inducing the cultured cells to differentiate, and

€) characterizing aberrant metabolic processes associated with said at least one

genetic polymorphism by comparing the differentiation pattern exhibited by a cell



e) conparing the one or nore cellular responses of the cultures from
individuals in the statistically significant popul ation. 39. An i iz@ro
nmet hod of forming a cell selected fromthe group consisting of osteobl ét
chondrocyte, cartilage, adipocyte, fibroblast, marrow stroma, skeletal °
nmuscl e, snooth nuscle, cardiac rruscl e ocul ar, endothelial, epithelial,
hepatic, pancreatic, hematopoietic, L@ neuronal, and oligodendrocyte
cell type conprising differentiating t isolated cell of claim1 or claim
2. 40. Anin vitro nmethod of differentiating.a.cell co .Sl turing
the isol ated cel Ihasinge neirmal genotype Maththodiifstsaha Wﬁ“ﬁ%"%ﬁﬁ?ggéﬁ’&eﬁ\t to

i nduce different |1ﬁk;ingrhnlde‘tmﬁ/édpolymou‘ptnmrret hod of expanding

undi fferenti at ed ceI , which cells are as claimed in claiml or claim 2,

into difd ereﬂ@k | %é beeheed sRmim her gainld) te drsacitrizegelhilar

ost EObla‘ie 1?ﬂ5'§ Sié g Oq&ﬁ%gem ﬁ,{ fge. fibroblast, nar rfw ist ronm,
skel et Y US C I a

epi thelial, aﬁepat‘r""‘;ﬁ ‘ﬁ@j I, mﬁ‘é‘??ﬁ%sﬁc“éu e?‘fc éﬁ%saéalnleuronal and

ol i godendr ocyt e Wﬁéf %in adm ni st.erin ow h
factors and r owi mx;ljturqmﬂn@M&aldQ‘ﬂls ?Pﬁ’ly gi“‘a@‘%ﬂgﬁ ufatt%n%ic‘orrprl si ng
a plurality of i smﬂmmﬂlmlebtsblwhc@ltmeﬁced inclaim or claim2 and a

phar maceut i cg)l | y esitaging tHecuitares wdth, omuorumblg}omquwﬂs&m

phar maceutlcgj co gcumc@snmk@cmch:mpomsmmeoMemmhlﬂeglmoar ality of
cell s have been ntﬁamlar maceutical conposition as clained in
claim 43 forpul at I?J&' ﬁlﬂaﬁesﬂoh&%%ﬁhe‘b’imu‘hsﬁwiiﬁmmlml
conposi tion &s cl S the tissue is selected from the
group consi sting rocyte, adipocyte, cartil age

fibroblast, marrow st roma skel et aI scl spoot h rruscl e,
ocul ar, 3%ndoﬂﬁénvm°m§ﬁhpflﬁ £ forgn E’? {Eg% oﬁggtﬁ%ﬁ) 0| %cl glial,
neur onakhomsketyts, P@MAWN@ y@tro (I,Iélfff’nfcc u05| ion
as ¢l ai omdiscmmscle; oo, envothsiial, mﬂaepaluhmahs,waam?% sEPé*aPme "r‘med
for dif d ehgodendrotyte el type compiising difeentintng the iselgerheaibiclam: 'P" alm
conposition as clainmed in claim46 fornulated for engrafting into a

tissue. 46 : W@ﬁﬁu{ouwmmmﬁngaemmpmgmmﬂmmwwmﬁmthe

tissue iy \ﬁﬂl SAiB dnl SufficREPtoGRMSde T ffdtentiitionst eobl ast, chondr ocyt e,
adlpocyte cart| age, tE)roblast marrow stroma, skel etal rruscle snoot h

nuscl e, ardl ac. rruscl e C t ed in
pancr eat“(i olfteﬁ; rqﬁme&? éﬂeﬂsﬁ?&%{cﬂ%ﬁu type.
e T A L e b |
differ embpeﬁre@'tmdapocyte camlage strortia, skeletal dusele,
cardiac muscle, ocular, endothelial, eplt.hehal hepatic, pancreatic, hematopoietic, glial, neuronal,
and ohgodendrocyte cell type, comprising administering appropriate growth factors and growing
the cells.

42, A pharmaceutlcal composition comprising a plurality of isolated cells as claimed in claim
1 or claim 2 and a pharmaceutically acceptable carrier, diluent or excipient.

43, A pharmaceutical composition as claimed in claim 42 wherein the plurality of cells have
been expanded.

44, A phamaceutical composition as claimed in claim 43 formulated for engrafting into a
tissue.

45. A pharmaceutical composition as claimed in claim 44 wherein the tissue is selected from
the group consisting of osteoblast, chondrocyte, adipocyte, cartilage, fibroblast, marrow stroma,
skeletal muscle, smooth muscle, cardiac muscle, ocular, endothelial, epithelial, hepatic,

pancreatic, hematopoietic, glial, neuronal, and oligedendrocyte cell type.

46. A pharmaceutical composition as claimed in claim 42 wherein the plurality of isolated
cells are primed for differentiation in vivo.



vitro fromthe isolated cell of claim1l or claim2, and a pharnmaceutically
acceptable carrier, diluent or excipient. 50. A use of a genetically
altered cell of claiml or claim2, wherein the cell expresses a 3 MAY 2004
tunoricidal protein,- an anti-angiogenic protein, or a protein that is
expressed on the surface of a tunor cell in conjunction with a protein
associated with stimulation of an immﬂ response to antigen, in the
preparation of a nmedicanent for treati EO cancer in a patient in need
thereof. 51. A use of an isolated cell differentiated froman isolated cell
of claiml or claim2 or an isolated cell of claim!| or claim?2 in the

pr epar ag7j. on Afphamimeikaieahpdsition asektimed ireclaimettoioovaleted| for engpiERE M3 i n a
pati entydeneed thereof. 52. A use as clainmed in claimb51 wherein the

car di ovascul ar condition is selected fromthe group consisting of

nyocarchg! . Atabhihcat 8m %%Q%Ed 1&5&{ £7 wRere 186 fishdls saRated from

at her LZ@F@F‘B& consisfing pfosieod on ihge, EUBEIRICREHEN: swoma,

ﬂnct’ % o at ed

cel | dlﬂﬂ‘el#@rmlilséleeé!nﬂ?tbrﬁ“ﬁﬁ]er% dgs‘ilﬁ'lq “i(ﬂ' cpg ?H %ﬁﬁ dlh%{)]ﬁd dr an

i sol at epancedatic,diemztepomtic, ghial nesronah and oligedendrapyte gel Wﬂeof a medi canent for

treating a neural condition in a patient in need thereof 54. A use as

cl ai med4e n chgilErhacentied ebmpbdditomenmprsimgraplintalityrofiisolated ecllsaliffereniigtedi® group
consi st h@:% fﬂim Mk fsbited ¥t bEEIRI $ or Slaith Of ddri ghatmicentidallFakemptablescarsen; oke,

Al zhei @n Par ki nson' s di sease, Huntington's di sease and spi nal

cord i m use of an isolated cell di fferentlated froman isol ated

cell of: Ial or. claim S 21in

the pr eém'_rlpat 5(5# a&%f’ﬁ %éﬂfé] ?%1’ ‘?Jlm%teporcﬁ 3 ﬁrcﬁi;cgg@xﬁ%ﬁ%

pati ent niadal Profemea am‘s%“g‘?gcﬂ%é’rﬁtf’maﬂ erentl at ?ngﬁ? rom

an i sol tuneet cgBlin conjungtion yrifh %)PTO&CI%WP?“&”%

cl ai m 2#antigenhin the pmmpnnf@mcdzmh@hﬁmGHg&ﬁnqermW&ﬂb‘Pu g’&e S'r a

condition leading to blindness in a patient in need thereof. 57. A use of

cl ai m 581 whepehde dffag iklitedi celbdifferentiated frbimoam iselated nell obclaiim hendeim 2 er an

sel ect eqso)diéddBIt SIS L6y ARE2 ﬁiﬂhagre@ﬁmﬂeu oP4 nictiicamenti formaatingmacul ar

degenergyf%imgﬁﬂ&%hmoﬁmpmimmd efegfoma, and retinitis pignmentosa. 3°
1 58

MAY 200 use of an isolated cell differentiated froman i sol at ed

[l of _gl
tcﬁe pfeggg%# 1 O cim%ggl&d?‘{ ?a{;%;&%?‘\%@?diﬁﬁc %@éﬂﬂlﬁg%%f&%ﬁ&%c%p
t <) aﬁi h
g?;e;sgcﬁﬂwuf:@m@d&w Eg qEpyeRahy ?@8%‘%’@8%3&‘?’8%‘%% “group cgﬁg: gtl ng

of cart |dya@@cti%rs cartilage thinning rheumat0| d arthritis, psoriasis
arthritis, Reiter's
53. A usec of an isolated cell differentiated from an isolated cell of claim 1 or claim 2 or an .

isolated cell of claim 1 or claim 2 in the preparation of a medicament for treating a neural
condition in a patient in need thereof.

54. A use as claimed in claim 53 wherein the neural condition is selected i:from the.gmup
consisting of Multiple Sclerosis, Amylotropic Lateral Sclerosis, stroke, Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease and spinal cord injury.

55. A use of an isolated cell differentiated from an isolated cell of claim 1 or claim 2 or an
isolated cell of claim 1 or claim 2 in the preparation of a medicament for treating metabolic
disease in a patient in need thereof.

56. A use of an isolated cell differentiated from an isolated cell of claim 1 or cla.im 2oran
isolated cell of claim 1 or claim 2 in the preparation of a medicament for treating blindness or a
condition leading to blindness in a patient in need thereof.

57. A use of claim 56 wherein the blindness or condition leading to b1i1_1dne§s is ﬁelected
from the group consisting of neuroretinal disease, macular degeneration, diabetic retinopathy,
glaucoma, and retinitis pigmentosa.



arthritis, and osteoarthritis. 60. A use of an isolated cell differentiated
froman isolated cell of claiml or claim2 or an isolated cell o ml{qﬁnlm 1
or claim2 in the preparation of a nmedicanent for treating damaged“ti ssue
in a patient in need thereof 61. A use of claim60 wherein the tissue is
selected fromthe group consisting of osteoblast, chondrocyte, adipocyte,
cartilage, fibroblast, marrow strong, el etal muscle, snooth nuscle,

cardi ac nuscl e, ocul ar, endothelial, E hel ial, hepatic, pancreatic,

hemat opoi etic, glial, neuronal, and ol i godendr ocyt e_cel I 2. A use
of claifg.61 Mhme of m isbiatedicell differentigted dromranvselaied csd pEelawy, I#Eﬁug A tion
sel ect eflolafdd@ell lof Blaith QWP climn 2iis tegepfation of amtxdidamient for Hetig, 2 @&‘r?@%% thee

heart f bcar@la Qwﬁeﬁ{mmﬁﬂmﬁanoml y, endocarditis, nyocarditis,
cardio |c§§t h)g/perten3| on, atherosclerosis, and heart valve

dysf J N
Y fearckhon. aSge “Sepghwﬁirﬁh@ [gsém%ﬁh@t{gh@o{émuge isSeloeie om theigacupe

bk td pl e
Scl er OSF@SISMPSF B¢ 1935, & ﬁl@ r(g{fgﬂﬁ ;%H ﬂgsﬁ%nar sﬁ%d}{%ﬁé@e{sse
Par ki nsanhritisgaedesieoartbifis.i ngt on' s di sease and spinal cord injury. 64. A use

of claim6l wherein the tissue is ocular tissue affected with_a condition
sel ect ego. f r Anasklo€ an isolyveduetish ferentinta) from en isotatedrell ofclpandeor chaym 4 gfran
degener ablafm cell d;'lelﬁmq draldimaniatthe/preparitionfimemedicennant for tieating gamresdtissis 65.

A use of, éﬁieﬁ*ﬁﬁ ?gﬁwthe tissue is cartilage tissue affected with a
condi tion ect ec‘3 omthe group consisting of cartilage tears, cartil age

t hi nni n rhe mat0| rt | oib&t@d&l:ll S
b O e e e

i sol ate |so

cl ai m 2¢# Wﬁ’@‘sﬁke Pr@‘ﬁ] ’f@Pch‘?%c Pmﬁ B&lg (?f ﬂourg in
a pati eﬁndbthﬂ@edroﬁﬂélﬁéEFYP%? A use as clainmed in claim®66 wherein the
bone disorder is selected fromthe group consi st Iaﬁg of osteopor05| s, Paget
7s di sesge, @stseafeblint6lovhdreindhatissye is sadincanusclsi affecied npelected
oster ge'ﬁ%‘mﬁ)clgmfy’é@ﬁisﬁn bimgetiatdislyinfadtivh oagestive heet @;lumhmmeml&lﬂiepﬂyseal
dyspl as 'aﬂmﬂ mme&ahssnﬁwmmm@&ny@aﬂ@ehﬁmmmmrMImﬁd and heart

dlffere ﬁgﬁuﬁ LR, an i Solated cell of claim1l or claim2 or an isol ated
cel | cl ai or claim2 in the preparation of- a medi cament for treating
I

o skel et R3G & soglogsﬁerglg 2ah ﬁ%mlo %L‘ﬁ%m 3 cofhiftiaP ectel?
n s (Flscasc an

: d
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64.  Auseof clmm 61 wherein the tissue is ocular tissue affected with a condition selected
from the group consisting of neuroretinal mswse macular degeneration, dlabetlc retinopathy,
glaucoma, and retlmtls plgmentosa

'65.  Auseof claim 61 wherem the tzlssue is cartilage tissue affccted with a condition selected -
from the group consisting of cartilage tears, cartilage thinning rtheumatoid arthritis, psoriasis
arthritis, Reiter’s arthritis, and osteoarthritis.

66. A use of an isolated cell differentiated from an isolated cell of claim 1 or claim 2 or an
isolated cell of claim 1 or claim 2 in the preparation of a medicament for treating a bone disorder
in a patient in need thereof.

67. A use as claimed in claim 66 wherein the bone disorder is selected from the group consisting
of osteoporosis, Paget’s disease, osteomyelitis, fracture, osteonecrosis, achondroplasia,
ostergenesis imperfecta, hereditary multiple exostosis, multiple epiphyseal dysplasia and
Marfan’s syndrome.

68. A use of an isolated cell differentiated from an isolated cell of claim 1 or f:la.im 2oran
isolated cell of claim 1 or claim 2 in the preparation of a medicament for treating a skeletal
muscle disorder in a patient in need thereof.



skel etal myopathy. 70. A use of claim®6l wherein the tissue is skeletal
nmuscle tissue affected with a disorder selected fromthe group consisting
of Duchene muscul ar dystrophy, Becker nuscul ar dystrophy, nyoton|C3MA”ﬂm
dystrophy and skel etal nyopathy. 71. A use of an isolated cell
differentiated froman isolated cell of claiml or claim2 or an isolated
cell of claiml or claim2 in the prepgfation of a nedicanment for treating
a smooth nuscle disorder in a patlent I n need thereof. 72. A use as

;'r 2l Mol ey %églger 500 6k Ui Qké;%{ﬁl%ﬁscfécﬁﬁfr&@ﬁs ée‘}eo‘ié?i e ek roggn t he
i nt ussd@é@ gf%fﬁ?% Ik i gﬁ%%@hg Cd 0 rl%(and

gl onertﬂkalﬁtﬂélmé’éaﬁby 73. A use of cl al m 61 wherein the ti ssue | s snoot h
muscl e tissue affected wth a disorder, sele ted f{z}gm rof onS|st| ng
of 0esdlthakesd ofxaimsé lawhensindbe tisme igkeletal puse ﬁPﬁPé’Q &? Wb‘ﬂ %’

i nf ar Ctseited Gm thel getpeonsisties sEDuchenegascenat dys eﬁn@mdwph» use

of an igphBhiedysiedphydinliskélenl ingbeathy.r om an i sol at ed ceI | of claiml or
claim?2 or an "isolated cell of claiml1l or claim2 in the preparation of a

medi cangnt il&fof %chenaiﬂaam&uwmlsbmeacpnbfe]ahnmmmztdmeof 75.

A use ag, g biinf %# alift zviﬂﬁ{eeﬁrepa}hﬁntﬂf@%dstimdﬁﬁ trieatinged @ndatll from
t he grou%r c&n3| 1 ng. ( ¥ depl etion, I eukem a, mnyel ong,

non- HodYd cI1| ré’ §°a 0| m‘rune di sease. An isolated cell as
define nclalmlor .cl ai.m | &
refer eg?,je 1 f gﬁe. angE gm?dﬁwqﬁ Aﬁ&:@@m‘éﬁlt Eroup
Fi gures°° B\H PSEPIARE "Ta’é% in clarm

subst anealegalestemy,essel AameaeFdlomey d’sF”éFer ence to any exanpl e t her eof

and with or without reference to the Flgtﬁres el | dff&regtlatlon
sol uti o73.a8 vse of elaian £ h whersin{he dissisds smeRth pysgh cé’é“’r‘? g’c Wwith
r ef er ensslectel faom thexgnopp consistingof oesephageslatrssiajntestinal aF'EﬁF% tHPhHe

Fi gur esbowd infAretien haslododsstomy,| vassehdaroagelapd glompzilandigeases cl ai m 21
substantially as herein described with reference to any exanpl e thereof
and Wi t .07 sk bb @wisolxeddadetirifferentiatétfréin gu isadated3ee] of chaimt lueteclaim o s

def i nedjsbited aliof RimUbsctiiin 2inl the prphatiai of tmedicahed fovitrdatingphblandce to
any exaggg},ﬁc}ﬁe{ﬁmm%chc%mh@f wi thout reference to the Figures. 81. A

cul tured clonal 'population of cells as clained in claim35 substantially as
herein 5’9%%9991%%@&&{%&&5&%06&&@&&@%&% fronithaighdupor Wi t hout

referen [ﬁg%g md nbRHYAgKAS omefanidn cl ai m
36 subs?é’j\qnng‘:(Bi:a1 % as&%er ern esclrllZi e vmth)%r%efagr ence to an@hﬂexarrpl e thereof:
t

and wi t A SFRP g’ﬁ?”?eference to the Figures.

76.. An 1solated cell as defined in claim 1 or claim 2 substantially as herein described with
rcference to any cxample th&reof and with or without reference to the Figures.

77. - An ]SOlated transgcmc cell as defined in claim 9 substantxa]ly as herein described with -
referénce to any example thereof and with or without reference to the Figures. -

78. A cell differentiation solution as claimed in claim 20 substantially as perein described
with reference to any example thereof and with or without reference to the Figures.

79. A method for isolating cells as defined in claim 21 substantially as herein described with
reference to any example thereof and with or without reference to the Figures.

80. A culture method as defined in claim 25 substantially as herein described with reference
to any example thereof and with or without reference to the Figures.

81. A cultured clonal population of cells as claimed in claim 35 substantially as herein
described with reference to any example thereof and with or without reference to the Figures.



83. A nethod as clainmed in claim37 substantially as herein described with
reference to-any exanple thereof and with or wthout reference tog Mre2ll
Figures. 84. A nethod as clained in claim38 substantially as hereln
described with reference to any exanple thereof and with or wthout
reference to the Figures. 85. An in vitro nethod as clainmed in any one of
clains 39 to 41 substantially as herei PB described with reference to any
exanpl e thereof and with or without reference to the Figures. 86. A

phar ”afﬁiutic el S':g;:i iPeiaifleld QBStahihia8 hifethPdeBéritRa willhriefeence to alyai m 49
subst arftT al | n&&‘?peaggi gd;gl " et_fvmt 1? e to any exanple thereof and
Wi th orﬁxm#‘gb?m ?,Iew’fﬂg)o eSS Pi]%ﬁ%%ﬁE_A use ag def irrﬁed in any one

of clainms 51, 53, 56, 58, 60, 66, 68, 71 and 74_0(5 ast?eélna.i nme in.50 or
clai m 58, substeshud asiclaymed inelaim 37 sbstantialiyps hierein deserahed otk Feferencs 18 o
t her eofexatigle therebf o1d with bowithous fefexsnesdtotles Figuresi gur es.

84. A method as claimcdlin claim 38 substantially as herein described with reference to any
example thereof and with or without reference to the Figures.

85.  An in vitro method as claimed in any one of claims 39 10 41 substantially as her_ein
described with reference to any example thereof and with or without reference to the Figures.

86. A phalmaceuﬁﬁa] composition as defined in claim 42 or as claimed in .claim 4?
substantially as herein described with reference to any example thereof and with or without
reference to the Figures.

87. A use as definied in any one of claims 51, 53, 56, 58, 60, 66, 68, 71 and 74 or as claimed
in 50 or claim 55, substantially as hercin described with reference to any example thereof and

with or without reference to the Figures.



