MULTI POTENT ADULT STEM CELLS AND METHODS FOR | SOLATION 5 Portions of the
present invention were made with support of the United States Governnent
via a grant fromthe National Institutes of Health/National |Institute of

Al lergy and Infectious D seases to Mirayana Reyes under grant nunber

| F31Al - G110291. The U. S. CGovernnent may therefore have certain 10 rights
in the invention. Field of the Invention The invention relates generally to
nmet hods for isolation of stemcells, cells isolated by the nmethods, and

t herapeutic uses for thosMUETIBOTENEADUIPSTEMGELLS the invention

relates to isolated marrowderived progenito el whi ch have the
potential to differentiate MWW&Q@QB@%&E@P‘ of cell |ineages, as
wel | as t hods for isolating the cells and for inducing specific

differenti"ation of the cells isolated by the nethod, and specific markers
that are present Partibheskthe piesent snventias wereonadawithsepportaafshe Upitedn
factors. 20 Background of the |Inventign an and fis ener.ati.on from
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treat ments f%semwmﬁerg} aRPiniB0E Pieasel Bk MiayahfiR &Rk hiidet geant ral focus
of research in many fields. Using stemcells 25 for generation of organs
and tissues fmmberdF8pAkGNd02Vn TPredd.Sdesvernmenhney Hgreferethave getare t her apy
for diabetes, .Pa}rki nson's..di sease, |iver disease, heart disease, and
aut oi mun® di SEHEE QeI L 2 few. However, there are at |east two najor
probl ens 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 Figldafdhestnyentiong) ong ever becone avail abl e

t i pi ent . e 11s239- 246.
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Li ver Foundation reports that there are fewer than 3, 000 donors for the
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dheyinyerion g
which have the potential to differentiate to form cells of a variety of cell
lineages, as well as methods for isolating the cells and for inducing specific
differentiation of the cells isolated 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 stem cells and their subsequent

transplantation provide promising treatments for a number of pathologies,
making stem cells a central focus of research in 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, et 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 American Liver Foundation reports that

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



year fromliver failure. The second major problemis the potenti al

i nconpat Wy diiftiyri0f the transplanted tissue with the i mugerRyahsissef the-
reci pient. Because the donated organ or tissue is recognized by the host

I nmune systemas foreign, anti-rejection nedications nmust be provided to
the patient at a 5 significant cost-both financially and physically.
Xenotranspl antation, or transplantatiorg of tissue or organs from anot her

speci es, COoWdir RoAVIVER fAlré! TRE Sabhd/Majok piobldndisaHep6enkalt he shortage of
human organs and tissues. Xenotransplantation would offer the advantage of
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Centers fior Tpulea cesimboth fingneially and pBysieAlce t hat darmmging viruses cross

speci es barri er S. xHdisniRRaRiE O Badshltlaliof BRALARLPSARs AbMAMRRA 15 ] ssue
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By generating tissues or organs roma patient's owmn stemcells, or by

geneti cal | y a&rerdingrg theeCenters dojodisease Cogtraly thegyigevidgace that gamaging nmune
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01/11011 PClyddaRfredliABMalaysia 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
The most 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



3 reintroduced in vivo to produce a desired gene product. These genetically
altered HlgyGefll s woul d have the potential to be inducedeamusiiof2fizgarent i at e
to forma nmultitude of cell types for inplantation at specific sites in
the body, or for systemc application. Alternately, heterol ogous stem
cells could be genetically 5 altered to express the recipient's najor

hi st oconpatibility conplex (MHC) antigeh, or no MHC, to all ow transpl ant
of those cel | girftfoditeliomarvoito praucea dediredvgent praducth Shessganetieadly altessd of

rejection. Stemcells are defined as, cell.s.th ' | d

L) ont e b wenlhaes o GA 1 el PRUF P p o 2

cell i neagesmuﬁﬁgde %&ehrggqelsq@nn{ i3k SpdcifiS4iRS inlhebolly st ant at i on.
tral stemc s th
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activation of the Zn-finger protein Rex-1 nd. is .
transplanted in p%st-naptal ammals, ES and E& cells generate teratomas, which

again demonstrates their multipotency. ES (and EG) cells can be identified by
20  positive staining with the antibodies SSEA1 and SSEA4.

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



WO 01/ 11011 PCT/ USOQ 21387 4 also required for maintaining ES in an
undi ff erewo ooy state. Likew se, sox-2, is needed toget&ql;ué%bh;sgct 4 to
retain the undifferentiated state of ESEC and to maintain mirne (but not
human) ES cells. Human or nmurine prinordial germ cells require presence of
LIF. Another hallmark of ES cells is presence of 5 tel onerase, which

provi des these cells with an unlimtedd4sel f-renewal potential in vitro.
Stem cel | s halyerdggieed fod einthinig ESlinmSindoifGantiatddsstate SLikEREseDEHL2, is
characterized i s the henptopoietic,stemcell. This is a nesoder m deri ved
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mul tiple he opoi eti C. Ilne ee Fei S. Patent No.

5, 635, 387; 2 ‘@‘E"CEPWVI se cells with afhbnhralt%ﬁylfg@newaimﬁﬁslﬁé P., et
al., U S P,ﬁtvgp,;_ No. 5,677, 136, 15 Tsukanoto, et al., U S. Patent No.
5,750, 397; Schwartz, et al., US. Patent No. ,759,6793; D CGuisto, et al.,
u. S Patent No §t@8r639©ave'bsgkaimtlfwd iptmest orgalitissu®s. Phe bedt No. 5, 716, 827;
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repopul ate tthﬁlﬁ!&Mééﬁfpiirﬂiedlbﬁwdrdhmélﬂsuff@&ﬁﬁﬁk@@%nd RREakadlyocyte 20 and
| ynphoi d _henppoietic cell pool. In vitro, henpopoietic stemcells can be

i nduced 100 shaweigastios. The bemaiopeictie stpmr@ﬂempln@d(faqm baemgirowsbland, can be
i nduced t O {'(‘I lglg{) %tla?ﬁf&}rtdﬁ? &gﬁ% Sﬁgq?t I I;‘loe%gq ﬁsttl%trﬁelgénaltelsn vi vo.

Ther ef or e, RS ce he™ cr| Stemcells
whi ch di fferhentato@bﬁesmfblythé tifd mﬁ‘amecn(pfént mmgenbmtmnﬁpemematdpame however,
are unabl e ﬁ&g r ovi d%ea sour repalr of other danaged
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extensively is the neurg?ﬁstem Iﬂgels’lglzﬂlehgesFli y.a’e?u?z?gg? 1433- 1438, 2000;

SvendsendS CN Tsukamoto B gf.nUa PatenoNg 997 H1137; SelesartOeadls (BScPatait, Mech Dev
59,50 102. NSl MU B WSS ARalRp L RS Tl
it was bel i @veaehts. 3,715,820 HillIB.2éru/ NBxp. HGRItoIC QIYD8) IL(B): 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 imitially 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 stemcell potential. However, several studies in rodents, and
nore WO OWOoldidaitPCT/ USOQ 21387 5 recently al so non- humane@r/usmiass7and
humans, have shown that stemcells continue to be present in adult brain.
These stemcells can proliferate in vivo and continuously regenerate at

| east some neuronal cells in vivo. Wien cultured ex vivo, neural stem
cells can be induced to proliferate, as ell as to differentiate 5 into

di fferent typesensly a&mmmlsuramlymtas angkhymeans) v sl:lmn:tslpﬂtawmllsnt o the
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Mesenchynal  sicpting&lslyregbfirate ablehdisome hh!urdﬁillc‘éﬂﬂlrfﬁQm Wieneibttned |
mesoderm and i solated from adult bone marrow, can differentiate to form 10
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Mesoder m al soneustil fsfean emlsm.heﬁgrhﬁ and geresratt nemabebdls and phialodells.aThgtfoge,r i se to
cardi ac rruscl&, ﬁrmobﬂ %c or bl ood isl|lands consisting of endothelium
and hemat opoi 45 ¢! {e0 @gu erdgtinition o€ a stom Galk j ve rresoder mal or rresenchyrral
stemcells, therefQesnch@akl feR AN fgdiﬂ%r and
tissue types. A thi rdntclgrgue speC|(¥lis ﬁ#%tgﬁ}é een nanert‘é a stem cel
i s the mesenchgsederns ardvisolatdd from aduli h¢xiwmath,rdahehiff¢1ymfate thefosdt ei n

Frid Ar k 4:3-11 1982) A
el 15 havd baBhTE Bout Zage, ot e e ind yndR Hiring crabgyoggpesy, S,

Patent No. 5, tﬁ8ﬁ1e3&9:rm\ﬁék}6]9ps fto hﬂb-@ﬁ mesls'derﬁn tlﬁ’ﬁileiét gehgaté b§3e7 735;
Caplan, A, et al., U S. Patent No. 094; Bruder, S., et al., U S.

Pat ent No. 5,c288agsE&t, delatalmusple anétposﬁlbly emiot@elupm Mesodesm #5837, 539:

5, 527, 740, 3 idtgy 3 febtgt Wsqer, Rt v SR 98 berpMe mugfle 6 310 25
Cassi ede P., smiooth muscle, dbieod\klands coBﬁStmgdﬂé?ﬁbth%ﬁﬁﬁ)andh%ﬁétoia&%ﬁc

Johnst one, B. et al 1998) 238(1): 265-272; Yoo, et al Bone Joi nt
Surg. Aml3( 1g§8§en“8€>%°ﬂ§) (PHII?HSC mesphermapl onmesenchymal gemcells, 1bg4§or@4( 12):

4164-4173; W&hﬂfbroﬁdeas@ﬁrc@lfor’arﬂ.fmbgrbpcel ahd% ueﬁiagszg)\tﬂxgdgéésh 697- 705) .

O the many nesenchynmal stem ce hat have scri &1 have
denonst r at ed speeific eell thaf hasrbean nameda stem @ i§ trermesehghyintwd sendédf, er ent i at ed

cell's generali ¥, P BelHBLE By FRaORnRn (FRRERE A rkn. 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., et 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., J. Cell Biochem. (1997) 64(2): 295-312;

25  Cassiede P, et al., ]. Bone Miner. Res. (1996) 1 1(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.,
etal., J. 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, ef al., which expresses the SH2* SH4* CD29* CD44*



origin. To date, the nost nultipotent nesenchynmal stemcell reported is the
cell isq)aé®dofdy Pittenger, et al., which expresses the pghidssofiss; CD29+
CD44+ WO 01/11011 PCT/USOQ 21387 6 CD71+ CDOO+ CD106+ CD120a+ CD124' CD14-
CD347CD45- phenotype. This cell is capable of differentiating to forma
nunber of cell types of nesenchymal origin, but is apparently limted in
differentiation potential to cells of the nesenchynal |ineage, as the team

who i sol at edcply1nebegd* €hav6 & E0ap CDARH tCDEH | GDB4 @45 plesnetyped@htsi fi ed in
t he expanded cultures. (Pitteng ][43- 147.)

er, et al., Scienc 199 284

Ot her stem cesllig capable erepdHInE o &t 4!48?‘2&5&@613%’?? 8?‘%???%%?% stem
cells, epidermal s . ] LSt med oval cells
(Potten G, PR frighabeny P MRRRAGOEBAEI o BIBRIUECEY Tart F
Phi | 0s. Tr ansmésenbhybnal linenge, Bs fhie a¢anBeho B6Bit&RBit poted Wzt hewnatopoietic edllsal
Hepat ol 29:678-83, .1998). .Mpst of esg are. less well arac heed.
Conpar ed i t Weregeyen identifigdda the eé‘B%‘t‘felg Fﬂﬁ‘érf%rﬁplétgqnlggr’ ﬁé\ eg&é@? @@P? )-Zr eneval
ability and,zsad.tlﬁg)_qgljlgt hey differentiate into nultiple |lineages, they are

: 13187

not nultipotent. tudi es have addressed whether tissue specific cells
express 15 mar ker ©thdestemi de8ld hawxdheen identified; dnqleding gasirgintestival stethe degr ee of

tel omerase activi. In tissye specif.ic stemcell 1y
expl ored, i nceglg,rqp%%glgﬂgtgm CFgﬁ’ﬁggﬁ 8tstsemo(feli?fs1’i ag%ﬂ @ng%drg?‘{:hﬁé?}ggggﬁ%gt i ons of
these cel I's @rgnifsiirtsUk Sot Lon®BiBibNSci 398:821-36-EIU8, Watl F, Philes.Thawght t hat

organ specific stemcells could Omb%/ 20 differentiate into cells of the
same ti sHue. RAonlebdB Biol Seck3t83iub?97; AdisemM ¢fabeHeraigldke B8 hat  adul t
organ speci f| t differentiating into cells of
different ti L@&ismﬁgﬁéj& %@%F@Y%@P@a@ %r\%d'shomn that cells transplanted
at the tinme of a OomparedwithvES cellsstidsanspeciv stinh Cellsdrve dase s¢lhitenewgkel et al
nmuscl e (Ferrari Science 279: 528-30, . 1998; ssoni Nature 401:390-4, 25
1999). This livangealthongh Hhey el R e, ey g ot |

di fferenti atyafipoRl eRb sl hale ARRGRAWhetRg! dssud patifdlcallPbgsast [n marrow
Jackson publis &4 that nuscle satellite cells can differentiate into
henopoi etd ¢ metkess, deagritied ahowenf Ehcelisn Ipaddideny the dderas of telpmcease anchni c

d Jack .PNAS USA.96:14482-.6 t.udi h
That ot om coRiQH L IegR PRI JER 4T By dpt Pty bHibrel, M bebiive Shown

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



30 instance splanchnic nesoderm can differentiate into tissues thought to
be derivedbouriong enbryogenesis froma different enbryonabct/ggeyzizgror

i nstance, endothelial cells or their precursors detected in humans or
animals that WO 01/11011 PCT/ USOQ 21387 7 underwent marrow transpl antation
are at least in part derived fromthe marrow donor (Takahashi, Nat Med
5:434-8, 1999; Lin, din Invest 105:71-77 2000). Thus, visceral nesoderm
and not spl anghder@en@Batey transplanbation abél, leabe in pazdderived Gronythameartavansf er r ed

\émemngP rGait Pagﬁg&rﬁ%%wg‘dgﬁ%%%m@fﬁ Cﬁ{éﬁﬁ%’&g lgﬁrﬁ%g?b@q) cells and
biliary duct Tghg’%%é@i ngigkﬁ%ﬁﬁ@n&%la‘ﬁ@ﬂma ddi, SRR MBET gvelet er sen,

Sci ence 284:1 el se, Hepatol ogy 31°235-40, 2000; Thei se,
Hepat ol ogy 32piokefiy ar2@fjferred withitbeinfised emrgmo Uixenimare seipoisingtanatheneur al

stem cells can differenti.ate into hepopqietic cells. .Finall) arke et
al . reported {Wafts f@‘“ﬂ’éﬁaﬂpg S?%ﬁ?&%&fl&s .jhé‘ff’taﬂﬂt ah{‘?aﬂfﬁgﬁ}b%égféqscan
contribute toaad bilikhyS@ieSpiftlelihlNR1ls &R ABBWES rBRUBE dbrtdrahdifow TEdt@GB&E _
288:1660-3, 2000). I't is necessary to point out that nost of these studies

have not con8kiga¢a284yl 168ridA8t FRP0eTheisea Hepatolagy|3d : 236140, 2800;dThdieg,ent i at e

into tissues di f f enent Ns... | st 1nvestigator.s di t
identify the %B%Sl%g&g?'@%@%ﬁrlh‘?‘?‘?g? ﬁ[r?g[épéllp F HX‘Enstheogget%tingﬁ}aﬁlg{éﬁhe st udy
by Wi ssman apglis@addiferentid®e intdlsneshoidiRicells! Finally)atlarke Roplepored thae | i ver
were present in Lin Thy,LowSca,+ marrow cells, which are highly enriched

i n hemat opdi enpwrakstermceldy injectedjintehlastocysts igan santribya to ¢ Bepyesol_d t hat
marrow Sp cel Lﬁimetl]iicglb%l.xe Eﬁ%l&h$8ex}&r28l§§%6 _c3a20 (gi fferentiate into nuscle
i ac al . C 8 t a?

and endot hel i unj an son & showe muscle 20 Sp cells are
responsi bl e for heiitdpaebsacy togqmomsiut that most {fEhessatudiesthase not Nat ur e

401: 390- 4, 1999). . Transpl ant at | of tissu and_or gans. generated from
het er ol ogous © PSP E?’E?’@FFP@EE@% ASdth ?"i]zcaéi%ﬂﬂgﬁ%faﬁ%’("%? HE'S“_E%P s be
further genet ygadrdnt oS\ irfdded MBst iRtdsRizhtoRdd ﬁéﬁh&ﬂif?fthé?ﬁ{ehatyﬁe eetde surface
mar kers, or that the use of 25 chenotheérapeutic i mmuhe suppréSsors continue

in order td pintigug elaifmsexceptioans fleastudyrhyj Weissman anthGsompd, hough enbr yoni ¢

stemcell researc rovi.des. a pr.om, Si alternativye solytion to the
ot obl om of . P BAR5 5 BpoBg Beli ek Aionk i SR EPrSAE b1 ems
and risks assgfrivectiy wiich B higftd ehri¢hed in hematopoietic stem cells. Likewise,

the Mulligan group showed that marrow Sp cells, highly enriched for HSC, can

differentiate into muscle 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 risks 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



| mmunosuppression to sustain transplantation of heterol ogous cells or
tissue Qpywudbd remain. An estinmated 20 i munol ogi cal Iy pghidingisss! i nes of
enbryonic stemcells would need to be established in order to provide

I mmunoconpati bl e WO 01/11011 PCT/ USOQ 21387 8 cells for therapies directed
to the majority of the popul ation (Wadman, M, Nature (1999) 398: 551).
Using cells fromthe devel oped individ&l, rather than an enbryo, as a

source of audells @grQtérapies dirtcrgitoehemajoeiny 6£the populatich (Waintany®L.| he probl em of
5 tissue i ncorrpatl bility associated with the use of transplanted enbryonic

stem cel | s, MNaurg(1P9Q39RoISwd)-t he et h| cal di | enma associ ated with enbryonic
stem cel | researggfl%zgrs f%rﬁﬂ{e%tv &gqﬁﬁgﬁ?&&ﬁgﬂbw tl;b he use of
S us far

aut ol ogous stem ce or tissue ansp ant t les’in their limted
di f f er ent i atsoarcepdaetolaogahis onﬂallolgamﬂnestemfceﬂs pouklaivercomebe probiem ebl at ed from

ful |l y-deyel oped organi .1 ar ut .t hese cells,

al t hough\g g*ﬂ‘%’dlcg ﬂz’%laﬁ?oﬁg‘?eé#]‘f'ﬁh h%f\)’l?g EE @PF%%"W?W $%&® pot ent i al
to differentdeft shiinadsbivelie &Rickl didRfSa astbeifted WO EmbIAMEE steimeg@yCcel | s Wi th
multiple differentiation potential have been isolated previously by others

and by the presoit Thegeeatest élsa@apﬁaggesspcletedwth the wpe of atutcéogsmsgm al to
differentiate ere | neages,

i ncl udi ng flcﬁpﬁgqrggf%ewr@g?lgrg‘bﬁh C]Hq'h%}’f: gﬁf g gl%er%'\nﬁd%?/{’ eml ké et al
muscl e, endgiufier Ufrstemtoenmavemotsblamds@drﬁ fulgaﬂ@uewpeauﬁgahﬁnﬁpd henopoi eti c
cells, has not been described. If cell and tissue transplant and gene

t her apy 18r e pagicularlyiumeans it thess eglisyaithough venoried t%&ﬁp@elt@atena hayem cel | or
progeni tor erentiation
potenti al Ig&h@ﬁﬁ@&é@%a?g@ﬁ%@g@gﬁl s@é&ttﬁe a%k\éé’ll Te%al ent of an
enbryoni ¢ st em celHus, eventivamgl stein ¢dile Wimmuhﬁpmﬂiﬁbwnthentuavml on

provi des an isola mul ti e an stem. cell that is surface
anti gen negaheFR‘/b“i%‘% w&uﬁt& E‘e’?r?g‘gﬁﬁ!,& TPgsat Imv&ﬂ@rﬁ p progeRitgicell o | pmy
al so be surfiaaethapotcait taaa?éreﬁt@téﬂfo £RRfe vaMe/ 1ot cefPltypes of diffeferfe! ass- 1 and
may be positive for oct3/4 nRNA, and may be cﬁosmlve for hTRT nRNA. In

parti cullér, lmngmlmplum fibwolasts, aeteoldnqts ghandregpdes; edippaytesceigeletal CD34,

CD36, CD38, %D@ ORS [ ﬁ? cKit,

Ti e/ Tek, CDM‘S %Lifl A eh @5»831% q"m cr‘ég CI%%@ n an'%éli;ésa%gohg PenF or
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 I and II.

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 CDI10, CD13, CD49b, CD49e, CDW90, Flk1, EGF-R, TGF-R1 and TGF-R2,
BMP-R1A, PDGF-R1a and PDGF-R1b. The present invention provides an

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



30 CD10, CD 13, CD49b, CD49e, CDwWO0O, FlIkl, EG-R TG--R1 and TG R2,

BMP- R1A, vAbor1fdia and PDG-- Rl b. The present invention proPCrASIaM3ST sol at ed
mul ti pot ent non-enbryonic, non-germcell line cell that expresses WO
01/11011 PCT/USOQ 21387 9 transcription factors oct3/4, REX-1 and ROX-1

It also provides an isolated nultipotent cell derived froma post-natal
manmmal that responds to growth factor PI F and has receptors for LIF. The

cells of the mmﬁpnfmﬁppﬁfﬂ E@%ﬂ i2apd ROQrdv dt #eg prexides apdsodalethcity 5 to

be induced tq ffer en &Rshm cell type
of nesoder 4™ %%tf”gdzgprgéfls g&ar%]l or i gpﬁlapﬁgoé&{edggéwgf&‘qﬂt he cells
may have thqaam@m}ia@r&epvomﬁhﬁ?to differentiate to formcells of at

| east osteobl ast, chondrocyte, adipocyte, fjibraoblast, marrow stronma,

skel etal nuscle, Twssinohihepresentinyeatige desssbedaboycaniavedhe caparibhel i al |
hemat opoi et i The cel |
may bea fumyo8uifite eRiRERAOREL, Rim | ARG K AEAEERL DKEPL, Lo,

newbor n, chi Inksodernat] ectoderhind anéIeﬂldcrdm;mdi@ngderﬁore&arhpbmharceﬂs gap, such as
fromrrarrow liver or braip.,The pre t _iLnvention rovi des

di fferenti at &@veEecapagy 1o EEH"Q‘F?% @ﬁgfeﬁmq? Fopjé"f’@rﬁe lﬁﬂt?ﬁe em cel |

descri bed ab%\éﬁogl‘ﬁ'ﬂeé}?dnﬁr&% BAIBEAY, fﬂ)%ﬂladir%arP&N sék&ma, xelal ittt} | age,

adi pocyte, fibroblast, narfow strone, skeletal nuscle, snooth nuscle,

cardi ac nusclseoothmiosdie |cauliac mpsdd;ehdqihehahwgnmllahélemmﬁtWegllal

hemat opoi.eti c, nal ol | d| ff rent | at ed
progeny ¢8I MR nﬁgoré)l #W%é%ﬁylt%‘éﬁl Ftype O’gl?qce ﬁe %Eﬁ“ﬁ%f}? Pr & @popse pancr eas
epithelial el Th@@ﬂﬁﬁﬁ?%eﬁ&ﬂ@fdtﬁhens\ebdmocfhxld§bﬁidlme|’lfhed@ﬁﬁﬁdyﬂ&s exocrine
cell, gut epithelium 20 cell, kidney epitheliumcell, or an epidermnal

associ at ed stdeuwdjﬁem(@maarwu@aﬁafrmmamow,bV%r)orbme di fferentiated progeny
cel | may form sof tyl éﬁ sgﬁlsm%ﬁt{o?llfpgfgé}g) é\g&ésmlffgfen{fmé Eél[éﬁb’ta‘?{?éd“ﬁoyﬁhe
present invention provides an 1so ransgenic nu en manmal i an
stem cel | as themaltipoest addy stemwiel rdescnibee: ataove, wherbhﬂheptdgehyxselbmy be25

altered by insertion of presel ected i sol ated DNA, substitution, of a
segnent db 1 Hiobane: dailage, gewsﬁ»éte ihrAblast AR SHRMA, %&té s Sigpotyy,

del etion of QyuscieN@srhiat MseR, a{doﬁ;ehmeaﬁ&heﬁapeﬁddcﬁﬂeoa‘xomﬁe cel | ul ar genone.
This alteration may be by viral transduction, such as by insertion of DNA

by viral vecthematapoiegicagliabmeunmal or ohgodendrocyte cell. The differentiated

progeny cell may be a skin epithelial cell, liver epithelial cell, pancreas epithelial

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
antisense nucleic 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 virus or retroviral vector. Alternatively, a
portion 3@ @fibfe cel lul ar genone of the isolated transgeuusekissmay be
i nactivated using an antisense nucleic acid nol ecul e whose sequence i s
conplementary to the sequence of the portion of the cellular genonme to be
I nactivated. Further, a WD 01/11011 PCT/US00/ 21387 10 portion of the
cellul ar genone nmay be inactivated usi b a ribozyne sequence directed to
t he sequencepdifion bEthe @elulagedbme meaydrel ihadtivated asinge ritwzjpme sequené¢evat ed.  The

altered genone may contain the genetic u e of a | ect abl e .or

scr eenablge rﬁﬁfq@EqdytgéhF‘eseﬂHﬁtce i°§ﬂ%>PﬁFt§)§‘s‘g§§§B§{‘]“ﬁ?étge?%e§’r ﬁ&f"&ﬁedtel | with

altered 5 geppI.Of é'nfoﬁleﬁﬁ Yain fRpeh&iclelficice BE b 8é18slable 8 Pr ogeni t or
eno

cells having an unaftere me. For exanple, the marker may be a green,
red, yel |l ow sctdenatsle araekdr genothet is exBessed g that theprogimitpneelbwithglieredn/ci n.  The

cell may _express a gene that can,. requl ated b i L0l ronoter or
ot her cort r o$eNOMEc PRI RIRBEY: F%fﬁﬁ dd&grefl“%e%&BW(?ggg%ﬁ%Bfath%Fo Salng enzyne or
other cell Rhf%ﬂ%&-geﬁ&nlhﬁorpéx%ﬁﬁt& tHeARE Ry BS DgicdBTed yellbl that may

e

express high levels of telonerase and may maintain | ong tel oneres after
ext ended i n fudressentiroteine Betasgal deny BFHR, o1 hygromyrigndhsced Msh | ynphocyt es

f th d . The tel : - e | th
af tor oxt ondo@ gy age i BETARL TR e Biebomblercr Shef bt ©001

di ff erenti atjeshatilRinol regulate iy éxpresgion dba prutéiny enzyinator othdutell proting. | evel of
oct 3/ 4 expression for propoting cont.i nueci growth or c;i.flfﬁrelnt'fation of
undi f f er¥ht i at ed Heg Prepsst drventiqnprowdes & cellthat may express; ¥$'OR" provi des a
met hod for igplatj ' Gldnded MARED culfilde, 43t hod

i nvol ves dep%fépfekiggg%gﬁgﬁ I?@%@errlgﬁg%%f\%rg% gﬂ?&crel I's %f CD45-EugI ycophorin A+
cell's, recovempagediodhe telbyerssfiom lymphocytd Som2ale gHnat dangrs. Hher ecover ed

CD45- gl ycophorin A- cells onto trjx coatin d ulturing the plated
cells in ned‘ieh’_“%ﬁdpéﬁg?\_?l%‘ﬁ“\}mi Fﬂ%d{%\ﬂ ngtgca?%'f ?&enlcﬁg ¥ ﬁcu(&)]?lredepl eting may
i nvol ved negat i vergeheednt fvehidn1toWaBOS LN iETeRntiBRbY Sl etval conipiisingodi es.  The
grow h factors may be chosen from PDG--BB, EGF, |G-, and LJF. The | ast

step rmayl¥ urfablers thahmpdwatethe lgyeled oftA/4raxaression SN rAERtag coftinged 5

dexanet hasone i nol. A ; r b6 ' resent invention -
provi des a c%fPY’Jm & ‘#‘}gﬁ?ﬁegggéfogiroﬁgg(fge%?n%g&guﬂlﬁggt% féﬂstter;[gﬂtljslpt stemcells
i nvol vi ng addi ng Tiepresink inventiceprovidés #metind|fomisslatingmwisitiotent adult

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



containing insulin, selenium bovine serumal bumn, linoleic acid,

dexanet hawone1ioand pl atel et-derived growh factor. The sePURUSPEH3ST | ow 30
serum nmedi um may be | ow gl ucose DMEM in adm xture with MCDB. The insulin
may be present at a concentration of fromabout 10 to about 50 g/m . The
serumfree or | ow serum nedi um may cont ali n an effective anmount of WO
01/11011 PCT/USO0/ 21387 11 transferri nlat a concentration of ?reat er than
0 but |ess t transfatsimuat a onegntration ofgreaten than 0 biiigss than phaud d Apggnl, she

concentration of, about 0.1 t bout 5 g./nl, .t oVi ne.seru | bum n may
be present afelsniUBHERNPT BESSTH 2 ?C%Sﬁtfgt?pfftago'gg)ohg oupsS pgy/ r,“rl?tt % |inoleic
acid may be BB%@@émﬂ%%&xﬁ&r}ﬁ%ﬂBé Prlebé ald caieenttatidnio? aBORW.1 #labauP59 /m and

t he dexamet hasone may be present at a concentration of about 0.005 to 0.15
.tM The ser wm/folehe iraeicnciirmaypbe presentatedineentratipnad abeitr? tambout 1. 05 -

0.2 mM L-ascorbic acid. The serumfrg{% medi um or | ow seru rredhb&_ may
contai n aboutedm; andthe dexamethasone M3y Depresenipt aiconeenyation af sbout B.0055 o

about 15 ng/ pihde r ot h Ol 1. o in-1ike
grow h 10 faé‘?hrls “fg Tg?%ﬁgml\#\%eer& (Zirﬁn&la&il% i %ﬁ‘f@?‘%@é‘%@é&%‘ﬁgﬁ‘é‘ %?’ggent

i nvention funtdser 0 2RANML-d&soric G4id! The derahPfréd mpdint ¢itlo@rseaim mesdigh i an

mul tipotent adult stemcells isolated according to the above-descri bed

nmet hod. The prayseontain shoshf itoabgwt 49 ngesl platglst-Aerived erowthiarienty tp ahaw or
SRR . ! DT .
condi tional | i, e{%‘?‘&érﬁﬁlé@%%&’f&fb&h*ﬁeﬁgﬂﬂﬂ%ﬂgﬁ%@ QAd progeny by

15 transferring nerase“into ntiate geny. The present
i nvent i omQ pr @adtete $0-10/000 Hddevkemiembitsitory fictort ae presemtioyention ifurtteend i mrune

system of a mammal by administering.to the mral full |.] ogeni

Tl Ui potent Prefea el perlftinsc tmmaps Britpoics) e arR gLl

progeni tor C‘?édléeagﬁckﬂgﬁgﬁ)ti]@hl%\@%@crji&dtrﬁ'&hwml for subsequent 20
e e

mul tipotent stemc Ived tissue transplants or other organ
transpl ants. The ihepessentinveion proypdes\a detbod tayparmarerdly asdfmandi ng

undi fferenti at ed,. t.i pot ent el.Is into differenti.ated hair follicles
by adm ni ot efPRgiobly bRtz SR foput Pl Snd e BRlen @ itraY B | . The
present i §veRtahSerrRipQ¥lofRrads iftd MISSC DR diffcRéntiabl prbgung: described 25 cell's.
For exanple, the invention provides a nethod of usi ngttt he isolated cells

by performing an iThepresent inyentioppaetidasieonetbed to weonstitite 81 of the cells to
form 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
appropriate 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



chimerismof cells or tissues, thereby producing human cells in prenatal or

post - natwboiwtmns or aninmals follow ng transplantation, paefShdhitee cells
produce therapeutic enzynes, proteins, or other products in the human or

animal so that 30 genetic defects are corrected. The present invention also
provi des a method of wusing the cells for gene therapy in a subject in need
of therapeutic treatnment, involving gel®tically altering the cells by

i nt roduci ng iped-selédiead DBIA ereoding aldasiesd gafle piddide) ddpaRdihg U XFIRIBE7 12
pre-sel ected DNA encodi ng a desired gepe oduct, .expandi the cells in
cul ture, and cPiEReoRsIn cmg@%F‘Flg‘lpﬁ’ttgepg‘iy%{égfls‘g’ﬂe‘gﬁbp@ag‘f@gte to produce
the desired g odialct. The present invention provides a nethod of
repairing danagfelﬁ%ﬁsgue fn a 5 human subject in need of such repair by

expandi ng t he i solTkegdesentl ihvantipe ptovadhslatmetbodof repaiting damageddttisseg inand

contacting an effect.ive anou f the, expanded cel | with the d ged

(T ssue. of SsamimenspBEs: n 711 epriLrohls bB SRpREREJGC O D PRUSTLART of ¢ he
subj ect by | geal éelBGn buliuR6,lan@ ontBétin@YanSeffet 6V smbitit 6f tHe@Rpandeg ce®d | s may be
i ntroduced into the body of the subject in conjunction wth a suitable 10
matrix i npl amith tirp damegeditissyansisaidtsubiget. pFheaelemay &k intendapedyateethiec mat eri al |
cytokines, g , Iy Q t . d

Gt er ont] a Pty OEHREHEER by ThoatlEinicetfh Yy BB RTBREH VLA

i nt roduct i onmaythe ihtiedueedint@the okl of thejsabject if W6MjuAQion! with & sw@tabld yner

capsul e. The present invention provides a nethqd for inducing . an i mune 15
responsel® o Htiniaplanty Jhe matrix implant mayRievidgRiditions] gepstis matehalnet i cal | y

altering  ancouRARietowniaabesPARINA MRS pitidit BRNARGAdittekeritiafigh ce/ 1S 110

culture expre or nore pre-selecte nti geni c ecules that elicit a
prot ective i ofitheeells.cEipoedle maydewatapanlatedpeiot taointroduption intarkk bodyrafduci ng

i nto the subj,ect.an anpunt . of t enetically altered cells effective to
i nduce the i B'eF‘eé%g’r?éé".’“%%P Fga:}pé‘_f‘l@ met hod may further invol ve,
prior to the Secoﬂﬂe?ie@&)tiﬁ%ﬂtiéﬁﬂi@vmﬁes a dhtheI BPirdating dn ifmunbl ti pot ent
adult stemcells to formdendritic cells. The present invention provides a

met hod o}5 usrasponaadren infedtigunagenyin ajeurean wibjrst ipvelving eerstically sdtedngd with
oyt o1 o5 PO Lo meb G MO BT Mo
data can be oid ai mext presdlectedarsigpaioanaleculdsahMEBER 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 abnormalities, involving
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 pattern exhibited by an MASC having an
identified genetic polymorphism.



fromthe statistically significant popul ation of individuals to establish
MASC cul wo@esiioildenti fying at | east one genetic pol ynor phpstrusmyiibey
cultured MASCs, inducing the cultured MASCs to differentiate, and
characterizing aberrant netabolic processes associated with said at |east
one genetic pol ynorphi smby 30 conparing the differentiation pattern

exhi bited by an MASC having a normal gdRotype with the differentiation
pattern exhibited Bhe preséhBGention figthenprovilesa netlesl fpe tresting qanterimaphi sm WO
01/11011 PCT/ USQO/ 1387 3 _The. pres entio furt rovi des a net hod
for treating Jubjec Hﬁmﬁ‘lngﬁn \9551%81}/ eTngFBYY Pﬂijn{;@{‘ﬂé SEeeNS 9 t eri ng
mul ti pot ent a@*ﬂr&ss%ttﬁﬁbﬁ@ihhﬁprb&m %Bﬁﬁ%ﬁglégédi@detéih (Gl a proRiPInGs isan
anti-angi ogeni ¢ protein, or a protein that expressed on the surface of
a tunor cell expressed omtheisurfacd offa @nprmlbnmomhomw@h aprofeithassodiated at i on of

Srount ot 1 neviB iRl HR FapRe rebbSio bt i BhlepidinEm Seliv  he.
mamal i an subj@Ctancdfdmfit S€tHe denvtevally alterpd eialiiRsierd adBl BReh &ils b e MASCs

to characterize cellular responses to biologic or pharmacol ogic agents
i nvol vi ng i somammadianeuipEcs from a statistically significant population of

I ndi vidual s, cultu 3Tel} t

significant popul a?ﬁ%%r%gﬁﬁl HHO%EI%IVIS%SS?% %%rgotﬁ{ggﬁ%%g(%rtg%ﬁ%a%e?zﬁmsc

cul tures, contdiutdrmespbhees kNGiClagi¢ ditasmudoldpic agutsibvolvig ibcbl@im@l c or
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used to treat anong ot her thi ngs but not limted to
neuroretinal di sea¥ke 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,
neuroretinal 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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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,
osteoarthritis. 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.
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further provicdeprigingaiuoledtidd segaated Emodingitigénsoniitid ioRQAh&RHceliE ok ved stem
cell as qgscrLbed above, and the use of this gene profiling in a data
bank. |t 1aI s¢hpBBFHaElemegts maxbe estass coptpiaingmye]eotide saguengss erendimp st em

cells as desghiibaf APRSitic_rbRtdLases to aid in drug discovery. Brief
Descri ption of ?he D?awi lnlg.s r%?lg. 1 a and Fig. I b are photographs of
undi fferenti ated N@@sessht inhention 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 glycophorin-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. After 7-21 days, small colonies of adherent cells

develop. (Figure 1b).
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Twenty-four hours a rans wer e rypS| ni zed and
MASCs of the present invention. Transductlon w1th 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-eGFP 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 ug/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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5 days after induction with elther 5-azacy e, and Myf6
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thereas wyf 3 L AR EHERE S BYSR B Be s S PdeReIet al actin as
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| mmUnonT St OCRg o efot. 5 days after induction with either 5-azacytidine, the MyfS, Myo-D
» yi, Myo
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 Myf®6 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 after 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 after 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
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non- t r ansduc &amMATGnut ledte®myotubes. Myoblasts from an eGFP transduced population

of MASC subsequently induced with S5-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
derived myoblasts 9obtained after induction of non-transduced MASC with 5-
azacytidin for 24 h after 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.



azacytidin for 24 h after which they were nmaintained in MASC expansi on

medi um f owolél/daems) were cultured with 10% horse serum i n pdvEzivboo@iss

mul ti nucl eated cells were forned, nyotubes were incubated with PKH26 (a red
25 nmenbrane dye), washed and cocultured with eGP transduced nyot ubes
generated as described above in the presence of 10% horse serum After 2
days, cells were exam ned under an fl udPescence m croscope. The

phot oni cr ogr aph ergNiOwrmenshefnl(gmgrpphsuqfummumpﬂwramenmsamugefdr ¥on h t he
PKH26! abel ed

db h
i nventors to Wﬂﬁt e d@ﬁé&?ﬂ%ﬁP&%Wﬁr@%gﬁ% qﬁg‘? 518 o Héepre)s/etnt ©

i nventi on anderdfktetiabeellsueficd &céiﬂbﬂkfl%ﬁd@b&ﬂiﬁrﬂ&ldétﬁeﬁlﬁr@mt iation. WO
01/11011 PCT/US00/21387 19 Fig. 10_is a series of hot ogr aphs
i munof | uor eséiétsrantigtion. nMAS GsorpreshFlkibut @m@a% M, Endmgb@&leﬁm kers as

el | as a PSERE bl A AR NRGNASES w S0U0RIEH LabmopL nsdace receptor

Tiel/ Tek to contirmen elral eren latron express Fl ki

but not CD34, mBEiﬁﬁrMNnEzoaﬂganVmebisﬂwtl&fﬂm&anaB@HGBMeﬂtH%ldell Vﬂen MASCs
were cultured serumfree MASCs . nediumw.th 20 ng/n VEG-F we saw.the
appear ance of Sutfaga apgcellsexpessyed \é/‘d? Py day &ﬁ&l%vm%ﬂe&rﬁﬁ@%@d I‘@/WﬂlBWsday 14

(i mmuno-f 1 uor g566H gx%);sed'ﬂem& L Sl O WetePi Blof Snfdhid b adys 2 1 288, PO ON

Western bl ot anal ySi's on days | s were
cultured on rrh4r“g;ah\(EGEuidhe@enlltswee¢u¥turecﬂmlma&rgnlaurcdlhagmtfypew1|on was
seen. Fi 11 is a s es hot om cr ographs show ng that MASCs

di f f er ent1%t evals8“1§§?"$ W@@ong‘faféﬁfﬂ‘endrocyt es and neural cells when

cultured with SCFpigFl{ %‘d—sen-gpgfﬁwfi'orﬁﬁ hs MoWmpshalagcehi ch they were

cultured in SCF and  EGF contai ni ng nmedi um by the hemat opoietic
supportive f ediffferentigteAFTsirarytescolige W@W@lﬁlﬂe@uml Pﬂlsanhqnmﬂu&i widfai nst

lial-fibril GEAP [ S os de
(a0 (oliggggﬁtcjlflgjcgtg PR Bpo for1A chyd AR et Al e ig. 12
s a series OEGPhohRififg mﬁph&dﬁiﬁouyﬂaﬂehﬁt 3&&&1& s rd%lﬁdeiiéi' MASCs are
cultured in fibronectin coated wells wth 10 neurons 20
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(GFAP) (astrocytes), galactocerebroside (GalC) (oligodendrocytes) and

neurofilament-68 and 200 (neurons).

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

MASC:s are cultured in fibronectin coated wells with 100 ng/mL bFGF, neurons

20  develop. 20+2% cells stained positive for B-tubulin-III, 22+3% for
neurofilament-68, 50+3% for neurofilament-160, 20+2% for neurofilament-200,
82+5% for neuron-specific-enolase (NSE) and 80+2% for microtubule-
assocaited-protein-2 (MAP2). The number of neurites per neuron increased from
3+1, to 5+1 and 72 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 Westem 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. Fig. 15. Undifferentiated MASCs were inplanted around a parietal
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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 cdnditioned 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
examined 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 brain 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. After 6 weeks, eGFP” cells
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Det ai | ed Descrrption of the Invention

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, liver, 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 derived from. The
phenotype of stem cells derived from different organs with “plasticity” is similar
(CD45CD44 HLA-DR'HLA-calss I'oct3/4 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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i sol ated by ??%8 ?Qe 8% devel oped by the inventors, who identified a nunber

of specific cell 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 hurﬁan, murine and other species onigin. 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
experimentation.
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., et al.,

J. Bone Joint Surg. Am. (1997) 79(11): 1699-709, Batinic, D., et al., Bone
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(1995) Oxford University Press are commercially available froma
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of cell populations have also been described by Schwartz, et al., in U. S. Patent No.

5,759,793 (magnetic separation), Basch, et a/., 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 appropriate cell culture medium, supplemented with 1-
50 ng/ml (preferably about 5-15 ng/ml) platelet-derived 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""° to 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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When re-s eedggor%;[ ard % Winess $d-Lerli S0 R 1 % RNAYSevetyh ldfiys OB 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-55 years)
cultured at reseeding densities of 2x10” cells/cm?® 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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cells were pllgF d)éﬁs lafgr d&B‘ﬁF@t‘éﬁQﬁ Poéﬂ%ﬂ 11}hth&é§,%rpﬁ§pggpnc%ﬁlqnio§fpieon of
culture to r%mm@g{ﬁ'eefﬂ Sihiy e VORI SappBited OWHRH TR PDCRIBBIARS ver ¢

re-seeded at I's/cnZ every doublings. In contrast to what
we saw wi t h EFGalonglcel doubleng Was@ttfw(kﬁdm)mmwrmwhimté’ar cells 5

deleted n day 0. of . CD4' cells . e | ture, no growth was
segn e 1%?’?%%%‘&?#&?&“@@%8 “We? 91%@81%?% L géu cul tu?ed cells
14 days Iat er(prém@étﬂyed)ooﬁummgﬁmcmwk @b FedwiellpréWeh aarphotapy and

phenotype simlar to that of human SCs appeared. Wien cultured with
PDGF- BB and depldingsdwue beas abtaipeth| i ng was sl ow (>6 days) and cul tures coul d

15 S, 10,72 Bl o U S i o LIl 000 1
doubl i ngs hawerbphtddhDAREH culblires with EEFI;IPEGF BBi andrL IFwndfibrohezsin. cel | s from
1 F onf i6r ordclermiziercCBaS A2yE Wt temov et st cells AL 1 MANRE S col | o
mei nt ai ned i RoARESs £ HesiitRd above. Cells with morphology and phenotype similar to
that of human MASCs and murine marrow C57/B16 MASCs grew in cultures
initiated with marrow, brain or liver cells from FVB/N mice.
C. Phenotype of MASC:s.
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, Muc18, STRO-1, cKit, Tie/Tek;

and express low levels of CD44, HLA-class I, and f2-microglobulin, but express
25 CD10, 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-I or
CD44 (n=6). When cells were grown at higher confluence, they expressed high
levels of Muc18, CD44, HLA-class I and B2-microglobulin, which is similar to

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



conditions as descri bed above. Cells wth norphol ogy and phenotype sim |l ar
to Fhatéﬂ; ﬁ " MASCs and nurine marrow C57B16 MASCs grgw idho@idsh Ur es
initiated wth narrow, brain or liver cells fromFVB/N m ce. C Phenotype
of MASCs. 20 1. Human MASCs. | munophenotypic anal ysis by FACS of human
MASCs obtained after 22-25 cell doublings showed that cells do not express
CD3 1, CD34, CD36, (D38, CD45, CD50, @BG2E and -P, HLA-DR, Micl8, STRO-1,
cKit, Tiel/Tek; anAmexmEeckerhiony iewaddshahufiad MABICAgadvasat 2x10ded’

02- | obul but 25 CD10,
S TN TR LN ST B s TS T T Sl
2x103/cn, t hey th%%ﬂ%lyg%)ugﬁagﬁ@?@@ﬁf&nh%BQG%‘?B?I\MStQ&afhe\ch expr essed

HLA-cl ass-1 or s were grown at higher confl uence,

]E ggy expr eiss%qi? BSEh\zllm ahﬁ%cﬁhes (@fanhagi R EMBAJ,2:2355-6d), 4983)1  and
m cr ogl obul i n ich is simlar to 30 the,phenot descri for
(N=8) (Piitenger, Usagrlensesh )‘\%Xswfﬂal“i‘&di&‘ R BELEe "Ff)li"r? See) 21387

26 | mmunhi st g o/ é[mwt fiedBS5a 0y Morab aauh@%nnﬂ seedin
density expr ess%‘%s (IEF R1 and Bl\/lg- R1A, PDGF-I%I a and -B, and that ga

‘smal | subpopdbuttlings afdofound the fﬂzllawmg:(ﬁ@ﬁletif MASCs stain with anti-SSEA4

anti bodi es (Kanpa J 2.2 -6 9 | t cDNA

arrays we eval %mg‘éﬁge@‘fﬁs&%@é& Bgéféﬁéz%’%ﬁﬁ%ﬁ;g: '\ﬁ ngﬂgul tured at

seedi ng densi ti esTRf reéxsptOr/forA.1f, OL3, ZEMMM&G&H IGM4I8H)[BpogBlthiidof ound t he
CD62P,

following profiles: A MASCS do not_express
CD44-H, tKit, Ti €ENTFeerbloyslsvelsef HLA- clP*LSs{ CPéé B ?@“cd%w CSF, Epo,

FIt3-L, or | gnepXt c- 18 nRNA.
B. MASCs expr e%@&rp ke?s\léuve cyﬁoférl ﬁgs%ﬁg% BBB’PlSB VEG‘Ile ﬁl}—gﬂ(}yﬁ(}: MCP1; .
the cytokine recerGE, MEPKlthe &&bkife rdcEjtbrsmll, BngoPDGH "Ri&, grHd0j vi n-R1L and
-R2, TGFR-2, BMP-Rl1A; the adhesion receﬁtors 9d, CD29; and CD10.

15 C. MASCs expr eBF-RrestivinR 1T Ran§GFRe2 BRI Aocherdinesigh receptors
CD49¢, 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,
Matrix Biol 16:529-40, 1998); homeodeomain transcription factors:

20 Hoxa4 and -a$ (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. In addition 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



transcription factor oct-4 ¢ sox-2 (required with oct-4 to maintain

undi f f er esg @pi@ghist ate of ES/ EC, Uwanogho D, Mech Dev 49: 28:136500/21895) ,
sox-11 (neural devel opnment), sox-9 (chondrogenesis, Lefebvre V, Matrix

Bi ol 16:529-40, 1998); honeodeomain transcription factors: 20 Hoxa4 and -a5
(cervical and thoracic skeleton specification; organogenesis of
respiratory tract, Packer A, Dev Dyn 12762-74, 2000), Hox-a9

(myel opoi esi s, Lawertfor Handsription 80R&:02Bert-8bushan Bl €all Bielgdcl 866cH i on of
forebrain and periP eral struct urg\iﬁgb head, Aki nenko MA, J Neurosci

14: 3475- 86, 1994), Are PSRN Sderm adult 25 heart and nuscle,

chondro- and ost eog&leRiaSrans&fioh R ekplessddiin t&’gregé?s@r%la?ﬁn%brﬁ@,fﬁ), PDX1
(pancreas, Ofield M, Devel opnment 122:883- 95, 1996) D. Presence of oct-4,

LIF-R and hTemlyslsevabestagrembryondells of dhoipnercellmosss of therblastecysti@nd itbn

RT- PCR showed that Rex-1 r | it i ' [ =S i n an
undi f f er ert i aP'BRYEPBrOILG ﬁ‘é)&%ﬂghﬁ%g%l gmé%g?g%gégﬁ%gg? @rﬁh%dﬁ§

203: 1795- 802, ddRf-feguddied wh¥n delRRNAnGucd b defferentiate. VEXf2dssiohQ bet-4

PCT/ US00/ 21387 27 oct-4 for transcription of Rex-1, Ben-Shushan E, Cell

Bi ol 18: 1866- PBYs an upyrtant wleinetesmining garhpiers insabryogesesss @danscri pt i on
factor expres L1 1 € At q, . e stage
enbryo, cell sa@%r%rﬁlg{@gnﬁt%ggﬁ&&n%g@og& l?ﬂgbﬁlqég%ugg({/ﬂé%fseg In 5 enbryonic
car ci noma ( EGctivatibs of e @nefirsged protdin Rlex Je hlso 9&quared f&lmaih@ddng ESnd i s

down-regul ated when cells are induced to_differentiate. ression of oct-4
pl ays an }Gmpokrdiffereptted &r‘?sé‘é‘fiefg%l?ﬁ‘%}‘egiqc&e@té Ehxsh(eé BBnesi s and
differentiati 203 é‘;’%s?‘zl, 1997,9H4 IRhAPB, dtal, MEXeliBiot 28386678 ATYBR! TRt | onal

activation of nger protein Rex-1, also required for naintaining ES
10 undi f f er enadditioh, (sRo2f gxpresséd infES/EChbut/alsoSinedies made diffeyentiatesl c@ismun

203: 1785 802 i34y B5ORFNRLAN froaEhibe gl bl dfEgBE 70 1%
di fferenti at eqUwahdgho D, Rex'ME0atwEi G BINRéarl\G} Hefl91C, $cbing PJSHarpdPT:

undi fferentiated state of ES/EC (Uwanogho D, Rex M Cartwight EJ, Pearl G
Healy C, Brot Embgymc exgpessioa obthe chicken Sox2, Sox3 and Sox11 genes suggests an

interactive role in neuronal development. Mech Dev 49:23-36, 1995).
Maintenance of murine 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. Initial experiments show that human MASCs are enriched by selection
of LIF-R” cells even though it is not yet clear if their growth is 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.



15 Enbryoni c expression of the chicken Sox2, Sox3 and Soxl 1 genes suggests

an intepashi/Meirr ol € in neuronal devel opnent. Mech Dev 4%33nsd6213899°) -
Mai nt enance of nmurine ES cells and prinordial germcells 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 28om human and nurine marrow and from

murine |iver andThe¢ picSent Hiv@BfordHiSEexanines aficd thehshérdic Brandcesdai n positive
with SSEA-4. Initial experinents show that human NMASCs are enriched by
sel ection opromoterreGEFegans. &n these 3umals. ¢GFE expressiopds seenda priprordiplei 1 growt h

is affected -2 dg f rine MASCs.
Finally, octg%#‘lfﬁf:? %?reil E%)%P %ﬂ%h%%rl%l%hés e‘%se?ge)g{ﬁgér@teota&s'g’ tlhguhunan MASCs
cul tures beypresknthventold tested vhethgseGFihpaditiveaeils teuld be ftnerioh yrat, | y nor e
honogenous cel | s. cqQntrast., Cs. cul t d [ gh-density | ose

expr essi osn_ olPra’cqﬂé%‘LHYFéPg ‘?f‘q‘m*‘g&%egb'é‘g‘sﬁglﬁt Sgﬁs\/df%{’]% &lcence before 40
cel | doubli n&?pu?di‘i@n} e Bited Kbl eRsw ArhifAnd BivECR6R! S &ayoélﬁ?ﬂicé.han

chondrobl ast's,” osteobl asts and adi pocytes. Thus, the presence of oct-4,
conbi ned wi t Wheegvdyat&bly flnoresoenee mannescopig <\l Pé-ofsosted calls fremdraihand

correlate with presenc th t prijmtive cells | cultures. WO
01/11011 PCTP SEGFP s potfaiNa Bl ety @a‘%@%ﬁ%d m ce
transgeni c fQjtedpopdihtich. SUrRARERE hAebBefaRd uhler JoadRioAs tHEBS§po G-P
expression is seen in prinordial germcells as well as in germcells after

birth. A9 vasusneMhsdfigeaneagtin eqpted wellsyaith EGHyBRGE: EIeielld whet her eGFP
e s ) g .
Dol o af r e rgiahit @pis P, (WL igitertbad6 Ahine BB IERBLIEAZSE,

f rom mar r ow, cellrggbwthangh seety.€WHeh o¢pldied agairotnierMASC chditiony atllsavied by

fl uorescence m croscopy,, <l% of sorted cel]l]s frombrain and marrow were
eGFP+. oct - 2npiRRplogy andphsnotpef MASEy weredetastsd i n the sorted popul ati on.
Sorted cel |l s havey bagpidepieg. under conditions that support 10 nurine MASCs

(fibronectin coated wells wwth EG, PDGE, LIF). Cells survived but did not
expand. Mhen tr ard§ ¢ human gelif, ConBLAMARGsiculthned Wit BGFsPDGEBB apd owt h was

seen. When repl j i - ! or ohol o -
Seen. uhen vIofigEd ehaauRl Bt MGE Ul bive itk SSEMLA ng O PhO! 00y

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 I.



2. Murine MASGCs. 15 As for hunen cells, C57/BL6 MASCs cultured wth EGF,
PDGF- BB am® o1iiilar e CD44 and HLA-cl ass-1 negative, stain poguséoyaszsy th
SSEA- 4, and express transcripts for oct-4, LIF-R Rox-1 and sox-2.

Li kew se, MASCs from FVB/N marrow, brain and |iver express oct3/4 nRNA. 20
Culturing Multipotent adult stemcells Miltipotent adult stemcells (MASCs)
i sol ated as described herein can be cuPPured usi ng met hods of the
invention. Briged culture in |owserumor serum free mediumis preferred
to maintain the cells in the undifferentiated state. Serumfree nmedi um

used to culture the cells, as described herein, is 25 supplenented as
described in| Thghfie |. WO 01/11011 PCT/ USOO/R{$85 1(18 p*Insulth 10 -
50 Ag/ML (10 'fﬁ/né‘fé)nn Iransrerrl no- J.U 29"16*11@ 0 lﬂﬁé/ 2 - 10

" 1
l n”‘ol gfcnag‘i s&%”' "ejg',i’.l”?‘;“{'i,lﬂtﬂi;’“’ Dol pl 608 r’g'i'ﬁn_ 01544 (.01
- o]

%b%’(eb%as"w ) t@maeu@ - 60% (409 Fetal ca::ﬂ&pgmm(@mg/mnate| et-derived
growm h 5 - 1BDexgmmdthdséfle n 1 Epi der nal grov@bos‘agtlgr}d@(mhwwm 10 n m
Insulin Iike Efagdﬂrﬁﬁcfaai‘atzlﬁh&phaté5 ng/m (T @1/l LeUKema Tnnrbrrory
fact or 10- 10 DWTgHdole BRFEUTDMENELES T T e CRICAREFigpr=_are stow 1 n
par ent heses. iy ARRAPSE WASCs express the ;?é

I
II\ CCTT—S CApPTrTtSp

1
; ey thar oddi+: An AF | |4_Q rove-culture
T 11 on of FEIEAIESeru o to havan taace QMDA at toct Shortorormeb |
growt h (Samﬂglei’etﬂﬁnmdgmmh. me till 25 celd- Bhougmlfydngdyel of oct-4
expr essi on) . | Epidermel erpwrthfestothat _was 5 — 15 ng/ml (10 ng/ml)
Insulin like growth factor 5 — 15 ng/ml (10 ng/m])
Leukemia inhibitory factor 10-10,0001U (1,000 IU)

* 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 onday 0 of CD45" cells were plated in MASCs culture, no growth was seen.
When murine 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.



seen with human cells, when fresh nurine marrow nononucl ear cells depleted

10 on dayw@ ooh106P45+ cells were plated in MASCs cul ture, perasMiBsmas
seen. Wen nurine marrow nononucl ear cells were plated, and cultured cells

14 days |ater depleted of CD45 cells, cells with the norphol ogy and
phenotype simlar to that of human MASCs appeared. This suggests that
factors secreted by henopoietic cells iy be needed to support initial
growt h of nuirdieingdI@sSCs dbDiffeeentiatd to Foert Garkrhitle®Brofinitarschnd issakone, cel |
doubl i ng was sl 0)0/ &>§ﬁs) and cultures could not be maintained beyond 10
cel | doubl i ngBecUAgiP¥ T¥7ESof 1 Ong/mL LI F significantly enhanced cell

growth. Once est alpfg dphiafeirbWitacteR), bRentkindiCardd SAQEn&MMAI §d as
frozen stocks, usisnngg%%llél\%%\/avit 40% FCS’ and 10% DVSO errllef nmet hods for 20

preparing fr thegressnbioiventionrcap betindueed toedifferentiate 40 foomlamunber of célbse of skil |

inth t. WO 01/.1101.1 PCT/ USOQ 21387 ducing MASCs. to Dif tiat
Lo Form comribRERARdNdReor exam. 2 Ay ot spl{Phfstdemtat ppgintasgf o M ' 2 ©
appropriate g¢e ﬂoma@hﬁestod&hﬁmﬁgiﬁggual 28Kk, @Mg&i@'nﬂﬁfé?’tew%ﬁ@%eﬁfons)t he

present invention can be induced to differentiate to forma nunber of cell
5 |ineages, Phwell@s prdodennalexigipl e, a variety of cells of nmesodernal origin

as well as cell w 1REHARSS sgg&;nrral origin (glial cells, .
ol i godendr ocyt es, chr?:ﬁ'rreumrrs%—a? wel | as endodernmal origin. A Splanchnic
mesoderm 1. GOst eolt] @stesblasisnConfueint MXEBEs were eultudet withdabout 102t 10- 10- 8M

10 (preferably about 10-'M dexanethasone, f -glycerophosphate and 5-20 nmM
(preferabfly (opfejabhselsubi @ My dexamethasnee Brglycsraphpsnhateind 5020 ®M eobl asts, we

used Von KOSaa-AIAN AV SIS aLR0H5HIcRRnAL CRRIs oPEs@ROWes agai nst

bone sial op ern, %) nec , osteopon osteocal Ci
(i munohi st oadedVW @i Kyésa stditing (silyer radiotion bf CaPodyaysamtibodieb hgrinst baikd % of
cells stained positive with.these 15 anti

Chondr obl ast S2lopgeteln. gitsanestin, gaiFoponti ahd el et Risteehemioss  ovew
suppl ement edwidsieln)> Qs fler 49- 2104 of ANGES S80Y001LRMs EBE postiFe Wikh kikse M CroMass
suspension culture. Small aggiegates of cartilage fornmed in the
15 antibodies. ( Fig. 5, 6)
2. Chondroblasts: MASCs were trypsinized, and cultured in serum-free
DMEM supplemented with 50-1,00 ng/mL (preferably 100 ng/mL) TGF-B1 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 IT became
detectable after 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. Variable 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 after Sdays 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



bottom of the tubes that stained positive with toluidin blue. Collagen type
| was 20 W@xwétied initially throughout the m cromass (day EQt/bstonasgzer 14
days was only detected in the outer layer of fibrillous cartilage.

Col I agen type Il becanme detectable after 5 days and strongly stained the
m cromass by day 14. Staining for bone_sialoprotein was negative or
mnimally posjitive in the outer fibri IIé&s cartilage |ayer. Variable

st ai ni ng was fiRapsetemdipase (Idnerdipepytedinid-binding protein (aP2).crtpernzésomien.
Presence of cqlJ: l4l .r tar | ot..an RT-PCR. In
add?ti on, RT- oﬁ&gé‘%éf@terd 58%@??} ggﬁgh(g?ﬂﬁyﬁs%%ﬁ%g%%ﬁ S of the

cartil age speeilliilat miarikers and prodacts hredinowa tEAISEE ofskdll GDtHBAR] and &4rg. 5, 6) 3.

Adi pocyte: To iﬁﬁuge adi pocyte differentiation, about 10" to about 10"6 M
(preferably aB6le depectign vaingspesifisJigaads, sueh 6, Iop exampledreslidaong/ M 30

(preferabl a@%g I i r i t W th

appr oxi mat%l y %%ngggé@g%%ﬂnﬂcﬁgnb)gg lﬁ}slg‘jﬁt ﬁgg@yf@ggrg erentiation can be
detected by exam ©idipressed igené pepfile of eartikapepind onRl Thepravehtinidtorsed, or
detection of WD 01/11011 PCT/US00/ 21387 .31 |ipoprotein |ipase (LPL),

adi pocyt e | i piaminsdsengs prrseseedupaudiffersptiagiongeiossaklastp prd chandmbdastsact i vat ed
receptor ga ] r tJ r.. markers and
products ar mrﬁ(ﬁﬁg)?ﬁ%@%&g é%ﬁ‘?lefg‘l%%&tﬁﬁgﬂg?@fﬁl%n é\?ﬁ% (lnn %@e detection
usi ng speci f i MASGgamdtched oodsteablast arrchendroblagt, cul turegdontaions €orawb BaE toand

rosiglitazone, (RSG fch bind to PPARy. (Fig 5, 6) 4. Expressed gene
pr of igl e g@ caqeg‘?r{né ewﬁ%ert?o‘??l?.tlvsf %m%eé’géﬁf‘g’}t?hg/@rfbﬁ)fz‘)@ S@ﬁg%ﬁplm%giféﬁgs
expressed UpaRes]ivsing/EBhéAIH AR ThAitBEHEAINASIyaNd, m%%p@é%s%%s In

n

particular, they exam ned the expressed gene profile of MAS =3) and
MASCs swi t chelftectrdds sy insteblgr2. diimid biimoaseans alconclesivoediludtionof ther  t wo

days to 10 d 1 . tiyve.honogenous.swtch_ 1o the two
specific Ii n:eté(g{eegg%agge\ﬁgggr@é bn%g? %.ﬁ%c{béw %ﬁd’%f)ﬂ%’maﬁtée ORISR Her ays. A
partial list redulsslindiges thad@iffeeintidtibrs o SMASTsitb bbbl dartiikBé fadugesby No neans
a concl uzi ve eval uati qu; of the expressed gene profile in MASCs,

ost eobl adPs SHAisAhand givareent chapggs e expressed genssprpfile, congistent withithe

di fferenti atig®8erhti Rt j y 15 si.gnificant and
i ver gont chemesenihBEEmbR iSRRG bl 4R R B g g o
observation tagvempathwawl |s within a culture can be induced to

differentiate along a given pathway.



N

Cod 10 C.) 0 (L)

w E mewddon2eizr. ~ re)

'b 04 0UWUoOUWL 0P4

C
HUUW O01/11011

Q WW (s,

~az Uv itz Otd

COT'L) o NOdo x Ui
ti

d N ~,

.Tyvyu-

d/\

A!
''U O @2

.n 0 P:

0
ON ~i

Wo ov/r10f
b a ~;x
Oo00.UW U O0O0OwaaQ@
PCT/ USOQ 21387

WO 01/11011 PCT/ USOQ 21387 32 k
xXF.y

04 C14 O

LJNE ‘TINE U-£ANA

ZdNE ‘O-IDFA ‘BL-lum
N-usBonsy ‘TI-494 ‘€d-4D4
A-EAMA Y-undo ‘d-TH1d

I1dON ‘4D “ADH ‘v pue 1dNd
‘VId-dNd ‘C- pue 13-4D1 ‘d-
pue e1¥-410Ad Y-40d ‘AIVd

“0-gvy F-A1T ‘11

SOUDjOIAD NY-aulyoIk)

uLEajuT 90 pue [0 ‘YYD
‘auaypeo-N ‘SdNLL Pue SgAIN
‘urayoxd xjewr oLIOWOSI[O
a8e[nres ‘ursjo1dooA[3 oFe[nred
‘un1029p ‘uljosuoiqy ‘[f-usdejjoo

undajut ¢f ‘8¢ ‘vvdDd “1-dNLL
‘urgyordoers suoq ‘UNIAUOIGL]
‘UeoruIn| “ULIOIIP ‘f-UBIIPUAS

‘1¢ ‘€0 ‘7o uudaul
ueoA[SonsAp {p-ueoapuss

WD pue $10}dada1 uoIsaypy

S.PD

S.PD

s Jpo ‘sulfoA)

91942 [[2D)

€YDION ‘1IEVD
‘LX0Y ‘11-X0Y DV ‘6-X0S

ZZXOos ‘11x0Y ‘LXO0H

AL DALY ‘1Xad
‘pXId ‘6 ‘S ‘peXOH ‘T-XO0S ‘p-100

s1030e] uonduosuel]

1SB[QOIpPUOYD

1SB[q03)S0

asearouuonisinboy

1SE[QOIPUOYD IO 1SB[Q03)SO

ss0]

Aqrureq

§)Se[qOIPUOYD PUE SISB[qO3)SO ‘SOSVIN Ul souad passaidxs A[[enjusiafyip iz 2[qeL




33 5. Expressed gene profile of bone by subtractive hybridization: The
present i M@YUPH used a subtraction approach to identify pernesengi3s?

di fferences between undifferentiated MASCs and commtted progeny. Poly-A
MRNA was extracted fromundifferentiated MASCs and cells induced to
differentiate to the 5 osteobl ast Iinea e for 2 days. Subtraction and
anplification of the differentially xPBessed cDNAs was done using the
PCR-Sel ect kit frof Expressedtgenepr Oﬁlﬂrof bone bysubtractive hybridizationsTheon

wi t hout nodif|

fay 2" ost cobl BEtens ieqPi Sl FivacteR BRusahu O B RRSAES D) e

present i nvenbastersﬁcuiffaféﬁﬁatS&Smswmrﬁdnﬁhitﬁéd9myeﬁ§8961y0&hiﬁiN§xaﬂasenceS Ve
confirmed by Northern that the nmRNAs are indeed pecifically expressed in

day 2 ost eobl exftacteddremnpdifisrentigted MAMAsard cdheﬂ@@g@&@é@m@a@;@ dwparegdB )
h r.0 nBan
E)lrjglt glgnt gﬁsd Bhﬁgc?% Sggﬁéa?(%?} }Ign?ugﬁgp‘a}q”aﬂ%?n ﬁ'ﬁb?ﬁg%aoﬁ\dh%ms Y conti gs.

2) Sequences vmessecatmgﬂrswas(ﬂoby uhﬁgrﬂie(m%{ -S8lear let frbﬂ:@l@hbtﬁbh ,QB pﬁxaCt ors, 20
are involved in cell jpetabol i.n chromatin repair in the apoptosis
pat hway; 8 |nmﬁ¥“EI§E‘HEﬁ’i<§rrF%m‘¥1€mjg‘}‘%W“hﬂt medifigafings| We staged ir #1abyze ECM

conponents; erfé{s@cg@d?éé eﬁ(g?é!se%ﬁ?; 43§ THRRGERsYY Ltﬂreg BRI qu&?feke?ﬁat%ﬁ d8 20

are novel. 3) Fo novel sequences, resent inventors started
to perform QM]AS(BK:R on MASCs i nduced to dlfferentlate to bone for 12h,
ne re expressed

24h, 2d, 14d f 3 di donor s.
during thﬁdjl n{)t f@ﬁ pﬁesﬁﬁtdnﬁer @éﬁgcli"(nﬁ“l"i\g]: %J‘gffé?ﬁ‘fl%@ X?fﬁ’r?sé NIA\7€| y, and down
regul at ed after\é@cﬁ@ﬁcesZENééoJﬁ}ﬁlearb%%}{heh{%%%eWﬁ\é%x 'n§9ed5ta”ed to

anal yze genes present in wundifferéntiated MASCs but not day 2 osteobl asts.
Thirty differ enspedifisallysxpresseddn dae A estebblast poegsnitesqod moeMASCs. SThef  t hem

any musci o phenarynacs e SRR RER: B A LRES T 5 e BURE DNt | Lent
prior to induct idarabadeswiksiren) GeaBamitproWh Brid ﬂaﬂe@éolldg%ﬁém,zﬁsﬁ%?

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
components; 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
144 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.



34 1. Skeletal nuscle: To induce skeletal muscle cell differentiation,
confl uentwyWpemigel Is were treated with about 1 to about BegulgRsef er ably
about 3 M 5-azacytidine in MASC expansion nediumfor 24 hours. Cultures
were then maintained in MASCs nedium Differentiation was eval uated by 5
Western bl ot and i mmunohi stochem stry. Skeletal nuscle differentiation in
vitro can be denonstrated by detectin@4sequential activation of Mf-5,

Myo-D, Mf-6, nyagskéletal dselenTo datesidletAchnsalevrt differesiaony0si n, either
by i nmmunohi st ochemi stré/ or Western bl ot analysis us;*ri% standard techni ques
known to thosenfiensMAJCs ¢ells peerepreated with abaut A dp about 34 (pagfe@bbint i bodi es.

Five 10 days roNmeuGt i an. \W. ' - 3@'@(' ' o-D and
Wf 6 transcf ?%Etl%&lﬂ{? g%’? %dryg alcn\gd{l gl‘ﬁ%é ggaggltog | nﬁdég%%xl?‘ﬁ‘g% 3’5 @ﬁgﬁ%/?of

cel | s. Aft er weielthés nihintsinedindVIA S snebhpn e Biffetentiatoingrdsfavalnated pyl ower

| evel s, er eas and f § .per,si st ed. smn d.skeletal actin were
det ect ed\,\gs %F%gét%&mf%@ﬁ%@@wwﬁﬁ% r’i‘}usg{‘} Igrenation ipy#9d n at 14
days. By i | ' B0 : @S . @ muscl e
pr ot ei ne. af ¢ e R Raed by Heteoting Ll R A Bl PN S BGRIMVES,

expr essi on ofnyGgernid, desurirGakelétabaatinagd skedeth] mypesinyedtkerdiy cul ture. In

addition, low |evel.s af t.roponin-T ul d be. detected fromday two onwards.
Smoot h nuscl W@EP&H“\‘R@?@%%B%“&P@WH@?@ uﬁ’fn?esﬁ"’lqﬁréuﬁ‘%ﬂnb%’%ﬁnd per si st ed
for 14 days. kMento?Bdederski] inahé it Wb canidedially aviitidaibodieabFagt s 20 into
nyot ubes that were nultinuc| eated was seen. (Fi gd\zl) Usi ng doubl e

f1 uor esctht ﬂmﬂehgldmﬂ%wt@céh%\ﬁratzh%ﬂldmﬁéh%?m% bfgﬂbamgMnyom d be
caused to f e i nt i LG, 2. Snoot h
misel e: - Smool Asstblith Belor A bloderc i ShRlodMaRK S bitds, e 7
serum free nggHl8riays)iMywDtwarexptebseliat sighificastyplohentaveRwhabasdtyfs hi gh

concentrations, (abhout 50 tgq about 200 ng/m , preferably about 100 ng/m) of
pl at el et - der PRAMYE BetEiRtefla arplr’(@s@gyl?tagﬁqnswgrﬁ éa'ieateg PéF%FYa%I fpuhe

conf l uent at jiyiiaheffndQetidN aft] iKefif Myokin' £#74 dIGS. BY RhimiinHidtb&leniiithat ed

snmooth nuscl € cells can be identifi'ed by detecting expression of desmn,
snoot h nifscl @0-88Peaficklls expressed matuie mwrenle protavecafier  Aceys. | Treatpsst withy
standard metglods.k ar t scle actin

was detected 'P?%crlﬁuﬁg%l/\pefﬁ@e& ig ﬁ&gr?egsiorg%faé %%!5?416?}%5 gpgngr%i}%%g%}(@ 14 days.
Appr oxi mat el yuli(ed6 Bfadaiidnslowsled¢ls 6Hirdpmin-T\ecould Hedetdttdd- fisiRdaptwaiscl e actin
and nyosin aQrE\i/aeggi gribotﬁ‘ 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 to those of skill in the art. Smooth muscle 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



WO 01/11011 PCT/ US00/ 21387 35 presence of myogenin was seen from day four
onwards amD @dedmiin after 6 days. M5 and Myf6 proteins wargusdoeisgiet ect ed
after 2-4 days, which persisted till day 15. No Myo-D was detected. (Fig.
7) 3. Cardiac nuscle: Cardiac nuscle differentiation can be acconplished 5
by addi ng about 5 to about 200 ng/m (preferably about 100 ng/m ) basic
fibroblast growh factor (bFGF) to the $Pandard serumfree culture nedia

wi t hout  gr owptgsdnge pHmyogemn e seendeny daye foar phwards and desmin afispGdaysier e

exposed to M ef hou -azacythdi ne and to 10-'. -10" M
(preferably 1 R}}‘FMS}& ﬁ%%?%s &gﬁ&%&%&ecfﬂgﬁé{:gﬁc{}y &Vt hmgéte&fﬂinsi on
medi um after\/\@d)dps, N Mo Brwitdeteeled. (MeSDs wer e cultured with either of
t hese i nducers alone or a conbination of both and then cultured in

serum free medi um 3 Gardiae myscleif7ardiac piseledlifferextiation san he acormlishedy

nbi nat i - n Q.ng/ M. FGF2. W
1(‘: gunl:lngxlpg’gs gg’%gd%&] %‘%%%gﬁ‘gégguggggbé{ég?&%r%}g@@i 1@%&5&9@3?10 %at a4 and
Gat a6 wer e exfibebhstgrawtleficioy (BEGK)ay theldantaphskrprfedecuRtdretrhédia dahodd.

Cardi ac troponi n-T _was expressed after day 4 an rdiac troponin-I from
day 6 on, \Mqi F&%f"flﬁﬁf’&s Bﬁvwg@ﬁr%epe%lﬂgye@%‘xg?ﬁw exnoardhie BWYlot ei ns
were det ect ed(pkéfeﬁﬂ@%b%t?ﬁf/b%-%%ﬁmﬂ@ﬁid tBll%tsQPé;’ﬁm (phditra J@PRpLS. Ve

found the transcription factor 6 fromday 2 . pression of desmn
started on dangtigoigradidngshtben culomedionMASC/éxpahsion ARdfunuaitersfasdset al acti n.

When the cultyres were lLnt ai ned .for, >3 weeks,. cells forped syncithia. W
al so saw ]i%nf rgh%ﬁ?ve§%m§§§&f§e %{ﬁ??da‘?fgh Sﬁgerc?(f&ﬁs? megess aﬂ‘?‘ﬁéréul tures,

whi ch wer e prapasaitim Tbeth SRMBEAdlARCinSeARE free tledfim #ithGo-Fotrgihe! i al
Cell s MASCs express Fl kl but not CD34, PECAM E- and P-selectin, CD36,

Ti e/ Tek or FIpreferaplynl O0pgml. REF2 ok acembinaticw p{im2ng/mL @sefttablys nedi um wit h

20 ng/ L VEGH 3 3% 20 he cel | rface and cells
expressed vmﬁ%ﬁﬁ/@yﬁﬁﬁﬁ ?ﬁmarﬁlﬁg?lgﬁﬁ%?g;sc'enceegam(l#:fr”&’.reﬁfon oiu(?)“.’tellnﬁ addi ti on,
cel I's expr essmusibient withkardfdnkfocgtes. Gatad anBEafdd wete 2RpRSSct As eafladdae! ectin,
and CD36., Results fromthe histochem cal staining were confirmed by

western dPot .2 ryygies Uil day d e Cadiar dropenia- T wee etressehafio destdrandel or
ColLoger, 1P OB Aol o U U6 B M GE Wi By D) ©
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 Flk1 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 Flt1, PECAM, P-selectin

b

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. Hemopoietic Cells As MASCs differentiate into CD34" endothelial
cells and recent studies show that CD34Flk1* cells can be induced to



cells and recent studies show that CD34-Fl kl+ cells can be induced to WO

01/ 11011 weiMdalP 21387 36 differentiate into endotheli a},cfﬁg&ﬁn% wel | as
henopoi etic cells, we tested whether MASCs could be induced to

differentiate in henopoietic precursors. MASCs were replated on col |l agen
type 1V in PDGF- BB-and EGF-containing MASCs nmediumw th 5% FCS and
| OOng/ mL SCF that was conditioned by tig 5 AFT024 feeder, a fetal I|iver

derived nesegfferamiaté infeeridofielial el b welld§ hétopietic dllsPwe tesie@pul ati ng stem
cells ex vivo. Cells recovered fromthese cultures expressed cKit, cMWhb,

Gat a2 and G Gdethrr MASGyeoutbbe indngedhoryferentiatg indemapristisipresusorss i nduced by
factors that e | RI! T -cul tured
haman NASC Wi Ch kB or AR be 1Y SEPDOE BEAAA FRSTbontiinil ™ V57T
Tpo and Epo. MAS@s sredamaimithS6 BC8 and WaOm#n b SCRithabwasredrditiomed bgtheon of

3Gat cells th ressed man CD45. E. Str | cells: The jnventors
nduced St r 02% Shedet e YGRS rsECIHRA HGe HIRGRPRRIE FAFERRS FCS, and
horse serum hﬁﬂlaﬂ?éﬂ&?gfgﬁg% etgﬁag%gs gi N55.Ce deSoverdd ﬁb&ﬂﬂﬂ%s% clirgrepoi esi s,

feeders were i1rradra Gy and 15 CD34+ cord blood cells plated
in contact wekxpressed cKitecMyb, Bata2 andiG-CSFaRbubnoke@R34 (RpPEgInBesamse r epl at ed

i n nmethylcellul ose assay.to.deternm ne.the nu r of, colony formng cells
(CFO) . A 5 SPBPEOESE R bisRd BF ek Nt g Fulfests Bl by GRLRSYSEHG i mt onance
of CFC at 5 \wRaiderm\Wié 6b.ciliiEred hiihh@MASTsOWith BGEE ndirine@Wdin the! | s i n cont act
with the nmurine fetal l|iver derived feeder, AFT024. 20 F. Neuronal Cells

Sur pri si Agl y presasesfibmae SEFFlitdrLyEpgrand Bpo. In dsepasptetsiudiasy we pteetsd SCF,

FIt3-L, Tpo ' %%G | .4 E@E ondi ti oned by the

hemat opoi et i %gglagg)gﬁd?t\}e eed‘{er?&kg%g%%%ggﬂ I a ég into

glial-fibril ar-acEdStemabietls i THeGidtorp iRiuted/ Gtrotal’ ddiffetiation by

gal actocerebroside (&G1C) positive ol igodendrocyt es and neurofil anent

I[3(()3'5: i2t Lvet Eeu?@?@}z’l&}%{\s@f)‘”l i’r%‘fﬁéﬂ B;?igi%@‘t eseneenstrats thay oduEE i on of
y e i mg

I nduce di ffeﬁgn({)l gltsicgﬁg@ﬁgglt}r c?ﬁ% E’e%?ds}rl NV ?&rlgt.eméﬁze’gﬂéhggg@(am ned t he

ef f ect FG&2, CO3dwort blgdaxella plated in obtadtiwitiethe &edexd eAferoly Zmntl Samgkkex Vi vo

cultre of heutal, RLeCl N L MR Sert Yot et ol 2D, egp! oprent. Wher

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" cells in contact with the murine fetal liver derived feeder, AFT024.

20 F. Neuronal Cells Surprisingly, MASCs induced with VEGF, the
hemopoietic cytokines SCF, Flt3-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



(n=7) that had been cultured wth EG- and PDG-- BB were sw tched to nedium
cont ai ni nyoo@A%A ng/ nL (preferably 100ng/ nL) FGF2, differmmtugioesgst o
cells WD 01/11011 PCT/ USQQO 21387 37 expressing of astrocytes,

ol i godendrocytes and neurons was seen after 2-4 weeks (Fig. 11) After two
weeks in culture, 264%of cells were GFAP positive, 283% GalC positive and
465% neur of i | anent - 200 positive. Wien PBéexami ned after three weeks, fewer
cel | s were GFaPressingaf@stpenytes) oligodendrodtesoarineatdns was a¢encafiep 34 weeks f or

P-tubulin-111,..223% f @r_.neurofil anent - 5Q39% f or fil.ament-160, 202%
for neurofil a%ﬁﬁéo‘%&eréyg‘%ﬁe f 10 Weoﬁg%ﬁ/é& FFQ&‘@?{SWPR@E ©and 802% f or
ni cr ot ubul e- azEB94 GakT it Eand 46+5¢Mtdfilamet-200lposfedeAwRaS val bum n,

tyrosi ne hydroxyl ase, DOPA-decarboxyl ase, and trypt oghan hydr oxyl ase were

not det ect ed. reg¥asmingd pfigribree gteeks dewaresllpwere{GNABor pesitve,bubm 31, to 51

and 72 fr ol O weeks aft Ifferentiathbon. Differentjation to
cell's wi t%mc %é(}iéé’ 8?liéss[t?18%&(%q§ﬁlv33{)rr @E@?@Q’ﬁgIﬁ%éﬁ’eﬁ%?%‘fﬁﬁ?@e&hg neur ons Was
confirmed by stmepSirmehioMaméita%6/mRe-29f forhdRo filRARint20082180pfpt €i n ( VBP)
and neurofilanment-200 by Wstern blot and RT-PCR anal ysis-in FG-2 treated

but not MASCsheurarsspeciHicsenolgse NSExaid804d % fop mierogubudsrassecaited-peetkein-2 i ne,
I nduces proli Wele pal cells in culture, FGE-9 is found in vivo in
neurons of th ég?je@r?%ilﬁio(%%%’ pgrﬁ%‘%‘ﬁrgizna%%'?e é&%@f‘%ﬁ’a ni gra, notor

nucl ei of theDOPA-darboxslask, Bid kiyptsphae hidrokylies werdhend&udttdr egk f or 3 weeks
wi th 5-50 ng/nL (prﬁferably | Ong/nL) FGE-9 and EGF MASCs gener at ed
astrocyt 9 ~ JIunRs ohasuHes @ ngwen dngspased fremadved , dSHbpnthi+efrema, 3tudi ng ONS

devel opnent, \FGiks %ﬁgxea‘ik’fef‘%ﬁ%rﬁtmff&?enhﬁk érmork%ﬁé g)'imhchmmﬂ@{

- d by the
rostral forebrain, 1n conbination wt oni c gehog, mééulscogg

di f f er enti at i astrocyites) ofigodendrogites amdinamsns wasdonfirmedbpdembastatingi n. 1t was
found that when MAS e cul.tured wth 5-50 ng/nL (preferably 10ng/nlL)
FGF- 8 and EG:pr?%P?%gﬁ\g ’Blgglﬁ“ HRFPiFEH @ngﬂ@g @@éﬁ@?ﬂt‘g‘?ﬁo R¥urons were
produced. FGW&SeinSolbOaHAR TPCRhalsilil FAF2MedaYed Hﬁf"nm%%.and Its

m

expression is restricted to the hi'‘ppocanpus, thalanus, rain and
br ai nst enbwher e i tFGE-9pfiest isolated oy ghivplastonactelllinecinduses pooliferationi n gl i al

colls, Ol ISR FOR 0L b P Y 1
neurons. FG--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,
induces 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 preferentially 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



30 is expressed by the notochord and is required for the regionalisation of

t he ?J@l yrohen treated with 5-50 ng/ L (preferably |gggsibridsE--4 and
EGF V\D 01/ 11011 PCT/ USOQ' 21387 38 for 3 weeks MASCs differentiated into

astrocytes and oligodendrocytes but not neurons. Qther growh factors that
are specifically expressed in the brain and that affect neural devel opnent
In-vivo and in-vitro include brain deri38ed neurotrophic 5 factor (BDNF),

glial derivegyrnayers MRYCS diffeséntiated Gitblajtravyets and olipydendrocgtes bptiat f act or
(CNTF). BDNF is a nenber of the nerve growth factor fanmly that pronotes

in vitro difhewensiati on of NSC, human subependymal cells, and neuronal
precursors to neu gnﬂ a%eslg s ﬁ;gx?; Wainqh bmlpaqﬁqﬁ,[fal stem
cells in vivo. COF?%QZ en h\%@ﬁ%?%@ n &\%h?ahl ct oér% of nBDeNF to 10 support
survival of dgmﬁemr@velopmnomaumfartdha -vimb ichude ibaainidgrived nelneotroph8Cs  wer e
treated with 5-50 n referabl G- excl usive

di f f erent at fqﬁpﬁ(ﬁPgJFt) Q%VWF@VP%S/%‘H)&C&%%@@ was seen. GDNF
is a member Q{r %Jﬁ%for EREF). ABDNE js b nilier £ HRHeR@SRBMISacloPNF i S

expressed in Re ant er | or neufoect oderm suggesting that it may play a key
rol e i n neur famaly that gtemetes prreinto. di fforemtigsionraf INSC, dyman subepsndyrpalsellheur ons i n

peri pher al ner nuscl e .and has_neur ot fgrentiation
abilities. 4‘2&@?@33@"%% to gewrgny, roTB e&ﬁ%‘%rgﬁﬁﬂ%r% eFm_) GDNF i nduced
MASCs to di fﬁlgabs&&ﬁa%fsem S8 in %%bmlaeﬁwtmemweﬁmmoﬂensm toCNTF,

first isolated fromciliary ganglion, is a nmenber of the gpl30 famly of

cyt oki ne¥Q ChEpoprsurvbyad of Qopmmremeums@fmsubﬁwgﬂ nigragwhen . In

enbryoni c rat_ hi a mgﬁ GABAer gi c
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50, 000 eGFP+ were transpl anted Stereot actlcal I"y around a parietal
infarct 15 nddmea&bpmenW@DNF pratroteseaivival ofimgta meespas suprsipharal peme- pl acenent

vas tested ol miSH SndHds HeulotABRRIAR bitRertiRlibh Bl TP wal Rélink'vpfped medi um
5-50 ng/mL (preferably 10ng/mL) GDNF induced MASCs to differentiate into

GABAergic and dopaminergic neurons. CNTF, first isolated from ciliary
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 MASCs 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).



30 Functional inprovenent to | evels equivalent to that of sham ani mal s was
only seamoiommats transplanted with MASCs (Fig. 15). WO @CrABO®21387

PCT/ US00/ 21387 39 After two and six weeks, animals were sacrificed to
determ ne neural phenotype. Because of autofl uorescence of the brain
followi ng transplantation wth eGP cglls, immunohi stochem cal anal ysis
of the graft was perforned. @ The maj _ori3( of eGP+ cells were detected in
the grafted area iAfesitwo and sixovegks aBinsls wegp saggiicedAp dgtermingean ks, eGFP+
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and Neur of i lasaaperteriBng nut to 1gOnonMal brainMiaske r PresencepAluman gellssvasng
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growth factor (KGF). After 14 days, large_epithelioid cells could be seen
that expr ess édplestanins witidemupofluergsesrbtibodies. 18 and 19. Presence of

cytokeratin-1 9 SW&?E&B{’&%&%% [ ﬁﬁfbioﬁ'feFﬁHe hﬁ:s ltlihPinYor§P! t hel Tum
Changing the matri X from fibronectin to a col'ageh gel or matrigel
I nproved gendgegtiedrmall chistery drkastinpbsiti ¢S cellsin dssdang loedtion ofithdgrafmphol ogy

of epithelial cells. (Fig. 17 jngle Cell OrigiLn of Differentiated
Li neages 13 To %HPMé’quS?t‘WSﬂI%z%g#ﬁ Icﬁﬁ%tls}lﬂfﬁ@v?g ofclodsmyd sorted by FACS
1 and 10 MG ttidtiof N 34 HeBHorE Bey fofid f)o%itl?sf‘erstéﬁﬁinlg fendrubliid HE g5l cel ls to 30
generate 108 cells. Transduction was done as follows: MASCs repl ated 24h

Neurofilament-68 and -160, Oligo Marker and GFAP, suggesting differentiation

to neuronal and glial cells (not shown).

G. Epithelial Celis 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



earlier were exposed for 6 h on 2 sequential days to MFG eG-P or MSCV- eGFP
packaged w@ oi/f@1PGL3 cell line and 10gg/ nL protam ne. BetpegpsehPnif% of VWO
01/ 11011 PCT/ USQCQ 21387 40 MASCS were transduced. Expression of eGP
persisted for at least 3 nonths ex vivo, and persisted in a large fraction
of cells followng differentiation. Wen a single cell was sorted, no
growth was seen in > 1,000 wells. HoweW, when 10 cells were deposited /
wel |, cell gMABGSwase taesducad. Expodssion lof sGFR pemistedfor & leasp d msondls éxo > 10

cells was seen in only 0, 3% pof | l.s. Th ells re then nduced to
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Differentiation was agai n shown by i mrunohi stochem stry and Western bl ot.
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genome in MAjducedtodifftreh@dte ftd all eneBog@EYcellntypesi(Bstestastgnt cl ones. MASC

Engraftnent 15 The inventors initiated studies to exam ne if MASCs engraft

and persist chopdyeblests, adipgedes, skaletaland smootimusslecgtls, mdsndothelivimhyscul arl y
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cells we det ect ed. .~ The inventors infused e +, MASCs |V |ntrauterine
bt ot an VG0 B DG aal S Be Rl SRt o L ag I sar Bk el R
anal ysis dengpsbiraVifl geft WaSHSSeRfin e shihe GRE IStht Rum§R bnomheiBAMASICEET .
spl een and marrow. 3. "The inventors transplanted MASCS stereotaxically in
the intact baed differenfisteipndgeny ired) inslependentclongss, t hey acquire a phenotype
conpatible with neural cells, and persist for at |east 6 weeks.
Applications of MASCs 1. osteoblasts: MASCs of the present invention that

have been inmEngﬁhﬁ,ﬁe,di fferentiate to formbone cells can be used as
cell therapy or for tissue, _,etgenerat I on in osteoporosis, Paget' s disease,

;
bone frakture, ostbB®Hyentprsiaitiated studies to examine if MASCs engraft and persist
in vivo.

1. The inventors injected eGFP* MASCs intramuscularly into NOD-SCID

mice. Animals were sacrificed 4 weeks later and muscle examined to
determine if, as has been described 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



ost eonecrosi s, achondropl asia, osteogenesis inperfecta, hereditary nultiple
WO 01/ 11&a oRPADA1SOO 21387 41 exostosis, nmultiple epi phyB€RIUSH/ZII8ASI a,
Marfan's syndronme, nucopol ysaccharidosis, neurofibromatosis or scoliosis,
reconstructive surgery for localized malformations, spina bifida,

hem vertebrae or fused vertebrae, linb , anomalies, reconstruction of
tunor - danaged tissue, and reconstructioh after 5 infection, such as mddle

ear i nf ect i ogXostosis; iHUEple spiphysealysplasigs Maran 5s¥adiRe; nvent i on can be
| nduced to %Jc%ﬁslﬁrga{ch%ﬁiotsﬂ Jﬁ%@b&@l&gfolsﬁgﬁ sEdtlosR, fefénshrablive Qﬁ"%@?y or
0 e ] n spo

ti ssue regenerat I'n age- rela I'seases or injurires, In s ts-rel ated
injuries, or fornosglzed hatfothsams espirmaisifida,demiverichme or fusad tvertetirag linglsor i asi s
arthritis, Reiter!.s arthritis, ulcerative colitis, 10 ohns' .di sease,
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ear, recogst ri{fﬁ&&d&ﬁgééﬁr%%iﬁdﬁfea\tﬂ\?ec%ﬁ.e’ and reconstructive surgery of the
. a

cricoid cartilage. i pocytes: Adipocytes derived fromthe MASCs can be
used in rescul pt i2aghehdriooytes:ddASEs of thei preseot inventioptdap beumdpseg to as wel | as

for the 15 treatnent of.Type. ll digbetes. .In reconstructive.surgery,

adi pooyt es diKRePRRY G BerREs o In R o5 HIRPYRERHOY Seener iR nder

i nvention canelaRdRasel OF injltiamtspbRS-Aatkd UhlidNofintspecifiB Alsesse®8¥ch f or
exanpl e, or for reshapin t]lssu_e Fost as a result of other surgery, such

as tunor reneysheutrateid artbritis peoriasisiaihatis, Reiteg's aribritis ulagrajieolibigli pocyt es
produced, fro e,cel]s : | ) of the
pr esent ilﬁven rlg’g'ﬁs gésﬁasgegﬁ( Logﬁ}gggpgﬁ@g}rtﬁsé&gg%@rﬁgt n?%gxgg&esﬂ%%mgg br east

augment at i on th@butbodar, rechsirictiveghrgery ofthe aoseNamicognstiuttive Adggrooyt es thus
derived can also provide an effective in vitro nodel systemfor the study
of fat regulthe ¢raneid eartikger obl asts: Fi brobl asts derived fromthe MASCs can

be used for cell 23aiiei@RARpolieivER AR thb MRSCHPEHRAG heal | ng or

to provide connective tissue port, such as sca ng for cosnetic
surgery. 5. Skshitiap dorisgteeondt#aSiee crgosinetic sutgerydas weltlad foetlnt i ate to form

Buchene. 1Aus GUEReRYg LTYBLM P eoeistic i eRERsPAYS SR AP ot oni c. dystr ophy.
3§renla gte él 30 Aeehiied A EEsErRaDTithe fletnod of thedittdent MvERRA danYealsed &r muscl e
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 in 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 to 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



6. Snooth nuscle: MASCs can be induced to differentiate to form snooth
nmuscl e C%c?‘ {]JFSH cell therapy or tissue repair in the trqgimgh,2eis7 WO
01/11011 / 21387 42 devel opnental abnormalities of the
gastrointestinal system such as oesophageal atresia, intestinal atresia,
and i ntussusception, as well as for replacenent of tissues after surgery
for bowel infarction or col ocol ostony. 43nooth nuscle cells formed fromthe
MASCs of t hegfefsifEntd] A¥Rdtrialifleofthe gaatdintdatinalsysteino sudhl asdeeophagealit er i ne
reconstruction, for neovascularization, for repaif of vessels damaged by,
for exanpl e, ataesies ingestinel atesisia, and infissusgentiongrouethas fensplacemenQfy sor cel I s
(mesangi al cells an bhe use . ' ' for glonerul ar di seases
or for cell ﬁffé‘? ‘b@eré}ug%yss6go‘gglglg%éért%{l?%tﬁslﬁﬁ&ggg@ tic neuropathy. Smooth
muscl e precur sor ssgRbthahak]deelld Fethdddrone firi MASES oif thedjraseat il@emtiont he di st al
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ti ssue damage(? ol I'owm ng ocardial 1 hfarction, in conjunction with
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ef fectivenes ﬁeur%ddiﬁﬁgéﬁxa&thfiﬁﬁéc& eduk- Rk £ 2ot (sE@ B MPGEMacala dessaused to
treat spinal cord I'njuries and neurodegenerative disorders, such as

Hunt i ngt bhs df theadistal cPaydlitad tubsileprgustaglomepilartispuesswhishdaysa 1ol Al zhei ner s
20 di sease, ﬁé’ %E” as re? 50;1 of tissues damaged during infectious disease
affecting tREEERTFEF "YU Sls system Mcroglial cells that have been
genetical ly altergedar@ionpyoestes cCantiontyionstes derived|fsmn tie MASCsfoan be
transplantation for the treatnment of, infecti gus di segse i He central
nervous syst bsafwlfer eclliherapy of Ussuf repais dorfrratipg heqri,ussyp 8‘6‘%‘%{3{0 oW er i er .

aial cells aRealBPinPeotitth behiBicRBH SAntonbsiivé AErORAURL ddingawg h fact or

i nhibitors f regeneratiol of nerve tissue after stroke, as a __consequence
of multip$e splecmsitsby eondeoitaldpart ahernaliea) orgesudtingsirem carddorpyenathiecancer, as

well as for regeneragtio fter. spi.nal .cord injur . . cells:
Stromal cell§F F‘Vg’dlsf %8% Pﬂbbﬁ\)%é&gregf%‘iaﬂ%’ e%#’éé%‘%i%ﬁ@y‘."ié\?é‘ﬁ 7'0h can be used
as transpl aninceRbddeffeRtivaRsd. - Mirogiah eslR@iffemtatetfromMASCs 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,



30 replacenent, as well as for bone marrow transplantation. In breast
cancer, fwoolgwanpl e, a bone marrow aspirate i s obtai ned fPcorusav/pas? ent
prior to an aggressive chenotherapy regi men. Such chenotherapy is damagi ng
to tissues, WO01/11011 PCT/ US00/ 21387 43 particularly to bone marrow.
MASCs isolated fromthe patient's bone marrow can be expanded in culture
to provide enough autol ogous cells for 4 Eul ation of the bone nmarrow
cel | s. Becausperttcmmb' toébnenman |MA§€éFﬂ°iaéQde o0 the/patiept’s bong %@U’@‘y types,
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the tissue %mdwmndvnwrseﬂeb@semdsscm dénfdimrrematetoanmmglerml tiply. 9.
endothelial cells: MASCs can be differentiated by the nethods_ _described to

produce endottiseues dypesetells intrgduesd eithsr losallys ersysterieadlyravideameddsd  Fact or
VIl def
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conmpounds can be scre In a nore cost effective manner.

10. hemat omeat:toc VﬁHIdeﬁcxch@S@swcHrasmpbrbéum'mllgaigemsmfbr hemat opoi etic cells.
Cells of q%r ese |nven @ 1heref re be. ,used t? g&ilfll ate the bone
mar r ow af! P}ﬁ?c iZat0Re ?.‘QF ”B)?e NS ROUAE AR IR R T one narrow
aspirate Is st Sfprdssioubiig aRGibi@Ré inhiBiRm, a8 Well 2848 it SiBloahedt] Br t he

met hod of 20 the présent invéntion, and are grown in culture and induced to
di fferenti at easoulitisg bomsrsen%tﬂwm aridesoegulptiorediserdersy Risimer thessronitaredd cel s i s

then reint rOduéﬁtg\Sb 115 Sr}d rag‘?lts {nn%m U ods {vg\% ﬁﬁ%& Sif skg‘h tnﬂ{h%%h trials

are currently Rems pur pose.

The stem cel |tﬁo1ﬁfand§tﬁfﬂbtdhﬁlem§r usefiil {Rétbpeusic cbmpemﬁrs capbemdaxeﬂhﬁ aagstet i onal
benefit of further differentiation to 25 formcells that can replace those
damaged dy cH%i’ﬁE‘?&WeffﬁCtWH@?ﬂnﬂssues as well as in bone marrow

B e A L A
of a |imted cellppCyllsdf the prosent axwentltansahuhemfme 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



11. Neuroectodermal cells: Mcroglial cells differentiated from MASCs 30
can be uswe ¢iqidiieat spinal cord injuries and neurodegenepéi-)u]s@,/ﬂbssprders
such as Huntingtons di sease, Parkinsons disease, Miltiple erosi s

Al zhei ners disease, as well as repair of tissues danmaged during infectious
di sease affecting WO 01/11011 PCT/ USOQ 21387 44 the central nervous
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precursors ( rustle Sci.en 1999) 2 4-75 The MASCs
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contributing autol ogous cells for transplant. The cells of the present
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or syringonyelia; for retinal disorders such as retinal detachnent,

macul ar ﬂégenée%mbmmam@tQhMS Cd@@n@mlané retinal disorders, and 25
di abetic reti nopag.Fx | oft ctrod%; mve € ncan%l [ aI cel h 1l\/bre(gl
epithelial cells offH RESHT YR Bh S BeP AT eEaé’P’l
repl acenent afdoBgene aliitddpy to gmaecongemtal neurode generatlve 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 epithelial 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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i nvention can be used in cell replacenent therapy and/or gene therapy to
treat or alleviate synptons of several organ di seases. The cells WO
01/11011 PCT/ USOQ 21387 45 could be usdd to treat or alleviate congenital
| i ver di sor degculd bousedtaphtar alievintegengehiteblivie disoxders; fersexample, storage

mucopol ysacchari dosi s, | eukodystrophi.es, ngl . 0shdasi s; increased

bilirubin di séserdess suehyas mngqu%@ec%wéqs& %}’?@%ﬁ%ﬁgﬁ%; ammoni a

di sorders S“Eﬁ%ﬁpéiﬁ@ﬂ'%&é&?& 511 bih Ifsordetd tonifstancelCrigler-Najdrance Orni t hi ne
rulli

decar boxyl ase I clencdy, Ccl nem a, and argininosuccinic aciduria;
i nbor n er r or ssyafdrane;ammaiial diserdgrsonugh as mbani ateors ofthe asea-gyelas forket oi nuri a,

hereditary_tyrosinem a, .an hal - antJd t r ypsi.n |Gl . z0agul ation
di sor der s SucHsiaece Quuthin qc?A:lbgﬁglaTgé"eai'&cpgﬁec h%ti}ﬂg%%’ %&C%{Em%gb%u%ﬁ?@g be
used to treat ,GagHH; ifbrh bi¥6rs o bR ddergMmioacidd suchhecti ons. The cells
of the 10 present invention can also be used in ex vivo appli catiggf such

as to gener at phenylketpinurid, bereitany\siosingmia and Alphg hraptitrypsin detigiencypand oquce
coagul ation factors. and t I | e r by liver
epi t hel i um Tﬁ%%gél{aglﬁfl{aﬁgf&éﬁ %ggggﬁgﬁ‘ ﬁlgdngﬁggeerﬁt% nﬁﬁ% 'e???gﬂﬁccgﬁ%gfso be
used in cell b&egdaserRBtcqhifal vy disodiers dganeirhinfartipnd. oThe exdls ofitheal | evi at e
synptons of biliary 15 disorders such as biliar cirtﬂosis and biliary
atresia. The erssenianvesfior eqn alsqbe pyed mexwina pPRlFAUARS YN @S P BINSEHAN ysed i n

cel |  repl acegni.;d NGEARYIn0 UdNey QBRI NS PRRIcE LodgubRonTactdts! MHitat €

synptons of pancreas disorders such as pancreatic atresia, pancreas
i nfl ammat i on, peodtice piopdins dr-eanymes gamsiateddsf liver epithelivfur t her, as pancr eas

epi t hel i um can be de 20 . fromth ells of the present, inventign, and as
neural cells can bg‘%ﬁ%&gatpglgﬁagﬁsc(gqtﬁ%prggqp?gbveatéq{g?agt ?fbefﬁsggéngéeipl s can be
used for the {hasaR¥nChedpRREd/ESgercIhdiepy RIRALST dIIERiatd ¥yiptoms OF biliary

intra-pancreas or intra-liver inplantation. Further, the epithelial cells

of the préSendisordesmichas bidiaryatighosieandhilianytresipl repl acenent therapy

and/ or gene therapy,tq {.,rea I I : i thelium
di sorders such as é&? e%'% rezlgf ‘z:f?lsioﬁﬁe}\r{r%b@rn gé{%@&‘%{m 3%8? gltg?%ﬁl %@wel
infarcts, andréaemeheheaby 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
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tel oners begPesursndrigiomers begin to,shertan. \As extensivei expansion ialrelativehishgh  dense
cul tures may | . CONMEL CJ o) t r poses,
MASC can be ?ér?lg%glgﬁ%ggﬁ ? *’ g%é%g%@(elg%%%&%n? €0 "nélrlée%@i- %rodg¥%ip%§9%onst ruct,
5 which wi | | MAASE eani bestearsdueed/tanstected with a télsnichise-eonaining eopsirsktf hen be used
for in vivo jransplantation, it | d be preferable that tel gnerase be
renoved ¥ orVhigR Wi @rqveﬁtrﬁea}?sc@rape@fg?hsp%@a%w s cquid henhe used farddnpl i shed

by engi neeri % et ween
Poo LoxP o t age WRpIFURRIERRIE R kit SRERIGRksce ek AR e

t el oner ase. @llgproato trenspiaatativec Thid/cad be accanpdisheriby entgineeting ther get cel |
using a secaond vector/plasmd or.as.part.of th el gner ase- cont ai ni ng
construct . df ﬂtﬁaﬂff’ﬁgﬂ%?ﬂ{cf%&ﬂé%ltilﬁldgat&_éhg?‘{%ﬁveiﬁs?a’m \Sf@“3 "rm or as an
i nduci bl e enzydEbinRIwill'belaBNC® thh dxcRBkdlbtielale Ofelafibe thifictedye or  nore
mut at ed | i gand bi ndi ng domai ns of the human estrogen receptor (ER) that

can be il@duceansdnced info dhetaseet estoysingehsecondryectas(nlasmid onas partdf thR | i gands, or
15 by using iR or r | ne cible. or ot.her drug inducible
system 10, CRpEHERMa Lo BRATER PR RG4S in ERoSilet e ct i on: o
uni versal ddbat, drek laf indiéfle eeymefoniistanué By Adnitifg H/preteRSwithbi@ssal  donor
cells for cell and gene therapy to renedy genetic or other diseases and to

repl ace enzyhere mytpted ligend binding dematye ohthediumencsteesngseepts (ERAthaype 1, 20
HLA- t I ' = ) ' L& ' d
ype 1l aRbLafiiRePby Eﬂ@ﬁy%ﬁﬂ%nﬁg&gwbuﬁ@maﬁgﬂ }Eiﬁ;lgéﬁthh@,to? progeny

express at |east type I” F ntigens. MACS’can be nodi 0’serve as
uni ver sdP ddiyosings tetradyglinlor rapamaéingindugibtey peotherdrug Hidacibjgsystem. ant i gens,

and potentially jntroducinge.the HLA-antigens fromthe prospective
reci pient to avoild” E\Pﬂﬁ?a#’ﬁgfod'gﬁngl’@é’g%ff@g@égﬁvf%'H‘é?gm?o'fﬁ’e Dhedi at ed
killing, or beconpugiSemsslsdvapk édis EMASC /i B8 hatdpMateako s Aafivessiand / or

mal i gnant transfor mation. ) )
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 least type I HLA-antigens. MACS can be modified to serve as
universal donor cells by eliminating HLA-type I and HLA-type II 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.



El i m nati on of HLA-antigens can be acconplished by honol ogous
reconbi nav@oniwnl vi a i ntroducti on of point-nutations in tRETAISONLA3BT regi on
or by introduction of a pointnutation in the initial exon of the antigen
to introduce a stop-codon, such as with chineroplasts. Transfer of the
host HLA-antigen can 30 be achieved by retroviral, lentiviral, adeno
associated virus or other viral transdtlction or by transfection of the
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MASC can be used t.0.establ i nd set amount or a given range or level of a
protein in tﬁé‘ﬁﬁlgd?ﬂbequgﬁé%%roo?: Intrauterine transplant to circunmvent
i mune recogni ti oy, IiidSferine frandjftant S Cirdumvent invitige tedogritioi NIASCtaahi on
setting to correct, geneti¢c abnormalities, or 5 to introduce gells that
wi Il be tol ebsused myntragennsiranspianiation sethng 10:c08tret gspetie doBHARYRS, OfThi s can
be a way to - Lii.es ] , In animals
or it cou%d g@ﬁgrgggggéblfgﬁm%&l{lgeE%%@%g&?ﬁﬁ%g%ﬁgﬁg?%%@%gt%tgﬂlgef ects by
t ranspl ant i ndeeelbpraeith dthistakdetaheayctomakethuprantoellsinolargerguantities 56¢ch &ene
therapy: Until now, human cells used, for gene therﬁg%l havg 10 been

t hiyan 6

essential |y Plopd Bpnigalserd couid Rspissdas 3 pay i eprres! _ DOET8F St ypes of
cel | s coul d nefech%yaid:ahL RN RKbeorBE GBidiofuiee, genet | cal Iy

altered, then suc y teinplanted into the patient fromwhomthe
ti ssue was taken. 16(Geue tlerapy:Wikil noNahumen ¢dl3ospd fogengtherapydeveon, WF.

Scientifi¢ Anerican . (1995) 273: 1-5: Anderson, .W.F. Scienc 1992) 256:
808-813) ! ségefb?SSF‘H&‘("i’a%‘}“ééBi?f’n? TR A Sk el b&wsef*&a%%w sol at ed
from the bodyell9EuM nbtbeCartratte® frointht Bedy e af anturéigefetichRy altéred,i nduced
to differentiate in culture, and geneti cal l%y altered using a variety of

techni ques, dhpesicenssfullyireigiplantedistasbe pafient Gemawbom e tiwskp Mas 23k6R. of
genetic mat eg%xg%ler%c?n %.@,@#ﬁr@w%ﬁ)%ﬂ 8¢ A&fe?éo?xnvﬂf.é fsg(e%ﬂ@ AR ca) S_Stable

t hr oughout d opnent’ and ot her vetto 20
forei gn DNA i(n995)2U8ml <% |Andesos, WIF) Soichce (19621256 &08-813) i MAISES oftlie
(Mochi zuki,, H., et al,, J. Virol (1998) 72 ﬁl) . 8 73- 8883; . Rohbins, P., et
al ., J. VProlPresgniggygntion can by extinctad and psplated Sopy ths LAY, growR{n gylture gy oo
(1997) 90(9) iy a%%ﬁ%éréitiatm{ﬂg 8Pinddeed t6diffdrentidtbR cUHRRE ald8éneticARA9)
10(6): 935-945; Zhang, G, et al., Biochem Biophys. Res. nmun.” (1996)
227(3): 707- Bldied vSinge Variatysefilendiqrss, gspeciplly viesl tranddnetiony ddptake arshhanced
green fluor eseg:(gr%gsigr{ 8} geln@tié a eP'al g)&%{n%gsst{'a%%, 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., et al., J. Virol. (1997)
71(12): 9466-9474; Bierhuizen, M., et al., Blood (1997) 90(9): 3304-3315;

Douglas, J., et al., Hum. 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 (eGFP) 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.
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the undi {1 er ehirleheePhEmME R, cldbiThunl ofd CKRIRSRAL ibRRiAQD P ovi de

ot her advant ages over emat opoi etic stemcells for gene t as
wel | . St em cehhanced gteam flporeseent protaiy expressionaalthongi the irstedwrabueoyorthadi sol at e

from bone nmarrow aspirat.es obtaj.ped ..under | ogal anesthesia, easy to expand
in culture, Qﬁﬂ’g‘g@@“ﬁe 1{1tpéﬁeswgfdffewtg#eéj§%§g ous genes. Adequate numbers
of henat opoi etic NABTSBFihe pﬁ‘é%énttiﬂﬂenﬁaﬂ'%ro@w&ﬁé_ehd%k&h%é%%vbﬁ0| ated from at
| east one liter of marrow and the cells are 15 difficult to expand in

cul ture {8ee hpmetopeistic emicells Grigsne therapyos) welizeStemiceila pf the@agsaldat e genes
for gene therapyibiGley: ti\éﬁfl&@ﬁ?ﬁ? F@La‘?? Efrgﬁlﬁi%?ﬁ SeRd J&%idlat’éE QhiaBRBrotein E

(whi ch has b&eCor el at e einer' s Sease and

car di ovascul ahdélilsehangsthebl¥aky (o/@rpand irscubfurefand bashay eratisfest wathisoci at ed
with increased honocysteine |evels and risk of stroke), Factor V (which has
been 20 cor r EKegERgULRINRS-r fdgaugte numbsHRS hematopistic steat fellsder B¢ sHRf ch have

been corr el abgdosdirult HeliSdiated ﬁgﬁfeﬁtleag%_l %%ﬁ%)h"f fdtfow afdMle CRIINIAS been

associated with resistance to V) (‘hypoxant hi ne- guani ne
phosphor 1 Hos yifficulateséxpandn culthee (atesBrackopoD. JynBtiehcer(@82Mt2561 Bl-Z4sch- Nyhan

) N (P R R RRR L c RFRERBAA
the absence @fpoliPoibtelrEE (Whish hils U RbRcaRdWiltEsk for Alzheimer’s discase
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 risk 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 retindblastoma susceptibility gene associated with tumor formation,
GenBank accession number M15400), KVLQT1 (a potassium channel protein,

with aberrant forms associated with cardiac arrhythmias, GenBank accession
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mut at on o AR SRSEF B ESRSE SR B esaiB finber Y 2 VAR (08K ..
Latif, F., eérmhtatioP6f §0peotéihIOasodtRd withlVorl Biihel Lidagdisdhsee dstis, Whi ch
can be treated effectively using these genetically-altered cells includ,
Factor | X defFeFictle eiencaidRBDI300; daaidade Otk deseases phighermdiedreatsdui ¢ h
severe conbin 01l I, Gl ' : Xad L.abetes, and
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be driven by aienbsinededmiaaserdefivicacy @ssoctatdd witly sdvere coimtdnatd/ne can be

regul ated, These i ndycj bl e pronoter st ens,. I n¢gl ude, a, nutated Iigand
bi ndi ng dtfai FBENqde CWH%WS%?’%E@héég?j@g%ﬁsnﬁé’?g&’@ﬂ%s’t“o 15 t he
protein to be IPF%%‘?&idaIQi S-i fequire that the individual ingests
tanoxifen to %1 ow expression of the protein. Alternatives are tetracyclin

on or off systensThdiehdGel ganek canbadainygc by an irdincibld gromosdramthabitevatidi t i onal
nmethod to obtain relatjve s Iectgi:\ve.el@hgssion Is to use tissye specific

pronot ers. Fof! PHEELAR EC Fo§Y e © PLOMteR YS\GIS &nay 'PFl_&ﬁgﬁe_ne driven
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oDt e b SR S B e e b b o
off systems, RU486, 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 fibrillary 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., ef al., Blood ( 1996)

88: 3921.) MASC:s 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
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89: 0870- 9g7Aherapy ap aitragfive alfemative forgsgase fgafmentac o Sej . USA (1998) 95(3) :
1201-1206.) Once fiuendinbapgl MASCEBE iRiRedeit BviAIGR ARG gbidichipeage cells
and introduced into the patient, 20 MASCs repopul ate the H V-infected

pati ent'l$ degrigiteertdTo paiducsRepML0, Strarsdomiinant gegative owitany ofRewethatl cel | s

possess the ,Jyuta ev,. MLO, t i | I t; I effects .
of infecti onbmé s%%Fmg??rb?%aswg&xm\g\%ev(ﬁﬁ%lgcl%gé’ﬁ_@oé {egtre aegg%égtgb%én al so be
encapsul at el 4 cANPidRENEL].Codal] Sdi. USA (2992)89t 198700874 RanghdJ.peraiiect ed from

the host imune system whil e Xroduci ng.the )
Proc. Natl. Acad. Sci. USA (1998) 95(%): 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). Materials 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, describes improved devices and methods for long-term, stable



25 secreted protein. Techniques for m croencapsul ation of cells are known
to those wio@kiélh in the art (see, for exanple, Chang, P.,PG/USN0/2138Tr ends
in Biotech. (1999) 17(2): 78-83). Materials for mcro encapsul ati on of
cells include, for exanple, polynmer capsules,

al gi nate-pol y-L-lysine-al ginate m crocapsul es, barium poly-L- |ysine

al gi nate capsul es, barium al gi nate capsales, 30 ] )

pol yacryl oni t expressipalofaibiglbgicalty ative fri¢cuiisingwbiogompatire sapsiled
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long-term st ghgley\Gh Bdmbibatdn Rith/ WA  the Présens hiveation) previdea

bi ol ogically active nolecul e using a bioconpatible capsule containing
geneti cal |y emgthodderieatiog agunihee of physolegiadisonders;, incliddng foraxample, capsul es,

In conbination wth t S f_the present invention, provide a nethod
for treat ia%g gmﬁnﬂﬁ%ﬂc{\%‘&@ﬁ&f&sgﬁﬁc di sorders, including, for exanple, 5
di abet es and Par ki Rf@e 'dfabeiic patent, fonexahple] heterilogoup atenecdlls Wiich basenpl e,
het er ol ogous stem cells which have been, genetically altered. to pyoduce

; y
insulin at phYesnaengficelly jeliered & produes imsylinatphysiplogically therapsutie IaVel§ 1 or
delivery wthj ' ' i : I u stemcells
can be deri ve_éﬁ}é%%]c%iagéaut t;OqutEﬁié%\%?lth r@héﬁ%@?’g\}vﬁsﬁ)& é?giie?g'?ée&for
transducti on witblogeus semaeeils edn heaterived fromthe pateans’s pwadsneinparbw Once

genetically altered to produce siologjcally therapeutic.levels of
insulin, i%es aspigiq fogtr uﬁé‘?‘b‘ﬁ@ﬁ%§?}f°é’frglj"“§£°réé§&‘?"i“t}§§’ éﬁ;c@%nggllﬁp Baet ge
and int rOduceg%deeﬁgéelg IS PR f 'e?P%§l%gf5%§IIMﬁFa%eﬁﬁkewvél§%Firi%uﬁ@, théseduce

insulin for e periods o r Anot her advant age of
m cr oencapsul etllsman bt enepslatsi as descpbedbn Changwiddaeigarndgntroduced pdet unity to

I ncorporate into t.he,m crocapsul.e a variety of . cell L Rg a

bi ol ogical ly p}?@ahﬁlguﬁtfséu%‘?@%ﬁ hgy IRRaeLo 8¥°dfl ﬁ%lnﬁﬁé%gdﬁteﬁéﬁﬁ%&%ﬁ%% 0gan be

i nduced to dififerentiate into multiple distinct |ineages, each of which
can be genetically altered to produce therapeutically effective |evels of
20 bi ol ogi%al |y acAnptherpdvantage of mgromeapslgtion of cells ¢fdhepresgiineti c el enent s

can be encagﬁg)@ﬁ@ﬁ#@g@ﬁﬁg@en tooﬁlggﬂquEt@inY%E ixroe{,PsthieOA fsg{ ga{)fy active

nmol ecul es. I nvention can be genetically altered ex

vi vo, el i m naté¢lbgeawheraducinpea biokigically thefrapeatit nmodacilee MASEs ofj thecpredeat apy .

For exampl e, 1anvention 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.

MASC:s 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

25  isolated. The MASCs are then genetically altered to express one or more desired
gene products. The MASCs can then be screened or selected ex vivo to identify
those cells which have been successfully altered, and these cells can be
reintroduced into the subject, either locally or systemically. Alternately, 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



subj ect's bone marrow aspirate is obtained, and fromthe aspirate MASCs are
25 i sol awagle1/ihen MASCs are then genetically altered to exps 07 0r nore
desired gene products. The MASCs can then be screened or selected ex vivo
to identify those cells which have been successfully altered, and these
cells can be reintroduced into the subject, either locally or

systemcally. Alternately, MASCs can 52 genetically altered and cul tured

to induce di bfhedASES,ithiS nigthddyrovidesSth Briatendlogic4lB dafd ibhiad gorf Or
transplant. In either case, the_transplanted MASCs provide a
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genetically a to produce insulTn, then transplanted into the patient
suf feri ng frassodisted diitheatemmhiy SMASE  sdias ba gendticallyasltaped tt exgiress t h

aut oi nmuni ty,. MASCs ca enet |,cAal.| | tered to expres ei ther an
altered MHC %)‘F}‘_eﬁ?)n W‘P’P(ng géfm Mﬁg%gﬁgf MH% lgﬁ??fbdf)ﬁ“rvaﬁ%.‘é €. Suppr essi on
of MHC expr esigpeéssion of MFIS Rkpibs6h piimisplanted phitdr@lticGabd cellbfas begn 10
successfully performed using an adenoviral vector expressing. the E3 region

of the M rasucegsafybly pecfermes using sicadspevieah veqtoraxpraseing heEbesgionafi y
transfected gt by %eﬂ%&!?%%ns éfth%g? s FERROR M{eest?lﬁg‘?@ﬁ&é@&‘fgr and can
nore pernman n? ]{: I or

t herefore provi de source of i1nsu ransplant into a
di abeti c pat tr&@tuceBpasahe MAEhters have demuohsrated, arid Gankérefoad pyoviletaered to al ter

IMHC 15 expression, and aut ol otgogéil}gg&SCs, kf genetically altered to express
the desired MAERSFPEMChSYEFFOIPBRRCPEIrARSR nb‘é“"_e%ﬁ‘éb?téﬂ Rafiegt fective in cell
therapy for the bsﬁﬁ_tmsts,g&r@%&iglfga{e!ticaneme?e&%uemmésem a. Methods

for Genetically Altering MA I's isol’ated by the nethod described
herein dén bexpigssien, andlautologoys MABCs, i ganatieablyadtered tORKpross theidesitedo t he cel |

by a variety, of t.hods kn to .those of ski.ll.in,the art. -These nethods
o7 " gener al |y PinelHLBER R0 D P Gpeafl alfiive il yliecaBl For /500 T
i ncl udi ng t heeatfient @ff sioRIB cell affbifiaind ahalasearhial S,

Methods 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 protoplasts,
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



such as retroviruses (including lentiviruses), Siman virus 40 (Sv40), 25
adenovi r uyo @nneihi s virus, and bovi ne papillomavirus for EGHP$NG/21382)
chem cal transfer, including calcium phosphate transfecti on and DEAE
dextran transfection nethods; (3) nenbrane fusion-transfer, using

DNA- | oaded nenbranous vesicles such as |iposones, red blood cell ghosts,
and protoplasts, for exanple; and (4) é?\ym cal transfer techni ques, such
as mcroinj ecinactwatlaﬂoéatdeast@polrt@mqflﬂle esllubar genome of:the gell. DRAleHPBAET e .
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i nactivation of &t |east a portion of the cellular enorre of, the cell.
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the cell, par |cu arly Into 11s nucl'eus, using a plasmd expression vector

and a nucl ear e)tpresaidnmt:toom&mqursleardocaﬂteatlmnksqlﬁtmce dMe@mdlsrfg digecting

pol ynucl eptides to the nucleus have been descri e The genetic
material Ehn BRYRWRISQHES o EEPﬂausptPaHﬁs’F%‘} eserngd %q}i’ Lﬁ}?\ﬁepf‘ﬂc t he gene of
interest to bg,pos| Ednvtﬁ:l 1¥tr9&uc@@9§ihgP%Motbx@dﬁ'ﬁ@ﬂlll&ﬂbﬁﬁbﬁﬁl’étg%h@of

chem cal s/drugs, to be elimnated adm ni stration of a given drug

/ chemical, omterest thbe positieriyl or vegativelyindug uslwcw%mqmlé@ls@n{gsm udi ng

but not Iimt Q.1 tam) S recept
expression i nggﬁfé}@fnfaP? fle?‘flmgconﬁrg&{&%%%gq(% %l[{%é &gm El :Br% tegpt gr% he
cel I menbr anejaggedi@aoddiddsctiontbyohemidals(indhiading bhlitlrmlnnﬁmedt@tlter ansf ecti on,

which relies on precipitates of plasmd DNA/calciumions, ﬁ e used to
i nt r oducel Pl atAMAXITCSHERTYS MPtFdestragegecepton) expIRSIQn inspesiAE ¥ Lot i de i nt o

i sol at eq or c J” J‘glemeWu%@égg{ﬁ&,lmg qm&%é brdh&yed into a solution

of cal ci um chlor 0 a so utlon whi ch ha been
phosphat e- buf Hemedlogdisxecambpinatiopi t at e has formed, the solution is added

j=

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 transfectioxi, 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.



directly to cultured cells. Treatment with DVSO or glycerol can be used to

| nprove Wwawgfigfiti on efficiency, and levels of stable tr can be
25 i nproved using bis-hydroxyet hyl am no et hanesul f onat e ?%?é?ﬁ '%aﬁgzi um

phosphate transfection systens are cormmercially available (e.g.,
ProFection(r) from Pronega Corp., Madison, W). DEAF-dextran transfection,
which is also known to those of skill b4 the art, may be preferred over

cal ci um phosBtieflyg celears pieed aumﬂtmagetdfansgheﬂﬁcra&ope ansftede bidbfithe desi red,
as it is often re,efficient. Since the cells of the present invention are
i sol ated celPagmiationiprpaded Ryrthe gueroproPsa lassmisranjpatteris avidedinter
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degradation of t i njected polynucleotide techni que has been used
effectively ttaosmm)mnabh germine nodification in transgenic aninals.

Cells of the pre ventiop. can. al so enetlc I i fied using

el ect ropor ati on. ﬁ‘ﬂfé OIfQ} gpéfseb{:wvgﬂloﬁ'@n f‘g Qgggaet{c "é&g%gr’@}nﬁn of cul tured
10 cells. Thiechbiéiién.CEhd tafies DBS HORNASs R @ia akatpeagion byeullr&Et r odes and
subj ect ed to an el ectrical pulse, causing a transient perrreabl lity in the

cell's 1But&e I%EWIBNM&CQHSSUMW&%E‘écqskbqt‘ﬁeenémeeé?%'ﬁ esad pores across
t he nenbrarasbje&g 08 1d &1 Qelmib U Caihl fFaFULR BrhIRIRE ] HedERUOD L e oPen

pores in rane en t ctric dISCO i nued, the
pores cl ose outer nib&ﬂnmnrthxu wmtaaifystm*iw the aﬁﬁbmabEﬁoreLamﬁsahal delivery of

DNA or RNAto enetigal | the cells erformed using cationic
| i posones, a‘i‘%er aéf’b?ﬂq ﬁ%ﬁmﬁﬁstthe ?fﬁlet Bﬁme@mq&én For
st abi | i zati %ﬂémb%e'dxﬁ%%&h&&@&h@ﬁeldqh alse&sﬂnuemﬁ@ Qlﬁ d@i(f?hanol am ne

(DOPE) or di ol eoyl phosphat i dyl chol'i ne (DOPC) can
r ecommehdled apRrayEmtcly one fe Yomamies. t ransfer is Li pof ectl n(r) (Life

Technol ogies, | ng ;3,500 Edlivesy SBRRIERNA Yo AURLELAR) Bodik) BOLEFLLA(T) . for

exanpl e,
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 be added. A recommended reagent for liposomal transfer is Lipofectin® (Life
Technologies, Inc.), which is commercially available. Lipofectin®, for example,
is 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



Is a mxture of the cationic lipid

N-[1-(2, 3weqhguthoyx) propyl ] -N-N-N-trimethyl anmmoni a chl edTeseantsDOPE.
Delivery of linear DNA, plasmd DNA, or RNA can be acconplished either in
vitro or in vivo using |iposonmal delivery, which 25 nay be a preferred

met hod due to the fact that |iposonmes can carry |larger pieces of DNA, can
general |y protect the polynucleotide fr&m degradation, and can be targeted
to specific omkicalapEtommatitiveius duvelopb €VSHEGhimthe mieshod ef 4beAst e el yi ng

on | i posonal o commercially available, including

t echnol ogi es e
Ef f ect eneTM (%W,S?E%Tﬁgg(@ﬁ'e Mol ecul ar Bi ochenical s), FuGene 6TM 30
(Roche Ml ecul ar Eﬂ?&l@\?&ﬂsﬁ?k&)miqﬁ&@wﬂi&ﬂﬁﬁ@l%eﬂ%ﬁé@m effectiveda) delSety i c
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| i pid- nediated gene transfer efficiency can be enhanced by incorporating
purified vir aDNAcintecpritatyzandestablished meormalisarcel lings using ipepdyasinet j ed G

Vi Vs envl opPatsgdiNtan WHLt jatie By DA in AT A eI ' (5

72: 6159- 6163) peh@hly HEsRABEEHyY LEstHiar, ued Béh,Jh Metheddindinzyholepyef f ecti ve
for delivery ofg DNA into primary and established manmalian cell |ines

usi ng | i popol QAN 75 5984184 DNA can be used to introduce target DNA into

MASCs. Thi s techni | I | : f . hr, J.,
Met hods i n Enzynol g%‘fd éliﬁgg?ﬁg%fwgggﬁ%éfp&%ac%éh gl%atfssh]\?%mﬁs&swfoggﬁh%g r
i nj ected di r egiffepentifica call$ fromuke isalhredMASES. This te¢Hniqredras betreshowmltbs from

the isolated MASCs. This techni que h een. sho t 10 be,effective in
transferrithg be effsetiye DAAansierERg pPREH! gc‘Pék?lie?y&’éﬂsaﬁﬁé?"@ ¥hBession in

mouse skel et alfusintn s Ot ANREIAMhs boin FEAcl TaNmdR RN fitonfia! | owi ng

a single intra ar injection. Mre rapidly dividing cells take up
naked pl asmi dfolkwimga singlefintrareuschlar ifj¢otionf dare rapidly slividingeeBgtakespt o

stinmulate cell diyisi. lor ta treatnent .wW t.h. pl.asni g

M cropr oj ect i P"é‘eaé’maémc"ﬁ)ﬁlﬁ &orﬁﬁﬁkéﬁ’ﬁ% ergiory 1{118 4 ‘r’a:{{r%é‘l’ 8@@%@@1 latei o
MASCs ei ther kdy dibisidd gforitd trédtent Wi plgsidDNocedure for mcroprojectile
gene transfer was described by J. Wl ff in Gene Therapeutics (1994) at

page 195.15 Bri ef | yMiglopmi¢atilenencaransfar oay alsoherused tqEasierEeBs®tiniY ont o
m crobeads, | SRpRLLYud . DLEIRD, e T OB BocdIRH PR
di schar ge chatrlesfer vidsaRsehtedbyrig@tblffinSenaThérepeutics (1994) at page 195.
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 carrier
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 targef 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.



sheet is accelerated toward a retaining screen. The retaining screen forns
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stream toward a target surface, such as a tissue nmass fornmed of
differentiated MASCs. 25 Mcroparticle injection techni ques have been
descri bed previously, and nethods ares5&nown to those of skill in the art

(see Johnston, S.Wiral wdctot$ are usedtgenétit@lly b MASTR D khelftesed25- 236;
Wlliams, R S., et al Proc. Natl Acad Sci. USA (1991) 88: 2726-2730;

Yang, N S., Wvention anditheir prqgeny. Vigalyectagsiare wigd, stg@)e @diysicazgghodc72) . 30
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retroviral vectors (including lentiviral vectors), al phaviral vectors
(e.q. 40 ndiestovect ors), and herpes virus 10 vectors Retroviral vectors

are effectlve for VI di.ng._cel | .alt h a nunber of
retroviral vect orR g\i}épﬂe(e&eér;llg S%EF%{%%JQ Tan éF?%E%RP ‘ﬁ;v/ d"f‘fi‘é}ﬁ#@ﬁ’ DNA i nto
non- di vi di ngilthehghsa manbe!df réthdviral vadtors have,beeth dédeloped to ¥ifedtively (1998) 72:
8873-8883). Pac cell ljnes for retroviral vectors are known to 15

t hose of ski3ps ﬁgNﬂAemé‘? pon-giyiding eells ag aell (Mashizukh 8l adel-t hdirglr al pr ot ei ns
needed for (¢oupyid: RRPIIYGE]) O'Paa&gm\é' crerl(?ﬁeggﬁ‘ﬂét?&ﬂx%pvégtorg Rl o VECL OF -

General ly, these I ncl ude t'he ga env retroviral genes. An
appr opr ilat e theselefgkitlgn the drt. | Packaging cdildénes pfovida ﬂlmytrgl prbmﬂsmmdd'efl l i nes

L0 Br0900 bAoA OB CERSHORLE:
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




20 for retroviral vector systenms. A retroviral DNA vector is generally used
with the pacdkaginig cell line to produce the desired targeaecoeswansss/ vect or
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multicloning site and SV40 pronoter so that a first LTRis 25 located 5 to
the SV40 pronoter, which is operational By |inked to the target gene
sequence cl oneatiable feagniomt aatitiody|dinected againss the sirfaoeglycoproteihighcond LTR.

Once forned, the retroyiral DNA vectqr,can be trangsferred.into the
packagi ng cel 1“°Pq_c -W&b%\‘ﬁﬂgleiéé%atﬁ?f%%%%ﬂﬁtg&‘ﬁés&f‘i?@iﬁ”ﬂp gf)gx&qm%rme as
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denonstratged b rtion F. et al,. Jo YT - ( ) 73; - ), who

used si ngl-e- cﬁéfs e%eg fFlislHlI' ih‘iﬂifﬁrfjéﬁ‘ﬁ% ?i&?g%gnf' a\]}%?%%g%r get%o?géﬁn‘ggg’%sznt I body
di rected agai Aftd t@tibody AEEmEktY aitedted ®i the Bieglific mmrkeswkpresyuditghdach

mel anoma- associ ated antigen fused to the anphotropic, nurine | eukem a virus

: ! ) nm
envel ope to t eslhlineagediffesntigtedifrory the MASEsof the piesgat inyention ¢an hedisehona
cells. Were . ' I.§.desired, as, for exanple, when 5
differentiat e%i)aﬂé%%i §gg}ré§l fto\égé%eclgﬁ?'ed objects for genetic alteration,
retroviral vectorsLeitivdadvéaorantd disulysell tagerenitallydiltee célésdofithe inventsgreci fi c

mar kers expressed by each  cell lineage differentiated fromthe MASCs of
the pr eser i Masy sneihvectass have heen desen ?%Fb‘g? ‘ﬁffé"l‘tf‘(f’ af%f“[‘%f? thatq

Lentiviral ve S | QI NSRARBE uFar Y el tagtetingldrReBbvirie

i nventi on. 18f ﬂ?ﬁl/rpglgc \?glct oréBh%/%GE?gHF%escrﬁ beagéei ngt he literature and
are known to Meceses fooGeskThérapy;” Hum. fiene Thatapy 0k993B4: AA%1élinZbeseg, W H.
"Targeting of Retroviral ctors for.. e .Ther e Hu Gene Therapy
(1993) 4: - 120vEIars Py Ben eflEgve Or RevucHBC e 3%3{}@6?1%#%3&?}35}88@ 'y
(1908) 12: 5B o P L s beor et bod + or

| enti vi rubS vebevsrbsen dessriked for lempivirug vegiprs (seg Kafiis by ef qla do¥irol. {1999%76- 584;
Dull, T., et . ) o Mi ( 8) R B4 e onbi nant her pes

Vi ruses, suché}%'sSﬂéé%gy@!’gﬁlégg\}*rﬁu@'t@g@ﬁ(I—Pll&/?f)%f'ave been used
successful |y to taRgaimbhdntdhetpey eirysespsuck b Berpegsimplixngrus tgpe I (HSV-1)

have been used successfully to target DNA delivery to cells expressing the
erythropoietin receptor (Laquerre, S., et 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., et 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



erythropoietin receptor (Laquerre, S., et al., J. Virol. (1998) 72:

9683- 969Wo oflnTihese vectors can al so be used to genetlcaﬂégyug,y,hgs.,t he
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transduction efficiency, can incorporate DNA inserts up to 8 Kb, and can

I nfect both replicating and differenti gged cells. 25 A nunber of
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been demonst FAacne Ry seblit ke il (BRI T e e BIGEUL TS EL eneer
Adenovi rus v4t0-415)s Retemly deactﬂaeﬂ@emedd&mwmedecwrseherpmmds the equl at ed
prot ein expres

sip e transfer lin J. Virol 1998
72: 8358- 836‘1‘)*“%&?&?&?%%%{‘;‘}?3%5 W} 6“%8%%&5%%??‘536%&‘%9%‘6&&%0% aglenow) ral

5 vectors W ihGn@8ReHERRhY, DA EAiFdC@PODI738 B8 Ig9ak).1 es to provide
transductlonlal targeting to SpECITIIC g(gl g) types (Doug%t J., et al.

Nat ur e Bilot ech. (A@@@ylmsrvectarsar&m@)avam@hiewﬂuoyl ndevde taywefbg&me adenovi r us
vectors even ad res‘?ﬁtﬁgleﬁﬁﬁ%tem al for %erference Wit h successful gene

transfer by pPE ?’&qressm%ﬁﬁgt‘? U CAINEAtR VeCtors, o " 3 Virol .
(1999) 73: 6GHASNERSEDDy codenvingpMimidSDNAGRlatniRg theahrget @naiviab! e vm| ch

provide targeted gene transfer and stabl e _gene expression using nol ecul ar
conj ugat e vekalyysine, vighthe pabiysingljnked teja rmhﬁgm@lrlaswaetmmdeww ning the

target gene cﬁxbarz@r%ﬂe}rfée}‘sl* n&al\’\@t\hr(;l g Wll >9%'6 %5'71 ked to a

replication-inconpe adenovi F'us. warzen erge P., et al., J.
Virol. (15997) 71: Amﬁﬁﬂn&&iﬁto)s pmwhlpﬂﬁmermsdhlezm\sqctqmram glsd ar | y t he

oresent | nveelghe fresdhit BF colfd hirel Barigh are RIS By tr ogen,
Carl shbad, ChdonifiétciaBy aviiR6R WeA&6senCdarlsbad, 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.J., 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, et a/. (L.
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 supernatants 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/ml).
Expression of eGFP persists throughout the culture of undifferentiated MASC.
30 In addition, transfection using lipofectamine has been successfully used to

introduce transgenes in MAPCs.



for exanple, U S. Patent No. 5,843,723, as well as by Xiong, C, et al.,
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t he cul ture IYPD%Q Cf{.i on usi ng
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target cells can be nonst r at ed usi ng gfnetlc mar kers, in a technique
that is knowld% 5‘1‘?8’%1& agtor regepior, drug sqlectable markess Grelading bubratdisrited pr ot ei n

of Aequorea vtbqq-E)(?lﬁT){g ﬁ,ﬁ,gmg has been shown to be an effective
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cell's (Persons, D.17.MASCs Arpiisefud Wbdhssued(e@inﬂ@@‘heéblem i:é’lﬁk]oﬂtﬂé)5)

Al ternatlpe sel ectabl e. mar ke s ,incl g§ the R-Gal_gene, truncated nerve
growt h f 33t orPTPEBLIVERtion fian 4 Sgaeélé? é‘sWrrR%q"é Ff}?edél"%?lﬁ aBeit not limted
to NEO MIX dennimted that MASOEsiGhe ﬁesedéweﬂhol'fefffeﬂrgﬁ&eto'?&?f’f‘hr The stem

cells of the 10 present invention can also be used tor tissue repair. The
i nvent or s havwmbes gbeslt typese theluding ﬁMSbleksf oatmlqstsedmmﬂrocrymnt i on

di fferentiat ne udi robl asts,
ost eobl ast s, eddﬁ% g{%o’cy etai]leﬁJQ %pcglg?/ttg ums qrréqlgFl ﬁ’rﬁ@f??@‘q“'éﬁ erdracum
stromal cell Snuﬁ:re)aﬁdlhm@ﬂlalc oeHls. dF éxCexaffipte; MeA S@9 thdRESDR Qi Brefitifi! | s For
exanpl e, SCs |ndu ed to differentiate 15 into osteoblasts, by the nethod
previ ousl1$/A ég@rqsﬁ"@ lagts, by the meghpdpreyigpsly dessabed hersinpearncbe implarttedice t he
repair proce t resurface joints. MASCs
mduced 1 o dnraoBeteibaRtetic KRl Hhbiss 10 Eeinfioc Heakbid ol 6r b

resurface joints. MASCs induced to differentiate into chondrocytes, by the

method 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 material 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



met hod previously described, can be injected into joints to resurface joint
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into the matrix for uptake by the cells, can 1/11011 PCT/ US00/ 21387

60 used to direct Pldsmid DN bneodingreytakines; growtlefactops pnhemianes ca@Nke can be

I ncorporated, wthin .pores of the trix, f.or exanpl.e uring the foam ng
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used in the foanimNatire MabcineKP9e9ds, 753-75N T Isioddpeadabld puilyrhéris t he pores,

allowi ng controlled and 5 sustai ped rel ease of plasm.d DNA. Such a nethod
of mat ri X0 pr SisRrimplagied near ybroken bene, Fy expraple, whergMAS(CH argimplanted

B1 ot echnol gy d 4899) s B, Wikn caPLATH GLARA 3cascbE i pidines. gr ot h

factors, or none$S ‘can bé trappe n a polymer géhe-activated matri x
carrier, as deseniritéoh dfith8Boyteking, growth, faetor, ak hornidaiepaceelbiating heaingldd99) 5:
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the MASCs to prodgefs grdvided b?@ﬂ@ﬁreseﬁ@ﬂﬁ@ﬁﬁd@hfﬂfkﬁs &8ty ne, growth
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provi dedlby methodrafskmpreseny inventenn, casy bavmedio produen tissuesyortongans f&r net hod of
e Present ARG gbn GE0BRE ! OVRLAMERLAIIONFA 0P o1 8RS
149- 155) reported the formation of a working bladder by culturing muscle cells from the

exterior canine bladder and lining cells 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, et 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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transplants can be generated for preparation of frozen stocks, storage, and

administration to 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, autoimmune disease, or genetic diseases

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 isolated by

the method of the present invention, can be performed, particularly when the
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pati ent, 1@ t Aevelapmentadpracessen @5 Atelel Ravex /s (P 40468Y TP Pfenet i cal | y
altered or upalter L | Di 1 0f- ' | s¢em cal ly,
on or ar oundﬂ?WeﬁgﬁﬁjfggéCtg aglﬁtr%e&éeugt a ]Pgmlt%té??%ﬁgg%if ﬁééggincbgl%ﬁat’i on with a
phar maceut i cad Wl acetepiniiplthe DAA sezjuencks of tHa&Tnhibited igemesa (dblgof th8y st em f or
Studying Differentiation Pathways:. Cells of the esent i.nvention are
useful for fDeEensiNveRUILERPE; tHRa d"i’éhcg‘@\yg?tfiﬁr?ﬂ;h qut%B?eO@eéggléeéfbyas wel | .

Rul ey, et al Ruﬁy‘%ﬂﬁﬁ%ﬁl Bihe xPesGFBPLGes AV QndRSa&itTRA brepRar s and

v
met hods for inhrbiting expression of specific genes, as well as obtaining
t he DNA k®qussyuesceahalybiss &he p¢llstsian shpnderinducedtq diffepmtipigand sheeffsets i nvent i on
can be treategd with the vectaqr cribed by Ruley, which
i nhi bit the 8&‘6‘?8@%’."%5"% 5 §‘§s°‘t§’ﬁgp caené ga%%gg%?ified by DNA
Hahn, et 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.
MASCs can be used to study the effects of specific genetic alterations,

toxic substances, chemotherapeutic agents, or other agents on the developmental

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.



15 sequence analysis. The cells can then be induced to differentiate and

t he eff eciy® o18foiihe al tered genot ype/ phenotype can be charki/ésmw2eis7 Hahn,
et al. (Nature (1999) 400: 464-468) denonstrated, for exanple, that nornmal
human epithelial fibroblast cells can be induced to undergo tunorigenic
conversi on when a conbi nati on of genes, previously correlated with 20
cancer, were introduced into the ceIIs.68bntroI of gene expression using
vectors cont ai ni ngFomstudyiihg developmental pathways MASEs gabhe WealediwitBt hod f or

studying the effects of, certai ene products . . fferentiation.
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such system i grihgenfceheanons. | MASTsa alky e gehetivally mvdifidiyusaty othods , et al .
Proc. Natl. Acad.” Sci. USA (1996) 93: 3346-3351. MASCs, can be ysed to study

the effects ofndyrstirs previgpasbyrdescrihied e Fatthermore, MAR(Ce can b aligredusing

chenot her apeuti.c agents, , or hways.
Ti ssue cultur qsgﬁ%ﬁFﬂwggoggﬁgmwﬁ%%ﬁ?ﬁgézr@?in%Eﬁﬁaﬁgﬁi 1t ﬁgﬁgtrctél '1(;1 flge\%v nmass
cul ture of huegireﬁ&ﬁfﬂahngqwnceseISigmmtﬁte sequencel, féreaxamiple, can

i ndi vi dual s, 30 providing an opportunity to perform rapi ﬂ{ls reeni ng of
conpounds suspeuseddoirrodyee desired peptidss 8T pelupentisge it thecehit Ageni c.
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can be treat Speci actors, or ot her agents,
i ncl udi ng suspraetithas besradesgribed byRugas, eadls in MaS fE9Wa it i cal |y

nodi fied using_nethods, and vectors previou I scri bd. Furt her nore,
MASCs canlbe g?@‘é?%d?h@i‘?ﬁjh@ RiR ?%eéﬁ?@ﬁipée‘rlff?o%’é?‘eﬁlrpf?&‘é%f}%ﬂgﬁ'im th
proteins intradueaded MtdPthk RElnEE Medifand! th@ElocA¥PEASSS tBE cOl meaibrate tgene
sequences. Signhal peptide sequences, for exanple, can be used to introduce

desired pepti tesinteriopof thpepli.i Aoy nimber afipsotgisisican bauseddn this maapentoef f ect i ve

techni que for introduci 0 tides _and pr.ot e Lk Il has been
descri bed by %ﬁeggl,negl?e %?e_c?o%’lﬁg%gﬂrpéo g‘lno%pggktlneoﬁﬂ(&;%i;entl%@b(}fttgg?&ﬁo 370- 375.
This net hod pao@puedy ahe ckiigin deberibed tr Phiekimerfa qlaqire Bidteche 19983 16:

i ntroduced into the culture nedia and transl ocated acrosg@t@hg@iell menbr ane
to the ih$er A69-443) eancdeised to Ik the hempes vigss piptiteV B2 Ik fusstiondd in this

manner to de%ﬁ&%qﬁﬂ%ﬁb&ﬁﬁ&ﬁ%m' the target protein upon the

differentiati ternately, the technique described by
Phel an et al. (Nat fells Bf thegedsent(ih@@Bipn tén also be genetically engineered, by the

introduction of foreign DNA or by silencing or excising genomic DNA, to

1D X8

produce differentiated cells with a defective phenotype in order to test the
20 effectiveness of potential chemotherapeutic agents or gene therapy vectors.
20. MASC:s 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 culture 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



15 440-443) can be used to link the herpes virus protein VP22 to a
functi ongly giRiMyei n for inport into the cell. Cells of t?gTarsg‘?/%g.,
uc

i nvention can also be genetically engineered, by the intro Ion of
foreign DNA or by silencing or excising genom c DNA, to produce
differentiated cells with a defective phenotype in order to test the 20
effectiveness of potential chenotherapétti c agents or gene therapy vectors.
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be screened | | el 4= i Ve... . early
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i ndi vi dual s raigd ofBabsaarices suthds,i for éxanipie, pharacewtivabeatipaitions Ceacoihe geneti c

pol ynor phi snms, particul arly single nucl eoti dé? pol ynor phi snms, can be stored

in cell culPFERPEANGARCYIRGHC ghamicss.qnutagqns: Gt in%ScFl_E'éTPﬂkl‘l‘&St SEWH ques. For
opul at | on o B e Al e T hods
known t d5t hother oémpourisior factars.t Indormation pbtained droamsuclistidiesyhas broafior
Mnereased pdaPiEnast e dehhrnt Slbissus el PR R AR Y cee such as.
for exanpl e mdidbaliodiseidescal conpositions, vaccine preparations, cytotoxic
chem cal s, nutagens, cytokines, chenokines, growth
In the méthod of using MASCs to characterize cellular responses to
biologic or pharmacologic agents, or combinatorial libraries of such agents,
20 MASC:s 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 MASC:s, 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, et



factors, hornones, inhibitory conpounds, chenotherapeutic agents, and a
host of  IgoahiAgfiiconpounds or factors. Information obtai neCTHUSIIAEIST h
studies has broad inplication for the treatnment of infectious disease,
cancer, and a nunber of netabolic diseases. In the nethod of using MASCs
to characterize cellular responses to biologic or pharmacol ogi c agents, or
conbinatorial libraries of such agents, 6520 MASCs are isolated froma

stati sti cal | yalsiwgtdH utilizes a pelpoilatre systanh forpiniry buman ugbilios} geiBxpanded, and

contacted with one_ or bi ol ogi ar can be
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target for a &ﬁh&gz‘egexﬁhﬂeﬁﬂb& pvideNAvaIR G0 A@il Gy B SsYth terinitdly prior to or
after culture expansion conparing the one or nore cellular responses of

the 25 MASC cdifferentisted landrunmﬁ'ﬁmntl%tad or hightthroyghnyt sereeng {eCBNGHES i cant

popul atlo t he ects of e an be

ot or m ned  AVeedHieBiy = Ryl offiebbiGiople T ARbFRERIORR, SrcRlr Mot
differentiat efingdMane tieBlls aametpeesuﬁﬁdvémlonwﬁwa sapee of ailmesdxelisds, such
as conpounds of a conbi nat ori al i brary., Gene expressio ¥f§%gs for use

i n conbi nat i offomia Yarigs ¢£893§*&§11M|WHP@MWWWIBUR§H"€B‘PH%§ YiRen
descri bed (se r Kost, T., Curr. in. Biotechnol. (1997)
8: 629-634). ﬁ #ﬂ% céillﬁlﬁng?csoclzcrée ?#gg t echni que used to identify inhibitors
of endothelial cel MASCTS santtieqrovidad dxcfeored stocks, atmhelyy irRbaebination/®ith1/ 11011
PCT/ USOO' 21387 65 al ., which utilizes cell culture system.f.or .orimry
human unbl® i cBrepackaged ’@ﬁ@l&]{"l‘?é!dlS&PPIE%‘FT‘@%M(@“E&“IHHF "é’ﬁ caXi {JMI Whem
(1996) 241: 28 with 8patftel B4 effiotRAicoRtenRais T a vari ety
of cell types, botal%g%ﬁﬁiggﬁd ' |%q‘ere%?{a§§%d gnd undi fferentiated, for

hi gh-t hr oughpupprema&efucttgs toandmnecmﬁfsreﬁtmmdo specifireerll typesa Ataraatelyde of

target biol og nnacal,o a en Most. s of the
present i nvenb’f‘bﬁé%gﬂa?edgogdgcg B Oc?ﬁf PIFRRLPdd bgp 'ﬁétt"g?;r ](t)nnq%g}?t\?gﬁbé of
genetically dpy@ifitn th@‘ih%&iﬂﬁhﬁg‘d@ﬂs i) cddas @iffdertiatd By Rirhsthdds  bi oI ogi ¢
and phar macol ogi c ;?ents MASCs can be provided as frozen stocks, alone or

i n combi nbi i odesgribéd hergingbavisackaged medi um and suppl ement s for the| r
o ar ey g can 08y HASCLRH GlnerRRE: \dLacRUPiARbh O MhidingfeR" ot € ¥

packaged effective~conce | ons of opriate tactors to I nduce
differentiati and divecs pffedts on disedske sugcpp!sbllngd tIpardieed gase, 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-allele specific
25  hybridization, 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



MASCs can be provided as frozen stocks, prepared by methods known to those
of skill weoi/p@iart, containing cells induced to di fferegéﬁhﬁ’(’%st}ghe
met hods 15 descri bed herei nabove. 21. MASCs and CGenetic ProfirfTing. Cenetic
variation can have indirect and direct effects on di sease susceptibility.
In a direct case, even a single nucleotide change, resulting in a single
nucl eoti de pol ynorphism (SNP), can al®%ér the am no acid sequence of a
protein and ifentfitdtionobepeci fivatymorpisamassociuteP0ithl readis edentifigwBt | bi i ty.
Functional alteration in the resulting protejn can often be detected in
vitro. For eR}é‘??Bg@Fs’é‘@figainﬁt provide fyrthsr ipfarmationgatedhe pederkyingcaysaef

associ at ed Wyehligset and progression of Al zheiner's disease in sone

i ndi vi dual s. DNA sequence anonalies can be detected by dynam c-allele
specific 25 hybr MASGs dfghe pisbont adviepticrepronide tls sesessanycelehgito baagni ques
known to thoge of, skill.ip.the art. Protein coding regions, have been
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codi ng regions. Previous investigational designs usimng SNP-assocl ated
geneti c anal Ba¢fly, MASEa e isaigted foth asatisticallysiguifipand popualatigreoft i ¢ anal ysi s
froma larg : adi wi r Q henot ypl.c..charagcteri zati on
can be perf?P?re : Esljﬁ nérvéthgﬁ{ gﬂ%g’e‘%ﬁ? c?g)]lbfaé'?e (F%eﬁé&liﬁ?’zﬂﬁe’d inthis
manner are |GeidnexcR¢seard QNI998) 8:112290D3WHE0DHead RBASC G8mpRE Bieithécat i on of

speci fic pol rphi sms, associated with readily identifiable phenotypes,
and do rcm‘8t mrfdeexpmqeﬁéﬁg subcylturss phibeicallare Boradrasdrazen stgcksmmdichof ~ t he
di sease. MA f IOV, ' | cessa el,enent to
bri dge. 5t he o RS aE Bt gl SRS SRRt U0 e
wi th a di seaspamded popilatien of aells,enyilipleqieneticanalypesamnibeperfofaé fon a per son
suffering fromthe dit.seafe. Br i eft%, MAS%; are isolated froma
statistical I'§oUITY gPpotic 2R MesRtIFGE B Spmpifasinsls e leotidopalymambismn ot ypi ¢

data can be cahbaiduadfiéSren e sa$le pultion i Qﬁ‘éi'é%%lﬁ%ﬂ ) 8
1229-1231). These NMASC sarrlgfées ar§e I?Egn_l?(l)mcul ture exp?ﬁggﬁggﬁﬁg
subcul t df es UsSMBICHEERIEGhaIGues syelhasdaNAschip tegbaplegyo khewn ththoke oftskill be used t o

provi de. cul tlfifearf (Wrargt BS SHHE KeidlBY o SBRYE8Y: 2 075 1 EChed, ML 1S
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., etal, 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 Hoogendoomn (Hoogendoom, B., ef 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-carriers 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



expanded popul ation of cells, nmultiple genetic analyses can be performed to
I denti fy wenghi@ipol ynor phi snms. For exanpl e, single nucl ed®dTfs00/21387
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relatively short period of tinme 15 using current techniques, such as DNA
chip technol ogy, known to those of skill in the art (Wang, D., et al.

Sci ence (1998) 280: 1077-1082; Chee, M67et al. Sci ence (1996) 274
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1-10), Xiong (Xi ong, In, Am J. Hum Genet. 1999) 64.  629-
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g g one genetic polymorphism) and culture expanded to establish MASC cultures.

DNA from the cultured cells 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



met hodol ogi es for diseases of genetic origin or for which there is a
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link 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 appropriate 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 gene which promotes apoptosis, such

as Caspase or BAD, under the control of a tetracycline response element.
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pre-sel eq¢@ph/1@fit i genic nolecules to elicit a protective § Gl fgPonse
agai nst an infectious agent, and introducing into the subject an anount of
genetically altered cells effective to induce the imune response. Methods
for adm nistering genetically altered cells are known to those of skill in
the art. An anount of genetically 15 alF0ered cells effective to induce an
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transfected n c such as
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described in the | egature GQ sen, M & Bujard, H., Proc. Nat]. Acad.
Sci . USA (19699c1aikyl WHE Imastgenesis pPTG\V/?'E’égltW“OW"QWﬂI andigyasien wasiealsi on

B
Labor at dfi e, Wati Biot¢cho(1982) 17: ATG8eT At eW}It?reumd défireddhrticaliebe MASCs or MASCs
0 et et =t 6t AN SO b G, Ao o
envi ronnent devdyet, detls taxbefuktber goelicatigl alltredto Mebgdrate an apoptosis-
promoting protein under the control of an inducible promoter.
MASC:s also provide a vector for delivery of cancer vaccines, since they
20  can be isolated 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
appropriate 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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pr epar ati on oB sarfacd arftigen bstheprotectivefantigens 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-altered APCs back into the
patient, providing an autologous vaccine delivery system.
The invention will be further described by reference to the-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



MASCs from a human subject in a clinical setting. Using kit conponents
packaged Ww@ggifer . MASCs can be isolated froma sinple b 0{2 V-
aspirate. 10 Using additional kit conponents including differentiation
factors, culture nedia, and instructions for inducing differentiation of
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fol |l ow ng detitgi tcﬁﬂ exarérrpl es. 25 MPLES Exanple 1. Isolation of MASCs
from Bone Mafr'df r%’ﬁ'ﬁ LY eI e S1rar r ow nononucl ear cell's were
obtained frombone marrow aspirates fromthe posterior iliac crest of >80
heal thy human volunteers. Ten to 30 100 cubic centineters of bone marrow
was obt althhedTabied, each subject, as shown in Table 2, which indicates the
appr oxi mat e nunber of nononuclear cells isolated fromeach subject.
Mononucl ear cells (MNC) were obtained frombone WO 01/11011 PCT/ USOQ 21387
72 marrow by centrifugati on oWNamber 6f col | - Pgnedefds-t y gr¥ambetof MNBASTE

Chem cal Co,_,St Louis, MJ. Bone nmarrow IMN re._incubated w th CD45 and
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Tabl e 2, depl3tion of CD45t00anlivnscel | s r&8QUPORd in 50
25 80 60,000 35
25 50 14,000 10
50 100 50,000 30
10 150 75,000 30
30 100 100,000 25
25 80 75,000 35
100 - 190 78,000 25
100 150 60,000 15
100 160 160,000 85
100 317 400,000 50
100 200 150,000 70
50 160 160,000 85
50 115 150,000 70
25 60 60,000 30
100 307 315,000 100
100 216 140,000 80

50 130 150,000 40



recovery of CD45- GLlyA- cells which constituted approximately 0.05 to 0.10%
of the towaoithewa narrow nononucl ear cells. 10 Tabl e 2 Nundg@yusiozigrber of
45- Nunber of MASCs Vol une of Bone npnonuclear BM /G yA- cell post-
(estimated by limting Marrow (cc) cells post ficolled MACS dilution
assayy LDA) 50 100 mllions 100,000 50 25 80 60,000 35 25 50 14,000 10

50 100 50,000 30 10 150 75,000 30 30 190 100,000 25 25 80 75,000 35 100
190 78,000 2510000 150 60, 032 15 100 160 1680,0000 85 100 @17 400, 000 50
100 200 150, 0 70 50 160 0,000 85 50 é%é ég0,000 70 5 60 60,000 30
100 307 315,0 100 100 216°7140,000 80 5 ’9 150, 000 4 O1/111)11

PCT/ USOCQO 213870073 100 362 30, 000 60 50 388,0660, 000 40 ;@0 200 185, 000
100 100 387 300,000 170 50 100 130,000 20 150 588 735,000 300 W
sel ected cel |l d00hat do not ¥dpress the com#BB0PBukocyt e ark?Ogen,

50 100 130,000 20
150 588 735,000 300

We selected cells that do not express the common leukocyte antigen,

CD45, or the erythroid precursor marker, glycophorin-A (GlyA). CD45'G1$'A'
cells constitute 1/10° marrow mononuclear cells. CD45 GlyA- cells were plated

5  1in 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 GlyA~ 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, cKit, Tie/Tek,
and CD44. Cells expressed no HLA-DR or HLA-class-I and expressed low
levels of B2-microglobulin. Cells stained highly positive with antibodies against
CD10, CD13, CD49b, CD49¢, CDW90, Flk1. 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

25  seen for cells cultured with 2% FCS without IGF, cells cultured in serum-free
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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 >10’ 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 cells from 1 donor evaluated after 15 cell doublings, 30 cells doublings

and 45 cell doublings remained unchanged. Cytogenetic analysis 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 107 M of dexamethasone, 10 mM ascorbic acid, and 10 mM

-glycerophosphate. Osteoblast differentiation was confirmed by detection of



of proliferation beyond 30 cell doubling. Wien cells were cultured with >2%
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and 45 cel |l dgoypf.| r Lne FE darti ' ' . MASC
recovered after :gg@ge;l]s[ gou%nﬁ?l%@qghomegme{%%rgﬁlaﬁw ga‘%yg?@%%.ﬁygitg% e 2.

Di f f erenti at i ofcobthgdtsns 1138 Well asithe glycosimnaiobglysan afigidcan éseeiFag.i7on,

f di | . i.th 1Q'. , f d th 10 nim
2scorbi ¢ i d. andta e Saporet SEratpon 40" M AerBraBEow FREMDh: i ati on was
confirmed by getfGidufif wilre ¥fdeld 14 %thul%gém&langle diffefentifticHWas

m neral i zation, al kali ne phosphat ase expressi on, production of bone

si al opr ot ei n, alegsindugrsihyl 1eplasieg semm-feqmadigmowith oredium aentaiming 2% e

relatively specific faqr..baon vel opnent e. Fi.g. . To.i gduc
differentiationy %%mbg‘rcﬁchgegﬁfgr b Oflr‘%aé(dsr?geﬁfe&rﬁ% (%g@cgogpngg&gﬁy
descri bed, wagPsuppl enented with 100 ng/m TG | (R&D Syst ens,

M nneapoljs, MN). Cells were induced to differentiate while adherent to

fi bronecthd, or inT@ M&ﬁ%%aléﬁym‘ffﬁeﬂhﬁb& h8érrBlEe MASEs ng
differentiat eagr;q bl atPeifiet M PhddFhaRE £2' 4R nk tndnShdthailel'ih 202 cel l's

was confirnmed etectl
MASC medium with EGF and PDGF-BB, expression of muscle specific proteins

was seen as early as 5 days after changing culture conditions. Two days after
induction, we detected the Myf5, Myo-D and Myf6 transcription factors. After
20  14-18 days, Myo-D was expressed at significantly lower levels, whereas Myf5
and Myf6 persisted. We detected desmin and sarcomeric actin as early 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 after 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 after 6 days. Smooth



of collagen type Il, as well as the glycosam noglycan aggrecan (see Fig.

7). 10 Teyd gf adi pocyte differentiation, 10'" M dexarrq;cgﬁ?%m fahd 100
pg/ M insu {pﬁﬂwere added to the culture nedium Adi pocyte di efrilen?i ation

was al so induced by replacing serumfree nmediumw th nmedi um containing 20%
horse serum Adi pocyte differentiation was detected by detection of LPL and
aP2. 15 To i nduce skel etal nyocyte difflérentiation, >80% confluent MASCs

wer e treat edmiysdld a@tin Way detddide faa duy Rdnrad smoothdhuseidmiybsin aftex 1t ai ned in
MASC nedium wi th EGF and PDGF- BB, expression of nusc|le specifjc proteins
was seen as @as| &ﬁafsl%dﬂawpmﬁlléﬁte%ﬁ}% pheelisstainpdposidiygivithoai- Two days
after induct] MNoWrn fption
factors. Aft %?80[153%%1@%&3%@%?&%3% %éé\gg%?gg@ég%éé%#g r}?%égnt ly | ower

| evel s, wher MB&6 potdingg bdt dtMyREX afies Retdday¥ypwhieh pasisttddidsdaynl Sar(@igsar comeri ¢
actin as early as 4 days after induction, and fast-twitch and slowtwtch
myosi n at> 147%ays (Fig. 7). By immunohistochem stry, 70-80% of cells

expressed mature nicR EfBenfiti Rl waslifid ey By a¥Hi8R 108 ngielassit0% hor se
serum we dermnstrg?@%cf usi on g?&rlryobl av;a%ss 25 in%’(z)1 rrygtubegﬁll?hat1 wer e

mul ti nucl eat fbroplasiggrowih faClor (KEGE) to theestandatd seium-fge cultereymédid ne al so

I nduced expressio f ta4 and ta6_during.the fjrst k of  culture,
and cardi ac PWS‘BBQV%?*%F?B?WIM% @%’?felﬁ?ngaj%ﬁ‘?f]%'ﬁ?{_ %ﬂgﬁgﬁﬂgﬁ% actin was
detected at 7, ¢laMse Alrfhef ddvefipidnObf cirdlad8éssbss 100ng/nllS-dAcHidise, 18000t h
nmuscle cell differentiation was when we added loonglm_ PDG= 30 as the sole

cyt oki nel@ o eg/mi bEGH: andSngrail herd metphpgenstie prateine anh&BMisdrandn for 14
G BB e Sheal R LB St hooniy by o1 coerce
PCT/ USOQ/ 21 38fRreafifieritis ildacacdrdiac vissie differeitiation.rGarmdlayd Gamab veane smoot h
St ai nod posi PIPFES #57aEEH daihaE AETBEAID Gl Sn e e M Bribodi cs. Ve
Wi ch per si sqen iy quaRbeadfis pGpsfitanethy Otarthe it e vls & S on
was i ndukbed éxpressei after 1094 ayd ndrdiag sioponihilland YINR afteyrdeyitl A These oratyrbFGF) to
the standar dca?t‘iaiga.cl:J ggo];gigsewgrléldte{%t%d qx?gb@% of cells by immunohistochemistry 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 vivo. 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 AFT024
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



previ ously described herein. Cells were confluent at onset of bFGF

t r eat mrentwo oifooinduce further devel opnent of cardi ac ti ssBE€EUSUBD3SH/
5-azacytidine, 100 10 ng/m bFG-, and 25 ng/m bone norphogenetic proteins
2 and 4 (BMP-2 and BMP-4) were added to the culture nedium Cells were
>80% confl uent at onset of treatnment tg induce cardiac tissue
differentiation. Gatad4d and Gata6 were pressed as early as day 2 and
persi st ed ti li$ indugedity, fagtopsy thatare relessed py embrygnalgdscerah endedesmele 50t er day 2

and nyogenin & ter.da St affin r day 4
and cardiac ‘brgﬂrhﬁml\‘/m?ﬁﬁgg%\l@ éarl %ﬁsﬁﬁ&séﬁeﬁgﬁre car §é§§ pr ot ei ns
were det ect edIi3rL,Tgd%ndfEpoeid 3 sénaratmmmeawm detéveed £$mall population df5. \When t he

cultures were nmintained for >3 Weekﬁéécel | s formed syncithia and we saw

i nfrequent st £abbthat epressettyBasCBeurring in the cultures, which were
propagat ed over s K . di n tected 20
MW/fS and rgryf 6 ande‘)gg rﬁ{uﬁmr?usgﬂg%?ag?leﬁ&g??o g%a t g)sfggléa‘?ﬁ%ﬁgétahel I al

growt h fact orFS/afaf horsdkerdnC 78 fdeﬂfohﬁfat@thaﬁﬂ'he%}:elll géﬂﬁuppwﬁleﬁd@edsxk,o
serumfree nedium m nus other growth factors to induce endothelial cell

di fferenti at ifesdewergjrradiatoda wP%CDéﬁdfeﬁrﬁéiq°§|ceB%Phateddm°P%t@%tdﬂ tion was
confirnmed by f proteins and
receptors ass%%@%dh%g{%%ﬁ%gﬁ ﬁ%gl al Qﬂﬁpfﬂﬁﬁﬁ@% ltE iagltl?%)eﬂissﬁigul ts are
shown i n Fi g.defermiiertht npabetdfcobbnf ffemeng celtsi (@FClaA 3k hrfeld edpansionudft ur i ng
MASCs in coléhaéen type |V coated wells wth in PDG-- BB-and EGF- cont ai ni ng
MASC nmedfum Wagss%CS and | OOng/ nL SCF that was conditioned by the
AFT024 30 feeder, @odffibefl MIAISCEEuIRIREs W u@ﬁé@mdnmpambyte@r&mtfaasppor ts
murine and human repopulating stemcells ex vivo. Cells recovered from

t hese cul turdﬂ@)pném Agei 14 daywydslls xprassed MET(t0SEGE tageptant CD34

(RT-PCR). Because 11 PCT/ SOO’ 21 s induced by
factors that aé?o«glﬁteéf‘gﬁggﬁ’%v e@ﬁﬁﬂ%ﬁéﬂ Selopgient °¥W585§§Pﬂ§19é %o- cul tured
human MASCs with aGal + nurine EBs in the presence of human SCF, F1t3-L,
Tpo and Epo. In 2 separate studl es we det ect ed a small popul ation of
(3Gal " cdPl s Exsmpled.oTransduction Ssfre liMame¥ " stromal "
differentiation b Aaacmgb &%M“%&%éen eglhbflﬁred aﬁsﬁaboapsi 10QLBERELUM  TO
denonstrate that thesé cells can support henopoi e

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.
Supematant was filtered and frozen at —80°C until use. Semiconfluent MASCs

25  were subcultured in MASCs expansion culture medium. After 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 5 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



feeders were irradi ated at 2Gy and CD34+ cord blood cells plated in contact

with theydepegir After 2 weeks, progeny was replated in g@fhstheeisiul ose
assay to determ ne the nunber of colony formng cells (CFC). A 3-5-fold

expansion of 10 CFC was seen. Confluent MASC cultures were treated with
hepat ocyte growm h factor (HFG and KG-. After 14 days, cells expressed MET
(the HGF receptor), associated with h@&Batic epithelial cell devel opnent,
cyt oker at i n1g,efphatdPeoaled viarafilotectin Werasartidc tGedls vedre MaBEanéd inm Adul t  Mar r ow

Once MASC cul tures have been_estahbljshed after_about 3-10 subcultures,
MASCs wer e r MASKS expapgion F&ﬁ%gﬁd'mﬂﬂ’&n’“&?ﬁé‘ -l f%’i‘?@??@?bg‘gence

protein (eGrR), conianllng iy %R 0r (b geé%Fgﬂ@é&&%ru gg__%ﬂxﬁ}me%&@ukd.al

vectors that ere used wer e or MND-e - SN constructs, kindly
20 provi ded Byogeayaf €1 Kelper Mafe. couldbe@xpanitedits getssye PAD’ cellsfaningel es, CA.
Bot h vectors were packaged .in the anphot,raopisc cell line . PA3 17 or the

G bon- ap® Ié@@ﬂﬁ‘%“ﬁ&&ﬁ&ﬁ‘i"ﬂ@‘g@eﬁh“ﬁ 12@(5 F;%P(g%o&gma&?ﬂ%ﬁlls?ﬁspggﬂg{vgm was
produced by ,iiagilatd Sdedthe producer feeder with MASCs expansion nedium for
48 hours. Sﬂper natant was filtered and frozen at -80C until use.

Semi confl uent NMASThe 2Bnakexpandedcell popwatiang wersthen dipdedsineonl®ul t ure medi um

After 24 hours dia was replaced with ' 1.0l uper nat ant s
and 8 g/ nL pPBQ“g?HWé' Spgeg; w?lgrcr%‘)pﬁeosﬁ?ée&Lﬁl;fitsege&/zlg&?’g%ear%sgﬂz hour s

later. Two t gelishv&e inthied & differentidie ilt@ 8itedblamts dhoridrocytese Grditalaells,s wer e
selected on a FACS Star Plus Flow cytoneter with nsort conputer (all

fr Okr? Becl ?) n Ekel¢thlandsmasth muscle guyshlasisiand endathelpd Céb" emANSEEE coat ed
ith 5 mL 4 % .
s ng {ig?réra?anMQn P]I'oﬁg é ﬁgiﬁn}?gﬁ;aggﬁd to ?kl(llﬁDnU])? XRueSdasty ReusiEE gene

Using the au I'C cé on the fluorescence
activat ed cekithetekirfiined by imGinohisethenigtey andibl WebteS1tbloyFoo proteias] 1

PCT/ USOQ/ 21387 78 wel |l pl ates cfat ed git fibronectin were sorted. Cells
were mai nt ai hemfpbms&ﬁgkﬁgaﬂgf%ﬂ“ﬁ? iSRS 1-7 nonths. After 3-4 weeks,

adherent cells ha@ingﬁ@@éiﬂ%‘i‘tir@&frldg%ﬂﬁﬁné Rasheduedd thRBoweIrese cefine cel |'s were
again culture expanded. Progeny of <1 well per plate could he expanded to

gener at e1510vorigialdfs el populatien. t Howeyer.Agcause MASG 19rs adhsyent qeflsdtis1/ 10 - 1/ 108
bone marrow %gslsgbﬁe AP W ;aﬁpé kﬁ/a% a s%g% i:Jllee{ré‘Eélgc‘?ecpg}t’ FmCiSaAr'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 Tagl
(Invitrogen) the fragments ligated and inverse PCR performed to obtain the
sequence of the 5° flanking host cell DNA. This inverse PCR technique or
Southemn 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



The cl onal expanded cell popul ations were then divided in 5-10

popul ati ow®.01800me cells were cryopreserved undifferenti at gadsT/vderess ot her
cells were induced to differentiate into osteoblasts, chondrocytes, stromal
cells, 10 skeletal and snooth nuscle nyobl asts and endothelial cells. To
denonstrate differentiation along a given pathway, and to confirmtissue
identity, cells were, either exam ned b innunohistochenistrégﬁnd/or

West ern bl ot PYA. pindiffarenfiated-anddifferentiatqd cells weere thensubjected to BGRiusingd cel |

types. Single | l [ BOG AN t 0. show Ssingl e
cell 15 ori g?n%%cl#fm eggége‘%lﬁ‘g{)og’ﬁ%{ g%}lg%l?g. ﬁﬂc’?‘\/\%&g@ﬁ @2@%6@%?%&%7‘5? @eﬁherent
cells it is lpngtiniml tdpeht (LIR) te@ampifytDNA feoms ithodi€fefentibted pfogegy.ect ed by
FACS or by ring clopning. The fact that integration of retroviruses is
random was us}péH epeh %‘%93 sagples that yierefixamiped single celd sracificPNA cel | s.
Because of5 t A >80 FofM; & ; t.hat flanks the
retrovi raI5 L%qé%@gg?}llmg%gg% irli:md?{éﬂp@%? 1d%§€ca2?@?ug?%%re%dﬁ§gm er cells
can be i dent idifferdntiated deltsrwasridengified. This proes singlewdet wsigin of dlhells dént i cal

| ocation in the host cell .genonme. | nverse pol ynerase chain reaction (PCR)
was used to ar%ﬁsPé)Wﬁeo%gt cell DNA flanking the 3 and the 5 LTR of the
retroviral insert.ydinyefis$Rchiifue ' | provi ded
to us by Jan Nolta, _P%. D.. LA 25%%?@%%@%@%%‘8@%8%3 gist‘?(r CA.
Briefly, DNAOgHsexstinanareaw andiesenslls taredifferentiatedntviaSEoblestsel | as from

di f f er entyiyat , ] nvitrogen) .t fragnents |igated
and inverlge %M%g?ﬁ%%ggﬁ’%g@%@gﬁﬂhgﬁ %‘&Hﬁ%ﬂf?‘é’"@?ﬂ c%]ﬁe ]g‘e%?sﬁﬂtki ng host
cel | DNA. Thiigvéntoreaize defaBnétetdihafiaiSingle mapRiw B&ivedRkD ca Pk Yk fo Hdiie
extensively been used in henmatopoietic stemcell 30 biology to denonstrate

that every diffqmPpethsplanghnic and visecralynesedenye oF yriher the karygtype of edlls thatnce t he
fl anki ng DNA | 4.f ] - . .and priners
wer e desi gnet%1|a ?ﬂg%%?gé@f% fggﬁ gﬂrh é’gg‘é‘%%@%gﬁ?ﬁﬁﬁ?‘ﬁ‘éﬁ@%ﬁg@ﬁgﬁb11

PCT/ USOQ/ 2138iassive eKpahsiodrdpddityriedid tatthelr stamt odlifanire ot ha@ttbechugebf s were then
subj ect eﬁ to PCR usi ng one 1Q(rli.ma\r specific for the flanking DNA and one
primer tHat (WEBLESISNUS of ameralizaan t e i nal repeat (LTR) to anplify DNA
fromthe differentiated progeny. For each of the 3 sanples that were

exam ned a single cell specific DNA 5 sequence flanking the 5 LTR, which
was i dent i calExemiplehdGenesation ofAGliai and Neuronal Cells from Adult Bone Marrow

Mesenchymal Stem Celis

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



differentiated cells was identified. This proves single cell origin of all

cell's of wo fBs@fer mal " origin. Using this technique, the gRFgssikisyudi es
confirm th"lat osteoprogenitor cells exist in marrow and these cells can

differentiate into osteoblasts, 10 chondrocytes, adipocytes, fibroblasts,
and marrow stromal cells. The present inventors also denonstrate that a
single marrow derived cell can give ri$@ to cells fromboth splanchnic and

vi sceral nesagtefyit adid Rtphekphatd @rdferaliytappat 1 Mpinds0.5HA0 ngfalLEGFeen cul t ured
for more than nine months is narnml indicating that.their massi\{e expansi on

capacity is Gueferably shout 18 pg/midel] e pmadifna may : °°B@Hh‘&%e§°rd¥‘°r°f§ Qnor
genesi s or 'gim%t i@%%%@ﬂn 1B irfluce d@?&ﬁi@ﬁbxp{hlt&éer@iﬂ &d11 §pes: Neur onal

Cells from A rrow sench al Stem Cells D fferentiated neurons
are post-nitotic and | 5t50 mg/mL bFGRpurefenably about jergémb) i-astroeytebser ved i n

vivo. Therapies for neurodegeneratjve and tre)xpmati c disorders of the brain
may be siyni fi canpligodendroREReuren «Qﬁ,‘mﬁfliﬂvﬂerati ng neural stemcells

(NSC) could be introdugeg i sl fSetdryfly absi 30 ag/mile-- Bstedoytephi ch - woul d

resume the function of thegg.‘el%ectl ve tissue. It has now been discovered
t hat MASCs sel ect eligddenduopytst GABA®rgib and depankpigtcnguramst f erentiate to all

25 nmesodermal cell types,can al i ff i o] S

ol i godendr ocytes, and g%&ﬂ%@g@gl\g&%@u taﬁﬁ)@sl%ﬂzs[%ﬁpé%%%whs
described in exangdbtohineMae sl GABAEEiopEBIOhS, Wopliaheklised as fol | ows. _
Generation of neurons, astrocytes and ali odendrocytrﬁgbwas done in nedium

consi sti b of neural dbf0aednbiEGE-40 (Breferably ahoutiRing/mEl Aoy i sed t he

foll owi ng: 10-95% r about 60%, 5-90% MCDB- 201
(preferably about OP%%\&&I%%Q?‘F%{ 161\‘IllRQIISyLA- BSA, 10-7 to 10-9 M Dexanet hasone
(preferably about 10" 85M0,nghfil.'FGIb4 1(prefddab¥p aboutID0igImPLT,/ 4s800tes1387 80

ascorbi c acid 2-phgsphate (preferably about 10° M and 0.5-100 ng/nL EGF
(preferably about ohgodsgareeytes By NOLBEFTANS nay al so contain one or nore of the

fol | owi ng cytokines insgy mL(Bmpﬁu%geféyaf, Bt 108ig/@D) LIbepadsihérgion cel |
types: 5-50 ng/nL bFGF (preferably about 100 ng/nlL) -- astrocyte, 5
ol i godentlf ocyt e, newrpnsonlylype unknown));

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-frec and supplemented 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 neurons were identified as cells that express in a sequential
30 fashion NeuroD, Tubulin-IITB (Tuji), synaptophysin and neurofilament 68, 160
and 200. Cells did not express markers of GAGAergic, dopaminergic or

serotoninergic neurons.



5-50 ng/nL FG--9 (preferably about 10 ng/nlL) -- astrocyte,

ol i godendy@eiyii@11 GABAer gi ¢ and dopam ner gi ¢ neurons 5-50 POTAWROEIESTS
(preferably about 10 ng/nmL) -- dopam nergic, serotoninergic and GABAergic
neurons, no glial cells 10 5-50 ng/nL FG-- 10 (preferably about 10 ng/nL) --
astrocytes, oligodendrocytes, not neurons 5-50 ng/nmL FGF-4 (preferably
about 10 ng/mL) -- astrocytes, oligodeddrocytes but not neurons 5-50 ng/nL
BDNF (preferably &6GFs9, first isglatet)from a phipklastema gelt ling,Sndicgs predifesatign 5- 50

ng/ mL GDNF (pr.ef.eraply about / -- GABAer gi ¢ d dopam nergic
neurons 5-50 055&%3%“?W%f%(9%§ﬁ§/%é%‘86’f VY8 "hﬁ?“cﬁlﬂ’)‘s QSH%%%‘Z‘PIJ}%% *heur ons
9”' y 20 The ‘Eﬂiﬂo@ﬁnﬁﬂs, %&%ﬁaﬁm@i,%&oﬁ ﬁhdléi@lﬂﬂ%_ Hihﬁlfatefrﬂﬂ{d! Rirkigfe il MASCs
into neural cells was based on what is known in errbrﬁ)anl c devel opnment of

the nervous laygst Bhencultursdfen 3 iwpeks witatOng(ml K&k and EG@R MASEsc
di ff tration. All t | . ted with
B, whi o i SO gt UkoRR SO AR KL i BShaplRBRTE " DY

neuronal dev@h@RFEINS d¥Weéprdént/ KGE8, @qiésseditahe mid/hindbrhin boardalyds wer e
cultured with both I OOng/nL . bFG-, and I,Ow%g)gi_cs}gg:, differentiation to
astrocytes, &vitboroshaforsprain, in gembinatipn withwesichisdgehogs 1ndyess es wer e
identified as.glial=fibk _aci di oo . 2i ) L ,

ol i godendr oc?/l fg%é@/iearngh:%gghﬁr?l?‘glgwargeug(frgég%:r[eicrlber%ﬁ;@la g%%g%i F%\I/éé% l‘IHG){?lilc) and
neur ons wer e thalevich MASCasvecetulturddaith ¢0uy/mi SFGF-8aand difale firi3avedk® f ashi on

Ne D, Tubulin-111B.(Tuji), hysi d fil 68,,.160 d
200. Cel 18 S;bé%pm%r&é%ﬁﬁ{@?ﬁn RO BIOGH L R Qs dopd im0 2"
ser ot oni ner gk, BGHARSry 16 SéOal IRTKpRSGE) lr38fictcdlo BF- 9, i rst

isolated froma gliobldstoma cell line, induces proliferation of glial
cells in cul tippocarFEs, thalanysomidbrain and brainstem shernid ispreferentialy ebr al cort ex,

el T Fayer. <hgweaan raren ool gl il Tnfeg iaS RO e Wnsch

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 a 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



5 generated astrocytes, oligodendrocytes and GABAergi ¢ and dopam nergic.

During Gy fpusiopnent, FG--8, expressed at the m d/ hi ndby@iosdopussdary and
by the rostral forebrain, in conbination with Sonic hedgehog, induces

differentiation of dopam nergic neurons in mdbrain and forebrain. It was
found that when MASCs were cultured with | Ong/nL FG--8 and EGF for 3
weeks 10 bot h dopam nergi ¢ and GABAer gi8 neurons were produced. FG--10 is
found in theiAs@Es b differéatiate o GABAaER anddopaminergic eawonn CNTFsti cted to

t he hippocanmpus, thalanus, m dbrain and brains where. it .i.s
preferenti al isplatesidsons sdliany panghiony is Adnemeper Hgﬁ'eigﬂﬁg&f%‘&b%ﬁqﬁqhﬁl ture of

MASCs in 1 %@Wgﬁ}%fégmg‘ ﬁ?ﬁvil%ﬁrl%g:@eire%ﬁ{éﬁt. RN Gsc ARt rocytes and

ol i godendr o not neurons. IS expressed” by the notochord
and i s requi hipgoéanipal beltureeGNdFah¢reased the ninberscofifs ABAgigic amhen treated with

| Ong/nL FG--4 and .EG- for 3,weeks MAS di ff.erent.i-at i nt o astrocytes

and gl i goﬁenﬂlﬂﬂl{‘ﬂgé"sn%?n%i‘i addifion, E)trﬁ?vegeﬂ(flf’ﬁ &Fgﬁnok%ggr:ggc RS ar ey

speci {1 cal | y K poRRARIGABA kY. tNTRRfkridiake salft @ABRLgioghTBtiolow el oprrent
|

i n-vivo and I n- ro include brain derived neurotrophic factor (BDNF),
glial deriveMASGs atthepdifferéntiotedrex¢lasingly inta GAB Aprgignaeensafteppdec f act or

(CNTF). BDNF is a nber of nerve growh factor famly that pronotes
in vitro di ff’vg%rﬁfliﬂgg[’?sélﬁe%fc}&gg human subependymal cells, and neuronal

precursors to neugems hamdtiopbietio tpdkineslidvedeausigwmotbeafophic factpsadanal st em
cells in vivo. Consistent with the known_ function of BDNF to upport

survi val 1&f ¥8gasobeasdld lrandldisasgpentivaed ghovea it pAfheny i VIFRRHISIASCs  wer e
treated with Iy qV& [ r | &Pl ¢ tyrosi ne
oh gl)lé\goﬁg'l pp%o?gglsﬁg&e Wﬂsﬁlg‘iﬁg%, TG CQF,OA_II}&: }’

hydr oxyl ase po ve ‘neurons was S ér of the
super f am | y. CSB-leaot byrhynimuthe diffeeaitiatioGiiNfeura cellpwhesadlLiSnlthélLJandri or 30

neur oect oder m su sti.ng that it I a. k ole in _neur.ona
devel oprent . IL]élﬁgQgFaﬁ‘?’d ?‘EQ“%‘&?‘\‘W'{?TE%@FR%S? H@ﬁ%‘b—”&ﬁ& cloﬁ"bbréa}llo%ﬁgr al nerve
and nuscl e aggp, AiRg QP1Ak RIS gfg‘ﬁgm@”ﬂu&hf)é i@ (kid gIf fdih [Amgdendnc.) t was

found that GDNF I nduced WO 11011 PCT/ USQQ 21387 82 NMASCs to
di f f er eni$ at Ehousand Cakn&rAY, ¢0 agnldgisanipeide goleny stimulating éqter (Ameen),

oo R AR T B atagy
enbryoni c r afollowed by culture for 1 month in a medium conditioned by the murine fetal
liver feeder layer, AFT024 (a kind gift from Dr. Ihor Lemishka, Princeton
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 neurofilament
68 but not 200.
In some cultures, MASCs had been retrovirally transduced with an eGFP
25  containing vector (described in Example 4 above). Differentiated glial and
neuronal cells continued to express éGFP. 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



hi ppocanpal cul tures CNTF increased the nunbers of GABAergic and 5

chol i ner gv@onemwaons. In addition, it prevented cell deat hPET/USHBNESTYI C
neurons and pronoted GABA uptake. CNTF exerted the sanme GABAergic

i nduction on MASCs as they differentiated exclusively into GABAergic
neurons after three weeks of exposure o CNTF. Some henat opoietic

cyt oki nes have been shown to be trophi ¥ actors of . 10 NSC, such as IL-11

and LIF, as mewohalsl typssgircumyentsiena 9fshe keyprpblems 18 NXG &ansplantationy onal

precursor cells e : . , EPO TPO, G CSF, and CSF-1 act
early in thenaﬁnfgygﬁ??%p@é%gg%mneﬁrdgF&%%%sPes' whereas IL5, IL7, IL9, and
| L11 act |ater inTheuelsnof thepteseminvention/bBse used i eell wpldeementdhérapmt i on of

early acting cytokines (10 ng/ nmL Thronbopoi etin gki nd.gi ft from Angen Inc.,
15 Thousand @B#ET gene therepy ta,reat opalleyiate, SXRIORS IO AONEERIEh| ati ng f act or
(Amgen), 53U 5% H3oldBHRR Moralebiddtafigsiin dsT iR ideRiich- 3 (RED

Syst ens), > f&gﬁ%\ag%&gg‘hgﬁpﬁﬂre fo?iof r%t h i nsa mesdi urln condi ti oned by the
muri ne fetal midopelysdcehatidosisalgekqdystEdiidies (giobloidicelgictkodystoophyy Caffdvan '

Fyrosine. ki ndBEREPERPS RO krBICUPTES PR R RS oPS STHPRE: ) ' and
| 5Sng/ nL SCF (WolktdnHisHabd, dndamy SABES Mhedichh als6ibeiusdd@ tidat r ARVIARE YL €S,
ol i godendrocytes and neurons. Neurons generated under these conditions

wer e i mat ur symptonisegf asqyiressurpdggenceative slisonders gghigs Huabngteo®. |1 n sone

cul tures, VA .had . retnovi-rally u | P. 25
cont ai ni 38 v?@%rrlso &esgl{rhlpé)ee%cligr\rélméxaag%pﬁ%ﬁei&ggsb\C/IZ%YWBR Fﬁﬁgpgﬁﬁﬁao&d glial and
neuronal cel kguaatt dRdalird ckiPstasks, ENBMleclings ahd dNSatasnd; it t hese cel |'s

can be genetically nodified without interfering with their, )
di f f er ent i at iPSAPheralrervous system diserderssuch agppinal OBh Iy Or SYEngenpveliaa) st em

cell that th }: L] gé’ﬁ'” i rons. 30
The ease w tﬁ&vﬁ%}‘ﬁﬁw&% %:‘%rlll agzétl{ngg?%t e ‘?llrt’or?r?%gds?? - %%%égﬁ%%ﬁaa‘?ggw, yex Vi vo
expanded and degehecativetretiml ffserders; arat diabaticwetimapathy. gl i al cells or specific
WO 01/ 119 1 PCT/USOQO 21387 83 neuronal cell types circunvents one of the
key probl'ens in NSC transplantation, nanely the availability of suitable

donor tissue.Exil1E£e! HemBiopbitfc BERISPMent NVeNt i on can be used in cell

repl acenent ther arﬁ/ D L
ematopoietic Stem Cells (HSC) are mesodermal in origin. 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 small population of Flk1* 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 to 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



and/ or gene therapy to treat or alleviate synptons of congenital 5

neur odegeneh gy di sorders or storage disorders such as,pd@fsdagisance,
mucopol ysacchari dosi s, |eukodystrophies (globoid-cell |eukodystrophy,
Canavan disease), fucosidosis, GW gangliosidosis, N emann-Pick,
Sanfilippo syndrome, Wl man di sease, and Tay Sacks. They can al so be used
to treat or alleviate synptons of acq®4red neurodegenerative di sorders
such as Hunt epghy@isbodiés. Prické sunmence]l dyptepates diffSedntintesint, hearopoikkizhei mer s.

They can al so be used for traymatic disorders such gs stroke
bl eedi ng, an_éel_t§N§"}ler5m§Ha§u_SP@deg6@F%§%¢rewpﬁ%g’s§gf@ﬁ?@$98f Bgr\f such as
spinal cord h{gjéa%ireért_% oV Myl dind cg{xﬁée&ﬁ* eP8F 0911900 dg/riL PURiF-as retinal

t
det achnent , egenerati on an er egenerative retinal disorders,
and di abet i c BBe(preferablytapoutl figimip hed 6.5- 1060 megbpb EETE (preferablymboant0

Hemat opoi etic Stem Cel l s ar.e nesodernmal, in ori.gin., | s lon
thought that HHSIESCFPP@PH%\Q %‘%m%}bﬂnksw @e&a@%—l?ﬁg%@és fpl e e\g/i dence
that printiue.REpiNEKIuE26 Rl )VriaGoniditibA of 1163, ICKFSFIE-Llahd ISEH ess cl ear

whet her 20 definiti've henopoi esis al so or;ﬂgl nates fromcells in the yolk
sac. A seri e@-0600 ngimdnprefirahly @boutd 02 ngémbybAltemativaly el (0deHkan enbryos

cal s pr esenf DT phdoredinlyabe JOHDREL R G ThYo @nAichr dprete By =L 0l o
bet ween day gEouN0 ngfmL) contdifihg MWSO niddiue was usddeith 5% FCS e/ B110ps in t he

dorsal aorta that differentiates 25 into CD34+ endot h“%lotir al ,gr 1{1ermpoi etic
cel I's. 110 sng/al 8GEdprefezably e 160 agime thateyassonditipneddnof 1824 he f et al

liver. At hoggpf f:sﬁé ,Sefwegéh ﬁ&ﬁ%ﬁﬁ&e&fitﬁesg%l?&%% é!r;r)ées%d ac}g,%ﬂ, Gatpe dorsal

aorta, their erentration and conmtnen ture henopoietic cells
requi res t hatnd GaySFRYRA-BCRoOimthendhistechemtistng indieating dued demapoieknvi r onment
I s conduci ve for henopoi e{l,i c%tgevel opnent. In contrast, cells that 30 remain
in the AGM r 8fessntighon ispaghie¥aRle| op i nto henopoietic cells. Some of the
clones in the present MASC cul tures have henopoietic potential. MASC
differentiate into endothelial cells and formwhat resenbles WO 01/11011
PCT/ USCO 2 13E¥ample Je dipithel glopmentThese sane cel | aggregates
differentiate intqQ_henopaieti T SS egates were
trypsini zed, and 888ﬁ%atngsa'la§% a&&bgg{ ib%e to &?no%'«s@&tla w%ﬁ?&@%i%pf}%f

Briefly, a vessel was coated with 1-100 ng/mL fibronectin along with other ECM

¢l JdOW

products such as 1-100 ng/mL laminin, collagens or IV and matrigel. The
medium used comprised the following: 10-95% DMEM-LG, 5-90% MCDB-
20 201, 1XITS, 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



coll agen type IV or ECM Mdi um consi sted either of 0.5-1000 ng/ nL PDG-- BB
(preferalbgogbeut 10 ng/ nL) and 0.5-1000 ng/ nL EGF (pref epabiugoamsst 10 5
ng/ m.) contai ni ng MASC nedi um suppl emrented with 5-1000 ng/ m. SCF
(preferably about 20 ng/nL) or a conbination of IL3, GCSF, FIt3-L and SCF
(2-1000 ng/nL, preferably about 10-20 ng/nmL). Alternatively 0.5-1000 ng/nL
PDGF- BB (preferably about 10 ng/mL) and80.5-1000 ng/ nL EGF (preferably

about 10 ng/ rmpatoqnegmmhgamsecqpmwhqch/aseaps@ﬁc\fm g%mgn@@dlooo 10

ng/ mL. SCF (pre ab / L h e FT024
cells. Cells F'l?i gf%‘ﬂmr ctgtﬁ?f’ e?]ﬁgng?gtf éi:tee m%??nﬁg%gké}f?ge‘ghgﬁ @K t, cWb,
Gata2 and Gebmripafible RithRikH epifielid@hi st ochemi stry) indicating that
hemopoietic differentiation is achievable. 15 Example 7. Epithelial

devel opment Appl i cﬁmosllhafﬂée aresentjpysntigp can b?)“ﬁ?éﬁ%ﬁ%ll Fe&éa@c@ﬁn&th%qa%l

devel opnent onectin
al ong vm'tﬁ otaﬁgjlpr Eﬂﬁ/th §4t§u ev?ﬁ@&ﬁ%tg}nybf niv]eP Séals‘%? agens or
and matri gel .ThERells &ﬁﬂd w‘usai&d u&mralllsendtetdoﬁgémﬂal bwmigwrdé}s o0 DVEM LG,
5-90% MCDB 20 201, 1X ITS, 1X LA-BSA, 10" 10-9 MDgx net hason
(preferably P@a@)’ie storage disordege ?HCB%H’(“BPRPI&??F‘H““E PHS B‘ﬂ‘:ff’@ ‘I??‘é‘?serabl y
10'). The ne afyt oki nes
0.5, 100 ng! mo PaET i SR, FERaRbirRBIEl; RS, St e Crishh Y. oo

(prefer abI y algndromk)amoionia)di@Edérs SuchG3Gnbogm ntroﬂﬂ@f-' tifehepaicyelgs for gr owt h

fact or r ef.er abl out L 5-10Q /m. KG (keratinocyte
gr owt h) f 46t or1515t§'lﬁey @aﬁﬂggecag]b%&llasi) e&ﬁ?’?ﬁ!) c@Bﬁ,@e{wa AR¢ atgipings ‘iﬁé‘r“
pancyt oker at i i@l fnbd¥® erfifloCathinlk QEiAL il damt dcid$GuchdasPOSi t ive, which

woul d suggest that these cells are endodermal in origin (i.e,, hepatlc

epi t hel i um lphlenﬂkﬁoepnaﬂmmdxm tyzesinenzia, and fdphal-gntideipsia, deficiegey; an

epi thelium. o of t.he.cell &100 e or the
WO 01/11011 4 ‘%i‘ggefs s epa ﬁggl?é&g%mﬁg%g%t g(r%l %rcggseg%nor, whi ch are

specific for Hmed tdltr&phédiﬂled livveredisbrdére dat toeyirdl hefedtivis. Dhbeellest ths
demonst altSEd ptrct,]s%n 1rn$§net1r<])(rzleca1? falslc(> %Ea%tsédnm e\),rwllzv%haplplsicatlons 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 bresent 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 bowel resection.



conpatible with skin epithelium The cells of the present invention can be
used in %]m{lgpll acenent therapy 5 and/or gene therapy t&flgﬁ,@hlﬁg

al l eviate synptons of several organ di seases. The cells could be used to
treat or alleviate congenital |iver disorders, for exanple, storage

di sorders such as mucopol ysacchari dosi s, |eukodystrophies, GW

gangl i osi dosis; increased bilirubin digerders, for instance Crigler-Najjar
syndrone; anmoni apgi ssVed @hs cAT tSprédeRrinReftion@ah alkb befedodaceycl e, for 10
i nstance Ornithine éecar boxyl ase deficiency, citrullinema, and,

ar gi ni nosucc replacemant thenapy and/obgena therapyrte tisat orallgviatesymptamsiolskifani ¢ aci ds

 ni nosuCoiopfazomend empand ey o QI ol o acl
et i of ancy: - Akrectsough P PR sk Al R QB b upp i1, 1YPSI T

deficiency. The cells can also be used to treat acquired |iver disorders
due to viral ns. cells_of the 15 p invention can al so be
used in ex vE ' essed genegumofile of MAS(GS. ca) BOREf | cial |iver (akin

to kidney dialysig); ta nr A ﬁ@rﬁgrtegl%gq%ce
proteins or enzyrre%})ssm e@gﬁl%?gg&ﬁvgﬁ?}%gé@%g&nﬁ%um "I"he csel‘ilé1 of the present
i nvention caexmbssed peneyrofiletaf human MASCepllacahatseeding demsiesafid/ or gene

therapy to treat or, alleviate sy ons of Rhiliayry.disorder 0 such as
biliary cirt %kqg@"érfgf% Wda%ﬁﬁeitd;gé]i‘%%s' ]%f?élggléﬂnltggﬂlfve?tﬁ’és eﬁ'f’@‘ggﬁt i nvention
can al so be psed.tH defle CoMlssiGPVRGANRRICs W8 IrdYePiddfi Fereffdi€td her apy to
treat or allevidte synptons of pancreas disorders such as pancreatic

at r esi a, 1pancartikege iand bemardieri bdgysand Al phal-antitrypsin deficiency.
Further, as pancreas epitheliumcan be made frqomthe | f the 25
present i nvert iMASCardle nes exrzass{fD3le G136 GROZE, &9&%{?’ %@g‘é'_&'ﬁéﬁftsh?an be
generated. ' Thasgfdh k3 1E MM o 1 RLCSPAGIIESAPHpOFIBLERFCHTE,

(subcut aneous inp intra-pancreas or intra-liver inplantation.
Further, the ceinddowflevetrofifileA aidss-I,rCa4d-Eand Marc- 58 sxdRNb&. used to in cell
repl acenent therapy and/or gene therapy to treat or alleviate s tons of

gut 30 epit kel MABCsiespresem8NAT thascyieltinest BB aBMRY VGt |
86 Nor cobbr .t MCRY V& eaiokinedSpepbRE R | EGER re o e B Y o el
repl acement t hefgpn-RNAPLRYETGFR2EBMP/R1 A; thedhesidn Répvris@IMIBy npt oms  of
skin CD49d, CD29; and CD10.
— MASCs express mRNA for hTRT, oct-4, sox-2, sox-11, sox-9, hoxa4, -5, -9,
Dix4, MSX1, PDXI1

20 — Both cartilage and bone lost / had decreased expression oct-4, sox-2, Hoxa4,
5, 9; DIx4, PDX1, hTRT, TRF1, cyclins, cdk’s, syndecan-4; dystroglycan
integrin a2, a3, 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, lumican,
fibronectin, bone sialoprotein, TIMP-1, CD44, 38, BS5 integrin, PTHr-P,
Leptin-R, VitD3-R, FGF-R3, FGF-R2, Estrogen-R, wnt-7a, VEGEF-C,
BMP2

— Cartilage differentiation was associated with acquisition of Sox-9, FREAC,

30 hox-11, hox7, CART1, Notch3, cdki’s, collagen-II, fibronectin, decorin,



di sorders such as al opecia, skin defects such as bum wounds, and al bi ni sm
5 Exanpl ew® o1Btpnessed gene profile of MASCS. cartil age amttmgsme/2usizng
Clontech and Invitrogen cDNA arrays the inventors evaluated the expressed
gene profile of human MASCs cultured at seeding densities of 2x 103/cn® for
22 and 26 cell doublings. In addition the inventors evaluated changes in
gene expression when MASCs were induced87o differentiate to 10 cartil age
and bone for 2 G@lyléage-glmstmelu,mandageaodmmcmmx peNSi6, MBMB&d CD62P,

Fris. L or T TIMEAGN iy CPd o apchetigeamy. VitBrk. BV BGET 16 e,

MASCs express nRNA for the cytokines BMP1, BWMP5, VEG-, HGF, KG-, 15 MCP 1,
t he cyt oki ne receptors FI kI, EGF R, PDGF R;la gp130G LI F-R act|V| n-R1 and

10. - NAsgs SOX-2, SOx-11. SOX.O. hoxad, -5,

-9, Dl x4, and bone | ost / had decreased

S S S . \ 1Zall01
expression oct -4, H%rgsenmé‘lﬁors u'§ed qutﬂ'déf}on E%achhgl:genu?ﬁg&etleyd i ns,
cdk's, syndecan-4; dystroglycan int e%él n a2 pl LIF-R RAR-a

RARy, EGF-R, ®ffaensgsbetgen unélffewanareﬂ A§Cs2pd B?:xflgmw prsm ""E"ﬂ’.’? t PSE o
iKS(fr eg/ggli;l C@Eﬁ%b(lpvrgiéxstﬁ%%dﬁ %@}‘t‘eﬁg %ﬁ@%@%ﬁ“ & ‘z decan- 4,

decorin, |umd;ﬁhrennitebcrme,eteomastbma@gesmatzqays)tsuvfr,acﬁdd\ﬁrdlmmtmﬁ 38, 135

I nt [ PTHr n-R VitD3-R FG--R3, FGF-R2, Estrogen-R wnt-7a,
IVEGEQEI " 1QI\/P2°ftEQ$‘|ﬁ[°Fqn§@u)’ ennresseb e NAS WA dpas using Bis BER-Gelot kit &onui si ti on

Fi bronect i n, agnaeeth =8 Sy BNl Bid S Hodieafigy, 225011
i
gl ycopr ot ei n,sequeerced expecsedd igalay 2iostenblasti cultpres twedré) andifded, ‘t&ﬂ(ihot tTllohPEn,
N- cadheri n, CD@?F al.. a qg%gésnt egrin, VitD3-R BMP2, BWP7 Exanple 9.
Char act er i zat'T"SH BF %T ially Expressed Genes in MASCs vs. 5
Cst eobl asts by Sutgighegisiveirtevéatially &4irbRBd 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, 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.
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 MASC:s but not day 2 osteoblasts is confirmed by Northern blot.



The present inventors used a subtraction approach to identify genetic

di fferencge daatpgen undifferentiated MASCs and comm tted ly-A
MRNA was extracted fromundifferentiated MASCs and cells ?Egﬂ%g%z?gp
differentiate to the osteoblast |ineage for 2 days. Subtraction and
anplification 10 of the differentially expressed cDNAs was done using the
PCR-Sel ect kit from C onetech, as per 8anufacturer's recomrendation

wi t hout nodi fExGaiplon. MASE Efgafimentes expressed in day 2 osteobl ast
cultures were anal yzed, but, not .those in__undifferentiated, MASCs.

Ei ghty-si x di ff er eXfuqigy Veredniviated o gxamppifMASEs cografiepd pewsishanved. 1t 15
was confirmed by dANAG I € | y expressed
in day 2 osteobl agé?;ﬁ)ﬁ?%‘gﬁg:tgg‘;reéégﬁeg not %@&Qﬁ?%ﬁ%ﬁ%@s&%ﬁ conpar ed
(usi ng the BlAAGmakslwere sdcnificed ¢ wekks later hndvimugele exanbasdty deBwesdPifpds, CGenBank

protein apd nucleotjde.cqll]ectio Ts, murine and_h n.EST conti gs.
Sequgncesgme?’ésbﬁ?’e‘teﬁ?‘?lfg(flo . 851;’? t%'P@s. @?Vaﬁgcﬁvgﬁmm? ctbrs, 20 20
are invol ved yihonfswet® RO GEPpositive cAWAsFB HERCtEE NRIkS, e GFP* MABESaPOPt 0Si s
pat hway; 8 in mtochondrial function; 14 are adhesion receptors / ECM

conponent s; 1V were infusediistraderizeTin setal SCIErmicgi Animalsvermevalwated on and 8 are
novel . For 2.of t.he.noyel, .seq ces, QO .RT-P s _perfo .0n,,MASCs 25
Mduced Lo aipmeiey B v SRR PiysPamon e Rte SEAHR TR T o 3
i ndi vi dual daeatJungRives spleéen mdhaseed during the initial 2 and 4 days of

differentiation rgﬁﬁecti vely, and down regul ated afterwards, Genes present
in undiffA@renti at Csinng transplagied stereptaxdepllyda the intagebraingrs o anal yzed.

Thirty diffeek Ik ad ol Y d 5 of them
are EST Scquinmei R RGeSl e ohpa i A urd B hscs
but not day Zandpémnbfonatksait$ veeeks.i rTimesk dhydiesoshibivethat Huinen MASCO3 tad 1011

PCT/ USOQO 21387 ga Exang)lﬁ_lo..MASC Engr af t nen f udi.es re.initiated to
exam ne if MNEREESTtamyvaapd differentiaty inan orgap;speeiiic onikedt JRYEloPing ect ed

i ntramuscul afhy tdrifomallOD-SCID mice. Aninmals were sacrificed 4 weeks |ater
and nuscle examned to determine if, as 5 has been described for human ES
cells, téfatomas dbgstudiss alsp show that M@PGs angglistinctly different than

embryonic stem cells or germ cells. MASCs represent a new class of
multipotent stem cells that can be derived from multiple organs of adults and

children.

20 Example 11: Demonstration of the ability to select, expand and characterize

MASCs from murine origin.

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 GlyA 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.



teratomas were seen. eGFP positive cells were detected. Al so, eGP+ MASCS
IV were iwWoudadoiintrauterine in fetal SCID m ce. Ani nal s woaguswaiisat ed

i mMedi ately after birth. PCR anal ysis denonstrated presence of eGP+ cells
in heart, lung, liver, spleen and marrow. 10 When MASCs are transpl anted
stereotaxically in the intact brain or _infarcted brain of rats, they
acquire a phenotype conpatible with neuﬁal cells, and persist for at |east
6 weeks. These st ulicoptrasisewhative bawrmithiingee cels whendresh murmevmarcovand
differentiate_in an orgeg

Ler at oms. - 1Bt SRR Rreh RS ereHE FRMASGA T &1 o

than enbryonigtusd, aBIgeelthSwv R sclit 'Whéithliine MAPES riconasieat cells Mg ¢l ass of
mul ti potent stemcells that can be derived fromnultiple organs of adults

and chi | dr en. Plated, sadowppeed eells Bedaysdeterdaplaiedol €RES sl eojls mithabe ect
P oS cobARbEIEY 4R phEtivnd ST W thd B Bl A dOSighirld, Bhigen e’ e

1
from nouse narrow resen n organs o an qrar fow., 25 1.

| denti ficati csmgpéstsMhS(Factors seoresed byplishpoldiie cellv/may beataled t6 ehpgoited MASCs
from nouse mar rq%g. ogN%ér?W from C57/BL6 mi.ce was obtai ned and npnonucl ear
a

cells or cel |'&1 BrrispMAS G When oultveed ity BDEH-BB andFG gloaeed under
the same cul {&IRIcBIAL kho 05w SEdaldland BIAFRES M%ﬁ?ﬁ?tgegg%aygég;ﬂgp@ﬁw- BB

and EGF). \Wen marr nononuc were p ( ed CD45+
cel | s 14 daysl®dellatoublings. Addision offl Ong/imlub B improexioel grewthpaidet 7@ celkl | s. As

for human MAS .cul tures re. re-_seeded , 000 cel]ls/cn2 every 2 cell

doubl i nggi.0 v&?}liﬁﬂﬂeﬁﬁﬁ‘}%‘gl\@@?‘ °‘§§“‘Tai1°”c PiRigssoliage R yRe I¥ePsaw wi t h
human cells, mieigel EEBEroWiK Wae sEBR! BRWelISWERTIS4PREnCL ASc1968D fsffle0n day O
of CD45+ cells were plated in MASCs culture, no growth was seen. Wen

murine mar r oW dameEn eells, €7 BLAMAS Cysultuead withbilFcen fibrosdctie¢dated14 day's
il ar fo tAORSA RO SRhEEA Gt roslsRer Sefar ral or o 7T
secreted by hsprpotreisciptdbl sctaR bR ddeded. t 0 support
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, C57B16 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/B16 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 after birth. As MASCs express oct-4, we tested whether eGFP

positive cells could be found in marrow, brain, and liver of these animals after



initial growh of nmurine MASCs. Wen cultured with PDG-- BB and EFG al one,
cel | dou%}dmlg‘mﬁs slow (>6 days) and cultures could not Qggdoohdsred
beyond doublings. Addition of I Ong/nmL LIF inproved cell growth
and > 70 cell 10 doublings have been obtained. Wien cultured on | am nin,
collagen type IV or matrigel, cell growmh was seen, but cells were CD44+
and HLA-cl ass-| positive. As for humamgcells, C57/BL6 MASCs cultured with
LIF on fi broﬁﬁ‘—%} %M@H%GFdealkﬁﬁ‘V%rﬁgh%ﬁMmm&oﬁi Bagow, Big@aindve, stain

positive wt and express transcripts for oct-4, LIFRadsox 2.
15 MASCS der hvecfrdm 6rdamml¢ml¢ﬂawme¥élﬁa‘§6by AMOESECENCS MHEEPPOPENTI%A008 | nt o
cardi ac nuscl e dot hel,i C nmet hods
also used t& rf héﬂaf”r ’8‘?‘&?{‘ %ﬁ}o%@g %ﬁn&cﬁwArﬁﬂrlﬁeﬁ%ggkagchBlG
mouse  Mmarr opy RITVIECR Wﬁ@%oﬁé@pmﬂuﬂoﬂl Sortedtoells ha&ebeebph:teﬂadmdbr om human
marrow. 20 2. SCs are present in tissues other th gGlhe i nventors
exami ned §f masddonsithatsuppashmurine MAREs (Gibgpnsetin cpate ‘é’e U’é nd brain.
Marrow, brai m,ﬁ?{j@% it dyYBline M ce,

di ssoci at ed &Pﬁf’i‘gﬁ %{g&;g@—g%hgﬂ{dlﬁ‘ﬁél%p&ﬁefe at ec? I'n MASC gteJI tures wth
EG-, PDG-- BBembflohidfisroblasthroellgedwih. wab&edayfﬂldnawbsequ@n%m&ﬂed toere 25

renoved and cells naintal culture conditjons,as i bed
above. Cel | MAPE gultyespssil %whﬂm‘ﬁsg%@dtpﬁﬁ{m tpe ﬂmﬁﬁp"t\}ﬁ%é"i@g ri ne MASC
derived fr0”hé‘i?\?efdﬂe'n%fclﬁxéﬁhﬁA@Gﬁlé&{lsﬂvaﬁmc&tﬁké ie@®dé fofi linegh Wi th marrow,

brain or liver cel |'s expressed oct-4 nRNA. The inventors al so
exam ned10ni cmarnomgemqwbﬁCSWBl@glF\dB{N ones were@bfamed3o gene. I n these

animals, eGP expre55| .S S en | C as in
germ cel | s after bi rt h '? egow{?;% ?‘l’éfm%ﬁéy{ ‘%{Aé \%ﬁh ialfmdeGFP
positive cells coBfefe ﬂ%‘mﬁ“ WFY ?}5 € ani mal s
after WO 01/ 11011up@ﬁt 2 gy V@G"WPS ‘5@; |‘§'§ 1%

bri ght est popul at Fewaining oyithiar isvicops: ahH refrd e“"F ‘F?t&ﬂﬂsSpa BSof ni ce.
When evalfiat ed by patentofasumentsarqringanded isye inegrpprsted bypreferenceety '§°‘F m brai n
and marrow were eGaPvduallytindorpikddbyutigranee.det ected by Q RT-PCR in the
sorted popul ation. Sorted cells have been plated under 5 conditions that
support nmurine MASCs (fibronectin coated wells with EGF, PDG-, LIF). Cells
survived but did not expand. Wen transferred to nurine



enbryonic fibroblasts, cell growmh was seen. Wen subsequently transferred
to MASC wigditti®@3, cells w th norphol ogy and phenotype si mdmusdeiishat of
MASC derived using classical MASC sel ection and culture nethods from human
10 marrow or marrow of C57/B16 or FVB/N m ce were obtained. The invention
is described with reference to various s ecific and preferred enbodi nents
and techni ques. However, it should be 8hderstood that nany variations and
modi fi cati ons may BEFERENCES |le remaining within its scope. Al referenced
publi cati ons, patents and 15 patent docunents are intended to be
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mul tipotent mammalian stemcell that is surface antigen



negative for CD44, CD45, and HLA Cass | and Il. 2. The isolated cell of
claiml1, H‘y@f{ﬁ@:ﬂ the cell is surface antigen negative fogcrfdiidnidsP44,
A

CD45, an ss | and Il. 3. The isolated cell of claim?2, wherein the

cell is surface antigen negative for CD34, CD44, HLA DR, Mucl8,
Stro-1, HLA-class-1 and is positive for oct3/4 ”Imgmed cel |
ne

of claim3, wherein the cell is surfacggganti gen
CD45, HLA-DR fi‘jlg ciIAmED.JSHLA-cl ass-1 and is positi ve for dct 3/ 4 rTRNA
and hTRT nR e Isolated cell of claim4, wherein the cell is surface

o BET 120741 Ly R o Ry R TR oA 1 S A 200 CDOP

2-mi crogl obul i n anegative PorsCD44,CH4%, aflHLA, CIats I4hd ILD49b, CD49e,  CDwAO,
FIkl, EG-R TG-Rl and TG--R2, BMP-R1A, PDG-Rla and PDG--R b. 6. An

i solated nulti potent non-enbryonic, non-germcell line cell that expresses
transcripti og T achpy soplPleh ofdhn’t, AMerelie bell & suffict Bflgh adgaiiv | pot ent
cell derived ™ froma post-nat (1 manmal that responds to grovvt%n factor LIF
and has recept or s fdraCD34,FED&8L, CDHS, asidilbAdddassdlandd]. claims 1, 6 or 7,
wherein the cell has the capacity to be induced to differentiate to form
at least one differentiated cell type of nesodermal, ectodermal and

endoder mal ogi gi NTpd ﬁtﬁwoﬂd%mae%eﬁﬂpdhaead1sls11lfh&aa;ﬂngbﬂ,hagahva111 111 IN
WO 01/11011 | |||||é|||||| 171 Il 1111 PCT/ USQQ 21387 C.L Ms 107
9. The isol ated c&nCR34,ERA4EDHS, HLOrDR, Mysd8.Stro-{ AL Aslassigad ihe capacity

to be induced to dl{l fo?%% ?,{) formcells of at |east osteoblast,
chondrocyte, adi pBSSQ ast, marrow stromm, skeletal muscle, snooth
nmuscl e, cardiac nuscle, endothelial, epithelial, hematopoietic, glial,

neur onal or ol dend t Il .t 1 Th I | | f I 1,
or u7 wher ei z ![%Ce)ngpqro?q%%/d %ll}?ﬂ%ﬁmnég&here% the cgll 'isss?lrfaagee gnt{:g%n negatlv(e: ai s 6

for CD34, CD44, CD45, HLA-DR, Muc18, Stro-1, HLA-class-I and is
positive for oct3/4 mRNA and hTRT mRNA.

5. The isolated cell of claim 4, wherein the cell is surface antigen negative
for CD31, CD34, CD36, CD38, CD45, CD50, CD62E and CD62P,
HLA-DR, Muc18, STRO-1, cKit, Tie/Tek, CD44, HLA-class I and
2-microglobulin and is positive for CD10, CD13, CD49b, CD49e,
CDw90, Fik1, EGF-R, TGF-R1 and TGF-R2, BMP-R1A, PDGF-R1a
and PDGF-R1b.

6. An isolated multipotent non-embryonic, non-germ cell line cell that

expresses transcription factors oct3/4, REX-1 and ROX-1.

7. An isolated multipotent cell derived from a post-natal mammal that

responds to growth factor LIF and has receptors for LIF.

8. The isolated cell of claims 1, 6 or 7, wherein the cell has the capacity to
be induced to differentiate to form at least one differentiated cell type of

mesodermal, ectodermal and endodermal origin.
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11. The isolated cell of clains ﬁl r in the cell is a nouse
cell. 13vodbetonsol ated cell ofu Hl I@“ u E ,  wher ei nPCH&IS0®21387 s from
a fetus, newborn, child, or ad i e sl ated cell of clains 1, 6 or

7, wherein the cell is froma newborn, child, or adult. 14. The isol ated
cell of clains 1, 6 or 7, wherein the cell is derived froman organ. 15.
The isolated cell of claim 14, wherein 0%e organ is marrow, |iver or brain.

16. A differ &t i atlig ignlatgdagll eftlnimsl, fiondawhergin thp eelihas theserasity #iul t stem
cell of clains 1, ,6.0r 7 reln.. |, e, cartil age,
adi pocyte, fibr oblbﬁé?‘gucﬁ%%r@va%ﬁnll%%g? %srﬁg‘%gpfé gfgérrlﬁggél%g,%@(rarél}bt h muscl e,

cardiac nuscle, engehdiotyta)adigiitehfbioblast, aacioor stivina, ekeletal mascle,

hemat opoi etic, glial, neuronal or oligodendraocyte, cell. 17. The,

di fferentiated pré@tﬂ‘?ﬁl@éﬁqle:&ﬁr@@dﬂﬁc%s@%@l +sPithelial hepatgpaietics, s a

skin epithelial ce} ' s ' , ncreas epithelial cell,
pancreas endocri %la%}é'%{l%gél (ﬁ-g]:hgpgécdgﬁ ,Y&S%'g?]lc eas exocrine cell, gut
epitheliumcell, kidney epitheliumcell, or an epidernal associated
structure. This Sheet. Has Been_Replaced 11111111 111111 111 | I1 1111 WO
01/ 11011 PCT/ oy Shedepiated calp gt algimsthnd ogi’s WaFiSH: e Ish Byea ekl | of claim
17, wherein the epidermal associated structure is a hair follicle. 19. The
differentiated progeny cell of claim 16, wherein the progeny cell can form
sof t tissues Hurr dihedsolated eell bf claimsaly 6fap7nwheneinhthe 2611 1s/nmiouss cxlled
transgenic nmultipotent mammal i an stemcell conprising an isolated

mul tipotent adult stemcell as in claiml, 6 or 7, wherein its genone has

been al tered fpy i ngRritdiged eéll Bf 8asicisas 7, tabirtMe OBIAs #dm astast i t uti on of
a segnent of the cellular &dnorre Wi th preselected isolated DNA, or by

del etion of or indenber ichild,or adelt| east a portion of the cellular genone.

13. The isolated cell of claims 1, 6 or 7, wherein the cell is from a newbomn,
child, or adult.

14. The isolated cell of claims 1, 6 or 7, wherein the cell is derived from an

organ.
15. The isolated cell of claim 14, wherein the organ is marrow, liver or brain.

16. A differentiated progeny cell obtained from the multipotent adult stem
cell of claims 1, 6 or 7 wherein the progeny cell is a bone, cartilage,
adipocyte, fibroblast, marrow stroma, skeletal muscle, smooth muscle,
cardiac muscle, endothelial, epithelial, endocrine, exocrine,

hematopoietic, glial, neuronal or oligodendrocyte cell.

17.  The differentiated progeny cell of claim 16, wherein the progeny cell is a
skin epithelial cell, liver epithelial cell, pancreas epithelial cell, pancreas
endocrine cell or islet cell, pancreas exocrine cell, gut epithelium cell,

kidney epithelium cell, or an epidermal associated structure.
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21. The isol ated transgenic cell of claim20 wherein the genone is altered

by viralwbiaagduction. 22. Th m Lm enic cell

wherein the genone is altered ﬁ",m [1 ﬂl’ﬂmﬁDNA by vi rgFTejlg@{/ig?gp
integration. 23. The isolated tfanSgénid céll*of clains 21 or 22 wherein
the genone is altered by using a DNA virus, RNA virus or retroviral
vector. 24. The isolated transgenic cellD8of claim20 wherein a portion of
thle ce: Iu\IAzr 18gendrhe differentiatéd maigewy wslidfglaan IQEWh&ehstheeplidbll?xhalhaci d f
nol ecul e whose sequepce, is conpl ene to t he sequence of the portion o
the cel lul ar gen@ﬁ%’ctaéedo%“‘i"ﬂ‘é%%sla\)ﬁeg& The isolated transgenic cell of
claim 20 wherein a portion of the cellul ar genone is inactivated using a
ri bozyme sequence directed to the sequence of the portion of the cellular
genone to be anact’EheaﬁﬁdentTduécsprﬁgmytceHm”cBénri6Reh¢raixHﬁeptdgenytdll cahl1l
11111111 1111111 01/ ]}%011 LR i~ VL 11111 I N PCT/ USOQ 21387
* CLMS 109 260 B3ues SHrQupding desth er gag P”‘Eﬁee ‘ai m 20 wherein the

al tered genone contalns t he genetic sequence of a sel ectable or screenable
marker gene that is expressed so that the progenitor cell with altered
genone, or it28. prigyepipteddrnsgeaiconnitipptent mammglian gammelgomprising@al | s havi ng

an unai tered gengy Bt Epiorgh SR GH h8 BERATREY o7, gl 20 wherel

the marker is a gre uor escen rotein al, Neo,

DHFR ", or hygr omgehdime hakheerl BRered bY aisefliohof pregelosted eldtedDNQ, aym 20,
wherein the cell expresses a gene that can be regulated by an_ inducible
pronoter or ot her Sedstituytion of gsegmapntohthesellBlgngenoma igh é?@ﬁ?lé%%ql salagrd g

protel n, enzyiTe oA, SEion B BPHBL vedSn oF Ak RLSHER b ol i 1. 6

or 7, mhereln t he cel esses eve S onerase an mai nt ai ns
| ong tel oneres af gemom«t ended in V|tro

21.  Theisolated transgenic cell of claim 20 wherein the genome is altered by

viral transduction.

22. The isolated transgenic cell of claim 20 wherein the genome is altered by

insertion of DNA by viral vector integration.

23.  The isolated transgenic cell of claims 21 or 22 wherein the genome is

altered by ﬁsing a DNA virus, RNA virus or retroviral vector.

24.  The isolated transgenic cell of claim 20 wherein a portion of the cellular
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.

25.  The isolated transgenic cell of claim 20 wherein a portion of the cellular
genome is inactivated using a ribozyme sequence directed to the

sequence of the portion of the cellular genome to be inactivated.
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culture, as conpared to the tel orreres from | ynphocytes fromthe sane
donors. 3w0(fmemllsol a“lm !i HJE“ 28, V\/nerel n the celdcmesonkeisns

tel oneres of about 1 h after extended in vitro culture.
31. Acell differentiation solution conprising factors that nodul ate the
| evel of oct3/4 expression for pronoti n% continued grow h or
differentiation of undifferentiated potent stemcells. 32. A nethod

for isolatingGul tTlpﬁ)lﬁ@lﬁtedammgenm@ithGlﬂlm 20misGyin thmaimmdsgmme (a)

depl eti ng bone rrarr uclear cel or| n_ A+ cells, (b)
recovering CD45- ycop tglgigﬁneﬁfc SRS of%ﬁel?%l?é’?‘? ?Egs°¥ & DRTKST 545

gl ycophorin A- celthat i98ksressed8d fiaX theGREdenites ceandltH Blté?re@@&ﬁimé'i%? tpeen
Replaced 11111111112111211211111111 01/11011 1 111" ~I 11i111 LEre et

11101 PCT/ USOQ 21R38genys can he differentiated rom prpgenitor aelishavingeaminaltewtdcel | s in
medi a suppl ement ed, Wb 9rowth factors. 33. The nethod of claim 32 wherein
the step of depletfng conprises negative or positive selection using
nonocl onal or poI ycl onal anti bodi es. 34 The nmet hod of claim 32 wherein the
growt h factor chosen .from PDG:-B | G5, and LIF. 35. The nethod
of claim 32 er e| es‘ﬁ pteg frpnggspiciel Oéskypﬂéé@%ﬂnﬂmmwger 1§ a greRtl, a

suppl emented with rg@Wﬁ&%?&%cqttﬂ:&gfneBQta%d%eo HE cé?f 9%1%1%1% pact d. 36.

A cul ture nethod for ’i sol at ed | pot ént 't 8 rsing
adding the cells to serumfree or |ow serum nedi um containing insulin,

sel enium bowj mn, lin I €. agi.d, dexa sone, and
pl at el et - der |j\§2d Sﬁ'b ﬂatfgg%ﬁge%feﬁfﬁgﬁ‘gﬁ?bu?’gerﬁ’@ttﬁeﬁqu?xﬁf?séi’?ﬁ g®enher ei n
the serumfree or th@waf®e Wpuld@iby iR indubiB ¥ ftbii6Rs 8r SNEMdnfkofdm xture with

MCDB.
mechanism to regulate the expression of a protein, enzyme or other cell

product.

29.  Theisolated cell of claim 1, 6 or 7, wherein the cell expresses high levels
of telomerase and maintains long telomeres after extended in vitro

culture, as compared to the telomeres from lymphocytes from the same

donors.

30. The isolated cell of claim 28, wherein the cell maintains telomeres of

about 11 — 16 KB in length after extended in vitro culture.

31.  Acell differentiation solution comprising factors that modulate the level

of oct3/4 expression for promoting continued growth or differentiation of

undifferentiated multipotent stem cells.

32. A method for isolating multipotent adult stem cells (MASC), comprising:

(a) depleting bone marrow mononuclear cells of CD45* glycophorin

A” cells,
(b) recovering CD45- glycophorin A- cells,
(c) plating the recovered CD45- glycophorin A- cells onto a matrix

coating, and
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38. The culture nmethod of claim36 wherein insulin is present at a

of crai m 36 wherai n the sorum 11 oe S ANIBAHLEREINN IR o cBcFAishisigaret hoc

effective anount of transferrin at a*cohcentrfation*of greater than 0 but
| ess than about 10 pg/m . 40. The culture nethod of claim 36 wherein
seleniumis present at a concentration1of about 0.1 to about 5 pg/m . This

Sheet Has Been Replpcecoultisi, %mmamamwsﬁﬁmmmewi dWth
11111111"°1°11111211711111111 PCT/USOQ/ 21387 L L 111 41. The culture

met hod of cl ai m 36a¢A®rei n bovine serumalbunin is present at a
concentration of about 0.1 to about 5 p.g/m. 42. The cul ture nethod of
claim 36 wherein linoleic acid is present at a concentration of about 2 to
about 10 .tg/38.. A4lhe méthod of ¢lnine32whbieth the step of deBé&ing wngrisesigegative hasone
is present at a concentration of, about 0.005 t .15 M. 44. The culture
met hod of cl ai m 3@TRAEHEE seleqtionisingManoglonalRtipghyctnal gttbodissum nedi um
contains about 0.05 - 0.2 nM L-ascorbic acid. 45. The culture nethod of
claim 36 wherein the serumfree nediumor |ow serum nmedi um contai ns about
5 to about 134ng/ rithephethed ef claier 32 wticreprthegtovith factors afe dhosabfbern 15 ng/ ni

epi dermal growth f r out ng/m insulin-like growth factor,
10- 10, 0001U | eukerﬁéﬁ'ﬁﬁ’%‘#&lgp’ ?’%@cﬂ@r. 46. A cultured clonal popul ation
of mammalian nultipotent adult stemcells isolated according to the nethod
of claim32. 47. A nethod to pernmanent|ly and/or conditionally immortalize

MASC deri vedScel ITheangthet] ¢fcdaianid wherdinstepydh furtheneemprises culturingfiar i ng
tel omerase i nto MASC. O { L f | eny,: . A od to..
reconstitute the nger%é our?gliegfe%?:e%g%lﬂctﬁ ?%‘%Eﬁéh%g%dglé@%fc agldﬁn%(g%rgﬁsccgrgﬁcpri si ng

adm nistering to tab®d. manmal fully allogenic nultipotent stemcells,
derived hematopoietic stemcells, or progenitor

36. A culture method for isolated multipotent adult stem cells comprising
adding the cells to serum-free or low-serum medium containing insulin,
selenium, bovine serum albumin, linoleic acid, dexamethasone, and

platelet-derived growth factor.

37. The culture method of claim 36 wherein the serum-free or low-serum
medium is low-glucose DMEM in admixture with MCDB.

38.  The culture method of claim 36 wherein insulin is present at a

concentration of from about 10 to about 50 pg/ml.

39, The culture method of claim 36 wherein the serum-free or low-serum
medium contains an effective amount of transferrin at a concentration of

greater than 0 but less than about 10 pg/ml.

40.  The culture method of claim 36 wherein selenium is present at a

concentration of about 0.1 to about 5 ug/ml.
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cells to induce tolerance in the manmal for subsequent multipotent stem
cell deriwedi/iinssue tmﬂﬁﬂlﬁ“m\mlummr organ transpl ant BCT/SpB21S8et Has
Been Repl aced 111111][ W™l W 01/11011 11//1111 111111 I
111 11 IN PCT/US00/ 21387 € L"MS 112 49. A nethod of expandi ng

undi fferentiated nmultipotent stemcells into differentiated hair follicles

conprising administering appropriate geblh factors, and growing the
cel |s. 50. Adiet hdbeofiltursinmthadef dlaimi 3 whergia Hoviste serum plbumin & psesent

conprising in wutero transpl ant.ati {P ul ation of the cells to form
chineri smof cel Bk? 89““??%"819&50,“%?1‘3;@2 %Pgﬁﬁlfgﬁﬁﬁ] human cells in prenatal
or post-natal humans or aninmals follow ng transplantation, wherein the
cells produce therapeutic enzymes, proteins, or other products in the

human or ani 42l  Sheichiure guatlad of cdafncift wherein linleieacid ds présent At aret hod of
using the cells of claim1, or 7 for e erapy in a subject in need
of therapeutic tr&aRGFBHAtONLOfABPILT tppbo gf&ﬁéfﬁgtl cally altering the cells by
introducing into the cell.an isolated pre-selected DNA encodi ng a desired
gene product, (b) expanding the cells in culture, and (c) introducing the
cells into tHa. bodhechlturieenathds efllaitmo wberainadex imethdsasienspresentat »r oduct .

52. A nethod of repairing d ed 1ilss in human subj ect in need of such
repai r, the net ho&o’é‘i’?ﬁﬁ?'%%g‘.%gt"ag'bgiﬁgﬁb$ HUEt he isolated nultipotent adult
stemcells of clains 1, 6 or 7 in culture, and (b) contacting an effective

anount of the expanded cells with the damaged tissue of said subject. 53.
The met hod of#4cl aiTime clturemdsind afivdaimi 36 whereinghé seramefréemnedidmomdownt o t he

body of the subject by |lacalized injection., b4 he t hod, of clains 51 or
52, wher ei n the corPl BedSf opnn bl ope qzmm Lelic e

45.  The culture method of claim 36 wherein the serum-free medium or low-
serum medium contains about S 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 leukemia inhibitory

factor.

46. A cultured clonal population of mammalian multipotent adult stem cells

isolated according to the method of claim 32.

47. A method to permanently and/or conditionally immortalize MASC
derived cells and differentiated progeny comprising transfering

telomerase into MASC or differentiated progeny.

48. A method to reconstitute the hematopoietic and immune system of a
mammal comprising administering to the mammal fully allogenic
multipotent stem cells, derived hematopoietic stem cells, or progenitor
cells to induce tolerance in the mammal for subsequent multipotent stem

cell derived tissue transplants or other organ transplants.
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body of the subject by systemc injection. This Sheet Has Been Repl aced

|1 IHL111 ol dihhody! ! 11T WO 01/ 1#33“ TR T UL | R e lagd ||
PCT/ US00/ 21387 * ¢ 113 55. The T IS HE o 52{"%%&%‘%’?’38'{ he
cells are introduced into the body oft the 8ubject in conjunction with a
suitable matrix inplant. 56. The nmethod of clains 51 or 52, wherein the

matri x inplant provides additional gené2ic material, cytokines, growh

factors, or agher £ agtiidsofleRpanding Mideffeemisdd molipsichf @emnrtilaiteon of the
cells. 57. The nmethod of clains 51 or 52, wherein the cells are.

encapsul at ed pri ordiffergntiated kainfollicdes compsisingadpuristeBng aprropiae stawthss. The
met hod of cl ai m 57 %&rﬁdﬁg‘gﬁﬁﬁﬂgw ulated cells are contained within a
gg ' netho r

pol ymer capsul e. or 1 nducing an i nmune response to an
i nfectious agent in a human subject conprising (a) genetically altering an

expanded cl onal popul gtion of nultipoten dult, stemcells of clains 1, 6
or 7 in cultdfe e P’ég’é’d &s18¢ %F@Eﬁsﬂésﬁgéamseh Gam'?i’ EURAPRSIBIecul es t hat

el i ol 2, POt SOt i ferb Bk AR BopRALASE BB a6 PRI, 2nd (0)

i ntroducing into the subject an a e genet altered cells
ef fective to inducelld éretissmasuthereby ppstusing hithan Thkks imgirérathl of posdtaiatal 59 f ur t her

conprising prior to ste b) t step,of . differentiatin he pul ti potent
adult stemcells ?%%‘é%lﬁlf ?&?Wlﬁgfrlags.pl%lﬁtwﬂ’ ngrﬁﬁ’dhﬁfgelkfsﬂrﬂﬂ)“%SCs to
identify genetic pidrifioBhAites 3R sabEsther¥réduch M shOhagatortdnaamel i ties,
conprising (a) isolating the MASCs froma statistically significant

popul ation of i ndp adeencticdefsaisarrrarisstedot ypi ¢ data can be obtained, (b)
cul ture expanding the MASCs fromthe statistically significant popul ation
of individuals to establish MASC cultures, This Sheet Has Been Repl aced
1111 111 111%1. | |Akthol bf Lising the cells of claim 1, 6 or 7 for gene therapy in a

subject in need of therapeutic treatment, comprising;:

(a) genetically altering the cells by introducing into the cell an
isolated pre-selected DNA encoding a desired gene product,

(b) expanding the cells in culture, and

©) introducing the cells into the body of the subject to produce the

desired gene product.

52. A method of repairing damaged tissue in a human subject in need of such
repair, the method comprising:
(a) expanding the isolated multipotent adult stem cells of claims 1, 6
or 7 in culture, and
(b) contacting an effective amount of the expanded cells with the

damaged tissue of said subject.

53. The method of claims 51 or 52, wherein the cells are introduced into the

body of the subject by localized injection.

54. The method of claims 51 or 52, wherein the cells are introduced into the

body of the subject by systemic injection.
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(c) identwéyi/mgint | east one genet ||ﬂ|l“1m|ﬁrmml|lm“n t he BATUSPEZNIBNVASCs,
(d) inducing the cultured MASCs told Hane]l Ik d (e) characterizing
aberrant metabolic processes associdted wth"said” at |east one genetic
pol ymor phi sm by conparing the di ffergan%l'be tion pattern exhibited by an MASC
havi ng a nornal genotype with the_  dif ent |tgt | cig pattern exhi bbt ed by an
MASC having &h- i dér_rhﬁimqﬂé‘?ji_ of saime >4 %é?y ThRi 3nfelgAre WW?QP‘FF@d“‘P& €treating
mal 1 pot ent. adul ¢ PEPRef ElFEaiR LA il B0Ble PRI’ (0 ori o1 da
protein, an anti-angi ogenic protein, or , a protein that is expressed on the

surface of a tunor_cell_ in conjuncti fth,a protejin associ.ated with
stinul ation &f- an Tihmmteo%%@ﬁ@git%%gﬂ%‘asﬂthe Eﬁg”f B‘)‘Plf‘lﬁtpf%vcla?ﬁ ng an
effective anti-canggioRMtiGhatbhsl, SROEBHES 3kdwih faltbR! Sicbihdt thétorttent adul t
stemcells into t%g&ﬁng Pah sﬁbj e(’:tg“‘:% 63. ’g* net hod of usi ng MASCs to
characterize cel | premotegsputhsiad differbititioyiof themellphar nacol ogi ¢ agent s

conprising (a) isolating MASCs froma statistically significant population
of individuals, (b) culture expanding the MASCs fromthe statistically

significant spopulmafeiih& of dalingisduris3, WRereiltBObélsaré eidapuated priof MASC
cultures, (c) contacting the MASC cultures with one or nore biologic or
phar macol ogi ¢ agere introdagtiondiate the ppdigoithe séiestor e cel | ul ar responses to the
one or nore biologic or pharmacol ogi c agents, and (e) conparing the one or
nore cellular responses of the MASC cultures fromindividuals in the

statistical |l $8si griteimg@héd eRiailred 7 whereinfthe sndabadatetiasliBee noritainkdiced

11121112112112211221221 111 :
within a polymer capsule.

59. A method for inducing an immune response to an infectious agent in a
human subject comprising
(a) genetically altering an expanded clonal population of multipotent
adult stem cells of claims 1, 6 or 7 in culture express one or more pre-
selected antigenic molecules that elicit a protective immune response
against an infectious agent, and
(b) introducing into the subject an amount of the genetically altered

cells effective to induce the immune response.

60. The method of claim 59 further comprising prior to step (b) the step of

differentiating the multipotent adult stem cells to form dendritic cells.

61. A method of using MASCs to identify genetic polymorphisms associated
with physiologic abnormalities, comprising
(a) isolating the MASCs from a statistically significant population of
individuals from whom phenotypic data can be obtained,
(b) culture expanding the MASCs from the statistically significant
population of individuals to establish MASC cultures,
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(c) identifying at least one genetic polymorphism in the cultured

MASCs,

(d) inducing the cultured MASCs to differentiate, and

(e) characterizing aberrant metabolic processes associated with said
at least one genetic polymorphism by comparing the differentiation
pattern exhibited by an MASC having a normal genotype with the
differentiation pattern exhibited by an MASC having an identified
genetic polymorphism.

62. A method for treating cancer in a mammalian subject comprising
(a) genetically altering multipotent adult stem cells of claim 1, 6 or 7
to express a tumoricidal protein, an anti-angiogenic protein, or a protein
that is expressed on the surface of a tumor cell in conjunction with a
protein associated with stimulation of an immune response to antigen,
and
(b) introducing an effective anti-cancer amount of the genetically

altered multipotent adult stem cells into the mammalian subject.

63. A method of using MASCs to characterize cellular responses to biologic
or pharmacologic agents comprising
(a) isolating MASCs from a statistically significant population of
individuals,
(b)  culture expanding the MASCs from the statistically significant
population of individuals to establish a plurality of MASC cultures,
(c) contacting the MASC cultures with one or more biologic or
pharmacologic agents,
(d) identifying one or more cellular responses to the one or more
biologic or pharmacologic égents, and
(e) comparing the one or more cellular responses of the MASC

cultures from individuals in the statistically significant population.
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