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FIELD OF THE INVENTION

20 The present invention relates generally to mammalian multipotent adult stem
cells (MASC), and more specifically to methods for obtaining, maintaining and
differentiating MASC. Uses of MASC in the therapeutic treatment of disease are

also provided.

25 BACKGROUND OF THE INVENTION
| Organ and tissue generation from stem cells, and their .subsequent
tranéplantation provide promising treatments for a number of pathologies, making
stem cells a central focus of research in mé.ny fields. Stem cell technology provides
a promising alternative therapy for diabetes, Parkinson;s disease, liver disease, heart
3_0 disease, and autoimmune disorders, to name a few. However, there are at least two
major problems associated with organ and tissue transplantation.

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

35 2,300 of the 40,000 Americans who needed a new heart in 1997 received one. The
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million pigs were recently slaughtered in Malaysia in an effort to contain an

outbreak of Hendra virus, a disease that was transmitted to more than 70 humans
20 with deadly results (Butler, D. 1999).

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—reneWihg 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 fecognize them as foreign, transplant tissues can
be génerated to provide the advantages associated with xenotransplantation without

30 the associated risk of infection or tissue rejection.

Stem cells also provide promise for improving the results of gene therépy. A
patient’s own stem cells could be geneticaily altered in vitro, then reintroduced in

vivo to produce a desired gene product. These genetically altered stem cells would



- WD 02/ 064748 PCT/ US02/ 04652 3 have the potential to be induced to
differentiate to forma nultitude of cell types for inplantation q
specific sites in the body, or for systemc application. AIternateI§ AUG 2005
heteroWﬂ@@H@“&@en1cells could be genetically altered toPERPF®&#I62he
recipient's major histoconpatibility conplex (MHC) antigen, or no MHC
antigen, allowing 5 transplantion of cells fromdonor to recipient

wi t hout the associated risk of rejection. Stemcells are defined as
cells that have extensive proliferationspotential, differentiate into
several celk | The
sover al ool hald BERRRIATH: HRRCRHLAAC RS RSN ARAL R
unlimted seﬁhf)}amraeaembeaﬁdsmshh nlmbcﬁm otfdr kgstanic applicatiopo tAlmimatly,
(Thonson, J. et al. 1995; Thons% A et al. 1998 Shanbl ott, M et
al . 1998; v@lpqexoéwus siem cefls copld ms&etlcdlx plieredsto expyens thegegimenss majgs. .

et al. 2000 0 e of the
bl ast ocyst %ulslglonsﬁ%ﬁtf&?yl &ﬂ% %Sggﬁ%%h@oﬁng%ﬁ%& lfx.ﬂloniS%S Martin,
G R 1981) transplantion bEcaisrfrone doddraoddigieptrwithoud it asgsiared dk of fefjeetiva
post-inplantation enbryo yon ermcells or EG cells). ES and EG
cel | s have been Q& laai%éqﬁﬂg %Lséga‘éﬁde Gwtersive prolifsration BfeRtiabm

non- human pyidRtRReARE SURNGI sts,
ES cells can fJ(f;%‘%ltrltbute to gl%l lﬁag%u’es o‘;egtgﬁlggtqrréhgueegu aﬁ?&n lﬂl?%r in, S.
1998) . - Mur i The gGints$dnsalostem telbisehoembptonid pah€BS) cal¥)enit hias anlipitedisedfl i n
post-natal anim

denonst r at eéeqeﬁ’él @ﬁ&iggngﬁﬁgkgi%r%t ( r“l?sté’gggr‘f’ Bwbﬁgﬁ@%ﬂsgﬂ by -

posi tiveg20 5s{ g pi 'P@s"‘”sh&knbllaﬁ W%IPP@MBS WHheﬁﬁ@Q@LS&W'P‘QsQ @Hé?ﬁ,ys)”' c
antigens (SSEA) | and 4. he nol ecul’ar [evél, ES and 'S express

a nunber of 199&1rﬂmbmpfﬂ B, a‘tath@ﬂ@) Hikeglsé yeliamcdem@drfmmtthﬂemaer cell mass

bt ory 1 LB PR IO RTEL i o 5057 PR % et VMR TE R ang

Rox-1 are exjpgpsecsinibe dealédl E&nam f@0rdial gedrhlcsils foin a:lr%dsﬁnﬁiﬂﬁflﬁﬁﬁﬁd in
the 25 pregastrul ati on enbryo, ear é cllie)g\éiﬁqe stage e cells of the
o8Hs

i nner cel | na@syqipmbm@altﬂea@tcsﬂygt E shiEQ celly b&‘ﬁdﬂﬁn dexyedcel | s,
Int .he 9 ul tfr ﬁ}nﬁ@o 3(_ or% rl?éentl? %% t{'oq}ll rﬁgn-lhﬂgﬁﬁ g@trr? %sl ahd h %m?h\v}ﬂm

conbi nation "W , causes transcription vaton
Zn-finger pﬁmt(ﬁlmaed:iﬂmﬁousarwhstc&yahslzs éﬂrswahedntfrtbntertalanttawasmtrESnbmsean 30

undi fferenti ated _sfate oct s down- | at ed when cells are
i nduced to %H“F‘F'ér(éﬁ‘t‘ e§rlg§§? 5}11‘1“?'6? %&?)L*r ﬂ?f"tfrﬂﬁeefléi“%%‘v%ms that oct-4
i's requi rEdtlfa9§ lacted iR pB5t0iaed ahi?ﬁ‘alé"B?b M&EG%H@&&&&?@%&‘QB%H? v@Lcl‘ﬁ§gzﬁﬁ' I's,

and that it pl ysa jor role 1n determning early steps in
enbr yogenesidsmandrattis ftlicer mnltipatenoy . ES¢and2EG) eclisequibe edbntifitd bAPCsiHNe5

20  staining with the antibodies to stage-specific embryonic antigens (SSEA) 1 and 4.

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, leukemia inhbitory factor receptor (LIF-R). The transcription factors sox-2 and
Rox-1 are expressed in both ES and non-ES cells. Oct-4 is expressed in the
25  pregastrulation embryo, early cleavage stage embryo, cells of the inner cell mass of
the blastocyst, and embryonic carcinoma (EC) cells. In the adult animal, oct-4 is
only found in germ cells.
Oct-4, in combination with Rox-1, causes transcriptional activation of the
Zn-finger protein Rex-1, and is also required for maintaining ES in an
30 undifferentiated state. The oct-4 gene is down-regulated when cells are induced to
differentiate in vitro. Several studies have shown that oct-4 is required for
maintaining the undifferentiated phenotype of ES cells, and that it plays a major role

in determining early steps in embryogenesis and differentiation. Sox-2, is required
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20  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 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
25 (NSC)(Gage F.H. 2000; Svendsen C.N. et al, 1999; Okabe S. et al. 1996). NSCs
were initially identified in the subventricular zone and the olfactory bulb of fetal
brain. Until recently, it was believed that the adult brain no longer contained cells
with stem cell potential.. However, several studies in rodents, and more recently also
non-human primates and humans, have shown that stem cells continue to be present
30  inadult brain. These stem cells can proliferate in vivo and continuously regenerate
at least some neuronal cells in vivo. When cultured ex vivo, NSCs can be induced to
proliferate, as well as to differentiate into different types of neurons and glial cells.

When transplanted into the brain, NSCs can engraft and generate neural cells and
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20  ependyma and other presumed non-neurogenic areas of the brain (Doetsch et al_,
1999; Johansson et al., 1999; Palmer et al., 1999). Fetal or adult brain-derived NSC
can be expanded ex vivo and induced to differentiate into astrocytes,
oligodendrocytes and functional neurons (Ciccolini ef al., 1998; Johansson et al.,
1999; Palmer et al., 1999;- Reynolds et al., 1996; Ryder et al., 1990; Studer et al.,

25 1996; Vescovi et al., 1993). In vivo, undifferentiated NSC cultured for variable

-amounts of time differentiate into glial cells, GABAergic and dopaminergic neurons
(Flax et al., 1998; Gage-et al., 1995; Suhonen et al., 1996). The most commonly
used source of NSC is allogeneic fetal brain, which poses both immunological and
ethical problems. Alternatively, NSC could be harvested from the autologous brain.

30  Asitis not known whether pre-existing neural pathology will affect the ability of
NSC to be cultured and induced to differentiate into neuronal and glial cells ex vi-v0,
and because additional surgery in an already diseased brain may aggravate the |

underlying disease, this approach is less attractive.
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descri bed, all have 2] %ol bﬂgclem d tdlffﬁ_ﬁ?ntleattl ntoformcells
general ly 6’6‘?‘?8??:1’81’ 0 © 85 SRR bsﬂleg ST At oRe- ARGt
mul ti pase ntfatl\/B@wt@lnﬁﬁstcwhndSpdshelyC@kibthleﬁmhauwd;obymf’altsb difgeéntiatds @l -

whi ch expresses the SH2+ SHr CD29+ CD44+ CD71+ CDO0+ CDI 06+ CD120a+ 30
CD124_ CD mMascerabguesodermywhitdtab giye risqie sardiae mysgleg araawhémefple or blood

di fferentigung s stﬁ%é’f‘ﬂdﬁ%ﬁﬁ?fa@ﬁ th‘i‘xon HARE Br@len{tB to gﬁwwl gin,

but is apparently Fenttatton otentl s of
t he. mesenchyevatierhriahenNESCsathetdfere; eaid plovides sdufeeX0Ds niabe2d 16U 248
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20 etal, 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.,
1997,; Cassiede P, et al., 1996; Johnstone, B., et al., 1998; Yoo, et al., 1998;
25  Gronthos, S., 1994).
Of the many MSC that have been described, all have demonstrated limited

differentiation to form cells generally considered to be of mesenchymal origin. To
date, the most multipotept MSC reported is the cell isolated by Pittenger, et al.,
~ which expresses the SH2* SH4" CD29* CD44* CD71* CD90* CD106" CD120a*
30 CDI124 CD 14 CD34" CD45 phenotype. This cell is capable of differentiating to
form a number of cell types of mesenchymal ofigin, but is apparently limited in

differentiation potential to cells of the mesenchymal lineage, as the team who



"5 differenti at eOthfr §ssrspect

- Ot her tissue-specific stemcells have been identified, including
gastrointestinal stemcells (Potten, C 1998), epidermal stem cell $5 Ayg 2005
(watt, F. 1997), 5 and hepaticstemcells, also ternmed oval cells (Alison,
M et WO02{BYPBE. Mdst of these are |ess well charact erBCEER2GHFar ed

with ES cells, tissue specific stemcells have |less self-renewal ability
and, although they differentiate into nultiple |ineages, they are not

pl uri potent. No studies have addressed whet her tissue specific cells
express the 10 markers descri bed above as seen in ES cells. In addition,

the degree ﬁf)la{eﬁllp Ed'tiat ?él-ﬁ{xtbiféxw &é?lsébe?é&l@ve?l?&%h b€ ifthe e#ar padgg com tted

stem cel | s has not een y exp ore I'n part because ge nunbers
of highly etulivéss@iyemged, ataloriS99Y these cells are difficult to obtain.

I I h h f | I I
Until recently, |t was thou g%S{eﬁgéegltgl S\Slélfjre)gezlﬁ eCI{tl)d &U‘steg) ce chg(r)&J d only

publ i cati Ong?P?Mﬁesnﬁh'l%&ﬁEaﬁ Q’B&E ijqb%f%gﬂ??%a@%hi ée@lsz%ﬁ‘ Feid997 may be

capabl e of erentiation ent tissues er, t he

~true natsur eamfhdplaassienwﬁs aldo temhddsovabselisdiAlisteg M. dt af.| 1P98). sMestmefdhesA
nunber of stuﬂi es ﬁpﬁ shown,that cells transplanted at the time of a BM

transpl ant T&n®diY Ié‘tzédl nto skel etal nuscle (Ferrari 1998; Gussoni

20 1999). This cedhfaRa vﬁﬁf‘ES gﬁlﬁqséﬂefsfiéd?ﬁé hemrc%ni RawileRQE 1Bl &val
differentiation potential of nesenchymal cells that are present in

mar r ow. Jacktbty q;xdbalﬂBJIrIghl thelyadiffenenigate mtgmtémpleﬂleeages Itheycarm ndt f f er ent i at e
i nto henopoiget.ic cells ain a swtch |n henot hin th

spl anchni o PRGNSR wREE by RSl hinero8es bbb St et have

" shown that ﬁkﬁmscaésbﬁbe‘drmv@a@se@m ESrels.| myAditlohOthe dBSea BE RlctRerase

spl anchni c nesodern) can differentiate into tissues thought to be derived

during enbaqrwg&negs%lefspmgordimqagse e@mlt@ﬁb‘mmlb lIaay@trbechﬁsllx sxplerde,
endot hel i al . t nimal s that
p}a.ré BecRlise 1&%? g{l B L on (ﬁ% j x%nﬁthgg ?pulﬁt%ngté?ﬁ%ér(%lls

under went nﬁlr ran nta rved fromthe
mar r ow donodiffididketudsdin., 1999; Lin, 2000). Thus, visceral nmesoderm and
not splanchni c nesoderm capabilities 3Q such as MSC, derived progeny are

transferred wit hUntbreceftlys Bavasghought thay ussugspesificssier cels erpldiplyt he
reports ﬁe@?é}érﬁ{‘a é:aﬂtotl:@hpo s%ﬂ@'ﬁ% af}ﬂnﬁﬂggrrb?réc*éﬁ{ dbfRA s hatP! L hel i al

cells and bi | Iary ct eplt s can seen In reci pients that
are deri vesuggesied tIhEadimrmgammelcrfw stdPe cellsmay b&mtﬂe'ﬁfdnﬁa@tntma intdhei se,

2000). 1o ALt 200500, Q2L 00 TA0, BT SRR AR s HkEM e, 7 oups
Clarke et apeenfaRNPUiseébdal rufltled oPQudies ABE shiSkh thdp 81 thirRplaf@d ianite
bl ast ocysts can contribute to all tissues of the chineric nouse (d arke
et al ., 2000ine of a BM transplant can differentiate into skeletal muscle (Ferrari 1998; Gussoni
20  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 of the embryo (Jackson 1999). Other
studies have shown that stem cells from one embryonic layer (for instance
25  splanchnic mesoderm) can differentiate into tissues thought to be derived during
embryogenesis from a different embryonic layer. For instance, endothelial cells or
their precursors detected in humans or animals that underwent marrow
transplantation are at least in part derived from the marrow donor (Takahashi, 1999;
Lin, 2000). Thus, visceral mesoderm and not splanchnic mesoderm, capabilities
30  such as MSC, derived progeny are transferred with the infused marrow. Even more
surprising are the reports demonstrating both in rodents and humans that hépatic
epithelial cells and biliary duct epithelial cells can be seen in recipients that are

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



It is necessary to point out that nost of these studies have not
conclusively 5 denpnstrated that a single cell can differentiate 19t 2005
ti ssueg of gi f%erent organs. Also, stemcells isolated froma given

or gan ﬁ'év’zf? t"*hecessarily be a lineage committed cel | . PGHHRRGI6GRst

I nvestigators did not identify the phenotype of the initiating cell. An
exception is the study by Wissnman and G onpe, who showed that cells

that repopulated the |iver were present in LinThytLowScai+ marrow cells,

10 which are highly enriched in HSCs. LBkew se, the Milligan group showed

that  marr opik&piseethkes, grougitaye slivvie HRONSUs S diffaaitiat intehandport 1 nt o
nmuscl e and endot helium_ and Jackson et al. showed that nuscle Sp cells

are responstabise Fingily, Glapsrs ab rerorteddbaisells be tesmed N somhendnjegied integ99) |

Transpl ant ag;i ' _ I ane _ o] S ‘
cei s 15 rolatibesdls h SRAFRLAND oS HRIENRNEH, ot (WU AMROE | o
to inhibit exprekss gstesshry ogoirtiont that mosusfithese samlidscHave nor cdnbhikivelle use

of chenot herapeutic i nmune suppressors continue in grder to protect

agai nst X r afespanstrated ghat asingle cethfa ditfereptiatgpnto tissyes of difsEed PESNPY ovi des a
romsing a r [ [ : . L0 . ly of

gr gans fgr Msghgs}%f’é%?%tg?%%d %B%F%%I%égré&g}ﬁg%%?gség o@ﬁe%{ué légmptﬁ t he
need 20 f orcanmmittedeslip frdesd mont investigatoas didtrmoa ideptifinthaphevtyie dfaher ol ogous

cells or tissue would remain. An estjmated. 20 i nol ogi cal Iy different
lines of ESTHENNG Ciibufd CXﬁmntlﬁaﬁét@{@bﬁg%@an %&w@?fzt@fﬂ%@weae

i NMmunoconpse oq ; WL O e
popul at i on% |eﬁl§(&§éﬁpgbﬁ{agé%h§ fe}{?é eveeris %Eéesgﬁlltlﬁg‘ll{}?agg'l% rat Hféér'*?t‘ﬁg%ﬂ%n

" enbryo, 1tas whisharckigh¥enothalind$Go usikewisey thenMulkigaregroyp ishgwetkthethed

al | ogenei c stem cel | |.d m.ti e Qr. overcone {heproblemof tissue
"nconpat | bi PRSI uaY ghtsherer HEC. 65 G- rUpleIRPaEEs 181 | 5, as
vel | as sol ¥@iotHe@ufl Bhd Pick $inl @ WBhEWE® Ha? hRACIVISPtciSae bdponsiBREdF Ch. The
great est di sadvantage associated with the use of autol ogous stemcells

for tissue hemopopiterrecansutipnfGusseni ¢/@l4 h@9D. rel atively linited

differentiation potenti.al . A nunher _of ste | s.have been. sal at ed
romt oy ever SBbgaiiaton dhicudbiRdSeds hEMc Trark nfiTortiE RS @l P

al t hougts r efquiréckither that i lctilpied Rirther Heneticaltiempadisicd a Rhibii eipr&diopalfent i al
to differentiate to nultiple cell types. W 02/ 064748 15 AUG 2005
PCT/ US02/ o4gsincelhpigiace aders, Rbthgh thetuspof ghqnaothFrapetic) immying

differenti ?ét%pﬁ&s?&& eottiRk i EMer {beﬁrﬂteic?%ﬁﬁs\?ﬁﬁ%ﬁ%?ﬁé&%&ﬂf&&{%&éué}?d by

the presen ventors, a progenitor ce ot ent
di f f er ent i aE® celhteseamchprwidearipeemisafg altlrhativgsekitioh talthefpeotdam of hilimeisgyk s,

'neluding f1 00 B0 b s forRaishfantatShSRe pestiShs STPANASYSRea Sk BRSNS

20 for immunosuppression to sustain transplantation of heterologous cells or tissue
would remain. An estimated 20 immunologically different lines of ES cells would
need to be established in order to provide immunocompatible cells for therapies
directed to the majority of the population. |

Using cells from the developed individual, rather than an embryo, as a source

25 of autologous or from tissue typing matched allogeneic stem cells would mitigate or
overcome the problem of tissue incompatibility associated with the use of
transplanted ES cells, as well as solve the ethical dilemma associated with ES cell
research. The greatest disadvantage associated with the use of autologous stem cells
for tissue transplant thus far lies in their relatively limited differentiation potential.

30 A ﬁumber of stem cells have been isolated from fully-developed organisms,
particularly humans, but these cells, altﬁough reported to be multipotent, have

demonstrated limited potential to differentiate to multiple cell types.



. 5 skeletal nuscle, endothelium stroma, snpoth nuscle, cardi ac nuscle and
henopoi etic cells, has.not been described. If cell and tissue tranﬁjléﬁadﬂmﬂﬁ

and gene therapy are to provide the therapeutic advances exg{ect_ed
stem cBA 248 ogenitor cell with the greatest or nostPEYWRHIG2

differentiation potential is needed. Wiat is needed is the adult

equi valent of an ES cell. 10°BM nuscle and brain are the three
tissues.in which cells with apparent greater plasticity than previously
t hought have been identified. BMcontaifls cells that can contribute to a
nunber of nesodeThus, eydnethoagh stéin cetls aith mul 618, differe Atidtionpoteditial kdve, 1999;
Rafli S. et _al., 1994; Asahara T. et at, 1997; Lin Y. et al., 2000; Olic
D. et al.,berydsolatgd preymmsiy bypthgrs and gmme)prsm%ayﬁﬁ@rs,ems@mweﬁ E et

Cal., 1999, i e, : . ; Krause
'D. et at, Zm;tﬁeg%oéerg\%t{r}&o&e?gfteo grg%ﬁ?t%%ﬁ‘/g'zdeel;a%@%%?g? ! éfptes 65815%?&& azel ton
- T. R, et al lineages)hclshimg fibrobldesrhepalic, asteoblasts, iiidrodstaseadigacyeds, at, 1999)

and skin (Krause, D., et at, 6 2001 structures. Cells from nuscl e may
~contribute %@Vqtﬁénwémf&%%m SL'%MW(OJ%&&%‘& cadiagusle and 999: Seal e
P. et al., gy j | e t ' tiate

i nto henmat o%%? t({l%%rc}gpﬁsﬂa% I%jaio]?ér%g ?ﬁkééﬁi&gi If;%ﬂm?lgggﬁméﬂ%ﬁl a.[éﬂ er‘élfg'egﬁ ,
2001), snotketapyasctiogpronidditesherapdismiadiances expeated, a 2@00JellanprédeaitoNSC

give rise to several cell types when jpjected in a mmpuse bl astocyst
(0 arke. D feIP itk Hie ereaitis of MophextpRpe ittt @RitprRaiiHar Fareded niRaa) |
with nul tippisrd i@tﬁé‘h&ul%cﬁﬂ@ﬂ@ﬂt%an@ls%reﬂpt eristics can be
culture-isolated fromnultiple different organs, nanely BM 25 nuscle

and thel®rain. TBd,criskls and\beainjaee thathreertissuholnoghichishlidnwith ppparemt vitro

differentiation Lty and hav hi i mlar .expr ed gene profile.
SUMMARY' OF TSR Rpwieto s Y S nghehbasetiedh iftou e, BT Svdlit CetBl
stem cel | ({#A8&h dontibaterd d m@ber P niesodumial (Fepbff@reahl. y1998U6assohPE. &7
human. The cell is derived froma non-_enbryonic organ or tissue and has

t he capaci t §-tI@9BeRatHd ced.t1994i Asabaent.ieaal, 1997 bimY . efraly, 28Q%; Qshie D.
di f f t] . f mal 15 AUG
2005 w0 02 k738 b8, 65 o0 doa P B dBen BIE LREGO00 Biise?

t he or gt ON.Diaalg2(00ohaghscB. éhd., RO Kaawse DD.s0lha] 2001) andone marr ow,
nmuscl e, brain, unmbjlic cor | 00 pl.acent a,. Exampl of

di fferenti a{‘%‘HO?Pé‘PJeEn?l eZE?ég)'gee’ d’gr&gp@dbﬁzﬁ RAdE; Q{%w 3@‘%9,@65?*};& s,
chondr ocyt egramaéls RPGY L B0, KoPEPB! 85415 199B 8 Wil (KaaRse, BKEIRL 8boryuscl e, 5

smoot h nuscl e, cardiac nuscle, occular, endothelial, epit hefial, hepatic,
pancr eat i c, stoustures poélistiram myisckel mayeantwsé toothe beingtegeietic sysieraJackson

Differenti agl 0/iC300R 3B GPS1, 080 ' URerls 1% Vidice that NSC may
20 differentiat!e into hematopoietic cells (Bjornson C. et al., 1999; Shih C. et al., 2001),
smooth muscle myoblasts (Tsai R.Y. et al., 2000) and that NSC give rise to several
cell types when injected in a mouse blastocyst (Clarke, D.L. et al., 2000).
The present study demonstrates that cells with multipotent adult progenitor
characteristics can be culture-isolated from multiple different organs, namely BM,
25 muscle and the brain. The cells have the same morphology, phenotype, in vitro

differentiation ability and have a highly similar expressed gene profile.

SUMMARY OF THE INVENTION

The present invention is a multipotent adult stem cell (MASC) isolated from
30  amammal, preferably mouse, rat or human. The cell is derived from a non-
embryonic organ or tissue and has the capacity to be induced to differentiate to form

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



- The MASC of the present invention is also summarized as a cell that

constitutivel y expresses oct4 and high levels of telonerase and is 5 AUG 7005

negative for 10 MHC class | and MHC class Il expression. As

met hodw9f°2f°%7é§ mant this cell administered to a pati eCT/YP004652

t herapeutically effective amount. A surprising benefit of this treatnent

Is that no teratomas are fornmed in vivo. An object of the inventionis to

produce a normal, non-human aninmal conprising MASC. Preferably, the

animal is chineric. 15 Another enbodi melt of the invention is a

conposi ti ONoGAAPI & prdereed qiRudiRbntOtheWrg M NGissiiframGitlithithe MBSO t hat

expands the SC popul ation. It s advantageous in sone cases for the

medi um t o cisplatedrs bprejapmay, @F‘Sﬁh toraipcurabilicglror] blopd ar plagentaler i ved growt h

factor (PDGF) an C ent invention
: gﬁ?fﬁ@& {R @iﬂ’e& theEi%e%g gté be(c{é %df 5\3\4%#3?%[:' y or

al so provides a i on -conpri pula

partially podtedbls, M&S@rwmew% ochis, ﬁb%ﬁm& fafrotvaeniahsketalagudcle, t 0 be.
further di fferentlated or can be termnally di fferentiated. In a

preferaldl e EnesHimusale, cardiac prusglergeculas eefio@ﬁbalomlﬁpbalabqpatnemnmwt e,
adi pocyte, f‘ner?gt&%xcc mgllgPBE §ﬁ% E‘ﬁﬂg?deﬁhpocﬁeél r%ﬁt?atl ?1'1‘285) 1%%% €,

cardi ac nusc epithel | ) pancreat I C,
henmat opoi et incuivaddd élvivo. 25 neuronal or ol i godendrocyte cell type. The
present invention also vides a nethod for isolating and pr opagat| ng
MASC by obt ai ni n§ %Wéfg mreeﬁﬁwtlonegﬂﬁeﬁv@maﬁge that on of

adher ent #Asﬁtutlgglglcﬁ {eQ%s gﬁ a?xﬁﬂh%?feb@l@ oPtelGidaseAld i ne g\f&f @394 CD45-

cells and culturin em un nsion conditions to
expandetd: ceMH@ohsd BbariddviH Qclassdl ex;bres’ﬁﬁbmng inmemoels:ﬁ‘mtealmmerthlsmall

therefore, i duce an expanded ce ul ati on. obtained by this
ot hod. an smEREH O Faaeny B Pooruraly RRBieAm o RShareIne hRg s
ex Vivo by of Sl tflalhicht 3 GaPhORMIGhA Sk tDERd AW hen cul turing the

propagated cells in the 15 AUG 2005 WD 02/ 064748 PCT/ US02/ 04652 11
presence of desi Asdbticf 6fthe m\featlomts t @mdmcs a nﬁtrealpn@f -pumanianimal

differentiation.fac fibr rowm h factor (bFGF),
vascul ar enHUPHL ?%M‘Agsf%v\fﬁfﬁrg@y V/E‘@i lﬂ‘le t hyl sul f oxi de (DMBO) and

| soprotgy enol ; om&uhefahb@@meﬁfm@ﬂvaﬁmma(daa%)unoaeambﬂﬂagacyte growt h
factor (HGF). Another E:eCt of the invention is the 5 differentiated

cell i tseI fpomhaélqnmfé\fiﬁﬁ rand e eeesmedip thefe xpardsdhe M%wmlmﬁ@ MASC i n
Vi Vo, | Rl t{hﬂ:oﬁé‘ﬂ\ SHRAGLLS Oy BAGHR dj qotcgﬁ\%]aeg)mepﬂnﬁlt Wfa{c%‘?
pop ce

expanded ce tron to a mammall an ost el n s
popul ati on (BGEnghsd¢teldriacdigdmil facent(PBGR) and leukemia inhibitory factor (LIF).
The preseht invention also provides a composition comprising a population
20 . of fully or partially purified MASC progeny. The progeny can have the capacity to
be further differentiated, or can be terminally differentiated.

In a preferable embodiment, the progeny are of the osteoblast, chondrocyte,
adipocyte, fibroblast, marrow stroma, skeletal muscle, smooth muscle, cardiac
muscle, occular, endothelial, epithelial, hepatic, pancreatic, hematopoietic, glial,

25 neuronal or oligodendrocyte cell type.

The present invention also provides a method for isolating and propagating
MASC by obtaining tissue from a mammal, establishing a population of adherent
cells, depleting the population of CD45" cells, recovering CD45" cells and culturing
them under expansion conditions to produce an expanded cell population. An object

30  of the present invention, therefore, is to produce an expanded cell population
obtained by this method.

An aspect of the invention is a method for differentiating MASC ex vivo by

isolating and propagating them, and then culturing the propagated cells in the



vivo in tissue specific cells, such that the function of a cell or organ,
defective due to 10 injury, genetic disease, acquired di sease or
iatrogenic treatnents, is augnented, reconstituted or provided forsthe mp
first time. Using this nmethod, the MASC can wundergo self-renewal in
vivo. WE@6HEE aspect of the invention is a differentiRERESEBOIES20bt ai ned
by ex vivo or in vivo differentiation. In a preferred enbodi nent, the
differentiated cell is 15 ectoderm nesoderm or endoderm . |In another
preferred enbodinent, the differentiated cell is of the osteoblast,
chondrocyte, adipocyte, fibroblast, marrpow stroma, skeletal nuscle,

smoot h r’rusckl se&@%ﬁﬂ@s@re%?ﬁér@mtlé?ﬁﬁ%&ﬁps %@%ﬁ'&@}rk@{hﬂer&ﬂaﬁ&? s are
hepati c, creatic, hematopoletic, eur ona oligo endrocyte
cell type. baf ﬂbroblmfbwﬂt faa;mpl(bliﬁf) amsoofartehdcsthtlmt groovtb gactor BG@F)net hod

~of t t h t [ 1 ff t
< o Whee or gl oREhTas St 6l ARG e e B e GH) “o e
further diffgf Bto@y@%m@m fa6@P (G FY.CARb RS As}be@llJffu%r B0 AtRING S theAn

unexpect ed ben it of this approach is that need for pretreatnent
and/ or post diffeeatintedtcelbfitselfie patient with irradiation, 25 chenot herapy,

I NMMunosuppr essi v ents or ther dr,u L..Lre reduced or
elininated. The ﬁ\%lg’e'ff T BF ufiﬁsl %P’&H@gsffi ?S’ieée"g-‘?ggﬁuw“}%éf'f’é‘% nt is also
not requirpelatigkaRd EXRAtIR ek Mdhdth&Pddrinks¥ri the SpaldéPaiBsopaifion

condi tions, including cancer, cardi ovascul ar di sease, netabolic disease,

liver diseatoe mammélae bosthwherein said celta@pw&m;am maaft@eegwdrdeffmenméed)m
traumatic neurol | e
VO 1N tg& cffO 9ellts d;@ﬁ agé} on 8] a & 11 Qr eo('gga%') Hgtte%ﬁ eda § do. d

def|C|ency, €olh i ssue’ neht a Iou

transpl gt ingirgCddnetic d&éasé%qﬁﬁ@didi@&s@%/r g&&dﬁ@lﬁﬁ&@iwﬁ@ﬁﬁn&a MASC or
their progeny are adm nistered vi a | ocal i zed injection, including

cat het er adffcarsiitytad poprovided ferthe firsijtises: i W¥ing pus methodathe MihPRicar r at i on,
oral adm n{u%e(_%; if renQ\Rral'thva%“t erine injection into an enbryo.

Adm ni stration In conjunction with a pharmaceutically acceptable
matri x, which mag ﬂuﬂhEr abpemle@ﬂadahémonh/%mfﬁ:rrextthmdrcenrdbmmﬁ byagtmivd st er ed

to a patient, alte he .i ;mune s em resi st vir bactelal or
fungal i nf ef%#¥gHvo %&}legﬁ%% e efegfeﬁgiogwée%be filé iaCAl TASC or
their P{P el reSiHeRs R 8o dePm@ Iﬂ%étﬁ@rtpreﬁegrex\@%oéﬁx‘[@n@'tﬁé ered to a
patient, MASC or their progeny also are ab

differentiated cell is of the osteoblast, chondrocyte adlpocyte fibroblast, marrow

stroma, skeletal muscle, smooth muscle, cardiac muscle, occular,-endothelial',
- epithelial, hepatic, pancreatic, hematopoietic, glial, neuronal or oligodendrocyte cell
type. _

20 An important application of this technology is the method of treating a
patient by administering a therapeutically effective amount of MASC or their
progeny. The progeny can either have the capacity to be further differentiated, or
can be terminally differentiated. An unexpected benefit of this approach is that the
need for pretreatment and/or post treatment of the patient with irradiation,

25  chemotherapy, immunosuppressive agents or other drugs or treatments is reduced or
eliminated. The induction of tolerance before or during treatment is also not
required. _

Such treatment can treat a variety of diseases and conditions, including
cancer, cardiovascular disease, metabolic disease, liver disease, diabetes, hepatitis,
- 30  hemophilia, degenerative or traumatic neurological conditions, autoimmune disease,
genetic deficiency, connective tissue disorders, anemia, infectious disease and

transplant rejection.



augnent, reconstitute or provide for the first time the function of a
cell or organ defective due to injury, genetic disease, acquired disease
or iatrogenic treatnments. The organ is any of bone marrow, bl oody5 gy 2085

spleen, |i Vel | ung, intestinal tract, brain, inmune %/:stem circulatory
syst en’UBM& B onnect i ve tissue, nuscle, heart, bl ood F&NEWZEHES?
pancreas, central nervous system peripheral nervous system Kkidney,

bl adder, skin, epithelial appendages, breast-mammry gl ands, fat tissue,
and nucosal surfaces including oral esophageal, vaginal and anal .
Exanpl es of diseases treatable by thislethod are cancer, cardiovascul ar
di sease, netabol MASIC sedrir,progengrare sinsiaisared diadbedliesd infjeenahn) ihtlading
henophi | i a, degeneratijve or traumatic_neurol ogical 20 conditions,

aut oi mmune ¢Atkdersadmigishation, syemicipiselon, parsAtesd jadministsation, efakor der s,
anem a, 1 nf ghinfaeibh 3H R AN BORM AN of ShEGH! NbmitifadinYe el
progeny hone 10 one Or nore orgarﬂs In the patrent and are engrafted

t her ei n suctonjiation vt aipletrinace utitalty avebptable neatge whidkhagtbeve due to
injury, _genetic disease, acquired disease or iatrogenic treatnents, is
augnent ed, 984¢#Hadas i t uted or provided for the first tinme, which is

Schem a or 1 nf | Ssey oo B Bach R o R Bl PFmb Mol o
thei r progetoyresistraratcbacengl agengsifection. an addi ti onal aspect of the

ol ver 't hor apSUEFEms e HioRRY FERb e Al S ST EPTOBGRHET The

i nventi on. pfaNindRfedoltaligmeut i ¢ conposi tion conprising MASC and a
pharmaceutically acceptable carrier, wherein the MASC are present in an

anount MDD 02/ 064 Wignh8mii8edas a pedmt | SO O 46thRir peogeaf falsotaresable & pr oduce
tissue selected fromthe group consisti.ng.of bone marrow . blood, spleen,
ver. | unguemRbap TP e Schrovile Banhe Fim e (b5 Beliph BEhtel SuffReh: ; ve
tissue, . nusgdfestiveadiielto ifigOBeneis ARk Sse, ARUGES AFeaseN idtRgeie téatfenty/ St em

ki dney, bl adder, skin, epithelial appendages, breast-mamrary gl ands, fat

tissue, andlBe oigeniutnyefrboae marmons blagdngplesnalivers ipeaigtestinal yragh, Regin.and
anal. The i i fur r i t i oring
organ, i SBUh¢ Shugrnichisitahl SR e, CEh ARGt IO ek BRBHCL "0,
removi Ny MAGESséls,grancieasyesited] inairvodosyatem, pefiphetang:rivisSystemf kidaeyn expanded
popul ation of . .undifferentiatied cells, and adm nsterjng the expanded

cel I's to thelagdar; gwe,,epwﬁ%lraéaw a%ﬁsg%rﬁ?sttm%%éryoé]a@ér fa Hasoeramct | on i s

restored. ThQcs&PLQERLs fldRidtal®Ypfeal, vaginal and anal. Examples of diseases
treatable by this method are cancer, cardiovascular disease, metabolic disease, liver
disease, diabetes, hepatitis, hemophilia, degenerative or traumatic neurological
20  conditions, autoimmune disease, genetic deficiency, connective tissue disorders,
anemia, infectious disease and transplant rejection.

The MASC or their progeny home to one or more organs in the patient and
are engrafted therein such that the function of a cell or organ, defective due to injury,
genetic disease, acquired disease or iatrogenic treatments, is-augmented,

25  reconstituted or provided for the first time, which is surprising and unexpected. In a
preferred embodiment, the injury is ischemia or inflammation.

In another preferred embodiment, the MASC or their progeny enhance

- angiogenesis.
In an additional aspect of the invnetion, MASC or their progeny are
30 genetically transformed to deliver a therapeutic agent, preferably an antiangiogenic
agent.
The invention provides a therapeutic composition comprising MASC and a

pharmaceutically acceptable carrier, wherein the MASC are present in an amount



- enzymatic or genetic. In a preferred enbodi nent, the manmalian donor is

the patient. The invention provides a nethod of inhibiting the r jSe%i @HS
of a heterol ogous MASC transplanted into a patient cor;pri Si ng t he “step
of i ntVOOPHI®into the 15 MASC, ex vivo, a nucleic acP§TaE9HEHER
encoding the recipient's MHC antigen operably |inked to a pronotor,
wherein the MHC antigen is expressed by the MASC and transplanting the
MASC into the patient, wherein WHC antigen is expressed at a |evel
sufficient to inhibit-the rejection of 1B3he transplanted MASC. The pati ent
is of the shithveResib@iceqissi@ldiaid BTN £dlp SoREtAE o bohdimafiowor of 'the
MASC. 20 An alternative nmethod of inhibiting the rejection of a
het er ol ogoudopmspleen, diyas hngs trtestingl 5ach, hrain; BRmuee St done,canareding cal | y
knocki ng o X i 0 t] i.n 0 r anting the
transgenic Liﬁ\i&@%%'%? %’ ?%en élét)to H'g%fégl\k%%aerﬁs i cgeéﬁgll ’W’SF%@%B‘E“E@Q é% by the
MASC and r epladder,Rird bpittiedial ﬁp’@i&ﬁ@ﬁg&ﬁ,ﬁﬂéasﬁﬂiahﬁnaﬂy?ldrﬂb}fbﬂﬂissde, aad An obj ect
of the invention is_a method of generating blood or individual bl ood
conponeft s mycasplayriggesinduding osal €septhapeal; vaginah angra@l.and differenti ati ng
the MASC to for- ols : : . indi vi dual
bl ood corrponent—isﬂ%lrnga{r?gg %ﬁ%%g)q%‘glﬁ%‘gs)g&\%ﬁd&% %tl‘bpélg%gag(gjl rf\é'gém%}r?g B#ggﬂ el ets.
Anot her aspéssiie off cellnfar funceoh it@a patiena comphsidg die stips @f eersevang MA SO fipim Si Ng
the 30 steps of analyzing the genom c or proteom c nakeup of MASC or
their pr og&?’%é?‘?%gemﬁlﬁgﬁgA§ﬁéPéﬁqu5"H§‘F‘6?‘h? ©nof and/ or
- conputer a 1 i j . |1 LOg: new

nmp 'lﬂldYﬁ’érg ?ﬁ%@gells?mﬁdlﬁﬂ%nng% a@aaenguﬁ@g gﬁﬂ%@%&lﬁﬁg

t .
data with known Iélta ases to conpare and contrast t 2005 WO
02/ 0647148 REgARH3AleMt @Bulanfundtiduistresoreds flbe resicgedafuretibiothaptbei denti fyi ng

t he conmponents of. a differgentiatio t hway c risi t he steps of
el i no YRt A ST it BT ot DR bt s the

di fferentialdief. of MASC in vitro or in vivo, analyzing the genomc or
proteom ¢ makeup of internmediary cells in the differentiation 5 pathway,
anal yzi ng t he gehamingerdonprovidesd metholdof pnhibiting thei ragrctign off f heserolngous ed
cells int i fferentjation pat hwa usi ng _hj oi nf.o ti.cs. and/ or
rgor thims TG ETERM b ATCHDprttig e He: SRS R e and
t hei r prsogempASE R vive daTEd] €10 gcidlseq ke emddidiighe rdcipié)s MBIG gaipenfy t he
conponents of the pathway. Using  this nethod, differentiation that
occurs in oReFRPIxHkeddo aprompos Whareindhe M e antiganiip expressed by thecdddvSC i n
vivo such ! fietudipdatRhe MASEiRoTRE fRidhe WHRRn MITC Mg S bRfRs &AM 2D
level sufficient to inhibit the rejection of the transplanted MASC. The patient is of

the same species or another mammalian species as the donor of the MASC.

20 An alternative method of inhibiting the rejection of a heterologous MASC
transplanted into a patient comprises transgenically knocking out expression of
MHC antigen in the MASC and transplanting the transgenic MASC into the patient
MHC antigen is not expressed by the MASC and rejection of the transplanted cells
is inhibited.

25 An object of the invention is a method of generating blood or individual
blood components ex vivo by the process of isolating MASC and differentiating the
MASC to form blood or blood components. Preferably, the individual blood
components are red blood cells, white blood cells or platelets.

Another aspect of the invention is a method of drug discovery comprising the
| 30  steps of analyzing the genomic or proteomic makeup of MASC or their progeny,
employing analysis thereof via bioinformatics and/or computer analysis using
algorithms, and assembling and comparing new data with known databases to

compare and contrast these.



The invention provides a nethod of generating products in vitro that have
t herapeutic, diagnostic or research utility by identifying the prgg%ﬁ@205
in MASC and isolating the products fromMASC. In a preferred enbodi @,
the pri¥@@WO&7# e 15 proteins, |ipids, conplex carbohy®CIE92/088A or RNA.
Included in the invention is a nethod of inducing, in a mamual, tolerance
to an antigen adm nistered to said mammal, the nethod conprising the
step of - admnistering to said mammal , after or sinultaneously with the
adm nistration of said antigen, an effjgctive anount of MASC or their

progeny so that g thelBINE is% mihodOPiRhiHEME LAPBRIREP @ subsequent

chall enge with said antigen i s suppresse SO | Is a nmethod for
renovi ng t afferentiatiom fattevayl coachrizingsthp atepe nf anatyriny thsigegomnirgedteomidl ood
ex vivo with MASC derived,cells, wherein idcells line a hollow fiber
based devi dBakepq 05%%%%1?%“% fraRmRiaHen of MASE P wirgras iy ViRe3nabyzing i ver
celI's. 25 Afe OBIBRE oPprotddfnik MkBhY Bfinkcimfrd ih e GlfetenRbd

t her apeuti ?ﬂ%gﬁiﬁ@t gPE,%) a l'pata:j)(gn clgnprl sﬁ%%%ﬁ%aoﬁcﬂ%+e¥1ﬁeﬁﬂ?ood of

sai d pathi erfatlexayy anvabyzing thegaSGnar ortpreteomipmakampyof tednanallyndifterahtiv8C or

t heir progeny ar eneticall ransforned.to deliver t her apeutic
agent . A GFlREYhe Bitreentialion PalRY 7R DD RBVPBAEEMMYO o dr ug
conpri si ng ch3ckARE AeldeASMIM B Prifeomieinak AIPSIAVIX SEXand! th&ir Wr&g%nﬁ%q drug

and nmonitoring cell survival. In a preferred enbodi nent, t'he progeny are
sel ect ed f roompatieg thealapm oltained st (entp Wenhfythe compenreatt dfehée pathwepi Usimlgi al

d kid .. VWO Q2/ 47: 8 15 A 2005 . PCT/ US02/ 04652 15 . BRIL.EF . . )
PEScR P11 G salon tha SarTs DU g 2 b SamB e TgHONSTSPSATSR vy
of exanpl.e;thWccirQlin vivebEdHIask fufddrhéthl differenbosaiebvétin the 1% e %\ér{m.ﬁcéan

enbodi ments descri bed, may be understood in conjunction w
acconpanyi rig cheragtenged. i ncorporated herein by 5 reference, in which:

Fig. 1 shows a ggaphical illustration,of. the expansion.patential of of

bone marrow (Bﬁ*}eq%e ?'108 pé%vdg‘fjsraaﬁ'n_ﬁ 889?@8%‘%)&?3?“’%“3? "g‘_’@ﬁm%g"%catter.

pl ot repr esBéapaBicOAENBHO bLESEACh LfilifyDy idusdlygané ﬁrdaaauSmn MXKCand (B)

bone marrow and nuscle MASC. 10 Fig. 3 shows a g;%p ical illustration of
me

FACS anal yseating thaaradueisdram dMa8C. inserefraedam o thecPrafedts YEGE.  The
O i EIE e A Slal DA BERAE (11 1) v spect T
Included in the invention is a method of inducing, in a mammal, tolerance to
an antigen administered to said mammal, the method comprising the step of
administering to said mammal, after or simultaneously with the administration of
said antigen, an effective amount of MASC or their progeny so that said mammal's
20  humoral immune response to a subsequent challenge with said antigen is suppressed.
Also included is a method for removing toxins from the blood of a patient
comprising contacting blood ex vivo with MASC derived cells, wherein said cells
line a hollow, fiber based device. In a preferred embodiment, the cells are kidney or
liver cells.
25 An object of the invention is a method for delivering therapeutic products to
a patient comprising contacting the blood of said patient ex vivo with MASC or their
progeny, wherein said MASC or their progeny are genetically transformed to deliver
a therapeutic agent.
A further object is-a method for testing the toxicity of a drug comprising
30  contacting MASC or their progeny ex vivo with said drug and monitoring cell
survival. In a preferred embodiment, the progeny are selected from the group

consisting of hepatic, endothelial, epithelial and kidney.



shows the phenotype of undifferentiated MASC. MASC express | ow | evel s of
(32- mcroglobulin, Flkl, FIt I and AC 133, but do not stain vmth %16%05
the other anti 15 endothelial nmarkers; panel B shows the phenotype

MASC WP O0UPEHE or 14 days with 10 ng/rrL VEGF. MASC exBf §§04/QﬂM evel s
nost markers associated with endothelial cells, but |ost expression of
AC 133; and panel C shows phenotype of MASC cultured or 3-9 days with 10
ng/ mL VEGF. MASC | ose expression of AC 133 by day 3 of culture with
VEGF, acquire expression of Tek and VEigadherin by 20 day 3, Tie, VW,

CD34 and HI P12 by day 9. BRIEFHESTRIPTRONRIGE PRAWINGEPh of engraft ment
and in vivo differentiation of nVASC. SI'ides were exanm ned by

fl uorescence or B@rfﬁlﬁ@wﬂg@@m@ﬁdb@yﬂpmel@nhy WfG( Of]examplte)atrrd)tS
represent i.den a tain tissue C n| mal s that
her et ret | ieRdeR i e ioh 1 SHeE e UmteAIHF S NSRBI IR, Th of bone
25 marrow (uRldrsot @ BorjuhdtidmM vALE@B bE @mpafying rtﬁa\smggMné&p&%teamef@A bgt ai ned
with anti(3-gal-FITC anti body and PE-conj ugat ed anti bodi es to vari ous

henmat opdi etreferengptingdich: A-B:  CD45, C. CD19, D MAC], E. GRI, F:TERI 19
and DAPI;  panel sg6ry L 30) rfash ?ﬂ?ﬁ‘%‘?}aﬁ@?gf% )\ %.rhsmnié)(itgrﬁlal I__t%o?% froma

control (G) and ‘seudy ani al ne

anti body angaresw (BKPARuRlEe ad braiadieriveDMASS0 derived anti-R-gal + cells
are seen in cl usters His | OX and I are 60X magnifications; panels J-M

shows a phot omi dfSg SRS Scatterpletirepigsanting SERGENRICSINMIRGA) mysdeand) and

study ani i C. J-L are co-stained with
nouse- anwr%&WC%gﬁﬁgﬂ%gu@g"@%h%ﬁégg&gb E and Mw th nouse

anti - alloum n / mg:z. %w%td(‘graﬂ%alm%ﬁ&ﬁéﬂEBCBGEbUS&ZJfM&E&r&ﬁateﬂDuse Cy3
ant i bodi es. and M@re 20 60X and | OX magni fications

respecti veNA Gaﬁﬁ\gll\éAﬁl-cFﬁ Yssd with Ngﬁme@PﬁﬁHOWfls%Wq Gonget fgke section

froma g}m@mdmewgy SN R ik

anti - R-gal %H@bg grousé- antre 15’%&(!:(0 ye?%lm?l-ﬁ%tés@g ctkalnnte? boad]el é
(N-P). N arnstloWs &reEphennyﬁe OEﬂhdAfférhnﬁMBNﬂ\S@E MAS(b@dpxeSs loRR-1gadls of p2-

Pan- CK' CD45-_ epi t hel i al | s covered 50% (sol.id arrow, panel P) of the

ci rcunfer eﬁE‘ér‘Iﬁoq}’ihPi Flkl, IFAH Ak AG 1335 bytdo nptgtpia with a0 éb‘f' ethgranthe vi |1
(open gir O%nﬁ&ﬁ@ﬂlal@mﬁf}uﬁéﬁ%m dhdwes tfhrggﬂéncftﬁ)e omﬁﬁéc%%i)g‘% gays

phot oni'cr ogr ap section ma control nouse st udy
ani mal (R witlal heg/mii VE@ntMArSC gpreskloPCleyelssnost osekern hssogiated @Kth/

anti - nouse- E anti bodi . Seyer al - gal n- CK. donor
ool oo e entiRBlA Rl BRLICR SBkismog o Ric s By Pafl CitioRphel o St )
pan- Cl C celNASOSf cul@rsit 621309 @hysowith 10/ mBNEESEE M ABEtIb§iCéxpYestibR BY Alte
epithelial cells; and panels S-T show a photom cro%ra ph of a bl ood vessel

section frigmby degAtafsnltarsvish VEGF: aenuineyenpressignphd als and E-eadberimbed i n a
study agi M}, L6 e  WEF, CD34 and HIP12 by day 9.

Fig. 4 shows a photomicrograph of engraftment and in vivo differentiation of

mMASC. Slides were examined by fluorescence or confocal microscopy. Panels A,
G, J, N, Q and S represent identically stained tissues of control NOD-SCID animals
that were not injected with mMASC. Panels A-F show a photomicrograph of bone

25 marrow (BM) cytospin from a control (A) and study (B-F) animal stained with
antiB-gal-FITC antibody and PE-conjugated antibodies to various hematopoietic
antigens. A-B: CD45, C: CD19, D: MAC1, E: GR1, F:TER119 and DAPI; panels G-
I shows a photomicrograph ofa spleen section from a control (G) and study animal
(H, D stained with anti-f3-gal-FITC antibody and anti-CD45-PE antibody. Donor

30 derived anti-B-gal” cells are seen in clusters. H is 10X and I are 60X magnifications;
panels J-M shows a photomicrograph of a liver section from a control mouse e) and
study animal (K-M) stained with anti-f-gal-FITC. J-L are co-stained with mouse-
anti-CK-18 / anti-mouse-CyS5 plus CD45-PE and M with-mouse. anti-albumin / anti-



weeks after transplantation (T) stained with anti-(3-gal-FITC
anti-vW-PE and TO 15 PRG3. (3-gal4 donor cells differentiated intg A\U%ﬂﬂﬁ
endothelial cells in the thymc |ynmphoma which is of recipient origin,

as theWou9p47d&| | s did not stain with anti-(3 Gl anti PSATE2/0465y. 5
shows i mmunohi st ocherni cal eval uati on of MASC-derived endothelial cells
usi ng confocal fluorescence m croscopy. (a) MASC grown for 14 days in 20
VEG-. Typical nmenbrane staining is seen for the adhesion receptor, avP5,
and for the adherens junction proteins,g ZO-1, R and y-catenin. Scale

bar = 50 p.fMudeldy3 Miblies 0K, 1.AndM 20X, BR At 1IWaSradlifiddiond (uUpper
panel ) and day 21 (lower panel) after VEGF treatnent. Bar = 25 pm Fig.

6 shows a piespeotivel yopanalstiN-Gf shbiSphaeornicecprapidefidnahieatinecection frémreel 25 A

shows hi stam ne-nedi ated rel ease, of VW from MASC: der | ndot hel i um

St ai ni ng wi SRIRhIPEsRESugyARRel @%/-Bgisr?"gqcﬁc}v&h wt-ﬁsaa@ﬂf*ﬁpf%wés wi t h

i ncreased nyxber.s~pf QSi N St 2 f i PR i f f tions
(Arrows) (Re rgs%%t/ﬁ}ﬁb%gzﬁr%f%ﬁlo {i'gg@g%‘n rrent}g?%%gtg gd%g@ (2]52% m
panel B 5shoME antiddiesd @ gal EParrOROCDE 51 epithe i @6llsigpverddB0% Aolidrarréwday's,
cells expressed Tie-1, 30 but again did not take u_B a-LDL. However,

acqui si t i orpaotl Bxafrtbe girgmnisfenge/ofvilln Pan(CKO/ Pregal ede il the earevifithe vith ake of

pancl  C Shageh Eatar b arRafrd By hob e Bba uE BaTemiagep
p S |
PCT/ US02/ 0465 uid seMBRErodeh c¥meol SRSARE Q) | lné&g) %:ﬁ%\aﬁ@{) st C@lth ¥Rgpu! ar

tubes could be séen. (Representative exanp experinents). Scal e
bar = 200 ngaHFITC phestroomsesantrpankiCKad lantiithaist1Gti pus OD45-ACaniballigsi s of

MASC deri.ve endot helial_c¢ells. The Plots shgow isot) control 19G
st ai ni g prgervr:raé (83 Wft#ﬁeﬁow.ceﬁsa@pssew ﬁmegﬁrﬁﬁlbﬁﬁwf?%rwmaﬁﬁpgm e
(thick l'inegkr)(Reseseat-atkd-\Leu : j ikt ove
plots is tﬁ(?)%an.sg?gorg%\eéncié_ nt eaﬁ%ﬁle;ﬁ(%%%‘ré%ﬂétmc nt%lt@élng
st ai ni ng anepithhkalspls;iahd parsels Bbbshovss photomicrogaple bf Abkledwsssel/ posion

| at Fl Kl d, Tek [ SC- j ved enpdot heli al.
o by saPloh e a8 e B Emhet A o Y Bhbk abEld Secr
producti on Qyekk thW@Qfs?%ta‘{i%ﬂ (?F&i%@@bhﬁ' anﬁﬁi-b§l~FIY€c,ﬁntli-@W-PEVﬁaefO-
measured by ELISA and the results are shown as Mean SEM of 6
exper i risnt SPR@AJ BpgaliedonGr s¢ibdiffeteatiated ifta vWH dndethebalpeBs 8i tha thyfnicl ass | |
HLA antigens and increases expression of adhesion .receptors. Plots show
i sotype conyPphomgeyhiehisof seripientqrigan, @s phetumor gsllsdid nghtainpyith angitBi pody
stai ni ng pr@LliAnﬁb&(ﬁin ck line) (Representative exanple of 3 experinents).
15 . Nunber.above plots shows MFI for the control 1gG staining and the
specific Fig. 5 shows immunohistochemiCal evaluation of MASC-derived endothelial

cells using confocal fluorescence microscopy. (a) MASC grown for 14 days in
20  VEGF. Typical membrane staining is seen for ihe adhesion receptor, avfp5, and for
the adherens junﬁtion profeins, ZO-1, B- and y-catenin. Scale bar = 50 pm. (b)
Morphology in bright field of MASC at day‘O (upper panel) and day 21 (lower
panel) after VEGF treatfnent. Bar = 25 pm. |
Fig. 6 shows a photomicrograph of MASC derived endothelial cells. Panel
25 A shows histamine-mediated release of vWF from MASC-derived endothelium.
Staining with antibodies against mybsin shows'cy.toskeletal changes with increased
numbers of myosin stress fibers, and widening of gap junctions (Arrows)
(Representative example of 3 experiments). Scale bar = 60 um; panel B shows
MASC-derived endothelium takeé up a-LDL. After 7 days, cells expressed Tie-1,
30  but again did not take up a-LDL. Hdwever, acquisition of expression of vWWF on
day 9 was associated with uptake of aLDL (representative example of 10

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



anti body staining. Fig. 8 shows a photom crograph of human MASC derived
endothelial cells. Pamels C-F show the 3-D reconstructed fi gurescgggmﬁ 2005
ei ther anti-human D2- mcroglobulin-FITC (panel C or anti-nouse- I

-FI TC VR4 and nerging of 20 the two (Panel E), amGIUSAEOE3 (panel
F), and nmerging of the three staining patterns (Panel G. Panels A and B
show the confocal inmage of a single slice stained wth either anti-human
02-m crogl obul i n-FI TC and anti-vW-Cy3, or anti-nouse- CD31l-Cy5 and
anti-vWF-Cy3. Scale bar= 100 m Panel HZ&hows wound healing resulting in

a highly vamAB@UdeA®H cidetheliimt e OACHPIEaPvdscolahubeslcomld Be sdehi - (32 25
m cr ogl obul i n-FI TC and anti-vWF in mce injected with human MASC-derived

endot hel i al (Raprdssntatiopeyampdé i 6 expanmants) oSeabkbar =f20rohl ast s (Bott om
panel). Scale bar z 20 m C= Cartjl age. derm s. .Panel . showg that
t unor angi'ogenes?bg' i7_§ﬁ°‘ﬁ%?_3(ﬁé’tl}‘°|a[ ﬁt‘r‘?‘éﬂ?&t‘?ﬁ%ﬁ @ﬁ‘%@ﬁéﬁ‘a & n vivo
from MASC r gsiskiieliABcdIB. FhPHi Yhow %%E%Bht?&qéérs%ni&l;%gP&ﬁe {tHiDiney vl ned
with anti-X32-m croglobulin-FITC, anti-vW 30 and RO 3. Scal e bar =

20 | un. i gspedifetaptwbodypstaining prefilkv(tlock bme) (Brpressuatveesamplgof gdt ed sodi um

currents in hNSC derived neuron-like cells.. Panel A shows

phot omi cr o g?’?ﬁﬂ"ﬁf‘m@uﬁf‘ﬂ’?’%aeb%ﬁ/g@tﬂ 5rthe &Leaﬂ & m%%e?ﬁﬁtegﬂ&@élrg SPithfig

behavi or anQoxﬁ?bﬂ’éQﬁ%ﬁﬂqiﬂ@éﬂcﬂ%‘sﬁ&ﬁﬁ@aﬁf@o@ kAt 8paneP ARHEGWS HDRo xia

PCT/ US02/ 04652 1 sodi um currents (the shadow of the Ellpette points to
a

the cell). wpmetla@s Ehdard Tek axpression ¢on MaAsIC-detiivrdsendbthelialicglls amalyaed by

recordi ngs from a hVBC derived neuron. .Panel S r aphi. cal

T ostr act one¥ayme wi B Pef i Menris PPt MHGE ARG Y, vac

deri vedigneUMABCAefi€ll enlBtheliaM&lIUYBGH lRU41Y veRTmPAdRre sl NESiAC Y bk Ot

anal ysis confirmng the hepag:)s%{);tde-l i ke phenotype. Panels A and B show
PR

MVASC (A) afsgulsnasehq'g) as Mg oh Orpeniments;and\pane] Gebowvsdhat Ihda or
FGF4 al : ' . E F 2b13,
al one Tn%%%séengkg%n@ﬁoﬁax& g@f@g&i%ﬁ?mﬂag«é}h e{?cpre‘&‘l%gaoﬁ%gﬁo@ P

nunber's under s arere Ver, a
transcri pt sreseptersd Plas slady isotypedtohfrel lgGtstaihing ph¥HE (thin line) 16-speeifise or

h i MRNA, - NT .= no- | ate. tati | f 5
and | hunan ey SEiRERBRICB B HooHORBTS SR G P OHEETFIEgE-1M w t
FGF4 antk HERuRfbef 48 e%hd??&d(\of’! ME1 (58NS coditdT 1565 AR atd e spdiged hMASC

on Matrigelt", Huh= Hiuh7 cell line used as control.”Fig. 11 shows a
phot onmi cr ogartpledptaimpat ocyt e- 1 i ke cells. MASC i nduced 15 by FGF4

produce gl yeogeng; Coygogen QLAY olus 37 RlmiR NS B SRSk
Panels C-F show the 3-D reconstructed figures for either anti-human p2-
microglobulin-FITC (panel C) or anti-mouse-CD31-FITC (panel D) and merging of
20  the two (Panel E), anti-vWF-Cy3 (panel F), and merging of the three staining

patterns (Panel G). Panels A and B show the confocal image of a single slice stained
with either anti-human pf2-microglobulin-FITC and anti-vWF-Cy3, or anti-mouse-
CD31-Cy5 and anti-vWF-Cy3. Scale bar = 100 pm. Panel H shows wound healing
resulting in a highly vascularized area in the punched ear stained with anti-p2-

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

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

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

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



stai ning (Representative exanple of 3 studies). Scale bar = 25 pm
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Defifnitions 20 As used her

the f é%\é}'#]glg4§ ernms shall have the follow ng, neani ngsi,c}agﬁ?lg%iﬁgnﬁ BWBIZQUS

mean t opogation of a cell without differentiation. di ary
cells" are cells produced during differentiation of a MASC that have
sone, but not all, of the characteristics of MASC or their termnally
differentiated progeny. Internediary cells may be progenitor cells which
are 25 committed to a specific pathway8but not to a specific cell type.
"Normal " shmatblumeemendn(tbashaddwiofi te pipetteqioints setheeedll). Ranat Badhows nal f or ned,
i |s. ."Self-rene al. an t l.ity of cells to
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organ shall not constrtute external stimulation. " " nmean t he
abi lity of kdbCalenved\@@ron. t heir progeny to migrate specifically to

sites ere additiopal cells m ed 5 AUG 2005 WO 02/ 064748
T/ Usod 0652 1618 MesRiagn o e S a At Wesieap Plof sy Y hes e P ra f on
of the funghé QEpadcyte- i]@@ﬁﬂéng%aé‘f PAIRICA o3 B'SRAV ARIASC (A) GRMAM ASCO(B)
prot eom ¢ makeup" shall mean’the gene or protein conponents of a given
cell. 5 " Hiahtuteshorl Matiget™ motlrdiGistearslctl G¥i dryF GRdaalofxefoc 31 mad 28ddys o t he

two-fold level _ohserved.in the i rtal _human cel| i MCF7. Soul e et
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function such as sickle cell sease, henophilia or orage di seases”

wher e pr odusd Mafifgeifec Huh-duh7icell tihe ubabys daaalse of faulty processing,
e.g. Guacher's, Neinman Pick's, nucopolysaccharidosis etc. Exanples of

restitution of dfignd} shoviscarhoramiceogranhl of hspatopyie-likgseldy. MASE Brduegdei r
differenti aﬁa’élgGPﬁ ?Qﬁl‘ﬁ)ﬁe glgrfxg%ﬁ. (J15@e8E Yore T8N Rhacc HRASHGT 8 R and

ot her neuro enerative seases.
staining (Representative example of 3 studies). Scale bar =25 pum.

DETAILED DESCRIPTION OF THE INVENTION
Defifnitions
20 As used herein, the following terms shall have the following meanings:
“Expansion” shall mean the propogation of a cell without differentiation.
“Intermediary cells” are cells produced during differentiation of a MASC
that have some, but not all, of the characteristics of MASC or their terminally
differentiated progeny. Intermediary cells may be progenitor cells which are
25  committed to a specific pathway, but not to a specific cell type.
“Normal” shall mean an animal that is not diseased, mutated or malformed,
i.e., healthy animals.
“Self-renewal” shall mean the ability of cells to propagate without the
addition of external stimulation. The presence of cytokines or other growth factors
30  produced locally in the tissue or organ shall not constitute external stimulation.
“Home” shall mean the ability of certain MASC or their progeny to migfate

specifically to sites where additional cells may be needed.



G ven the ability to have these MASC to "hone" to and incorporate into 20
organs/tissues of a host aninal proliferate and diffferentiation tq%yAUG 2005
could potentially be used to provide new endothelial cells to an
i schen® B@&7#8 and al so nyocardial cells thensel ves, RGHEFS8YI68E her
exanpl es exist. There may be nedi cal circunstances where transient
benefits to a tissue or organs function could have desirable effects.

For exanple, there are now cases with 25 |iver failure patients hooked
up to a bioartificial liver; which was I9ufficient to allow for the
recovery of norngtndckin@lout Expibdsish” sBEIY hidhh B2 dlidEinB@Rof tBE fishctibiY 6f a
transplant. This is a serious unnmet nedical need, for exanple in one

| i ver di seapastieillargene. hepatitis C. There are 4-5 million Anericans
currently infected wi,th hepatitis C and there a timmtes that 50% of
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darmaged | i ver:1409-pdil6ow recovery of normal |iver function via the donor
cells. In addition to, many cell therapies where the undifferentiated
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formation f A& i LG ret i . i ere new
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an untol d use  far, ¢+ IROLAN HEN Gake AR GHhboP o £ nsaMRh Sir 92" 41 10
20  organs/tissues of a host animal proliferate and differentiation they could potentially
be used to provide new endothelial cells to an ischemic heart and also myocardial

-cells themselves, numerous other examples exist.

There may be medical circumstances where transient benefits to a tissue or

oorgans function could have desirable effects. For example, there are now cases with

25  liver failure patients hooked up to a bioartificial liver, which was sufficient to allow
for the recovery of normal liver function, obviating the need for a liver transplant.

- This is a serious unmet medical need, for example in one liver disease alone -
hepatitis C. There are 4-5 million Americans currently infected with hepatitis C and
there are estimates that 50% of these people will get cirrhosis and need a liver

30 transplant. This is a huge public health problem that is begging for a remedy.
Hepatocytes, derived from autologous or allogeneié MASC, can be transplanted in

this or other liver diseases. Such transplants may either transiently provide liver

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



20 bl ood, the transfusion of blood and bl ood products around the world is
st}l | performed wit hl'va(rji abl e s?f ety be(r:]auseI of-dtvransn‘i ssi on of 15 AUGdZUUS
i nf ecty nts. Bl oo transfusi ons have lead to H titis C an
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di sease. The ability to produce blood in vitro, especially red blood
cell's, could provide a safe and reliable alternative to collection 25 of
bl ood frompeople. It mght never fully replace blood collection from
donors. hMASC or their hematopoietic é ogeny could be placed in aninmls
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t hensel ves SO Wt renew n
20  blood, the transfusion of blood and blood products around the world is still

performed with variable safety because of transmission of infectious agents. Blood
transfusions have lead to HIV, hepatitis C and B, and now the impending threat of
. Mad Cow or CID, Creuzfeldt-Jakob disease. The ability to produce blood in vitro,
especially red blood cells, could provide a safe and reliable alternative to collection
25  of blood from people. It might never fully replace blood collection from donors.
hMASC or their hematopoietic progeny could be placed in animals in utero such as
sheep which could form human hematopoietic cells and serve as a source for human
blood components or proteins of therapeutic utility.. The same could be true for
hepatocytes, islets or many other cell types but would provide an alternative to
30 producing human cells in vitro and use the animals as factories for the cells. It could
also assist in blood shortages that are predicted to occur. hMASC could also
conceivably be transplanted into a human embryo to correct any one of a number of

defects.



differentiated cell types that could have been damaged, died, or

ot herwi se might have an abnormal function because of genetic or 18cq8ined
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i nsul i 0@?38 gi ng beta cells in the pancreatic islets. GHURPA#Gas renal
di seases there is 25 progressive loss of function and in sone cases
obliteration of glonerulus. If in the case of diabetes, MASC or
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e.g., islet precursors, hepatocyte precursors, blodd precursors, neural
and/ or car dpattery fcgtivaian, peiteognidbandBHROG I\ teiR/@erEFsien BE/ US02/ 04652
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with anal ysis thepeaivsise RIREMFEH RIS moke, GBI n¥RRhIS lappeal &

al gorithns, to assenble and conpare new wth known = dat abases and conpare
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.20 to repopulate an organ not only with themselves but also with self renewing

differentiated cell types that could have been damaged, died, or otherwise might
have an abnormal function because of genetic or acquired disease.
For example in type I diabetes there is a progressive loss of insulin

producing beta cells in the pancreatic islets. In various renal diseases there is

25  progressive loss of function and in some cases obliteration of glomerulus. If in the
case of diabetes, MASC or differentiated progeny might home to the pancreas and
themselves or via interaction with endogenous cells within the pancreas, induce
islets to be formed. This would have an ameliorating impact on diabetes.
Ultimately conditions, agents or drugs might be found to in vivo control, i.e.

30  promote or inhibit their self renewing capability of the MASC and control, or
enhance or inhibit the movement to differentiated progeny, e.g., islet precursors,

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



Example 1. Selection, Culture and Characterizati-on of 25 Muse

Mil ti potent Adult Stem Cells (mVASC) Cell Isolation and Expansigh Me}blgg%
ti ssues were obtained according to guidelines fromthe Universi

M nne¥P42PAMEC. BM nononucl ear cel I's (BMWNC) were obt é?Fﬁ@H;“H?/“P%/coI | -
hypaque separati on of BM was obtained from5-6 week old ROSA26 m ce or 30
C57BL6 mice. Alternatively, nuscle and brain tissue was obtained from
3-day old 129 mice. Muscles fromthe proxinmal parts of fore and hind

i ntbs were excised from and thoroughl ¥2m nced. The tissue was treated
with 0.2% cMAISﬂ;;@mas@l l{islyofird patheays; aleti{ods oBuctivaition and/hntfdlithak niight  at
37C, followed by Q.1%trypsin (lnvitrogen, Gand |sland, NY) for 45

ni nut es. Céqulsce\ﬁ@ii‘éget‘lH%PfteF‘FfﬁerC&llé&“Wg@} exgan o nroki forpie and Jeftérentisione 4748 |
PCT/ US02/ 04652 qisi ons
were col | ected and centr|?%etgré&%mé%@er@%fqggugélj&f%lb(:&ﬁpénim%r ;Bﬁ‘ tissues
was di ssectself reresv andal suldiffecentiagidoyld have Irxhﬁxevmrselsels asbiss aftudgrdeydented

i ncubation with 0.1%trypsin and 0. 1% jgra) for 30 .mnutes at 3?
C. Cell$ v wqr(i’nﬁtmr%flpe'af IR BRI PRl SO B THPIS GERER 8P um
filter. Celd %@g@&@en@{}q hG6OhEdnf the @quga)p%Mlo m nut es at

1
1600 rpm B C or rrusc e or praln suspensions were d at [x105/cnt
i N expansiteansplestaton. [Q%rFﬁﬁes this mmybbhpdmﬁeo&ﬂrbﬁmnmlwaﬂmnmiftmsent i al

medi um (L DNE’\%(P 10 n eac telet derived rtB\A?;)h fact or (PDGF),
ot der ral SO P SRt B QSERIEAPYR B Do Py SbaRes DL I ) |
and mai nt aiJnee, 8 FBnetithil MERISS BOMRIRL

trypsin/ ED'IgIAPS%V\/ehréPee %%g%d% C%[ﬁéng?ﬂ&rco horcl ﬁﬁ%ll t$l§:/;}1-6A' cel | ls‘)l?wi th

m cr omd@n etnmxdn@mneiﬂeaul acqngems&ses /ﬁley will alst bsuseduldor dipgrastidand 10
cells/well in 96- g?ﬁlt‘fs ;oat ed with FN and were expanded at cell
densi ties BEIRE rP“ﬁp%?e BRIt EnD. The expansi on 15 potential of

MASC was si m | arTHeqgadeslt BSentith anhgprbvﬁiéyme&rdaﬁfmg disoeveryaleBomsta! i-ved
(Fig. 1). Characterization of Phenot ypi cal | mMVASC der]ved from BM

muscl e and REPtEPiGsnendepAthwineidentificatinngomprimgznal yzingthe gempraic orc| ass- |

and cl ass I gl enti cal
to the charpact?}en?‘?s | CS (#thgé @&gl%ggglrllagglgmﬂ fﬁg O%Xk?) |gcat i on
No. PCIbUS@dniphi Analéit Rialgorithink, temnﬂ:lomdjwmme tnbw withhkrovad 2- 3

nont hs was ater when cells were cultured ap.col]agen type 1V, [am nin
cglta%ases and compare and contract these. 'E'hls will identify gey cor%{gonents

pathways, new genes and/or new patterns of gene and protein expression and protein
modification (proteomics) that could lead to the definition of targets for new
compounds, antibodies, proteins, small molecule organic compounds, or other

20  biologically active molecules that would have therapeutic benefit.

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

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

Cell Isolation and Expansion

All tissues were obtained according to guidelines from the University of
Minnesota IACUC. BM mononuclear cells (BMMNC) were obtained by ficoll-
hypaque separation of BM was obtained from 5-6 week old ROSA26 mice or
30 C57/BL6 mice. Alternatively, muscle and brain tissue was obtained from 3-day old
129 mice. Muscles from the proximal parts of fore and hind limbs were excised from
and thoroughly minced. The tissue was treated with 0.2% collagenase (Sigma
Chemical Co, St Louis, MO) for 1 hour at 37°C, followed by 0.1% trypéin

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



or Matrigelt", cells had phenotypic characteristics of MC, i.e.
expressed CD44 and did not express CD13. As with human cells, nMﬁgsg_‘UC 2005
cultured on FN expressed 25 transcripts for oct-4, and the LIF-R

Appr oxXWRLPAF748 06 of wel |'s seeded with 10 CD45/ G yA" c&GTUSI/84652
continuous growing cultures. This suggests that the cells capabl e of
initiating MASC cultures are rare and likely less that 1/1,000 of
CD45/ 3 yA" cells. mVASC cultured on FN were 8-10 min dianmeter with a
| arge nucl eus and scant cytoplasm 30 S8veral popul ati ons have been

cul tured faandpad€d titbsgh 4 e-unfiheo| Cllysuapehsiqrisevent yolkecndd andlckstrifiggedi ned
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a 1:2 dilutj an 12h before 5 harvesting, collected with trypsin-EDTA, and
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1- 7 after QWSt/%lg&pﬁBrm &) A 20l s USRI ESmaSetis bemAwa@ﬁmhgmme
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PCR reaction buffer. Primers are listed in Table 1. 20 Table 1: Priners
used NEOG' - desyed thieADGCAGETTCT- 31 5' - TTOCGCTTGGTGGTCGAATG 3

Qct 45" - CAAELRE I £t GRS

Phenotypically, mMASC derived from BM, muscle and brain and cultured

on FN were CD13", CD44", CD45", class-I and class-II histocompatibility antigen’,
20  FIkI" and cKit’, identical to the characteristics of hMASC, as described in
Internation Application No. PCT/US00/21387. Although cell expansion during the
initial 2-3 mohths was greater when cells were cultured on collagen type IV, laminin
or Matrigel™, cells had phenotypic characteristics of MSC, i.e., expressed CD44 and
did not express CD13. As with human cells, nMASC cultured on FN expressed
25  transcripts for oct-4, and the LIF-R.

Approximately 1 % of wells seeded with 10 CD457/G1yA" cells yielded
continuous growing cultures. This suggests that the cells capable of initiating
MASC cultures are rare and likely less that 1/1,000 of CD457/G1yA" cells. mMASC
cultured on FN were 8-10 um in diameter with a large nucleus and scant cytoplasm.

30  Several populations have been cultured for > 100 PDs. The morphology and
phenotype of cells remained unchanged throughout culture.

mMASC that had undergone 40 and 102 PDs were harvested and telomere

lengths evaluated. Telomere length was measured using the Telomere Length Assay



5' - GTGTAGGATTGGGICCGIT- 3" Rex 15' - GAAGCGTTCTCCCTGGAAT r TC- 3'

5' - GTGTAGGATTGGGTGCGITT- 3" ot x | 5" - GCTGTTCGCAAAGACTCCCTAC- 3' 15 AUG 2005
5' - ATGCCTCTGGCACTGATACGGATG 3' ot x25' - CCATGACCTATACTCAGCGCTTCAGG: 3

5' - AN PPRTIST CCCTGGGTGGAAAG 3' Nestin 5' 5' - GGAGTGTCGEFFASRAAFEL. 3

5' - TCCAGAAAGCCAAGAGAAGC- 3" nRNA | evel s were nornmalized usi ng GAPDH as .
housekeepi ng gene, and conpared with levels in nouse ES cells. Cct4 and
Rex I nMRNA were present at simlar levels in BM nuscle and brain
derived MASC. Rex! nRNA | evels were 152AUG 2005 WO 02/ 064748

PCT/ US02/ 0365 frogbPhdiiniiidea(New JoienUSAyladthidisgtd the nvdmufaenms4 mMRNA | evel s
were about 1,000 fold Ilower in MASC than in ES cells. Expressed ene
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To further oyaual e WD el s ?’g 965 PP@BA.‘CTL%Q Inkd ‘Eﬁ%géd 515 es wer e
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was exam rkeflydﬂﬁpmgofﬂlMéASCf ¢erlrlethre<slgenhuadraay1 :Bdilweioh)l 2h bBfdfe Was

extracted from 2- 3x1 @F nuscl e or n_derived- MASC, cultured for 45
wﬁa
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Af fi met ri x,pr&aotsdy dks;mh¢d Oﬁérfanlﬂiateaab,rﬂ&%}n €ymgm1damﬁlysmwamgoxﬂane@mnp( r)

software (Affi r|x rea ed or decreased ex eSSJo b . factor of
2.2 fold (WB?" Yiabasgtangﬁ owqchy gormgl Karyotype, gxcep Orazb@&ﬁwﬁ’?&a@m A.

et at, 20%@&14@&%&@1&@5&&@1@1% fwrﬁawas hé 10tk EseWdsr H&digd. M ned using .
i near regression 15 analysis (Fig.2). Conparison between the expressed

gene pdbfile in MoS® MASE phiaincHaéer 46 tosz8(BDs weretdsted by Quantitative (@res

were expre >2.2-fold differe | eyel.s BM th

ool o "L dbla Sl fos gidression lspely of CEM and MG e dcanerpton A mpA et ot
level in B%&ﬁ@ﬁtat}ﬁ@gz{h&ﬁnff&eﬁhdv&ﬁﬁatué‘éfﬁbezenprRWAa%s)éktfae@afﬂ&m ent 20
bet ween the different MASC popul ati ons was> 0.975, it was concl uded that

MASC der i veeuseMdASOnaewspectedeanal diffsentiated psogeny Kiay hdmitesgddisionpf | i ne
‘é“h;:‘atc[‘gr P'Siat?{?tﬁcﬁ ag;gg%(%usgggrc;eﬁgm%gs %_@QrsE Rensbts bi e A dufthg cDNA
15  underwent 40 rounds of amplification (ABI PRISM 7700, Perkin Elmer/Applied
Biosystems) with the following reaction conditions: 40 cycles of a two step PCR
(95°C for 15 seconds, 60°C for 60 seconds) after initial denaturation (95°C for 10
minutes) with 2 pl of DNA solution, 1X TagMan SYBR Green Universal Mix PCR
reaction buffer. Primers are listed in Table 1.

20 Table 1: Primers used

NEO 5“TGGATTGCACGCAGGTTCT-3'
5-TTCGCTTGGTGGTCGAATG-3'
Octd 5-GAAGCGTTTCTCCCTGGATT-3'
5-GTGTAGGATTGGGTGCGTT-3'
Rex 1 5-GAAGCGTTCTCCCTGGAATTTC-3'
5-GTGTAGGATTGGGTGCGTTT-3'
oix 1 5-GCTGTTCGCAAAGACTCGCTAC-3'
| 5-ATGGCTCTGGCACTGATACGGATG-3'
o2 5-CCATGACCTATACTCAGGCTTCAGG-3'
5-GAAGCTCCATATCCCTGGGTGGAAAG-3'
Nestin 5" 5-GGAGTGTCGCTTAGAGGTGC-3'
5-TCCAGAAAGCCAAGAGAAGC-3'

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

similar levels in BM, muscle and brain derived MASC. Rex] mRNA levels Were



- Using the nouse-specifi.c culture conditions, mMVASC cul tures have been

mai ntai ned for nore than 100 cel | doublings. mVASC'cul tures have haems 2005
i nitia@ d /0%%7-3“”] marrow from C57B1/6 mi ce, ROSA26 mice _and C57BL/6 mice
transgBM PP the -HMG Lacz. Exanple 2. Selection and BNYYPHBf  Rat
Mul tipotent Adult Stem Cells (rMASC) BM and MNC from Sprague Dawl ey or
Wstar rats were obtained and plated 30 under conditions simlar for
mVASC. After 21-28 days, cells were depleted of CD45' cells, and the

resul ting CD45' cells were subcultured?t 10 cells/well. Simlar to
mMVASC, r MAStHmilarin S € and mES eldp.anhildO¢td mBINAJerids wereboank,00Mh fold

condi tions of rat cul.tuge required the addition of EG-, PDG--BB WO
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Comparison between the expressed gene profile in MASC from the three
tissues showed that <1% of genes were expressed at >2.2-fold different levels in
MASC from BM than muscle. Likewise, only <1% of genes were expressed > 2.2-
fold different level in BM than brain derived MASC. As the correlation coefficient

20  between the different MASC populations was > 0.975, it was concluded that MASC
derived from the different tissues are highly homologous, in line with the phenotypic
deécﬁbed above and ﬂle'diﬂ‘eréntiatio_n characfeﬁstics described in Example 5.

Using the mouse-specific culture conditions, mMASCA cultures have been

maintained for more than 100 cell doublings. mMASC cultures have been initiated
25  with marrow from C57Bl/6 mice, ROSA26 mice and C57BL/6 mice transgenic for
the -HMG-LacZ.

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

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

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



and 0-10% fetal calf serum (FCS) (Hyclone Laboratories, Logan, UT) with
10 ng/m  of EGF (Sigma) .and 10 ng/ M PDGF-BB (R&D Systens, M nneaf)ﬁl!i
MN)] and 25 plated in wells of 96 well plates that had _been coated Q@Z@S
ng/ m P OERY gnm).  Medi um was exchanged every 4-6 d3¢d/USBHR5He| | s
were >40-50% confluent, adherent cells were detached with 0.25%

trypsi n-EDTA (Signa) and replated at 1:4 dilution i nMASC expansi on

medi um and bi gger culture vessels coated with 5 ng/m FN to maintain

cell densities between 2 and 8x103. cel26s/cnR.. 30 Undifferentiated MASC

di d not expmddIF@hd cllturEBa4N, Gabhot GlMgen tGPY S, lam 6 3r MatrGih®: EMAID2- P,
HLA-class | and 11, -cKit, Tie, Tek, a, 03, VE-cadherin, vascular cell

adhesi on nowvere QD44 GO4Mand Mt Edass | andiHl neghtdyd, ond popressed bigh/leyaly of 1. MASC

expressed | ow.ver | f_J32-im cCr j "1.3s... CDwWo0, AC133,
FLKI and Fltfw,me sk h‘.ﬂévﬁﬂflﬁi%f%g% 2 lﬁ? %{§§J°%§g%@f?—luﬁ %%u%i*fl.gs T5 AUG 2905
WO 02/ 0647 4ghphécddddttil nidhGR2ted dndasidgaindt cdnventicrd doghy Bt o dbi Se

| mmunof | uorescence 1. Cultured cells were fixed with 4% par af or nal dehyde
and met Banolecades. 5 room tenperature, and incubated sequentially for 30
mn each wth prg 8y i ' ' R | body.
Bet ween st eps, ps %S\(f\g‘r}% ﬂ&aq%lﬁglgg% %Pgé’g%@y%l?é%%rl g@g?g’ﬁ? %‘iaed bg

f | uor escenciarvestedand elymertdengths dvalwnel. tTelfiaetes d&d ad,shomeén in ciarapaod, NY)
and confocal fl uorescence rricr%fpgopy _(%nf gcal 1024 m croscope

: A ynpus
AX70, O ynptias defarmingd RySouthem bt gaglysis afierity Bls P D5 0P 0sqaiech Q0 of
different c LA Qori I .ng} re .
counted t halﬁbés'tlgllsﬁ@?éogﬁn%g%l?ﬁé g%?%%ﬁﬂé?ggfoﬁﬁalf 0 r‘ﬁwégﬁal fields
' (50-200 cells per field). 2. Harvested tissues: Cytospin specinens of
bl ood and BM were fixed w Ekampte3.ofeleétiomsied Culltre ofil S) for 10 m n at

room tenperature. For Bim#h PMdapstenbABLINStdRm CéllsthMASER frozen sections
of tissues were npunted .on qu| ass Sltl des and | nmedi at %\lnfqui xed in acetone

for 10 min at rdoh vampRipaedifrem heglthyyplngterhdonost (26A 20id Yrargefishe  sera
for 20 M D infiffud8 BbAseRY SRAY AlilaNRs Hond thE Vifiy GSEH bPNnNRLE oAtk Yon

stained for tissue spe ant1 gens, a-ga‘ll_ and a nucl ear counter stain
(DAPI drS TGh#R@ &HumGoSebjectlin Bsseserte BMMINEdvers iobgiriddyf Fdal-Baquef ade ki t

Mol ecul ar Probes I.nc, , 20. Eugene, S i des .were exam ned b
1£I uor eg cenc “ﬁ'%gf&ét?ab‘iﬁ“&h%fggt W@%&fﬁ%@%ﬁr@?ﬁ ‘E?rpggrd‘)ﬂ()' .ceg? d
Ant i bodi es: udgl hicrdBhghetit vestisiMiledhid Bidter! 8 Rhydg. at room

tenperature or nethanol at -20C,_ ang i ncubat ed sequentially for 30 mn
each with Expansion conditions: 5x 10° CD457/GlyA" cells were diluted in 200 pL

expansion medium [58% DMEM-LG, 40% MCDB-201! (Sigma Chemical Co, St
20 L.ou'is, MO), supplemented with 1X insulin-transferrin-selenium (ITS), 1X linoleic-

acid bovine serum albumin (LA-BSA), 10 M Dexamethasone, 10 M ascorbic acid

2-phosphate (all from Sigma), 100 U penicillin and 1,000 U streptomycin (Gibco)]
ahd 0-10% fetal calf serum (FCS) (Hyélone Laboratories, Logan, UT) with 10 ng/ml
of 'EGF‘ (Sigma) and 10 ng/m! PDGF-BB (R&D Systems, Minneapolis, MN)] and

25  plated in wells of 96 well plates that had been coated with 5 ng/ml of FN (Sigma).
Medium was exchanged every 4-6 days. Once wells were >40-50% confluent,
adherent cells were detached with 0.25% trypsin-EDTA (Sigma) and replated at 1:4
dilution in MASC expansion medium and biggef culture vessels coated with 5 ng/ml
FN to maintain cell densities between 2 and 8x10° cells/cm?.

30 Undifferentiated MASC did not express CD31, CD34, CD36, CD44, CD45,
CD62-E, CD62-L, CD62-P, HLA-class I and II, cKit, Tie, Tek, a,B;, VE-cadherin,
vascular cell adhesion molecule (VCAM), intracellular adhesion molecule (ICAM)-
1. MASC expressed low/very low levels of B2-microg16bulin, a.Ps, CDwWIO0,
AC133, Flk1 and FIt1, and high levels of CD13 and CD49b (Fig. 3).



- primary Ab, and FITC or, Cy3 coupl ed anti-nmouse- or anti-rabbit-1gG Ab.

Bet ween 25 each step slides were washed with PBS+1 '9BSA. PE or 15 AUG 7005
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1: 400), NF-68 (clone NR4, 1:400), NF-160 (clone NN 18, 1:40), and NF-200
(clone N52, 1:400), NSE (polyclonal, 1:50), MAP2-AB (clone AP20, 1:400),
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1:100), TrH (clone WH 3, TI: , serotonin (polyclonal, 1:2000),
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except for terefari20dpingpytesnimpregarations Qirtissys sesbons werg sersallyistained 198y e
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20  Eugene, OR, USA). Slides were examined by fluorescence microscopy and

confocal fluorescence microscopy.

3. Antibodiés: Cells were fixed with 4% paraformaldehyde at room
temperature or methanol at -20°C, and incubated sequentially for 30 min each with
primary Ab, and FITC or Cy3 éoupled anti-mouse- or anti-rabbit-IgG Ab. Between

25  each step slides were washed with PBS+1 %BSA. PE or FITC-coupled anti-CD45,
anti-CD31, anti-CD62E, anti-Macl, anti-Grl, anti-CD19, anti-CD3, and anti-Ter119
antibodies were obtained from BD Pharmingen. Abs against GFAP (clone G-A-5,
1:400), galactocerebroside (GalC) (polyclonal, 1:50), MBP.(polycldnal, 1:50),
GABA (clone GB-69, 1:100), parvalbumin (clone PARV-19, 1:2000), TuJl (clone

30 SDL.3D10, 1:400), NF-68 (clone NR4, 1:400), NF-160 (clone NN 18, 1:40), and
NF-200 (clone N52, 1:400), NSE (polyclonal, 1:50), M.APZ-AB (clone AP20,
1:400), Tau (polyclonal, 1:400), TH (clone TH-2, 1:1000), DDC (clone DDC-109,
1:100), TrH (clone WH-3, 1:1000), serotonin (polyclonal, 1:2000), glutamate (clone
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B. X-GAL staining: Tissue sections were stained by for B-galactosidase enzyme

20  activity using B-gal staining kit from Invitrogen, pH 7.4. Manufacturer's instructions
were followed except for the fixation step, during which the tissue sections were
incubated for 5 min instead of 10 min.

C. FACS: For FACS, undifferentiated MASC were detached and stained
sequentially with anti-CD44, CD45, CD13, cKit, MHC-class I and I, or b2-

25  microglobulin (BD Pharmingen) and secondary FITC or PE coupled antibodies,
fixed with 2% paraformaldehyde until analysis using a FACS-Calibur (Becton-

Dickinson).

Example 5. Single Cell Origin of Differentiated Lineages from MASC
The differentiation ability of mMASC or rMASC was tested by adding

30 differentiation factors (cytokines) chosen based on what has been described for
differentiation of hMASC or ES cells to mesoderm, neuroectoderm, and endoderm.
Differentiation required that cells were replated at 1-2x10* cells/cm” in serum free

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



- vitro to induce dopam nergic and serotoninergic neurons fromnurine ES
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Approximately 50% of neurons expressed gamma-amino-butyric-acid (GABA) and
parvalbumin, 30% tyrosine hydroxylase and dopa-decarboxylase (DDC), and 20%
20 serotonin and tryptophan hydroxylase. Differentiation was similar when MASC had
been expanded for 40 or >90 PDs. Q-RT-PCR, performed as described in Example
1, confirmed expression of neuroectodermal markers: on day 2 MASC expressed
-otx1 and otx2 mRNA, and after 7 days nestin mRINA was detected.
A The effect of fibroblast growth factor (FGF)-8b as a differentiation factor
25  was tested next. This is important in vivo for midbrain development and used in
vitro to induce dopaminergic and serotoninergic neurons from murine ES cells on
hMASC. When confluent hiMASC (n=8) were cultured with 10 ng/mL FGF-8b +
EGF, differentiation into cells staining positive for neuronal markers but not
oligodendrocytes and astrocytes was seen. Neurons had éharact_eristics of
30  GABAergic (GABA"; 40+4%), dopaminergic (DOPA, TH, DCC and DTP*, 26+5%)
and serotoninergic (TrH, serotonin and serotonin-transporter , 34+6%) neurons.
DOPA" neurons stained with Abs against Nurrl suggesting differentiation to

midbrain DA neurons. FGF-8b induced neurons did not have electrophysiological
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MASC Differentiation into Endothelial Cells
As an example of mesoderm, differentiation was induced to endothelium.

20 Undifferentiated mMASC or rMASC did not express the endothelial markers CD31,
CD62E, Tek or vWF, but expressed low levels of Flkl. mMASC or rMASC were
cultured in FN-coated wells with 10 ng/mL of the endothelial differentiation factor
VEGF-B. Following treatment with VEGF for 14 days, >90% of MASC,
irrespective of the number of PDs they had undergone, expressed Flt1, CD31, vWF

25  or CD62, consistent with endothelial differentiation. Like primary endothelial cells,
MASC-derived endothelial cells formed vascular tubes within 6 hours after replating
in Matrigel™.

Similarly, h(MASC express Flk1 and Flt1 but not CD34, Muc18 (P1H12),
PECAM, E- and P-selectin, CD36, or Tie/Tek. When hMASC 2x10* cells/cm® were

30  cultured in serum free medium with 20 ng/mL vascular endothelial growth factor
(VEGF), cells expressed CD34, VE-cadherin, VCAM and Muc-18 from day 7 on.
On day 14, they also expressed Tie, Tek, Flk1 and Flt1, PECAM, P-selectin and E-

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



(CK)-18, and HNF-1 P. Endodernal -l1ike cells generated in FGF4 and HGF
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Ni trogen Ki.t 640 according to the manufacturer's recomendati ons. No
urea was detected in undifferentiated MASC cul tures. Urea producti on was
10 15 AUG 2005 WD 02/ 063748 PCT/ US02/ 03652 32 gg/celllhr 14 days after
addi ng FG-4 and HGF and renai ned detect3dble at simlar |levels until day
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ti ssue 3 i nesdein additivnySheddiGS was leftomtheursedie doring ddfenentiatien,ineduced t o
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and neur ons§M8MEliakelS ¥Era @St ocyt e- 1 i ke cells) using the methods

descri bed above Aprea§Noderrbres M%ﬁfﬁwasTdbilﬂﬁéﬁl%hHﬂMAl@ Wered@BRaRhfeat €

that differentiated cells were SI ngl e cell derived and MASC are i ndeed
"clonal " musugeessing that catothelial pracursess geac@tqda&wmhMMC@nnmme@o hact been

d d d di ff dth
ot ogeny  wer SeuT BB oRAYE PolkBRHc el P on Y S efoef e e RSN o T

~the genge. added e Be coRiRsARBEd4YST.Ng two independent |y derived ROSA26
MASC, two 20 C57BU6 MASC and one r MASC popul ation expanded for 40 to

>90PDs, as wel | WaenMASEleriuctmdothshalngts wvereadmiaisteredingraveneyslycl onal "
rMASC. No duiy. ?fn%&@_)@ssclﬂﬁﬁ& SgRaRS! ‘%&%E@pﬁﬂ‘i feﬁgx kiﬁlééé‘“s"”ced

cells. O not EXpPression persis ere
Speci fi cal | gkin, manmbanamdf tfﬂthuBWl‘dﬁ‘ddlhéliallbeldis a@uldde WehhoEGF PDG-- BB 25
and LIF for three weeks were transduced, on t sequential days with an

eGFP  oncorMovgsrulapzatienindhe wympers, ftmaytherefors: CQHEFI@EW“C‘E‘@PT%C wer e
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BMWNC wer e eéxpandéd for . Al'ternatively, nouse MA C expanded for
80 PDS wer eangsegénesssiincior tm;gle géincer or to promote it to enhance vascularization in

‘limbs or other organs such as the heart. Further studies on MASC-derived
endothelial cells are presented in Example 9.
MASC Differentiation into Endoderm

20 Whether mMASC or tMASC could differentiate to endodermal cells was
tested. A number of different culture conditions were tested including culture with
the diffentiation factors keratinocyte growth factor (KGF), hepatocyte growth factor
(HGF) and FGF-4, either on laminin, collagen, FN or Matrigel™ coated wells.

When re-plated on Matrigel™ with 10 ng/mL FGF4 + 10 ng/mL HGF,

25  approximately 70% of MASC acquired morphologic and phenotypic characteristics
of hepatocyte-like cells. Cells became epithelioid, approximately 10% of cells
became binucleated, and about 70% of cells stained positive for albumin, cytokeratin
(CK)-18, and HNF-1P.

Endodermal-like cells generated in FGF4 and HGF containing cultures also

30 had functional characteristics of hepatocytes, determined by measuring urea levels in
supernatants of undifferentiated MASC and FGF4 and HGF-induced MASC using
the Sigma Urea Nitrogen Kit 640 according to the manufacturer's recommendations..

No urea was detected in undifferentiated MASC cultures. Urea production was 10



undi fferenti ated MASC were generated by plating 100 MASC from cul tures 30
mai nt ai ned for 75 PDS and re-expanding themto > 5x106 cells. Expandeags 105
MASC re induced to differentiate in vitro to endotheliu _

neur 0e¥PMEH*nd endoderm Lineage differentiation M&Téﬂ%&ﬁq4®§
staining with antibodi es specific for these cell types, as described in
Exanpl e 4. WO 02/064748 15 AUG 2005 PCT/ US02/ 04652 33 Single cell

origin of nesodermal and neuroectodermal progeny To prove single cell
origin of nesodermal and neuroectodermdR differentiated progeny
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expansilén nmedi uASQG derived BGHM mnsclébXBrabutversi inthuckd todiffdredtiaédtoB for 14

days. I mmunof |l uorescence .eval uati on showed that 5-10% of cells in
cul tures i raedE™® ge"af’tfhf"é?léﬁ ?)a’t‘%’r%“‘l“?fpegpa@%fﬂfﬂeaiaﬁ neYropR@Rdnositive for
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endot hel i um costal ned for eGP anh VWF, an -10% of cells induced to
di fferenti aldS(e neur oect oderm costai ned for eGFP and either NF-200,

GFAP or MBR,. To, define the retroviral insertion site, the host genomc
f I anki ng re%‘%Bﬁeﬁi—‘%‘iﬁ—'}\msc and differentiated progeny was sequenced. The

nunber 16f retrovié aémomdhatetthatidifféreatialed talsanére BRIpIE &l dfivedasd MAYEEN one
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found to have the retrovirus inserted in the same site in the genome.
Studies were done using two independently derived ROSA26 MASC, two
20 C57BL/6 MASC and one rMASC population expanded for 40 to >90PDs, as well as
. with the eGFP transduced "clonal" mouse and "clonal" rMASC. No differences
were seen between eGFP transduced and untransduced cells. Of note, eGFP
~ expression persisted in differentiated MASC.
Specifically, murine and rat BMMNC cultured on FN with EGF, PDGF-BB
25  and LIF for three weeks were transduced on two sequential days with an eGFP
oncoretroviral vector. Afterwards, CD45" and Gl1yA" cells were depleted and cells
sub-cultured at 10 cells/well. eGFP-transduced rat BMMNC were expanded for 85
PDs. Alternatively, mouse MASC expanded for 80 PDS were used. Subcultures of
undifferentiated MASC were generated by plating 100 MASC from cultures
30  maintained for 75 PDs and re-expanding them to > 5x1 0° cells. Expanded MASC
were induced to differentiate in vitro to endothelium, neuroectoderm and endoderm.
Lineage differentiation was shown by staining with antibodies specific for these cell

types, as described in Example 4.
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AATTCGAACG CGAGACTACT GTGACTCACA CT O one Al2- A (Chrom ATTTATA
TTCTAGTTTAT TTGTGTI TGGG GCAGACGAGG 9) 5- ATTTATA TTCTAGTTTAT TTGTGTTTGGG
GCAGACGAGG Azacyt i di ne: VEGFATTTATA TTCBAGTTTAT TTGTGTTTGGG GCAGACGAGG

bFGFATTPAT/Sifidle tABbH giTof FESoEarmbbai MACATIREGaIGopenyA12- A (Chrom
TCCTGTCTCA TFCAAGCCAC ATCAGTTACA TCIGCATTr T 12) 5- TCCTGTCTCA TTCAAGCCAC
ATCAGTTACA TcTackarmiove singlasellprigin ofmespderrant@ndneyrpegiadgrmab ATCAGTTACA

TCTGCATTCT . {gﬁ eooTof TQ%GQ ' %}C&?\T R
specific fo&r}%ﬁ%{ﬁ%ﬁk esl gnegegan Sgré%g%r ank?%’gfé)rllﬂg%ygl”
sequence arB9%hoarfractiod abh®IAS Gobtained afierRePD wae trifidducéd withan @G r med
that the retroviral  insert .si tes\(/gas identical in undifferentiated and

di fferent i 2P wtovgus.
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25

‘were diluted 1n non-transduced MASC from the
same donors to obtain a final concentration of ~5% transduced cells. These
mixtures were plated at 100 cells/well and culture expanded until >2x107 cells were
obtained. 5x10°® MASC each were induced to differentiate to skeletal myoblasts,
endothelium and neuroectodermal lineages. After 14 days under differentiation
conditions, cells were harvested and used to identify the retroviral integration site
and co-expression of eGFP and neuroectodermal, muscle and endothelial markers.
For myoblast d.ifferentiation, hMASC were plated at 2x10° celis/cm’ in 2%
FCS, EGF and PDGF containing expansion medium and treated with 3 pM 5-
azacytidine in the same medium for 24h. Afterwards, cells were maintained in
expansion medium with 2% FCS, EGF and PDGF-BB. For endothelial
differentiation, A(MASC were replated at 2x10* cells/cm? in serum-free expansion
medium without EGF and PDGF but with 10 ng/ml VEGF-B for 14 days.
Immunofluorescence evaluation showed that 5-10% of cells in cultures
induced to differentiate with 5-azacytidine stained positive for eGFP and skeletal
actin, 5-10% of cells induced to differentiate to endothelium costained for eGFP and
vWF, and 5-10% of cells induced to differentiate to neuroectoderm costained for
eGFP ahd either NF-200, GFAP or MBP. To define the retroviral insertion site, the
host gehomic flanking region in MASC and differentiated progeny was sequenced.
The number of retroviral inserts in the different populations was between one and
seven. As shown in Table 2, a single, identical sequence flanking the retroviral
insert in muscle, endothelium and neuroectodermal cells in population A16 that

mapped to chromosome 7 was identified.
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Primers specific for the 3° LTR were designed and for the flanking genomic

sequence are shown in Table 3 and using Real-time PCR, it was confirmed that the

retroviral insert site was identical in undifferentiated and differentiated cells. These

results proved that the flanking sequence and the eGFP DNA sequence was present

in similar quantities. Clone A12 contained two retroviral inserts, located on

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

10

determine whether this represented progeny of a single cell with two retroviral

not only in hMASC but also muscle, endothelium and neuroectodermal lineages. To

integrants or progeny of two cells, Real-Time PCR was used to compare the relative

amount of the chromosome 1 and 7 flanking sequence to eGFP. It was found that

similar amounts of both flanking regions were present in h(MASC, muscle,

15

endothelium and neuroectodermal cells, suggesting that a single cell with two

retroviral inserts was likely responsible for the eGFP positive hMASC and

differentiated progeny. In the other populations containing 3 or more retroviral
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Bold: MSCV LTR; Bold and underlined: MSCV LTR primer used for Q-PCR
ltalics and underlined: Flanking sequence primers used for Q-PCR.

. Example 6._ Homing and Engraftment of Mammalian MASC

into Numerous Organs in the Body

mMASC were tested to determine whether they had the ability to engraft and

differentiate in vivo into tissue specific cells. mMASC were grown as described in

Example 1 from a LacZ tfansge_nic C57 Black 6, ROSA 26 mouse. 10° mMASC

from the LacZ mouse were L.V. injected into NOD-SCID mice tail veins with or

without 250 Rads of total body radiation 4-6 hrs prior to the injection. The animals

were sacrificed by cervical dislocation at 4-24 weeks after the injections.

Tissue Harvest

Blood and bone marrow: 0.5-1 ml of blood was obtained at the time animals

were sacrificed. BM was collected by flushing femurs and tibias. For phenotyping,

red cells in blood and BM were depleted using ice cold ammonium chloride (Stem

Cell Technologies Inc., Vancouver, Canada) and 10° cells used for cytospin

centrifugation. For serial transplantation, 5x107 cells from 2 femurs and 2 tibias

were transplanted into individual secondary recipients via tail vein injection.

Secondary recipients were sacrificed after 7-10 weeks.
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15 Table 4: Engraftment levels in NOD-SCID mice transplanted with ROSA26
MASC.
Engraftment levels (%) determined by
Animal (;::‘:s) immunoﬂuérescence or (Q—PCR)
‘Radiation | Marrow Blood | Spleen- | Liver Lung . Intestine
1 4 ‘ No 2(D) 2 5 7 4 2
2 5 No 34 4 5 9 5 3
3 10 Ne 1 3 3 6 3 2
a 6 | No a 2 3 a 3 1(49)
5 24 No 3 2 3 6 4 1
6 8 Yes 8 (8) 6 ] 5 2(1.1) 7
7 8 yes 10 8 7(13) 4 6 8
8 8 Yes 5 8 3 5 5 6
9 "8 Yes 7 5 5 6 4 6
10 10 Yes 5(6) 7 9(12.5) 5 2 8
11 11 Yes 8 8 6 5 3 10(11.9)
12. 11 Yes 6 5 4 8(6.2) - 10 8
(12.3)
SR-1 7 Yes 6 7 5 1(1.7) 5 8
SR-2 10 Yes 5 4 8 3 4 6
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hepatic stemcells and oval cells (Alison el al., 1998; Petersen et al.,
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all areas of the 30 liver, where they proliferate and differentiate into
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(Fig. 4P), logdlivcandiditferen@ate tq foap agoloanyfdonoriestis, smilpeiodt B dt ismatel | s.

In the lun | RFtsfeati o rISF A . | - gal + CK+CD45-.
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15 No contribution was seen to skeletal or cardiac nusc I'n Contrast to
epi thel i al @Robssm eamdl, 2000) HenttohandGAd Ay {Wenss ef il £ 1995), arewotcel |

turnover is seen jn | etal ,or i ac, muscl e.in the absence.of, ti ssue
injury. The‘?’?f%sf%d, '“dwghﬁﬁéﬁf"ﬁhﬁd m%ﬁ@é@@%'i‘%‘ﬁ?ﬁ?&?h{}“é%m ?’?ai’(ﬁlﬁ'o i stem
cell's t1g t hg @ultirs SUREtioddoNeN &t mPIABRére MR uppoRivefof HICSU Fbuith aiki N and

Ki dney, two organs in which epithelial cells undergo rapid 20 turnover.
It is shownRtiempthat lmx&mgomtonwt@&lﬁerﬁn@%mﬁrmM@A‘éﬁxamce bg¥ot hat
mVASC can d| ' It ' , ' ation
for the | ackinErE SASC Wil Roleli e EShbpdr OB e 3R QGBI HEUPLERE, T
t hat mMVASC wisucassthibiReyed @@ di. h2@H )or gans, a hypothesis that is currently

el 19 ox vivo,  TOEBITARAPLR R NS FRERRTR were also Seoh 1 IVer, inestne |-
20 and lung. Triple-color immunohistochemistry was used to identify epithelial (CK™")
and hematopoietic (CD45%) cells in the same tissue sections of the liver, intestine
and lung. In the liver, B-gal” donor-derived cells formed cords of hepatocytes
(CK18°CD45" or albumin+), occupying about 5-10% of a given Spum section (Fig.
. 4K-M). Several CK18'CD45"B-gal” hematopoietic cells of recipient origin were
25 - distinctly identified from the epithelial cells. Albumin*p-gal” and CK18*B-gal” cells
engrafted in cords of hepatocytes surrounding portal tracts, a pattern seen in hepatic
regeneration from hepatic stem cells and oval cells (Alison ef al., 1998; Petersen et
al., 1999). This and the fact that only 5/20 sections contained donor cells, is
consistent with the notion that stem cells engraft in some but not all areas of the
30  liver, where they proliferate and differentiate into hepatocytes.
Engraftment in the intestine was also consistent with what is known aboﬁt
intestinal epithelial stem cells. In the gut, each crypt contains a population of 4-5

long-lived stem cells (Potten, 1998). Progeny of these stem cells undergo several
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hemat opoi etic cells_as well as epithelial cells when transferred to a

second r ecippesisigniftcagpenmtigitioned stem rallstgihese digsnes: Pewgremengrafimgat MvASC
from ROSA28,,55 ot found in skin and kidney, two organs in which epithelial cells undergo rapid

20 turnover. It is shown in the blastocyst injection experiments (Example 8) that

mMASC can differentiate into these cell types; one possible explanation for the lack
- of engraftment in these organs in post-natal recipients is that mMASC do not home

to thesé organs, a hypothesis that is currently being evaluated. Although mMASC
differentiated into neuroectoderm-like cells ex vivo, no significant engrafiment of

25 —mMASC' was seen in the brain, and rare donor cells found in the brain did not co-
label with neuroectodermal markers. Two recent publications demonstrated that
donor derived cells with neuroectodermal characteristics can be detected in the brain
of animals that underwent BM transplantation. However, a fully ablative
preparative regimen prior to transplantation or transplantation in newborn animals

30  was used, conditions associated with break-down of the blood-brain barrier. Cells
were infused in non-irradiated adult animals, 6r animals treated with low dose
radiation, where the blood-brain barrier is intact or only minimally damaged. This

may explain the lack of mMASC engraftment in the CNS.
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25 cells h
PCR for the NEO gene. A similar pattern of engraftment was seen in secondary

recipients as in the primary recipients. Four-8% of BM, spleen and PB cells were -
gal'CD45"; six and 8% of intestinal epithelial cells were B-gal pan-CK", and 4 and

20 5% of lung epithelial cells were B-gal'pan-CK", Levels of engraftment in the liver
of secondary recipients were lower than in the primary recipients (1 and 3% vs. 5
and 8% B-gal"CK18"). This suggests that mMASC may persist in the BM of the
primary recipient and differentiate into hematopoietic cells as well as epithelial cells
when transferred to a sécond recipient.

25 - MASC derived cells can produce insulin in vivo. MASC from ROSA26
mice were injected into irradiated NOD-SCID mice as described herein. The
resulting MASC derived cells co-stain for LacZ and insulin in a model of
streptozotocin-induced diabetes.

Summary

30 One of the critical questions in “stem cell plasticity” is whether the engrafted
and differentiated donor mMASC are functional. The results described herein show
that one animal developed a lymphoma in thymus and spleen after 16 weeks, as is

commonly see in aging NOD-SCID mice (Prochazka et al., 1992). Phenotypic
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capabl e of Q’Sﬂ‘ﬁpfeﬁﬁﬂlgﬁba‘%e& ‘Pr?ég?”ﬁIIVBB%Hgt@qIHB?ﬁ%‘Xw%FO’ the @Q{z&@ec&h V&t gans
in the bodyaf RInESTREk|c8lls ddn B wied td Rpapahitzsie\vh aidie Eodypstmeti(sF el d show
the full capability of ES cells, they were assayed to determ ne their

cont ri bt i osngmeent peresorheall aprean fugefiaius ti ssues by introducing theminto
the early blastocyst and observing the fate of their progeny. MASC were
gener at ed fr orExpmplev. d¥enRasrcagionaf gn vi AT iepi fthropdiesd

0- gal act osi dase .gal ) gen fiid ‘ d. 84:10-13)
and 25 expanded éfgs eggh’ggﬁg?gﬁﬁgé%?@af

mRAtGaies ]
SpEligpe o B0 6 s
obt ai ned af Adiroectduetinal PRElodemeal Ehé hidingngssbaehmanlife38s, ancludiflg SndotBéljal
CS7BL/6 bl agetll%? Set:gdse endothelium and blood are very closely related in ontogeny, it can be
20  hypothesized that MASC can differentiate into hematopoietic cells. eGFP
transduced human MASC, that are GlyA, CD45 and CD34 negative (n=20), were
cocultured with the mouse yolk sac mesodermal cell line, YSMS, as suspension cell
aggregates for 6 days in serum free medium supplemented with 10 ng/mL bFGF and
VEGF. After six days, only eGFP” cells (i.e., MASC progeny) remained and YSMS5
25  cells had died.
Remaining cells were transferred to methyléellulose cultures containing 10%
fetal calf serum supplemented with 10 ng/mL bone morphogenic protein (BMP)4,
VEGEF, bFGF, stem cell factor (SCF), FIt3L, hyper IL6, thrombopoietin (TPO), and
_erythropoietin (EPO) for 2 weeks. In these cultures, both adﬁerent eGFP" cells and
30  small, round non-adherent cells, which formed many colonies attached to the
adherent cells were detected. The non- adherent and adherent fractions were

collected separately and cultured in 10%FCS containing medium with 10 ng/mL
VEGEF and bFGF for 7 days. Adherent cells stained positive for vWF, formed



- respectively. Blastocysts (8/ nother) were transferred to 16 foster

nmot hers and mice allowed to devel op and be born as shown in Table AGBSZDDS
AUG 2005 WD 021064748 PCT/ US02/ 04652 42 Table 5: Degree of chinerism

fol | oW HOXAREA8 | nj ection in bl astocyst MASC Litter sTot ACTHPHOHG3i ti ve
byO PCR bl ast ocyst bor npups born 0%-10%10- 20920- 40%40%

10- 124/ 11225/ 2213222/ 221/ 22122 (23% (59% (9% (4. 5% (4. 5%

1315158/ 155/ 1 S0/ 150/ 1 S2/ 15 (53% (33% 0%0% 13% Seven litters were born,
inline with the birth rate seen in othdr studies during this period.
The nunber @fscillaf RIbEEWheR plaid HAECKHId amPivERABeltodipthkd a-LOL, Adicafifg tefr 37
mce. Animals born fromm croinj ected bl astocysts were of simlar size as
nor mal ani rendothetidl miiteren§t5056 Qﬁﬂuyloamﬂhmetrqellabﬁmedmlosmwéior hamagr f our

k | b he tajl d
hssessi ng  MECEB T ARBIRA G Sy TRRER PRy e Bl st Pt o e
tails by Q RiRtddty NECS. i0ai vRIpht AbiefBd,ithdse \vels &iaiikited thebhdyct&par i ng t he

10 nunmber of NEO copies in test sanples with that in tissue from ROSA26
m ce actor Mompolegyraad sfairing paiters of pawitinsrapthrabiasty Tty v beriding

Det ect or Sof t rl |n7

derived fro'f‘ﬁl uélg%no%bﬁ% Sm%ﬁhﬂ? ){?13%8 Pgﬁgp%gg% (%"f)g)ép ﬁ?émf'ed and
50% of m cespterﬂcv}ewe,fwmmibbl-lasat, ocysts mcroinjected with 1 MASC (Tabl e
5). The degree of chinerismranged between 15 0.1 %¢to >45% After 6 to

20 weeks, ani mal Yhrereplatgd in meﬁefépellsi@ﬁrea%sahylth@ﬁéFGS aeBPOsmallyyi d

it t
her oot ai ned bR Rl e Sl 10 83y BRF 100 mEPLACHBYSRned O 01
conpletddy ﬁmﬂmesfechmnm mfﬁd(ﬁb_/m asldbibAs delectionr FMASE depepdsintthe i mage

of each wh nouse Gti n a representative n ni mal (by
Q PCR f or Nﬁﬁg‘?@mq{&f? iy Aaosllagrpfsl?@l&ﬂ le,!mrecﬂp&\gfﬁ éﬁﬁﬁg@ﬁms
i njected, ngyGehy Shih @kﬂﬁme%%né%@ﬁ'x FAGS GROEDR arrﬁ)hﬁxa%is”al was 45%
chimeric by RRPCR for NEO by tail clip analysis and "had contribution of
a si ngl e ROSM28nuetion eltMMWSKCwith mmatoepomt:lcclls isivesugdikeBor ot her ani nal s,
mul ti ple organs were harvested and anal yzed for the 25 presence of MASC
derived cells by ExaGsile 8t diz mivaeqarosf afl thie MiuMipblend INaaate offMASC as Shown

15 by Multiple Organ Chimerism following Blastocyst Injections of the Cells

Important for therapeutic applications of these cells is the ability of MASC to
proliferate and differentiate into the appropriate cell types in vivo. Up until this
point the only cells that should be capable of contributing to the full constellation of
tissues and organs in the body are ES cells. In order to analyze whether MASC

20  could show the full capability of ES cells, they were assayed to determine their
contribution to the formation of various tissues by introducing them into the early
blastocyst and observing the fate of their progeny.

MASC were generated from marrow of ROSA26 mice that are transgenic for
the p-galactosidase (ﬁ;gal) gene (Rafii, S., et al. 1994, Blood. 84: 10-13) and

25  expanded as described in Example 1. One or 10-12 ROSA26 MASC obtained éfter
55;65 PDs were microinjected into 88 and 40 3.5-day C57BL/6 blastocysts,
respectively. Blastocysfs (8/mother) were tra_nsferred to 16 foster mothers and mice

allowed to develop and be born as shown in Table 5.



FI TC anti body, and Q PCR for NEO. Animals that had NEWcells in
tail-clippings had contribution of the ROSA26-derived MASC in all 15 AUG 72005
ti ssues, including the brain, 15 AUG 2005 WD 0 210 6 4 7 48

PCT/ USH® BAEEI8 43 et i na, Iung, cardi ac and skel et al mP&3VES020#632r |

i ntestine, kidney, spleen, BM blood, and skin as shown by X-GAL

stai ning and staining vm'th an anti-j3-gal-FITC antibody. Chinerismwas
detected by X-Gal staining and anti-$3-gal staining in the 5 aninals
generated from bl astocysts mcroinjectel®@ with ROSA26 MASC. j3-gal+ cells
expressed nmpgiess Ueﬁfbb%hhnﬁ%sﬁ%llbtvﬁ?ﬂﬁ!\! ic6ibn iMBMstBayght i ncor por at ed.
j3-gal' <cells co-stained with anti - -gal+ FI TC and anti-NF200 or GFAP
and TOPROB (obsernvedatT 20X magmi fication) for NF200—and—GFAP—T T tthe
central nerlvelAscAYSLAaMS anthed or | N pesitipdty Q-FCR t he skel etal nuscle. Lung
ti ssue was |Hastbdye@d fofn anpipsborgal 10 FI TC | _pan- in alyeoli_and
bronchi (allso TOPRM3) (observed 80 gf’l cat'qﬂf% %ﬁéfet aT4° s¢le
was stai ned wittth gnt4/Uj 3+ gab> Fl ﬁystrophﬂﬁz PE, 28hd TOPRO3 wd:

observed at| 20X ndgni fi cati on. Hear(’r" as st@Hed Wl(gt/?)l anf“s/“b g(écF%)FI TC
and cardiaq troporjin-1-Gy3, TOPRO3 was observed at 20X magnification
Li ver was dtai hed {wi 8/h anti 1p-gal - B/IFC and pén- CK- PES and MOPROS3 2(1fvas | 15
observed wilth 40X imagnifh cationland®3¥DX nadf%i cat (B0)  10fest | G&¥as
stained wth anti-ji-gal-FITC pan-CK-PE, and TOPRO3 was observed at 20X
magni fi cation n t I I

t ubul us) .was obser‘%gz Wﬂi"%%y %?%nﬁ %ggf\e/v&s}z%téﬁgﬁa%g g%gerved
wi th anti™- (tBisgriiold) The anob&¥fmick per lﬁ&wﬁﬁe@b&\wﬁﬁil bn®B, foSraIteﬁhoB?n’al ni ng
was observed with anti-j3-gal-FlITC and 20 CD45- PE, CD3-PE_and CD 19- PE.
Level s of eRiftadiimals bos frﬁf&twr%yle@ﬁ%hsmwsts Ners fesiilarsizeasnamalii ¢ h

t hose esti [](‘ﬁ& staining. Summary These
dat a denonrs%ltr"gltgles% t @%fﬁ@loggng ﬁmﬁge“ ved single MASC 25
integrate into tAﬁedﬁmemeksngunmmeregwlumgdrfoxscéumensmbyshppmgaluamus
fates, and c ntrjbutin o the ener ti all tissues.and, K organs of
the three ¢@ %??‘"%fthff ﬁ%ﬂtﬂ?ﬂg q&rﬁ%lt‘ia{}%geéﬁf’ﬂg@é‘mg Gells e i ve of
the degree @ns B QIRCRBY NE@dPE'&EﬁWdhnmEMWa@Gbﬂé&nﬁEg% ?Hﬁﬁg?th%t udi es

al so suggest- that MASC can differentiate in vivo in unc ional cells of

the thride geumbarf &HED coamemné%tmmeemmrth@unésat@fgm&QW@H!C@O when
I nj ect ed 'n coxi%lu?%tto ac?urel\]f\é'| % dm.[r‘n ﬁatl E‘r e i’MSM@?eSecQ S(M%Na.rgeen

t est ed. rgrn o OrS cu OgeneSI S,
the in si t u1 d) f € Rinesmisinadoulbeodetgutddnint 1098 o Linilt degilvedifrom blastocysts in

“which 10 to 12 MASC had been m_pected and 50% of mice derived from blastocysts

7

microinjected with 1 MASC (Table 5). The degree of chimerism ranged between

15 0.1 %_to >45%. After 6 to 20 weeks, animals were sacrificed. Some mice were

. frozen in liquid nitrogen and thin sections were cut as described. Whole-mouse

sections were stained with X-Gal. One thousanci sets of digital images covering
completely .each section were then assembled to create a composite image of each
whole-mouse section. In a representative non-chimeric animal (by Q-PCR for NEO)

20.  derived from a blastecyst in which a single MASC was injected, nb X-Gal staining
was seen. In contrast, the animal was 45% chimeric by R-PCR for NEO by tail clip
analysis and had contribution of a single ROSA26-derived MASC to all somatic
tissues.

For other animals, multiple organs were harvested and analyzed for the

25  presence of MASC derived cells by X-GAL staining, staining with an anti-B-gal-
FITC antibody, and Q-PCR for NEO. Animals that had NEO" cells in tail-clippings
had contribution of the ROSA26-derived MASC in all tissues, including the brain,



progenitors, terned angioblasts, into endothelial cells that aggregate
into a primary 15 AUG 2005 WD 02/ 064748 PCT/ US02/ 04652 44 capill ar1y 2005
pl exus is responsi ble for the devel opnment of the vascular system dur5i N&
enbr yoYEh@464748 Hi r ashi ma et at., 1999). In contrast, arREVGENO4G53,

. defined as the formation of new bl ood vessels by a process of sprouting
from preexisting vessels, occurs both during devel opnent and in

postnatal life (Holash et at, 1999; Yang et 5 al., 2001). Until recently,
it was thought that blood vessel fornmat43on in post-natal |ife was

edi at ed byrefh g, Uraplo RAIREIBE! IBLAIEIVER iEQRLKIALL NBILE R Blood

However, recent studi es have suggested that endothell stem cel may
persi st i ntandashkun 4s dhiofva,by Xtk staheyg arghdtainimgt with an afte Bigat-FHEC on of new
bl ood vessel s. éPei chev et at, 2000; Lin et at., 2000; Cehling et at,
2000; Asahafib fiy'at, 1997; Shi et at., 1998), 10 suggesting that I|ike

during devel opmeph; RANGHOGRERS] By XiGARGiRAR khd HRY-padal Eﬁﬂﬁﬁg inlthe Part
depend on a process of vascul ogene€sis. Precursors for endothelial cells

have been arimiabstgederhted froBi/bastdcynts inphreinfeicted] withi ROS26dASEL. fagal, 2000;
VWatt et al. 1995). ,The, ont ogeny of t.hese endotheljal. progenitqrs .is
unknown. m?ﬁlﬁéxa@%f’%ﬁf ,%ypg?ﬁ!ii‘frﬁé? f‘%ﬁ“e é‘é?"?‘é&a‘g&y h@r‘i“g%"ﬂg?fgéim i J(()der m
The 15 VEGFdIBGBRtMedAvitirhitl-p-galfapact fidiaa@NETR HaBRAD a8 TaPRH3 a

bi potent stemcell found in the aorto-ggonad- mesonephr os region
( Medvi nsky @bsegved atROSsmagifieption)fer NF200and GBédlintthe ¢90B) nemmous systest al

liver (Fong_ei.al. . 1999), . and nm t t of. enbryoid diesto

hemangi obl a%rfd;fof gy%@ggwéﬁﬁle.esg(eﬁ?{iﬁmg)c(géfg.sug%ﬁs%efw .ﬁm&z 5?“%13'%1'. , 1998;
Choi, 10P8) FITthaidwin-OE R aBeok ha® bonpblir(alss TOFR @3 bbsdriddeatizgxnot  known,
and -only 20 HSC and_endot helial progenitors have, been docunented. Like

henangi obl asegnificatinnyt Blsletal myscdeywas staingd msithrantisP-gakFITCdy strpphinePEat . |
2000) and o 0P - 1ife. -e@ss Fl ki
(21 cgl or ot k) TOPROSFRUBER & u Johabiichbnl i\ Nraipld (ARG
hemangi obl agdl-RI®Ctand caritet thglonail-1-CiyBEBQRRO3 wdasabaatved atz20X tygiifieation.
sequenti al expression of  VE-cadher] 1, shor fterwards CD34
25 (Ni shi ka eéwawt?l,ne‘g%‘g;an?%}fﬁg‘rﬁﬁg o %Picigg’md. HDﬁR@ésﬁ”?ﬁat al life,
endot hej4 al obgemaewilummﬂ m&g&mxﬁﬁbx% if‘ééé/-gbﬁh MnalHndWapstathting Abs

agai nst AC 133, Flk CD34, and the H I Pei chev et al., 2000
Lin et al.,wbeoti-fahFIhg, pan-GK-PE, and OHPROSCYEBolsaryed las 0% emgnifatidn.on

ot her cell s,.|ncl udi S i d l, . 00 n ast r oi nt {,nal
opi thel al KiRE el SR eSBRs Ceiopend St RRE RSP T 2B
mat ur e endogaghifidationt Martéw $BiheGaPbBYeryed with erftl-BEganFIT@Eﬁcil Cheys-pt, al .,
2000; Cehli n%det al ., ZOOOé_. Anot her receptor found on circulatin

i

endot hel i al GRAePE and MACIHE; Splevstpining vevgbiered wih amebigabrl Gend Lin et
at, 208&- HH%%%J&@&I-QE%HW@JPH ¢S85 bR bR Aen CRARLNR P IFARERN! L Or S

to end el ru
NEO were concordant with those estimated by X-GAL and anti-$-gal-FITC

staining.
Summary

These data demonstrate for the first time that BM derived single MASC

25 integrate into the developing mouse, giving rise to cells of various fates, and

éontributing to the generation of all tissues and organs of the three germ layers of the
mouse. As all live animals, irrespective of the degree of chimerism, had normal
functioning organs, these studies also suggest that MASC can differentiate in vivo in
functional cells of the three germ layers. Whether MASC contribute to germ cells,

30 when injected in a blastocyst or when injected postnatally, has not yet been tested.

Example 9. Origin of Endothelial Progenitors
Vasculogenesis, the in situ differentiation of primitive endothelial

progenitors, termed angioblasts, into endothelial cells that aggregate into a primary



15 AUG 2005 WO 02/ 064748 PCT/ US02/ 04652 45 expressed on endothelia
progenitors, as well ‘as on hematopoietic progenitors (Peichev et qal AUG 2005
2000; Baunhueter et al., 1994) and hepatic oval cells (Crosby et al.,
2001) WQNP42#%k i gen is al so | ost upon differentiation BCTAREUO4682 i al
progenitors to endothelium Mst mature endothelial cells, but

m crovascul ar endothelial cells, no 5 |longer express CD34. It is
described here for the first time, the in vitro generation of vast

nunbers of endothelial cells that engsaft in vivo and contribute to

neoangi ogepgsiilryfpl&isds ré¥psiisibldMpeheddy elshrtett bR RAAREGStemUurmg0 PDs

and endot helial "cells generated from MASC can be expandéd for at | east
and addi ti emdryozendds(Hinsbmal g ala999% e letonteash anglogentsis) defmed @e thef

endot hel i aIf celt.i S. ffor f?l i ni cal 1t her agi es.%tl n e?.ddiéﬂi on, as.MASC %re

ont ogeni caff?§P410R T ARy Bland YrsFls BEa PLASEPS SREQUUNE fiAm PIRSKISTng ¥E5slPd be
useful to GBaIraBb@dufi Ql@délbﬁxﬂém%d@x@ﬁ&tﬁﬁ&ﬂife%H@lth bf &I a0Y9.afddper hMASC
differentiate into_ cel Fs wi th phenotypi c characteristics of endothelium
MASC wefe obt20HadUatibiresentlyy itevasgbouhs ghat bkapdi vessek Sorplatioin must-nadlice 15
endot hel i al..di fferentiation, NS re teplated at .2x104 cells/cnP in
- coated e Befelerty Phoulte T ifLRaiRe R Birdbimbartetl My b es
but with 1@ecentéiidieMride supfestedthati sAdbMBLLS stell el mageadht ity ik fife, Wer e
mai nt ai ned by nedi a exchange In sone instances, cells

] every 4-5 days. .
wer e subcuMhgredey feriributgyo the fapmafion: of new %Ipp@ wessalsdPeichry of ahe200% t ur e
condi ti ons f 0 : I r X | theli gl dhdf erenti atian
from MASC rlﬁl)r?ét %[3{ gg@%}ﬁﬁg epﬁ&@%ghég?%%%ﬁ? g?g@h%%e)c‘gl’ lg%é:?r ysi s of
cel | s abt esuggesfingldslivedurjigy developahent feoangivgereRisdh tid ddultandl, dtllédst in
undi fferenti ated MASC was | ow, was maxi ma| at d?y 9, and persisted until
day 18. VEPRHERRSIGPN HProsessiof yascuigesreshy: dirgewsers dpegndaineligcsiehateor s

(Pei chev et iso1R00m N tihi niRlal Blood ML oS 2096, WaRLESEE On 25

undi fferentrated MA but was expresse ays of culture with
VEGF and [89S). skkecdntogeny of thesd ndoieBial progesissre ¢ drdwvoivevel s of ACL133,
found on endothelia

| ,as, wel |l as, henatopeieti.c.progenitor Pej.chev et
o 2000: el TdeSFioP st BIalIAl RHD 376 CFUTRICTOT R STy L o - day
3. CD345 pnaEGRteceptof DAtk edhasdctediz s ﬁn;@'ﬁéhﬁﬂ?ioﬁlds@, ngﬁﬁ:ﬂt §teellfBiusdhev et
al ., 2000; Asahara et al., 1997; Rafli et al., 30 1 94%, was not present

on undi f f erfeHeigreczonpdmesrnephrosAyeipn {Medyinskypelels d89¢; efiady, 1998nt i |
dey 19 TheeE ool L HESEARARRY Nt L EiRhED oSS\
MASC di d 1%odidstahéibandfotdastOi4éébinpanied with expression of Flkl (Choi et al., 1998;
Choi, 1998). Whether hemangiobiasts persist in adult life is not known, and.only
20  HSC and endothelial progenitors have,been documented. Like hemangioblasts,

- endothelial progenitors express Flk1 (Peichev er al., 2000) and one report suggested
that HSC in post-natal life express Flk1 (Ziegler et al., 1999). During embryology,
commitment of the hemangioblast to the endothelial lineage is characterized by the
sequential expression of VE-cadherin, CD31, and shortly afterwards CD34

25 (Nishikawa et al., 1998; Yamashita et al., 2000). In post-natal life, endothelial
progenitors have been selected from BM and blood using Abs against AC133, FlklI,
CD34, and the H1P12 Ab (Peichev ef al., 2000; Lin et al., 2000; Gehling et al.,
2000). AC133 has also been found on other cells, including NSCs (Uchida et al.,
2000) and gastrointestinal epithelial cells (Corbeil et al., 2000). Upon

30  differentiation to mature endothelium, the AC133 receptor is quickly lost (Peichev et

‘ al., 2000; Gehling et al., 2000). Another receptor found on circulating endothelial
cells is a mucin, MUCI18, recognized by the HIP12 Ab (Lin et al., 2000). MUC18

is lost upon differentiation of endothelial progenitors to endothelium. CD34 is



PCT/ US02/ 04652 46 not stain with H P12 MASC treated with VEGF for 9 days
' stained positive, but expression was |ost by day 18. The endot hel i um
specific integrin, av43, (Eliceiri et al., 2000) was not present {@myc 2005
undifferen}i_atgd MASC, whereas avP5 was expressed at ver | ow | evels. 5
Expr esSPI6t4Y nt egri ns i ncreased progressively during FGHY8P#52 at i on
and was nmaxi mal by day 14 (Fig. 5). The tyrosine kinase receptors, Tie
and Tek, inportant for angiogenesis but not endothelial cell
differentiation (Partanen et at, 1999), were not expressed on MASC.
Expression of Tek could be seen after ddy 3 and Tie after day 7 (Fig.

6) . MASC alexpredsedai erﬁlmnreﬁsbpwgwfutomhswﬂ ag@n hemptopsitad ptogenitelay 9 LO on

(Rosenberg et. at, 1998; ner et al. 982) re mature endot hel i al
b kor o i Beichie el coa0" Hmauelensalp IDFLANhEBREAVA bckitrciel)
and the ad n Fig.
5 vere det oDy Lq "k PREELA0aR8<F|pon Etcten RFL PGBt GREAT | 08:

Pet zel bauerenelbtlmhum MM)natMé?AMialhelﬁDGaHs Euﬂmroeom&ulmqmde&;shﬂl cmtls hmgh
| evel at. any tine 8@ guri ng differentiation, unless 15 endot hel i um was
activat 8d viPRgerierptess CR3%escribed below. Differentiation to endothelium

was associ at ed v idReGMEdHelkd o o fu@?’ﬁm@‘ the %Lz‘%‘ﬂeh@raﬂ&q of Q% h@xﬁﬁér% of

HLA-cl ass | antigens, but not HLA-class 11 been reported
previ ousl y, oftendothelial cedsthat¢ngiaft frewmamchcommbMam nnmla;xglbgeneellstfmnned from

MASC i th 2% | 20 10% FCS
( Reyeg)(g)(tle ngﬁgs\%o‘g‘ﬁ%@;@h eg‘i‘l’g?’“ess f ?6%581‘12%%%&1%%85@??@ growt h of
cl assi cal l\&ﬁeiak@tfrdhfhmmrah%ex d)édlf&tamagttmt&daﬁrom mepgdropast s and

~adi pocytes (Reyes et al., 2001 ittenger et al., 1999). Wen FCS was
pr esenthdurmmgthemfonerhetanadeal mda«yef otdothelinbeebls foralininal tl@mbmsh énj al

differenti a i nducgd, We onfl u N 104
cells/ ch) ni %sdk@\%f)%re o&tq er %ﬁ%’ }eéf & a'ﬂg oatnﬁg? |a£1gl t l%&gés%)e(en
When NMASC Vﬁbﬁlds&hﬁsﬂﬁilwaﬁr&:téi%%naémaﬁal%ﬂﬂﬁﬁﬁﬁ)ﬂaﬁd HEfEEemlﬁnB@ serum

free nedi umvmth 10 ng/m_ VEGF, ceIIs could undergo at Ieast an
addi ti onal hMASEdiffergntiate intoceltsswith phemptyp, gtepstics O1 ROothae UM t he

medi um for subc S@W@&oﬂ%ﬂﬁrd f nur%gdreao Eg%ébl%fo%gyg%ergo an

addi ti onal 20+ , lrrespective o
under gdiie. Gﬂothamdadlﬁ’dremlatrowmmf weemtdpatteﬁatmw cablsitot’tim FNadoatl | s wer e
| arger, and

| ear / cyt opl. |
nhen S se 0 B RS o rlm i Crk E G gon B 55 ity T, 5o
(n=25) PDs. ng/R I AVEGEO @R stk (28647 FBSRia 4dd0d/ Odearés ére maintained by

-media exchange every 4-5 days. In some instances, cells were subcultured after day

9 at a 1:4 dilution under the same culture conditions for 20+ PDs.

20 In order to define ehdothelial differentiation from MASC more extensively,
FACS and immunohistochemical analysis of cells after 3-18 days was performed.
Expression of Flk1 and Flt1 on undifferentiated MASC was low, was maximal at
day 9, and persisted until day 18. VE-cadherin, present on BM or blood endothelial
progenitors (Peichev et al., 2000; Nishikawa et al., 1998), was not expressed on

25  undifferentiated MASC, but was expressed after 3 days of culture with VEGF and
persisted until day 18. MASC expressed low levels of AC133, found on endothelial

_ as well as hematopoietic progenitors (Peichev et al., 2000; Gehling et al., 2000) but
was no longer detectable after day 3. CD34, present on endothelial and
hematopoietic progenitors (Peichev et al., 2000; Asahara et al., 1997; Rafii et al.,

30  1994), was not present on undifferentiated MASC (Fig. 4A) but was expressed from
day 9 until day 18. The mucin, MUCI18, recognized by the Ab HIP12 has been used
to purify endothelial progenitors from blood (Lin ef al., 2000). Although MASC did



- Functional characteristics of MASC-derived endotheliumlIt was tested
whet her VEGF-i nduced jdi fferentiated progeny of hMASC had functionak AUG 2005
char ac“ggrogl%ﬁ_ s of endothelial cells. Endothelial cells ressg\)qond to

hypoxi v %sr egul ati ng expression of VEGF as wel | as HCGT&S0EE#5E eceptors
FIkl and the 5 angi ogenesis receptors, Tie-l1 and Tek (Kourenbanas et al.,
1998). hMASC and hMASC-derived endothelial cells were incubated at 37C
in 20% or 10% 02 for 24h. Cells were stained with Abs agai nst Fl kl,

FItl, Tek and 1gG control, fixed in 2%parafornal dehyde and anal yzed by
f1 ow cyt omafot ytain with #iiPtl 2 A SURESatedoxtic ¥ BEGF b 9 dayd staihéd poditive) bat

supernat ants was neasured using an ELISA kit (AP 10 bi otech, Pi scataway,
NJ). MASC- F&Piessan ¥vg &shBy day 1g-el | s and undifferentiated MASC were

exposed to hypox i -ar . i ek was -
significantly i ﬁg%e%gg%eg{#ﬂﬁg%%gﬁ%end Ewe)jﬁggft?%ég\qieg I"?edlﬁlk)%@ggg%is ed to
hypoxi a ( Fipgeserd) on uhdifferehtigted MASE, whertizands veseppressed at @api loedewishanged
on undi fferentiated MASC. I.n addition, |evels.of .VEG-.in 15 culture

super naPant Paqsswypmtegr@ﬁda?rﬁéﬁeﬁéaroaf%ﬁswai’yeémgsdlf%@%w% fol d

(Fig. 78) dbianaesy BT (Fy oS The b Riibidicemerpeaedaimnonid

remai ned anged MASC- deri ved
cel | s woul douqgiogenasisbutenqy erdathelial ofll difRrentintige(Partanch erelll, 199M)ewern

10361 % ool SBesRa R MBS EgiShkuef TR A S DR et a2 S0P
were | ﬁCUbéHa?d’ (Pig.1).7 M A Also ldbroRexgr&dR v Pue FWF Wils EQFrested hag aBdy um .

for 24h. Cells were fixed in 2% paraf or mal dehyde and st ai ned with Abs
agai nsttOHL AandResenberg ¢l ahs $998; WaBer e alt, d§8Db Mone matyie endptheltial markens)

CD62E and 2P 0 , anal yz i.nga_F calibur 25
(Becton Di gﬁﬁ H@Sﬁ;&)%’gﬁ?ﬁ’ g?r%’? F@/?fegi(??re‘%féd%éﬁ#lgga a?@% d%gg%orr and 11,
02- m cr ogl ghadtion, proté{riMO-EPhtehinpaid v-C4¥riR (PRl 8) werericksctddABer daph ¥ si s
(Fig. 7C) on. endothelial _cells. In contrast, on undifferentiated MASC

only upr egula¢idn 1870;73a Rijgrserade 9B Getmalbariaie! ehat00)-e VM or §iD62-
cndot el el Gkt gkl Rt S 4 kU B o, k8PS
for 2,13, SnddtheByumbiasandvaisd with IRdlayeg destidibeddielovac Differéh@atitin/te Ac- LDL
oL N kiR chased, Lt om B o cal fechng) ogle5 (S uameny 15
per manuf aquA&1sssa6aRgeRMslAhbOREA-Sald s Wer e
It has been reported previously, that endothelial differentiation can only be
obtained from MASC expanded with 2% FCS or less, but not when expanded: with
20 10% FCS (Reyes et al., 2001) as higher concentrations of FCS supports growth of
classical MSC that differentiate only into osteoblasts, chondroblasts and adipocytes
(Reyes et al., 2001; Pittenger et al., 1999). When FCS was present during the initial
7 days of differentiation, endothelial differentiation could not be induced. When
non-confluent MASC (<1x10* cells/cm?) were induced to differentiate, endothelial
25  was not seen. When MASC were subcultured 9-days after exposure to VEGF using
serum free medium with 10 ng/mL VEGF, cells could undergo at least an additional
12 PDs. When 10% FCS and 10 ng/mL VEGF was added to the medium for
subculturing, MASC-derived endothelial cells could undergo an additional 20+ PDs,
irrespective of the number of PDs that MASC had undergone.
30 Compared with undifferentiated MASC, endothelial cells were larger, and
had a lower nuclear/cytoplasm ratio. Results were similar when MASC were used

from cultures that had undergone 20 (n=30) or 50+ (n=25) PDs.



. co-labeled either with anti-Tek, -Tie-1 or -vW Abs. After 3 days,

expression of Tek was,detected but no uptake of a-LDL. After 7 daM%A 2005
cells expressed Tie-1, ‘but did not take up significant anounts of LBL
HoweveWO ®@qg##48i t i on of expression 5 of VWF on day 9 waCTAs®o0s6aRed vvlth
upt ake of aLDL (Fig. 6B). Endothelial cells contain vWF stored in Wi bel
Pal | ade bodies that is released in vivo when endotheliumis activated
(Wagner et al., 1982). This can be induced in vitro by stimulating cells
wi th histam ne (Rosenberg et al., 199847 which also results in
activation flncliBfal Sharac@LRSPMAGR deMl afdRbnRling] - 2000). MASC 10
derived en ' | uency (104 cells/cm
in FN-coated chianaetessddi wlesher AFBGF- uiMabed didferentiverdeprogeagtof hMASEG hh@ M

hi stam ne (Si gma serum free nedi u nd stained w th Abs
agai nst vvxﬁfua%tao@%sqrwterwﬁf%@é ndgths el cef ﬁaiotg%lmlg eepand,te ByDetia
met hanol = aty, \g&%dl%n é}sloﬁtoﬁ'v@%ﬁ éli‘a \P%F?éée %\‘ﬁﬂc'i‘ %' n, and

anal yzed usi'n uor nce and/ or co ocal 15 mcros opy. Vv
pr esent 5t hrangigenésit ﬂeeemgmsp”ﬁiedand dek (Roureatbedasoat dids he98)ahMAST kad

o gt 1§ cantIYASpdsEndifeiah e lxier boied ok SERI 5 S0% L0 Bt Wi ear

region, |ikely ¢QRNVRRENhinkd mm%spargsﬁﬁmkl rrlﬁh?e@mtw.%ﬂtfol reglddGH! um
(Fig. 6A) H stam ne treatnent caused w dening of gap junctions and

cyt oskel et a?%qlasaforesalduhyte Mmahaedbm@nbmﬁométrﬂolmgdmum,%%s fibers

F 6A Final | y, dot h I I tested to d th
Coul'd T of m COnGEUEAons I 0t R AGNS b MR BEE-S5 EGISA R ABel | ol ar
matrix. lﬁﬁu\ﬂloteéﬁqflﬁiaMONJPSMQBCadenveéQgcfdthelﬂil 2eld arRiaiddfgbatdiéd matrix

(Sigma) was added per well a 24 well plate, incubated for 3h at 37C
104 MASC anMPM(S@ﬁWPO@dtQQJWGMNCmS forc24hs wer e added per well in 0.5

m of serumfree dln ed in Fig.
6C, culture of I\Fﬁ\%gescfér F@?&Qﬁ% ﬁlgmgg%e@ et 0rnesu teE‘“WLd
vascul ar tLlé)ﬁlofl@hﬁledeueexms&@torh)@oia@t(mg 7)) I\Mﬁﬁtﬁleldv\éadafemmébebtoad cells

contribute to tunor- angl ogenesis in vivo A breed col gny_of NQD- SCI D
nice was estcaBinedggh %%Pmuﬁ@f%E?PH?tﬁQMA(é@ fip éﬁ‘ihflﬁ%’ 19%%%%¥E9§b‘arat ories

(Bar rsbor tions
and rraHﬁnt ai cr}le%@on Pac) %nwtglyélat efh(gbd@&%&:‘glg es%@%%&gﬁeﬁfgﬁe? ri m60
ng and sul pH3nwhéreasa?bBGE 1860 imM ABIGfcuttares ekposed ¢d bypoxia remaietd ey, NJ) per
100 M water %i ven twice weekly. 1 5 AUG 2005 WD 02/ 064748

PCT/ US02/ 04 angsv Three Lewi s |ung carci nona spheroids were inplanted

subcut aneously iR \\Fag?le)?th@ﬁé(ﬂ%eth&‘ MAS AR catibiElidlR]IaWbald Wire@ilatthe
tumor, mce were injected with

expression of HLA-antigens and cell adhesion ligands in response to inflammatory
20  cytokines, such as IL-la (Meager, 1999; Steeber et al., 2001). 10°MASC and

MASC-derived endothelial cells were incubated with 75 ng/ml IL-l1a (R&D

Systems) in serum-free medium for 24h. Cells were fixed in 2% paraformaldehyde
and stained with Abs against HLA-class I, class II, f2-microglobulin, vWF, CD31,
VCAM, CD62E and CD62P, or control Abs, and analyzed using a FACScalibur

25  (Becton Dickinson).

_ Significantly increased levels of HLA-Class I and II, $2-microglobulin,
VCAM, ECAM, CD62E, CD62P were seen by FACS analysis (Fig. 7C) on
endothelial cells. In contrast, on undifferentiated MASC only upregulation of Flk
was seen.

30 Another characteristic of endothelial cells is that they take up LDL
(Steinberg et al., 1985). This was tested by incubating MASC induced to
differentiate with VEGF for 2, 3, 5,7, 9, 12 and 15 and 21 with LDL-dil-acil. The
dil-Ac-LDL staining kit was purchased from Biomedical Technologies (Stoughton,



- 0.25x106 human MASC-derived endothelial cells or human foreskin
fibroblasts via tail svein injection. After 14 days ani mal s wereqg AUG 2005
sacrificed, tunors renoved and 5 cryopreserved using OTC corrpound

(Sant WQ 9#P6#8#%Kk USA Inc, Torrance, CA) at - 80C. In a®GHYHH04Fhe ears
that.were clipped to tag the nouse were al so renoved and cryopreserved
usi ng OTC conpound at -80C. Five mthick sections of the tissues were
nount ed on gl ass slides and were fixed and stained as described bel ow.
Conput.er-ai ded anal ysis of |length and ggnber of branches counted on five

10 section allﬁ?;]%q eggj uman

MASC der i v%ﬂgngg‘%%@ﬁjgﬁggé S haa%rbg; M%E%ﬁé%q%e?b gre Iélg%teorng'va@gg%ﬁgmhnass

t han tunor $o'+lﬁbelﬁbefitheoMthianti-TdkatTtd+lcbn/wWF Abs.i AfftenBda@? expressugl afbul i n or,

HLA- Cl ass | iined wit ti- s and_antj-vWF

anti - Tek OrTegrqu dﬂeét bujpg up Fe ‘:L@ggg%?‘% Sﬁﬂfﬁéﬁr"ﬁfg‘dﬁﬁ‘ﬂs é“t

endot hel i algi@fbliske u }ﬁﬁ%rﬂﬁhﬁit unﬁstdﬂuemlmvaqc% ok BEREQ
r HL

vessel s |nt e tuno tai ned anti-human-02- m croglobulin -Class'.‘
I positBveorfeIW’EomH@t9wshsdoeiam;ﬂwmupuakhefawE(ngtéB))r Tek but not

wi th nmouse- CD31, ti t hat e cells
contributed to tEtPr‘?Bﬁ‘ ﬁ% HgF%‘&%‘:’i‘eng f‘ﬁea? '\/Beﬁ’?wgg’tdﬁ 53 éss t he
degree, of \ClRMERIPVAD When 3RISBERER S é‘ﬂtlvﬁteﬂ‘(w qasef\wrmszgomﬁtcahrsed and
were stained in an alternate fashion with either anti-hunan -

m crogl obulmduCEd £, 8% 4 bamlmmnug@emm@aamm (ancrnbﬁkgfet@jsw%)l whichdes
were exam ned conf oc r 0Sf0 The re e then
assenbl ed i 3’63 t"baﬁgtag??‘rf’ntg" @ %’F‘é lFR?E(& F‘F”’B (ﬂ)%g“f m'n and

nur i ne 19dQfefi0éd atdoqehhtscetlevtela@ 1atédraamgxﬁ&ﬁﬁh§my\mmemwmf2 iriNRomed from
animal s injected wth human- MASC 25 derived endothelial cells were

anal yzed a;&bﬁ@hﬁrm!\lﬂeﬂ yARgu24bs cellsaverg mﬂtedé’gﬁel%umﬁtéﬂmstgm@ fior
anti - human 1 0 L v tely 40%
of endot hel’ 4 %n gl ﬁ‘aﬁ’?gémb %in Y\gaerlev%a"t%hh ar'rxﬁsuse @m%g,ga( Fi é i

8A-G. Tu nﬂﬂrﬁrdaﬁ:d&ﬂd trehted bl wéﬂedix‘édtmﬂe&ﬁthdﬂoleiﬁ dzgeaefor 3lmigesthigedr
received hunman fibroblasts did not contain endothelial cel |'s that
st ai ned pogwh {bs against v agl mpipsin,and applyzed nang fiperegengsand/en confocgl s - |

Abs Abg %&\Gﬂ%ﬂﬂ 3 hegﬁ@kﬁ’&%bﬁh&ghb& t}‘}@Eﬁﬁ@'aﬁﬂ ofil ¥a7t enfofiidnal they

contri bute g angi ogenesi s area o e ear that had
been cli ppesdlls.oCytaglasthef endmheilahasllstﬂtmtecbw&trhrs&inmhleomagnedg%né'maaﬂy n the

d d . 15 005 WO 02/ 064748, PCT/ US02/.04652
S o R e B MR o iep Bl Ta T4 Rerinae oA it TeIS eproRatgh o
the tumor thgr &@,émmhemﬁﬁﬁlagﬂwehahhﬁal FEEl6hS. PhasaAe tiauhdif cheatied skin

wound was 30-45% (Fig
widening of gap junctions and cytoskeletal changes with increased numbers of

20  myosin stress fibers (Fig. 6A).
'Finally, endothelial cells were tested to determine if they could form
"vascular tubes"” when plated on Matrigel™ or extracellular matrix (ECM)
- (Haralébopoulos et al., 1997). 0.5 ml extracellular matrix (Sigma) was added per
well of a 24 well plate, incubated for 3h at 37°C. 10* MASC and MASC-derived
25 endothelial cells were added per well in 0.5 ml of serum free plus VEGF medium
and incubated at 37°C. As shown in Fig. 6C, culture of MASC derived endothelial
cells on ECM resulted in vascular tube formation within 6 hours.

hMASC-derived endothelial cells contribute to tumor-angiogenesis in vivo

A breeding colony of NOD-SCID mice was established from mice obtained
30 from the Jackson Laboratories (Bar Harbor, ME). Mice were kept in specific
pathogen free conditions and maintained on acidified water and autoclaved food.
Trimethoprim 60 mg and sulphamethoxazole 300 mg (Hoffmann-La Roche Ihc,,

Nutley, NJ) per 100 ml water was given twice weekly.



Undifferentiated hMASC differentiate in endothelial cells in vivo 5 106
undi fferentiated MASC were injected |.V. in 6-week old NOD-SCID m ce.

Ani mal s were maintained for 12 weeks and .then sacrificed. |In one Hniitalils
a thym.c. tunpr was detected, which is commonly seen in _aging NOD SCl D

m ce X’(’%ﬁﬂé‘% Zka. et al., 1992).. The thynus was rermvgﬁTgﬁag(m’Z
cryopreserved in OIC conpound at -80C. Ten mthick sections of the

ti ssues were nmounted on glass 10 slides and were fixed and stained as
descri bed below. Al henmatopoietic cells stained positive for nouse CD45
but not human CD45, indicating that t¥8y were murine in origin. The
tunor was then sHaembewisilubg cacinameispharowls wererineplanted bubcutanEousty idhand an

ti-vWF- t hat i both h d dot hel i.al Il's.
Aot ont wat Shgtiden Eind § AT FapRalon ST (HBPY TRE FeBni R B o- 01
These st udigess16f hivghn MOSCIdRBed SfotHelial celis FRheRah €k skif iBFMMsE WEr € not

of human origin, as no human 02-m croglobulin was detected outside of
t he vascul dail seinunjectiars . Aftemifndays.sanobls wese sacrifiged, bamarsxpmbysd and n vitro

| t : Undi ff tiat SC C. i to,diff ti 20 t
endot hopi uff YT SrEs A TGl g reg g (D A SAT e TerRtes CBAL T xed
with 2% pagpaConnaidasy dRe ek i vefeOtlippedtditagithd MO WERAIsBrbhEved Or

cytoskel eton staining chanber slides were fixed with nmethanol for 2 mn
at -20C. Fend cryppreseaied g QTQapmpoundedt|-80er Bivp ¢rmihiak septiang ofitheh 0. 1

Triton-X ($Si ) r. 10m : \; t Lal | I R _each
w thepri merp Ry eomebn RS SR ERI S klin ap Bhrcrlitt beloBEC
goat - -or rabbi t-Cafphibr-aiBed uwedysieaftlonghand nainbeest brigihes vamfeiton it

PBS+l “BSA. Primary Abs agai nst CD31, CD34, CD36, CD44, HLA-class | and
11, (330ni seemsnieach theios shewed that tymprssio mice ghat sseeivedihygiag MASC- agai nst .
VCAM | CAM 5 ' I in P i m-4 .
connexi n-4§,e¥|'\§/ﬁ%@'gd,&%%l{al)§éga}%§% IB‘-EC’Cie(l)'lf_di élniio}l@%rﬁét%q’%sgtﬁ %P%&(%ﬁ%%r%%mn and
Tek, Tie, 30nub¥Fmicsahdtalidmith)antiduenansidmidroglobula®odHLAL-Class I Sbs,ess fi bers
were stained wi.th Abs against r in (light chain 20kD cl one. no. MY-21;
1:200). SecOMPARS KR 2pi) usi)-awgﬁ?éd*‘?wﬁf ag -@Fgﬁl&}-ﬁg%ar Siyrly

fol | owi ng %ﬁgwméc@%ie‘lﬂﬁﬁ‘buﬂngﬁa@’m%us&élﬁdﬂmelia%gll'sf FR&e ihibiGt Sthdis
(1:160), anti-nouse |1gG Cy-3 (1:150) and anti-nouse WO 02/ 064748 15 AUG
2005 HGCT/ sBowed s sorsg blood yesselsTa tieltugRo Fontaimed anaihbmani2TC (1: 160) and
anti-rabbit-Cy- - 30 A 3. _\was rehased, fr Si.gma. |s were
exam ned bym%?é?tgelé@eoﬁé{ebéﬁi%j%%}slggﬁkfﬁﬁ§|glxsgt%atac 'feglbeslgggg% eét\q}&eerr‘fwsgglglﬁeor( Car |
Zei ss, | nc.Tek]borwaadih MbseaSDK ihdiagtingthatiuing@ma ASC-derived endothelial

cells contributed to tumor neoangiogenesis in vivo.

To better address the degree.of contribution, 35 sequential 5 pm slides were
20  obtained and were stained in an alternate fashion with either anti-human 2-
microglobulin-FITC or anti-mouse-CD31-CyS5 and anti-vWF-Cy3. All slides were
examined by confocal microscopy. The different figures were then assembled in 3-
D to determine the relative contribution of human and murine endothelial cells to the
tumor vessels. When tumors obtained from animals injected with human-MASC
25  denived endothelial cells were analyzed approximately 35% of the tumor vessels
were positive for anti-human p2-microglobulin as well as vWF whereas
approxim‘atel.y 40% of endothelial cells stained positive with anti-mouse CD31 Abs
(Fig. 8A-G). Tumors in animals that did not receive endothelial cells or received
human fibroblasts did not contain endothelial cells that stained positive with the
30  anti-B2-microglobulin or anti-HLA-class-I Abs Abs.
MASC-dernived endothelial cells were also analyzed whether they contribute
to wound healing angiogenesis. The area of the ear that had been clipped to tag the

mouse was then examined. Neoangiogenesis in the ear wounds was in part derived



- fluorescence m croscopy using a Confocal 1024 m croscope (O ynpus AX70, 5
A ynpus Optical Co. LTD, Japan). Tunors or nornal; tissue: The tlssu¢5vt¥§S 2005
sliced usi ng a cryostat in5-10 m thick slices. Slices were fixed with
acet onWOrB{0647d8 i n at room tenperature and perneabi | i Z&EJWORM46G21 Triton
X for 5 mn. Slides were incubated overnight for vW, Tie or Tek,

foll owed by secondary incubation with FITC, PE or Cy5 coupled 10

. anti-nouse-, goat- or rabbit-1gG Abs and sequential incubation with Abs
agai nst nouse CD45- PE or human CD45- FISOC, human 02-m crogl obul i n- FI TC,
nmouse CD3 fromkhd MASC d&red-eddbthelid@eils. Sﬁalmbloedwbssensémtheﬂhhﬁeﬂmev\ere
washed with PBS + 1% BSA. .Slides were examqrigfi y fluogrescence

m croscopy RESFGRY hympg padothelia] egllshresepbinehe he $k"a§1059d wanpddabe (Fig.

fl uorescencgy {ncroscopy using a Confocal 15 1024 m croscope.

3D-reconstructi on consi sted of the collection of sequential 0.5 m

conf ocal phUhmffefdmmeB&MAS(ﬂdstf@éntﬁﬁemetddlotﬂehhlcneﬂs'imtwd; of 350 phot os
Slides were stained

humanfi 2- micr ong) kofW“P@ g’%r%éfﬁie?rFtrégH?Cm Ou%l‘?@)‘fh@ each
slide were m?é 9 ﬁi'h ‘%‘% %%ﬁnﬂﬁé& for 1hAfeekS ahP IR AT R A H‘@)eean(lHQl yer sal

| magi ng Cor reconstruction was made I n 3D Doctor Software
(Abl e soft V\ﬁwmlcmmmr was\deteoted, which éd atmmenlysetn inagingdNOB-SG1Drarcd gr een)

and nuri ne heI i al N | se colored gs bhlue) to the vessel
was cal cul & ac‘iflﬁl %&} s]g‘(e Ry yas E‘?S’i“b"leg @R&Wg E3CyP Hh@ﬁ Ceol or was
al so cal cul ain%&aa aB B2Ce Teh Yl ﬁudl&e@nd&%%?%étnsshgﬁ’ W Mndugedon slhides to.
obtai n an- accurate percentage of contribution. The area of 25 each col or

vwas al df cadluies andweierfixadtand stingdsisiddagibed below. di f ferent tunors.

Sunmary The centr, d| ng of t i s _that co-purify

W thoNEC from | epfiherapalagrd Fted bantye Beimias £B4S bhBRmERFL  cel 1 s
that have iQpY5}in@ich# ﬂmhﬂﬂé‘}b wefdRARe BY dridih C¥hé fifhotivid3ghénSiaRE € whthom
nmature endot helial cel is also showy that 30 such endothelial cells

cont ri but e arpantebama %gn@rggl@bphn-ﬂ% Abmm @é‘t’YWﬁgC)@f Ahéhlm decogaizes ng
d | |
cUes. i vi vt uep AR Pl edSeli P bty F27 of BRRRRGN s (o

tunor arsgi ogadéaived fen hiA SGi(Rig.cH).| Thd‘s&&tldlésff&ﬁbc’ttcbﬁﬂﬁﬁedthatethéot hel ium
also differentiates to ot her 15 AL@J&S: 2005 WO 02/ 064748 PCT/ US02/ 04652 52
mesoder mal kematopqipticelergentgpiere pot of bpman grigiyAs AR Begar Ramigioglbyling e
cell defineg, 5@&& cpf)&ﬁﬁggﬁt E%MIS%L@%Z and even the hemangi obl ast in
ont ogeny. It as a een shhovvn that MASC differentiate into cells that
express )§to iddDate natysishut proved that VEGF i nduced MASC

function like In vitro cultures: Undifferentiated MASC or MASC induced to differentiate

20  to endothelium for 2-18 days, plated in FN coated chamber slides were fixed with
2% paraformaldehyde (Sigma) for 4 min at room temperature. For cytoskeleton
staining chamber slides were fixed with methanol for 2 min at -20°C.- For

~ intracellular ligands, cells were permeabilized with 0.1 Triton-X (Sigma) for 10min
and incubated sequentially for 30h in each with primary antibody (Ab), and FITC,

25  PE or CyS5 coupled anti-mouse-, goat- or rabbit-IgG Ab. Between each step, slides
were washed with PBS+1%BSA. Primary Abs against CD31, CD34, CD36, CD44,
HLA-class I and -11,82-microglobulin were used at a 1:50 dilution. Primary Abs
against VCAM, ICAM, VE-cadherin, selectins, HIP12, ZO-1, connexin-40,
connexin-43, MUCIS8, a,bs, a,bs, B-catenin and y-catenin (Chemicon) and Tek, Tie,

30 vWF (Santa Cruz) were used at a 1:50 dilution. Stress fibers were stained with Abs
against myosin (light chain 20kD, clone no. MY-21; 1:200). Secondary Abs were
purchased from Sigma and us_ed at the following dilutions: anti-goat IgG-Cy-3
(1:40), anti-goat IgG-FITC (1:160), anti-mouse IgG-Cy-3 (1:150) and anti-mouse



5 endothelial cells. Endothelial cells nodify |ipoproteins during
transport in the artery wal | (Adans el at., 2000). Endotheli al cql llfUG 2005
maintain a pernmeability barrier through intercellular junctions tPrfa

wi den W08 18sed t o henpdynamic forces or vasoacti véJCéFé‘écf??@?ﬁS%uch as

hi stam ne (Rosenberg et al., 1998; Li et al., 1990; Van Rijen et al.,
1997; Vischeret al., 2000). Endothelial cells release prothronbotic 1.0
nol ecul es such as vWF, tissue factor, &yd pl asm nogen activator inhibitor
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1998). Ther S
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vitro. F naOlympus Qmicab€erLTDoapah)t hat in vitro gener ated MASC-deri ved

endothelial cells respond to angi.Qgenic sti rating.tq the
tunor site and CM{QQH&M “%‘éfs‘@ﬁslgu’rcf"iélf‘%%ﬁcg? F}Sa@ HRdund
heal i ng i n MiyOsticdd) Qideb Wt BkAQMitH AdBoreTBE 1@&@9@%&6@@&&% bid

generated from MASC have all the functional characteristics of mature
endot hel i unpermeeblheginhOfl Traten X fontSi om. Slidendstehetutatedosiesghitdot unor

. 35- 45% t h
oo descr s TN ot BeGH Py st IR e At s P B Loy ouReR
2001; Rjgpat fiti-Blousd-; goat P Jf%bbltl-lg(ﬁﬂgé ﬁxhd)ibquéﬂtlah‘ acubAf o ABs bpahst

- angi ogeni ¢ stinul i in vivo provided in a tunor microenvironnment are
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Volume of relative contrlbutlon of human (green) and murine endothelial
cells (false colored as blue) to the 3D vessel was calculated as cubic pixels of each
color. The area of each color was also calculated as square pixels in 4 vessels
through the 35 slides to obtain an accurate percentage of contribution. The area of
25  each color was also calculated in alternate slides of four different tumors.
Summary |
The central finding of this study is that cells that co-purify with MSC from
BM have the ability to differentiate to endothelial cells that have in vitro functional
characteristics indistinguishable from mature endothelial cells. It is also showv that
30  such endothelial cells contribute to neoangiogenesis in vivo in the setting of wound
healing and tumorigenesis, and that undifferentiated MASC can respond to local
cues in vivo to differentiate into endothelial cells contributing to tumor angiogenesis.

As the same cell that differentiates to endothelium also differentiates to other



(San Diego, CA). hNPC were cultured and differentiated per manufactures'
recomendat i ons. El ectirophysi ol ogy: Standard whol-e-cell patch-clanps AUG 2005
recording was used to 10 exami ne the physiol ogical properties of

MASC- dWPi 0388 74 ur ons. Vol tage-cl anp and current - cl anp HEAH030433 wer e

obt ai ned usi ng a Dagan 3900A patch-clanp anplifier (Dagan Corporation,

M nneapolis) which was retrofitted with a Dagan 3911 expander unit.

Pat ch pipettes, nmade from borosilicatesgl ass, were puI led on a Narishige

i pett | 8 | i i
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achieved. Pipette resistances ranged from 1l to 24 Mohm The standard
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ot £ unent SXTRLTTLe Vet SAHeSRR mABLSR it AR 4 it e Rfeacer, 1955;
Tr ansduct | %Ebeb&eéthZG(ﬂ? EHRRhIRInRMEo0 v@a'étsna ﬂgfmﬁibmsrddﬂem AMEGE ad G
eGFP-contai ning PGL3 cells, provided by Dr enmaker of Rotterdam
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turnor vasculanzatlon as well as wound healing in vivo. This finding confirms.that’

20  endothelial cells generated from MASC have all the functional characteristics of
mature endothelium. The degree of contribution of endothelial cells to tumor
angiogenesis and neo-angiogenesis was 35-45%, levels similar to what has been
described for other sources of endothelial cells (Conway et al., 2001; Ribatti et al.,
2001). In addition, it has been found that angiogenic stimuli in vivo provided in a

25  tumor microenvironment are sufficient to recruit MASC to the tumor bed and induce
their differentiation into endothelial cells that contribute to the tumor vasculature.
These studies therefore extend studies reported by other groups demonstrating that
cells present in marrow can contribute to new blood vessel formation (Peichev et al.,
20‘00; Lin et al., 2000; Gehling et al., 2000; Asahara et al., 1997), in a process

30 similar to vasculogenesis, precursor responsible for this process has been identified
the. This is to our knowledge the first report that identifies a cell present in post-

natal BM as a very early progenitor for endothelial cells.



cDNA probe, generated according to the manufacturers recomendati ons, was
hybridzed to the Human Neurobi ol ogy Atlas Array (G onetech # 7736-1, AUG 2005
Cl onetech 10 Laboratories, Palo Alto, CA USA) at 68C for 18-20h,

fol | oWE B4 ashes in 2x SSC, 1% SDS at 68C for 30nPRTAREMT e, 0.1 x
SSC, 0.5% SDS at 68C for 30 mn, and once in 2x SSC at roomtenperature
for 5 min. The arrays were read by a phosphorinager screen scanner

(Mol ecul ar Dynamics, Storm 860) and angl yzed using Atlas Inmage 1.0
(Contech). Differences between undifférentiated and 15 differenti ated
cells greater than 2 foI d Eﬂmpnansinhet\aﬁoaiggm&ﬂrﬁﬂmt PCR anal ysis for
retroviral insert: s used o a ify_the flankin sequence 3' from
the 3' LTR of tﬁ@&lﬂj@u\l} cﬂefh*’ﬁdﬂ\f’e“% AMAREYere aygd todpicrmingm 106 MASC
or endot he t ent was
pr epar ed flrv%?h{hgre g%‘f/&gfteg?dg%% x ﬂ%ﬁggkﬂ(&gg%lq{ehf&% ge%%%%gmmgﬁ 20

di gest ed wiotipoddadiocpteslasidesfromnmhesodértiml telhtypes. vaAS@ahéﬂMAS(t herd' end
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second spl i(Skebego eC/b) iNDC waredcudigtegt aye gt ffere atjated) pert marodadiare 9 5
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l'i nker - speE‘FCPFE“‘iS‘FlF‘ “(LS Primer) used for the PCR and RT steps). A
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rounds usi ngbAdvanta ge 2_pol ynerase ontech). The biotin | abel ed
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20  fluorescence microscopy, that the whole.-cell patch recording configuration had been

achieved. Pipette resistances ranged from 11 to 24 Mohm. The standard
extracellular recording saline was comprised of the following (in mM): 155 NaCl,
5.0 KCl, CaCl,, 1.0 MgCl,, 10 HEPES, 5 glucose. For some experiments 1 pM
TTX was added to the standard control solution. The pH of the intracellular and
25  extracellular recording solutions was adjusted to 7.4 and 7.8, respectively, using
NaOH. All chemicals were from Sigma. PClamp 8.0 (Axop-Instmments; Foster
City) was used to run experiments, and to collect and store data. The data presented
were corrected for a 8.4 mV liquid junctional potential, which was calculated using
the JPCALC software package. Off-line analyses and graphical representations of
30 the data were constructed using Clampfit 8.0 (Axon Instruments, Foster City) and
Prism (Graphpad, San Diego).
Transduction: Retroviral supernatant was produced by incubating MFG-

eGFP-containing PG13 cells, provided by Dr. G.Wagemaker, U. of Rotterdam,



To denonstrate that the sanme insertion site was present in nultiple 10
differentiated progeny, specific prinmers were generated in the

host - f | anki ng genone. . Real time PCR anplification (ABl PRI SM 770035 AJG 2005
Per ki n gl rrg Ag)pl i ed Biosystens) was used to quantitate_the fl anking
sequent® %0t ed to the eGFP sequence. Reaction condfCFRE$45r2
arrpliflcatlon were as follows: 40 cycles of a two step PCR (95C for 15
sec, 60C for 60 sec) after initial denaturation (95C for 10 min.) with 2
15 pl of DNA solution, 1X TagMan SYBR G eenUni versal M x (Perkin

El mer/ Appl i ed Biosystens) PCR reactiorbdbuffer. Prinmers used were as

foll ows: Cl¢therddfds (}Bfthuimni emaz‘ QWMMMMCeﬁﬁEhsEBTn@An%M&B FI anki ng
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02/ 064748 PCT/US02/ 04652 56 2.1, toothbar was set at . Fol | ow ng t he

i nj ect i ons, phosphasiraagsr sereensscanres (MalerulasDynamyes, Slorm\@69) el aredyredr . Four
d 12 h

an 12, vecin i o BAADYN OO AT By RSB, .,

in powelsed diffettnyiated ecllsgreatet thae8-fald weféGonsidersd sighificant. br ai ns wer e
sectioned using a cryaostat and fi xed w t h 4% par af or mal dehyde for 20 mn
i mredi atel y bef ofeRanalysis for reisaviral apsert: RERewatitsap apeplifyhedhokingur at

room te”pe(rjg'éﬁ e Pr@mtﬂ?é@ | T LPRIMRE vécEcﬁ*;ull e (Jaug%ggghe,ﬂlc%% SHAg of

2% nor mal ey serum (Jackson | nmuno Labs triton X Primary
and secondafrgmaff MSIC es envintlelial, nyabdast or hérgosaedermal differentiated progeny

was prepared from cells by standard methods. 300 ng of genomic DNA was

20 digested with Ascl and a splinkerette linker was ligated to the 5' end (Devon R. S. e?
al., 1995). The two oligonucleotides used for the splinkerette linker were as
follows: aat TAGCGGCCGCTTGAAT Tttttttttgcaaaaa, (the hairpin loop forming
sequence is in lower case and the upper case is the reverse complement of the
second splinkerette oligo), and agtgtgagtcacagtagtctcgegtic

25 gAATTAAGCGGCCGCTA, (the underlined sequence is also the sequence of the
linker-specific primer (LS Primer) used for the PCR and RT steps). A 5'-biotin-T7

coupled primer was used that recognizes a sequence in the eGFP gene [Biotin-ggc-

cag-tga-att-gta-ata-cga-ctc-act-ata-ggc-tgg-CAC-ATG-GTC-CTG-CTG-GAG-TTC-

GTG-AC; underlined portion shows the minimum promoter sequence needed for

30 efficient in vitro transcription and the upper case is the eGFP specific sequence] and
LS primer to amplify the flanking regions for 10 rounds using Advantage 2
polymerase (Clontech). The biotin labeled amplified product was captured using
streptavidin-magnetic beads (Streptavidin Magnetic Particles; Roche) and the



10-- bl ocki ng/ permeabi | i zation solution for subsequent steps. Primary
anti bodi es (nmouse anti human nuclei (1:25), anti :human nucl ear netbhahells
(1:25) and anti NeuN (1:200) from Chemnmicon; rabbit anti GFAP (1:250)
from DER@20FGHbit anti NF200 (1:300) from Sigma were PREMSEVGSDHver ni ght
at 4C, rinsed 3x 10 m nutes each in PBS and foll owed by secondary Cy3
(1:200) anti and FITC (1:100) antibodies (all 15 from Jackson | mune,
Labs) for two hours at roomtenperature. Slides were exam ned by

fl uorescence m croscopy using a-Zeiss A& overt scope as well as by
confocal fl regiileme prodactwvas mﬁéxpam}lusﬁeragxsmc%ﬁﬁaﬂoqmmp@%m@ra@scope- hMASC
acquire a neuron, astrocyte and oligodendrocyte phenotype when cul tured
with bFGF. mrmmweémmanamﬁm@mak treated 'Eh@@ﬁléltailépﬂ@y@trwmd in

Example 5. _Briet!l e ed N coat h erslides or
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MCDB- 201 ( Sh@@6Rdin b S@erscpipt BtprooudlgGiddd), andlspbdequditlyesinpified by$ol TS, | X

LA-BSA, 10-$ M dexanet hasone, 104 M ascorbic_acid 2-phosphate (AA) (all
from Si ghm) roundpofnested FCR usipg the piieerfonte 3L TR {egn vngan 6ag @Bigedyag | n

sonme cul tures, [ | ures 10 ng/ L
EG- + 10 ng? t%w%fgﬂ%\%ewgggeﬁcgllﬁe%n@%ﬁbéﬁg{ogﬁ rré‘}o%ﬂletg S were not
subcul t ur edmubclé, ane icaroseted exaah diffpeehtatedroglls andustiifferentiaved MeASG wakt er

re-plating wwth bFG-, 264% of cells expressed astrocyte 30 (GFAP+), 283%
ol i godendr oSAUENENBP+) and 465% neuron (NF200+) markers as shown in

Table 6. 15 AUG / T HoN .
i fforentiation AarEnomias RCHEBanE iR sié 3ok ke VAR e e or oo
FGF- 8b HIGF- 8ifferddfiated proeny /dpaaific béinfainweRldetianated(idalye Hobt-flaykiad genome.

0 0 [0) [0) [0) [0) [0) "
AP O al ime PER atnplitication ¢ABI RISV 1700 Ferkin Elmer/Applied Biosystems)

was used to quantitate the flanking sequence compared to the eGFP sequence.

Reaction conditions for amplification were as follows: 40 cycles of a two step PCR
(95°C for 15 sec, 60°C for 60 sec) after initial denaturation (95°C for 10 min.) with 2

15 pl of DNA solution, 1X TagMan SYBR GreenUniversal Mix (Perkin Elmer/Applied
Biosystems) PCR reaction buffer. Primers used weré as follows: Clone A16: LTR
primer = CCA-ATA-AAC-CCT-CTT-GCA-GTT-G; Flanking sequence
chromosome 7 = TCC-TGC-CAC-CAG-AAA-TAA-CC; Clone A 12 chromosome 7
sequence: LTR primer = GGA-GGG-TCT-CCT-CTG-AGT-GAT-T, Flanking

20  sequence = CAG-TGG-CCA-GAT-CTC-ATC-TCA-C; Clone A12 chromosome 1

| sequence: LTR = GGA-GGG-TCT-CCT-CTG-AGT-GAT-T; Flanking sequence =

GCA-GAC-GAG-GTA-GGC-ACT-TG. The relative amount of the flanking
sequence was calculated in comparison with eGFP sequence according to
manufacturer's recommendations using the 7700 ABI PRISM Detector Software 1.6.

25 Neura] transplantation: Newborn (P1-P3) male Sprague Dawley rats (Charles

River Laboratories) were used in this study. The rats were anaesthetized by
cryoanesthesia. The cranium was immobilized using a modified stereotaxic head
“holder and the scalp reflected to expose.the skull. hMASC were harvested with
0.25% trypsi/EDTA, washed twice, and resuspended in PBS. The viability of the
30  hMASC was more than 85%. A 2 pl volume of hMASC suspended in phosphate
buffered saline at a concentration of 0.7x10* cells/ul was stere(;taxically injected
intracerebroventricularly with a tapered glass micropipette attached to a Hamilton

syringe using the following coordinates (mm from bregma): AP -0.6, ML 0.8, DV
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w t h neuroectodermal phenotype coul d be detected, 5 suggesting that
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20 PDs were cultured w oof cells die ile >70% of hMASC
cul t ur e expdrydeel andistosgbat PR’ (s Uresh/rozendding ovgng sestionedhesimpacryostst arskyt e-

or oligodendrocyte-like phenat e This .suggest hat not . al |, hMASC can
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differentiation. It has been shown that the karyotype of hMASC i s nor nal
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of hMASC.intQ 2(?%&@%&%98’ LR hadd KGub&libSwh SRS E QL |1 kely due to

t ransf or mat i on
10:- - blocking/permeabilization solution for subsequent steps. Primary antibodies (mouse

anti human nuclei (1:25), anti human nuclear membrane (1:25) and anti NeuN

(1:200) from Chemicdn; rabbit anti GFAP (.1 :250) from DAKO, rabbit anti NF200
(1:300) from Sigma were incubated overnight at 4°C, rinsed 3x10 minutes each in
PBS and followed by secondary Cy3 (1:200) anti and FITC (1:100) antibodies (all

15  from Jackson Immuno Labs) for two hours at room temperature. Slides were
examined by fluorescence microscopy using a Zeiss Axiovert scope as well as by
confocal fluorescence microscopy using a Confocal 1024 microscope.
hMASC acquire a neuron, astrocyte and oligodendrocyte phenotype when cultured

- with bFGF.

20 . Neuroectodermal differentiation was done as described in Example 5.
Briefly, cells were cultured in FN-coated chamberslides or culture plates with
serum-free medium consisting of 60% DMEM-LG, 40% MCDB-201 (Sigma
Chemical Co, St Louis, MO), supplemented with 1X ITS; 1X LA-BSA, 10° M
dexamethasone, 10 M ascorbic acid 2-phosphate (AA) (all from Sigma), 100 U

25  penicillin and 1,000 U streptomycin (Gibco). In some cultures, we added 100ng/mL
bFGF whereas in other cultures 10 ng/mL EGF + 10 ng/mL FGF-8b were added (all
from R&D Systems). Cells were not subcultured, but media was exchanged every
3-5 days.

Two weeks after re-plating with bFGF, 26+4% of cells expressed astrocyte

30 (GFAP+), 28+3% oligodendrocyte (MBP+) and 46+5% neuron (NF200+) markers

as shown in Table 6.
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suggesting that cell-cell interactions prevent bFGF-induced neuroectodermal

differentiat

ion.

The distribution of astrbcyte-, oligodendrocyte- and neuron-like cells did not

differ when differentiation was induced with hMASC that had undergone 20 or 60
PDs. However, when hMASC expanded for 20 PDs were cultured with bFGF,
>50% of cells died \.Nhile:.>70% of hMASC culture expanded for >30 PDs survived

and acquired a neuron-, astrocyte- or oligodendrocyte-like phenotype. This suggests

that not all h(MASC can be induced to acquire neural characteristics but that a

subpopulation of hMASC that survives long-term in vitro may be responsible for

neuronal differentiation. It has been shown that the karyotype of hMASC is normal

irrespective of culture duration (Reyes et al., 2001). Differentiation of hMASC into

neuroectodermal-like cells is therefore not likely due to transformation of MASC

following long-term culture.

Most astrocyte- ahd oligodendrocyte-like cells died after 3 weeks.

Progressive maturation of neuron-like cells was seen throughout culture. After I

week, bFGF treated hMASC stained positive for NeuroD, Nestin, polysialated



- ol i godendrocytes (MBP+) and neurons (NF-200+, NSE+ and Tau). NF200 and
GFAP or MBP were never found in the sanme cell. Injcontrast to 15 AUG 2005
undi fferentiated 15 AUG 2005 WO 021064748 PCT/ US02/ 04652 59 mVASC, nlVASC
treat HOMLHIBEGE were significantly larger and extendd®V(0¥e#sEes for

>40 m To determ ne whether neuron-like cells had functional
characteristics of neurons, and if bFG-induced cells showed evi dence of
vol tage-gated Na' currents a 5 patch clanp was used. No sodium currents
or fast spiking behavior was seen in any8 of the n\ASC derived neuron-1like

cell' s (n=5%ecurslcen aﬂli@wjxhnsl@aﬂe (BSAI-NCAJMD)E eﬁdiﬁﬂuh@@-lﬂi (ﬂhﬂllﬁ)@’l‘ﬂﬂé\ﬁﬁ and in
4 cells there vvas evi dence of spi ki ng behavi or t ed cal ci um

currents. Thter 2 weess, PhGh é@ateééqellg StéF’Gd Resitine fo NFlﬁ%tﬁﬁ@n%ﬂd 80 Ng- gat ed .
Na' current ﬁlﬁ}ﬁ‘%@%&&fd PAPT HRGE gﬁdu%d ﬁ%ﬂbﬂ%ﬂ%‘? g)éﬁlrgslstrﬁlﬂ' erS BRBAFE A TRNA and

10 protein. cCquire a m oner gi ¢ and

GABAer gi ¢ péignpiey@tenengtm dbphfmrieegicwenﬂmli@ﬁt ameﬁafgﬁinamﬂis %bl.l aSHfer essed
at the md- h| ndbrai n boundary and@eﬁ/ the rostral forebrain, induces
di f f er ent i a8lMgmalT reeRIAM b gnd - hart Hraethyl- Praspasate IMPA)oeesnter and 15 and

ser ot oner gllq g&l&&’(@l g@ hg&e}fg ndbrain (Ye et al., 1998). In vitro, FG~8b
oln

has been use opam nergi ¢ and serotonergi c neurons from mnmurine
ES cells (Lee eFurdier poﬂﬂﬁ&)wnfﬂ%&(&oéﬂe&émaédﬁ&mdﬁdtlmfwrasoﬂﬁmb(bfl@ﬁl PDs,

were repl ac dat 2x104 cells/¢ on, FN in serumfree mwth I TS and
AA and wi t CNARgmaRangysis & two independept, umt/mnélﬁ ‘“rﬁjthO% of cells

sur vi ved .f of; 3 iRek Sor Fﬁaﬁmmﬂocﬁ@rﬂmgmgdﬁqgeéﬁ?ma%fH&nhn&&lce' s

‘staining positive for neuronal markers Nestin
and TuJiD, ded d2CodsisESt Wiklh-the dnmNRoRiSOrhamigalddmraciizathdhd2 >REoldNSE, Tau,

d NC gated vol t. | s) but nd t t t
n cont L astnpBatn TOBSA Patrin Vi ied, HRAle B SRe Rt SN0 col | s
plated at 1{4 gwdahﬁéecaﬂd vdviehnl Esa%u&nghtgﬁol&%eéhmm bhi&Ad nbtQetect

differentiati on. After 2-3 weeks characferistics of GABAergic
(GABA', paingrghsegip AH) or Héb@ﬂiﬁ%rl@ieks (ArHQ folddm:reanadn MRNA levets was also

oxpr osscd e el aRi ot o JRHIRE) VARITRERAR e lrion

dopam ey gi faceh &neidypey & lﬁ@mS(lF?d:i@G(DdD@&hé VL., WD) 31 ephin-AGHRBIA t he
nucl ear transcri pt| on factor, Nurrl, exp ressed only in mdbrain

dopani ner gi ©'heasy 8pd Witidnsoneg 693N r J@ﬁ&%ﬁ‘é{}’tea?PCCIflf%eféQW andy31Q04S,
pr ot o- 0nCOﬁﬁnﬁgsg%g@ﬁdro@ytmf@éﬁaﬁéﬁs?ﬁly%hﬁ-%11@8&%F&M§él9éo$¥&e15yr osi ne

ki nase, whic
precursor and myelin protein zero (PMZ), as well as Huntingtin, and major prion

protein precursor mRNA were expressed >2-fold higher after exposure to bFGF. A
20  greater than 2 fold increase was also seen for several glycine receptors, GABA-

- receptors, the hydroxytryptophan receptor-A and neuronal acetylcholine receptor,
glycine transporter proteins, synaptobrevin and synaptosomal-associated protein
(SNAP)25. Finally, bFGF induced expression of BDNF and glia-derived
neurotrophic factor (GDNF).

25 Like hMASC, mMASC acquire a neuron, astrocyte and oligodendrocyte phenotype
when cultured w1th bFGF.

MASC derlved from other species was tested to determme whether similar
results could be obtained. mMASC expanded for 40-90 PDs were replated at 10*
cells/cm? in conditions identical to those used for A(MASC. After 14 days, nMASC
30  acquired morphologic and phenotypic characteristics of astrocytes (GFAPY),
oligodendrocytes (MBP") and neurons (NF-200", NSE" and Tau). NF200 and

GFAP or MBP were never found in the same cell. In contrast to undifferentiated



conponent of the glial cell line-derived neurotrophic factor (GDNF)
receptor 15 AUG 2005 WD 02/ 064748 PCT/ US02/ 04652 60 conpl ex expressed on
dopaniriergic neurons (Trupp et al., 1996). This suggests that FGF;8HG 2005
i nduces a phenotype consistent with m dbrain dopam nergi ¢ neurons. Again,
r esul tWOfRROe7#mmunohi st ochemi cal studi es were confirme®@CBUSEIINGS2 ar r ay
anal ysis on hMASC i nduced to differentiate for 14 days with FG--8b+EG-. 5
Consi stent with the i mmunohi stochem cal characterization, a >2 fold
increase in nRNA for TH, TrH, glutamate, several gl utamate-receptors,
and sodiumgated voltage channels was ggtected. As parval bum n and GABA
are not present t r.ave i xpression coul d not opfirmed by
TRNA anal yor SIS EPARS G v REGE G SRRIRAEY biskos afp b

di fferenti atrgRsses &t >4 jinunhi st ochemi stry, there was 10. no increase
in expression of GFAP, S 100A5 nmRNA nor nmRNA for the oligodendrocyte
speci fic marker, Tonetermaye whethemeureitikeicedlsihad funchippal sharasteristicsiaf nor e
Lyrosi ne ki Rageal GRERE Rk TId0 e o SR ARH e ce HRYFLALE ALY RLNGirents
GABA- and hydroxy ryptanlne-recepfors, and.several syﬁ% I'C proteins.

Cocul t-ur ¢ WipatthichengWwhotdeds Nogdddeh bulrémts ot JBiét $iling betmvite W Redfindngt | on.
15 Irrespective of the culture conditions used, hMASC-derived neurons did
not survi veftsrmaMAnderivednsaron-like ealls (i732), evensequghspmey celliy expeessedhi ned

‘glial cells af AL ' ] Sy
cpr ess. bot 155 st Sin el PRl I fuchb2be SRUAP A ripbLy
t oxi ciity - (Ardeisocurfents. SIWSSBIGF 2001Qd cAlstdid nat have lfynctibasitvaltage-gared r ed
for neural cell survival, differentiation and maturation _20 provided by
glial cells Nd gHTentsrdespitagxpression;of sediumegated yoltage phanmgbmR&YA and | 2000:
Daadi ang kSSin, 1999; Wagner et al., 1999). To test this hypothesis,
cells from 3- week old FG--8b+EGF cultures were cocultured with the

gl i obl ast ombhMASC atquie, a toidbBain dopamaergie fsertormmegic und S emgirphedotybe h

FGF- Bb+EGF fqr an addi t.j ag 2 s. 25 The glioma cell line, U 87,
[ Anerican Ti U _ kville, MD)] was naintained in
DVEM-10% FCS ( Hy Gy, R BRERIH tifSmid-Bi8i8braid-BoundalseiibyfthORsaneek ol d
FGF- 8b+EGF containing cultures were |abeled with the Tipophylicdye,

PKH26 ( Si gmdPrebrain, peducesdiffereptiatien okdapapunergicdigtiions ¢n midiseinedd ferbrain wer e

| in FN d.chanber. sl i N -8 i nj 30
frbe medumPDaEPRoF s TP s fESiath (< 4 Ty I HRe A o
2-3 weeks Wethud¥ddo %@@Wiﬁ&@idﬁ-ﬁr&@b@gic'ﬁ@u@% foth Mlhe BBI2As

present in MASC- derived cells did not transtfer to the U-87 cell 1line,
U-87 cells weeeetdn 20®d in BSA 15 AUG 2005

hMASC (n=8), expanded = for 20 to 60 PDs, were replated at 2x10*
cells/em® on FN in serum free medium with ITS and AA and with 10 ng/mL FGF-8b
'20 and 10ng/mL EGF. More than 80% of cells survived for 3 weeks. FGF-8b and EGF
induced differentiation into cells staining positive for neuronal markers (Table 6)
(day 7: PSA-NCAM, Nestin and TuJ1; day 14: NF-68, NF-160, NF-200; and day
- 21: MAP2-AB, NSE, Tau, and Na*-gated voltage channels) but not
oligodendrocytes and astrocytes. In contrast to our observation for bFGF induced
25  differentiation, cells plated at 10* cells/cm? with EGF and FGF-8b did not lead to
differentiation. After 2-3 weeks, cells had characteristics of GABAergic (GABA+,

parvalbumin®), dopaminergic (TH', DCC", and DTP") and serotonergic (TrH" and
serotonin’) neurons (Table 6). Cells also expressed the GABA-A-receptor and
glutamate receptors. Cells with a dopaminergic phenotype also stained p‘ositive with
30  Abs against the nuclear transcription factor, Nurrl, expressed only in midbrain
dopaminergic neurons (Saucedo-Cardenas et al., 1998) as well as the proto-
oncogene cRet, a membrane-associated receptor protein tyrosine kinase, which is a

component of the glial cell line-derived neurotrophic factor (GDNF) receptor



- WD 02/064748 PCT/ US02/ 04652 61 containing nediumand 20 | PKH26 dye for
7 days. No labeling of glionma cells was detected. Under these serurif Ae1005
conditions, U-87 cells ceased to proliferate but survived. hMASC derived
neur oMORRPH 8hel ed with the menbrane dye, PKH26, 5 BETRISO¥P6Hcul ture
with U 87 cells to allowus to identify the hMASC-derived cells by

fl uorescence m croscopy. FG--8b+EGF i nduced neurons cocultured after 3
weeks with U-87 cells and the same cytokines survived for at |east 2
additional weeks. Neurons acquired a rfdre mature norphol ogy with

i ncreased c@hnlpléi @@résed vrelidpaniiaergaseironsPaipp d angiIveanthiseapdesisi ty of
the neurites. 10 The el ectrophysi ol ogi cal characteristics of H26

| abel ed neuthatiFGRBpinduges 3 phenotyrsrronmmisn with eridbraindopamineigic mewosy. cel | s
by whol e-cell cu t ion
was eval uat ed (é%ﬁgﬁﬁglégorr?e ‘M &ﬁgﬁe lcgﬂp‘f ‘g%fe%gﬁiﬁgéd%e%alslkor in
response t ariayjaaelysid oa WMASC mcmucéﬂso afffeﬂﬂﬁ%fe fok&hﬁhﬁiviﬂmg gEORd cells
present in FG-; 8b+EG-/ U-87 cultures. The resting 15 nenbrane potential of
spi ki ng SandConsistens withiihe pampgohigtechesaicalzharapterizatian, 2§2 fpldinergype in

non spi ki ngt KA for E T Elyatbdl £eral D RSBy LodhBh Bl TS
An  exanpl evcm‘agodmnﬁélswze deelcted IAs pavatbuniincingd € ABA s hdti presehedmibieor 1S

shown in Fig. 9B, The top shows, a fam |y of voltage traces_which
was el i cit ity BSirEXprsssipn R?'ﬁa ngkbg cqifgmied by mi‘ﬂr\ analysist f‘z‘@ﬁgstem

current wa t - 1Q0
o' LS00 okl BORbd) SlrcEldo en OO b BB Bl 08 v I
was t-hdl: us&xintmashrm\cspnteb&omﬁﬁi?m?eS;bm.@ﬁmlmAinor mhRiN&farthe | evels. As

shovvnlnthls | ari zi sth re sufficientl
large to br? H%'Qg?'ﬁgg Vi ?pef’go RAkERJ] fgp%néﬁ*' ‘?e F exprseed g 3 Y
singl e spikgid hbfe t%sin%"l@ﬁas@"i‘&%*to?@%ﬂ BANE 4 GBN'F' 89cREBRMRL, of the

cells could be bl oCked by suggesting that the &ction

pot enti al s GABAvaual bxde@k)ﬁsypmnlg&trwpm&taageevecﬂamts prételmk- subt r act ed
current recQrds, 1€, I ) efrom the same cells (Fig.
9C), denpnstts 7 % B UL e course

and actjisvat ed atln\.é@;betcagemsercalt@&saohamng baed, thUZder@&d%hfor@&thﬁtV\/afd
30 currents. The transient inward current was bl ocked reversi bl é

TTX. This SWRaEVeEost bay 3-4 wesHacultpren Aseitherputuesgontaingd glial cel t he
vol t age- del%egrgﬁ{;}t it i@GdssipR th?né?xfrch ?ﬂﬁ\‘\@tr&ﬁgééé b6t lﬁtﬁmtaéé%ﬁ?lu te-
vol t age- gate rents oun ture neurons and s et al

nmuscl e cel | iecdpbads deid duk to glh®dirate Wnltxtyem&rsmh aal SwahSonARDM®O05 V\D
02/064748 PEIT érElJz%?vze/l)(l), z?cStgrs required for neural cell survival, differentiation and maturation
20  provided by glial cells might not be present in the cultures (Blondel et al., 2000;
Daadi and Weiss, 1999; Wagner et al., 1999). To test this hypothesis, cells from 3-
week old FGF-8b+EGF cultures were.cocultured with the glioblastoma cell line, U-
87, in serum-free medium supplemented with FGF-8b+EGF for an additional 2
weeks.
25 The glioma cell line, U-87, [ American Tissue Cell Collection (Rockville,
MD)] was maintained in DMEM+10% FCS (Hyclone Laboratories, Logan, UT).
Cells from 3-week old FGF-8b+EGF containing cultures were labeled with the
lipophylic dye, PKH26 (Sigma), as per manufacturer's recommendations. Labeled
cells were replated in FN coated chamber slides in FGF-8b+EGF containing serum
30 free medium together with 1,000 U-87 cells and maintained an additional 2-3 weeks
with media changes every 3-.5' days. To assure that PKH?26 present in MASC-

derived cells did not transfer to the U-87 cell line, U-87 cells were cultured in BSA-



62 1999). Skeletal nuscle markers in these neuron-like cells was not
detected. These studies suggest that treatnment wiith FGF-8b+EGF and]5 5 2005
co-culture with glioblastoma cellsfresults ininaturation to cells w t“%

t he f UW@AR®64743 characteristics of excitable neurons, PETRSYAHSE| ve

vol tage-gated Na' currents. 5 hMASC transplanted in ventricles of newborn
rats differentiate in cells expressing astrocyte and neuronal narkers

1. 4x104 hMASC were stereotactically injected in the lateral ventricles of
Pl - P3 Sprague Daw ey rats. After 4 andsil2 weeks, aninals were sacrificed
and anal yzgghfifigPh&RERGAd 20 | PRBID6CHBLe! for 7 a8l sS N EIRBEIE Af oliohialefSt | ati on
of hMASC to 10; = neuroectoderm Human cells, Tdentified by staining with
a anti bodi ewandetested. hunman nucl ei or human nucl ear nmenbrane coul d be

seen in the SVz t0,400 m a fr.omt entricle.in i mal s anal yzed
after 4 weeks.  andpe eong condiif, CCEL Al el BolaE then deeper
in the brai §PRe@NRMART dei§veddutonsWeee RbBIRE GATHRHE mefibtarl 9B IPKHR6f oM X.
Some hunman cells had typical astrocyte norphol ogy and 15 stalned positive

wi th ant§ - Gvigr taeptulbue adth YR celbsstostllowr uscte lidentidy therhddABe slerivedcelist h

anti -Neu-N anti bodi es., NF-200 a i n_nucl ear menbra atibodiés.
Triple stai ﬁ’( haorgﬁcoe\%%nyﬁgfco%hggﬂ‘gﬂ)aEﬁ H@Hf? &W%&f‘ﬂ&e{&f—r positive
cells did RetksoRexDrEBecIRNEd BerdmeDyoRaies suRlvelfor 6i84st aladditibaaing of
this work is that single post-natal BM derived MASC can be induced to

di f f er ent i aveeksotNeyweRs acanigedpBesmARre mermhologyexithincreasedselsizeds wit h
mat ur e neur l LSti.cs, hl.-As yte and ol i godendrocyte
characteri s?’?@éﬂé}%@%@ﬁg@%ﬁ?gﬁ@ %g%v(\)e}qﬁléxé Cu '{%eﬁlgg{ér?ét hod- dependent

mat ur atin of  Mik€eleotrostysilogidah cigadteristico d€ PRBI26flstal adriRraralasllss hown.
Doubl e staining 25 definitively denonstrated that neuronal or glial cells

ver e aut henfgreved fepm BMA‘T‘@@ affercoculiye wWitheUr&d qella By mbisker eallquireptiamps ed

neuronal or ' t T F r .1 rgyed 2 NA
evel . Retr B taee eI Sner HIASA. MERHON Sl Bldhuai e T B Clbre b
neur ons, astdemaytreedspiking behaden dr espdms tvmjetaisnimeatinf4/®of BKHRGgl e MASC

the host celabeisd BA S RErv B R treaRa A Re EGF YT bulret ol ©
identicgd | &emwei@msofmﬁ%n&ﬁ&-gmmngf@ws AaSG492sBREN ARy Pi C but

al so el ect ro&hysi ol'ogi cal characteristics of mature neurons, nanely
TTX- sensi t i ¥874H-faYe respedtiveNa’ For gachegellsstudiedh anpug resistange of spikinpi@nd 005 WO
02/ 064748 PCT/ /O I S t can differeptiate in
O OB AS Pa RAA R 008 SRR 6 Al Al

example of one of the cells in which w observed spiking behavior is shown in Fig.

9B. The top panel shows a family of voltage traces which was elicited from a

20  spiking cell under control conditions. A DC current was first injected in the cell to
hold them in the range of -100 to -120 mV. A current injection protocol, as shown
in the middle panel, was then used to drive the membrane potential to different
levels. As shown in this example, depolarizing current steps that were sufficiently
large to bring the cell to threshold for action potential, evoked a single spike. The

25  lower panel shows that the spiking behavior of the cells could be blocked by 1 pM
TTX, suggesting that the action potentials are mediated by Na-gated voltage
channels. Leak-subtracted current records, obtained in voltage-clamp mode from
the same cells (Fig. 9C), demonstrated an inward current that was transient in time
course and activated at voltages more positive than -58 mV, as well as outward

30 currents. The transient inward current was blocked reversibly by 1 uM TTX. This

- pharmacology, together with the transient time course and the voltage-dependent

activation of the inward current is typical for voltage-gated Na" currents, found only

in mature neurons and skeletal muscle cells (Sah et al., 1997; Whittemore et al.,



astrocyte markers. Using retroviral marking of hMASC conbined with
PCR-based sequenci ng :of the genom c sequence flanking the 3'-LTR pf ptihegos
retroviral insert, it was showmn 5 that neurons are derived fromthe sane
hMASC WMOAR2/0847#8 er enti ate into astrocytes and ol i godendEEY$RH4633s wel |
as into endotheliumand nuscle (Jordan et at., 1990). This conclusively
denonstrates that MASC can, at the single cell level, differentiate to
cells of mesodernmal and neuroectodernal |ineages. The cells with the
~ability to differentiate not only intos2resodermal cell-types but al so
neur oect odefgmy) SRbletal MSsle AarlBd inl tR&eHEuriflikd cedls st Hétected. FhsEe were
re-named. Sanchez-Ranps et al. (Sanchez-Ranobs et al ., 2000{1 and W)odbury
et al. (Wosthdiey seggestithat tzaomnt whtdniek - SbﬁEGFpmp@bmtunswmh ghoblastoma

of | godendr o PBE T GREPBRORKE %aﬁh@fffﬁaa?afg il bt s SR PlEe @ ha

the sane cepdurdRAtTTXCEHAIEOE vORAbe g7 &@tentdr kers coul d also 15
differentiate i nto nesoderrral cel Furtherm)re nelther study showed
that celd s hMAdGtransplp pnirickes ok pewbemgats gifferentiate in eetlsiexpegssingur onal

characteri Stsl %s Tgugﬂron ngrh suggestl ve for neural differ ent| ation,
t hese repor vel y denonstrate neural and gli al
differentiation fuam¥dASCtwaresteroseticd1DMmjdchatin Mg RterilnRAGRIUred- i n
the ventricle of newborn rats 20 can _migrate_in the neurogenic
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Summary

20 The central finding of this work is that single post-natal BM-derived MASC

;. can be induced to differentiate not only into mesodermal cell types but also cells
with mature neuronal characteristics, as well as astrocyte and oligodendrocyte
- characteristics. Time-dependent as well as culture-method-dependent maturation of

MASC to cells with neuroectodermal features was shown. Double staining

25  definitively demonstrated that neuronal or glial cells were authentic and results were
not due to inappropriately expressed neuronal or ghal markers. These results were
confirmed at the mRNA level. Retroviral marking studies were used to demonstrate
that the neurons, astrocytes and oligodendrocytes were derived from a single MASC
that also differentiates into muscle and endothelium, as the sequence of the host cell

30 genomic region flanking the retroviral vector was id.entical in all lineages. hMASC
did not only acquire phenotypic but also electrophysiological characteristics of

mature neurons, namely TTX-sensitive voltage-gated Na* currents. Finally, it was



of the ventral endodermal epithelium which occurs between e7.5 and e8.5
in the nouse (Zaret K S., 2001). Little is known about the signal 315 AUG 2005
involved in initial 5 endoderm formation and subsequent endoderm
speci fWQarP@i48 Early in gastrul ation (e6-e7) endoder mPL3/USHI048Feci fi ed,
not even in an anterior/posterior direction (Mlton D., 1997). However,
recent studi es showed that ex vivo exposure of endodermto FGF4
posteriorizes the early endoderm which is now conpetent to express
hepatic markers (Wlls J.M et al., 1989). By e8.5 in the nouse,
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was bel i ev %nélhﬁwemeﬁabagya@ﬁelﬁal%ﬂ gqalal mféaﬁ‘erﬁhﬁﬁbﬂ f8nf (&, cells of
endodernmal origin and their progenitors. However, recent studies suggest
It was also shown that htMASC transplanted in the ventricle of newborn rats
20  can migrate in the neurogenic subventricular zone and into the hippocampus where
they respond to local cues to differentiate into cells expressing astrocyte and
neuronal markers. This model was chosen because migration and differentiation of
NSC to specific neuronal phenotypes occurs to a much greater extent when
transplantation is done in germinal areas of the brain than in non-neurogenic areas,
25 . and when transplants are done in newborn animals compared with adult animals
(Bjorklund and Lindvall, 2000; Svendsen and Caldwell, 2000). Although hMASC
are multipotent and differentiate into cells outside of the neuroectoderm, hMASC
did not form teratomas. The number of cells that had migrated outside the ‘
subventricular area was low after 4 weeks, but increased after 12 weeks.
30 The ease with which MASC can be isolated from post-natal BM, expanded
and induced to differentiate in vitro to astrocytes, oligodendrocytes or neuronal cell
types may circumvent one of the key problems in NSC transplantation, namely the

availability of suitable donor tissue.
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effectors of downstream events leading to hepatocyte differentiation, as they

upregulate markers of hepatocyte specific expression such as albumin, among
20 others.
In most instances, mature hepatocytes can undergo several cell divisions and
- are responsible for hepatic cell replacement. As a result, there has been great
controversy about the existence and function of a liver stem cell. During extensive
liver necrosis due to chemical injury or when hepatocytes are treated with chemicals
25  that block their proliferation, a population of smaller cells with oval shape, termed
oval cells, emerges and proliferates (Petersen, B.E., 2001). These oval cells may
constitute the "stem cell” compartment in the liver. Oval cells reside in the smallest
units of the biliary tree, called the canals of Herring, from where they migrate into
the liver parenchyma (Theise N.D., et al., 1999). Oval cells are bi-potential, giving
30 rise in vitro and in vivo to both hepatocytes and bile ductular epithelium. Oval cells
express several hematopoietic markers such as Thyl.1, CD34, Fit3-receptor, and c-

Kit, and also express aFP, CK19, y-glutamyl-transferase, and OV-6. The origin of



Culture with either FGF4 or HG- yielded al bumn, CKI 8 and HNF3R
positive epithelioid cells, but the percent albumn, CKI8 and 1-1NF3(3
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mar kers. \When cell densities between 2.5 and 25x103 cells/cnZ were
tested, the highest percent cells wittbShepatocyte markers was seen in
cul t ures semabdelbtis hbt Ribwix(Psea cB IEs,/2000; Kiva Thid patad dPOE; Rhtérkar, BIEj, at i on
was seen when cells were plated at <12.5xI103 cells/cn2. hMASC were

pl ated at 32-0@(3}-103 cells/en2 on IOng/ L FN or 1% Matrigel TM w th aFGF,

bFGF, FGF7, 1% Dyaca,re ; ﬁ%s/bggéveﬁ%-he wyteseédumb&ng%giag?w&ﬂoh Ong/

FG-4 al one, 20ng H [ one, a conbi hati'on of bot erent1 at ed
20 i nt o epidehieloif endbdemhalrigimindathpir psopeditadsb iHoweyverCket8ntapnetli¢dNfigpast hMASC
pl ated at 5-30x103 cell/;lgrz differentiated into epithelioid cells

wher eas “hvABet pansendadermal selisyaay.alse Farmaepaiagytep frouv viiro (RResEen. he

per cent al by moofhfkeaad MENERR. RO iRehoSRd NEkiplslnpabley vas hi gher
when hMASC wer’e cultured on Matrigel'TM (91.3% 4.4) than on FN (89. 5%

5.4), and ttmnsplknting, diahcallsaat datives foeh the domer BMy(Ideise IN.Dhter ubjel TM

31.3% th N (28. 7% h in Tahl e 7B. 7. Lm zat i
of MASC di 110Pen FachgioioR f AT bRgResprree tameels RSqyadangnih b
Fnan_ FGF. 4RO By AR dpert Gk fidh M U lteeblioit of ke it

++i - FF ++t ++ +++++ CKI 8 ++| ++ ++| ¥ +++1++ ++++-F +++++
10 of donor LacZ" hepatocytes and animals had restored biochemical function of the

liver (Lagasse E. et al., 2000). Furthermore, single HSC may not only repopulate
the hematopoietic systém but also contribute to epithelium of lung, skin, liver and
gut (Krause D.S. ef al., 2001). Exocrine pancreatic tumor cells treated in vitro with
dexamethasone (Dex) with or without oncostatin M (OSM) may acquire a
15  hepatocyte phenotype (Shen C.N. et al., 2000). Finally, mouse embryonic stem (ES)
cells spontaneously acquire a hepatocyte phenotype, a process that is enhanced by
treatment with aFGF, HGF, OSM, and Dex (Hamazaki T. et al., 2001).
It was demonstrated here that single MASC not only differentiate into
mesodermal and neuroectodermal cells, but also into cells with morphological,
20 phenotypic and functional characteristics of hepatocytes in vitro.
mMASC, rMASC. and hMASC acquire a hepatocyte-like phenotype when cultured
with FGF4 and/or HGF.
mMASC, rMASC and hMASC were selected and cultured as described. To

determine optimal conditions for MASC differentiation into hepatocyte-like cells,
25  the effect of different extracellular matrix (ECM) components was tested and
cytokines known to induce hepatocyte differentiation in vivo or from ES cells (Zaret
K.S,, 2001) on mMASC or rMASC differentiation to hepatocytes. As
differentiation requires cell cycle arrest, the effect of cell density was also tested. To
demonstrate differentiation to hepatocyte like cells, cells were stained after 14 days
30  with Abs against albumin, CK18, and HNF3p.
_ Optimal differentiation of mMASC or rMASC to albumin, CK18 and
HNF3p positive epithelioid cells was seen when MASC were platea at21.5x10°
cells/cm? in the presence of 10 ng/ml FGF4 and 20 ng/ml HGF on Matrigel™ as
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specific markers and NT = not tested. Phenotypic characterization of MASC
differentiation to hepatocyte-like cells 5 Hepatocyte differentiation

was further eval uated over tinme by imunofl uorescence and confocal ,
m croscopy for early (HNF3(3, GATA4, CKI®, aFP) and late (CKI 8, al bunin,.
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stai ned posMeras€ehor HNFla, al bumin or CK18. At seven days, the large

epithelioid cell t ai ‘ROS kg e, of F30. . HN i th

i ncreasi ng stai n?r?gtu%o‘?ﬁg?' E%k:ﬁ%r%%y@dégﬁ%@l%g@g@?m; ressed
aFP. After Jdsitivelefitheligid ceRY Sut thb PelcBhtdleRint ORI18%nd HREF S posiivl fid
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while few cells stained positive for albuimn or CKI8. After 14 and 21

days, >90% oMdimMe$odinmg Basyrate did notrrupperodifierendiatisn aA@MASE or IMASC

to cells positive for hepatocyte markers.

When cell densities between 2.5 and 2‘5x103 cells/cm® were tested, the
highest percent cells with hepatocyte markers was seen in cultures seeded at
15 21.5x10° cells/em®. No hepatocyte differentiation was seen when cells were plated
at <12.5x10° cells/cm’.
hMASC were plated at 3-30x10° cells/cm” on 10ng/mL FN or 1% Matrigel™
with aFGF, bFGF, FGF7, 1% DMSO, HGF, and / or FGF4. Only cells treated with
10ng/ml FGF4 alone, 20ng/ml HGF alone, or a combination of both differentiated
20  into epithelioid cells that expressed albumin, CK18 and HNF3f. hMASC plated at
15-30x10° cell/cm? differentiated into epithelioid cells whereas hMASC plated at
3x10° cell/em® died. Like mMASC or tMASC, the percent albumin, CK18 and
HNF3p positive epithelioid cells was higher when hMASC were cultured on
Matrigel™ (91.3% + 4.4) than on FN (89.5% + 5.4), and the percent binucleated
25  cells was higher on MatrigelTM (31.3%) than on FN (28.7%) as shown in Table 7B.
Table 7: Optimization of MASC differentiation into hepatocyte like cells.

A: Mouse and Rat B: Human
FGF4 HGF FGF4 +HGF FGF-4 HGF FGF4 +HGF
FN
Albumin +H/++ ++H+ Ralaas |  a s  a R Eanand
CKI8 A+ +H+ A -+ ++++ A
HNF38 4+ 4+ -+ - NT B AR
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2002) . After 8- ]Hé'patocyte dlfferentlatlon was further evaluated over time by

immunofluorescence and confocal microscopy for early (HNF3p, GATA4, CK19,
oFP) and late (CK18, albumin, HNF1a) markers of hepatocyte differentiation.

mMASC or rMASC plated on Matrigel™ with FGF4 and HGF enlarged from 8um
to 15um diameter as shown in Table 8A. On d21-d28, approximately 60% of cellé

10  were epithelioid and surrounded by smaller round or spindle shaped cells.
Undifferentiated mMASC or rMASC did not express any of the liver specific.
transcription factors or cytoplasmic markers. After 4 days, cells expressed HNF38,
GATA4 and aFP, low levels of CK19, and very rare cells stained positive for
HNFla, albumin or CK18. At seven days, the large epithelioid cells stained positive

15 for HNF3p, GATA4, HNFla with increasing staining for albumin and CK18. Only
rare cells expressed aFP. After 14, 21 and 28 days, the large epithelioid cells
stained positive for GATA4, HNF3B, HNFla, CK18 and alburﬁin, but not aFP or
CK19. The smaller cells surrounding the nodules of epithelioid cells stained positive
for CK19 and oFP. '

20 hMASC was plated on Matrigel™ with FGF4 and HGF or FGF4 alone
enlarged from 10-12pm to 20-30pum diameter by d21. After 7 days, cells expressed
HNF38, GATA4 and low levels of CK 19, while few cells stained positive for
albumin or CK18. After 14 and 21 days, >90% of epithelioid cells stained positive
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hepat ocyt es.| GiRNA bverrse tfranscrt béd+ang 20 ¢DNA hnpl iff | ed fas
foll ows: .40 layrel es lofkrajt we JwNepTHRCR/{9%C-£foff "} 60Q ~roy 60"
dnitial den tHERE | PC Ao NFRT| Wit D2k, 0ff RAfsal Ut ign) 1X
SYBR Green Unj versdl reactli op, byf fer PRI SM
(Perkin El mic5'|ied Bl osEtheSr%). Pri rs/gu equrf(r a IlNle Cgtl
listed in a++pd; ' E
HNFI aS: 53 - TTCTAAGGTM@W@CG Markgr 1$not@@n@@¢w¢1ﬁ"ce@@nw¢mm- 3
HNF3(fS: 5' - CCAACATAGGATCAGATG 3' A 5' - ACTGGAG CACCTACTACG 3' GATA4S:
5' - AGGCATTACATACAGGCTCACE- 3

Hepatocyte-like cells are derived from the same single hMASC that differentiated

into neuroectodenp and endoderm
It has been shown that single nMASC or MASC differentiate into
10 endothelium, neuroectoderm and CK 18 and albumin positive endodermal cells. It
has also been shown that sihgle hMASC differentiate into mesoderm and
neuroectoderm. The same single hMASC was tested to determine whether they can
differentiate into hepatocyte-like cells. MASC were obtained, cultured and
. expanded as described. For differentiation, mMASC or rMASC were plated at 5-
15, 25x10° cells/cm® on 0.01-10pg/ml fibronectin (FN), 0.01-8pg/ml collagen (Sigma
- Chemical Co, St. Louis, MO), or 1% Matrigel™ (Becton-Dickinson) in serum-free
medium [60% low glucose DMEM (DMEM-LG; Gibco-BRL, Grand Island, NY),
40% MCDB-201 (Sigma), supplemented with 1X insulin/transferrin/selenium, 4.7.
ug/ml linoleic acid, 1 mg/ml bovine serum albumin (BSA), 10 M dexamethasone,
20 10 M ascorbic acid 2-phosphate (all from Sigma), 100U/ml penicillin, 100/ml U
streptomycin (Gibco)], with 2% FCS (Hyclone, Logan Utah) and 10 ng/mL each
epidermal growth factor (EGF) (Sigma), leukemia inhibiiory factor (LIF; Chemicon,
Temecula, CA), and platelet derived growth factor (PDGF-BB; R&D Systems,
Minneapolis, MN). hMASC were plated at 15-30x10° cells/cm? on 0.1 pg/ml FN, or
25 1% Matrigel™ in the same medium without LIF (Reyes M., 2002). After 8—12h,

media were removed, cells washed twice with phosphate buffered saline (PBS)



A: 5' - CTGTGGCCTCTATCACAAGATG 3' CK18S: 5' - TGGTACTCTCCTCAATCTGCTG 3" A
5' - CTCTGG ATTGACTGTGRAAGTG 3' CK 19S: 5' - CATGGITCTTCTTCAGGTAGEC 3" A
5' - GCTGCAGATGACTTCAGAACC - 3' Al buni nS: 5' - TCAACTGTCAGAGCAGAGAAGC- 315 186 2005

AUG 20 064748 70 PCT/ US02/ 04652 A: 5'- AGACTGCCI GACT- 3'

aFPS g’%‘)% CAGACTTCCTGGTCCT- 3" A: 5' - GCCCTACAGACCA M@ TTRS:
- TCTCTCAATTCTGEGEGTITG 3" Ar 5' - TTTCACAGCCAACGACTCTG 3" Cyp2h9sS:

5'_GATGATGTTGGCTGTGATGC—3' A 5'-CIG G C C. ACC ATG AAA G AGT T-3'

Cyp2bl 3S: 5' - CTGCATCAGIGTATGCCATTFT-3' A 5 -T it uCTGGAACFGAGACTACCA- 3'

HUMAN aFPS: 5' - TGCAGCCAAAGTGAAGAGGGAAGA-B A 5' - CATAGCGAGCAGCCCAAAGAAG
AA- 3' Al bun(fighe)'and TCIDUET @ LoxhBIBETI@RI mcsume;nestedmm 5-50ng/ml HGF,

A5 COAT GRS B o TeR] SSh o RBEACTERAUNCARREF Gor YIS, or

5' - CTCTGGATY GAGTIATE81 M\ ETrvRite CYPI Bl S: 5' - GAGAACGTACCGGCCACTATCACT- 3' A
5' - GTTAGGCCACT TCAGTGGGTCATGAT- 3'  CYP2B6S: 5' - GATCACACCATATCCCOGGA- 3' A
5' - CACCCTACCACCCARGABRG0B of RNIA SRIMithSGFP WM@WWI@WGE@GDNAA

5 - TGTTCCAACCRETANCIT ICTATCTAR. 3 O3S s CRAS) QAT o AT O 3

differentiate into muscle, endothelium, neuroectoderm and endoderm. For clone
A16 a single retroviral insertion site was present in undifferentiated MASC as well
as mesodermal and neuroectodermal differentiated cells and eGFP" clone A16
MASC differentiated into CK 18 and albumin positive cells. The same insertion site

10 was present in FGF4-treated MASC generated from the same cell population (5°-
TAG CGGCCGCTTGAA"ITCGAACGCGAGACTACTGTGACT CACACT-3’,
Chromosome 7), proving that single (MASC differentiate into endoderm aside from
mesoderm and neuroectoderm. |

Quantitative RT-PCR demonstrates that FGF4 and HGF induces hepatocyte

15  specification and differentiation.

Hepatocyte differentiation by quantitative RT-PCR was confirmed for early
(HNF3B, GATA4, CK19, oFP) and late (CK18, albumin, HNF1a, cytochrome P450)
markers of hepatocyte differentiation. RNA was extracted from 3x10° MASC or
MASC induced to differeﬂtiate to hepatocytes. mRNA was reverse transcribed and
20  cDNA was amplified as follows: 40 cycles of a two step PCR (95°C for 15", 60°C
for 60") after initial denaturation (95°C .for 10") with 2ul of DNA solution, 1X
TagMan SYBR Green Universal Mix PCR reaction buffer using a ABI PRISM 7700

(Perkin Elmer/Applied Biosystems). Primers used for amplification are listed in

Table 9.
25  Table 9: Primers used
Primer Primers
Name
MOUSE
HNFla S: - TTCTAAGCTGAGCCAGCTGCAGACG-3’
A: 5’-GCTGAGGTTCTCCGGCTCTTTCAGA-3’
HNF3 S: 5’-CCAACATAGGATCAGATG-3’
A: 5’-ACTGGAGCAGCTACTACG-3’
GATA4 S: 5’-AGGCATTACATACAGGCTCACC-3’
A: 5’-CTGTGGCCTCTATCACAAGATG-3’
CK18 S: 5°-TGGTACTCTCCTCAATCTGCTG-3’
A: 3-CTCTGGATTGACTGTGGAAGTG-3’
CK19: S: 5’- CATGGTTCTTCTTCAGGTAGGC-3’
A: 5’- GCTGCAGATGACTTCAGAACC -3°
Albumin S: 5'-TCAACTGTCAGAGCAGAGAAGC-3’




CK18S: 5' - GCCCTGGACTCCAGCAACT-3" A: 5'-A CTTTGCCATCC ACG ACCTT- 3'

CKI 9S: 5' - ACCATGCAGAACCTGAACGAT- 3" A: 5' - CACCTCCAGCTCGCCATTAG 3' 15 AUG 2005
Al bumi nS: 5' - CTGGGAGTGTGCAGATATCAGAGT- 3" Al 5' - GAGAAGGTCACCAAGTCCTGTAGT - 3
aFPS: SWORREE T CTTCCTCCTGGAGAT- 3' A: 5' - CTGTCACTGCTGAT T REFHI4S2 TTRS:

5' - CAGCAGTGGTGCTGTAGGAGTA- 3" A1 5' - GGGTAGAACTGGACACC AAATC- 3

Cyp2bl S: 5' - GAGTTCTTCTCTGGGTTCCTG- 3' A: 5' - ACTGTGGGTCATGGAGAGCTG -3' nRNA

| evel s were nornalized using a-actin (nmouse and hunman) or 18S (rat) as
housekeepi ng genes and conpared with nfRNA | evels in freshly isolated rat

or nouse heEparoCyTEA.5-AGACTGEDRIGIGYGEXAGAGTBUT ed_for 7 days, pr nRNA from
human adul t{ d&Fel 1 ver| $BGToARaNscEITCCTRGTCE DNt ech, Palo Alto, [California,

On d0, nVASC and r MASE-GEGET - ' _buni CK 18, CK19, .
TTR, HNF3( 3, TTBNFl a pfi ’-ﬁ 6o ). CYP2B9 and CYP2B13| (rnmouse) or
CYP2BI (1 at hHRNA—FE =2 1 r MASC Wi t h
FGF4 and HCIicypexpres,s|50@r cc & ) TA4 MRNA i ncreased {10 on d2,
became maxi o SR TEATTE TR TOOA T d1l4. nmRNA
for aFP, and E:KI 9 i hersemsedradAsercaldaciandabecane nmaxi mal by d4 and

decreased 15 AUG 2005 WD 02/ 064748 PCT/US02/ 04652 71 thereafter. TTR

MRNA i ncreasumMaiter d4., was nexinmal by d7 and | evel ed off CKI 8,

Al bumi n, . HNFIF8 and PQFB(‘)TCéTr‘}Q %‘\W@W@d%d,after d7 and was maxi mal
on dl14. Bet R LW : ;

al buni n, TT%@RIS

Undi f f.er ent raied VRS > T T R

CYPI B1, but| not aFP Ammﬁcm@mamm LeveI s of al bumi n, CK18,
CK19, - CYPI BICKRNA | -¥n hMASC cultured With FGF4

al one or w L&-II;BQ?;A-’ ) SC)
cultures. Ue é’l S of Tr_gRNA conti nugd.

. ~ [ 0O | ncrease
and 10 wer e[ ¢VrakEeT QsoezasrCAe\A@mu@@ccceéx

C hepatocyte
mar ker, its{ upregul atsi-oaccergoesiccaAh@eaicacyt e conm t nent  and{ nat ur ati on.
Low | evel s lof CYP2B6, 0.5%to 1.0% of fresh liver nRNA's coul d be seen

u(

on d14 and but

HNFla ] S: $-AGCTGCTCCTCCATCATCAGA-3’

A: 5’ -TGTTCCAAGCATTAAGTTTTCTATTCTAA-3
HNF3p S: 5-CCTACTCGTACATCTCGCTCATCA-3

A: 5-CGCTCAGCGTCAGCATCTT-3’
CK18 S: 5°-GCCCTGGACTCCAGCAACT-3’

A: 5’-ACTTTGCCATCCACGACCTT-3’
CK19 S: 5°-ACCATGCAGAACCTGAACGAT-3"

A: 5’-CACCTCCAGCTCGCCATTAG-3’
Albumin S: 5°-CTGGGAGTGTGCAGATATCAGAGT-3’

| A: 5'-GAGAAGGTCACCAAGTGCTGTAGT-3’

aFP S: 5-GTCCTTTCTTCCTCCTGGAGAT-3’

A: 5°-CTGTCACTGCTGATTTCTCTGG-3’
TIR S: 5-CAGCAGTGGTGCTGTAGGAGTA-3’

A: 5-GGGTAGAACTGGACACCAAATC-3’
Cyp2bl S: 5-GAGTTCTTCTCTGGGTTCCTG-3"

A:5’- ACTGTGGGTCATGGAGAGCTG -3’

IﬁRNA levels were normalized using B-actin (mouse and human) or 18S (rat)
as housekeeping genes and compared with mRNA levels in freshly isolated rat or
mouse hepatocytes, rat hepatocytes cultured for 7 days, or mRNA from human adult

5  liver RNA purchased from Clontech, Palo Alto, California.

On d0, mMASC and rMASC expressed low levels of albumin oFP, CK18,
CK19, TTR, HNF3p, HNFla and GATA4 mRNA, but no CYP2B9 and CYP2B13
(mouse) or CYP2BI1 (rat) mRNA (Fig. 10). Following treatment of mMASC or
rMASC with FGF4 and HGF, expression of HNF3p and GATA4 mRNA increased

10 ond2, became maximal by d4, decreasing slightly and leveling off by d14. mRNA

for aFP, and CK19 increased after d2, and became maximal by d4 and decreased



not dO. nMRNA | evels of inmmature hepatocyte markers (CK 19 and aFP)
decreased as differentiation progressed and were ;higher in cultures MG 2005
i nduced with FGF4 al one, 15 whereas nRNA | evels for nature hepatocytes

(CKI 8WePA0&i7ini n) were higher in FGF4 and HGF-i nducBETRSRBE6S\eSt er n
Bl ot denonstrates that FGF4+HGF i nduces hepat ocyte specification and
differentiati on Expression of hepatocyte-specific genes was al so

.confirnmed by Western Blot 20 and perforned as described by Reyes et al -
(2000). Abs to aFP, human al bumin, 'CKy8 were diluted 1:1000 in bl ocking

buf fer. Goahergattdr- TRRAARINA {nbrehSAftetdS, WAOHhxiRAN b dFaHE leveRAYTHAr y Abs

were HRP-1inked goat anti-nouse and HRP-linked donkey anti-goat

( Arer sham K18, rfglbmnlﬂ—ibi}ﬁﬁtosf)nd PE@Qeman)@Rﬂ\b‘k msgeased aiteti dYgandovas

manuf acturers . |n i Al ff tiated C did not
express 25 r@%mg #ﬁ‘{]r‘#ﬂw %‘?M lefhjpg 6%%@ M@F’gﬁfsf?ﬁ%t f or
35 days Wi tdifs#4TTR] ORE8 OCYPERY ad A YIHEBI 3 @%&ﬁ%aﬁ@mm (?dtpmmmnd

CK18, but not cci:P consistent with the hi stochem cal anabglm S.

r MASC aid hMASC Undifferentiste BMASG exriressed lonlevelsof alhuuyn FEK S, aindlf er ent

Sﬁiﬁzfﬁ?é%ﬁiﬁé%h@gotﬁpﬁ@%ﬁ@iwﬁéﬁeé‘s%ﬂgg& SeRSeap %BBZPOCW e
attribut es. il £THIQIVHEIFIMARNG $8fasdd Hoh nﬁmge chitk@d Gt s was

measured at various time points throug hout d ferentiation. Uea
concent r at i ko a!enfeord*eﬁbFﬁFﬁ@ddIE}E\fm;lZ@laﬁs wWpaEd 81dayd) @ERSU302/ 04652 72

by. col ori net |ca - r factur r'sinstrutions_.
Rat hepat d %Sﬁsﬂg%%cﬁvg a%‘@@aﬁ“@%&%ﬂ‘m‘\?& O BGHESWa?% used
as posifg vewereqarghe%xsdwnmtﬁwghucmmIlyﬁm%sspeaﬁa%yﬁo@ﬁ@hfaﬂier ilhe assay
can detect urea concentrations as |ow as 10 ng/ As the assay al so

measur es artpsegudationsuggests | heﬁatﬂ@ﬂé compwimeal axmbmmatmm IeﬁM bfveia roé ase

addi ti on. [ e
Undi ffer enm%& OI\;L@WG% not —pr g%h%gbﬁ)gesefgu@#el S%CEHH%? T th
FGF4 and HGhot dOr aRNANe@lcd i immatly hbfhtécytmatdas @K 1D @dtalma ddemﬂeﬂe nt

manner. The t] course for wurea production in nopuse and rat cultures
was si ni | aras diffsrentipiian progrsssediang ware foeher prpuituserd ndpged withhEGHA alagsy

det ect gg ONyfldeasIRRNAI l@]/él?fortn?atﬂfgql% at@gﬂesr @%(ﬂum} m?chgell% héfy

exceed that 1'n nouse or rat cultures “on Leve urea proguced
by MASC—derH@%Mddﬂ@FenW@dMSC& mlar to that in m)nol ayer cul tures of
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. differentiation
Expression of hepatocyte-specific genes was also confirmed by Western Blot

20  and performed as described by Reyes et al. (2000). Abs to oFP, human albumin,

CK18 were diluted 1:1000 in blocking buffer. Goat anti- B-actin (1:1000) was from

Santa Cruz. Secondary Abs were HRP-linked goat anti-mouse and HRP-linked

donkey anti-goat (Amersham, Arlington Heights). ECL was performed according to

manufacturers instructions (Amersham). Undifferentiated hMASC did not express
25  CK18, albumin, or oFP protein (Fig. 10B). After treatment for 35 days with FGF4

alone or FGF4 and HGF, hMASC expressed albumin and CK 18, but not oFP,

consistent with the histochemical analysis.

mMASC, tMASC and hMASC acquire hepatocyte functional activity

Five different assays were used to determine whether cells with morphologic
30  and phenotypic characteristics of hepatocytes also had functional hepatocyte
attributes.
Urea production and secretion by hepatocyte-like cells was measured at

various time points throughout differentiation. Urea concentrations were determined



differentiated on Matrigel TM conpared to FN. 15 Al bum n producti on was
measured at various tine points throughout the differentiation. RpiAU 7065
al bum n concentrations were determ ned by a conpetitive enzynme |in e(J3

i Mund¥Q4AY64748 | SA) described previously (Tzanakaki s EPST/US&/0452  2001;
Wells J.M et at., 2000). Human and nouse al bum n concentrations were
determ ned using a simlar ELISA nethod with substitution of human or
nmouse 20 al bumin and anti-human or anti-nouse al bum n-Abs for the rat
conponent s- where appropriate. Peroxi ddde conjugated anti-human-al bum n
and r ef er engecoletireétric absay (BignweCa. 6405h) gappalufadiettxinsms®iononRugat ed and
affinity purified anti-nouse albumn and reference nouse al bumin were

f r om Bet hy|hepatosytas giomasinmanolaysrand fetal raguss fivertyds yege usedps positive t y of

the ELISA, human, : ' 5!39} rs at 37C
with 3% BSAJ&?{%B r%@#\?@? l\%‘/g(?ier ,Jﬁg%)“yge%&uéi )gmﬁa a"ea(ii1s(ieeg‘l'rs‘;|t ta{e\gi ty of at
| east | ng/dvhcertiativhd &rlentdsattadgMASAsdhelaskal aBe eleabweshmnivnia, sdmpleoW ng -

treatment with FG4 and HG, nVASC, rMASC and hMASC produced al bumin in
atine 5dep‘é?¥8é?&es§?§r‘i’ﬁ£q‘? apd affgrireasg addigonyr ea product i on, MASC

differentiated %g%&a%%nﬂﬁh; Mapﬂagéc}&ﬁﬂl mlwghemﬂbﬁe.ﬁc}ld?ﬁ%:%ﬂe han

when cul tured on Mbuse, rat, a uman cells secreted simlar |evels
of al bum n, MaS€éhdidmotiptodaédurena.nFoliswing ateathedne slithdF G imdhHGFoutehur es on

d3. Level s of  .al bum roduced hy nouse, rat WO 02/ 064748 15 AUG. 2005
PCT/ US02/ 04883ucHen By MRSt aé«m%@eﬁé%fr@ewe hdiee U9 oF to
those seen B, FROAALIENGH méusk bHA B8 cAfturks Wﬁ@%b{ni[aﬂ; FOLRAAS Er@a‘icaj yhochrone.

P450 activity Wwas next assessed in aggregates of MASC-derive
hepat-och:esF@vtlapd Hfidy yreaavasirioy detettedpan ddywas simhler wi mesusesing gattcnbufeRCD

. 5 SG-hepat t f | ating d14 FGF4 and
FOE 17 eat o) AhanaRd et B AChITEIE Rp i foiyss o c2 LB eneppaebesd’ i
wer e pl aced,yoASC-abde@rhephtodftes G¥R sithil@N® tAfTin MoMdlaSef @Ity of PRirhary

aggregates were transferred to Primarial" dishes and allowed to conpact
for 4 days farhapatocyiess Eacall dreedpseins signifidantiyimyre nesaavasi nreduced by cells

hMASC- hepat te. regat.es re for hangi ng dro 10 net hod.
Briefly, pl(fggf%’i\sﬁg%g?ngg%ﬂg?lﬁfcwaa%%dﬁﬁ%/ h FG%4 gnd H(Q;‘F were pl aced
into 10GL drops mibubif produttiéiivas meMupiieAoRaAbRd fidk poitd @Foukheaithe

aggregates were collected and cytochronme P450 activity assessed by PRCD
assay. PendiffaigntistinnfRat altoramconogpiratiensaverpdetsasinedbyarrompetiigon) i s

O deal kyl at &Qg% 1‘&&& RERLRIE Ay RS K§'80AHB Brel Qs UARRGENE SOMMPUNd

into a fluoréscen
2001; Wells J.M. er al., 2000). Human and mouse albumin concentrations were

determined using a similar ELISA method with substitution of human or mouse
20~ albumin and anti-human or anti-mouse albumin Abs for the rat components where
. appropriate. Peroxidase conjugated anti-human-albumin and reference human
.. albumin were from Cappel. Peroxidase conjugated and affinity purified anti-mouse
- albumin _and reference mouse albumin were from Bethyl Laboratories (Montgomery,
Texas). To ensure specificity of the ELISA, human, mouse, and rat Abs were
25  incubated for 2 hrs at 37°C with 3% BSA in distilled water (dH,0). ELISA’s had a
sensitivity of at least 1 ng/ml.
Undifferentiated MASC did not secrete albumin. Following treatment with
FGF4 and HGF, mMASC, rtMASC and hMASC produced albumin in a time
dependent manner. As was seen for urea production, MASC differentiated on
30 Matnigel™ produced higher amounts of albumin than when cultured on FN. Mouse,
rat, and human cells secreted similar levels of albumin, even though albumin was

not detected in human cultures on d3. Levels of albumin produced by mouse, rat



15 conpound, resorufin (Tzanakakis E.S. el al., 2001). Fluorescence
intensity caused by PROD netabolism consequentlyiestimates cytoch 0 2005
P450 %P activity. Assessnment and detection of resorufin in sit

perfo ity confocal nicroscopy as described (TzaRGRARIEMES2ZS et

al ., 2001). No PROD activity was seen in aggregates of undifferentiated
mMVASC or 20 hMASC. However, nmVASC (18 days with FGF4 and HGF) - and hMASC
(28 days, FG-4 alone) induced to form aggregates had significant PROD
activity. PROD activity in MASCderivédd hepatocyte aggregates was
sim|ar to anidumah MASGaley vedhepdiagyatsorsrt sinatpyte haseseenin monblayerof
different ce|lls have P450 activity, but P450 activity up-regulation by
phenobar bi C4{tuses ob pigrayFahhenaterysst ocyt es. Therefore, P450 25 was al so

tested in the pr@ﬁ@&ﬁ&fl@?ﬂ@ﬁ&ﬂ?@ @&M?Qéablﬁlém@g -eééiés%@mscgﬁ&v)ed

phenobarbital, several P450 enzynes partially patticipate in
met-abol i smhgpatbeygesandi prithay aat livier hepatscytnspheradusidgthe PROI2 assaypl es. I n

R W I N T T,
Cyp2bl3, rahMAREE:Q0ERERAP Y ndnlEa08 gﬁ!ﬁé phate3; which@bere pRPe2P3) . and

in human, by CYP2B6. Therefore increase uorescent activity 1s smaller
t han t he achaker al HereyaktionsipereingtefioeSh. Exlbaggrsgates weretttansfotrad ¢l

cyt ochrone _ P450 nes. en.aggr egat re.cyltured for 96 hour ith
henobar br Az 5V o e 67 SBBAc ForArEs LeepoR baeof -
suggest i ng lmﬁﬁﬁﬁ@oaﬁitaﬁ.‘lH%%%@-ﬂ@%%%é@%ﬁ%ﬁ& ﬁgzlféﬁ%/bgﬁ%g%nggirw 2965

74 hepatocyte ‘'specific Cy Cyp2bl3 In d 'CYP2B6
in - hVAGC- deethod:eBrifln d 0OBMARLC trhiSCiateli dagsl with R FrcandddGleveze plased

assessed for, thei bili. to.1ak L ., ngubati.ng FGF4 treated
hMASC with ! ‘BL‘%IPL-"E‘&P%SPIV‘%W \ %ﬁé‘%@o‘l"l@%{@%@- @!‘&f%hégs ARETRBAUSY i - OkI 8
or anti - Pam%cmtéd%d%gt&mdﬁﬁ%Mi-vitﬁfass%gsea WPRODlasyy! evel upt ake of

a-LDL was detected, which increased to beconme nmaxi mal on d21_ Anot her
met abol i ¢ fRentoxyrssomfinHBRID (Madecular Rybhesobegenpr Orbgon) is ©-dealkylated by

gl uconeoge LS. Th vel s .of al en storage were apRalyzed by periodic
2t a 10 ScnrReupmepesf et sPokdiGee BpaBsmilER ANBEHNCE nd For
i nduceds hMBbipoahd,desontf (TdhdakaRBE 8241 al 200 1FABlucstscela® iM@hstyausidzed i n
1% periodic acid for 5 and rinsed 3 tines in dH20O. Afterwards slides

were treat & RRQR metphalism congegyently pyimales cytoghiered Pra0 (B acdivits- 10',
oot o0 vt pliu ARIBNGH okl o oB B LR B vco0en
(Fig. 11). microscopy as described (Tzanakakis E.S. et al., 2001).
No.PROD activity was seen in aggregates of undifferentiated mMASC or
20 hMASC. However, nMASC (18 days with FGF4 and HGF) and hMASC (28 days,
FGF4 alone) induced to form aggregates had significant PROD activity. PROD
activity in MASC-derived hepatocyte aggregates was similar to that of primary rat
hepatocyte aggregates. A number of different cells have P450 activity, but P450
activity up-regulation by phenobarbital is only seen in hepatocytes. Therefore, P450
- 25  was also tested in the presence or absence of phenobarbital. Without phenobarbital,
several P450 enzymes partially participate in PROD metabolism giving an inflated
fluorescence value for those samples. In contrast, in the phenobarbital induced
aggregates, PROD activity is almost wholly metabolized by mouse cytochromes
Cyp2b9, Cyp2b10, and Cyp2bl3, rat cytochrome Cyp2b1/2 (Tzanakakis E.S. et al.,
30 2001), and in human, by CYP2B6. Therefore increased fluorescent activity is
smaller than the actual increase in the protein expression of the stated cytochrome
P450 enzymes. When aggregates were cultured for 96 hours with phenobarbital, a

32% to 39% increase in PROD activity was seen, suggesting presence of functional



Henat ocyte Isolation and Cul ture Hepatocytes were harvested from 4-6 week
old mal e Sprague-Daw ey rats as described (Seglen P.O, 1976).

Hepat ocyte viability after the harvest ranged from 90-95% Hepat OC!EE@
wer e cwid eosarsas descri bed (Tzanakakis E.S. et al., 200d¢T/8602ka8akaki
E.S. et al., 2001). To form a nonol ayer, hepatocytes were cultured on
nmM Fi scher culture plates (Fischer Scientific, Pittsburgh, PA) coated
with 8g/cnR collagen (Cohesion Technol ogies, Palo Alto, CA). To form
spheroi ds, hepatocytes were cultured ofy 35-mm PrimariaT"' dishes (Becton

Di cki nson). , Under  bot. ndi&ion eedl sit 5. | s/cnR.
Toh after | BERSAY RS IPIR0. ChaATviRd CRRRELE TS ood taledifoms
unattached g®{ASC-dMeeidbepW@syeepl aced every 48 hours thereafter. Summary
It has been shown that a single post-natal nouse, rat and human

BM derived MASCMASCdiefived kapatasytes iwere/alse assessed ferrthein dbidiéy teetakenp| t ype
w th hepato 30 phen an i-0n, C,ycudht pred under
hepat ocyt e mLfeb & {?li’ag’tngtg@%ctﬁ?gﬁ({%g.’o Vé“xt% @s‘ceh(lfaf'r# geﬁf ‘r’r”gfedceoﬁgﬁalgﬂt

fashi on Pri githdrwathtai-ORl 8 bLamtePah-CKY il HNELIR65GATAMAbN W fier 7 days,

i mmunof | uorescence m croscopy of double and triple |abeled cells. The
protein explfé%Eﬁvéhumﬂ@qulaé‘ﬁgé”ﬂﬁ%@@@ywélcbﬂ@!ﬁs’ﬁé tabrromstmaymal ens, as
15 AUG 2005 M0 02/ 064748 PCT/ US02/ 04652 75 non-hepatocyte markers were
not co-expressed with hepatocyte antigens. Results from

i mmunohi st ochem gmblhenie@abolit furictival obiepdbslys s fllyodgenlpioddtiohiopn, RT- PCR
corroborated upregulation of the transcription factors HNF30 and, GATA4
known t o b8lucapgagenssts- e levels od ghiceparstprasa verianahged by psapdistacish
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Al t hough i t hMsSG hodd) d7hditd, kkd-d2 bl Bore? A8, stidéshwérSlokidirad @6 padodie dcidMASC
into cells wit rphol ogi cal phenot ypi ¢ characteri stics .Q

hepat ocyt esor EMEEHE SN -pﬁ‘gﬂfﬁ%éﬁdﬁe‘ﬁ@‘ﬁéﬂ_%wm Setbla, at ed
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characteristiCs of hepatocytes. Therefore, several functional tests were
done i n conbndensednndb@déilyddggn Stomgei wasdirstrepmby dy4 end manividi8@q, leyalASC or
hMASC pgﬁguced urea an@a&bugilg, cont ai ned phenobarbital inducible

cyt ochr BEEOS SR 44) P& Y t ake up Dil-acil-LDL,. and contai ned

gl ycogen gr greghiesyte NolddahRd @ud@rdr oduction i s characteristic of
hepat ocyte 15 activity, kidney tubul ar epithelium al so produces urea

(Hedl und E. et alflepatpiisy wenerharvesied fepsh 4-Cavernkeld mple Spraghedavdenraipesi fi ¢
test for t hﬂesm'iﬁéc? &Eleﬁ'woqu?g)o lI!Ié‘pa?o%S'{ev\li(Iiﬁ{lity after the harvest ranged from

90-95%. Hepatocytes were cultured as described (Tzanakakis E.S. ef al., 2001;
20  Tzanakakis E.S. et al., 2001). To form a monolayer, hepatocytes were cultured on

6 2065
35

35 mM Fischer culture plates (Fischer Scientific, Pittsburgh, PA) coated with
8pg/cm? collagen (Cohesion Technologies, Palo Alto, CA). To form spheroids,
- hepatocytes were cultured on 35-mm Primaria™ dishes (Becton Dickinson). Under
both conditions, seeding density was 5x10* cells/cm®. 12h after initial plating,
25  medium was changed to remove dead and unattached cells. Medium was replaced
-every 48 hours thereafter.
Summary
It has been shown that a single post-natal mouse, rat and human BM-derived
MASC can differentiate in vitro into an endodermal cell type with hepatocyte
30  phenotype and function. MASC, cultured under hepatocyte differentiation
conditions, expressed in a time-dependent fashion primitive and mature hepatocyte
markers, shown by immunofluorescence microscopy of double and triple labeled

- cells. The protein expression profile was hepatocyte specific and not spurious, as



of hepatocytes (Hedlund E. et al., 2001). Cytochrone P450, although found
in hepatocytes, is al$0 present in many other cell types (Jarukanpayg<ngs
et al., 199%. However, Cyp2bl activity in rat (Tzanakakis E.S. et al.,
2001) ,\We\WB9HY4nd 20 Cyp2bl 3 in nouse (Li-Masters T. e®CEUSOZOGEE: Zel ko
1. Et at, 2000), and CYP2B6 in human is considered relatively hepatocyte
specific. Presence of these forns of P450 was shown by RT-PCR The
specificity for hepatocytes is enhanced further when P450 activity is

i nduci bl e by phenobarbital (Rader D.J. 76t al., 2000), as shown. Although
LDL upt ake fon-lepafdcite MRt Qeyd @t codxpresked With AépatocytDihtiged. dsufe! | S
such as 25 endotheliumhave a simlar capability (Avital 1. et al.

2001). Fi nareny imgrinphistechermistry wese cenfirped &y Westemdlast dn addjligm FeRCRMen
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hepat ocyt e HEEkRHantIHendddetmRPaEfiEdtidatand BrahsdHPEOA FActsrs Sdduired gansi st ent

wi th hepatocyte netabolic activities. 30 Several studies have shown t hat
BM der i ved stesdqyentdigpatoeyte difererdtation gush ap EDEBEcgndcytoplesnie prajeing vi vo
and in vitr Pe e t .al 1999; Theise N.D. et al., 2000;
Krause D. S.S%géa%?g@o@g?&gﬁrf%nﬁg%?mm%. et al., 1999; Wang S. et al.,
2001; Lagasse E.Altkéughtit w2dh3vn thieRVES alofi® 6 bsth FliFsand 3UGF tucedidr essed
t he phenotype of the BMcell 15 AUG 2005 WO 02/ 064748 PCT/ US02/ 04652 76
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cells, such as henmtopoietic cells, Lagasse et _ at . enpnstrated that
cKi t +Thy, pCeyraLipnationahtests e dors; B SORITAIOR? idrariEhfarie) BERAFES- i nt o
cell's with aRfa@R! g ggg%gamsac Rﬂﬁfﬁ%&’ﬁ‘é&%a@hﬁn ,Qsﬂéﬁﬁﬁﬁhgncib%{al on

(Lagasse E. et al. Even thoug resul’'ts cou e seen when
as few as 5S0desblesytoshmmet P4dsytiuiny,edpldithksus DilehcildilL yaoid conaweedt hat t he
sane cell that differentiates .into hematopoietic cells also

T Ter ont i oAEoEER e a btk Meh arlBioBor Breretaothats shPaRRY<si ngl e cel
can rengpul &tiRity, NadRS b QA pRhEKurh WkoProARes Gied EHEAIBAD EQer'dl, 2001). In

hepat ocyt es. wever, no functional assessment of the hepatocytes was
done ( Kr ausw@npas, albumg productiog 1§ a spegificatestdfor tie preseaen and metabaliciastivithiat

02m, Thy-1+ ' I ' : ..and

Ort oshr one DHEEHRSERATRER % SEEIRRY. CyReRide pas roulty i in2

phenot ype diephepgies,dy higo preagittin iman$ otlser atll YypeoUathkimjointte & bA,@p99)Thus, 15
presence of such hepatocyte progenitor cells in BMcould explain the in

vivo di f f erdAVEYR 6P WY indrt ianatakistepat! ¢by U )forR%iard r ecent
st udi ego( Kr @1 Birmoutd (13 MastRA er 412966535 Seiko 1. 8% a2L00B M CYP2B6 in

human is considered relatively hepatocyte §peciﬁc. Presence of these forms of P450

was shown by RT-PCR. The specificity for hepatocytes is enhanced further when
P450 activity is inducible by phenobarbital (Rader D.J. et al., 2000), as shown.
Although LDL uptake is seen in hepatocytes (Oh S.H. ez al., 2000), other cells such as

25  endothelium have a similar capability (Avital L. ef al., 2001). Finally, only
hepatocytes.can generate and store glycogen. When taken together, these functional
tests demonstrate that MASC from mouse, rat or humans treated in vitro with FGF4
and HGF not only express hepatocyte markers but also have functional
characteristics consistent with hepatocyte metabolic activities.

30 Several studies have shown that BM derived cells may differentiate into
hepatocyte-like cells in vivo and in vitro'(Petersen B.E. et al., 1999; Theise N.D. et al.,
2000; Krause D.S. et al., 2001; Pittenger M.F. et al., 1999; Wang S. et al., 2001; Lagasse E.
et al., 2000). However, most studies have not addressed the phenotype of the BM cell



To address the question whether cells giving rise to functional

hepat ocyte- like cells also give rise to other cell types, retrovin8layg 7005
mar Ki used (Reyes M et 20 at, 2001; Jiang Y., 20 has been
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confirmed that simlar results are seen for hMASC. Extending recently
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publications, patents and patent _apgl I cations are incorporated herein by
ref erence adiffereniighon pfbencgnamey intp bepatesydeserpted inrecent stydies (KypuseDSn t he

foregoing 2 S i fi IO ' nventi on has been described in relation
to certain g[rael'fg(?ﬁéfiigg%%rgb%iatlm?n@gither eof , and many details have been set

forth for purpos&se adfiress the question whether cells giving rise to functional hepatocyte-

like cells also give rise to other cell types, retroviral marking was used (Reyes M. er
20  al.,2001; Jiang Y., 2002). It has been recently shown that cells expressing albumin,
CK18 and HNF1a can be generated from the same mMASC and rMASC that
differentiate into cells with endothelial and neuroectodermal phenotype (Jiang Y.,
" 2002). Itis confirmed that similar results are seen for A(MASC. Extending recently
published studies demonstrating derivation of cells with mesodermal and
25  neuroectodermal phenotype and function from single hMASC (Reyes M., 2002), it is
shown here that the same single h(MASC also differentiates into cells with
hepatocyte morphology and phenotype. Thus, it is demonstrated for the first time
that MASC that do not express hepatocyte markers and have no functional
hepatocyte activity exist in BM, which depending on the culture conditions, acquire
30  ahepatocyte phenotype and functional characteristics of hepatocytes, or phenotypic

and functional characteristics of mesodermal and neuroectodermal cells.
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reference as ihough individually incorporated by reference. While in the foregoing
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embodiments thereof, and many details have been set forth for purposes of
illustration, it will be apparent to those skilled in the art that the invention is
susceptible to additional embodiments and that certain of the details described herein
may be varied considerably without departing from the basic principles of the

25 invention.
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3/4.
9. A population of cells in cell culture medium, wherein the cells of the

30  population are not embryonic stem cells, embryonic germ cells, or germ cells, wherein the
cells express telomerase and can differentiate into at least one cell type of each of the
endodermal, ectodermal and mesodermal embryonic lineages, and wherein the cells are

obtained from placenta or umbilical cord blood.



30 (b) preparing a culture nmedi um capabl e of producing proliferation of

the telonerase expressing cells, and (c) conbining the cells obtalﬂ§gmjm05
(a) with the culture nedlun1prepared in (b) and culturing the cells

under conditions that allow the proliferation of the tel omerase 15 AUG
2005 99 expressing cells to produce a c@7l culture that is enriched in

the tel onerase expressing cells relative to the nunber in the cells

obtai ned in (a)o. 29A popEhtied omreu@rl@c&m Adtute @RIdiurgUvhbreth @ cellkedf figy
cells that are not enbryonic stem ]iel , enbryoni germcel |.s, or .germ

celI's, andORA@HeR Areinat eEiryoRICeSipp cgkis, embryogucsg S reegmrqells, e‘ﬁ‘%qr%l{léhe

into at | gafd eQﬁ%ssC@c{ 374/ RAd Van S fbreRfiatt hﬁtoeﬁdfégﬁr&ﬁl cel?‘iﬁ%de TBéh 8NGhe
nmesoder mal enbryoni c |ineages, the nethod conprising: (a) obtaining cells

fr om pl acendedesnalyepiodermal apd rmaespriermal embeyopis) hma@marandgwberelal thareellsraet um
capabl g of b%&%%dqggla%ﬁ ,%ﬁml&g@dﬁfb](g e Cct 3/4- expressing cells, and

10 (c¢) co rning t tal ne a) with the culture nedium
prepared in (b)ll andhe wopulatiory of kellscef ¢lsinufdére clmtiraseempressing celld bavinghe
prollferatl es ceIIs to produce a cell culture
that is enrnlﬁgr étqee ﬁf(}@%e‘}%(}o %Hi;l(%r ess| ng cells relative to the nunber
in the cells oti12a| néttlelpmp(lh)mnm cels wétchentd T()rthe r@x a3/44egprassig aélist havingdf

mul ti potent .cells, .whe s of. is the population are not
enbr yoni ¢ "WHEREPRG{ least L‘ﬁﬂ&%ﬂﬁ&&’%&gsﬁflfgt‘f@ or germcells, and can
differentiate 18t 0 @@l iolht¢deonall papulakier st célpwhéreinthe EéIIifoQhéTpdpulatlon are
ERE Y e AT RS NG AR XA
cont ai ni NGySIRf alMehst AObEME efid®definal %ﬂ)d@gnz{l Bad ﬂfeﬁb@eﬂﬁal%ﬁlﬂrﬁ)rﬁ’d‘ lindages, and

starting sarrpl e under conditions that allow proliferation sai
nul t i pot erftheggin fthe cels arg obingd fromeplacantacer ugbikical gorghhlaad potent cells and

formthe cell jpopuk@ti-RRal ﬁ)]aula-m{? oﬁaﬁfﬁg% Q'fh r?t'hg‘cg‘lgs %f?ﬁ% P&éﬂﬁrlr%t%g express,

nmul ti potent cells express telonerase e met ho
wher ei 5 t Helometasé.pot ent cel | s express Cct 3/4 25 33. A nethod for

preparing a celjls pog‘ﬂls%%&@ogﬂﬁﬁ&%f‘cl&’@ﬁ&%%& e cOfs ﬁ‘lﬁé‘b@iﬂdﬁ V\Hae';(gregsm

enbryoni c stem ceI I rgermce
the cel |l s Oat8pr ess tel omerase and can differentiate into at | east one

cell, 1pe of 95N, ol NS SRS M F5F SR TRL B, FRGNSA B AT ©
pl acent a aipot umbrylolntbaétexﬁafeus hinstegori® g Bellvg of lgérm 3élls§ hereit #fceetls RkpRss NQ
g|e: lojv ig?gﬂfe ) ég\#dnc n l’fler%nt(l)gte til’rl}g asttlggsgt I0?1 ceﬁlr@pe oliJ negceﬁ lr’;'ed Ieglclloodgs fhat
ectodermal and mesodermal embryonic lineages, and wherein the cells are obtained from
placenta or umbilical cord blood.
17.  An isolated clonal population of cells, wherein the cells of the population are
not embryonic stem cells, embryonic germ cells, or germ cells, wherein the cells express Oct
25 3/4 and can differentiate into at least one cell type of each of the endodermal, ectodermal and
mesodermal embryonic lineages, and wherein the cells are obtained from placenta or
umbilical cord blood.
18.  The population of any one of claims 1 to 17, wherein the endodermal cell type
is hepatic or pancreatic.
30 19.  The population of any one of claims 1 to 17, wherein the mesodermal cell

type is osteoblast, chondrocyte, bone, adipocyte, fibroblast, marrow stroma, skeletal muscle,

smooth muscle, cardiac muscle, endothelial, epithelial or hematopoietic.



of said tel onerase-expressing cells to increase the nunber of said

tel omerase expressing cells and formthe cell population. 15 AUG 2093y6 2005
|l oo 34. A nmethod for preparing a cell popul ation, wherein the cells of
the population are not enbryonic stemcells, enbryonic germcells, or
germcells, and wherein the cells expre8s Cct 3/4 and can differentiate
into at | east one cell type of each of the endodermal, ectodernmal and
mesoder mal enbpyoni Thé boRAgRM, oftahg on@bdhgins ANB 17 swhreingthé 8dtodur@dl clitgpea
starting sanpl e of ggacental or .unpil.ical cord blood containing the OCct
3/ 4- expreé%ir’%cﬂé’lgl L, ngprgnalipr ofjg C¥Ei s of the starting sanmple under
condi tions thapjal | Qe Pophiatieh a1 B ot of it 103/14; WHRFeAS The)Gelfse bf $he O
i ncrease the nunber of said Oct 3/4-expressing cells and formthe cell
popul at i oPopulgtigysare Rumakhod f or preparing a popul ati on of nul ti potent
cell's, swhereinobhe ggt!oflaride dfyPORY LRI 3f %o NGt wABHREY B CelR! BMihe
cells, enbryonic germ eIpI s, or gelym cells, and can differentiate into
cel | typegophlatien hrgzgenetioally sfodified tyriio ddditien of exngeuisragheticamateriels deletional

enbryoni ¢ . ne : ESings . (Al L5 s from

pl acent a c?rf b%n%? ﬁlﬁlgﬁ% HCgﬁﬁtﬁ&ﬁ’%gﬁ?@%’%&r{{%&%yﬁ%ﬁn@% Féstwtrﬁgtf lci%Xpress one or
nore cell surfa8e nAhkeomulatioo/oficlajge?@swhatin tixpodifisatbniopmpaises introducpgtant
cells, or el ectin ells that. express o or re cell surface

v ket s atPPOE R Sue Ay E Tarkerg i BB R BT B PRRIRE S, or ()
perform ng a cadabi nA plgatmadeutit4t ROmMpLitiewm Gorprisiggnthe 2@11 (pulatidn of amgotidef

cells that larelob%@i ned from t.h? above step.or steps to provide said
popul at i orflai®g 1 tepd naphagpacentically;agcepia ™ the nultipotent cells

express tel onengse. A méthod6r prodinatk 9 tell bdtui® ediched fSOmlipbRhcdll8hat are
mul ti potent ce]ls express Oct. 3/4. 38. A nethod for preparing.a ce

|1

popul at i orflot GREWENIS Stebcetls) §rabrypnie BETHERSI AteeBR cell, ardcatdtiienpiafoite cal em
cells, e”ﬁ?ﬁe@ I Gt 188% BV 6 61 the endYde@®i] Befodbingal, 420 nedb@rRNerhti§oie Ilihéages, the
express telonerase and can differentiate into at |east one cell type of
each ofs t Hecteodesaentisile: ectodermal and nesodermal enbryonic |ineages,
the nmethod conmpiyi si Q@air; L tagq0r unbilical
cord bl ood, (g')? )renggtlagléﬁ%ceeﬁaP?%Wa%&g%?rrglgﬂght{)c(ralgéogériBfr%r)gra’eﬁlgel | surface
mar ker s and/ or (genegrapating 30 celtyre emsditimb gapabied of eprodeding epreliforatiosi off the
cells, or “é‘ﬁél &gﬁt%gﬁsi 0%y cells that express one or nore cell surface
markers and’ of genes”’ expressed by said tel onerase-expressing cells, or

(c) combining the cells obtained in (a) with the culture medium prepared in (b)

20 and culturing the cells under conditions that allow the proliferation of the multipotent cells to
produce a cell culture that is enriched in the multipotent cells relative to the number in the
cells obtained in (a).

26.  The method of claim 25 wherein the multipotent cells express telomerase.
27.  The method of claim 25 or 26 wherein the multipotent cells express Oct 3/4.

25 28. A method for producing a cell culture enriched for cells that are not
embryonic stem cells, embryonic germ cells, or germ cells, and wherein the cells express
telomerase and can differentiate into at least one cell type of each of the endodermal,
ectodermal and mesodermal embryonic lineages, the method comprising:

(a)  obtaining cells from placenta or umbilical cord blood, and

30 (b)  preparing a culture medium capable of producing proliferation of the

telomerase expressing cells, and
(c) combining the cells obtained in (a) with the culture medium prepared in (b)

and culturing the cells under conditions that allow the proliferation of the telomerase



(d) perform ng a conbination of steps (b) and (c) and 15 AUG 2005 101 (e)
culturing the cells that are obtained fromthe above step or steps 1thoAys 2005
provi de said population. 39. A nethod for preparing a cell popul ation,
wherein the cells of the population are not enbryonic stemcells,
enbryonic germcells, or germcells, an89wherein the cells 5 express Cct
3/4 and can differentiate into at |east one cell type of each of the

endoder m'expre@éiﬁg)é'ﬁl’srfm réude msmdﬂhﬁalthae ognyRAECinl the A6IASrasd EPretinp @dlls
conprising:, (a) optaining e fro %f centa or unbilical cord bl ood,
m

(b) renovitRgtitorthe pymer &y re cel| surface markers and/ or

genes not exprgssedh Byetrsd %r%?odﬁélﬂgeﬁ(QEﬁS&iltﬂ& ‘éﬁﬁ&lﬁd R ddlis (@bt are not
selecting cells that express one or nore cell surface markers and/ or

genes expmmbsyatc gymsally embryosjcsenn seldss of gﬁgmccéllqi and gheredn) thgeellsorxprase Ost
conbi nat i oy By erérlﬁ}at@fﬁﬁ) 419dasPoHd c@ﬂ})ypgblf %wge éh?oﬁgjrﬂa eEtlaaémﬁi Qnd

obt ai ned fromt ove step or steps to provi popul’ati on.
A net hod frmsoqbwraq@mmbrgomcd;letagepcblpmhethod)mmMgei n the cells of the

popul ati on not Og{éﬁ,{]ygg{hlgP%bloﬁ&&gh&um%%ay?&hgslq%grmtdcel | s, or germ

cells, and can |ffer ast two of the
endoder mal , ect(bder pedparizgal cutese thediwal capaﬂﬂe wbpioducihg pediferstion dfeherGtidyd-

conpri si ng; ﬁ(»eﬁ") %g]gverl ng CD45- gl ycophorin A- cells from placenta or
unbi | i cal EBFF! 20 (b) plating the recovered CD45' gl ycophorin A

cglhl S pnto ? MEEY i ?c@ﬁﬁhﬁﬂ@gﬂle (cells 6bthined in@) t“hga the @hlﬁldeﬁﬂéd:u&n pedpated llnl(b)
adherent col onj es ng an ther cul turing cells
fromthe E9f&hiwEe tﬁﬁcel*ﬁhlég?fég)ﬂ%iﬁ%sfd’%tl aliphtheyprolj t@mfffweégéﬂ -SXBEsSiTe
popul at i oeRXRY llﬂ §ucetaeéeqllr6ﬁ'ltﬁ&ethata§ efiriched h?tm&l% @{ r6dsfighaefld réMtlv%]to the
wherein the cel he popu ation express Cct . 43.” A nethod for

preparing nétm@éﬂntb%fﬁﬂsé?bta&? ipffdrein the cells of the popul ation are not
embryoni ¢ st emsgel | 9, meiBE Yo Pr agﬁgmr?@,gl}u? on S'm@f &bﬁtedel@ ’wh?ePéei n YREERS B

the cells express telonerase erenti e I nto at ast one
cel | type thé pepudtionfare et embiyeic stem celtscerebtwgmergmn cekl omgeon eeltrnd can

embryoni ¢ {i40e I?tgagﬁnté Peeh %E{‘S?Fatcl RS bﬁgal le%ﬂ&?ér@%?é&%{i%%&%?&es ermal

glycophorln acen a or I'ca
t he recovandndydﬁmmeagésydwpimhodrompmmgl s onto a matri x coati ng, (c)

culturing the Q at edrocv(?cinllgs aléltral%t{ng sgr%gﬁa o?niacelﬁll o Lr%glhcglrcn}d €1 od contammg%l?o5
multipotent cells, and
20 (b)  growing cells of the starting sample under conditions that allow proliferation
of said multipotent cells to increase the number of said multipotent cells and form the cell
population.
31.  The method of claim 30 wherein the multipotent cells express telomerase.
32.  The method of claim 30 or 31 wherein the multipotent cells express Oct 3/4.
25 33. A method for preparing a cell population, wherein the cells of the population
are not embryonic stem cells, embryonic germ cells, or germ cells, and wherein the cells
express telomerase and can differentiate into at least one cell type of each of the endodermal,
ectodermal and mesodermal embryonic lineages, the method comprising:
(@)  providing a starting sample of placenta or umbilical cord blood containing the
30 telomerase-expressing cells, and
(b)  growing cells of the starting sample under conditions that allow proliferation
of said telomerase-expressing cells to increase the number of said telomerase expressing cells

and form the cell population.



102 (d) replating and further culturing cells fromthe colonies. 44. A
nmet hod for preparing a cell population, wherein the cells of the 15 AUG 2005
popul ation are not enbryonic stemcells, enbryonic germcells, or germ
cells, and wherein the cells express Oct 3/4 and can differentiate into
at | east one cell type of each of the erdodernmal, s ectodermal and
nmesoder mal enbryoni c |ineages, the nethod conprising: (a) recovering
CD45" gl ycophordn AA gethod fér stepaping @esell popilatich) wheteid thHeells bf ®ePopulbtion

pl ating the recovered CD45 %péc%ghori n A" %ﬁl | s onto matri x coatin

(c) cul t ursfhgot FRdFPBIE SiPT a¢lfss CHREONICFATE, cellp, ogem wllss Fidrivherrig the grlls
repl ating expfsd Ot Baran@Wah diffdehtiaf info 41848 bAE cAPypBio®tachléf the enddiRrmal,
nmet hod of any one of clainms 35 to 39, wherein rendving and/ or sel ecting
conpri ses eg®demnalanduesndsrmal embiiopic Imeages sthe methodeemprging:A met hod f or
prepari.ng a celdy po ! r&d-Aiat &+ | : ot
enbr yonsi c st em(%:)el I ??U\@J&ggeStﬁ%%gsgfpﬁecdgﬂag@ﬂtgrér g@?ﬂ%bgeﬁg@bg%&gﬂﬁ%%&
di f f er ent iQat8/4-expsessingicells, gpbs of at | east two of the endoder mal,
ectodermal , an S mal | G ' LSl ng:
(2 removi ng. X0 SHeRrE safé B HE Wafing Saple G gl 3 By BRAREAS
gl ycophor iof s#&id @e|3/4expréssingeely tor inorgas€BHS nuigber adshidr@et 3A-exprédsmg oetly and

pl ati ng tr}e recovgred 5 gl ycophorin A- cells onto fibronectin, 20 (d)
cul turing ?Wéﬁ‘ﬁlc ﬁ@ﬁp‘% 9 until adherent colonies form and (e)

repl ationg and f38r t hey methbd fisri prepatifg a@eplilatidn efMmiiliipotend cells,&sherdin the cells of

appr oxi mat el % serum at approximately 2 x 103 cells/cnR2 for at |east
40 cel | d&ﬁ%ié?mé%ﬁonﬁ? n%%‘“'i’]&ﬁ%éte& cgisa?fﬁli’%n%%icﬁﬁ% IPE BERY P%l?soﬁn‘f R
popul at i onyiffRAtRES intd 8EIPERERSLat 185t o off IR HEbAPMaN lectolidril, 4ad Fhesddermal
wherein the cells_of the popul ation express Cct 3/4. 49. A method for

prepar i ng enbEmic ligsgesathegnethodcomyrisinghe celI's of the popul ation are not

embryoni ¢ stemcgel | %btag{;pgr(yéﬂgiﬁqmgﬁg(g&&edrluﬁlbﬂgxal gRaMdol! | s, and wherein
the cells express telonerase and can differentiate Into at |east one

cel | tiype of edeh ofremomangerllsdheat gupress e op mosviealmurfaemaarkeesgadiorgenes not
enbr yoni cﬁh&g&ggg,saitd%lﬁgﬂqeﬁsogpri sing: (a) renoving, fromunbilical
r placenta

cord bl oo , and gl ycophorin A" cells, (b) recovering
CD45 gl ycophori(e) A" seledting, cell§ that@xpees o dr froye pblatsirfgret markescandéregtn&DA5
gl ycophori g fssed®y'stid dMfpd eV RIS E ' M-

(d)  performing a combination of steps (b) and (c¢) and

20 (e) culturing the cells that are obtained from the above step or steps to provide
said population.
36. The method of claim 35 wherein the multipotent cells express telomerase.
37.  The method of claims 35 or 36 wherein the multipotent cells express Oct 3/4.
38. A method for preparing a cell population, wherein the cells of the population
25 are not embryonic stem cells, embryonic germ cells, or germ cells, and wherein the cells
express telomerase and can differentiate into at least one cell type of each of the endodermal,
ectodermal and mesodermal embryonic lineages, the method comprising:
(@ obtaining cells from placenta or umbilical cord blood,
(b)  removing cells that express one or more cell surface markers and/or genes not
30  expressed by said telomerase-expressing cells, or
(c) selecting cells that express one or more cell surface markers and/or genes
expressed by said telomerase-expressing cells, or

(d)  performing a combination of steps (b) and (c) and



(d) culturing the plated cells until adherent colonies form and (e)
replating and further culturing the cells fromthe colonies in 15 AUG 2005
approximately 2% serum at approximately 2 x 103 cells/cn2 for at |east
40 cell doublings. s 50. A nethod for preparing a cell popul ation,
wherein the cells of the population ar®Inot enbryonic stemcells,
enbryonic germcells, or germcells, and wherein the cells express Cct
3/4 and can di fier erhindirg hotcellfthal 8RUbtAMA f6rhthd ¥setepediCiierftotpiévide
endodermal , .. ectodermal and nesoderrmal enbryonic |ineages, the nethod
conpri si ng2id@ePulait®yi ng, from unbilical cord blood or placenta, CD45 and
gl ycophorin A i3 celj ﬁleﬂba)foﬂlﬁ@mglqrwlgaﬁatﬁ&{,mwmerbeﬁé\of:ﬁﬂelp%pulﬁﬁan

pl ating the recovered CD45 gl ycophorin A- cells onto fibronectin, (d?

cul t uri ng are 8o eHbRYgNIE N cglqlﬁz iembgypmic: 2e7Mm ¢edls.oPr 2Ny ellsy anghwhergin the cells

' eplat ing Apftsl ot §arandtah WirkdihtlalPinfPh Sast RELAINGPE Yr QALST B endodermal,
approximately is 2% serumat approximately 2 x 1 cell's/cnk for at

| east 40 castdderienlbhd mgsodegnal embrgonivdinengss, thakicthpdcopipasimaceut i cal
conposition co i Si_ng- 1. X1 itk utically acceptable
carrier, wher eir(gt hé’ggé g@%ffgl%r%@%eelﬁ%rdygwéﬁg g%ﬁ%go%ﬁf S, enbryonic germ
cells, or germ(bel | semadang ckllsftiat erpresstaneionhwre edl] surfapemarkkersand/oe gedes tnob

of the endader mal , mal ., .and sodermal enbryonic |ineages, and
are obtai neé‘areﬁeg%y Sﬁ@%‘ﬁgg{é?ﬁpéésglfngﬁﬁlg%s Ycal cord blood. 52. The nethod of
clai m ml wher ei(o) t hgeleetingscetls thatsexptest oneoassore cbld.surfliee neikersdaraliorcgeaksn
51 or 52 wherein.the cells express t 3/4. 54. A nethod for making a
phar naceutheﬁ?ﬁsegwﬁlgi ‘it324' PI8CHG» Qi xing cells with a

phar maceuti cal () acgeFbiheacambingtion d3&HE(B) abic)@al! s are not enbryonic
stem 25 cells, enbryonic germcells, or germcells, wherein the cells

| . :
express tel onedgse &AWL hgicelsthahare abained; fsomthe abave stpeorcsiens to PERvidy
each of thg; aAaspal , ectodermal and nesodermal enbryonic |ineages,
and wherein the cells are obtained fromplacenta or wunbilical cord
bl ood. 1555. A nmé0hod 4 methed Korrreparing ar et depelaten, vwhergio ierdels of hapopulatien
adm xi ng B r : I ey j
the cel s ‘e 2Ryt Heft, RIS CRERM £ LUEREREMTEUR, SR Gh bR,
cell's, wheelitypeshef atlltast dwprafsthe Grido@¢rthah nettagigrmaldiand emesodératab eimbiryonat
| east one ¢ t f e .of the endodermal, ectodermal and 15 AUG 2005
104 msodé}n%esé%g&fglrﬂd(:c%ﬁaﬂ%é 'es, and wherein the cells are obtained
fromplacenta da) umoverid CD45 ¢glyzbpladin Atellhfromtpiadntaor umblicabcond blebd,
cul ture conposition _conprising int cing.a cel.l .into cell culture
rect nf® wher o 10} e PP theefifiered R BB BrE A et s « gty SR er m

(c)  culturing the plated cells until adherent colonies form, and

(d) replating and further culturing cells from the colonies.

41. The method of claim 40, wherein the cells of the population express
telomerase.

25 42.  The method of claim 40 or 41, wherein the cells of the population express Oct
3/4.

43. A method for preparing a cell population, wherein the cells of the population
are not embryonic stem cells, embryonic germ cells, or germ cells, and wherein the cells
express telomerase and can differentiate into at least one cell type of each of the endodermal,

30  ectodermal and mesodermal embryonic lineages, the method comprising:
(@)  recovering CD45" glycophorin A’ cells from placenta or umbilical cord blood,
(b)  plating the recovered CD45" glycophorin A" cells onto a matrix coating,

() culturing the plated cells until adherent colonies form, and



s cell, or germcell, can differentiate into cell types of at |east two
of the endodernal, ectodermal, and nmesodernmal enbryonic |ineages, aBAUEIIN,
obtai ned from placenta or unbilical cord blood. 57. The nmethod of claim
56 wherein the cell expresses telonerase. 58. The method of claim56 or
57 wherein the cell expresses Cct 3/4. M2 59. A nethod for naking a cell
culture conposition, said nethod conprising introducing a cell into cell
cul ture nedi um(d)/\/r'lequjlz[tiﬂgfmd(ﬁﬁ’tﬂer bultuting calbs ﬁdsfﬁltl)eoanilmlest emcel |,
enbryoni c germ el | r.mcell. wherein se teo I.ase
ond Lan it torn i 4 B Sobterasing  tlDoupton. jherest ML B e ipepahon
endoder nalare a6t aByoRic st celr@&mﬁ;dﬁm geeﬂibcfeyl@ naﬂgdmn@alg egnd whereinhie @klls
the cell is obtained fromplacenta or |I|caI rd bl ood

it oGPt

. 60, A
met hod f oreXpERS gt (4w cap ¢t ?Iglaﬁeolﬁf?o%t g3shAne ¢ e o Iepgq%gnah

i ntroduci NGtoef@dl hnd Hltesfbdﬁﬁhzil efiBhonicin¥B %Esutﬂbrﬂ@ﬁﬂﬂ%ﬁl phiSiggcel | is not an
enbryoni c stem cel |, nbr yoni C@g\f?r m ce ermcell, Wnerel n the cell

expresses Oct 34 aﬁ?POE%Fﬁlgcﬁ:W% pplmr@AmHs)fram placgate op pebyisal cord pleod
each of the en er I I neages,
dpp ?Pallt n gﬁﬁ&ﬁfe CI R GHOEH R cel‘?{%‘ft?/ Q%a@nx g&tlh% 9

and wherein the cel ' ai ned from Iacenta or ical cord bl ood.
61. A nmethod fde) exeultingghepletsdicellntil pdhenent celaniesfryomd stem cel |,

enbryoni c ger el | i nto cell types of
at least two o f reeprllzg{né%?lﬁawkLul{'%%grcgn%{ifr&g%ér?@snge ermal enbryonic

| i neages, and i4s. othabMddrafranpba@eﬁnlaimsﬂStnmﬁ?lemeaém removingd hdder, sekeating
nmet hod conpri Si N S%ul tur{olc]gg cot%l I cﬂ> elms“fﬁ cgl tions that allow expansion,
25 thereb;r?gg?pg‘?ﬂ? h&r{l% Il pgb' i AH%f claim 61 wherein the cell
expresses tel odérase methodeneprmringd cefl popualatio vherei thevdetls of the tpopulatdr
expresses Oct 3/ hod,f or . expandjng a cell that is

orbr yoni o A% Bk SEYOn B Eln EmbpGs SR celin br gehpals 110 e B Hiinia
expr esses o‘eﬂl asat deddt ¢wo of ﬁ)faeérﬂﬂﬂetrﬁiaﬁ dofdderridl, 2B heR&émaNntbeydnic
type of e o‘w{g ﬁmgoder mal , ectodernmal and mesoder nal enbryoni c

| i neagés ¢ BefhodfemPESINg; s obt ai ned from pl acenta or unbili cal

cord bl ood, sal(g) eediighing GFOR ibbilGalCdéhd blob6r bhiEer|dD448A oBRBRHdHHOATS

that al | ow expansi on, thereby expanding the cell. 15 AUG 20 5 65. A
met hod f orceBpandi ng a cel | that |s not an enbryonic stemcell, enbryonic

germcell, or ggym ‘Eé‘d’v %@D dh%'A &Hpresses Gt 3/4 and can

dlfferentl ate |nto at e pe of’ each of the endodernal,

ect odermal and (%So@bﬁmm%ﬁmﬁﬁl@)‘ﬁ E agwrin Aqeellsnde Ebrenedtn, cel | i s
obtaingd from cen | d 5 conprisin
R

culturing the I ons W expansi on, thereby
expandi ng the (ekel | replating and further culturing the cells from the colomes in approximately

2% serum at approximately 2 x 10 cells/cm? for at least 40 cell doublings.

47. The method of claim 46 wherein the cells of the population express
telomerase.

25 48.  The method of claim 46 or 47 wherein the cells of the population express Oct
3/4.

49. A method for preparing a cell population, wherein the cells of the population
are not embryonic stem cells, embryonic germ cells, or germ cells, and wherein the cells
express telomerase and can differentiate into at least one cell type of each of the endodermal,

30  ectodermal and mesodermal embryonic lineages, the method comprising:

(a removing, from umbilical cord blood or placenta, CD45" and glycophorin A*

cells,

(b)  recovering CD45" glycophorin A cells,



66. A nethod for producing a differentiated cell, said nethod conprising
culturing the cell population of any one of clains 1 to 23 under 15 AUG 2005
conditions that are suitable to induce differentiation, thereby
producing a differentiated cell. 10 67. The method of claim®66 wherein
the differentiated cell is selected frof3the group consisting of

ost eobl ast, chondrocyte, bone, adipocyte, cartilage, fibroblast, marrow
stroma, skel et gt) nuyptdting tixmecdveredu(nd £ glycoptidriacA rulicomo fibrnketin,

endot hel i al , |theI| e i.C an at i hemat opoi etfic, glial,

neur onal , and 11) goﬁgﬁ‘ﬂ?@c‘g‘f&a&«glclﬂl{)ﬁﬁ El%?éen?ﬁ?la?'ﬁf t%t ed cel |
produced by thgeyret heglatilg idofurthéSeudtirifg thel&ell Fronh tietdlogied a1 approaindieng a
host with ceIIs t g,lntr du0|ng into the host a cell

he net ho [i
popul at i ort/eFeramyat BP%O’b‘fnaEq%é?ﬁsl C"jfé}é?s for'ﬁé eagt 49l daubliesengrafting a
cell in a subjept CHTRkihdYT6r d}ﬁéﬁﬂrﬁ\g%t&ﬂlﬁaﬁulfaﬁ&l Getein BRRIALE 8 pBbuldfich
one of claims 1 to 23 to said subjéct and allowing said cells to engraft.
71. A et H nplopmbiygnigfstany gells, gmbryonicngsray eelis.cen germncellssans whereinothp cels ng
20 admi ni %Txplffké‘@cf ba ﬁchfaﬁr ﬁ‘?éréxﬁfaf‘edmfoeét' leé& oﬁé @él?b@@ otf‘aaaﬁb@'ﬂlé Chigetmand
al l owi ng sa engraft. 72. The net laim 70 or 71, wherein
t he cel | s estogemfal andmmsmletmal embeyopic lingages ﬂa@ meﬂalrcomnsmscul ar,
cartilage, bon sk r'%ég qt S
for inproving ?LPI’]C'[ ?%)Iﬁa\?h #glggf afl ssubgmfaun(§r 1§ce iaéc%ﬁgo%r%rglgdggsgg%
admi ni st erdelg the cel | popul ation of any one of cI aims 1 to 23 to said
subject in an unt_ suffi ve uncti on. 74. A nethod for
i mproving functon |r%°°¥e%7€%§§u%lycoghéwq% ubj ect conpri sing
admi ni stering deyf elpwmhgaﬁeadcmfddsCMS glyabphobii A" @eBoordo Siblyneetin,i N an
amount suffi ci

t r The thod of cl 73
74, wherein th &I S§H](§“r?r% tE%P]GF 1;16%%?8%18{115? mmeand j | a;eal [)none o

skel etal nuscl ge) or r@mmgmﬂauﬁﬁha ctumﬁug the7&>lls A&dmtﬂtwebléﬂes i SpproXithaily
di sorder in a subject F??m ni s§ering,the pul ati on of any one of

Cl 21 5L {0 SeTa Rt SPPraRIEIAY &R 1IDC P o it A0 douinesr 15 AUG 2005
106 77. A nmethaq fora ifeaRid 10 rﬁak‘i‘ﬁgsgr;ﬂﬁfmdc@ut?caﬁ 'éanSSsﬁtlorP@@?ﬁ?hs‘ih%‘Qdmlxlng
admnlsterlng differentiated cells of claim68 in an anoun ective to
treat the gllsyiithes phargacenteallyeacrertatle camig, mlmvem\mar eclishee aotr erabrypnic steay
cell is s r

E‘Jefl g{%rych?@%cytceug &%@nﬁ@&ﬁ &4d &l@fe&huﬁéflrﬁ%le r%;pes 6F Qés;i’ﬁ% &f

bone carti e an harrow s stro
nmuscl e, srtb@tehdqdnsnaleﬁcch@ndrmb@meb@mhwpn@rid@agm and ,areegbtalned ifraim

hepat i o8 ppqé}éﬁt%%%*&bﬁgg@é?gﬁhgt' c, glial, neuronal, and oligodendrocyte

cell type entlfyl ng an agent that is a
di fferenti ati or2f actlThe method ofetaimd1 whergim thsicelds express telomerase.

53.  The method of claim 51 or 52 wherein the cells express Oct 3/4.

54. A method for making a pharmaceutical composition comprising admixing

cells with a pharmaceutically acceptable carrier, wherein the cells are not embryonic stem

25 cells, embryonic germ cells, or germ cells, wherein the cells express telomerase and can

differentiate into at least one cell type of each of the endodermal, ectodermal and

mesodermal embryonic lineages, and wherein the cells are obtained from placenta or
umbilical cord blood.

55. A method for making a pharmaceutical composition comprising admixing

30 cells with a pharmaceutically acceptable carrier, wherein the cells are not embryonic stem

cells, embryonic germ cells, or germ cells, wherein the cells express Oct 3/4 and can

differentiate into at least one cell type of each of the endodermal, ectodermal and



(a) contacting cells with a desired agent, wherein the cells are not
enbryonic stem to cells, enbryonic germcells, or germcells, caniq pyg 7905
differentiate into cell types of at |east two of the endodermal,
ectodermal , and nesodernal enbryonic |ineages, and are obtained from

pl acenta or unbilical cord blood; and (W4 determ ni ng whether the agent
of step (a) affects differentiation into a desired differentiated
progeny, whe&ogerafal eaibrivgid ilintelesnandaiwherein Nkl ceéllse sreavbiahedt frérh apladeataaor 15
differentiati.on fa%&gr. 80. The nethod of claim 79 wherein the cells
express t fiEcalerdbleod. “The hethod of claim 79 or 80 wherein the cells
express Qct 3/ 46, 82.A MefiBl Metdndlarg 4 E@Ndultud ddenpdBitiad edhpfidiad intddecing a cell
differentiation factor, .the nethod c?nprising: 20 (a) contacting . cells
with a dedhiocssllgylisre mediame whereHbthe el ds potcan, embryapic st celbieaphryQnis perm

embryoni ¢ Qar g f'g%l-rh Soel10 tar) Qi fRrétlateS intyVRell e{y?est B a€ ®labtS R RE QRS eh@dRARAIASE
and can differentiate into at | east one céll type of each of the

endoder malectademmplcandemnesadermahembiyenigdineagen apd iy ebtrinedfgmeplacgnig opmabiical
the cells arepghiai ned fromplacenta or unbilical cord blood; and 25 (b)
determ ni ng ether the agent of step (a) affects differentiation into a
desired differs@nti dtheanethodgdiclaim i evheread thectll axpreises elomrerasat i on

i ndi cat es an aggnt ' . f feer LaLl t hod for

i denti fying angggenﬁ%?hgﬁﬁwgﬁg g%éﬁ@?%%b@%&?@ﬁg?%%%%??g%ﬂgéée'hod

conpri & ng: 30 59a) cdomiedwidi foy noakings awell rultutecommditmge sdid ndtbod comprisng

|1 .not . enmb ' t |l s, enmb ' . | | s,
T
one cell tenfteyedic e o4l t bre gemmal adél] neliereif Cthe deslimekprasyds 1tblofldfase Odhd ¢&

nmesoder mal .. .gnbryoni.c | i neages, and wherein the_cells are optained fro

o1 acent - TSGR 16t SCOR BPEGA HRA TyFacio o8 iiF rHaSHaE Heiodei Bl it
of step (anhesdliérifal mBiybhRNMBides, dndwheRdi®tht @RS stasined frbingil&hiadr @hbilical
progeny, where affecting differentiation indicates an agent that is a 5

di ffer &nt iQF¢ BRod-act or. 84. The popul ati on of cells of any one of clains

| to 10, ol turged ala nefiSick Yniing 8'c@R! itufe@inSRARNC el ARG oBfiprishiy
ne (0] (0]

;
enriched cell culture produced according to the any one o

cl ai ms 25 ingoduging: scaisintorcedlesultupsomedinm; whersietha celd ise @ndgintyyeric ste cell,
met hod of bty SHiE ga']}n Eéleiopﬁeﬁ)&p cdl wherein the cell expresses Oct 3/4 and can differentiate
into at least one cell type of each of the endodermal, ectodermal and mesodermal embryonic

20 lineages, and wherein the cell is obtained from placenta or umbilical cord blood.

61. A method for expanding a cell that is not an embryonic stem cell, embryonic
germ cell, or germ cell, can differentiate into cell types of at least two of the endodermal,
ectodermal, and mesodermal embryonic lineages, and is obtained from placenta or umbilical
cord blood, said method comprising culturing cell under conditions that allow expansion,

25 thereby expanding the cell.

62. A method of claim 61 wherein the cell expresses telomerase.

63.  The method of claim 61 or 62 wherein the cell expresses Oct 3/4.

64. A method for expanding a cell that is not an embryonic stem cell, embryonic
germ cell, or germ cell, wherein the cell expresses telomerase and can differentiate into at

30 least one cell type of each of the endodermal, ectodermal and mesodermal embryonic
lineages, and wherein the cell is obtained from placenta or umbilical cord blood, said method
comprising culturing the cell under conditions that allow expansion, thereby expanding the

cell.



87. A pharnmaceutical conposition made according to the nethod of any one
of clains 51 to 55. 88. A cell culture conposition produced accori NG by
the nethod of any one of 15 clainms 56 to 60. 89. An isolated cell

popul ati on, wherein the cells of the population are not enbryonic stem
cells, enbryoni c germcells, or germcellSs, can differentiate into cell
types of at least two of the endodermal, ectodermal, and nesoder nal
enbryoni ¢ |i neages ssubﬁﬂlaatfbxeé)dpyndlﬂgsa bell thahizaiop it e@BBORIcesn vell, h:mbryonic

reference to any one of g@i rﬂ) and are g@ ai.ned from. 20 E’l enta
or unbi | i &M CetlPrEenB gell.gpherain thesesfl exprgsses Qct ;ﬁ!i‘F‘a?PPS fergpptiafecinfp atjgast
cell's of tdwe cEHFMILeaéﬂ €4ddh BT eheOkdod ExikAl Y&Wd@nﬁél%dﬁﬁésb&emﬁn’&w@@hfé 1§fRag8s,
cells, or germce wherein the cells express  telonerase and can

di f f er ent i3deWhseig e eellais obfaied frqm tpﬁf@ntaf orayphilisal cond Rlogdgeaidenethod

ect oder,malcofpsising THHGAPIhe QB U} c‘én!hhﬂﬁ@ﬂ@tsalﬁﬁb@i;ﬁ%lb@l théi“eﬁﬁ expanding the
her ei nbef ore descrl bed wth 25 reference to any one of the exanples, and

wherein tifgllcel | s are obtained fromplacenta or wumbilical cord bl ood.

9L An i Sol at eqsecel Iy RARHLAHO BrodtifiCh MuikEnfALA TRl hRCnRARK! BLhARiAL ©

not enbryonic stemcells, onlc germcells, or germcells, "w
t he cel | s caitprimsthe Celi ptafulatioamxﬂ an)ammbffdmeﬂntm 21 endentonditiorsdhas aregugalde kd

type of eaeh Ol e AIORIRLAN oREladekiml. gy 84y mesoder mal erbryoni c
StahtTa 1y epﬂecfl e

| i neages su scrl With reference to any

one of it he exar§l es Thannhthvhboﬁaclmmt he whetdis tlarchffeﬂehaateﬂadelf isogel qoted cfieorh aheor

umbi 1 cal g%gurpdconsmgng of osteoblast, chondrocyte, bone, adipocyte, cartilage, fibroblast, marrow
stroma, skeletal muscle, smooth muscle, cardiac muscle, ocular, endothelial, epithelial,
hepatic, pancreatic, hematopoietic, glial, neuronal, and oligodendrocyte cell type.

68. A differentiated cell produced by the method of claim 66 or 67.

15 69. A method for providing a host with cells, the method comprising introducing
into the host a cell population of any one of claims 1 to 23.

70. A method for engrafting a cell in a subject comprising administering the cell
population of any one of claims 1 to 23 to said subject and allowing said cells to engraft.

71. A method for engrafting a differentiated cell in a subject comprising

20 administering the differentiated cell of claim 68 to said subject and allowing said cell to
engraft.

72.  The method of claim 70 or 71, wherein the cells engraft in one or more of
cardiac, neuronal, ocular, cartilage, bone, skeletal muscle or smooth muscle tissue.

73. A method for improving function in a damaged tissue in a subject comprising

25 administering the cell population of any one of claims 1 to 23 to said subject in an amount
sufficient to improve function.

74. A method for improving function in a damaged tissue in a subject comprising
administering differentiated cells of claim 68 to said subject in an amount sufficient to
improve function.

30 75. The method of claim 73 or 74, wherein the tissue is cardiac, neuronal, ocular,
cartilage, bone, skeletal muscle, or smooth muscle tissue.

76. A method for treating a disorder in a subject by administering the cell

population of any one of claims 1 to 23 in an amount effective to treat the disorder.



20

25

30

15 AUE 2005

106

77. A method for treating a disorder in a subject, comprising administering
differentiated cells of claim 68 in an amount effective to treat the disorder.

78.  The method of claim 77 where the differentiated cell is selected from the
group consisting of osteoblast, chondrocyte, bone, cartilage, adipocyte, fibroblast, marrow
stroma, skeletal muscle, smooth muscle, cardiac muscle, ocular, endothelial, epithelial,
hepatic, pancreatic, hematopoietic, glial, neuronal, and oligodendrocyte cell type.

79. A method for identifying an agent that is a differentiation factor, the method
comprising:

(a) contacting cells with a desired agent, wherein the cells are not embryonic stem
cells, embryonic germ cells, or germ cells, can differentiate into cell types of at least two of
the endodermal, ectodermal, and mesodermal embryonic lineages, and are obtained from
placenta or umbilical cord blood; and

(b)  determining whether the agent of step (a) affects differentiation into a desired
differentiated progeny, where affecting differentiation indicates an agent that is a
differentiation factor.

80.  The method of claim 79 wherein the cells express telomerase.

81.  The method of claim 79 or 80 wherein the cells express Oct 3/4.

82. A method for identifying an agent that is a differentiation factor, the method
comprising:

(a) contacting cells with a desired agent, wherein the cells are not embryonic stem
cells, embryonic germ cells, or germ cells, wherein the cells express telomerase and can
differentiate into at least one cell type of each of the endodermal, ectodermal and
mesodermal embryonic lineages, and wherein the cells are obtained from placenta or
umbilical cord blood; and

(b)  determining whether the agent of step (a) affects differentiation into a desired
differentiated progeny, where affecting differentiation indicates an agent that is a
differentiation factor.

83. A method for identifying an agent that is a differentiation factor, the method
comprising:

(a) contacting cells with a desired agent, wherein the cells are not embryonic stem
cells, embryonic germ cells, or germ cells, wherein the cells express Oct 3/4 and can

differentiate into at least one cell type of each of the endodermal, ectodermal and
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mesodermal embryonic lineages, and wherein the cells are obtained from placenta or
umbilical cord blood; and

(b)  determining whether the agent of step (a) affects differentiation into a desired
differentiated progeny, where affecting differentiation indicates an agent that is a
differentiation factor.

84.  The population of cells of any one of claims 1 to 10, cultured at a density of
greater than 8000 cells/cm?.

85.  An enriched cell culture produced according to the method of any one of
claims 25 to 29.

86. A cell population prepared according to the method of any one of claims 30 to
50.

87. A pharmaceutical composition made according to the method of any one of
claims 51 to 55.

88. A cell culture composition produced according to the method of any one of
claims 56 to 60.

89.  An isolated cell population, wherein the cells of the population are not
embryonic stem cells, embryonic germ cells, or germ cells, can differentiate into cell types of
at least two of the endodermal, ectodermal, and mesodermal embryonic lineages substantially
as hereinbefore described with reference to any one of the examples, and are obtained from
placenta or umbilical cord blood.

90.  An isolated cell population, wherein the cells of the population are not
embryonic stem cells, embryonic germ cells, or germ cells, wherein the cells express
telomerase and can differentiate into at least one cell type of each of the endodermal,
ectodermal and mesodermal embryonic lineages substantially as hereinbefore described with
reference to any one of the examples, and wherein the cells are obtained from placenta or
umbilical cord blood.

91.  An isolated cell population, wherein the cells of the population are not
embryonic stem cells, embryonic germ cells, or germ cells, wherein the cells express Oct 3/4
and can differentiate into at least one cell type of each of the endodermal, ectodermal and
mesodermal embryonic lineages substantially as hereinbefore described with reference to any
one of the examples, and wherein the cells are obtained from placenta or umbilical cord
blood.



