WD 2012/ 027474PCT/ US2011/ 048972 NON- STATI C SUSPENSI ON CULTURE OF CELL
AGGREGATES FI ELD OF THE | NVENTI ON [ 0001] The invention is directed to cell
cul ture ocwoporymi4gnas conprising a high concentration of pcelUsS2aigmusdgat es and
met hods for making the high concentration of cell aggregates. The
aggregates may conprise stemcell cells. Stemcells may include cells that
are not enbryonic stemcells, germcells, or enbryonic germcells, and that
express one or MNONSTATKESESPENSIQN CROIEREOF UELICAGIGREGATHSf f erenti ate
into cell types of at |east two of ectodernal, endodermal, and nesoder nal
enbryoni c germ |l ayers. BACKGROUND OF THE | NVENTI ON Stem Cel | Large Scal e
Culture [0002] Wth the growing potential of stemcells for applications in
cellular therapy and drug toxicity screening, there is an increasing need
for thdTdeRiQynl8f INGBNIBIONoi opr ocesses for their scal abl e expansi on and
differentiation. Thus, to neet the clinical need of ~109-1010 cells per
treat mqpdor) Di-GeALh &a&{lreeft@d | Q1 KRB ichN e @A Ofio Ohclicalich B Few
liters wou e needed Suspensi on cul ture used i n the
expansicoh aggrekais fahé methpilator arkiog thahich éor&nmraharrrafwwélrﬂggv@msc Bheeagersedtts
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al . 2007; Caneron et al et al
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2009; 7 t em
cells, %eéﬁlltﬁgqﬁto%lg? o é??tcﬂ:ass% e‘%ﬁ) gfuf% d?%%ag(r)ﬁ%tﬁ Jé)dr%gaé %sd Cd(-lésga%lﬁala (%J)
neural stelwyeel |s (Gl bertson et al. 2006) and nesenchymal stem ceI | s
(MsCs) (Frauenschuh et al. 2007; Yu et al. 2009) in suspension. Most

st udi eSBA@K@kMUN% (qu;ﬁEhgy,quiéﬁer been with cells seeded on microcarriers
(Frauenschuh et al. 2007) or enbedded within 3D polyneric scaffolds (Zhao
and Ma 2005). In a recent study, the culture of MSCs as nulti-cellular

t hr ee- di nensi onal (3D) aggr egdée&cihbaregdeie{cstluey ed as anot her node for
culture in suspension (Frith et aI 2009) Aside fromthe benefit of

| ar ge- g0602¢ owlth 1Ry UGl SitenkiM 8 SiBhNRRY & UlpblidaBosyt @Milat BRFPy iaBd drug
i ncreasing evidence of a significantly better recapitulation o%’ the in-vivo

phenot YPEIEATeBRIBE e 1an iReEIAS Becqlrfordhy designey aphugd RNORERFCToF 1OF e 55 Rl

t wo- di neRpskionahd (@redi@fe]. aas, ©UhddiiR: BRfid0GSed dhi-$0°119"t RAUGEL vtombe, due
to di fferences in cell-cell and cell-matrix_ interacti ons cell shape,

spati al lﬁ?aémr%‘ﬁt“?rk“[‘?e‘é%‘i‘% ip e gmes e WAL ¢ frvdisre WaWd bpPsded n expr essi on.
Thus, the potential applications of these 3D systens al so extend to

devel O[0003]  [HuopERTe éutiuredas bich IMRISH QieGAPAkidS adN@faSni@tibMofhilniie af®deharf OF
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ryonic stem cel 1vating them as aggregates or on microcarriers ranches et al.

2007; Cameron et al. 2006; Cormier et al. 2006; Dang et al. 2004; Fok and Zandstra 2005; Krawetz et
al. 2009; Lock and Tzanakakis 2009; Oh et al. 2009; zur Nieden et al. 2007). It is also possible to
culture adult stem cells, such as hematopoietic stem and progenitor cells (Li et al. 2006), neural stem
cells (Gilbertson et al. 2006) and mesenchymal stem cells (MSCs) (Frauenschuh et al. 2007; Yu et al.
2009) in suspension. Most studies involving MSCs have either been with cells seeded on
microcarriers (Frauenschuh et al. 2007) or embedded within 3D polymeric scaffolds (Zhao and Ma
2005). In a recent study, the culture of MSCs as multi-cellular three-dimensional (3D) aggregates was
demonstrated as another mode for culture in suspension (Frith et al. 2009). Aside from the benefit of
large-scale cell production in a spinner culture system, there is increasing evidence of a significantly
better recapitulation of the in-vivo phenotype and biological response in 3D aggregates than in
traditional two-dimensional (2D) monolayer culture methods. This is thought to be due to differences
in cell-cell and cell-matrix interactions, cell shape, spatial gradients, leading to differences in gene and
protein expression. Thus, the potential applications of these 3D systems also extend to developing

‘biomemetic’ 3D tissues/organoids and as a in-vitro model for studying differentiation, organogenesis,



m gration, tunor biology, and in high-throughput drug screening (Giffith
and Swartz 2006; Keller et al. 2006; Liu et al. 2009; Ong et al. 2009;
Panpal oniwet2oe027€@07; Yamada and Cuki erman 2007). SUVMRRY/USBOTTIOHEBOTNVENTI ON
[0004] The inventors have discovered that stemcell aggregates, even if
formed in static culture ontinue to incre ther
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t hat thESBOQan&mngm@g@nggaﬁeﬂmnamnpmmﬁumeOUn&ghﬁmauﬂdekwhhaSEmnpndrt|ons
shows that growth in non-static cell culture is not disruptive to cellular

prolrfeﬁﬁh %ﬁﬁQQT%PQWV%N%ﬁa&he cells as aggregates. The fact that this can

be done now a he 'production of high density stemcell cultures, such
as are practical and desirable for clinical applications. Accordingly,
enbodi rf@@ﬁ4$ Offhe itventpry\havit dimnvdrfrthhéude;n dollbggmegrtenaiver iif firtedlintsayic timse chel ow.
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aggregates ean gro an aver ag about I n each
aggregah@mwmmhnmmuaueuG@@mmHXMﬂUMnMDﬁﬂehwr of about | mm [0008] In one
enbodi nent the aggregates forned in the non-static culture range in size

froma 1 09] .yl
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I n oneIenh@drﬁﬂnmhmtM@mvmnmneﬂd$mMMemn@M$§Ka1ﬂmwdemrqﬂﬂmhpéoﬂahge@ from
about 10 m - 20000 L.

[0006] The high density cultures can be inoculated with aggregates formed from, e.g., embryoid
bodies. In these bodies, the maximum dimensions of the aggregates can be about 500 pm. The

maximum number of cells/aggregate can be about 25,000.

[0007] In the non-static cultures, the inoculated (initial) aggregates can grow up to an average

maximum of about 50,000 cells in each aggregate with an average maximum diameter of about 1mm.

[0008] In one embodiment the aggregates formed in the non-static culture range in size from about

10 pm — 1mm.

[0009] In one embodiment the density of cells in the non-static cell culture ranges from about 5x10*

— 108 cells/ml.

[0010] In one embodiment, the volume of the non-static cell culture ranges from about 10 ml —

20000 L.
[0011] In one embodiment, the non-static cell cultures are non-adherent.

[0012] Types of non-adherent cell cultures include, but are not limited to, laboratory spinner flasks,

shaker flasks and mixing tank bioreactors.

[0013] The invention further provides methods for making the above compositions. The methods
comprise inoculating aggregates into non-static cell culture conditions, and culture-expanding those
aggregates until they reach a desired size (number of cells) and the number of cells/ml is a desired

density.



[0011] In one enbodinent, the non-static cell cultures are non-adherent.
[0012] Types of non-adherent cell cultures include, but are not limted to,
| abor at orwopizmes74f | asks, shaker flasks and m xi ng t aneChiuseEaousINs.

[ 0013] The invention further provi des net hods for making the above

conposi S. ods conpri.se |nocul i re into non-static
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desired den az ¥ WO 2012/ 027474PCT/ US2011/ 048972 [0014] Accordingly, the
i nvent i%68 “$%° r¥&ted to a nethod for making a cell culture conposition by
i ntroduci ng aggregates of cells into non-static cell culture in which the
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aggr egate W th & ]i§ ng- average star Tt nLPn% lg S8 e N grow up
to aggrcégatsmsmodbravenam&eage nunber of ceI | s of 50,000 or even nore.
[0016] Accordingly, the highest range would be around 5,000X. In this case,
starti th an of about cells av, and i ncr. aS| ng to
an aggr[gg e oﬁpordg%g't ﬁ%(a)h%& tran l%E\geaa\r/oélrn ggsé BX 15" tﬁgd% Starrtlc ea%e
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range of fold increases up to about 50 fold (i.e., about 50,000 cells per aggregate), such as 10X to

15X, 15X to 20X, 20X to 25X, 25X to 30X, 30X to 35X, 35X to 40X, 40X to 45X, 45X to 50X, and
higher.

[0018] In one embodiment the aggregates formed in the non-static culture range in size from 10

um- Imm.

[0019] In one embodiment the density of cells in the non-static cell culture ranges from 5x10* — 10°

cells/ml.
[0020] In one embodiment, the volume of the non-static cell culture ranges from 10 ml — 20000 L.

[0021] In one embodiment, the non-static cell cultures are non-adherent.



[ 0019] In one enbodi nent the density of cells in the non-static cel
culture ranges from 5x104 - 108 cells/m . [0020] In one enbodi nent, the
vol une ofwoheixam7st atic cell culture ranges from 10 m PCT/ZISO@]@/OILSW@ 0021]
In one enbodi nent, the non-static cell cultures are non-adherent.

2012/ 0 4PCT/ US 011/ 8972 [0022]. T of no adherent cel | cult

2 P ST LRy g Bt b £ GovaSSuy Wﬁ@?q‘ﬁ ask,
shaker spinaskrslarithken aklagind aikndiatl @aeicsrs. [ 0023] The net hods furt her

i ncl ude maki ng a pharmaceutical conposition by adm xing a

phar ma 'c accep Iecrrler W t at es uced.i.n

ot hoad by o ! BRSHR MR 4f Rl Trits 1orh e RHT RPRiEePY <uife et r om
aggr egaﬂlmaoéutlcﬂlyta:ecdp;abkélcsmggwﬂgme ag@egahepmg@eégahemetpodmbo:@d in the

nmet hods above. [0025] The nethods further include making a cell culture

corrpos:ﬁ) Af b% mEt([}OchI“ {tﬁgf mcgao Sakgulgeﬂreeglg%?n]?hgell ger ﬁg frglmthe

aggr egat es” produce above TUr t
i ncl udengprekiting the apgregana pediicedan the orpodd 4bovn by adm xi ng a
pharmaceutical |l y-acceptable carrier with cells derived fromthe aggregates

pr Oduc%ﬁOiST t"ﬁl% ng?htolag Hl?th&l?IQCYL%E making a cell culture composition by introducing, into a culture

medium, cells derived from the aggregates produced in the methods above.

[0026] The methods further include making a pharmaceutical composition by admixing a
pharmaceutically-acceptable carrier with cells derived from the aggregates produced in the methods

above.

[0027] The methods further include making a differentiated cell by exposing the aggregates

produced in the methods above to conditions producing the differentiated cell.

[0028] The methods further include making a pharmaceutical composition by admixing a
pharmaceutically-acceptable carrier with a differentiated cell produced by exposing the aggregates

produced in the methods above to conditions producing the differentiated cell.

[0029] The methods further include making a differentiated cell by exposing a cell derived by dis-
aggregating the aggregates produced in the methods above to conditions producing the differentiated

cell.

[0030] The invention further provides a method for making a pharmaceutical composition by
admixing a differentiated cell with a pharmaceutically-acceptable carrier, the cell having been
produced by exposing cells derived by dis-aggregating the aggregates produced in the methods above

to conditions producing the differentiated cell.

[0031] The methods further include administering to a subject aggregates produced in the methods

above.

[0032] The methods further include administering to a subject a pharmaceutical composition

comprising a pharmaceutically-acceptable carrier and aggregates produced in the methods above.

[0033] The methods further include administering to a subject cells derived by dis-aggregating the

aggregates produced in the methods above.



[0027] The nmethods further include nmaking a differentiated cell by exposing
t he aggregates produced in the nethods above to conditions producing the

di f f er entweatzett/eed7h. [ 0028] The net hods further includePoaRiSngg1m48972
pharmaceutical conposition by adm' xi ng a phar maceuti cal |l y-accept abl e

carrier_w th di f tjate roduced b 05| ng t ates
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cell. [O0PSding: anhaﬂfﬁﬁdamdﬁui-htrcbﬂnwle tdﬂﬁérlﬁd&cﬂﬁlﬂbﬂﬂ@d&yd}hsf-afg@ﬂ‘egﬂtngaﬂi&}@gﬁ:gzltés by
exposi n cel |, derived by disaggregating the aggregates produced in the
met hodﬁ%‘@fﬁflemfhg n&eél?‘i)élf%? 3%5 producing the differentiated cell. [0030] The

i nvention further provides a nethod for naking a pharmaceutical conposition
by adm[803%3 arhdi rfleftlm’de nimﬁmt mdlude ladiministehing t@hanbyec aulifferalhtia;edamn epidalddeby

carri er, t he havi ng n, r oduce posi.ng cel

di s- aggrBYH |tﬁ FEUS é)r eﬁ%tet S50 B ﬁccgaa%xv { Condltlg’hs g ucglé%e %ﬁg@{:@g%ée 4ions
roducicafy t he d| fferentl ated cell. [0031] The nethods further include
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adm nistering to a subject aggregates produced in the nethods above. [0032]

The ITE'[[ %i f"let h&l:lods nf%rtHer 1n8dcqn nc'i S}nes{e 1 tot Q s% egtblrl Cflarmac urtllggl MRS %851 10CnaI
conposi conprising Fnaceut cal p{ abl'd'carrier andraggregat es
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met hodshﬂfeuerttllaedccvlhcl ude adm nisteri ng to a subject a phar maceut i cal
conposition conprising a pharmaceutically-acceptable carrier and cells
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exposing cells derived by dis-aggregating the aggregates produced in the methods above to conditions

producing the differentiated cell.

[0038] The methods further include administering to a subject a pharmaceutical composition
comprising a pharmaceutically-acceptable carrier and a differentiated cell, the differentiated cell
produced by exposing cells derived by dis-aggregating the aggregates produced in the methods above

to conditions producing the differentiated cell.

[0039] The methods further include identifying an active agent by contacting the aggregates

produced in the methods above with an agent and detecting the effect of the agent on the cells in the

aggregates.

[0040] The invention further provides a method of identifying an active agent by contacting cells
derived by dis-aggregating the aggregates produced in the methods above with an agent and detecting

the effect of the agent on the cells derived from the aggregates.

[0041] The methods further include a method of treating a disorder in a subject in need of treatment

by administering a therapeutically effective amount of the aggregates produced in the methods above.

[0042] The methods further include a method of treating a disorder in a subject in need of treatment
by administering a therapeutically effective amount of a pharmaceutical composition comprising a

pharmaceutically-acceptable carrier and the aggregates produced in the methods above.

[0043] The methods further include a method of treating a disorder in a subject in need of treatment
by administering a therapeutically effective amount of cells derived by dis-aggregating the aggregates

produced in the methods above.



[ 0035] The nethods further include adm nistering to a subject a
differentiated cell produced by exposing the aggregates produced in the
nmet hods awowvei12m747endi ti ons produci ng the differentiat e@dCtaisko11/o@d36] The
met hods further include adninistering to a subject a pharnaceutical

conposi rrprl si.n ti.c tahle carrier
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di s- agghegahoddgbéae aggr egat es produced in the nethods above to conditions
produci ng the differenti at ed cell. [0038] The nethods further i ncl ude
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active agent by contacting the aggregates pr oduced in the nethods above
Wi t h arl0@dentThandetbiet otthon gndiive en‘ fnettbbd of utligagentrdanint neuljet lis newl vhe

aggr eg%e%t%nenl 904agllnn1srt]eer nI ny etr;a{p(e)u cal HGCUV ro%{ln a rlrlgrtmg&d tl(ga]tcl éodegétltlony I'ng
an active agen contactin Iasy defived y di's® ggr ega atrng the
aggr egavegripnod umemhapemtltzhbr anmphlbkdscaabao\aed \m dlﬁeralmatﬁgemtl amrddrﬂkteeuatwdw ¢l he

effect of,th gent. o t he c lls m t h 041], The
ot noad kTl St Bl A8Efi BoRey Ehe hAMA dReBNLPRTLSR rorlifiins
need ofdiffereaiarentll. by adm ni stering a ther apeutl cally effectl ve anount of

t he aggregates produced in the nethods above. [0042] The nethods further
i ncl qu @4 Tgtﬂg%eﬁiodifuﬁﬁér upoguc@ ql;leﬁ%la [reattlﬂ gdi%&lalarqﬁ Et l%lﬂqecpﬁl gecptgf t;egt%hmant

by admnistering a therapeutically ef ective amount har maceut'| cal
conposityiadmingstaripe iaghergpedicplivasifracewnioval df y dfbrapttedéadl m@dumdéqy fan@lrtgmlls
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i nclude a ne at i in a ect 1 n nee at ment
by admdiifaengiaiedgelh t her apeutically effective am)unt of cells deri ved by
di s-aggregati ng the aggregates produced in the nethods above. WO

2012/ 0%6614%11 PGfT{e %ﬁ%@i&fuﬁﬂé%&ude a method of treating a disorder in a subject in need of treatment

by administering a therapeutically effective amount of a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and a differentiated cell produced by exposing cells derived by
dis-aggregating the aggregates produced in the methods above to conditions producing the

differentiated cell.

[0049] According to the statements above, the aggregate of cells may comprise cells that 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/or express one or more

pluripotency markers.

[0050] The cells to which the invention is directed may express pluripotency markers, such as oct4.
They may also express markers associated with extended replicative capacity, such as telomerase.
Other characteristics of pluripotency can include the ability to differentiate into cell types of more
than one germ layer, such as two or three of ectodermal, endodermal, and mesodermal embryonic
germ layers. Such cells may or may not be immortalized or transformed in culture. The cells may be
highly expanded without being transformed and also maintain a normal karyotype. For example, in
one embodiment, the non-embryonic stem, non-germ cells may have undergone at least 10-40 cell

doublings in culture, such as 50, 60, or more, wherein the cells are not transformed and have a normal

6



[ 0044] The nethods further include a nethod of treating a disorder in a
subject in need of treatnent by admnistering a therapeutically effective
anount ofwe 2pteammeéeut i cal conposition conprised of a PCT/US2011/048972
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t he aggregat es uced in the nethods abov 0045]. The t.hod her
ol oddugoRernah S ERL siTortrte arsar ey SRt lopleath thioRaBd oo mont
by adnkhkﬁ&ﬁﬁln@damkb@ﬁ@memmmg@mdyne@&emkﬁﬂﬁyammumtmﬁ@eﬁndbﬂﬁmbemtmﬁ%ed

cel | XpOsi the a at es duced in t t hods bove to
condi ¢RI du G Th B prr e e B R R L B o e PPther
|ncIudemanmﬁgaﬁdaﬁdnh{@ﬁﬁﬂmgmawam&ﬁmﬁenmmnnauauhueﬁmybmmmﬁeds@ﬂwybﬁﬁmmnnt
by adm nistering a th eutlc effe Ve anmou har maceuti ca

o mosi Db TEb e 1o FREsp Bk alfe Fary B iTHBe e, PR diRRgh o

di ff er etlilabedimcdd drr. sai d differentiated cell produced by exposing the
aggregates produced in the nethods above to conditions produci ng the

differ ceI 0047 tho urthe e a nmethod of
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exposi Mol |1s Hdaﬁe@expab(geddios-eaggmegateinnguon benmagtjs.abatdls hpviog uodeczonn at he
et hodSBEAY A9, AENTRL LR ARNELOR ADFALLLSAEN gh SdfelLy LORARN, The
need ofnotma&tnyempe. by adm nistering a therapeutlcally effective anount of a
phar maceuti cal conposition conprising a pharnmaceutical |l y-acceptable carrier
a.nd a 3b6§3 I’ ej"t”fh%tn%ﬁl eI?lgll l)nlp Et%”x?o%d %ﬁpo(?%laﬁgvectﬁeltl dlgF g}is)}[e%go&tyor more,of

di s- aggr ting the a gyegates pro duce ve to conditions
pr oducitegmerae. Gﬁﬂfewénbmﬁxéd cell. [0049] According to the statenents
above, the aggregate of cells may conprise cells that are not enbryonic
stemc I o]
el 1 o IR G RB S on B TLEF b AT LERER LG
enbr yorving cl] thipcagf@sleash iy @rthee%é@@gsalmq@d@‘rnahﬁm@nvpdﬁrmpm@m@ywmp#@ear s. [0050]
The cells to which the invention is directed may express pluripotency

mar ker 00534y aghe Q6h 4mbrlBRY s@RY A %@m %&chﬁ%sab%rtkﬁ rf§rth"é§ SQFds@bRbr Whdrdlof
extended replicative capacity, such as telonerase. O her characteristics of
pl ur i potlemeyscesn-li it ludesotRe ability to differentiate into cell types of
nore than one germ |l ayer, such as two or three of ectodernal, endodernal,
and nmegoekel me. EHEHoN QRibEy SR snl, AYLESM SUE Bf §8bdve RV DUl RN OBt PR Teast
immortalized or transformed in culture. The cells may be hi ghly expanded

wi t houtonp&fihgPe ¢ &Adrad Mewadodianahicsodsran ntad HesadBrl FRIPTIRBIC yBtagpe.  For
exanpl e, in one enbodi nent, the non-enbryonic stem non-germcells nay have
under gques7Rt d. eRstnod-OmAGoie biemdRUDIHAGSIS o SEHbIURR, furBlE BpRSs 58 orGRre OF

nore, wherein the cells are not transfornmed and have a normal WO

2012/ 0292THEETINS2X 1 048572 karyotype. The cells may differentiate into at
| east one cell type of each of two of the endodermal, ectodermal, and
mesoder[ouss] enbr KalRicE ckpaR@AGRS- eﬁlﬁ@oﬂia)étehﬂ aburgemdicll§ ernemt ioblained by bllarabt
three. Further, the cells ma gl t unori geni c, %@ ?ﬁ ? prodFC|ng

t er at orfRE CMPEYORig| PU-EF1R il vBie tdrsPreginiast A el feublisesga it e to
use t heefedi the Bl Steaidt tr;&igfz)hn&ﬁinhaammobﬁalqimsapb@d so they cannot form
tunors in vivo, as by treatnment that prevents cell proliferation into
tunors. [O&Lé(j:h ! rﬁletnrg% I’é’%n ry%gn% s\tl\el?nI lnorll( geor\rll\lﬂcehs 0} J}]gbo%lé tthat express one or more of oct4,

telomerase, rex-1, rox-1, or sox-2.

[0060] 9. The non-embryonic stem, non-germ cells of 7 above that can differentiate into at least

one cell type of at least two of the endodermal, ectodermal, and mesodermal embryonic lineages.

[0061] 10. The non-embryonic stem, non-germ cells of 9 above that express one or more of oct4,

telomerase, rex-1, rox-1, or sox-2.



[0051] Cells include, but are not limted to, the foll ow ng nunbered

enbodi nents: [0052] 1. I|sol ated expanded non-enbryonic stem non-germ
cells, thwoceldm741avi ng undergone at | east 10-40 cell deablisags/ousy7zul ture,
wherein the cells express oct4, are not transforned, and have a nornal

karyoty 5 2. The nan-enbryonic e germ ove t hat
furt nedB82br ade 1m0 IRES SF e Poan S0k o rabSE HHGH it it 1054
3. The daepeleps yf@nihcof steemiodain getodarmel, hikl rﬁsfsodenﬁlﬂ@\tﬁrybhﬁﬂmﬁa’gﬂs.dl fferentiate
into at |east one cell type of at least two of the endodermal, ectodernal,
and ne oni.c |ineages. non- enbr yoni ¢ st

non- geiﬁ%ﬁj@i q‘gbg mbrﬁoﬁl%s P %rm “21}% Ofr lels-sli’ e SEPidT B S mf)elogrrn%et?tase
rex-1, telomermse,mx IsoOX- 120rsb@(256] 5. The non- errbryonl c stem non-germcells of
3 above that can differentiate into at | east one cell type of each of the
endoderyal t mes Qg nbry i hea 0 The
non- en‘ero?n c%s? %%té%% and@?ﬁ? r%:% gom St%‘%alb geI{ g gﬁsha“;l %Je]é‘%og%ﬁte or
nor e ofleasel éecddis®ublingx ﬂiLqulnumtx whereiprths oells Expr{:ﬁ %&herise drg mbiatraeldfoenqdaﬂldied

non- enr, eoglrlloc%mglkar L /AoN- germcells that are obtained by culture of
non- enbryon , Jgrmtl ssue, the cells having undergone at |east 40 cell

doublings in culture wherein the cells are not transfornmed and have a
nor mal [R@GSYyotlypdhe El@@&@l}ry@ﬂic Tire, moregeanbell @hil ¢ algive that Auwthergaprysscak [os mofe 7

above that 8X%P1 €38 108005, More of oct4, telonerase, rex-1, rox-1, or sox-2.
[ 0060] g t%”ne non- encgr(;)/onl c stem non-germcells of 7 above t hat can

differentiate into at |east one cell type of at l|east two of the
endoderlf@fi6] €ét dbenpmémbragnic sies.owerzam cadlybf Ybatiore thatrangdtsrentiate into at least

one cell type of at least two of the endodermal, ectodermal, and mesodermal embryonic lineages.

[0067] 16. The non-embryonic stem, non-germ cells of 15 above that further express one or more

of oct4, rex-1, rox-1, or sox-2.

[0068] 17. The non-embryonic stem, non-germ cells of 15 above that can differentiate into at least

one cell type of each of the endodermal, ectodermal, and mesodermal embryonic lincages.

[0069] 18. The non-embryonic stem, non-germ cells of 17 above that further express one or more

of oct4, rex-1, rox-1, or sox-2.

[0070] 19. Isolated expanded non-embryonic stem, non-germ cells that can differentiate into at
least one cell type of at least two of the endodermal, ectodermal, and mesodermal embryonic lineages,

said cells having undergone at least 10-40 cell doublings in culture.

[0071] 20. The non-embryonic stem, non-germ cells of 19 above that express one or more of oct4,

telomerase, rex-1, rox-1, or sox-2.

[0072] 21. The non-embryonic stem, non-germ cells of 19 above that can differentiate into at least

one cell type of each of the endodermal, ectodermal, and mesodermal embryonic lincages.

[0073] 22. The non-embryonic stem, non-germ cells of 21 above that express one or more of oct4,

telomerase, rex-1, rox-1, or sox-2.

[0074] The cells described above can be prepared from any desirable tissue source, including, but

not limited to, bone marrow, umbilical cord blood, umbilical cord matrix, peripheral blood, placenta,



[0061] 10. The non-enbryonic stem non-germcells of 9 above that express
one or nore of oct4, telonerase, rex-1, rox-1, or sox-2. WO

2012/ 0274V0RCID/I2B2@11/ 048972 [ 0062] 11. The non- enbr yoniPCTAIS2OM1/0889M2 ger m
cells of 9 above that can differentiate into at | east one cell type of each

f th d , d o 0063
o T AR, a8 O R h TR0 P Bieert ] LS e oS ae 80800 o

nor e ofexaeted fluidelsanek ase; and@endruar@dedl, or sox-2. [0064] 13. Isol ated
expanded non- enbryonic stem non-germcells, the cells having undergone at

| east el | ull i ure the cells express
t ot onerQUET 5 ah S RE s R SRS Karvorype. [0065] 14.

The non- enbryonlc stem non- gern1ce||s of 13 above that further express one
or nor §00%6] o4, lnemeimbmbmamﬁh@cdsduﬂzzg@@@ﬁﬁpmnﬁmsHh@wﬂdmmembmqupﬁ:stem

hon- ger mr%gs 0n§01im?re%fgc?§}¥%elgmgrt seclaen dj ffler %(%"FAé E | east one cell

type of At t’hé endode nﬁ er mal nesodermm
enbryoni c |ineages. [0067] 16. The non- enbryonlc sten1 non-germ cells of 15
above ﬂﬂ@ﬁifuﬁnhdnce«pmbs@mumeh@pdhdn@waﬁgwgmdamieimIkﬁw@ikmlmomggngmﬁ

[ 0068] C%X dlffyz:ﬁtleﬁ'g irﬁt }égwt)fcall%lrlrg%f tF Oe%}l;c/lgcg:'f lce% od rm%I a&tﬁm@&%&l EJ}I?DH‘YO%?Cn

differentrate in one cel eac e endoder ma
ect oderlmadges.and nesodernal enbryoni c | i neages.

[0078] 41. In one embodiment, the differentiated cell, produced by differentiating the aggregate

or cells derived from the aggregate, expresses an endodermal differentiation marker.

[0079] 42. In one embodiment, the differentiated cell, produced by differentiating the aggregate

or cells derived from the aggregate, expresses an ectodermal differentiation marker.

[0080] 43. In one embodiment, the differentiated cell, produced by differentiating the aggregate

or cells derived from the aggregate, expresses a mesodermal differentiation marker.

[0081] 44. In one embodiment, the differentiated cell phenotype, produced by differentiating the
aggregate or cells derived from the aggregate, is characteristic of cells selected from the group

consisting of hepatocytes, beta islet cells, and neurons.

[0082] 45. Inone embodiment, the aggregates are about 100 um — 800 um and are at a density in
culture of 10°- 10° cells/ml.

[0083] 46. The invention further provides the compositions herein, wherein starting cells are

aggregated by the hanging drop method or forced aggregation method.

[0084] 47. The invention further provides the methods herein, wherein the disorder is a liver
disease or disorder, GVHD, myocardial infarction, congestive heart failure, diabetes, hematopoietic

transplant, traumatic brain injury, spinal cord injury or stroke.

[0085] 48. The invention further provides the methods herein, wherein the disorder involves
damaged tissue and the tissue is one or more of cardiac, neuronal, ocular, cartilage, bone, skeletal
muscle, smooth muscle, bone marrow, spleen, liver, lung, brain, immune system, connective, blood

vessel, pancreas, CNS, PNS and kidney tissue.



[ 0069] 18. The non-enbryonic stem non-germcells of 17 above that further
express one or nore of oct4, rex-1, rox-1, or sox-2. [0070] 19. Isolated
expanded worreemar4gieni ¢ stem non-germcells that can di PCensnelilage7t nt o at
| east one cell type of at least two of the endodernal ect odermal, and

d ' d I t | t 10-40
e Sl 8 T b BRSSO SRS 10

cells oﬁffelaqtiameaﬁah@t a@N@T &FBesONe (pl’urlmélﬁzyOfnalﬂléﬂs Ae.gt, edson@edagieyvey eK-ite,
rox-1, or s [0072] 21. The non-enbryonic stem non-germcells of 19
above tRELS %ngﬁfferentiate into at | east one cell type of each of the
endodermal , ectodernal, and nesodernmal enbryonic |ineages. [0073] 22. The
non- e MBRIGAIDESSREMMIONADE GHE MEGERES of 21 above that express one or nore of
oct4, telonerase, rex-1, rox- 1 or sox-2. [0074] The cells described above

can be ared fromany desirab S urce,
i m teO[H@g%P bo%lure 1 s@o%WXheu rT%ng n[g Ar?p é%el’ Hef|0§ ?odm?nl-% n%ﬁgregatg frgglr Eilp%%l?@s in
peri phen(aiolabérdéﬁ) c@dumn B@seqﬁ@mtzmﬁt@é@@fiew ARCT AUISRRL &f @g&@ma fqzrhat:@nh alhe

bl ood, muscl g, brain, ey d ot her solid organs. The
i hd 3 | & il
der ved He Bhtorcpahbncr piigéne SO pRhER e BB AP RO UGS 1
one enbwaihrent plate e d(f@kdnsatamen derdspaading rdtfferdmuarmn mhddgs Ulthe right panel illustrates
the morphology of the cells in 2D monolayer, undifferentiated cell aggregates, and then differentiated

cell aggregates.

[0088] Figure 2 shows aggregates formed from rat MAPC under different media conditions. Under
optimum MAPC media conditions, the aggregates grow up into spherical clusters with well defined
boundary. Withdrawal of LIF from MAPC media induces formation of aggregates with irregular
boundary corresponding to early signs of differentiation. In differentiation basal media, the cell

aggregates are much smaller due to non-optimal growth conditions.

[0089] Figure 3 shows the percentage of cells expressing oct3/4 (transcription factor associated
with the undifferentiated status of MAPCs). Out of the 76% of cells that expressed oct3/4 in 2D
monolayer, 70% still retained the expression of oct3/4 in the MAPC aggregates when they were
formed in MAPC media and 5% oxygen. Other conditions were different media compositions: -
MAPC media without LIF, differentiation basal media, and choice of oxygen levels — 5% (hypoxic) or

21% (normoxic).

[0090] Figure 4 shows a QRT-PCR comparison of expression of several undifferentiated and
differentiated markers in MAPC 2D and 3D cultures formed by the hanging drop method and forced
aggregation method. The expression of oct3/4 and GATAG are both comparable between 2D MAPCs
and 3D MAPC aggregates irrespective of the method of formation. There is little expression of early
endoderm markers HNF3b and Goosecoid (Gsc) and no expression of mature endoderm markers like
AFP, albumin, Alpha-1-Antitrypsin (AAT) and Tyrosine amino transferase (TAT) in 3D MAPC
aggregates similar to MAPCs 2D.

[0091] Figure 5 shows low oct3/4 MAPC aggregates formed from low oct3/4 MAPCs in 2D culture
in MAPC medium and 5% oxygen in 7 days. Upon spontaneous differentiation in differentiation
basal media and 21% oxygen, aggregates differentiated to cells that appeared like adipocytes and
fibroblasts by morphology.
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[0076] 39. In one enbodinent, the cells in the aggregate and cells derived
fromthe aggregate express one or nore of oct3/4, telonerase, rex-1, rox-1,
nanog, GAVO@omvd74ex-2. [0077] 40. In one enbodi ment, treTasko13/048972 he
aggregate and cells derived fromthe aggregate can differentiate into cel

| heaodto odsarS § R Man e BT Tetee SR Py BR 1T i TRt dbced

by di f feesiedtiskads iin yIANE madgigmeaatse: o;rygerel Tise ﬂeﬂph(vtegy M@m m’eeylﬁ@g begmmj,s
expresses an englon?r rT(?I different| ton rrarg L %‘11 d
enbodi meRt 5’ HEEiY 8 eé%(t“?ga?"é’ansboéll ustgied By RGBS P EW‘?eétWI dl‘P%én

aggr egat@inake e@tdssorderMued niailam ctolrﬁsé4 agoGAYAb a;, paRpE wmslmd@@sts@gt@r (92:),
differ t|o mar k 0080 I n, one enbadi nent, the diff ntlated
cel 1 " IR aflrutMBR R ittt RoMATE S S8R crm e B Gt PO ¢ ne
aggr eg&txﬁr,essempjfeﬁgﬁﬁffﬁeﬂiﬁ&ddefh’éw likdiGober&a{Ga) oroBrachtkeBry) bDhldxpdsionl N one
enbodi t he di fferq(g ted cell @%Egtotype produced by differentiating

t he aggoﬁgﬁéet%a%ﬁﬁ meaghefsdt efamPfPtttﬂ aggregate, is characteristic of

cells selected fromthe gr oup consi sting of hepatocytes, beta islet cells,
and neupesds. Iif82] shbws Ispoaeownhedi-image diffecraiggome gat EBXP&} aggb@w‘s 00 um

- 800 re, at a enS| n cuIt re of, 1 8 ce 0
The | myBeT O PUPENeRo BRI it o BT E SI-REr ek SUR P Rar b ng

cells adiﬁeraglgﬁ@gatdedcr@ye iﬂ’l@(pfﬁ@:ﬁ@l ofgmakep ofrent: hiode gerrmf leyatede apgredaNesun,
net hod. E‘%g ec£t107d' rm) Mg\ﬁﬁm ermgl;&% erbow S the nmet hods herein,

wher ei n ’Sord a I|v dis8ase or |sorrc11der me’a\/HD myocar di aI

i nfarction, congestive heart fal | ure, diabetes, hemat opoi etic transpl ant,
t r aumat[D@4br diigure § phomy chagitamiahticn@f NMARGj ageregaes @tngéliﬁ—PG;R).O%] 48. The
invention further provides the nethods herein, wherein the disorder

| nvol vag, 9@ t| I%geé E@%‘?es doftdﬁf‘er LiRRA 1'n§ IS Qﬁa t%@tof cardiac, neuronal,

ocul ar, one eleta rrusc snoot h 'nusc bone narrow,
spl een, I | ver, lung, brain, immune system connecti ve, bI ood vessel,

pancr e 5[9996D\|§,igtm\|g) dnds Riothhelpet pisiggregates after 21 days of differentiation (10 X).

[0097] Figure 11 shows directed differentiation to hepatocytes (A), endothelial cells (B), and
neural precursors (C), starting from rat MAPC lines R2old and 19 maintained undifferentiated in 2D

vs. 3D conditions.

[0098] Figure 12 shows aggregates retain MAPC phenotype. (a) Transcript level of pluripotency,
primitive endoderm and differentiation markers of surface cultured (o/m) and aggregates (Day 4, x/m)
of MAPC (Data of 2 lines are shown for each). (b) Flow cytometric measurement of Oct4 protein in
aggregates and surface cultured MAPC (negative isotype control and Oct4 antibody treated samples
are shown in both cases) (c¢) Transcript level of Oct4 (x) and AFP (m), and (d) Flow cytometric
measurement of Oct4 in aggregates formed in 21% oxygen or in differentiation inducing conditions

(negative isotype control and Oct4 antibody treated samples are shown in red and blue respectively).

[0099] Figure 13 shows characterization of MAPC aggregates. a) Morphology of MAPC
aggregates (Day 4), (scale bar 200 pm) (b) Change in aggregate size during the first 48 hr of
aggregate formation (c) Cell proliferation during aggregate formation €) TEM section of MAPC
aggregate (d) E-cadherin staining.

[00100] Figure 14 shows static culture of MAPC aggregates. Change of (a) Oct4 and (b) AFP
transcript levels in 16 day culture of (w/oO) aggregate culture; (A/A) aggregate in differentiation

medium. Black and white symbols represent the different MAPC lines (c), (d) Flow cytometric
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WO 2012/ 027474PCT/ US2011/ 048972 [0086] In the above statenents of the
invention, cells derived fromthe aggregate may retain the differentiation
capaci ty wodbroeswpr ess the pluri potency markers (e.g., pag/use@ti®adabove) of
the aggregated cells. BRI EF DESCRI PTION OF THE FI GURES [0087] Figure 1

ohoor ayissutapsh BEOEG IR MK Sl bR DT RPN B REAPC APl iy of

aggr egabsrdl ahdratti aftibody fréveedRampledge shoof in red MAPEuareheativang. 5% oxygen, cell
aggregates are transferred to the ultra-low attachnment plate for

differ n|n rrespondi n i ff rentlatlo el
illustr (%10?} t heHol ?‘88 ngt ﬁlfgrenl iom o 8 AR r?eg;‘?eedr I\/P-Al}ﬁcdrdf)%’ @Inta(r)at ed
cel | ag@amqmtelevelsanﬁ néthﬂnprdga‘nftar entkcat Sde ce’ledtmag’gxdegamesal {liB8Rjatibh gbir € 2

shows alqgr{ ﬁ%}qtl es) | rglegqelfla{l (%nm Glge?st F, lw P% E’ ;’m dl eerru%nm errlr(Foqle?alc erer;[tlla OOI’}IS :

Under opti ra con ggrvegat es grow up i nto spherical
cl ust er(s) \Mriﬂ@cml daxpdaefmmad b@am)dﬁe ymaﬂéérﬁ hdFB,vvaAllbmem LURTS rmm MAFI'@pzrrmjztea
|nduces ornati o f re Iar boyn n

early sfffé Aentigironyicy “f)) F“é%?f f“f)en N I\I',yI E% jf()f f‘“’ Fion © dlgsé fl‘g# eII

aggr egatifin@arae dwoeh fs path| weandiie=3 mffaemanpﬁsr) mal growth condr t i ons.
[ 0089] Figure 3 shoms the percentage of cells expressing oct3/4

(trans o] fac assom at.ed he nd| ff rentl ated . status.o
ey 0008l oFis RS 18LHBEF WAMHER ahel ol B SRE PSS SMS ol 7056
still rpedldéraeoh prhﬁlee(bpr’\/etsls ptain cdfMABCSdggregneﬁ HxmyMARC dggseipaiasl whePChey

ot o abpos| i e FindeTnEar At REDD AT iR bist Aapt S ey TG o,

and chaiige cﬁf)maiﬁy g@ﬁbufeﬂiéﬂﬂ & OCt‘El%Mhy@ Q¥drEoate@lat Bd %c( STapimaicalure [BYIPhndi gur e
shows a ar i ?on of xygr essi on Of‘iﬁ raI undi fferenti ated and

d| ff gr éﬂf?l%i‘foea]) r‘rﬁlrt%% Y ith (noRgsee heems' @ @ f)@f sy mplRe R AMYhg

drop mah hechnaMhefredpeaatclap@) egatdripnict@ tof ehatof NE n@MNREES Sk iocofe d@EIritidiand
GATA6 are both conparabl e between 2D MAPCs and 3D I\/APClg g gat es

i rr espdORFiys it Stf‘tffecuff’érf’ RBH S AroPb e Sh) e Ws DAY ¢ £ TE STPBRFIY
early end@der m markers HNF3b and Goosecoid (Gsc) and no expression of
mat ure endoderm markers |i ke AFP, al bum n, Al pha-1 Antitrypsi n (AAT) and

Tyr osi ] n erase C.aggr.egat es si ar .to PCs 2D.
il T B e R S A R R e e A A SR
MAPCs i(8): A\ utdliiggrepaie MARGe tm Ghireind gume MoOR(0ocY @edredare ik subpytBion Cpiatie.

spont aneous differentiation in differentiation basal rredi a and 21% oxygen,

aggr eg Q@[% ifferengiate cel. a ear ed I di pacy nd
fibr Obﬁ élfi by g'% rp %1 (f] .aB (t)ranscrlpt%ever| ft fll?rgﬁ) 1n In sur ce culture &f) MgﬁCg) cell
aggregate (3D MAPCs) and rat universal mRNA, and (b) growth of MAPCs on fibronectin or
aggregate culture conditioned medium (3D CM) or surface culture conditioned medium (2D CM)

coated plates or without coating.

[00105] Figure 19 shows replating of MAPC aggregates (A) transcript level of pluripotency and
differentiation markers in surface cultured (O), aggregates (Day 4, m) and replated surface culture of
aggregate derived cells (passage 2, m) of MAPCs, (B) morphology of surface cultured MAPCs, and
(C) morphology of replated surface culture of aggregate derived cells.

[00106] Figure 20 shows cell cycle distribution in surface culture of MAPCs (o) and MAPC
aggregates (Day 4, m) in maintenance medium, surface culture of MAPCs in differentiation medium

(DM, m).

[00107] Figure 21 shows morphology of MAPC aggregates on day 10 of static culture to

demonstrate the beginning of budding of a small group of cells from each cell aggregate.
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WO 2012/ 027474PCT/ US2011/ 048972 [0092] Figure 6 shows high oct3/4 MAPC
aggregates trypsinized and replated onto fibronectincoated di shes in MAPC
medi um arslo2042002y4yeén. The nor phol ogy of cells are typi caCTafS2MMBEG®72 t hey

are capabl e of undergoi ng expansion illustrated by the increase in cell
nunber time retain the i on of. MAPC oct 3/ 4 GATA6
ot as bRy | AR GRS e Siten g EAEE B et foignapes i, MO

expr esdgd (byce erag@r;eqa‘e s ttvb eypasioe rdnk o) Tihati@t icsell df MABC @farked on

o oy o0 PC BT A G BREL R o DS R 2apls R FRE PS8 HeasBlement

Al pha- fegtOepriatMAPC @fdrBates [09(1913]4 (hegureisatyshansols{pa Micanatibsdymtdated shihpleage
differentiation @@Pca tes in differentiation basal nediumw th 2%
serum HH© Wg\lf’erle‘g %ecrf’?? Wﬁ s down corresponding to differentiation and
increase in expression of markers of the three germlayers are observed-
Nest i n,DIPEXGEDTEHSEETIONORIHEINRENTEDK - 1 ( mesoderm), AFP, Al bum n
(endoderr‘r) [0094] Fi gure 8 shows characterization of MAPC aggregates using

01[()9ﬁ shoul ag% at tlels UITI&%UOJ 1sdn0t Ler ecp F | t I Onlcﬁigrl nqgtho ol §y fter

nult 580 Igure OWs norp ogy PS aggregate

21 dayq)r@bcod:h ﬁrfderﬁ@ants aiq @lnsc@b@i Béyein QD& Apct-ingy N&leh@hUﬂBoldg}rlEBcdl latein is
differ tlatlont atoc (A endoth lial. cell .and, neur al

pr ecur gfgr%le %DI&})OSG de%c 1ng ]pgrglaﬁar Il)bl%lgen arﬁzlo Inat in eafg ? o} Il%ranir&(r:]l?e scoge of

undi ffeheedl$ql<at:cemv¢m012®/hvc$1 is @Mincdsvdtily b}ollhsclal[II@098] Figure 12 shows aggregates
retain MAPC phenotype (a) Transcript level of pluripotency, primtive

endoder 00130 fﬁ&:lﬁ (R&é:a%ﬁngﬁ/%ﬁg}g cEaJrém % %gefngzqﬁc%af:b&rbys £ gnl A(EZre%ﬁ o be

aggr egat es Ines a or eac (b)
Fl ow cyfpmmdalson Ayasayrlemting tho fub@ct Matfyr deseiiredi N aggr egat es and surface
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[ 0099] Figure shows characterizZation o C aggr egat es ol ogy
of MAPCeags: e@aambéeok(qbey Mylecylegyc@lpeingyak Lalgmarpr) Mminl, GreaedyeCola Sades ngé@re si ze
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of (a) I%Lr%to%]gla;gpgz)l C%FCP Sﬂr{ng@ﬁporof E&boka%f? bl%séf, ?gl%l%ggﬁé/ H%!)It NHe (@bOf /o)

aggregate culture; aggregate In entiation

Definitions
[00112]  As used herein, the terms below are defined by the following meanings.

[00113] “2D” refers to cell culture where cells grow by attaching (adhering) to a substrate. Such
cells form monolayers or colonies where the cells are each attached to a substrate (where the substrate

is other than the cells themselves).

[00114] “3D” refers to cell culture where cells grow as an aggregate through association of the cells
with each other and not through association with a substrate other than the cells themselves. In the
art, “3D” may refer to growth of cells that adhere to a scaffold or matrix. But, as used herein, 3D is

used as above.

[00115] In one embodiment, cells can be initially grown on a substrate where some cells associate
with (adhere to) the substrate but further growth forms cell-cell associations (aggregation) that do not

depend on association (adherence) of the further-grown cells with the substrate. A cellular feeder
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medi um Bl ack and white synbols represent the different MAPC Iines (c), (d)
Fl ow cytonetric WO 2012/ 027474PCT/ US2011/ 048972 neasurenent of Cct4 in MAPC
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differentiation (o/nm: surface culture (Wn : day 16 aggregate derived cells
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differentiati ons re 16 shows expansi on of MAPC cel |l aggregates
Gt tI e)lly 1120 1jd0 é‘f’ FIH%H

in spi nher roliferation profile (b) Vital stain of MAPC

aggr egat es (Day 4) (c) Transcript level of MAPC markers (m Cct4; (A Rexi;
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4 cell s:ambe &mugMMfaee(mauasls,csncmIexmtellulz[r(h&nrﬂajrotF ngure 17 shows tr anscri pt

| evel of MAPC/primtive endoderm markers (0): surface culture MAPC cel |

o't ur 00 8D S Fu L S PR han ML i nBOPLEIRAT o HRRETEMAY, |
sur f acaseuftllsrmay(I2DavAPEs)iquete| Theaggr bgate dr8Dy MaPds)oragecr may burkpeedsal
MRNA, apd, sg&ll egrﬁ%%%in 7 n€§ s@fhad h8E %@e‘ﬁﬁ'tﬂ& s%lfac%ﬁ{ S35 g e fol! &Iﬁﬂlﬁt(%iﬁn. oM

condi ti one d| um surface culture conditione I um

coat ed heatkésmay alwatlmbmtombat it phrrmp@OU@BY-aficpfable cidpist Gv@ew eplydtei dugethf  MAPC
aggr eg i f) rkers
oo PN AR Rl ARG R o RLERE EBH R TEN KPS
of aggr(?@@atrr@y@erfxoa%rdorc@lhdr818< ptaeéalge farm t)proservivAREHILY. (B)onmnph@tn@gwf dlfic

surfac r (§ 0 Pl f C e of
aggr eggt%H (ger |C\g/12 ceIQ'Fre C@%Sl \Tﬂg{ g{&r(!eeﬂggjaQig&mg Jgehgg i daﬁlleégtﬂrll%%l on in
sur f acdofavimgrdent POgrage pnd pdorVARONaGe egratoebe (gact, 4t mﬁ’j b¢ profiaitt Bnance
medi um r C f Ll 00107]
T A G S A e R S S R e
to denowsinisered totbe fbigEtrnf inggtoodnt. v A tofmale gping Feligdoyed dfoncét ndividuem each
cell agghe k€ (from their pre-natal tissues such as placenta, umbilical cord blood, or umbilical cord

matrix or expanded from the individual at any time after birth) (autologous). Or banks can contain

cells for allogeneic uses. A master cell bank is a reservoir of cells to provide an aliquot of cells that

can be further expanded to provide doses for administration to a subject.

[00119] A “clinically-relevant” number of cells refers to a number of cells that is sufficient to effect
a clinical response; that is, a prevention, reduction, amelioration, etc. of an undesirable pathological
condition in a subject. A particular embodiment pertains to a number of cells that is sufficient to

create a master cell bank.

[00120] “Co-administer” means to administer in conjunction with one another, together,

coordinately, including simultaneous or sequential administration of two or more agents.

[00121] ““Comprising” means, without other limitation, including the referent, necessarily, without
any qualification or exclusion on what else may be included. For example, “a composition comprising

x and y” encompasses any composition that contains X and y, no matter what other components may
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WD 2012/ 027474PCT/ US2011/ 048972 [ 00108] Figure 22 shows expansi on of MAPC
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descrlg??lhartlcul “enb % and is not intended to limt the
scope SYi8EdSe &Oli‘l?f\fél}ﬁ PenY é?fn‘?@ead‘e%l ned solely by the clains.

[ 00110] The section headings are used herein for organizational purposes
only arf001i22E riGbmprisetd of'¢onghony@dofasorprisangy (sa@ybove)m ti ng t he subject matter
descri bed. [00111] The nethods and techni ques of the present appl i cation

are gegﬁ(‘;ﬁl} Y« c{)locrilg(? cellac%ﬁuorle gnleglgmt’ (1Ds aconvegﬁ !kl’?OQVal’l 1n%se a?t ang refer, lo men 1\1Anq 1n|t n the
art an ESCI’I n varil ous genera Peci fic references hat

are ci t\ddctamﬂs dheCchiss gdmtnhrﬁcrgﬂnohl‘s niclass hnebe rqellssapegitoﬁmcmt h enffigihtetgge to

ot herwsgceretle fac(’f1 ﬁllgt a&e ee\fgfcteve%oﬁ(él%e%gtghgs(i)r%iiaftf%or' , Mol ecular C oni ng: A

Laboratory Laboratory Press, Cold
Spring Har bor, N. Y. (2001) and Ausubel et al., Current Protocols in
Mol ecul [89128] olCogditioned edhenl®@retyhddim rederARsociiva eswiidlo@Ry havaderHantthgdvs@asd

L I P
o SAPALRRLL i o EORL AU AP e L S DA RSB SRR o0
terns belaw gradugeficned dyountyeo! fsodh @V\ﬁomgportbarthmgsdlumi 1B elf@B' (Codlf @res t o
cel'l cylt g pRLhE G&ldn$ bgo oPhe 8 \AW& e e Cg@% Lk ”&lm&ﬂ aou? HOSE G, Such

cell s formnonol ayers or oni es ere S are ea attac to a
subst r acetri{ughteme fitthdors ubstinaicpleiia (@ighera tab@d anleodee |ahg ntaglefmts eblvem), and

FACS sorting.

[00125] “Dispersion” refers to cells derived from the aggregates and which retain the function of
the cells in aggregate form in that they can still differentiate into cell types of more than one

embryonic germ layer and/or express pluripotency markers as disclosed herein.

[00126] “Effective amount” generally means an amount which provides the desired local or
systemic effect. For example, an effective amount is an amount sufficient to effectuate a beneficial or
desired clinical result. The effective amounts can be provided all at once in a single administration or
in fractional amounts that provide the effective amount in several administrations. The precise
determination of what would be considered an effective amount may be based on factors individual to
each subject, including their size, age, injury, and/or disease or injury being treated, and amount of
time since the injury occurred or the disease began. One skilled in the art will be able to determine the
effective amount for a given subject based on these considerations which are routine in the art. As

used herein, “effective dose” means the same as “effective amount.”

[00127] An “effective dose” generally means an amount which provides the desired local or
systemic effect, such as enhanced performance. For example, an effective dose is an amount
sufficient to effect a beneficial or desired clinical result. The dose could be administered in one or
more administrations and could include any preselected amount of cells. The precise determination of
what would be considered an effective dose may be based on factors individual to each subject,

including their size, age, injury and/or disease or injury being treated and amount of time since the
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[00114] "3D' refers to cell culture where cells grow as an aggregate

t hrough association of the cells with each other and not through

associ at iwo wir7er4substrate ot her than the cells thenseCyas20iinigone art
"3D" may refer to growth of cells that adhere to a scaffold or matrix. But,
as used herein used as bove 115] |1's can
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to the ée ayer. of “an” nmeah erein-one or
nor e ttbaﬁact@meaba]‘eflctlﬂ&sﬁesﬁacecllnwﬁaemltt he plural formis used herei n, It
general ly includes the si ngul ar [00117] "Aggregate” ref ers to an

associ of.,Cce wt; - assoghation s gaused ||

"t or adP 2 ¢ abREhoRn SEHENRET 85 ARTRE T b FHOTR ChshPapate Lt ur e
cel | s anay'ddssac namedllan/\ﬂpedieseﬁﬂibrmnh:esnenbcﬂllsme slmnsllsodenaftdmhmnﬁnet oclia
substrate materi aIt g@ a}<él | astic or facebc?a%] ‘1% . | n, an rf%ﬁ ate

two or TSP & WSS AR SBRPRY ﬁ%a‘éaé%yat ¥ 25y0l5io ‘6% gl Yaél one
anot herof thEhiSe grafard gertnhiyarky Betsdéerrh ag@odeim@ tadl MSsodSHC Mhas irkKiE aeee of tk &forelTB.t rix
protei nﬁan 220 cell types in the adult body. The ES cells can become any tissue in the body, excluding
placenta. Only the morula’s cells are totipotent, able to become all tissues and a placenta. Some cells

similar to ESCs may be produced by nuclear transfer of a somatic cell nucleus into an enucleated

fertilized egg.

[00130] ES (and EG) cells can be identified by positive staining with antibodies to SSEA1 (mouse)
and SSEA4 (human). At the molecular level, ES and EG cells express a number of transcription
factors specific for these undifferentiated cells. These include oct3/4 and rex-1. Also found are the
LIF-R (in mouse) and the transcription factors sox-2 and rox-1. Rox-1 and sox-2 are also expressed
in non-ES cells. A hallmark of ES cells is telomerase enzyme activity, which provides these cells
with an unlimited self-renewal potential in vitro. See, for example, U.S. Patent Nos. 5,453,357,
5,656,479; 5,670,372; 5,843,780; 5,874,301; 5,914,268; 6,110,739 6,190,910; 6,200,806; 6,432,711;
6,436,701, 6,500,668; 6,703,279; 6,875,607; 7,029,913; 7,112,437, 7,145,057; 7,153,684; and
7,294,508, each of which is incorporated by reference for teaching ES cells and methods of making
them. ES cells have been grown in aggregate form. They are able to form embryoid bodies when

grown without attachment to a substrate.

[00131] Oct3/4 (oct3 in humans) is a transcription factor expressed in the pre-gastrulation embryo,
early cleavage stage embryo, cells of the inner cell mass of the blastocyst, and in embryonic
carcinoma (EC) cells (Nichols et al., Cell 95:379-91 (1998)), and is down-regulated when cells are
induced to differentiate. Expression of oct3/4 plays an important role in determining early steps in
embryogenesis and differentiation. Oct3/4, in combination with rox-1, causes transcriptional
activation of the Zn-finger protein rex-1, also required for maintaining undifferentiated ES cells
(Rosfjord and Rizzino, Biochem Biophys Res Commun 203:1795-802 (1997); Ben-Shushan et al., Mol
Cell Biol 18:1866-78 (1998)). In addition, sox-2, expressed in ESC/EC, but also in other more

differentiated cells, is needed together with oct3/4 to retain the undifferentiated state (Uwanogho et
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[00118] A "cell bank" is industry nonmenclature for cells that have been
grown and stored for future use. Cells may be stored in aliquots. They can
be used dwoeotdoz7yat of storage or may be expanded af t ePCIUSL@IO489THi S IS a
conveni ence so that there are "off the shelf' cells available for
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step in the nethod or Is only one of the steps, no matter w many ot her
st eps tPrt éomwfﬂeanéﬁdnmoknwmtetct mwhmaﬁptterableglé@tﬁlplt(ek@ek c¢lls in an eghyrard son
to themen, CATRELGRT Tﬁése%&f! tﬁ’«é‘ﬂe’a@ﬁes&%e@%@&e Hétalﬂﬂe QI diS, Qfamtpﬂewre etal.,
COITDI’I se" are used herein as synonyns of rising' have the sane
meani ng’NAS, 105:5856-5861 (2008); Jaenisch et al., Cell, 132: 567 58 (2008); Hanna et al., Cell, 133:250-
264 (2008); and Brambrink et al., Cell Stem Cell, 2:151-159 (2008). These references are
incorporated by reference for teaching IPSCs and methods for producing them. It is also possible that

such cells can be created by specific culture conditions (exposure to specific agents).

[00136] The term “isolated” refers to a cell or cells which are not associated with one or more cells
or one or more cellular components that are associated with the cell or cells in vivo. An “enriched
population” means a relative increase in numbers of a desired cell relative to one or more other cell

types in vivo or in primary culture.

[00137] However, as used herein, the term “isolated” does not indicate the presence of only stem
cells. Rather, the term “isolated” indicates that the cells are removed from their natural tissue
environment and are present at a higher concentration as compared to the normal tissue environment.
Accordingly, an “isolated” cell population may further include cell types in addition to stem cells and
may include additional tissue components. This also can be expressed in terms of cell doublings, for

example. A cell may have undergone 10, 20, 30, 40 or more doublings in vitro or ex vivo so that it is
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They are able to differentiate into all derivatives of the three primry

ger m | qy@rg eﬁ? RserfPRGEY H}mt%%ré%ﬁﬁﬁj‘éél%ogﬁﬂﬁéﬁhhrﬂﬁk@%%ﬁﬁﬁﬂé @kt he

nore than 220 c pes 1 n the adul't @?} can becone any
ti ssue frends el Gady2:5 &[%ai)n@hﬁﬁuaﬂereﬁtl‘é et I@CPtH?ewaﬂBﬁé?’ 86 80 Ds Reyes M.

toti pota%@fo Ma%@alﬁle f%cwacalz Isflt HHSUES33 o@) ?ﬂaﬁ‘geime?-al ?HT%!DL;S &gl | ar

to ESCs e produced nucl ear trans sonmatic nuc eus into
an enucﬂoé 0@@ prd @ipng. Xedt %g@atum 418:41-9. (2002))

[00142] The term “MultiStem®” is the trade name for a cell preparation based on the MAPCs of

U.S. Patent No. 7,015,037, i.e., a non-embryonic stem, non-germ cell as described above.
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[00130] ES (and EG cells can be identified by positive staining with

anti bodi es to SSEA1 (nouse) and SSEA4 (human). At the nol ecular level, ES
and EG ceWb2oexqprgss a nunber of transcription factors epeaistéia/ofigyr2t hese
undi fferentiated cells. These incl ude oct3/4 and rex-1. AI so found are the

LIF-R (j.n .pouse) and the transcri ofs

sox. > APBSRES S epiPared aeiiithgn el wlie SRR DvEaka ppipagon. °"

t el onerpaseulanyg Yoveer agiden hidhighthscgbin.pr ovi des these cells with an unlimted
self-renewal potential in vitro. See, for exanple, U S. Patent Nos.

5, 453, 2Dy QRO 479; 670 72; 5 3,.780:; 01l: 5 914, 268; 110, 739
6. 190, GULBE B0 o i eondiidh geidnggn idh Bl e st gimetton

6, 875, 6 car,bd 20n9ly3Bany indhh (haBagitatés ﬂhéEmdaﬁﬂn ZxabipBss Gﬁzlludeeﬂpdma 28K 6G8d each
(r)rfakmbcs?l Iersls1olng féé;rl%P teﬁ%erl?ty Jnegeergtg)gls\ﬁiureﬁ rOé gr%t?tg(glasngl Eg? (r%]ero Sngyw%lr\gssaegoes of
f or m enbtagyaicll clladt gstemhen gr own mrthout attachnment to a substrate. [00131]
Qct3/4 (oct3 in hunans) is a transcription factor expressed in the

pre-ga ti.gn _enbr earl v cl eavage st nner

cel | njé@ﬂgf ﬁharlgitceu caIl S(icept%brll%carrler any %Igrénagea”:aggﬁo accep )medlﬁn? K (tl"\er chol s
et al . cclBedskd gsmefsesmm@a@@a) ﬁuchaamdedusmd(ametmegawtcatoed ngwtabelhslns pH¥ end

i nduced,. t f er ent r. o) oct.3/ 4 pl ortant.role in
det er mqnl fnk elgaSr"om‘%atdbf;Ie i a%XHH 1%%8%??&?“3]6%&6 vornd iy ‘{‘Tg%er St 58 in

conbi nateh'@my wdtth:amm- 1 causes transcriptional activati on of the Zn-fi nger
protein rex-1, also required for maintaining undifferentiated ES cells

( Rosf | d [.n ) i : ) 3:.1 2 (1997);
Ben- Sh ﬂ“ﬁpet@ﬁﬁ% ﬁ%?lﬂéeﬁ%%%g}jge%%&/ﬁ%f@%?&%%‘%&@%ﬁeﬁ%gg&t| on, SoOx-2,
expressed in ESC EC, but also in other nore differentiated cells, is needed
t oget hdPOIMpt h “Bimanipl ewbryeniaigarnt pdlslifF fof Eferllpatas desubipred (anmmgw Bt WO
2012/ OZP%LQ ﬁ'g}ﬁl gﬂfﬂeé&ﬂﬁgggeu%pes Mech Dev 49:23-36 (1995)). Mai ntenance of
murine ES ce prinordial 'germcells requires the presence of LIF. The
oct3/4 gene is transcribed into at |east two splice variants in humans,
oct 3A dReI43L t 3Brozamer esdls 3®e syllsi nsedugesk Jusing differanalion of B sieansplldha beycenirat ed
cel I s wheh&af, s Qatdbrisil bﬁ%eﬂ/?e%ﬁﬁﬁ &ﬁln%f?ua%d%%é&% Metﬁl% 93%@1{16%{%&1%" 3/ 4)
is reported to be specific for the undyfferentlated S cell ee Shi nbzaki
et al . sBeveay GpiiastPragoitasgls.] are(cponaed pophmage, b&pfartsuao%ﬁwtuepetemdlﬁ he
pl’ olif ecﬁ@érét@l@te@fcelﬁtyﬁgl the%ttnh%égegftcfrf Qf{ @s@@ i%é Qé}ony[np%ﬁﬁ(b 458 nef hﬂlntt1 ghelLr m
"includes” is not i'ntended t ng. For exanple, stating that stem
cel | s "dhcluderartioplr digkags dée@og@ttorrre%h camirmot [pEReeRt epf ¢t 1is mgre hightl uded.
[ 00134]giffdrBiftaRAERAN R progeMfk €861 NG” nMeans to induce entirely V\here there was
no pre-existing presence or to increase the degree of. [00135] "Induced
pluripotent stemcells (|IPSC or | PS cells)" are somatic cells that have
been r dpOY8} arhhe Frmf Fﬁdu@xé?rtbf’reé ci5ip 0T RIS eYdge Hetssgeiabe et elonf er
on the ®eMRhi, o G8ldce8isli€Shed pfch&ft @M hindt B BREAGhYPRIinidN18$Ep6HL.] & GARat hen
be induced to differentiate into |ess differentiated progeny. |IPS cells
have be¥HP@BYH PBY(On§1oHg b Basar ¢dl heysiidelt yrealpb roweHtive ineAchan thy awldeever ed
i n 2006t YR 8Kde suBjec€IThR also apfilel oth@MAdERYihg bidlodRaidHeli2R0¥a) - For exanpl e,
in one instance, to create IPS cells, scientists started wth skin cells
that were then nodifjied by a standard Iaboratory technj que using
r et r ovilPQEl t§equtr§%rﬁ b8 g fesed Keled] palangy cinmean Wegﬁeng &Y ‘ahé%awt he

i nser t aghlgRBemAWRpdRE Aol SOMRs cduld deat@BGofuliN6E  thdt MOV higBerdsdientPORNL IRy as
natural regulators tq keep cells in an enbryonl c stemcell-1li ke state.

These dBfepEeqpopyl %@éﬁrOH’e‘@Eﬁ‘htﬁ%ﬁeuﬂYf‘st‘sﬁ@@rterature See, for exanple, Wernig
et al., PNAS, 105:5856-5861 (2008); Jaenisch et al., Cell, 132:567-582

(2008) ;[otiz0ona metscladt a,celCEhlaﬂ achi&&3 tl?e'iﬁsuea@ﬂfe&tZﬂﬂ@lncl@d'é(boﬁr@rﬁbia& fkde@drmak if, Cel |
151- 1 008 These references are .inco ref erence

S Ce b
fta?mt eah‘hF‘ﬂé ﬁC?’SY‘fs SIWQt%@&sa@oWO‘B‘fdtﬁﬁdt‘ et hEdRing fhorg or at ﬂﬁ ‘{egrrﬁtye t hat

such cealalusalgathibe ks ®sitIc(yts BRBRE itfe @11 Gdd hdd hRuBHRdyitH @respc(secxtpaﬁ dget that
pecrflcaets 0136] The i sol ated” refers a cell or cells
whi ch a‘P‘&‘C%‘g %c?%ﬁ%e RME Eﬂh%‘“dtn Hgracedhs QGSH?‘{ %fiﬁﬁst torr‘r‘bF‘E‘dB‘é’lnEﬁl’I‘
conponestag. thah e casladepeatled géhd dxptcbgorC@ldlor @écr@idh| sheicBuldialko seléit onefr | ched
popul at| on" nmeans a relativ increﬁtse in nunbers of a desired cell relative

to one '8P HoE SbREP! BE P YIS or in prinary cul ture.
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[00137] However, as used herein, the term"isol ated" does not indicate the

presence of only stemcells. Rather, the term"isolated" indicates that the
cel |l s ar ewpentveds7irom t heir natural tissue environnment pamasasrig/ogsvesent at

a higher concentration as conpared to the nornmal tissue environnment.

Accor di pgl i sol d" cel opul at | on f.urt her | ude cel | pes
o aaai DS « S edi PE g b i i adier 5 i e s eBHB Sinunid

Thi s alf&m ¢ assibe tigy@reepmad inrtulnet,nsleatd o lthiddighhd dgsed Eftoct, andmplsdectd cel |
may have " d@ﬁgone 0, 20, 30, 40 or nore doublings in vitro or ex vivo so
t hat |f£¥ urt 27474PCT/ US2011/ 048972 enriched conpared to its
original nunbers in vivo or inits original tissue environnent (e.g., bone
mar r ow,[0@ié2] plSellealonbﬂomldchlsoaﬂifpmseell‘sieSS/% sueh @s ):ells[lﬁ)@ﬂlﬁﬁﬂ rri\/ﬂﬁl%@asei snaor

acr Onym f OI‘ of he cel ?urr% w%u be ag)sa I dC reV1£1;16t € es1red efFeI:tealrl the ce gbqal r—;,dt hat

i s not ‘&N enbryoni kenrce ﬁernrce Bilte %as sorre Characteri stics of
these.tN%Eﬂh@@ﬂwhbm&haﬁanb@ﬂdmemnmmemmm&mber of alternative descriptions,
each of which conferred novelty to the cells when they were discovered.
They c er ore rac e criptions.
rirat, T oLk Bl G ERH L LAGR-hT, TP IR Pl T BTREBAP
transfahmﬁﬁrbpMMEmﬁgmnwmwnaadenuhcalm@bﬂﬁkdﬂ&ﬁﬁph@p@:mﬁb@bﬁ@q Fhizanceray

gi ve r|§F to cel|l rQ% ny of nore an. o ermI such as two or al
ct Iﬁleans a hig rag amaunéi cr ce an 1n ent 1
three germ ers rm s Ot odern) upon

drfferentratron Thrrd al t hough t hey are not enbryonrc stemcells or germ
cells, [0%@@]nﬁveemmnegxmhamkéwglwhkhhbseﬂpmkdktﬂueSdeﬁﬁin@pésssbmmhdb/N%PCS
may ex r Jhey
Y SXRLRRSONE AL R Ep o brBd B Rl o8 o iy 1Y,
t hey nHy ceelefsinglerielis ot dedltpopls andhassay dnscesctle nldefd poels |t ebtringtonea hacihatyraliy t hout
being t

nave -t R ot ST e opfhe FRRITANGI AL GRS fEhl R PPLEE%, L OPALREARE bl

" MAPC" améywbemmh@n@@@enp&ehmbynahM@WwaMmm@.basrc characteristics that
describe the cell via sone of its novel properties [00139] The term

"adul t” l\gA 1'351\/‘“'?1%“Je§er NQYls hiay ‘bf kEhikd Rith Bﬁe 6%@;@% it 2 RioBHRGY B GaRQIBL 1 C
cell. PCs are karyotypically normal an Rot formteratomas in vivo.
Thi s acdnaenyen hasetfert stlhyss esgbstamtigllyShorpegenagpus mepulértroma_sr,laywe treatet & eilisacey
pluripoL&pl.ce! ! isolated frombone marrow. However, cells with expression
of pluripotent markers and/or differentiation potentlal have been

di scovered subsequently and, for purposes of this invention, nmay be
equi vallB8H56T o It the pepuiasion és it sehstagediydrareneonyaben. it Epsdeiehle hatjehs ericpel ons

of the ch‘ggiJutléﬁBﬁ t(plge ﬁ:é%leh c@ﬁtﬁnpﬁtqydstdﬁﬁ) de %etdeﬁreg%@m%rp¥ up‘gvh&lli] @nhlaﬁ]éég @fﬂac@ 'ik
above. i pot ent th respect termin "MAPC " refers to

t he abrSPrlahy rruare @reéeahlr gleleasy 1@8@ IOf the iseldg erd ﬁrﬂ Wﬁé’r‘tfﬁa‘riYo%‘iéeaétr 140P; of dheger m

layer (dn€- pol8RIQIRAMenMBROGB I ANDNREE BIRLNerddRRIY He it RFBMbAL ppMatiGUCh as
all three. This termis not used consistently in the literature. [00141]

MAPC r dprkegemedd] sglegfipndechpifygs and, Birtgersgeantiedof desised- popul ati on t han MSC
(Vbrfalllle C.M, Trends Cell Biol 12:502-8 (2002), Jahagirdar, B.N., et

Expoiseratigls, dgﬁre§4§7eﬁ60f( &R0y BeY®sze i aRNBgler VhanMBE fidkls|ih &, gl‘eélﬁ N Y
Acad Sci, 938:231-233 (2001); Jrazgng et al., Exp Hematol, 30896- 904

(2002) .progaing popaligon. vior gxangle, cellydh PuyiE: pINAGY CUDIgADYY 2 Lprrd Zrpaneel t er m

"Ml ti Shetolaled bk%ultlﬂ@cctnaﬁ@ﬁ‘s AANR: AR Epediriely deRERRAS ploliRR (RATRE Ry Jréi8deMAPCs
of U. S. Patent 37, i.e., a non-enbryonic stem non-germcell as

descr i FeabRiPElaivp gzempeemmmp Gspitp1pgd foppance the effect per cell Or screened

for a cell or cells within the population that express greater degrees of effect without deliberate
treatment. Such cells can be expanded then to provide a population with a higher (desired)

expression.

[00158] “Self-renewal” refers to the ability to produce replicate daughter stem cells having
differentiation potential that is identical to those from which they arose. A similar term used in this

context is “proliferation.”
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Mul ti Stem(r) is prepared according to cell culture nethods disclosed in
this patent application, particularly, |ower oxygen and hi gher serum

[ 00143] "Wonrestmri7e cul ture conditions” include those i RCRUSeH 1M7L quid
cell culture is in notion. This can be done by any neans that agitates t he

di | ud fl k t d
Dot | ouobrs8IP Lo I aRGnR (B8 o medRitip S kR IR HREERRAC i P ng

wal | vasaslat @«ﬂnch@lﬁa’:\rfdjnp@ﬁédts & uhd tefen Bmtrﬁmffe&tﬂﬁ]tﬁe‘lkrowth or variability of the cells

" Phar ceutl cal eptable carrier” |s armaceutical | y-accept abl e
rech um o1 116 ST PSSt i e gPLgelRe BRUURY; o Such a. med um nay

retain isotonicity, cell nmetabolism pH and the like. It is conpatible
Wi th adfleDkt r'atiioclte @nditibyse ddcluda those oy, wigicidthe diquib eclls@dre s mer @fosteon. f or

cell d |ver nd, t r eat ment 0 14?e he term " potenc refers to the
abi | i t;e/ll e%étg}‘ BIge e’é%%’aevre"eépp SULSS ISR “[‘p”‘es 1&‘0%4% " pri nor di al
enbryoni c germ cells" (PG or EG cells) can be cul tured and stinulated to

pr oduc e[ommy I“Bem dillf freraenti atlgblatcah Iuntlgrgfe self- feﬁié)sm 7(} e.) Proggenivttbrthec ednkes”  ar e

cells p duri n rentiation o Ve.Sone, but
ot al PR WL D LSS bRl e IR RS Rk IR0 e,
Def i newowmmgemlﬁmrth@edntext ofghicinveason, aatedi @i wnhig@menmnpaelal mqréd dlaﬁeenmn tted

toalln but,. not .t o ecifi t di ff.erentiate type.
et er e P npani B JolBRShl: o RRich SHIMPE bt B TR F oo
cells teooll apypardduawlnazf s;bemrﬁleatgmcnﬁlanf@tg@mdr by cdelkd urglarsptofineadipipayg eSay, foel |

E gf‘ﬁn !, SeX%ﬁu]élem\Qﬂl% ! X afj lltj]c]zcn?rre,e _%Ij'l 8%5 %?3 1@@&’ 1n§n i apg@a%r}e o 6%2% |548 Q%Q%)Ll The

used means
cont extet alf, Narigatdrent 99- 1203 (2006 d &ahashi dt al..gif/hE16: @Béﬂé(ﬁo%)r Oamzecttlab,rl‘attaeone or
nore cljpihcal [o] L i ni e (or nore) that has or
w | | ha%g 3??;1?(2?@)“&%?%;#%3} e’lg?ﬁééell;ﬁf\%&:@%? tB%on the quality of life
(health) of the subject. This also applies to the underlying biol ogical
ef f ect 40@I$2 e IDediffe@dtiatioh MBehlew bi rrgtised byetht aginitistiatiche sf cathinl evapoupds pot ency

can neaeQ}édsngg la B)\l!‘gsn([gﬂ QMropﬁﬂﬁﬁ%§ %Yr)) 'or iirﬁ%h(ﬂtﬂap‘goulé gglsg ﬁ-ﬁan tfﬁrgnt@atlgg ! gte Thi s

could create a atron t as a hi ot ency par ent cel |
popul atdelmalia may Whidgtved rﬁterrcéalnbrnwag'ssns@helt &da tefmm@ﬁl]omﬁr@n@ edrecpther sorices t hat

achi eV I} Egeerﬁjtﬁﬁdlﬁ ?Qd&f Lﬁﬁ ﬁgsg c!lrpﬁe! @1&1@1@{1 $ Oﬁ{}ﬁclﬁ%g:}{l Eeb S q}?tﬂﬁ[ 'EHe? eclré f the

cel s achi eve t esir ect and wou obtal ning those
cel | s. deheeddedn) emryomatisspalalthougl hptedngctyhizord dwi ineed cdf massi sSten celfranay He cel |

was noty.i P&&AP% b%qn%\‘)cﬂl&n %en% nggcﬁflgech\gltl?gerﬁgglpfun% LintoRHG&R T 8. &L GE4n  ThE

cell may Fhot known t |eve the desired effect prior to conducting the
assay. m@cechplerflrfoe&u;ltstmmld depend on gene expression and/or secretion, one
could al so select on the basis of one or nore of the genes that cause the

ef f ect -[06’1@3]20%2/39%&’7%'39%&%%1 He@e‘llﬁv?g g mammal, more preferably a human. Mammals

include, but are not limited to, humans, farm animals, sport animals, and pets. Subjects in need of
treatment by methods of the present invention include those suffering from a loss of function as a

result of physical or disease-related damage.

[00164] The term “therapeutically effective amount” refers to the amount determined to produce
any therapeutic response in a mammal. For example, effective amounts of the therapeutic cells or
cell-associated agents may prolong the survivability of the patient, and/or inhibit overt clinical
symptoms. Treatments that are therapeutically effective within the meaning of the term as used
herein, include treatments that improve a subject’s quality of life even if they do not improve the
disease outcome per se. Such therapeutically effective amounts are ascertained by one of ordinary
skill in the art through routine application to subject populations such as in clinical and pre-clinical

trials. Thus, to “treat” means to deliver such an amount.
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[ 00151] Selection could be fromcells in a tissue. For exanple, in this
case, cells would be isolated froma desired tissue, expanded in culture,
sel ect ed wonomahievi ng the desired effect, and the sel eecaase@hlogsoiurt her
expanded. [00152] Selection could also be fromcells ex vivo, such as cells
in cult I n.this. case, on nor t he, ce e. wou e
nosayed MR achieats G ARe Dol Pae or abtd WY HurBurt i B oteRis P eeh

achi eVEsuiﬂh&rtdef:ictolir@dss&c famotig cibers dproenfing; hﬁelliorﬁih@ai’mdfbdmg,[ Q0453 aG‘éf1&18nc§20U| d

al so be s cte for enhan d ability to esired effect

this cadéféf?‘nct 08 L& Sopllir™ ch‘? DA P 8?8‘%%%1 ‘é‘ﬁlu Oﬁ%ﬁﬁ&é‘ge %&‘ﬁ it ?n‘%%“t 1Ea?i“ﬂted
al r eadyfrdaasthtiagy.desi red effect. Enhanced effect means a hi gher average
anount per cell than in the parent popul ation. [00154] The par ent

popul at rQ i.ch the enhanced.cel | el ect be sub tantially
honnge&ggﬁ (tﬁ%‘s%%em%gFW)fO% T>q%%b“ﬁ8““ %m:%f%fﬁ suc AR & an%@lctel
fromt mo&ngopnhsais is@that énetean thee ateahs icely(ie treainés, lankiag ldrugpoetsing ra.)ad tay

t hose cells to t ai.n one hat nat ural | ve the effect
(s opgiativli BelaieP RE BT &% BB PO hlRwo R thBe Tl St B e
increaseelbﬁgnﬁ@ﬂemkbmamda&menﬂedpamﬁwngﬂmhhﬁﬁﬂaékhe inhadt, @ragn that shilidy] y
SmnPﬂ'n;elngbla [Ygl?cfagm] 1ts A a\_] rlfv ca{ (;)Jnceevgnt 6? a {ra c%:/ e_veeg r(gceeaétlrel\gol\%ll\fi;%tlﬁ% 8I‘r1]geﬁll detgrorr{ngatlfmg ﬁrhlt Zl ly
honngenemmgmpmpd&amnmm®nnimnhenﬁeemﬁeddhnﬂeahaaneswmdmhﬁnion. [00156] If
the popul ation is not substantially honogeneous, then, it is preferable

t hat tq%ngprﬁgqthrelk:agpulation to be treated contains at |east 100 of

t he de whi ch enhanced effect is sought, nore preferably
at least 1,000 of the cells, and still nore preferably, at |east 10,000 of

t he cellP&L67FoIWOWDHYO20Atatreritom thaiisvesiols, dogoaded tthay mog-ambiyeni¢ sicovetledanf r om

t he het I i Jrther
expandcd T aS ot RERLES ERnlh nOHE Gk S ELEREL kel PEIDLALES 1Bl ce

t hat arrenhmgtyenwtswmeﬂlhemeeﬁed: ghd mpeeeggey am cppabloed ipnglupogp ptogtryorith Foore
exanpl t e r re. f S anded
and | sl Stn Bl ded B spPIRuRl | Rl MR DO PN G, BEPR0

producébmmmoeéﬁegﬁgﬁgyh@n%mﬂ@eﬂa parent popul ati on. Such a parent
popul ation can be treated to enhance the effect per cell or screened for a

cel | orog@k] S 11k LhisMhd RRrPRPMHE ﬁ‘hu@éh def121ha LAP HESPanBb RS (HRGH. rg@ﬁ% afd il f ect

w t hout” deli berate treatnent. Such cells can be expanded then to provide a
popul atthayrhayig # hormahkagyngype( desixamdle, soRisr sk poMAPLOTE 58w B |t Lorm trsgipnas

referszk%v&&ﬁh@ﬂh&%&%mﬁﬂkB?Qg & chigpl i cate daughter stemcells having
differentiation potenti al |s |dent|cal to those fron1mh|ch t hey arose.

Asimlar termused in this context is "proliferation." WD
2012/ 0490 bCcithe )szEneeaic g2gd o formed by using any method for non-adherent growth, such as, any

of the known methods in the art. These included the hanging drop method (Kurosawa and Hopifl,
cited below), the forced aggregation method (centrifugation) (Ng, cited below), methods wherein the
cells are cultured on non-adherent plastic, suspension culture (static or stirred), bioreactor expansion
platforms, and non-attachment or special coating e.g., temperature-sensitive polymer-based plates,

microcontact printing of wells to control size of colonies, and microfluidic devices.

[00170] Many different basal media are known in the art. Such media may be used with or
without serum (or at varying serum concentrations, e.g., 0.5% - 20% or more). When serum is absent
or reduced, the person of ordinary skill would know to use growth factors to complement the basal
medium, including, but not limited to, EGF and/or PDGF. Oxygen concentrations may be reduced

from atmospheric to ranges of 1-5, 5-10, 10-15, 15-20% and numbers between.

[00171] The stem cells can be derived from various tissues, such as bone marrow, placenta,

peripheral blood, umbilical cord blood and tissue, skin, and fat. Cells designated “MAPC” in the
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[00159] "Serumfree nedium' refers to nmediumin which serumis not present
or, if present, is at levels at which the conponents of the serum have no
ef fect orwOhlelymowth or variability of the cells (i.e.,PEEﬂBnmmmawvually
necessary, such as residual or trace anounts). [00160] "Static culture
conditipns" include thgse ch the liquid cell culture i in

ot on IFRPE HEASTRAY b &PPESHe oty i pBe gl PaGmpRAT Sy it es or
m xes teadryoaidiswim cflQkl Gdkins ¢St ®pescEintore MRAnE ealbe}e)lnic defatay@arseeloeixgaple,

2 so_priogucd 5B RRERTE bl df St TR F B kPt b

potentlaahmemmsmoﬂmhlhﬁgmant ext of the invention, a stemcell would al so
enconpass a nore differentiated cell that has de-differentiated, for

_exarrpl ﬁg?lp%]nnolg Iion ¥an Eerehtlal?éél sft Lr'l?'(:echn f.em 81 I by

I rimtive
i ntrod ASPES PP ERECT Pt T on faé’tbc?rcglemr'n%1 ¥yt ]fﬂam%ulastloas -

speci fiss, lﬁgommsfebtﬁrgSandSQﬁﬁssfrgrceﬂadﬁrg]alhee in \Wfferantiated cels .to gmnwug red&oaB 1 813

(1997); 4 48 00 Guan ) ture

1a0: 11995585 B, R it o At el ) i SRR g a6 W e
al ., N&b{pfe&;on%&ﬁnbﬁdlﬁgjo éZ@@H)ffer@lﬁerd’ pkaloaphithaat wal pr¢seﬁ61|n| the 3@atB86EHB72
(2007). £0g162 edBeegldfcfu ﬂr%%h ttl(%ngns gl%}ént {? malrtl)t?l ¢ 1lilr§eo enc hexa%ld[n nthr t I On
of cer t&H conpolints Srexpostire o a"phy8i'eal” Bh AP ¢ 19
Vi vo t haddiatewd dxpaaaWEprbﬂoeols)enhctefaenfepmgraamungqby ﬁtslemoﬁ ejnhaac ad:llso;wﬂmmbbﬁ)nd:er | ved
‘;g oo ng?;g[ gﬁ%ggl:uﬁes g, ﬁ%gr%g%a%?xﬁmé %&? (Pl [ea%!elg A Zéll?nge %Oﬁ%m%&c flelegwth 630, PUC h
int hatextriiteﬁomlroeqd@rdr pmdpdtem)mlemﬁqudimgertansswmsclammm@h 1116’(1 1667 @O@d)y from
the inner cell mass). Stemcells may al so be produced by introducing genes
associ Lo, iNto a non-stem nduced
ol uri pgf%)e WS :Ig?n ?nté/g Mo %frk)abrfg%%&nﬁ c&ls fn om a spemesa%(g é)a{ﬁ%%laﬂ ﬁlma?g L rpa%f

mamal ,andon@e ;pamtldﬂra«b Itcyhlandnsmﬁ\hthld\/hmmles upgsct-pd edrrnbutrat@ne)f ndts th amuhuad) t o

hunaens, . f ni n ubj t
tr oat mit P57 ARl ZeT PRELs BRUTE whe DB B8 Rouc RUPLAE' L QeREER R bt ¢ o
a | oss a@folcfguusctl on as a result of physical or d| sease-rel at ed damage.
[00164] The term "therapeutically effective anount” refers to the am)unt
determ {0 AQr p gyl or
ef f ect Jggﬁarmtﬂ% gl%%ﬁ% ?\‘glyht {12[% C@{e())ﬁt%f % E:nqlgﬁetﬁ)ﬁ 1Qgir% ﬁ%égﬁsaaég%gom afeéﬂ: a?gug)rflatal y
pr ol ongndlirke apgregitgsathial preynopfso tlfhree pat itteninperagelly becomahiepiotic.ovidist capl inglivdral
synpt o [ ti ni ng
of "The PerRi S TRD Al Y (Bt IEREREUL SHALLY LALEE" | MR ML bR RRR
qual i t yeognik¢ iy usvighnunibet nghatdangaots Usaiph owmebet h@ag@res@ass‘eomb@mervéfm He.
SHCT e ARRUE LpALL eI AGhIKE AEALRe My R, RrefR @b Bldhnary
TR dp e pu

skill in rough routine applicatio tos | ect ations such as
in clireregr, %dl(ﬁﬁ lé)OQI(ﬂbﬂUt:é(DO 309, a40§= S0h 89, 100, 8@0; @Q@ Celh?hal@QO H100¢k|(@bpetr such

an amoupbe W) 2025097 fdt ﬁﬂo%@%o@é@iﬁ? 30 b&ﬁ%@éﬂo (a0duP88.000; 36.6®RRLO.HW  OF
"treatnent™ ‘are used broad inrelation’to the’invention and eac¢h 'such
t er m errelbvipamsessic.anong others preventing, ameliorating, inhibiting, or
curing a deficiency, dysfunction di sease, or other del eterious process,

i ncl udi [6@1 H]Oq‘ﬁe t&%lgln g% QEJ ea%% %Mtctshma @ﬁ%u?g caff S[‘&Hlée EI{)ﬁ)imaﬁouE h@” %"y cells/ml.

[ 00166] " Val 1 dat e" OGne confirms that a cell is an
expr es scoidingly. dendigisy ﬁpe@nb@f ey 10°TH)Y sanil  O'sare plhaeongmeplasesth Raness inbetwednat

cel I (i 'al?e 515@%%&atedbﬁﬂh 'aglgooufjﬁ)!'!l@4 %9[(?6&169 fjxg;;.c6x)104’w7>£lri')4 %Xﬁ@a@g@a@xﬁ)s

expect ati on ficac Accord to val i te nmeans to confl rmthat t he
cel l's, HaWi ﬁ?glof)ééﬁuo oﬁiﬁéf n7é|1®y8$%rﬂii1@o2h&/e3><é§t 4b10° shat’, 451 MalrlAg SxHE,

desi red;x%ﬁf 0¢is, 3)5167 faed, sE@r adot hato allilr t%l?ﬁhmthey@dﬂ Iqage's%thamfase

verification event i'n a two-event process i'nvolving the original
det er mdsatiticoarcatsg corfemplaed.ow- up det ermi nati on. The second event is referred
to herein as "validation."

[00176] The average number of cells in an aggregate that is formed under the non-static conditions
can occur over a broad range, such as from about 1,000 to 50,000 or greater (per aggregate). Ranges

in between are also contemplated, such as about 10,000, 20,000, 30,000, and 40,000. Sub-ranges
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Forming the Initial Aggregate [00167] WD 2009/092092, also fromthe

i nventors, disclosed that non-enbryonic stemcells can successfully form
aggr egat esoiznivizi4vh the cells retain the undifferentiat @edTalsenowyga2 of t he
singl e non-enbryonic stemcells. Therefore, the aggregates are capabl e of

producin wWith a nore differenti e Thi ication is
P hoor pon i eHaRtsch “isy b Bl ERls s S R athf P r 06 Bine: iR D8 i Bar os
from sig@oe 10,600-30,00020.68)-300®, celobs-40.hat, Avsne-50.9€d, ndi sablranded irc ®kihvser hat
are not, transformed or tunorigenic and that may have a normal karyotype.
For exé‘iﬁff"e, sone, such as MAPC, are known not to formteratomas in vivo
and to have a normal karyotype in culture. [00169] The aggregate coul d be

f or med D170k AYe anyagamiimbet of oellsrio Itheescﬂmﬁrgeaggregart@meh thesaggﬂegzaes thanye okd tche
known neth

in the art. These |n Iuded he. han Yr osawa
ana roprreu i pt i ufl eepn P SRt SR AR SRl R PR B R D)
(Ng, ciRaageshebowden anedhadstenplared] sactt d3a 016D 2002300, 400] 500r €, T, swWNo@K her ent
pl asti S d i gr.eact or. expansi,on
pl at f O?lr%O%u@ﬁggil nf(g)gda)gflsg@(z r}g ({()8%@0@% 2@@8&% Eg g(g(f %d apo sub “ranges in B tr\))veen %hese
t enper atutnberssmﬂﬁ jat |2;090 psgd)(y)mmo@@%mﬂ) ploao, esooonms)r)@cmﬁoaai O, i1abm gl 3gfoonel | s

to contr ize of col ?%0%3 QQd@creQ]ferllHllb% 1.c d vi ces. [00170] Many

di fferent 1seilmcremdl”ntsOare KRS art LCire eSS may be used with or

Wi t hout serum (or at varying serum concentratl ons e.g., 0.5%- 20% or
nor e) . [VeiIgR] sdhumtbiesivabgeliold inrease thubeck]] nubep@r sggnegaife innim:ﬂenar%ng@f{brhlzx\/\oul d

knowt ctors to t S |u cludin but
ot 11 1Pt 88 NP Rt A RRNIRED B RS e SR s B e ¢ o
at m)sphmmbcr dfeelsingesingial dnd3he Sepiftied hParddafe. lﬂwze%lmn«:hmcﬂmrcslcm@teMm
[00171], Th be derived fromvarious tissues, such as bone
mar rowan%PFth%fr%e%pgeve% ﬁeral bl ood, unbilical cord bl ood and tissue, skin,
and fat. Cells designated "MAPC' in the WD 2012/027474PCT/ US2011/ 048972

| i t er atl091g9hr én epxeifip binbedadents the lsfaging pgdregases icomain, Botthet dveragan v &A8-5.000 ¢alls.t her
contenpl ates any non-enbryonic stemcell that forns cell types of nore than

one ent[f)yl%ﬁ] C19 r&’hlln Xser rov§§:§’ 1nf s & @Bloﬁ utylz§ %eﬁ‘-‘ ]tl]rat 919a§ be%g O&élg{?a‘?&fl 14;

2002/ 0164794, all orated by reference for teaching these cells and
met hodgmﬂ@potmkduﬁg)rngglmr cell “MAPC”). But the invention pertains to any and all stem cells that

are not embryonic cells but can differentiate into all types of more than one germ layer (e.g., two or

three) and/or express pluripotency markers.

[00181] Another parameter in forming aggregates is the purity of the isolated stem cell population
used to form aggregates. Accordingly, in the present invention, aggregates may be formed of a
desired stem cell that is present in a population containing other cells as well. Bone marrow cells, for
example, comprise mixed populations of cells, which can be purified to a degree sufficient to produce
a desired effect. Those skilled in the art can readily determine the percentage of a desired stem cell in
a population using various well-known methods, such as fluorescence activated cell sorting (FACS).
Purity of a given stem cell can also be determined according to the gene expression profile within a

population.

[00182] Ranges of purity in populations comprising a given stem cell are about 50-55%, 55-60%,
and 65-70%. Other ranges include purity of about 70-75%, 75-80%, 80-85%. Still other ranges
include purity of about 85-90%, 90-95%, and 95-100%. However, populations with lower purity can
also be useful, such as about 25-30%, 30-35%, 35-40%, 40-45% and 45-50%.

[00183] In the aggregates, the non-embryonic cells, such as MAPC, may be substantially

homogeneous or be found in less than substantially homogeneous form. Purity, therefore, in the
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[00172] In addition, less differentiated stemcells may be derived by
various mani pul ati ons, such as, by transfecting and expressing certain
genes i n wpR2bhewent/wat ed cells to genetically reprogram Prhg/useditfissrent i at ed
state, nuclear transfer of somatic cells into an environnent that creates

ene expression corres ond to a | ess di fferentiated pheno t han was
O e om REedy O S F PR | PGty T sEh eSS b itbn ChRGy ke A

suf fi ciagpiegdtes. mai ntai n pluripotency (for exanple, "MAPC nedi a" and

expansi on protocols), nuclear repr ogr amﬂ' ng by fusion of somatic cells with
enbr yonj e cul.ture-indu e rogra e tation, and
R R R R
cell's (sbochgdhé Agérensimdd J:alemyme hl,lscﬁdattd,l[retmsflﬁpphﬂ;ﬂﬁﬂl ﬂrﬁﬁy? i€ ZxGOﬁn)o}t off 0047 3]

The | nven&l 100nrs] Y eeEertal | nstot t%ose 0 klfl 1r(1)rHe ty §£ef8rl eexs a dMag;s et alc%’lx zj

mamal iGN SPaci ed anéie nore ar llrlarWarl 0" hiltrans: MR PebVEE " uses
(e.g., @dmbmBat Yiat2an3-084 ((ze(l)i)and Iihkatlﬁ:l:dil] tecdliﬁermauqu)r@f)coasl Ihemtes(Jo@lnl S.

Acr oss pegi S, can 1 l1s. .In can be
Aot of odoe PSR iR hed gL i MER®) B fBevtion Prde bR an R3S T ned
as at [3ast(ecsh. cdhbs. dlﬁultenuiaamgers)ndmcﬂsuaie mggpc&gad dsreith &y Iﬁfeﬁmﬂ@t Mamd arge

that the..inner cell beco n ude a
100- sooiamhrpayEoR A aarhser et i3 b 8oabi HEERRRE B wou o

recognlth@eamyoculs.eful nurrber |n that range. A useful nunber of aggregates
woul d be greater than 50 for clinical applications. Cell nunbers are

vari abl [ e fr undr e stot ns. of t n
100- 10({@0@};0@ 6060"08836? %Wegégbls %ggﬁo%%“mﬁgwﬂﬁﬁ%get%o 000,
(about (ZaﬂIOSJ:,ruraOlﬂDGF«BBO@GFSDDD BS@Qﬁlﬁphﬂ@(DE(munB@@Gfen@O(IwS)célhd)151): acil(yn00Pid50, 000

( about ZQt’uQ a(l)n’d §& (9 8/%% ag(r%e &J?eferggl 90 usrér[():r 1’16d1 %O%%@‘ﬁlt %rg%nce%h)re?s rﬂndo% % 3}4}’ of

t he aggregat esintc ange rom a
Accor ditrgsoyipticheiagprt foe sxa@rpp@r, atrthg lewdls exlpoaded 1IOMAPG_26)51, 2lafadhet @) caltgesal so
contenpl ated. Ranges in between are al so contenpl ated, such as about 2x104,

3x104, zig %élg gfég& ,ﬁéé% 7x104, 8x104, 9x104, 2x105, 3x105, 4x105, 5x105,
6x105, 05, 2x106, 3x106, 4x106, 5x106, 6x106, 7x106,
8x106, 9x106, 2x107, 3x107, 4x107, 5x107, 6x107, 7x107, 8x107, 9x107.
Fur t her[0G1$B] r &hqegrwttlmwwm@d@lémﬁq‘rmit@fsa%regataﬂr 40 f@ogitl@ﬁq@p Avueldce Fadn7 6]

The av %a?eg%éﬁw &hd aj) f&r@édl %grlc atfd (Q‘E&Eﬁ%acfgﬁnh%ﬁ% c%l%s Jt qg(?;ﬁa%mum%ﬁutéshﬁto

non-static conditions can SucC from about
1, 000 ttbe Ef@tOOO@ %rw‘é}r Ehadew (ab@hma@}glﬁ égtmneplateméh@erg) i Altharhdet metkods |ago

cont e U% saﬁlglilltaré%%&gfpmetggd Q QIQ)TG c’va Qﬁ:gt’weatg roﬂchqgge nLMr Bian ges

WO 2012/ 027474P 117048t w thin these ranges are also contenpl ated
such ageZegd; Bhaooys nchdostirsdeapensgnog@owih m@nomat@d@nengpb@élask Other

10, 000;%%n@QQmﬂgQEQQQBéngQ&mbﬁgiQ&pqéﬁggggM@ﬂﬁl&pgwéghqggaa@%ﬁm@&gﬁ&@nges
in betweetngthese
printin

[00187] These methods are illustrated below in the following citations, which are hereby

incorporated by reference for teaching various non-adherent cell culture methods.

[00188] Dang et al., “Efficiency of embryoid body formation and hematopoietic development from
embryonic stem cells in different culture systems” Biotechnology and Bioengineering 78: 442-453 (

2002).

[00189] Konno et al., “Formation of embryoid bodies by mouse embryonic stem cells on plastic

surfaces” Journal of Bioscience and Bioengineering 100:88-93 (2005).

[00190] Ng et al., “Forced aggregation of defined numbers of human embryonic stem cells into
embryoid bodies fosters robust, reproducible hematopoietic differentiation. Commentary” Blood

106:1601-1603 (2005) [Forced aggregation method].
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[00177] The average nunber of cells in the starting aggregate (i.e., the
aggregates that are used to inoculate the culture) may occur over a broad
range, swsb0e/02r49m about 10 cells to about 25,000 cel | PCTRSAgaH489M2 bet ween
are al so contenpl ated, such as 10-100, 200, 300, 400, 500, 600, 700, 800,

900, a 00- 10, 000, .10, 000-15 15, 000- 2 0 000- 25, 0 0 and
al so sﬂﬁ‘!@aﬁgg@%h%st% A Ve reser Fmigg S tfgldg%cﬁ%ﬁﬁbﬁ

5, 000, sGenO&s” Joubl0qf BogsOfke ad B, gideksikOM: 402410000033.3, 000, 14, 000 (

i ncrenents of 1000 up to 25,000) or even in between these ranges. [00178]

Thus, rage f lncrease in the ce unber r | udes a
ange 10GORESNSErTur. WEL ARG B BRpEP Ly BT S Shea PO AR 1tV

50, 000)YorfTheadedlydofi Weipeas @4dte peiths ahmﬂhaSaﬂﬂhemnmhaamlbBcﬂhz@@@gmmuhsaI
and the exgagqed aggregate. The fold increase can be cal culated from any of
t he nunBe&rs® gi'ven above. [00179] In specific enbodi nents, the starting

aggr egat es contaln, on the average, 1,000-5,000 cells. [00180] The exanpl es
provi dd@0ion] t kopflappl.i ‘Gafferemiating bnrgomc seml cetlhatio habrybiddrdde’s Mghadsed ol

mul tip ni.t or cel MAPC'). But the invention pertains to
any an Q#4%?g%¥%ﬁiﬁgp%%%tI%RHE%O{ enbryonic cells but can differentiate
into all types of nore than one germlayer (e.g., two or three) and/or
expresimwwﬂ}iﬁbm@woytdafkmmswﬂkbﬁ&8mPHWMﬁmhenep@meﬂe@@nukhdﬂmmdwngwoﬁ

aggr egao fies sttttnlgg el CEIYIV&QIOH’t z%tecﬁ?n% Ezt rgo 9%9%@ 448 IgiOO@)O[@HJTQ& éu(s) niSF g.bltupe form
aggregates. “Accordi ng present “inventi o regat e e Tornmed
of a desiterad stentcell that |s present in a populatlon contalnlng ot her
cells as well. Bone narrOM/ceIIs for exanpl e, conprise m xed popul ati ons
of cell e« d sired
effect[ ose%ak ?#ZE |§&{ gg?kgghagg %V&gé%g C& gﬁ%gtggﬁggagpof a
desir ectostt@mrxgeftnlgmpﬁe@ cpdigy Itls@tuﬁ orithus$- dgl\'\?ércmtdt@@ymtﬁtS-llan\@Wi’ PRretehlods Prequch as
fluore (FACS) Purity of a given stemcell can
al so bg9 %g?ﬁﬁ%gdﬂk’ 3R§h%8§§%%%ﬁgsgene expression profile within a
populatlon [00182] Ranges of purit opul ati ons conprising a given stem
cel | arlB018pbutYaBg 58l BigBa@@aglecfrd @ ? -2 102 Hey0Tp éH?fegfp fehptrale Jpusifivy of
about EQ&%@%% 75-80% 80-85% Still other ranges include purity of about
85-90% "90-95% and 95-100% However, populations with |lower purity can

al so be useful , such as about 25- §OW 30- 35O 35-40% 40-45% and 45-50%

[ 00183]109197} hdOrtareyak-¢§2b pha Chipn 73&9?% @08 )&t ef mg“fmﬂﬁuds@ fapiciedP be
subst anfjeabhyMidgnogeneous or be found in I ess than substantially
honbgeneous form Purity, therefore, in the WO

2012/ 027474PCT/ US2011/ 048972
[00198] The aggregates can be formed with a starting (single) cell number greater than 100. A

maximum of 4000 cells have been used to form a single aggregate over 4 days of Hanging
drop/Forced aggregation method. Starting from 1000 cells, the aggregates had an approximate
number of 6600 cells/aggregate (counted by trypan blue exclusion method) after 4 days of hanging
drop culture. Therefore, a useful starting range could be 100-4000 for each aggregate with the most
optimum being between 400-2000.

Stem Cells

[00199] The present invention can be practiced, preferably, using stem cells of vertebrate species,

such as humans, non-human primates, domestic animals, livestock, and other non-human mammals.

Non-Embryonic

[00200] Non-embryonic cells reported to be capable of differentiating into cell types of more than
one embryonic germ layer include, but are not limited to, cells from umbilical cord blood (see U.S.

Publication No. 2002/0164794), placenta (see U.S. Publication No. 2003/0181269; umbilical cord
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aggregate can vary as above. Furthernore, other cell types can be mxed in
when form ng the aggregates. [00184] In nethods in which the aggregate is
subj ect edwoaottii2f4enent i ati on conditi ons to produce sonePofi/usSh@1/048972
differentiated cell types discussed in this application, many, if not npst
of those congiti are a I bl e ose, of ordinary skill in. the t.
See. Tormupaniel Rhye s il ARk oy RRs R naR e o5 it ooy * and

| i nks thmesiel Phatmacd) §1 Quppihd:5-as I20)06)pﬁrﬁﬂi10tﬁxoﬂhﬁd sthapalloeyileA. (0 Tiul megameazt

Fovesr et 2 EoRR RN bk T BRhE R G CALRE TR ol RS G '

i ncor quai edoslﬂﬁrsema) tgystfoeft@nmm@em dvnnypldtrﬁi‘aegtaﬂulat ar@irmepaiddichi @dis, vaticéh | n

U S o S ISP 320 IO, B DU LRLSSERGR 80, oo

DVEM | owmglmao&e R NDBnd B%Bibiestead 5363l f(198ey; whisorPDGE - BB digh 29167 =63 B3998),

|nsuI|n | eniumtran rei 1TS), L] [ C aci {pid mxture and 5%
Oty gen I PoRapRBe SEERLs apledisn b R FlGAR RuPariBl e B 8 5o
oct 3/ 4 ihdoapesasd Pitrefornicaetadt for feadhixmeypbels. at the | evel s expressed in MAPCs
in 2D (adherent) cultures. Initial Aggregation Methods [00186] There are at
| east tyo et htolgs to farm.th gregates: (a) hanging drop (surface tension
alegigs o P
based rﬁM&%egatl on (physically centrifuging cells at
1500 rpm 4 minutes onto the bottomof 96 well Utra-low attachnent U
bot t Om[ﬂ‘l)m_b SCaorraii diffigrent Alrathgiesy Iaudhoztsmunkmhmmsplamaidns adiular fgidhopmd culture
ﬁgg{):?at ticed }ef)]r%érg?iﬁgng, dre:’) V\Iane}'gslg%% ¢ 1n uce I fi: f_(::(?_ongle s1§)}:14I ng 81%]f|§1iegthatteél 0%{19 1cr11 OC%I l ar ge
non- at tembbmamtstam akthe/réfe@sdes CﬁdHEto“prue embupadatedby Mdsnoefforft@acmnggow to make
control es woul d be nethods such as m crocontact printing.
[00187]&6??1(:&fs agd %& gléefl?l I Tustrated below in the follow ng citations,
whi ch are hereby i ncorporated by reference for teaching various
non- adH@928at  daklearctnsir evalgtshbdsnieftion 18 8] sobang nedevalinto ahEnfidleit@neyytof
enbryoi 0 i Gy St em
o T T S e e
442- 4531ppn 20pM)tatign0id]1 89 rekeam @ivet ris] (o, gé‘rﬁmaﬂntmfawedfen@miﬂnycostdrnb@db e:SHSby
nouse [ y r f. and
51 oongrneay s B FaL AT 00 X TuBH RE RO BB 1S o R AR ot
def i nedenaratiyarod hpifrids b shosnddr &@imee okplenpatel ES C¢lh;t dixehb&atym o sbodiesllf ost er s
r obust, t hetd e iation, ) ry's
106: 1681 FB0S 508  PEER. CAP LA Bl hdmhE Bl o RITRALET YAc Btk
2012/ 0 2PaTPETHiASRO1 dllf 48 FQonly source of pluripotent cells that can be derived from postnatal

animals. Transduction of somatic cells with defined factors can initiate reprogramming to a

pluripotent state. These experimental approaches have been extensively reviewed (Hochedlinger and

Jaenisch, Nature 441:1061-1067 (2006) and Yamanaka, S., Cell Stem Cell 1:39-49 (2007)).

Nuclear Transfer

[00203] Nuclear transplantation (NT), also referred to as somatic cell nuclear transfer (SCNT),
denotes the introduction of a nucleus from a donor somatic cell into an enucleated oocyte to generate
a cloned animal (Wilmut et al., Nature 385:810-813 (1997). The generation of live animals by NT
demonstrated that the epigenetic state of somatic cells, including that of terminally differentiated cells,

can be reprogrammed to an embryonic state.

Fusion of Somatic Cells and Embryonic Stem Cells

[00204] Epigenetic reprogramming of somatic nuclei to an undifferentiated state has been

demonstrated by fusion of embryonic cells with somatic cells. Hybrids between various somatic cells
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[00191] Kurosawa et al., "A sinple nethod for form ng enbryoid body from
nouse enbryonic stemcells" Journal of Bioscience and Bi oengi neering 96:
409- 411 (WO0Q8)2/02f08192] Magyar et al., "Mss producti onPofi/usndanpaesod2 bodi es
in rricrobeads" Annal s of the New York Acadeny of Sci ences 944: 135- 143

Fopt | apd Spon e PRORREq s Dol o i et e 2ay SR SYERERY &t W es-
Met hodsor MS| ceBb (twakbAnd Qh&ﬁso(l,ZDQ)@op{nHﬁl’lgB 0272330000} ftad] maly0@diBé) wiangr on et
al ., "ng_%}ro ed devel o

onic stemcell-derived e 0
ot es BMEL FRPERHG deer e Vi B P IRCE: AP SE Gofigmeaode ehd i To0s)
[Stirr qﬁocmus.pens\mﬂnnﬁuﬁet(mﬁa &1 eml.Bipl0N 1353 -1 V¥n@oet)), abman EScallatdve the

d d bodi .cel I st d
bngi neaPRati gy fpixeryh suie B SE& bt st - Sy PR A RRPEIN Sl "0
Bi ot echenall, SIBreegz AR:18171 1 RO 200 A ctify R @i YilehUFINAPSERN nBW&Ese BEh as o&t@(}ﬂl@ﬁ]
Y, t al 2007 Us f t
sensi ¢ IVRTiDARBE ST Gt 69 Fon 19RO feroca G iheton o oy Pagerg ©
(2007) pdrdds@esgiluripoenof Wiwindises with hewedlfsieai @nd (SHRa alazeva‘tm Aat:99mi001 (WOAP8] The
aggregates can be forned with a starting (single) cell nunber greater than

100. A maxi urfgugeflnél%gg cel Irg have been used to forma single aggregate over
4 days of Hgm—ng—tﬁ—op%%égregatl on nethod. Starting from 1000 cells,
t he aggregates had an approxi mate nunber of 6600 cel |l s/aggregate (counted
by try[d60208] uéleipotentsicbnhave bhaderiadd fpom 4mbigypsic opurtrangrings dndpnaes 4nd rd®

Therefore usef tart I 0 r _each

i th o ey MESdCEbEh hISRCAIAR GO SBRRALEARE el PLr R B R

pr esent(EGmednt ar@nposmntab@epmaacagom@lede;m pelsf (énaﬁSQs,m ugiSalgkes tcelm) c gt golbfving
vert ebé)? rl%oéeg eh? long l%}&gith the 1r don@ce%?tls?u%r}s AHRTROWS? rpa?i%%ge%éhc%e%s % ARVR I's,

| i vest
from murine oocytes (Naras1mha et al., Curr Biol 7:881-884 (1997)); embryonic stem cells have been

derived from blastomeres (Wakayama et al., Stem Cells 25:986-993 (2007)); inner cell mass cells
(source not applicable) (Eggan et al., Nature 428:44-49 (2004)); embryonic germ and embryonal
carcinoma cells have been derived from primordial germ cells (Matsui et al., Cell, 70:841-847
(1992)); GMCS, maSSC, and MASC have been derived from spermatogonial stem cells (Guan et al.,
Nature, 440:1199-1203 (2006); Kanatsu-Shinohara et al., Cell 119:1001-1012 (2004); and Seandel et
al., Nature 449:346-350 (2007)); EpiSC cells are derived from epiblasts (Brons et al., Nature
448:191-195 (2007); Tesar et al., Nature, 448:196-199(2007)); parthogenetic ES cells have been
derived from human oocytes (Cibelli et al., Science 2951.819 (2002); Revazova et al., Cloning Stem
Cells 9:432-449 (2007)); human ES cells have been derived from human blastocysts (Thomson et al.,
Science 282:1145-1147 (1998)); MAPC have been derived from bone marrow (Jiang et al., Nature,
418:41-49 (2002); Phinney and Prockop, Stem Cells 25:2896-2902 (2007)); cord blood cells (derived
from cord blood) (van de Ven et al., Exp Hematol 35:1753-1765 (2007)); neurosphere derived cells
derived from neural cell (Clarke et al., Science, 288:1660-1663 (2000)). Donor cells from the germ
cell lineage such as PGCs or spermatogonial stem cells are known to be unipotent in vivo, but it has
been shown that pluripotent ES-like cells (Kanatsu-Shinohara et al., Cell, 119:1001-1012 (2004) or
maGSCs (Guan et al., Nature 440:1199-1203 (2006), can be isolated after prolonged in vitro culture.
While most of these pluripotent cell types were capable of in vitro differentiation and teratoma
formation, only ES, EG, EC, and the spermatogonial stem cell-derived maGCSs or ES-like cells were
pluripotent by more stringent criteria, as they were able to form postnatal chimeras and contribute to
the germline. Recently, multipotent adult spermatogonial stem cells (MASCs) were derived from

testicular spermatogonial stem cells of adult mice, and these cells had an expression profile different
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Non- Enbryoni ¢ [ 00200] Non-enbryonic cells reported to be capabl e of
differentiating into cell types of nore than one enbryonic germ /|l ayer

i ncl ude, Wotomve747@t limted to, cells fromunbilical ceca/usk@od4§osee U. S.
Publ i cati on No. 2002/0164794) pl acenta (see U. S Publ i cati on No.

2003/ 01812 il 20 /04897 trix

(ot tendri et of et e . S5 330 0T R T e S BT R e

cel I s (wucdaived frah.the eblbﬂﬁy&lmhtlrﬂhﬁﬁdlﬁﬁﬁhouﬁﬂenﬂﬂm|(Bﬁ)n5et]a8 NRORBNS: 1910t i C
fluid s al a, A T e Regen Med 1:83-96, 2007),

ski n- dé??d?ﬁmt%‘\& e 4@%%@{%%9&2@?’?5; Nat Cel|l Biol 3:778-784, 2001),

adi pose tissue (U S. 2005/0153442), gastrointestinal stemcells, epidernmal

stem cel | s, Repthbelvemaibg by Btfdiml delnbsiptivhliactorsal so have been terned "oval
cells” (Potten et aI , Trans R Soc Lond B Biol Sci 353:821-830 (1998)

Wat t Sci
e ol 9020858 B5eic0S kB0 RoRleblng o 37 HisAh 40 Bibkanat 82 oot oq
2003/ 0(1594@6'8&1@0@601) 6M©as¢7ems;)omcef¢c¢blasfs (WiiFshandsdilln Gbmoplostatved pmgrm@r once

her ei n fo t eac St r.at gle of Re a n Cells
{00501 SybFER 1P Piec ISPy Ebafr el BRI ShyCaRARH? Tl B

cel | ul a[rndﬁcu:slpbmpotantcktemglc’ellnr eWhﬂﬂjgunem':b mpmmgrtsahmlemgbhshai/thatt@ceﬁam@ﬂx@y@d to

i nduce the nver n_of ~di f.f er ent ceI i c st The
o or oricand D gaTies (Bl PR S REDEFad Aot A SIS £ 1

make t hésee ddl:pI0aMI(20€® cMapii ngalt, MnCel[ B@B%]ZS -DRAC(26GIN). tcmat)r(csa‘néﬂ(lfmm kes the
i njectipn of Qmat i c. U t 0,8 [oYe])

transf ecf spen flble g@ u%awa et ri (Z‘\}a?g tec?nog%‘()g @gl?l@)é?&r(lﬁ)%} %?ermng Xt a? Nc\ll){h r428 ?%’Eguc L ve

cl oni nq2()Q8)dfqetllpdhzea>ep$I1&rﬂl9&Y 10 R007Qul t ure, can give r| se to genetically
mat ched enbryonic stem (ES) cells ("somatic cell nuclear transfer,"™ SCNT).
Cell fyghpp of somatic cells with ES cells results in the generation of
hybri d t show all features of pluripotent ES cells. Explantation of
somatic cells in culture selects for imortal cell lines that may be

pl uri pdfeA8F] orAmnaxkmplaiyt esHtof tat presepisiayrn{ion hasrheen destanptad “SAER cMAKC iy an t he
onl'y SQUfGem 98 RlufdoRat a?l'[lft ﬁ%kﬁi&r Eﬁft(ncﬁﬁlﬁ‘s B6n #er hé/neg:];ﬁﬂ QR 1RO FN a@lt o

ani mal s. ansduction o tic cell's with defined factors can late
r epr ogrdafiarentigtetiofogelb byiped plotllethree primiteve e bgerg kgstodpnte me&rdea@mm@a@dvésmﬁave

been e’@}&@éfoﬂﬁd if Ersec\éhseé’l&%a%"ﬁ?ééﬁ ‘?&Unh ﬂQWAP@E‘ge glat%ln%l%@b ON"%/&' né-f4dx-1Q61- 1067
(2006) and Yanmanaka, S., Cel t em Cel 9-49
2). Oct 3/4 (Oct 3A in humans) appears to be specific for ES and germ cells MAPC represents a

more primitive progenitor cell population than MSC and demonstrates differentiation capability
encompassing the epithelial, endothelial, neural, myogenic, hematopoietic, osteogenic, hepatogenic,
chondrogenic and adipogenic lineages (Verfaillie, C.M., Trends Cell Biol 12:502-8, 2002, Jahagirdar
et al., Exp Hematol 29:543-56, 2001; Reyes and Verfaillie, Ann N Y Acad Sci 938:231-233, 2001;
Jiang et al., Exp Hematol 30896-904, 2002; and Jiang et al., Nature 418:41-9, 2002). MAPCs thus
emulate the broad biological plasticity characteristic of ES cells, while maintaining the other
characteristics that make non-embryonic stem cells appealing (e.g., normal karyotype and does not

form teratomas).

[00208] Human MAPCs are described in U.S. Patent 7,015,037 and Application No. 10/467,963,
the contents of which are incorporated herein by reference for their description of MAPCs. MAPCs
have been identified in other mammals. MAPCs can be isolated from multiple sources, including, but

not limited to, bone marrow, placenta, umbilical cord and cord blood, muscle, brain, liver, spinal cord,

blood and skin.
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Nucl ear Transfer [00203] Nuclear transplantation (NT), also referred to as
somatic cell nuclear transfer (SCNT), denotes the introduction of a nucleus
froma domorzopanret7uc cell into an enucl eated oocyte to @gemarsatia/0asoct oned
animal (WIlnmut et al., Nature 385:810-813 (1997). The generation of live
ani mal s by OEermn r at edf tR the epigenetic state of somatic cells,
i ncl udi ng tmw 4 Pt ferentiated cells, can be reprogrammed to
an enbryonic state. Fusion of Somatic Cells and Enbryonic Stem Cel | s
[ 00204][0@9PD e reibit © fompmg)@rgﬁmm MA&sz&@mrhet lsclalﬁdl ehdedulttued amngjmeltihf)dseﬁsem&dat ed
o e (RIS D Sl R AR has IR YR 1B B L SRR ©
2012/ 027474PCT/ US2011/ 048972 and enbryonic carC| nonma cells (Solter, D., Nat
Rev Ceri@9219] 3M:tBRY of 20087, iselntymy ani lcnogerim hEG@t, Ore,BSr @@dtmp.le (Ewakateand
Thonso I ntg .1 227 0 ) re
par ent 27I Q@g?ygﬁﬁhe&l e%h l%§ t‘%lﬁh Q@] CP It ﬁer&atll ur Xphe? p%eirqio lJ&pse a?es
dom naribcorporgedclierdin by oenierpnood MABCS das bmiotutqntdmm@Iﬁ@tdeesoertcesaincl,udiagr put Bbol
11:1553: 1 (2001 ave t t ent 0.repro
sormt bR e onr TaFoy e Bl S are SRR B Shuli GRS AR ). v
et al . bl&dicenkie. J1B; b&tibred PBRib{20@6In boAc trianrav iagpira@h, teaih entivep bivpsigotehcy
mar ker s such as may,,.occur (Do and Schol e Stem Cel | 9
(2004) )dther: rg(‘c:msd 6181%(%12{;&;:( glre é%%sl uglrrllg 8{:)5(15%16 of ne%a§veE§llec{1?r1 techm ues Vaf?ab ﬁztar%?ors)% Ig ncy
when f ugdldinwhe dort, nelpimg lupsrt dingemsds |tsat (a®| dxvassetl (@&l nof em¢ssﬁ'de uﬂzhiseg@ls OD.1by
(2006) ) u cg(‘)]natl uorr emoI r]%&JOC?ng assg)r O&Eﬁg’gﬂthn e Li Ol%soe ]1n t!leutalla Ve re nrt nc% Shcaf’ive been
deri vedf 17'om enbryoni ¢ Sotir such a oneres and the I nher mass
(rem ozfzhlwhavdab@str@my)sltateélES‘eméaIyIr@)ar,enctehe epl bI ast (Epi SC cel | s) prl m)r di al
germ cells (EG cells), and postnatal spermatogonial stemcells ("mGSCsnt
"ES-1i | The f n [Wele] i onor
coit /11 0R1EF] APARCT e Sd SUT B o hETEE s AL B %@%ﬁf i e
oocyt esExpiNanagil rﬁﬁala@'ioga,l 34 15@)§H1 601Bi2©(l)6) 7ng Sllbrﬁaﬂn%nl@ 97) OclluknBrogomingng areim

cells t (

ce! b BB LS LA PSR OTREER O BRRT Bl B8 B Bgan et
al ., NA2UOp itkpgoriteddg r¢f2QaA)Yr, thespriethodd. c ger m and errbryonal carC| noma cells
have been derived fromprinordial germcells (Matsui et al., Cell,

70: 841347 ( 19920 ) BUEMaIBSSDesAlitla WASS, Baue 7 Beepsder i ved from
spermatogoni al stemcells (Guan et al., Nature, 440:1199-1203 (2006);

Kanat su- Shi nohara et al., Cell 119:1001-1012 (2004); and Seandel et al.

Nat ur e [B02B43IARGE dooo7ypresEiesommm iukgextcamipsnetiDrg omcaphmnblas tseectiBr ons
et al k8- A8y 29 1 ThOpixkd J@ﬁé’éﬁ fhs @bjecteMNRI &1L H

448: 196g géZOO?@y garthogeng%z%auo S Savjeemeen lerlvyepgql%ersgﬁrzﬁﬁ)ﬁan
oocyt estheeBemere @en avbJecteslc'iOeli*fr@éﬂVz%l%tw vm%tl—cma%bwl gty-A|antibadiesni ng
St em Celehtink: 61@%0&6‘1%1&2&0@b)5+ HHar@aR-£S.4.! s !ﬂ@%@miﬁ%% ggrbh\&ﬁ[% I3I Hem buman
bl ast ocysts (Thonson et al., Science 282: 1145-1147 (199 C have been
der i vedhFroanmensaeciens eallowereherrgeosered| Cells kil pleo b%ﬂﬂ@@ﬁ@@ﬂ@@@fﬁ?}iwd PHilnney
and Progk QQltur§f %megz@ibké bow 489621 2201 t()%féplzoe)the &@1& dr IR9dafied] g%*(c‘éﬁ{ i yed
fromcord blood) (van de Yen et al., Exp Hematol 35:1753-1765 (2007));

neur os plkyes wrerl bort marrere £¢llpepamy astheraripramalcgs]ly ul(d@garrmél%ttveéﬁnesce% ence,
288: 16605:h8Q31 (RAR)) 30 Qf?lnﬁ)rmo?@hqbﬁogeh% tﬂagulg%r%fc&hé btREAIR Sipatl axi PCCs
or spermatogonial stemcells are known to be unipotent in vivo, but it has
been sHeRaiphiene slamergsot ent ES-1i ke cel | s (Kanat su- Shinohara et al., Cell,
119: 1001- 1012 (2004) or maGSCs (CGuan et al., Nature 440:1199-1203 (2006),

can be peabkpt @gteﬁlfaﬁﬁzﬂy @[)Qﬂl@%ﬁ,@ltldnrbo\ﬂdtﬁ’e%sw ld 4618te MR i€ aMBSbin@ont 1ESE
pl uri potent cel gtes were capable of in vitro differentiation and
O

t er at orf@CHy fﬁﬁfl‘?rén BRP§jtiEgNd pegatiprcseleglinn PRBIGE A iR BgEHPArose plegill in the

cel | -degq, H&ﬂm%%%o%olcﬁﬁr hidiR1lye RnhiSanWSafes Rbithbieot &13hiiRYscRBIA paffolddGant
criteria, as they were able to form postnatal chineras and contribute to

the gerdPiHailabRei@eht P, Soou i HemRint L%wfe Syarant SgeTAr St e kdt (K9PMASCs)

wer e dQB;&féﬁ%dJnfMe&myPFe%sI)laﬁdlér@Eorﬁxﬁ&&m RA0H Ao h aMES bl SHuRks. adul t m ce, and
t hese cells had an expression profile different
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WO 2012/ 027474PCT/ US2011/ 048972 from that of ES cells (Seandel et al.,

Nat ure 449: 346- 350 (2007)) but simlar to Epi SC cells, which were derived
from t he wpi2bi2zaer47ef posti npl antati on nouse enbryos ( Br @0%/Usko1alo4§97Nat ur e
448:191- 195 (2007) Tesar et al., Nature 448:196-199 (2007)). Reprogramm ng

by Defi on Fact.ors [ 00206 OITB.tIC cel | s, can be r ro r ammed
0y an by TEG B SRR S S UGS RTET SRy
Mbuse Elﬁhf&ﬁaﬂikﬁ:diay lsaoﬂaalrta,sdtal (iVEES) Pasd N@dﬁlH9 f%tqm@@east@am@dsre Rascgetaned to

el | 5" e L oman RS e B Gover o By Toet Pl yafef e *

exper i meiing). had est abl i shed that Oct4 and Sox2 are essential for
pI uri potency (Chanmbers and Smith, Oncogene 23: 7150 7160 (2004) | vanona et

5330 200. B 9:.625- 635
Na[h('ﬂl? %%ﬂ Hla)kﬁ? ﬁul red IB)IO% Iserum or %qim f(eﬁack ure medlu = eru I{faf: nﬁg

(2007) by &5 Spensa agana e ot'echnol
26: 1910105 1 BOOS) MANINS REscEbotin | NAtane 7 0480 F1 8¢ BRbf2A08) sroth eticad

Sci ence 1 917- 1920 7 MAPC [ O 7 | ar e
B A L e s
"mul ti petepit, atdl.t RareagemMNok.or 7(1&9 610; ( o109 B ; nhmml No61ge61) Mﬂavtlsh,as t he

capacit i | S tive ge

ayer s Farslorhr CRELURLFH Sab G adbRR s Yoe e kLRGP Bl 8L

have beefarch@uhdicadhinkdRGsnd @llgin, setuel-evanaldey. Oct 3/ 4, rex-1, rox-1, sox- 2).
Cct 3/4 (Cct 3A in humans) appears to be specific for ES and germcells.

MAPC 1 epy4 10n£11tﬁ$1 Ft rermetlgodgrl mtive progenitor cell population than MSC and

denonst tion capability enconpassing the epithelial,
endot helial, neural, nyogenic, hematopoietic, osteogenic, hepatogenlc,
chondr dG&PL dmdddadinplogeeriments the dgeiy atvehiflaMANCe arG:ulured Tre mds f1Gel 4boBi ol

Lo 202 i3 églf%%ﬁﬁ op RO D YR/ écg%bog %@ggam 0'1n3§d1§4§bo§t6200 %Qﬁ%g( %e%@ﬁt and

Ver f ai | Aca mat ol
30896- 904) clgom’ toaabdutm@(hgﬂl@’t:mal The dNpdity cen i BbeAecd Sp@@ﬂ@Z)ﬁddlmR@s Qthlgl

enul at Qe 1;1 g cla{.]%g cﬁh&lld%% o%at!ult{?ljeac%hdlﬁ(l)nts 8 le[r&k&egei@t G n%gjlthﬁlsthg Fs‘fqhsdf tl‘fgm l'e

mai nt ai ni n aracteristics e non-e onic stemcells
appeal iangjnq{re afsan indetpralinddhe wmb@enalndfocl@glserm@t offcaktyre t:@datoom@)C.GHS[ 00208]
Human MAPCs are described in U S. Patent 7,015,037 and Application No.

10/ 467 0[8@2397] t D\qsoc %ﬁw a?mQJph&lﬂ:' &égge%rc%ndeﬂﬁﬁfogg(gfqgsg qlalﬂ gﬂcﬁl‘t TO‘%) ylnélﬁ(in? %ﬁte for

their description of have been identif i n ot her mmal s.
MAPCs clabfe iped. espetialtye d- 51%& em lfmyISQd ey Goydwiag thej lmauaa,l gli(gy,vth leed difeentiatipn pfed t o,
bone nmayhpW inRLAGENt A, unbilical cord and cord bl ood, nuscle, brain, liver,
spi nal cord, blood and skin. WD) 2012/ 027474PCT/ US2011/ 048972 | sol ati on and
Gowth of MAPCs [00209] Prior to form ng aggregates, MAPCs can be isol ated
and cullPQA8H Gslingaxke ®oersd Hpdse pioBYSCHER EMACTAREIOTS rf-4J, 3BoutEd08nt Fel bavinep37,

whi ch 's@ruh{‘fﬁg}'; BO Hl@&i.edHllgMer Lhgl E¢ Be helaeholBhatiiewth MRl %gﬁgen tensions, for
example, about 15-20%. Cells need not be selected prior to adherence to culture dishes. For example,
after a Ficoll gradient, cells can be directly plated, e.g., 250,000-500,000/cm®.  Adherent colonies can
be picked, possibly pooled, and expanded.

[00219] In one embodiment, used in the experimental procedures in the Examples, high serum
(around 15-20%) and low oxygen (around 3-5%) conditions were used for the cell culture.
Specifically, adherent cells from colonies were plated and passaged at densities of about 1700-2300
cells/cm’ in 18% serum and 3% oxygen (with PDGF and EGF).

[00220] In an embodiment specific for MAPCs, supplements are cellular factors or components
that allow MAPCs to retain the ability to differentiate into cell types of more than one embryonic

lineage, such as all three lineages. This may be indicated by the expression of specific markers of the
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[ 00210] Methods of MAPC isolation are known in the art. See, for exanple,
U.S. Patent 7,015,037, and these nethods, along with the characteri zation
(phenot yp&d 20f2/00ARCs, are i ncorporated herein by referemrce/USMIPCE89CcAN be
isolated fromnultiple sources, including, but not Iinited to, bone narroma
pl acenta,. unbi.lical cord d.co ood, rmnuscl brain, Liver, spi cord,
b1 o0a amieratis g Ts SOt GPEGty SALREYos RS sE P st oy BUf Par s,

brai n aslométrver bi opsi es, and ot her organs, and isolate the cells using

positive or negative sel ection techniques available to those of skill in
the ar gg?{z‘i‘i V'M‘é%ho‘éé’oo’} LG %”e%‘dt hat. %‘én Er%ﬁée%lf&?ernugtoé ﬁsprfr%ss‘%ﬁe}r 'n
t hese Gneti'dna gi c assa ose

di scl oamdlﬁiemntlzhei ainm@mneéaerlermﬁdda)ppby maﬂhbdxn\sell kvfviwahin hla:v:et b&gh that have

f VAP
MO L e R e
34: 1596:u]11ﬁﬁ1g éeﬂl@&ﬁ])de]andqdﬁum avr&mb@ndlﬁ“éreaiateﬂ @kllsl cuitnmnbar mgahﬁmentng:daaﬂls

Repr og nd Pra ecul ar

B o1 ooy RO weEbRASR A O BEB by BohhiPeed ks PH-he ek sibGRe
MAPCs  frioopreddananthB8o melifkdre tiond aamfaem:ts ishetdasicall kizSandRad @miplekjt) ﬂ)ﬁmﬁﬁcﬁlhﬁlﬁ)@ 212]
MAPCs do ng e, conmo ukoc t.i r
speC|f|cngyc%g %ﬁfm Agf%fmlﬁﬁjmTﬁgfﬁP%%) pgﬁﬁ Bmg%mgFEml s‘@%g 1 jected
to a FnﬁpkmmmyﬁamuemsaMamﬁMwanmk&hemmehheummweamhemamhbﬁememdamomnegﬂt|ve
;gkﬁfgiﬁonﬁc%Pﬁ%gztggles a%anét e% ce 1]1rFace %a&grasnc%l}l %g gléené%(’) 1&%&(815%1& ﬁgntgff ng}? 0. 1%
of narﬂﬁmunnnoﬁﬁekeaﬂmanﬁbszmmweduhengrﬂWQMEﬂedamﬁahhsmn@uﬂdgaFAGSbamplated

in fibronecti oated IIs an t eks
to depBrER I ERME R i B b ESD BEr PERSH MhrRS el il s
bone maif spawifeedehss, dﬁ@nmuaﬂhemenﬁasmmnnakwﬂebﬂgmuaﬂﬁﬂgmnﬂmpmwcmmnwmﬁnm
R T A Sl S e
AIternabmuﬂhyummqssnlgmesaﬂ@&bnonmqmmdeMﬁﬂmmamMm)W@@égﬁeneemmsmyuﬂmﬁ
conbi nar;[nlcr%grra tec %010 Eﬁeocclaf ng 0186 if Eﬂlr ntpa?e%l Ve and negative selection
t echni ques are“aVartabi et 6° tose “of sKi Fi™ e “art, and numerous

nonocl onal and pol ycl onal anti bodi es SU|tabIe for negative sel ection

pur posd80222k cswdiaylgi bade| dfferentialed @H4 afesidentifitdr thex ampbe sepasekolcyrh eheliy pi ng
V, Schl ) Pres

conmer CuI%§.§ rﬂtlatgcf ﬁog{l)tflga%f % r%eéejssﬁag nbléh?&%e?l{ Hn 1d¥n%rf1§%}é_o)¥ defaffRS 3)00\% (ilso%’rgwde
2012/0ZmﬂiwpﬁﬁkmﬁﬁmlamahagFAC§O@@&ﬁ$hﬁedhnﬂguemwm@$ igliyrainagnetic bdads and
separat i X 2d by
Sehaar 1o igp AT R e Gl i or AP RBL GRS S B T e DRE L RRPLCRR
Basch e&maBWmdEﬁﬁemﬂmHHMH@hﬁmmhﬁmﬁwehMQnqugmaQMy) and Wsocki and Sat o,
1978 (fluorescence-activated cell sorting). [00215] Cells may be cultured
in | ow r e culture nmedium Serumfree nediumused to

cul tur 2 ikl ﬁMﬁhﬂ)Q in US Patent 7,015,037. Conmmonl y-used growth
factors include but are_not limted to platelep derived growth factor and
epi der 180228} olt-h HHEVST is igmepordtest byesetangpice for (gaghingphtaginacenlisgl formulg®ne 1. by

7, 109 Q:%Ram zmgglﬂmg&sl ’the6ceﬁ]9r)zp1;1§£gtyns gregjlgser]t@%thnpa §Jn¥p0g1]agn gda%?eé fglﬁégld sﬁﬂa%ﬁ? 174,
5,908,782, 5,76 5,397,706, an 866, all incorporated

r ef ererf@ledeilmfyvéaelhﬁsw@)gg}ﬂw%@a@é?l s in serumfree nmedium Additi onal

Cul ture Methods [00216] In additional experiments the density at which
MAPCs  gph@2gH! thUEo%Q: e‘hﬁ)@dﬂ{&h% tﬁerﬁam %!:tceﬁé) r 6&Halt t%ﬁ&ﬂ%ec@l[ P&!ﬁm&@@au%ﬁ‘ld s/ cn®

to about 10, 000 cells/cn2, including about 200 cells/c to about

cel | s/ cnbice iaphsyt 1%@@%@@%@@%@@% Hsothsy egpadifngnty ithe P e én 1@,Q?eclnes

Addi ti apal lefwoRREAER is @%stbt%%caﬁwc%rm dﬁpcﬁé‘QAsQ%f Qni&kkds Ui GRGdhd, @Rs and
source of cells. It is within the skil ? he ordinary artisan to

det er mingecchtpge @ﬁthenﬂﬁloufdlé}%lw 13p-28"%¢ P(}%r%%t%%ﬁoé@l & ot 6n40%mnd
cell's. 459, 45%-50%, 60%-70%, 70%-80%, 80%-90%, or 90%-95%. Or isolation/purity can be expressed
in terms of cell doublings where the cells have undergone, for example, 10-20, 20-30, 30-40, 40-50 or

more cell doublings.
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[00217] Al so, effective atnospheric oxygen concentrations of |ess than
about 10% i ncluding about 1-5% and, especially, 3-5% can be used at any
time duriwg@ 20te2i4el ati on, grow h and differentiati on ofPCVARSS Lol t ure.
[00218] Cells may be cultured under various serum concentrations, e.g.,

Conbi ndDFBA! willh HoikeH DY REA o SRa AP sl e T e S0biePeR 1 €

need naih dbearkel eCiaedrsprProminkem amthgrigdse avill deahd tpecies di sivgst, thohatgx aiphee,
fter Fi nt di rect |.at ed, .
250, 0005 00T Tadheh et oG "LAR el HRe 6 i Yopeis 8 and

expandedent§ &@Qaké)belhg\acbmelstefebam pRihym l:tﬁl&ﬂfol‘ AdrhiRBtr&Xopeduniebiliay viphiaceddy es i n

t he Ex hse d adlow e around 3-5
cond ¢ 1R re e e R B b eSS it IR P T R Bl
f r om cahoioé &I’Ssui:l\ﬂﬂfecaﬂ{easi z&ﬁ O&i‘edadalaﬁzsﬁgﬂmeﬁénddﬁmlﬁd dxh@ Soudd ofalamitistchif @0and IR0
cells/cnR in 18% serum a 3% oxygen (with PDGF and EGF). [00220] In an
enbodi MBRte é}ﬁleecﬁaft CBa’f%(?sa suppl ements are cel lular factors or
conmponents that allow I\/APCs to retain the abi lity to differentiate into

cell t;{p@R@f Hrml déortaromne erbaqyuank @utljeMagef ccsllsmhbdam alill tthcfaﬂe ihvaheages.

This ma be i.ndi cat ed r.essi. 0 pec fi th

2012/ o3yt 0830 B P e et BES ot B EERCbb e, o
3A) angtbfi.coatokerts 6.8fo ﬁﬁ)gmh@ﬁ(rpafmnﬂiﬁltlcﬂﬁmﬂelispwﬁHmdfbnaﬁi Etﬁhd)hﬁrl%le. [ 00221]
Met hods of identifying and subsequently separati ng differentiated cells
Lo bzt LR SIARLRS, SAUILSLASK! RGBS £RNL Lol Al MRLIGS el
met hodsisof s@lhteanprseaaemsuon rwemmﬂmn ca)maﬂueceudaﬂtﬁofmledloloy ssmbechr\ﬂejeymnubit uring
cells un S y |ffer tiat out nunber

undi fferefgs’? o mgfyé”% s L ﬁeo = di e?seﬁ‘t? e Ee IO | CHARS B SO i eg
by nor ﬁhmhlm@lpnmanbhaHQ}wt andism;rsargamdenm ectntam;ng Hmtexafmde rvmtermabnﬁeplnosmtd hei r

undi f f [ ize and th |t

"t r acal A P SRS EALER: (RHED, BRaRS aRoF ol bR Y
identiﬂyxhgmﬂmﬂﬂﬁeemmuaHEdaﬁelIs by their expression of specific

cell -surface markers such as cellular receptors and transmenbrane proteins.
Monocl [ 2 e o]
dont 1 e PR &P <48 MRl SR Eth] o2l BCopBlK i REN e 3Rl 0
phroughﬂﬂkuur@mmeﬂeewa@b¢whmeﬂweehmne@mdaw@hqFmﬁﬁwnaﬁnpeﬁWyneaﬂmnmedm

| munoSARRGAL, ASEAY) LERLSMN in FTABHNG SRARIBOWRT, Al AFBRSEH Rid BREby
up-regul ation of specific genes erenti ated cel ‘ten di's ‘evel s
of geneéuéixgd egdiirorht heltve angsediint isemeqqtlt 1hrthm~vrd¢rohffnﬁ1en0enatns & edligraing, §uch as
Rever seqLi 36T o (F}%b&% WO, YHBLARE a6 Dod 168 GhuP D we U, nfdli %%Plgfaﬁé?n%@olbe

used to nonitor anges | gene expression 1 n response erenti ation.
Whol e denlone0.8hal Psic ebqylsi) ﬂ@l triaboud 3P Wash. pretehabtyl abgyt Odlldo atwahl (het sad most

identif efglﬁ@g%&l?ébéqoea%ﬂlﬁ%l\ilt% [ 00222] Accordingly, once differentiated
I ed

cells nti can be separated fromtheir undifferentiated
counterparts, if necessary. The nethods of identification detailed above

al so prlgsinde net hods of separation, such as FACS, preferential cell culture
met hods, ELI SA, magnetic beads and conbi nati ons thereof. One enbodi nent of

the prgpeng) | %%Béu%hs chﬁ'tb@ MRh#ieSed dde&s Und FHGRHRuEARRE ikhdwRRAnREPAr at e
cell s based on cell-surface antigen expression.
skilled in the medical and veterinary arts taking into consideration such factors as the age, sex, weight,

and condition of the particular patient, and the formulation that will be administered (e.g., solid vs.
liquid). Doses for humans or other mammals can be determined without undue experimentation by

the skilled artisan, from this disclosure, the documents cited herein, and the knowledge in the art.

[00229] The dose of cells appropriate to be used in accordance with various embodiments of the
invention will depend on numerous factors. It may vary considerably for different circumstances.
The parameters that will determine optimal doses to be administered for primary and adjunctive

therapy generally will include some or all of the following: the disease being treated and its stage; the
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Phar maceuti cal Formul ati ons [00223] U.S. 7,015,037 is incorporated by
reference for teaching pharnmaceutical formulations. In certain enbodi nents,
the cel |l wopoi2zakisas are present within a conposition asaptusdoifiosssand
suitable for delivery, i.e., physi ol ogi cal |y conpatible [ 00224] In sone

enmbodi nents t t he, cel l or conditio
R L S T M A e a8t S S
ot her ambodocriptisnde! othg (BEYPiEstbeidQfmidiners@nad eﬂﬁw@ld mseuaﬁti-‘al compla@mYofiom 95%
Partic e case of _adm t e th er c ercenta e
ban: be b yh ey SSRGS ouR Bmietiy e ibs O Sohssd B he T oL
45%  A5R605Q00s, B0k Yer %ﬁa/geaa%th&qsaz&eaa%sp@tﬁc%%l%%e e ahd@l ddriitaiibpthad ty

can be ex essed i.n fer f ! b i.n where t cell s have upder gone,
Por O AP RRE R g BSIR e Thtve SR LR e b B Bt P e S G €
2012/ 024 éz%Pﬁﬂﬁdﬂ%@rﬁﬁﬁl@ﬂ&Q?&H{ O0dbipnal hﬁraﬁi‘é&rsﬁﬁldﬁlfle E@ﬁ(ﬂﬁﬁlnﬁtriltﬁjﬂ Wit other

adm ni steri the ce for iven icatjon w |l ariety of
Fact or St DRt BreS SRy S el SRD. nER it 88 e br SRR e il LY o
of the 1ﬁtemdnsﬁdefuuob&1en@yt1ﬁ eatcddhe dells a@tfa[ﬁxeﬂammdttﬁn@lyrthdywtm Qimihiteiebeang uly ect ,
t he nat f other therapje nd, a ebe adm ni stere t he
PR S RS i i et R AR I g R R ok M

regi nerdeteﬁﬂldatﬁiqhﬁropﬁlaﬂtdmﬁiﬁg inbatsamiyl \hllbﬁox@(&pﬁﬂ’ﬁf&btnfe(ﬂoﬁé’l(hsels SikitHet ®Elow nhd he
art. nce e chai of suitable nd at her, dd|t|ve wi |
Gepend DR B Poutatsfitadin AP Poboita &k e R lie pdf Ryl
parti culiarthdasagawtighithe fpdBAR2G} ofihaalcrch@td dodeat | ons of the aqueous

suspension of cells/mediumwll typically involve adj usting the ionic
st rengt t suspensi 0 sotonlc t t nd to
oyst olByPlL) e PERE RO (iR KERRRE- GRSt S e PHE ri ol et T

al so t yapiotgblsy moontualiear tend fnultrdw kmﬂmplaann P[o@fﬂazﬂ}?])uré prepﬂﬂtﬁ)ne nt)m]is rt@ntnsl,
cell s/ nmedium are farnul ated..in a.uni & ctab
ol ut ool Baf i TS B S S PR L B Dh R & 1 o
i nj ect iloRooé embédlménmdiewmlmylpdceabélyadanmst&nem MIEbaqazte/emleioé U0 @ngkg@nbh

g: ZB:; 2: ﬁgsemb rrl?%r:lt% Ol’%l toél;lcl)nrlnailllrc]lroléeeﬁ%% a?'cprmmstra 1|0n w1l?lt3 )rg] ?05%8' ?qu% (?éll?llg \3%&/ e}(/) (I;f

buf f er edfesats, m@herpdcbsys)lm (tlfeofor@mmgpdre annggooen@lthe mseqoyf eur&eagddycaﬁils usd¢d gui d

pol yet h ne d the Ssuitab res

skille 1 ? I%%Hg 8g%dl?aé g aney mar%a tran%ﬁlan?aQ&OH g%% ufln H?SFS ar¢ an lio(%p]flsl t8-r£%

addi ti \mmbencélﬁlmklé@ns/agmﬂedm aaisgoey monbnudmnbsnetmm ttamsﬁ:b:mtadm ni stered in
nmet hods of the invention. Typically, any additives (in addition to the
cells) t ch as in
phosph Z%I%Ef tel‘?g bg r11IpF,%Ir%mgtnal)'he achg\%e&g%gﬁagc}% p%“’{? hlyéigﬁg h%%b a§1'5’0|?1rder of
m cr ogreantnubeslyrdyer iagrednd of 8meh Tas cathio dose(al@00dy bﬁ)d@bcmtﬂ tba wlngl%loqah@f er abl y
about Q st preferably about 0.0001 to about 0.05 wt

% or abggggéacégﬂaﬁggvgggovuwk g rI];g)% preferably about 0.01 to about 10 wt %
and nost preferably about 0.05 to about 5 Wt % Dosing [00228] Conpositions
can be [80AF2hi dn eneelsiambddigages cdlndndyy be edhimistpolsinue] nitkah glpsr. taod tthvoséer
skille r t 0 uch
Fact o S aa e pEAEHRE oG NELE TR SahBRER PR SRR RGN LD
and t hehércﬂftﬁuh@uih@ﬁqreﬂﬁﬁatthwdrme lbeth@djm priestrenad d{feerapt me@@ﬂa dTheslevdls qani of) .

Doses f r - d 0

expor i ranapHERE U8 orBhE LIRS, G Do DRt CHhnhOE B Sl et s
cited retheiimtialkyryg tq ineinkinghdieldgd in the subgecggrtboth by intravenous injection. In a variety of

embodiments, other forms of administration are used, dependent upon the patient's condition and

other factors, discussed elsewhere herein.

[00233] It is noted that human subjects are treated generally longer than experimental animals; but,
treatment generally has a length proportional to the length of the disease process and the effectiveness
of the treatment. Those skilled in the art will take this into account in using the results of other

procedures carried out in humans and/or in animals, such as rats, mice, non-human primates, and the
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[ 00229] The dose of cells appropriate to be used in accordance with various
enbodi nents of the invention will depend on nunerous factors. It may vary
consi der awbypof2n74if f erent circunstances. The paranet er ®CTRSsR0MIOUE972

det erm ne optinal doses to be adnministered for primary and adjunctive

t her apy ra wi Il .incl one or,all of the foll t he di.sease
ot ng. e it Hpeorop et FndSaroctd) gsrabcny Bsbih P seR P EURE oo of
the s ubjn&d?dlqngtlﬁtelabcdﬁﬁ!taéuid’ancegﬁ@\d&l’d byatkepreyei @kﬁlqsm&mdd metpaiboht @ill atable thdhe
subj ect’ $ %nnun?c$n§ n ot her .th raﬁles bei ng adm ni stered; and

expect §TEOLEM GO %@F”% IR ORETPIRYPRe subject’ s history or genotype.
The paraneters may al so include: whether the cells are syngeneic,
autoIogﬂM§4]thm@ﬁneﬁgmamrﬁnemﬂgﬂne®ﬂmm&hemramDUBMMy @$ae0ﬁfﬁﬁ geenvint y) ;
the sit r_dist i on that st. be tar t he s to be

ef t ect 18T i L A P bE Bl B Bl B PR BTk e GR BRI PRY o
cel | s ahddkited angsra frbmmelit disdlosned, ths dodddlathts icindidierarg ahebt Ricsviédge intleart.
co-admi ni stration mﬁth other factors (such as gromﬂh factors and

cyt oki T dos ~en S t al so W

conet daiTshn 1k SR b e D PR U R ks’ KGR o e
adm ni stered, thadldea‘seh dleckege@earmico)thmh ihchapich thacehy be adnlihistoed | Acatdingbd a atidd he
target Vsa} éte%frfeollmle%Mma 10 4 aﬁt rn?‘s&er% elll:s/nqul the determ nation of

opti mal dosi’n g rlq ?n rovi dé an ectlve dose that is neither

neces
bel ow t he threshold of nHX|naI benef|C|aI effect nor above the threshold
wher e t[A@3dE| éu emicoersbodinficatstcsliags @d;rhiatse:dedvvibtarsubjh@.im osedoat ledtyrs ctllhare
advant ?%%&%né?gre& l%ea sIuFHF&%"f@ géilleg t@vo o[rgl%?e (? %s-m %uc%gstsfo k s%ﬁl%%th%F elﬁﬁddluﬁenft

sone e ment s e range of doses used tor autol ogous
nononucilesin &xdlp ererrdmirosiertd alrvssplhmdat iiotwo fepes, fand/pr porp Wlrae typ ép@&s ahd énss of
cells, tﬂ rHi’é saq{(},%?ﬁlﬂleﬂ:ntv %d tﬂé’}sarg E.'Bﬂiﬂ s@eﬂtvﬁthvgq{l;%l of #18%n qngrﬂ(ljtg‘rgllls BQ[W% 8
ceIIs/kg of reci pi ent nass per  admnistration n sone € I'ments

opti nalth@ose per admi nistration will be between 105 to 107 cells/kg. In
many enbodi nents the optimal dose per adm nistration will be 5 x 105 to 5 x

106 cel f - e S LNg
b@i lfﬂ C@Ms }3@/ bR lad i &L E e m Ftﬁlléncql& [ h%l&@%ﬂ%ﬁéﬁgﬂ%néﬁéﬁ%ar

analogous to the doses of nucleate s used I n aut _

bone nmeembodimentaribgyl aantdminigiared Spre pelﬁodt Hdesp thae pnagdes e i ehas cmhedipge eytaes t he
nurber gy fkidtokphle ﬁ%& Ry or YR OTRY S RARAE £y RN TRLE LY onc
transplantation. [0 is to be appreciated that a S|ngle dose may be
del i verasanosd tllma?tpeowe@ OYerra@pliIQﬂrﬁlweyks dn oghshethbrdauslsthenasy agnipigicred@vefa ti me.
The ent eflgd m&k@%& Qner@Xe\QFal gl%ht'hy efne\qu&g eﬁlbalhﬂlght? tﬂe? ﬁﬁt&/ 'bQ erfﬁ'hlst%fyd%@g a
fractionally over several locations. [00232] In variouS enbodi nents, cells
may be mnwl fi mendirse dn pthera thel miay jba rad@@%eredamr 7 peaipe af ensror mgiateaisn &ﬁnmﬂy
furtheﬁa%ﬂﬁk@hé&ﬁ@%ﬁﬁﬂbe?R%&%oﬂﬁ&>@Qkﬁ c@h%&ﬁ&%g;P&x%nﬁegﬁ&BQngﬂkRﬁﬁ|'y’
and thereafter adm niste ﬁg{ he sa met hod or ‘one or nore different

met hodgherartigs beiag apdicd.aind B comitirmaing esdpdige efilke syhigdibaige deatechi st rati on of the
cells. Various enbodi nents adm nister the cells either initially or to

mai ntaigitheir level in the subject or both by intravenous injection. In a
vari ety enbodi nents, other fornms of administration are used, dependent
upon the patient's condition and other factors, discussed el sewhere herein.
[ 00233][00238] s Usofuketlls hrgtin hgaregatesiaby) ecingely drivedeliomn thegeameait.| arkomgetrers han
eXper'QﬁQﬁﬁhzﬁ%hgﬁg&md%g%g LR850 FRdba Q&QJQmeﬁﬁeﬁu&QHQ%Pc RAGLLgNal to
t he | engt f I sea rocess an ectiveness of the treatnent.
Those sid.|dieekeragatedher dispersafl Iﬁiomttakagaremat@ iSat tor ammlmmhﬁrmawtlm corhpositiessul t s
of oth up.es kL t J yrat s
T co. nonRORES HENCAELE LEdoAte 1 8031 385 Vil B OT 1 o liSdr e

det er mlnlée“awpﬂlﬁplren@aﬂen fhoesscan dr applind rsthe Sl in mreaﬁtmf%amré%sells erbved fiom t hese
consid a ount a t

i ol oar LeRge PR AR LRI B RIS e 2 AR Blau eI fRRET

wi t houtbyuneltieg éxiseniisrencandigms [ Do2BRRaSer Labllsderiegl imamde pegredatyi tiugher,

adni ni sfipaki Qo %&@n% & bAGY g.f?afr%o e iU SRUSR AR A RU Ablons Ry al |
be the sane or e varlg Appropriate reginmens can cértal ned by
the s qunﬂlé@reanattwh@ﬂs drivedniromithe etigrghtosaprvect] asiiéliaieontiatee ntogenyi af dlet dgercedtes, and

the k nQA\Mi gﬁiﬂf‘enhzﬂe& Iﬁ‘r‘é‘ge% b cells derived from the aggregates. Undifferentiated cells are useful, like
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[ 00235] The dose, frequency, and duration of treatnent will depend on nmany
factors, including the nature of the di sease, the subject, and other

t her api eswohat2/are474be adm ni stered. Accordingly, a w dePcanisety/0ad972 egi mens
may be used to administer the cells/nmedium [00236] In sorre enbodi nment s

cells are tered tq a subject in one In oth

i i b BB Gheat ek Pre et aPar e otk (LGBl on.

I n soneed hay benbefdi mtehatmaé}eu@ neeﬂifﬁ:reaﬁzee,atdﬂbmblsbareﬁdau purpossd, Rgdheasdose,
in tw doses, and/or ggme t han t ) 8 es t he doses nay be the sane or

di f f er éRE'CEANd"THEY"] a8‘i¥n‘fyrtr‘?g§t“8’r BRNG Y equal or with unequal intervals
between them [00237] Cells nmay be adm nistered in many frequencies over a
wi de r dAep39pf Th negegaled @bser edibalkdiivadniey tichayreaites adyrhaveshe cgecioyer ba

P\?\LI O?hréélé:ecF dt%fere Qta\gentg f(gr?lygt llear%a(grges(? ff?rerqgtge%engnt t ?%Yes aJerI?a}i drltgupelgtsogleerr eld over
adn‘i ni sineé emtﬁbdﬁnﬁl @?rtglrrrdt,“oe eiamtmes ttreeellmgkhavame I’cap&cmeﬂblbedncmf:ed\méifﬁrenh:ne at her
enbodi nents .t h ar d tered over a of wee to severa
ron ns Tk T S B E Bl e B Ra g ey 8 b b P EaTabe g b ReB o
nmont hs.smonthotnna¢els, tdhelacmaysdie &dmmmmmnemﬁﬁdn&enwmmp@ﬁﬁmd @hlomauamlnnre
years. <%n3-dXeaﬁQ ths of treatnment will be proportional to the | ength of
the di sease process “he ef fectiveness of the t her api es being applied, and
the condition and response of the subject being treated. Uses [00238]

Usef ul [0€240F diheinventiagdurdgapreviflerdififoentiand cdls|obtathed fromdhd eebmidstrbed glprvegat e.
Large nunbers. of ceII can . he roduc d by.a e net hod but t cells
Chat arGeri PEarosTe st iRV e, 'gorrr‘%\/ca 4, Xdlp&g{e %m"%gmt“er%w Shot slﬁeel?ts ed
fromt hmlselggmm@at muscBo carflior nelxaﬁwlneqthqillahremealt cr@at:rmomosmd; hemgométic,
conpri sg I r iV agar g.

by dlsﬁ%ﬁngﬁT% Efl ﬁmgg)ﬁg??gréﬁfg%r?gﬁg gmggls can be aggfﬁgﬁkglgﬁh

ceI | s |lwe1aqgttlelgratc@1 fpamonaae epithelid ekll.spaderisveadodino nelt helslaggﬁrﬂegatceas exocrine

Phar macey i £0on fore ifferentiated
cells for UP%H§&2%EG§H%gw %?ﬁ%?gﬁfggtr%ﬁmggﬁ ?%%%e ks ?ﬁg aggregate or to
cells derived fromthe aggregate. Further, cllnrcal uses descri bed bel ow
pert ai 1002911 hdhe reelld wo the digferanhiged) pdigkiye cantt atsed taggregat eschandlisease,

undi f f %fegegl"efa gts@a@é c%rdgcglgaécﬁﬁp d sgaggn ﬁlggbofﬁg%‘; & cﬁ&as%s néﬁﬁ!ﬂ Aancer disease
differen |ate progeny ggr €gat es and di fferentrated progeny of

cel | s dwedessedIteyaam tbhelsetg@rtefg@tcegmgmdlké freataiat [attedingal dlspaiodontid afisghse. | i ke
VO Zoiz"fhggzétl?bdéptgé %9@1 t%eﬁaﬁ] ﬁés{le gér{v%@f 81?\ th@éeﬁg (Haf %@3{1{ ][lﬂtg(\f t hey
may give rise to ose roge y I'n Vvivo ndi 1 ferentate may be

usef ul gaféne wkdetestidrayeedo Thoy cahi tefusedein enlanes, misgle, wiciey inlferrefis of bdartpdihposes,
such_ 2%, 3R0LAAGRI i RTHAOTOGH) A Hckape it RUGRHS prolib @A En nEhSiopoick QRSO
The aggregate I's or cells derive ront ggregates may have

capaci tapd/poblped inpoueteldbrpost dithlf asieaht foahwmangisé. oFhey aan beared asoirtber@nefnﬁ@toem i at ed
cell r i npl e,
The cel 1o ot e g, R B e P e B S0

cel | s ohneat, in @ag‘@atmsltteﬁbttetstmunehlm ocipture (@dppe aythe recipicor. obileasan beragdr ow
stronawOﬁFﬁ ?b@%r&H&?hQum§ﬂ8%£Q:”“SCle cardi ac nuscl e, endothelial,
epithelra ena opoi etic ial, neuronal or ol i godendrocyte cell type.

[ 00240] The |nventron further provides differentiated cells obtained from
t he cellP@43ks Nepigeating lrsike cannprersed o trprt bhindngemnsauged| y gregpeisghes tpgsebut not
cartil qgﬁteda&l' R&Q&Etﬁral fdtspe{sgbéaas%ti b;FT%anf?é’V Oﬁtef qmgs %@l!ll%t é!: eH&f%ﬁJn 1d1a%Qt'R:Ot h
nmuscl e, cardiac nuscle, endothelidl, epithelial endocrrne exocri ne,
henatog@hepwbyg@ﬂ@aﬁ-¢ﬁeurewéﬁm@ﬁ olrgodendrocyte cell. The differentiated
progeny cell may be a skin epithelial cell, liver epithelial cell, pancreas
epi t helfp@4sfetthe cARNETERARBNEBEARG! deRGe LRt 1R ccliS L& bLRLd (o RANECLARS IRXRLS | Ne
cell, gqut epitheliumcell, 'ki'dney epitheliumcell, or an epidernal

associ apdeing by peirlanited gpomyqeariifis. ewtlipmyenathyhbsart ldilyre.ofomses stieet! Y Sgny can

be used Qs q@gt&%m@ BRARLESsiH 158 888 vaHRISNEAALH.Y §hdl SEASE be @aldb @¥ascul ar
di sease, olic storage disease, neural, or cancer disease process. They

can be dissed ip!ipsENSAGrigPdnaeke Frahe thaptcm sellt pra permalbr diflsrndisht al
di seas q)rog-g YellCEHR bR QisddSE Qea;t Q adexe I'QQIVﬁ]% 'n@ur@lﬂieft&%lo'r ad eBér&ﬁJﬂ%dﬂﬁi‘iﬂ V@tg bt OM
the cells at can be utilized for skin grafting and plastic surgery They
can be used to enhance nuscle, such as in the penis or heart. They can be
used to produce bl ood ex vivo for theggpeutic use, or to produce human
hemat opoi etic cells and/or blood in prenatal or post natal animals for
human use. They can be used as a therapeutic to aid for exanple in the
recovery of a patient from chenotherapy or radiation therapy in treatnent
of cancer, in the treatnent of autornnune drsease to |nduce tolerance in

- o .y A1 P~ Y L Y



[00242] Neuroretinal cells can be used to treat blindness caused by anong
other things but not limted to neuroretinal disease caused by anong ot her
t hi ngs nmawol2ar2/ideqgener ati on, di abetic retinopathy, gl au®CwaIS20181048%721 S

pi gnent osa. [00243] The cells or cardi orryocyt es derived fromthe cells can

be use totre C ac dlseas i.ncl n, ut. not mte .

myocar ditifed .ol aiihEE hyRCRear ek P e e iR s e B4 acks,
hypert Eﬂ&ﬁfbﬁlm spadahefr@ S{lreraas nsrabairdidagay iffecadgvie biyisfod nbtd meousixeye. al SO can
be used to treat a disease involving CNS deficits or damage. Further the
stemc fiS nguro |1y differentiated cel |l cnb dto
treat ihé’:lz“gase T RVorVi nger%%lﬁtfglpr%e?y Su‘f%sas’os’rto epegpeé*r Eil boenul‘?llc Ot %?h

not WO 20MR/ D2 7HTLETRIISB0 ﬂzﬂn/aOdeBlQVyﬁesl inmvive dr 0 yitst irek@jng Abathmsit rimmteﬂ to
g:&?rgﬁts :?Hgmatogowtpclsc%pso?)acl]n%lrea{s ic 1rsleet or b &cel gflonﬁocfte S Sdgtge: f;lge ﬁl cel(jl 81?flte]ﬁ)ntl C[ierdal n or
ot her neaniaqy @rotgergscze be[u@@lZd&]:at@eﬁslese of tht fjuents omhaftﬂ@banctluaﬁg ddutpfooljmngd tosuch

othor aateetypit st BogRe: wCrRBRO el DAl Bl Ao o ERp GRS ©
henat opxsteelilm pmgéﬂysr,an pau@ﬂe@hmﬂldrad: eprooess hetise dddtdrius bifpat@dvhe mcluding, t he

i seas b N i dfeRhP e S aa S Bar oo i e b ° 2
cart i | ageort g@eslingaabdriclsadhens phisarri mngast, amdhpm&hm@mt hiid the Bke. Mor eover, the
cells or their differentiated osteobl ast pr ogeny can be used to arrel iorate
one. AT ed eoRpRRalt RS fhFah SuNolpas ahd Frifhoeas b B pdioBLES *©
cause Bijff¢remiptego iqzmeﬁanimntgr bf)hﬂl‘f@gf@ mclodhng@orperxcampat eyarbt}eefsctel,ls ofuingsogdramal

nyel oma K 2435] [ Opri.a r ac

chemoki ey %eh‘%i‘ﬁs ft eﬁfoﬁég‘%rmg Hhenocya?% (alﬁpfeﬂguoéléga"% oogﬁt f ae“rde“r? PP s Wor m
nunmber aﬁfendqdmaalgehe;miyp@l Lﬁhhsng;chfdo rosteohlmpl ehondroblasts, atlipogfe, calilage afid bone,
nesoder phenpt of. . neyr ge I n ]

ol i goden ?%lcy Séfs% e (P lcr%lgstfreo ﬁasr lac ?e %%C?)ql%{l %81%%§ge$%%£e?lﬁ%g#b?} %réa? ese

i ncl udelem@n:é@tilsamdgpltfwhdwdlﬂs;bI ast s, adi pocyte, cartilage and bone, skel etal
nmuscl e, snooth nuscle, cardiac nuscle, endothelial cells, hematopoietic
cells, 1564 bihgs: AAUTRNRNe 6&hiSfnc@Ng afRl {qbenfRlnk Sl APRARL a

Ost eobl[ggt graggfélg—s—t%adt% E Q‘?a{‘)]eeen in ﬁced to ehp%% er ernt]?artlteee ) [?or m %one
cells cah tfmeapms>edorai§81@eflegenmhmralpy08tgppdrws Pa$3ué18¢a@géq®e¢ bndtgn, gskpomyelitis,

ost eop%&?ﬁe%ros&’aga}oném L§£a5E0 &%Elg i @lfféc %ﬁ&?oﬂﬂiﬁ‘ fel Essto@St ‘ﬁﬁﬂ@?er osis,
achondropl asi a, ost eog nesi s ifpertfec eredita y mul'tiple exosto

mul ti plepipbpricphyyseladia, dylghings syadroner halnomlﬁwuar@nes mw@pmhy@alecﬂnaspold@@ s,
neur of i br QURLAR § GblyoSat EBEARALTHEE i SHORID L0 or FRERNLASH

mal forﬁatoﬁons \%S%f‘o%ayglﬁé)g hearrfoverte%) ge or use \;ertaebrae :V%:nb ©
anonal il anog B birss tacorstrision of tumargamegaraiged. aidgswestrugieh afese orfstipucuitors af t er
infectigny 19%%%% ,mddle ear infection. [00247] Chondrocytes: Cells that
have been I nduced to differentiate to formcartilage cells can be used for
cell therapy or tissue regeneration in age-related diseases or injuries, in
spor t s-[P&EL edhpidrevies's Celby thitrhasplessh fridgcadite ddisenglials irckrma sarkihewrrdls eirdbe

arthri tdséd SR #AShyy 8f h&h& trég%nerﬁ%n &r ag% raﬁtti:@ rdist&:és%s oM Iu'glﬁrfe@t nV oﬁg)lréla&écﬁ
Crohn's di sease, ankKylosing spondylitis, osteoarthriti reconstructive

sur ger yinjgfies; e ip ppegific glgeases. e@eih % thesmptoid Ay ihrige rgporisist drifn JReiterdn drthrms

r econStlﬁééFattllvé/ 9011%1‘5' e &geagéqgn [dsﬁl sﬂonﬁﬁ{tkl és%%hrﬁ19Q&%§ltm&gp% Oe' I's
that have been induced to differentiate to form adi pocytes can be use in
rescul pluwngarfréqeonsté@bws&urgmqf\ﬂ@ nype. esbigeanpleucy vy yegeyy, ofjthpcdrigeiid geytilvae. not
limted to, breast reconstruction after nastectony, reshaping tissue |ost
as a rqpeta) OfAdRIBREs: SEUTIGBaY havd Weth Aduckd IPifEEARYAL (5inPMifddfe! AG&eAedrand,
br east augrrent atton, and reduction of winkles Treatnent of Type Il WO
2012/ 027 4rr3Pipiing )20 ]_rgqqggggl;@ or cosmetic surgery, including but not limited to, breast

reconstruction after mastectomy, reshaping tissue lost as a result of other surgery, such as tumor

removal from the face or hand, breast augmentation, and reduction of wrinkles. Treatment of Type 11
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di abetes is also applicable. Adipocytes thus derived can al so provide an
effective in vitro nodel systemfor the study of fat regulation. [00249]

Fi br obl aswe:20B/dar4l asts derived fromthe cells can be wmsedStan/oessi:
therapy or tissue repair to pronote wound healing or to provide connective

sl o OB & EStedl oath k™ ARkl AT B B PRrdeert PoriRl endfbial

nmuscl e sgatih soratarsolde otigedgllaioncel | t herapy or tissue repair |n the t reat nent
of Duchenne nuscul ar dystrophy, Becker rruscul ar dystrophy, nyotonic

?lejzf:[g gy249gk?ﬁ%%n¥8%% as% I%lerl i ﬁle%c rslflzgri alfse(lig)%gelpeﬁgﬁ o5 sg'lllegre?saifrel etal
differ emprmrtoee erfddfemhrgrmo(b hrowids @blﬁ’lectﬁ/iehSSueastﬂ@)ﬁ, suskds ’é@ffokdeﬂglfoﬁ &smepy or
ti ssue reggal r in the treatnent of devel opnental abnormalities of the
gastroi “HtESt i nal system such as oesophageal atresia, intestinal atresia,
and i ntussusception, and replacenent of tissues after surgery for bowel
i nf ar ct[Pe30br Sedbalshele: (Shotdthhavubahebciatilcsd cadiffaksintdre fqmeﬂjtelfetak mbdckdder
ot CTACL SRR el Ao PEOKERIUDA AL [8lhed SPBLIBL: B8] 8, H3m0cd
by, for exa , a f‘ler osclerosis or aneurysm Shoot h 1 ?’ cells
(mes angﬁt@akercmisblﬂar dyatmophe, mg@chiadyauephyn smldztalcmynpdtey sfndrre@hmrenw aallrgedy geases
or for r(e:eallrlskelg[elr CYSNR O tlessue regeneration in diabetic neuropathy. Snooth
nuscl e 'precursors can also be used to repair macul a densa of the distal
convol uted tubul e or juxtaglomerular tissues. [00252] Cardi omyocytes:
Car di orf@5y1 esSuoath tsclys Edls tbat heed teen dnapyo dfferentgue forepaiaothf mwsclerceldt i ng
heart ti ' ' J WI th
Congest 'y & RAPARILa QG KOCRNAL RauhDi 3 SRRk FATMIRH @i
anonal i g@siroimestingd saybtemngudhr snecapidz@mpbpat. hinesinglr ateendo@aci dmttlasescelft@(),z&@l]
Mcr Ogl S[ﬁ!lceglglllt ot tlssyL Ca[flggédr%!r}(/ h!)&el Qrctl?cﬁl &%8%“5191 tSI?lg(Sth %‘sﬁ@kellgggrgalso
injurie neur odegener at i I sor ers suc Hunti ngton' s di sease,
Par ki ndonisgl fir Yddw or mighing wlcelss“@dtlenwpsascmrdatmnz hrppimef vesdi daaged badomel |
as rep I
ot ar il SR BUES (R EIA ARH DS A SRS AR PN ¢ er e
to producie e okidrleBr @@mea{llllslodlb@ms@dfd orll ttheaaps phratissiat reecnefa@pn timehabﬁteat ment
of inf tral ne re c [ imted
Que o FRePR CURERS Suldle iRRURER G OChY e B ROAT SN B BE b Satle
growt h Obamllmfdstumle grioxedlothaelpissienhi bi t ors for regeneration of nerve tissue
after stroke, as a consequence of nultiple sclerosis, anmylotropic |ateral
scl er 0552 PNG-RE Rifde GAN CdioRRE yfeObar RABALFALAOReral! §ltisSRirGAl: (G ehidghi ury.
[00254]5[ Strfcj)lnal (l:elxl%ggt btror%g %i%ﬁ ancan eouse ggg}{ralr%sp ﬂﬁtr cee S or
post - c Hembtibrae dppagdsd ddlovary wyipqaesiyll arfangion, imerijuneihen itk cengettive heast @ﬁurax i on.
VO 2012037 474PCHISAAR 1604887214 907D ERCOLPeLiuflns Rl SuraBRlObRLI Bl

| s can be used I n the treatnent of Factor é ficiency and to produce
angl ogeméxpmlitisor neovascul ari zati on. Endot hel i aI cells can also provide an
in vitro nodel for tunor suppression usi ng angi ogenic inhibitors, as well
as an '[00253{ r%e;e%eh QL. \ma%%n dltée‘ﬁs J!MIOQJ SRABIL T idat YSpﬁﬂfj c%f?ia%;lh@és' ol
di sorders 0 mat opoi etic cells: Hematopoietic cells can be used to
r epopul aredegarer§iyn éll%?ﬁleﬁc)wcafaﬁ éiunhngj@n tdisease Happrshe b alipgase HEREPG pelersisc
cells dgg 'A\fﬁlguﬁe'igr&ls&l%@ a‘é‘%Jeh%s Afpat: B?tlég&rcﬁgﬁ§e% duftflg Qﬁecflb'listd@ﬁse%futﬁ&% iated
to form bl ood cel be stored | ood banks, alleviating the probl em of
a |imtegra PPy sm;term M@@g@rce{lq} g]qglpqyg |b@qapsgenetlcally altered to produce cytokines can

also be used for transplantation for the treatment of infectious disease in the central nervous system

where access is limited due to the blood-brain barrier. Glial cells can also be used to produce growth
factors or growth factor inhibitors for regeneration of nerve tissue after stroke, as a consequence of
multiple sclerosis, amylotropic lateral sclerosis, and brain cancer, and for regeneration after spinal

cord injury.

[00254] Stromal cells: Stromal cells can be used as transplant cells for post-chemotherapy bone

marrow replacement and bone marrow transplantation.
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[ 00257] Neuroectodermal cells: Mcroglial cells can be used to treat spinal
cord injuries and neurodegenerative disorders, such as Huntington's

di sease, warkixeotr4s di sease, nultiple sclerosis, and APzinaiSa®in/ogs9d: sease,
as well as repair of tissues damaged during i nfectious di sease affecting

ol or oqU5%br sonETabiDR Tt 2B o8 Srredn e ot P AR ST TR Ve

preapnemﬂt@bnﬂﬂ&eﬁ@k@u&mdmse&semunmhhﬁxcendmmﬂmmﬁmy@msasygﬁﬁmmwheﬁ@naccess

islimted due to the hlood-brain barrier cel.l's. can used to
br 0duCEMEFB FrtE VRS T S S R B i Bl o a1 deRP Y POHIEr
nerve thHypstsiabityeindsbdeoleson dsorderconsequence of nultiple scl erosis,
anylotropic l|ateral sclerosis, and brain cancer as well as for

E)Ie?ggggﬁﬁdé gg %{e%l?l{OHosiQtllcn%ae Is: Cﬁ%mat'op”o%e%c ¥ells SAn {)es 1,1s|ec2 aoﬁr%ﬁog)u%lge etge lfone ATOW Sa[gt nt
into ddﬁ]gleddscﬂ aicathtHerapg. uessmath;@;mc lcalsldysn@qdl frcah theareik oﬁ/ﬁ‘ieagrdghE}Calﬁ lm tirihan t o]

nyelinate the rroun rv us tissuyes

cor ' alifertia 0 SRSl R Geki R b o vahe b g o HERS
neur odegpmeoilvoddodraaiudedss or storage di sorders such as, for |nstance,
mucopol ysacchari dosi s, | eukodystrophies (globoid cel | Ieukodystrophy
Canava S ucgsi gosi n S | N e

Sanfili 8%2(‘)59L ?\? oz:dt?Je ceﬁI ‘s N?brog éas ecgﬁls ga b?e usegst %feat Sﬂ‘ln cord 1n]é1F1 Ibe used
for tragmatlégenalatyordiberdsrss eh aadlwtingydres d@@ tﬂadenislomg dlsaasd ﬁNSpIersalﬂrmus for
per phenglﬁlz%%{nye?u%lsg%sat emeﬂ' S(r)er der s fHeLA8 e%pciu%}g% & ddl%s' Metile atffocthé
syringonyel’ or rders suc al de cul ar
degenercattrabmerao smtbreera@aleqem tmehavefotamagendlcsltb}r derdl,to @mdluch @bedrce can

reti nop?sol%\é use%d0 I%rz §‘§1’18 llazlgt}\t?onefro% r%ﬁ[merh"t of uﬁfject%gé lli?e:ase%l |1 ce%?r;[:ﬁ e?voH? & stemn cell
replacenent t 8 ene thera treat or at'e Sy of
skin dn@wmdemsssdmmwdguakap€UDaim@hﬂmndeﬂﬁwlsﬂbumhﬂa@wbuumbwmuhdsgowﬁd

al bi ni SfrgtorL %9 %%h E&%ﬁ%{br@rs fglp | ngrahc?h 0 eelr\!estlssuepa{f te rok as(%aecloI ¢ ﬁ;e%n fe used
in cell replacemnmen era r gene therap treat’ or alleviate

synpt onsulgfle s@uesmalamytmplc datgehMOmsThmi bwin| @nmudsdvdjbamecbgtnrratmeaftelor

al leviate con e S uch
2. mucapay e et el el IB B Ducrae @ BB oo Al S RS 12

bi i r udpntrahsg ant deo Q@:mj"edmatﬁdnsismcep@lallglselmalNa)rc} avmelsyhfd/rfomon arnmpalinate the

di sorde i n rors.of th - C n rn thlne
vo 201570 ERETPesDon) 0B65 75"yt sho I3 ety TP s

and arghmmsumdhmtqxaaﬁdhn@@mkgmbmhw:é$mdﬂsooﬁwagtwaoabmdmdamdf@rgammc

aci ds, er rypt

alphal}§%§€¥ é%%?ﬁ eTl%ﬁgﬁ%h%mgﬁh @%ﬁ%ﬁléllﬁﬁ&gﬁggﬁ% rségﬁgns (ﬁw%e

VI 1| arfdcasidosie f(iM? gagiosiddsis, N@kﬂagn tak %nﬁbpﬁ@esyu@emetwotrmaeatdimqu prdetiayl | ver
di sordey.g, f&& AESE be &%&’E&Yﬂaﬁrﬁiu(;'d‘soﬁfé%s ABas J!Sﬁ? f: e&?? Ah BRsREuged 1N
ex vivo applications, such as to generate an ar | Ci al ver, to produce
coaguldmagﬂqmaQEOﬂwmandﬁmo(b%mﬂucswpneh@hmhaud1gnmymesmggm®maaeﬁwmyumhver
epi t hel T |,i cel | n : i

ther ap dls%m ps J&S’h gsgrlee {‘aﬁ g«%tg%l)rlneﬁ% n}saglgei%tde%%n%ga]n Iggll%hs e déﬁ%%la ive r%ﬁrkag%%&%ers
d|sordemédMBﬁmhda@pmh%iafy cirrhosis and biliary atresia. The eplthella
cells can al so be used in cell replacenent therapy and/or gene therapy to
treat e r 0 c

st osi J s CHRlenaY BRhOTp oAl PARRTER b 3ol AT aco R ATPBIRE SR P, o)
as panchaatyito tepi eraélbvlmWyramanasf skoudisdrdgebucy as alvpiren. whidelefepetsechcas|bug can
be genq&ﬁ&&gmmﬁhgﬁ%ncells can be used for the therapy of diabetes

(subcut aneous | nplantation or intra-pancreas or intra-liver inplantation.
Further, the epithelial cells can also be used in cell replacenent therapy
and/ or [9@58] t tadegdeymal gpitheligd cellsy Egithedigl catlecas prrpted im cabfrejapemensithomply japgtpr

di sor deg’eﬁe t%&%&/ RS reQU: aﬂé\ﬁﬁé E}F?nptdrﬁ!;f (lf"% Bfo¥n H@&@tl:s ﬁﬁé&[lg%uﬁ bqug\ﬂo treat

i nfarcts, bowel resection. [0 Ceﬁ Useful For Tissue Repair:
Cells cﬁﬁllm%%cqyéenm@elafef @ﬁortlﬁfrs@reexwéplai Sttora&eﬂlﬁloéde@éﬁdb@ hyeppAYRaeddaiidpsis. bone
to enhapgeafheHi&PM2 RAGESosil anrreedgéaf BhiA®iIMARKARS I 1 ORGancP i erhEGH f ace
joints. Chondrocytes can be injected into joints to resurface joint

carti | apjedrom@piramonig deﬁorde(su sugh apiibert epgys | B8 Bur@igyled &y cinptpyse gorpithipeat r i x
i mpl ant including a contracted gel matrix into which nesenchymal stemcells
have been incorporated. The inplant iggdesigned for repair of a tissue
defect, especially for injury to tendon, |iganent, neniscus, or mnuscle.
Cartilage, for exanple, can be forned by the addition of chondrocytes in
the i Mmedi ate area around a porous, 3-dinensional scaffold nade, for
exanpl e, of collagen synthetlc polyglycollc aC|d flbers or synthetlc

e _.: oy



Model Systemfor Studying Differentiation Pathways [00263] The invention
provi des a nethod of using the aggregates or cells derived fromthe

aggr egat esono12hat7act eri ze cel lul ar responses to bi ol ogipcTars2phausvazol ogi ¢
agents involving contacting the cells with one or rmre bi ol ogi ¢ or

phar macpl ogi ¢, agents and ident.ifying. one or nore ce | | ul ar onses to the
e oGP e Gl mb e o g R 0 FRaHPE FaTTRASE: 94 | ous
acti vi tdresic aH’dl@,}SuﬂO&:ﬂpﬂier@iﬂkfe&mhrlﬂ Ihf:ffeﬁfa@ﬂtytc&inbm aﬂﬁi&ﬂ;ﬂhpintlﬁms1rg®ﬁeleﬁaoypm&55| on,
viability, and the |ik ef ul her fore

Vot ci t§RBP oS b FRYT Ry ans Sl oS RaE isist Bhstafous 5 o
t he pr eﬁ@ﬁﬁedilmﬂheﬂisd)lﬁﬁs ak remefﬂﬂm fvaal folgctibrer Thcesaar@ln dlgat e dmlehwpme\m al
processes wel 98/4046 for escri bed
Dot or aoalialimsy Hshes FoRTFi BT HAGHCU degt oo roSHafit PRoGumlds PaiSRel | "as
obt ai nipageihher %ﬁﬁeg&ﬁtm&ﬁb}oiw&rl’@&lﬁelmﬁhlm& te@ﬂlegeln&fﬂs chiehilss befustdhén palesent

i nventi %ﬂ can ttﬁ F‘F h ecttorg e de cribed a}/ Rul ey,
whi ch i"HRfBIM" eéfapééﬂﬂjl 85%‘?“&% eé?Pyd%S% TR *t‘“aé%W‘?Péoni‘ ]ﬂf‘FY ‘a°r8§f

Sequenasliaay aik3isdisSand Hilgarg etrdsi. Tanepihanl balsicadueebe tived thi édlaegndenahiehamng, t he
effects the altered pe/ henot y an. b aracterized 00265]
Hahn etang{flOr SPRAITAPE ‘Ut %%ti‘xl&% ‘Pli‘@@éffpad‘érr%tﬁs‘fsroé% 1o R o] Pﬂ&?&?ﬁ‘b‘t{ Wresithat
nor mal pandren igfinideioh adndfalpb]raphitla§;ss1rcedfic&nc)amubl&r,l ﬂchhﬁﬁﬁatic()spmiﬂlhﬁfng@nd as

t unori geni onversi o conbi nati o f genes, previousl orrel ated
wth cdief < TRaFE bF niredbeaat fiors gty DeP 505 au Pegnlr  fganco
expres sdlzcbltequhgutvmﬁ@ fi@ple@mical ti fgraipadicdsbbe irdpives Sinplanteticdmanttserpiayi des
a met hod. f the ffets of certain ne praoduct n cell

Gi £t er i S At g sSuRbmeT i IPeeh Gty & RS 0e SBtang 1
in the samptom@nﬁ @uehttﬁzyﬁh eﬂﬂorditrst fueh ec dyis amnaial ndlaginbley Systlediad@sc holkeld by
No et al & ngjcb lg{a Acad. Sci. USA 93:3346-3351 (1996). [00267] Cells
can be DEEH % 9P cfysef"tf'loé1 effects of specific genetic alterations, toxic
subst ances, chenot herapeutic agents, or other agents on the devel opnental
pat hwa>{9026ll] s€iabs Ard Taefud FoieTibruk Rupsr: kGdisnart dsd thvosed @f tiskk kdpair "Cdllk @aralset
Ia.lnleO://\/l gﬁ§ anteclll ll’lir:_tOO fé/oln IOL egn%gnﬂc%rt}?edrse Eg{l‘%r(t) I’EESS (0) rem%orgr:eo\[yeﬁl_l%?ngbll%an ggrrtgeresugggegg%l];ltf erent
conpou r(a@ndmgp@aiae te hr@ectnel inbgoinBXa rqshr@;ce 'gc&ntaiaﬂij@ﬂi Capbam anat Ageh Raten[ 806268]
F?L\MSL%?@/ ,?jg%)s e\s/(%b{a ﬁoma rix pmplan\t{va r}@u’dmé (fontrgc?ergl C%e? ala{r&aiét(égwﬁé\% trgle Se{?(%glla‘%logem c
chem calesn cele hzhs becannaquétbce Thye mgtlane &l deyigmaddoif el cu“su tiagpe metebtoekpecaaw ferect or s

;82\3’? 0%&]&%&%&%&&5%}1 }ef%g]géles or(%neulsélg. &%Qag%efo9é§a%p%dca%%ie @(%m\e/pby the addition

of chondrocytes in the immediate area around a porous, 3-dimensional scaffold made, for example, of
collagen, synthetic polyglycolic acid fibers, or synthetic polylactic fibers. The inventors have shown
that cells of the present invention differentiate to form chondrocytes, for example, which can be
deposited in and around a collagen, synthetic polyglycolic, or synthetic polylactic or other scaffold

material to provide an implant to facilitate tissue repair.

[00261] Cells can be used to produce tissues or organs for transplantation. Oberpenning et al.
(Nature Biotechnology 17:149-155 (1999)) reported the formation of a working bladder by culturing
muscle cells from the exterior canine bladder and lining cells from the interior of the canine bladder,
preparing sheets of tissue from these cultures, and coating a small polymer sphere with muscle cells
on the outside and lining cells on the inside. The sphere was then inserted into a dog’s urinary system,
where it began to function as a bladder. Nicklason et al. (Science 284: 489-493 (1999)), reported the
production of lengths of vascular graft material from cultured smooth muscle and endothelial cells.
Other methods for forming tissue layers from cultured cells are known to those of skill in the art (see,

for example, Vacanti et al., U. S. Patent No. 5,855,610).
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antisense technology or treatnent with proteins introduced into the cell to
al ter expression of native gene sequences. Signal peptide sequences, for

exanpl e, wanoté2eed to i ntroduce desired peptides or peCyaspailgesy7t nto the
cells. A particularly effect ive techni que for introducing polypeptides and

pr ot ei jnfo the cell descrl d by et al., .in ture
B ot cosaly rib s Siera depggny AR cuBengy st o8 Psioib ol &
pr ot ei rhdm[rmmred td hgtati@dneither inntirfoctuced bmntaliffidientiatel tfame deadicallyanitbred or
transloc gcros .the cell .membrane to the |nter|cfr of .the_.cell

nunber RET Ll IRk O S W WHSTIEIh 8P OF aotkt BF mrHse phy %F?pé@i]yof

t he tarmmx,pf itoembinkp@nvithephdinidecaniesty atdépmbleahrriche cel |l . Alternately, the
techni que described by Phelan et al. (Nature Biotech. 16:440-443 (1998))

can be MS efistsenll 5 tuElhle Bﬁ es vinrus prot ein VP22 to a functional protein

for i nm%é—%ﬁ%@&% can al so be genetically engineered,
by the introduction of foreign DNA or by silencing or excising genom c DNA,
to prod0@s3Hi flherievehiiat md)vxdal Iasmwmdzchoﬁusleg elot hapeegatee wotople dénivedriden theo t est

e o SR BBl PRLAIL Bl SIS OEL 0EH S PRl S815 L ARLERY
pac kag|thrgcematvem @de .. or Frgare (bxmgpj a, ptmehdcsloglaragtms mdowlbmjéyingsnef pomen cstluierks,

acconpanﬁlpe dS b¥0 ﬁ].epal"lra aqt.' m&e % ed a aco OIrg{Ca%%eenth a(\Stuolg %l l’lpS may gav VaI‘IOU.S
previ ous escrib erern, or bt ure or nal a er and as

aggr egaat:e\atwsn Tbépecom]rdohﬂfetteliféanent]amw rrstaaculem, @mhdlekprcﬂslazh I \yabﬂsgpad ateéllky Packaged
f act or S ﬁS are guECtlIl%rec%Q eoffOI‘ gla.féfoglrcl n%edtlaf]tglaggldfl’?tl} in 31? erenlizl 101’1}‘210?j [ 00271] The

i nvention W her ScCri o ng detail ed
exanpl es. EXAI\/PLES Exanple 1. Self- Asserrbl y of I\/UI ti potent Adult Progenitor
Cel s ([MR0dE) Cellogair2preSavieyatiostrensabyl fpriogemirdsearchciglol @Veﬂmnbﬂéemcesses,

| dent | f' uf ﬁgﬁg@&ﬁ bé/ﬂ(‘%lsf%r RAG@hall R0Gibe§ 9L Qor&ln%c}ﬁ'ai et @inffighadul t

liver, onic stemce t’he potenti a to pro erate an
differ eeﬁpnemoen af ram@flctgelpﬁamo’yeﬂlets bbtklelingcl@l PNAjspqugides of bpseiiphibiiedgenavuCellpot ent

Adul 1 Fgf Qe V\Puege(a{ n%[ltloﬁ cgw Q%Qted @9[11% QGCLOI;SO RIS ttﬂl)@é ﬂ!:smrﬂ?egl ]?,T‘I‘QM@}? V‘ﬁp hurmn

bone marrow can be expanded in vitro wt senescence ferentiate in
vi tro anidbil thekpressioato!l génes mah@méaec@ﬂlntlﬁftdebt/eﬂ)NmSﬁql@nm dnplgsisnthecell$ canythas  of

t he t hrb%?ncﬂ dd T ld&%?&'iltl%té 0RA &fe ﬁ@&fe eB&?%eZ&*%ﬁ& Qéin % chqgt:telflﬁeom ng

t er at omas en transplante can be se aut ol ogous ne marrow
w t hout the need for immnosuppreSS| on. [00273] The inventors investigated

t he abilP9265] offlapicd tNaigel 400 detod (9PN demaDiraied fegaragle, (MARGENahBBan
succes %EHIIIJIIXI ﬁtﬂgcﬂgs‘? gelfs REPHS Bdﬁkg:g & g@&eﬁ%% thllﬁaitlgeﬁf& h:'ometrs?& ‘gﬁ)éﬁdd élolnﬁ)lﬂiahbﬁ Mﬁ

nor phol ogy, and undifferentiated pheno in terns of expression of high
| evel s gghesopredpuslyqecligd Wltbfcaf@%pWé@smmdu@ﬂ in§p the eelisnt | at ed mar kers when
formed under "MAPC nedi a" and 5% oxygen. The aggregates retai ned

[00266] Control of gene expression using vectors containing inducible expression elements
provides a method for studying the effects of certain gene products upon cell differentiation. Inducible
expression systems are known to those of skill in the art. One such system is the ecdysone-inducible

system described by No et al. (Proc. Natl. Acad. Sci. USA 93:3346-3351 (1996).

[00267] Cells can be used to study the effects of specific genetic alterations, toxic substances,
chemotherapeutic agents, or other agents on the developmental pathways. Tissue culture techniques
known to those of skill in the art allow mass culture of hundreds of thousands of cell samples from
different individuals, providing an opportunity to perform rapid screening of compounds suspected to

be, for example, teratogenic or mutagenic.

[00268] For studying developmental pathways, cells can be treated with specific growth factors,
cytokines, or other agents, including suspected teratogenic chemicals. Cells can also be genetically

modified using methods and vectors known in the art. Furthermore, cells can be altered using
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WO 2012/ 027474PCT/ US2011/ 048972 the ability to undergo spontaneous
multi-lineage differentiation. OQther than the advantage of obtaining nore
functi onawvDyoreaeiu7e differentiated cells, 3D cul ture pr@Crdsgoia/owyrzue
nodel system for studyi ng nascent 3D devel opnment and can potenti ally help

n the desi f scalable culture s e an be ntore

bont o dhaRoa Biredt Mt PR TR Gl G R hE 0w or s
i dent i fdemdseq@amddst ISadhal Peptideoptpicheds, g Q&Mﬂpleoéanwadl&efdfteﬁlﬁﬂﬂu&tcemekﬂ%@ﬁﬁieﬁ or 3D
spherical cl| sters and assessed their. differentiati.o otent to several
cgll tﬁSL@e eI {arqly d‘? %“1&%85%?%|te e GE. y‘“? 6’849(861’[ lidgy and
undi f f gfi@eihd atoetﬂe MARGS bécardRcabdagR@gatias, iniNaaut Bivide iandhy t1IBar0-8Tre(1893).

vapC. o1 Dot BBty TG by aructh progh B Xidied BB TP ps et o

MAPC agga ﬁgﬂk&ﬁte(ﬂ] adrong tied deh @fientbi@e amg imeriod oo he El. h/&ﬁiy (n&nﬂef acgoleRR shroife
driven) e f orced .aggr.egati on hod centrlfug od of
2 gy iS] ingPrapendanBTmaRe R T tied otk el aifer st Bl

f act or ) Alteptatetly, ife@tdniyiadds@bedd B Bhelanad iala(NaMb Bidnech oM:4and4h (1@98)@xangﬁmsed
conditions. The startin 400 40 cells/well was used
o bot HO DR RETRBE DA Dz At RB AR 0 PHR" KBES Sr egat s T or nod
using flow cytonmetry and quantitative real tinme polynmerase chain reaction

( QRT- PABR)269VAREIIsTeati alsavibt t‘gehétiéalzmdnglwedxygem mondictibo f mlg@mmﬂmﬂl@s
g;;?/ega%eﬂ\lcﬁl pr gi%l%ll OQn rrgv Af t@@g $e %{ﬁfjererrl]tlljat ce\ﬁle eaI EQSCUVG léerélgt and ra]'fter
MAPCs (or&@%teinﬁfe@ff_ectazg@seqqiomﬁﬂ k:lmtdtl@rapempragmmi gemdtﬁérdpyatectbhe pr ot ei n

| evel after formation of aggregates (-69% . Further, the oct3/4 nRNA | evel s
were cqgpparabl e between aggregates fornmed using the hanging drop method or
the forcted aggregation nethod. The aggregates al so expressed GATA6, HNF3b
and Goosecoid at levels that are conparable to expression |evels in MAPCs
and di d0g30] slkols eamypeerqyided &i loh. with eipfdpeipe pa¢kaging matveialk doscdaingls, AP can

al bum 0 f i r iation
pasal RN EEAE AR b e BRAMARGAR ALY RSl bl Rl LELENL &

under wentvigslyntieorinds hdtinf doretlivat iio nnqrmalexmnelsserNelsﬂqrna%wéng in the
corres r erm
and ARRTOH e RELT AGGHREL Beplhity bRt G T BERAGPO! Dby REESC D)
of the abdveronpked was using rat h| gh-oct 3/ 4 expressing MAPCS Iovv- oct 3/ 4
rat MAPCs al so fornmed aggregates with the ability to undergo

differ E[%Zﬁ"# i Gile Ingerﬁf?)}{%l‘?‘i)e ﬁﬁhe!r dbXRBS: by-lgg&@feﬁce {8 tl@lfélg)\x@ﬁ/é cg:?aﬂg(?e)gfn @P
aggregates Trom nouse MAPC clones that "al so retained the expreSS| on of
oct3/4 in the aggregates and subseq)lFJent {é&ﬁunderwent spont aneous
differentiation upon transfer to dEXAMPEES| ation basal nedia. [00276] Upon
differentiation of rat high oct3/4 MAPC aggregates using the protocol
optim zed earlighmbRr. RepaQeWEordidifissignhuat PoPRenithE1RIaPI® Of
differentiati on was conparable to high density 2D differentiation that was
perfornmed _at the sanme tinme based on expression of hepatic markers like WO
2012/ 02(}()@7 abcﬁf:'@gaé OFHY B Lpgg?lgtor cells have been identified from bone marrow, peripheral blood,

cord blood, fetal and adult liver, and embryonic stem cells with the potential to proliferate and

differentiate into ‘hepatocyte-like’ cells in vitro or in vivo. Multipotent Adult Progenitor Cells
(MAPCs) isolated from postnatal rat, mouse and human bone marrow can be expanded in vitro
without senescence, differentiate in vitro and in vivo, at the single cell level, into different cell types of
the three germ layer lineages. MAPCs have the advantage of not forming teratomas when transplanted

and can be selected from autologous bone marrow without the need for immunosuppression.

[00273] The inventors investigated the ability of MAPCs to self-assemble into 3D aggregates.
MAPCs were successfully induced into 3D aggregates that exhibited good viability, morphology, and
undifferentiated phenotype in terms of expression of high levels of oct3/4 and lack of expression of

differentiated markers when formed under “MAPC media” and 5% oxygen. The aggregates retained
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al bum n, AFP, TTR, AAT and TAT. Therefore, it is apparent that the 3D
aggregates are capabl e of undergoing significant levels of differentiation
to the hemetwr/izi4reage starting froma " MAPC-Iike' pheneCyis201100277]
Funct i onal and structural pr operti es of the differentiated aggr egat es:
al bum n EL{)E for stl mat |

Pa

n secr n r at P.
a1 yooudi bBPae kR MRS g HOEE (TR Phe (st dbity B BT fio basal
api cal dnghihgainedealindtionly nﬁauaadlf&kduﬁatdcatdu@gsm bt priodidst 4 uduer addel system
characterls I.CS usin tran m SSi 0 electro roscop dition,
The. usdobroeniot il S SRAPLETiRY Ghsc-hbi duii BEFRByby Sl binth &lEk,oc
for Scabfﬂ&}hﬁhﬂkﬂﬁmmﬂrﬁtoﬁ:ﬁ aMARGSroddI0 et sceakiidrattiaton. I\/aterl al s and Met hods
"MAPC Medi a" [00278] MAPC rredi a cont ai ned 60% v/ v) | ow glucose Dul becco's

VCDB. 2007 RR7 F5 e el b R ol A e of wnpiRps 4 )
Si gma) MA%S/,{W)SD I¥hdricalodlestas amd Ghsdi’s@ad their siﬁfaumlaﬂldmupmtamuéll_té- BEAal csilgm)s, 5 X
10-8 Md 0 Si rb| aci 100
ani s o gRARe 1y poobst Tkt T SbPIERARBERESRURIO IR AP SEVEIE Ler um
(FBS; I-ﬂyclhlmmeandlﬂmgmﬂ;SDufggregA‘Eﬂ%)re;taﬁh(ﬂqengpmty nm]ﬁ@ermpteder mal growth fact or
(Sigm), 10 ng/m human pl atel et derived growmh factor (R&D systens,

M nneapnoxl |er§ . USA), 0.54% 1X 13- mercaptoet hanol and 1000 units/m nouse
| eukem -a'Rrrﬁ%%]b itory factor. Media was sterilized using a 22-pmfilter

(MIlipore, Billerica, MA, USA) and was kept at 4 C for a maxi mumof 3-4
weeks. [P&X7ahAt iF@hWPCI\/IﬁlP@sﬁeggneggatlésh [BO12 79 joc WAP@:ra gigrde ya tiersatvar ef Mavbed by

he Tangragiss oie Rl on AL B0 AT ABFE LS 1 hRGHGRET B8R oD, 17
60- wel Imathcelr @eittifugatiphater (aNepmiodl of i &Q's [ubing MARARCde YTART wellila, wiThioet plfat es
were t *}f‘eﬁkénﬁlé(%{hﬁb%?ﬁﬂ&oﬁ' &Cd?%:ré@at%’ l%kééi%éala 34 %ol hqg&gﬁgﬂghfo%%ﬁzgacgﬁé’n% for

t he aggregates to orced aggregation net :
MAPCs/ Wk | stafinga cgb nwabdr gtbant €19r4000 rcalld/ well atas asdvimentotpl Gt enqti@els.ni Hpdn wer e

cent 11 {4ged. Bldel0ut AR LOMLESA0A KNG GRLLSoNERS @A QIR L Gedregat €

in a 5% ox i 'ncubat o er the nex erentiation of
MAPC Ag?g»lyelge@tsegh{i@@%@@n TORF-ECRa MLy mygdis VdélvblFogeldloaf pogen stmlion2vaday

differ Hn %”oé?ﬁ/@txﬂﬁ A Q@EFQ&F el %151[@;?1&%}1@9&99&9% C%CI s BEYHE %ﬁé q¥gl s and

extra-c matri x Iclent di entiation to
nmor phola@giegaaﬁt ,formhimmoztn;imlroosaﬁl%fqi ot honizr of hdls aaprssingt und‘éABfEs héﬁ%t) betptees

from M%\Iz':;)gfggateT ?cﬁrmtat%ﬁr é)ﬁ)tre%&:d oct3/4 at the protein level after formation of aggregates (~69%).
Further, the oct3/4 mRNA levels were comparable between aggregates formed using the hanging drop
method or the forced aggregation method. The aggregates also expressed GATA6, HNF3b and
Goosecoid at levels that are comparable to expression levels in MAPCs and did not show any
expression of differentiation markers like AFP, albumin, AAT and TAT. Upon spontaneous
differentiation in differentiation basal media (upon removal of LIF,PDGF and EGF), the cell
aggregates underwent spontancous differentiation to express Nestin and Pax6 corresponding to
neuroectoderm, Flk-1 and SM22 corresponding to mesoderm and AFP and Albumin corresponding to
the endoderm germ layer. Although all of the above work was using rat high-oct3/4 expressing
MAPCs, low-oct3/4 rat MAPCs also formed aggregates with the ability to undergo differentiation to
several cell types. There is also evidence of 3D aggregates from mouse MAPC clones that also
retained the expression of oct3/4 in the aggregates and subsequently underwent spontaneous

differentiation upon transfer to differentiation basal media.

[00276] Upon differentiation of rat high oct3/4 MAPC aggregates using the protocol optimized
earlier for hepatocyte differentiation, the outcome of differentiation was comparable to high density

2D differentiation that was performed at the same time based on expression of hepatic markers like
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WO 2012/ 027474PCT/ US2011/ 048972 protocol consisted of the follow ng: (1)
culturing MAPCs with 50 ng/m Wht3a and 100 ng/m Activin A for six days;
(2) then wolzbwwazng4t he cells fromstep (1) with 10 ng/ mpCRGEV1A0E93D ng/ m
BMP4 for four days; (3) then culturing the cells fromstep (2) with 50

O T g, D ARTEA RGBT SGhmal Pl bRYD (G S B apibhe S0

Fol | i stuatié¢rpoih®sigsi€ivan ldtaly Sf differariaen b ehdhdpatid Midagt aalies wesna happC oyt e- or
biliary-like cells, Activin was inhibited by Follistatin. Prior to

di f f er t1°MPn of the cells, undifferentiated MAPCs were expanded at |arge
scale until several mllion ceI | s were obtained. Cells then were plated at
50, 000 [60250] 00Onwiehdl shd KRuctutal Yabcrtge lof (tﬁ%iffﬁaajraed agglega&s MhlilmlinaE[HISlA fael | s
wer e Cuelsttl uell‘tieng albu e necreao aterrelgjlfxéJ gpalmn g{lh €n s?or%%g Jlggglné)is,]tam%nﬁ 1nve§%%§£1t1rl1r%ecvgg

16 hours 1 were™ Hash
swi t chebk tmlaﬁzitfoﬁr aind |ta§alorapmﬂdamdnlata'ml \[bmlaiﬁly a/ddet:]luelﬂattnlgetmddltrtmsﬁmcmrfal t he

cyt okin al hepat.oc in u0|n t ffer ntiation wa

ot for MEETHE: B RaRRE dhireartyR T U Enin Moo GRS B "0 ur oo
i n | ow eaprygaig M@%C aendhttd eng porentidl emdiasiator dbaflszﬂaﬂ’ exﬁanﬁcbn ohMredisurigo wis ch
consi stedl of DMVEM (60% , MCDB (409, ascorbic acid (1X),

peni ci IeIXPnWst reptonycin (1X), beta-nercaptoethanol,
insulin-transferrin-selenium (ITS) (0.25X), LA- BSA (0.25X) and
dexanmetMasiateand Mptily . A hi gh concentrati on of dexamet hasone was used
because sone hepatocyte specific genes (i.e., tyrosine am notransferase,
MRP2 ang s Ypt.gphan 2, 3 di oxygenase) are upregul ated by glucocorticoids, as
t hey contaln a glucocort|c0|d response elenment. In the conplete absence of

serum cell death occurred. However, using Wit3a, differentiation was
i nduced09X78k e MARE riesizxc sadhingd 8% (/) kov @cotei Ralbeggorse Madified Eagle Mdedisasal

di ffer 35&4% @gsg%EéibU@hR%‘Veﬁgpmwaﬁsﬁ %MWM&D@&%@ Wieadsihen 1§f<\99)ped

Becaus h' concentrati ons of dexanethasone er wth insuli n,

i nduce lé@lnp‘dgléweﬁﬁ@n selepinme FT Sa . W(Vthéﬁlhnﬁlemldmwe e Enghuanie (LA
Corrparl};ssqu I fengn PG4I\ and
3D condit osﬁgs 69 0%2131 &F’Ir’%‘%gl%%gng @E%ﬂ%esﬁs tl\g g&\g\ﬂ/;% 9%1%3%2%8%% ijggrgbf ﬁ@

mul ti - luniealgeengiiltin.el08p upigy plotreptamadin 3%/ vo fetaipgac wren (GBoOWIYdend. Bedanur ed
as 3D 3(99@?&} qg Tﬁﬂomhhéaee%mﬁmﬂ oxb{ﬁ\'?&éor Jg@@%aq e/ hufEh %ldt@&ddeﬁg were

mai nt ai ned eriod 16 days gr egat es°in MAPC'mai nt enance
condi t igergth fwcrwlswws lewygw U\‘iA)t Ré4entX ¢f manaptbgtheiwy apedP@d, 3D

aggreg %ﬁ§my\@1{oﬁsedleﬁl§egrﬁﬁ %h%toﬁn fhefof plb[@(il? QVaQ @kﬁhée‘dblfsﬂ@&%%%gmc% E(Q/h g&@ es,

simlar to standard 2D nonol ayer mai nt enance r at Subsequ ntly,
gr owt h BibericarMAedPAr and wap kéne plghitC fat ¢ oaximgminédah et es, endot helial cells
and neural precursor cells were perforned and the differentiations were
conpar g hRiodiof LM ialheNs of rat MAPCs that were maintained in 2D
nmonol ayer culture during the same tinme period. The data in Figures 11 (A),
(B) and 6% i ndi cate the expression of markers corresponding to the

di f f er dA9272k| MAK pageregairs (iesntorpet Py Bsipgesithet thedlanemy Yirporethxt ginihe hercgtat a,

it appea%Irw%QaubH aletobe 1€ @k |H$1n%fﬂé Blopin@bdasmAPOs Qe REAUES 16(1h ek FAEof a
potential to undergo nulti-Tineage differentiation at |evels conparable to

WO 201 X00tamigmeie B@MNI‘P@%@? al efeMr‘\ECrfa?dﬁtnaWﬁlédTh%PlztEf veietthgndnvertpd and \vAPCs

coul d BeacBRinHRbREEh 370 BRivatel S dald RPHE a%é?%%te@fo AR Intidlo fofy's g it

anenable to scale-up in bioreactors. Exanple 3 Mat eri al s and t hods
method, 100-4000 MAPCs/well of a 96 well U bottom Ultra-low attachment plate (Cormng) were
centrifuged at 1500 rpm, 4 minutes and the cells were allowed to aggregate in a 5% oxygen 37C

incubator over the next 4-5 days.
Differentiation of MAPC Aggregates

[00280] There recently was developed a four-step, 21-day differentiation protocol optimized for
medium components, oxygen levels and extra-cellular matrix for efficient differentiation to cells with

morphological, phenotypic and functional characteristics of hepatocytes from MAPCs. The four-step
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Establ i shnment and Mai ntenance of Rat MAPC |ines [00282] Two rat MAPC |ines
were used in this study. The isolation of rat MAPC |ines has been

previ ouslwoderonir4red (Breyer et al. 2006; U | oa- Mont oyaPer/tsk0o1128037) .
Briefly, rat MAPC lines were isolated fromthe tibia and fenur of 4 week

' wePCT G g b ot st ah GPs SHITRR Wt RS ricbeliel et

37C wi tAbuS%@X()fg;enda@zmdzﬁthEﬂ/mmng Ak teells fﬂormetetxsl)cwltmw ﬁgAﬁlechh%dfmItiﬁ)p@ehlt ic

OV 1t eriFefe TRt e s TaREL L, IS LOReR R 98h A8 b Al Gr SR Ml P e

at 5 cehligfwehll FG% fos fonir hyss avall (1) &erzaﬂtaﬁﬁlg ®p cadl fenshapet wib 2P hgho GG hat
i I b ked
Sﬁgﬁg{ y’%@ l@(gg%ﬁé%l{s%%\ﬁrggr %Jﬁini?gh (Yeéﬁ)df %Begniljaép qﬁgxcr:{eg eHaPOﬁ%tg (g%lary like

di ff er enlld, Adioin pat @Abied by Boaigartin.etPriak .to 20069niaddneofesit ablld, Siﬂ&ldfefdﬁdﬁﬁ.‘ecbﬁ |

| i t t 37C 5% @
| oo batin BT R Ena o RS TR Bt g el D e PR A5, RS e oy
0. 05% (anb0,P00TF §REIORIERLA if Slatrigtl(2Ce béagerdox)eue VRAallY weusd\ays a(lamye éxpaﬁsmi

2000 ) achem TR Ry g AR M B R PO RS R Sy IR e B ovemy

(G bco PHSSA)i tiandeoR-2 Oditdh&l @rfaﬂfersmiaﬁd)reﬂﬁ&nﬁrﬁd TthhfvaHé&lGr qhg/adiﬂltldaﬁsfouiebi c

aci d 3-ph Si linaleic a b er m al b (LA- BSA,
S gma) S ORPRR IR oh el PAEPBHS B a3 i ESATRG §i1 SOURPHY 1 Roh B
acid), dlﬂﬁﬁtﬁtllaﬁbri madisihemly. NAR|celd Waﬂe(du-ﬁﬁﬁd o pamdxyeti (73h) @adident ihahd daxallO

o m - cbgdstasRets i SRS 5 P St B MBI RERE S8 o)

qual i f |pedlciﬂlet/ﬂdeptbmymmel)S)ebetmn(ei-dyiptbanzel)ol u@mmtrais&nﬁﬂﬁel%(énnmd(lmﬂ) @Izﬂx) CIQ4&I-t ai ned

th X atel et. d t R&D
(10° ng/ Y et bR AT B U S high st S it o mouse
| eukemsame nllinbﬂot}OdE yspbafid grendsL ife), (y]:@;ﬂleUﬁllrﬂnS{rQIWera(sO’lMRmo And ES@%@)lan Al3

di ed | ted th 100 1U m d [/ m
ot ept iy S SRar G ettt o BE0 s o Bohss APl 1 e o
of MAPQn algagcroaga&ttdasas@ﬁezme]ruwﬁ dggroegates HWE@rflmrngEWntBﬁ atiffgemiglien ead | s of

MAPCs us drop t ho Kur os or the fqrced
ngor eod B! arHERE RGeS 15 spefnt S SRR Pothe i ofsrH gkl hod
300- 30G6rusi wgsi gldee bhtd dA@rle aadlsmmd@ﬂed nBacaaserlggteccdtamraﬁ)cﬁnsrmdiewmehangﬂeng on
an i nvetrt § ‘ﬁstl c surf .Nunc nt ai ni nTcA ? slmal | drops of cells and
medi um 'S¢ B 11\?\}8%"&‘&“?6‘\%% ROEK é Pr%?ra?f“é)“ o S HiYddal aggregates. In
the forced aggregation nethod, cells in suspension were placed in a well of
an ul t r a- [Egunpit £ aChmpartson amnﬁﬂerdsrmﬂath@n&“datwméhhesmlzalﬁend Coumtend)) aairddd
centrifuged for 4 mn at 1500 rpm Lg ltaIIow cells to settle to the bottom
of the well. Unless otherw se specrflreré@i—he settled cells were grown in a
37C incubator at 5% oxygen to allow for aggregates to form over tine.

[ 00285][0028&] stlat igoal pif altie stody ey ®, demn@@@raaag@cagm b@eag@diéfelfeomamed ca[sabihigy el t her

of the 0 pP h
aggr ega es r BQ} §Wn %ﬁc\ﬁglrl%%g r%ﬁr e?aﬁesul ogvf g? achne %Oki MAEV )l at es
( Cor ni mydd mdmrellﬁalatglgecé@aa egiodell |6 daykos ﬁédg@@gwe 'gneMABﬁ nmttmmeazggm@cgm es

f
1o o MR (R0 S PESR o8 APE PO B SUCLHLE ek e A R0y ell Pl e
medi umrefiandeso Bhrenagtit-pontaadydies, MAH@ laggn@g@ﬂlé sonelpgr alaggenpica ot MAPCs.

differey #)éea{le%nﬁg, &30 ond {w%p%eﬁwpglﬂggﬁtﬁ% Witotﬂ %Foc ﬁ': endd@a 2% GG o20d, 21%

oxygen) I'me period as nal At ena tures. Suspension flask
cul t ur ergirsMARDs agge @gddresd and the differentiations were compared to differentiations of rat

MAPCs that were maintained in 2D monolayer culture during the same time period. The data in
Figures 11 (A), (B) and (C) indicate the expression of markers corresponding to the different cell
types, by Quantitative-real time (QRT)-PCR. From the data, it appeared that the cells maintained as

3D aggregates retained the potential to undergo multi-lineage differentiation at levels comparable to
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[ 00286] Prior to suspension culture, MAPC aggregates were formed using the
forced aggregation nethod in static culture for two days. Aggregates were

t hen tramsDenrd747¢ a 250 m spinner flask at an initialPCraiskolcoment rati on
of 50,000 cells/mM and the culture was stirred at 70 rpm and kept inside a

37C incupator with 5% o en.contrgl. Dissociation.of. MAPC aggregat es
002871 ko amstist s B S e A Pt e BY AR R arbents M Ry Pegat es
wer e wamhiag, ihmaeakingtiiankRBblandcgespandachcions. pr e- war med 0. 05% (w' v)

Trypsi n- EDTA for 15-20 min in a 37C water bath. The aggregates-cell

suspensi on was pipetted a few ti nes, andl §ubsequent |y incubated for an
additional 5 min in the water bathSAFt he aggregates were di ssoci ated
into single cells, as observed under the m croscope. RNA |Isolation and
Quant i tMatervds &RdMethidere Pol yner ase Chai n Reacti on (RT-gPCR) [00288] Tot al
RNA was isolated fromrMAPC cell |ysates using RNAeasy microkit (Q agen)

accordi ng téﬁélaﬂﬁfkwﬁge‘iﬂg%ﬁﬁr@éﬂ XJe%?ﬂa@MAb@ffiP%:%i t. cDNA was synthesized from

t he extract using t uperscri pt reverse transcriptase
(I'nvitrogen) nmethod. The PCR reaction mx consisted of WD

2012/ 027474PCT/ US2011/ 048972 cDNA sanpl es, SYBR Green M x PCR reaction
buffer (Applied Biosystens) and prinmers (5 pMstocks, sequences listed in

tabl e g}bezsﬂ‘e 1R GPGRPEaARE WRR WaS i MR ARy ariRadliRlS 0 TRNEPE ik EHas been
(Eppendorf)” using the follow ng program 50C for 2 mn, 95C for 10 m n, and

40 cyclrssialygseribet (Breyes giol RO 60 pniayarst l. LOID SRyt MARCskse ward on
Pr ot 0Cqlo1fiQi R0 e v B IditulOr £FHELGAA fléﬁﬁl@%kh@éhleﬁ%ﬁm@ %fé%)la{t% Gld v, {§:QueGAPDH

was expressed as |og2(Transcript expression relative to GA

cal cul aubere akiteA MMICcihediem @ ¢ ydAdwdt ardrrubivred in) a lgmfidApOHcutaig aTP Bhseh pt
abundangceg | | &5 ti t,0 e I ranscri pt
expr ess%?ﬁr?k?gee\ﬁlza{mr%%ﬁ @Zé A’t\%gér c?a‘;}]g%% Ogncg(ﬂ%% féu @3%@15?1 StCtglgr(a d%gl%%} A (day
of sanphagheticOnigdnads sigaingtdd? 4fiandh Tar pl% ¥iltenyt Wiotod)fand fthQre@Biniwgscells evgdret o

cal | | ];;yéec@@ Y& b@ Oviefl 'pfa?e@ by Sjicglfs%eﬁn egllsi Wt Meﬁleﬁz%i 28 splﬁ(ﬁlg\@ﬁalae& plgrpﬂblfolrgf gt

sanp
appear in the wells were subsequently picked and screened for MAPC phenotype (expression of Oct4,

Rex1 and CD31) and tri-lineage differentiation potential (Breyer et al. 2006). The established MAPC
cell lines were maintained in MAPC medium at 37°C in a 5% oxygen and 5-6% CO, incubator at a
starting cell density of 300 cells/cm” and passaged using 0.05% (w/v) Trypsin-EDTA (5 mg/l Cellgro)
every two days (Breyer et al. 2006).

MAPC media

[00283] MAPC medium consisted of a basal medium that was a 60/40 (v/v) mixture of low glucose
Dulbecco’s Modified Eagle media (DMEM) (Gibco, USA) and MCDB-201 (Sigma) supplemented
with 0.026 pg/ml ascorbic acid 3-phosphate (Sigma), linoleic acid bovine serum albumin (LLA-BSA,
Sigma)) (final concentrations of 10° pg/ml BSA and 8.13 pg/ml linoleic acid), insulin-transferrin-
selenium (ITS, Sigma) (final concentration 10 pg/ml insulin, 5.5 pg/ml transferrin, 0.005 pg/ml
sodium selenite), 0.02 pg/ml dexamethasone (Sigma), 4.3 pg/ml B-mercaptoethanol and 2% (v/v)
qualified fetal bovine serum (Hyclone). Complete MAPC medium also contained three growth
factors: human platelet derived growth factor (PDGF-BB, R&D) (10 ng/ml), mouse epidermal growth
factor (EGF, Sigma) (10 ng/ml) and mouse leukemia inhibitory factor (LIF) (10° Units/ml)
(Chemicon, ESGRO). All media used were also supplemented with 100 IU/ml penicillin and 100
pg/ml streptomycin (Gibco).
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Intracel lular staining for Cct4 by flow cytonetry [00289] Cells harvested
by trypsinization were washed with and suspended in PBS with 3% (v/v) serum
at 100, 0080celdm749er FACS tube. After fixing wth 4% parafarseahiadesyyze f or
15-20 mn, and blocking for 1 hr in SAP buffer (PBS with 0.1% (w v) saponin
and 0. 05% ( | emented with 10% donkey serum cells

wer e mcuba&?ikcfpzﬁ? ﬂﬁﬁeog\}\/ﬁ'ﬁ) agé%g?ﬁ: Qct 3/ 4 antibody (Santa-Cruz, N19) or
Goat 1gG isotype control (Jackson |Imunoresearch) diluted in SAP buffer

bef or e [D028dbatM AR ngrhga@SVéraﬁﬁh&d fecmm is'mgkaatelld; @G MARCK 80 thm\mgngsmpr ch,
1500|nSP uffer fo S dand
re-sus peer%hgi ros%‘?fb %QQ%) for mhe ‘I)rcecp %auotn metﬁo ?t\g?uisbﬁg? JE% '&af bur
(Becto maﬁgmg(drms ondhod B(DO—SOOO rsmgkd |celm@ds1ﬂpefhﬂ@he ntsnnglb |dmp off medmrtﬁiaughg organ

i 1 er ARS8 PeH THESeoTo RaeRMiBr o BEH Dinedth S0 DEBOSEEh AT v o)

gel at i no egadrexdatd o fnldezmsl dgprepeeest Rl thelfokded nggrédaddn mathod (dellsrrn 'slh;adénsm netest ed

Ol i t et SHTRPERCHEIN SRR sROL pS Rk Yl TR RED 80 e o

(1 nvi t rfogem)n, at 45(3) rpgl wlalldB ceBne &meaetﬂeamod)m o0thd wety/ [mﬂlesg blhbl&ﬂﬂen;ﬁemﬁed the

(I'nvitroge for medi u etel elaced wth
o orred RS Qe QALY i ootk E ap b aHE R VR RE G P B B Gt ant ne,
N2 plus supplenment, 4.3 p g/m 13-nercaptoethanol and growth fact ors basi c

fi brobl[e@285pr ¢k fatdcadite cul(URKDIAPFE GEgredald weey fokhedaunthgb@her(Sidgmao hdibodag/ m ) .

1 aske WrrurSare bR Bt Shan B B S o B PR St G

and EGHoy | dBagiieh) 24 Didilf plaent(Caningnsvitere a%ﬁdfgateﬁ}’ufeﬂk fmCeﬂmggﬁeg@mndaeyBod n 5%

di t th
2013/ 029 aCTCA0 1] SR04~ Bldor STl LU e Gt 8 T hP HE0d8 P REPC v e
cul t ur edAba nﬁddbmomem% rox ¢ gl Qondfichs )weeo adea dvi@450me Irriedlpinadheﬁgea‘ev@y oab Haydensi ty

ot e OrbE RetrPef gl i e DT AR B Gt ol TR D Mt

conposidnil bahwas 2thexwameoate MARGng@Hiodsaxd@piantchatukhe t hr ee growh
factors were absent, dexanmethasone was at 0.4 pg/m, and that 10 ng/m

r econbi nant §1'1 man VEGECSIBHG ]\\élxﬁﬁcadqeedte Differentiations were continued for
twenty days RP219% oxygen con 57s Mt h 50% nedi a change every two days.
Hepat ocyte differenti atl on [00292] rMAPC were cultured on matrigel (2% BD)
coat ed [0@8pk dfiomto2dspeedidn pilatee MEtPCaaggtegntts were dednled deing itteyforrtd BERrd@@@n
cell's/cpP i f 9

Sy bsequen dQn MAIE cuﬂﬁg afﬁrg}vgﬁ%;s é?%gﬁ%& IvJ’éFer[ﬁe tpatnsT?lQedgtg 4“25@ Ié%gp?mﬁr{gﬁﬂask at an
differ emltlalactell co;nndgamlon ltvédﬁ) 00f whle'sd ambﬁp@s]tltrﬁ oS \alasedtdné( OspendsefviiRderredi um
except ncuba§)rw1tg5l7on A Wer e at 25% of the amount in MAPC medi um
dexametHas8iie’Was' at’ 07459 Prﬁr and the three protein factors and serum were
absent. Furthernore, add| t| onal protein factors were added as descri bed

bel ow. The dyitsokintesof MePQuagawighie act or suppl enents were added as fol | ows:
(i) Day 0: Activin A at 100 ng/m and V\ht3a at 50 ng/m (ii) Day 6: bFG- at

10 ng/ : i 8 t 50
ng/ m n‘@z&%‘ﬁ%%&tgg}%ﬂ% v%gglll.fﬁ%/tesll % %ﬂ: g‘ %g?%?at&% gég In at
100 ng/with PIE} fifdesugrebdetin preswasmeé 0.0atr(ived TmmsmeﬂTA Veeritty?Odesiy $n b ﬁ7°ﬂ%taxygen
condi thO S W t h 50% gl a change cogtr S omcjEl g t he d|t fer ent hq.tl on

st age, éverT %%e%?ae%e SRPAEYE G Pépe PR i R B T R

repl aceﬂdmmamsfnmeﬁhthaﬁdteumtmﬁmth tlmnggiegmmtzae fizsociated imnsSinplagelth & (ﬂj‘sﬁWtd ation

stage. Ll ARRScqm CF 0SCOPY

RNA Isolation and Quantitative Real Time Polymerase Chain Reaction (RT-qPCR)

[00288] Total RNA was isolated from rMAPC cell lysates using RNAeasy microkit (Qiagen)
according to instructions provided in the kit. cDNA was synthesized from the extracted RNA using

the Superscript Il reverse transcriptase (Invitrogen) method. The PCR reaction mix consisted of
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[ 00293] MAPCs were seeded at 1000 cells/well in ultra-low attachnment round
bottom 96 well plates (Corning). The initial aggregation of the cells was
observed W9 2niznesdope (Leica) |ocated in an incubati onPsyaiSemmoiss3yC, 5%
C»2, and 5% or 21% 02 for 48 hours | mges of cells undergoing aggregati on
were taken every 4 mn_ over hr. The sjze of regates was, determ ned
From arf Ve raguboR YRGB Mg R s PBLGH PBT G ™S S DG s byF¥pa o.
Tr ansMisgkHRe@lRRt ORI Fh €¢4bRS COAYe [FA0AA ré;etlldnswsgﬁlﬁq&gxa& RzalPRK GnMRERHEaE:
thrice with 0.1 M cacodyl ate buffer and fixed in 5% gl ut ar al dfe%:de and

a

0.1 M sbmegrhrbaeisafcdeliovrg rragrappld*q fon)y migy 946 f?ﬁw mipgand A0 gysdes-af PqtiPion i n
1% osm4rg.t &t f % q!@r 2Rth Budwd Bf 4 &@s%a%@ﬁr&o&ﬂfté sﬁtamtahﬁelﬁ?g%h%%%{cﬁpt

dehydrated 1 n graded series of "ethanol followed by propyl ene oxid
t r eat nephtndapgedelatityed e’ th wapospyessed i hog:(Uransciphixpresgion iobatige WeGéPD@) and

20 12/ O%ZQZI%IP gjla-lls %%%Q}Jh h 1% %%é%nec §E&e§% g 0(%&%31}%]%)}1 flnl%lr HX cri %%g(ﬁa%ceaﬂlds ltm%?ehe

citrate, exam ned usin ron croscope a
Char actrelam‘zaatq day 0 awis| axpyessatl aEthhe‘/émnglra}nS@fpt Vkpraesot lavel Eel@adher day &t andni ng

[ 00295] e re.fi xe par af.or mal f n, and
hashed iTHepactCA USROS Shabd ™ it SRR BT R SHET H s et ghe
and supet4biol &4 sinifitant sliffeit ainexfedsondctvceent tdfetent apleand obt ai ni ng
sections. H202 was used to inhibit endogenous peroxidase and i ncubated with

fetal bovin ser e _hon-specific binding. Cells were then
i ncubat ed wi PR, rﬂ‘r(sémn)a&ftﬁr QCtgg “ARPF'Dody or with isotype- mat ched

negati ve cont roI ant i bodi es (m)use | g&a) and then subsequently visualized
usi ng HAAS8] olcPehayisddde nypdifizdDAB wsiehsashat eitl{ Bakwypended in PBS with 3% (v/v)

serum at 100,000 cells per FACS tube. After fixing with 4% paraformaldehyde for 15-20 min, and
blocking for 1 hr in SAP buffer (PBS with 0.1% (w/v) saponin and 0.05% (w/v) sodium azide)
supplemented with 10% donkey serum, cells were incubated for 1 hr with 1 pg/ml Oct3/4 antibody
(Santa-Cruz, N19) or Goat IgG isotype control (Jackson Immunoresearch) diluted in SAP buffer
before incubating with Cy5 labeled anti-goat IgG (Jackson Immunoresearch, 1:500 in SAP buffer) for
30 min. Finally, cells were washed, filtered and re-suspended in 500 pl PBS for flow cytometry
analysis using FACS Calibur (Becton Dickinson).

In-vitro directed differentiation for evaluating maintenance of differentiation potency of MAPC
Neuroectodermal differentiation

[00290] rMAPC were cultured at 1500 cells/cem2 on 0.1% gelatin coated T75 flasks in neural
differentiation medium that consisted of 50% (v/v) DMEM/F12 (Invitrogen) and 50% (v/v)
neurobasal A medium (Invitrogen) supplemented with N2 plus supplement (R&D systems), B27
(Invitrogen), 4.3 pg/ml B-mercaptoethanol, 0.3 mg/ml glutamine (Invitrogen) for 2 days. On Day 2,
the medium was completely replaced with Furomed-N medium (Annovum/Euroclone) supplemented
with 0.3 mg/ml glutamine, N2 plus supplement, 4.3 pg/ml B-mercaptoethanol and growth factors:
basic fibroblast growth factor (R&D, bFGF) (10 ng/ml) and EGF (Sigma) (10 ng/ml). On Day 6, cells
were trypsinized and re-plated in 0.1% gelatin coated 125 flasks in neural differentiation medium
supplemented with bFGF (10ng/ml) and EGF (10ng/ml). Differentiations were continued for fourteen

days in 5% oxygen conditions with media change every two days.
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Cell viability staining [00296] The "live/dead viability/cytotoxicity kit"
(I'nvitrogen) was used to stain cells in the aggregates with cal cein and

et hi di umwQGanpiness B was added first to DPBS (1:1000) &au/ush@n/oesnponent A
was added to DPBS with conponent B (1:2000). Cells were incubated with the
st ai ni ng sol 0 mn at 37 C. Cells were washed once with PBS
and observec]i.J tﬁ@faﬁglﬁ%ré’}“t‘%a "f| uorescent mcroscope (Axiovert 200, Zeiss).
Live and dead cells appear as green and red respectively. Validation of the
pr ot ocdbo29d] deVadt vdeachloeldloa fmmmmr(ﬁd)(rnmdl)mb&téd 24h\eelnﬂdeszttaicall dbsey vied i n
cells i rggabes b ret th01°/ t o i nduce
per ﬁeab:%folﬁg%fﬂ?s i baseéﬁéeq\%ed dea eﬁ)a ug 1\8A3b(5 he me 4 Pva% cO etnlgtreélaced w191

pr ot ocaindotiegial di€fyrehtintiam aleyis mswid®® B@ﬁﬂosﬁeh Iv@s vlersemé i mﬂmm&ﬁﬁmw@@nﬂnht and

PBe v 1 Bt g G SR S S SmALT AT - 1 e il Dt prb g e

Af ter vashh NEGIE(H&DWREiLadded. tIsIfedntantns Rers USRROEE tr itheroPd Qdys 1id 2PBSxyedn 1 ow
cytorretr anal usi ng FACS Calib Results MAPC sel f-assenble into cell
aggr egefP ITUGO%%E??% ae‘iﬁ‘é‘fg@?%lt‘?éo‘?aéf‘ med from single suspensions of MAPCs
usi ng two net hods known as the hanging drop and the forced aggregation

met hods. r MARGatenedifentidtiahed at a starting cell concentration ranging
from 3000- 30,000 cells/m (or 300 to 3000 cells per wel | or per drop) and

singl e [ﬁ%& g%Pér\??ﬁ?%e&l ﬁlredll um 28{,1 Bﬁ\?coa[eg E %f | 95 H Bﬁgér at es were

formed TA"C df U Wi
(di fferoemtdeamyoof ABRAI0U Dllsicm’ S%MAPQh%cbwygmnl aanﬂadnlce siﬁ&ﬂ)@@% i wacfreat MAPC

i nes e tested at | east i,n tri S t

0157 0o SabER) s Sini§aB el Vb kBTN ER R S S ERTBO AR gty day

4, exprvdssecdn{potidon an]le, saaaaalvamc WdFE@D ekdepnbadTHhus laA-BSAveldrs atCZG%pa“nl&bl eto
ne cul ured on 2D surfac ot Af

t he parent 5% oxygen a
Gene. SHOHPD Gy BTGy TR BEURST ek RHERe TP 06 ProrbiTT SerepatBReous | y
( Fi gur evctahsent] Rure@ehhdrd, Qudditi 6l ﬁrdﬂii@fa@lofh RXP @&S | 20 MledbBiBed il d¥. AllhB &¢lokifes hese
aggregat es as, shown fl ow cy Fi 2 trast, egat es
o rred i BTt AR Desea et P BubRr Eoliingd r 0 iR RS
expr essedo ag/aR (fiba me}%ft po Tng/&m&ﬁdl BMP4(&|FI59l1igKﬁ11 lﬁl@))a@.ﬂd FGIesbf 4t as tngan, of
cells cr 0% 1 :
For rratl%ﬁ% g@ﬁ%[‘“gc J@ﬁﬁ’éﬁﬁﬁﬁg %,Iﬁ ng %ge 'i’jnﬁé%é‘?é‘ﬂ‘ wi th
a 5% O)Q)iﬁ@ﬂént[ﬁﬁhﬂ Wwed carﬂecBOLQ forfrobmly d86 iease okygemrﬂutoﬁawm BOPtmeifal Guiee, 12C)
vvlth onI bout 4% of .the cells ex ressm ure 12 Thus,
YRR e S S i e SO MO e A AR R L
negat i wels Yepidct®wite theshgedoat witiesupplementofor dﬁrehsagagag@rr@gaﬁ@ stage.mat i on, and
resulted in differentiation. Cells in MAPC aggregates forned under 5% 02 in
conpl ete I\/A,(;, rrgdl um coul d al so be trypsinized to single cell suspensions
and re-cul ti V3t é§ OH 25 SUr f ace exhibiting typical MAPC proliferation

profil es and phenotype (Figure 19). Characterization of the MAPC aggregates
and t hdDe298br mbARPGNnwere seeded at 1000 cells/well in ultra-low attachment round bottom 96 well

plates (Corning). The initial aggregation of the cells was observed by microscope (Leica) located in

an incubation system of 37°C, 5% CO2, and 5% or 21% O2 for 48 hours. Images of cells undergoing
aggregation were taken every 4 min over 48 hr. The size of aggregates was determined from an
average of three or more wells each containing a single aggregate.

Transmission electron microscopy

[00294] Cells aggregates were washed thrice with 0.1 M cacodylate buffer and fixed in 2.5%
glutaraldehyde and 0.1 M sodium cacodylate buffer (pH 7.2) for 40 min. After post-fixation in 1%
osmium tetroxide and 0.1 M of cacodylate buffer, the samples were dehydrated in graded series of

ethanol followed by propylene oxide treatment, and embedded in epoxy resin. Ultrathin sections were
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[ 00299] Four days after cell seeding, the MAPC aggregates had barely

di stingui shable cell-cell boundaries (Figure 13a). Tine-|apse m croscopy
was used wo 20i2¢2ad7isze the process of aggregate fornati oRCoUSR01A/0pR972 od of
48 hr. After the centrifugal settling to the bottomof a well, single cells

o 0% G0 PTG SR YIRS, LR oy SERLRT, SYSSRAYC SarRRpLen | o

i ncr easaidrobdops ik Clarakeiudtiod 6dility ddUniveysis} 8f Miinnafcter the initi al

aggl oneration (Figure 13b). 10 aggregates were di ssoci ated by

trypsini zatlE?Q eremé/tammé for cell counting. The average nunber of cells in
each aggrega I'ncreased from 1000 to 17,758 cells per aggregate (668 19
pm mean and SD of ten aggregates) in four days (Figure 13c). [00300] The
popul at[PeA9SHoulklls mggrdgniee weter fixed it K papaiornaBlgydefiof ¥ mat ardnwashs] ablokBS23 hr
31)8\6\?: n"lthhc]as‘gl n}ISEl a\;wt‘rg ?nc{}ba@ i% suErlgéleaﬁl %%S o'y%r%gﬁ%‘ Lé{’)}l;e%fglﬁgl %gl%oaentgne f%?es and
Day 4, faaeah@v\n d¥Win andh obtaininggseonmnh Hﬂ)zoim@nwddo(lﬁhlgm re@dde8odus p@dxidawaﬂde
ﬁ/&glcyflﬁg%lgép‘g wg fetal%l_o)é/ﬁlgt ?&Fﬁt(ﬁﬁs nd%%%%gn gp@@i 1c %md%.r gééusf ! aCBlen 1nc$11§29§@ of
cul tur ezvl(ma%E(cﬁihgnnm QBQD)lntlb'BEWIOaN\allhyi$®t$peel‘hattl’wé @ggrveg@hml shibwid (tmoght |y
P T R p R S R R S R

| munohi stochem stry denonstrated that NAPC i n aggregates expr essed t he
cel |l nenbrane asdatlivatbddy ddhiegi on protein E-cadherin (Figure 13e). WO
2012/ 027474PCT/ US2011/ 048972 MAPC aggregates retain differentiation

pot ent ighaoi Gt L4l Gad ARl ISk RY RO SIS eXATLAG A vigh el M
aggregates coul'd be maintalndd in cu tur or “an ext ended periods of tine
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1 compl ep e TR e A E RO SR G Do i BB R R

wi th 50%utiediunSciianget é\7er($1 ({elle “dewwashﬂll' ontPCR BBS @t dbsanved Afdor tirvansicr i pt
expressj on vas used to va uags t 51 Elfferentl at d status of culcf

MAPC addPEgafed MRt ai ’élavef‘h Ve eéffs VA YPANSEE iBbi T HER" Pitrhse in
Af p tr asspedtivplly. Veiedion d'ﬂﬂ\hﬁ)t@bqol foofeteModea‘d aglg mgednﬁﬁnmmlumqe@bdlsmﬂ\dﬂhl?@vmdl um
wi thout. LIF. PDG- and EGF (an O/ox xpressi pn of t4

{r ansorT B iR R heveRpiabT B BRRAT R P SPRRe e Sge BTt

i ncreasbﬁth)/\ﬁotB()ﬁrﬂnrmio(léitga,m:ﬁniﬁglprptoﬂzéllb). Durl ng the si xteen days of culture
in conplete MAPC culture medium cell proliferation occurred, as noted by
the increase gf fhe a }%gregat es size or budding off of small groups of cells
fromthe single ymﬁ’@ aggregate to formsmaller aggregate (Figure 21).

[ 00302] After sixteen days in culture, the MAPC aggregates were dissociated
i nto silAQRIE] célellswhry fixed msiOie othariobmdaptratedt He2@<pFassidln wofe WOohdl prietvain was
eval uat e ) st hat
conti nuﬁ% a?% t%%%r%ggésﬂn ‘Wl} édtﬁ in "k p}(ﬂﬁné lotladﬁ an?-(l)- qneg/@lﬁégennovglfnf ?LM (l:.ll’ e
(79% f okftep masnmllb wee: mnaded%&%ré elmp¢rided ot {9l RBPEr | flowe)y tamaesry %mdlauSImg) 2D
nonol ayey LMl %HJ es and MAPC aggregates on Day O (Figure 12b). These cells
were re-expanded and after two passages of expansion in 2D surface at |ow
cell density, aggregate-derived cells were used for directed

di f f er dtepilist i on t owar ds endot helial, hepatic and neural progenitor |ineages
and the differentiations were conpared to that of MAPC nai ntained for the
whol e per i odyapbckapyEghiie B&RNGH LYerkdd kD surface culture. As can be seen in
Figure 15, no significant di ffer ences in differentiation could be detected
(student's t-test, with a p value cutoff of 0.05). During neural

di f fer dAQ298E i dregresaten ware farped Bam speicrsuipensians obMAPK S NEigs EnmehodsdRawn Pax 6

and Neshd RadelRNEES 'aﬁH ?heV&%fc@d Q%égai{@r@' Iﬂefl‘lo@sOt DGl lv@reQH&&lMEeﬁdat St A9 &gat es
for sixteen days fol 9(3/ surface culture, as cells maintained in 2D
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i ncreased expreéession of Flk-1, Ve-Cadherin, nos transcripts (Figure

15b), aAAAPE mediyen Wé)ﬂé?@dgﬁdém Wﬁé%éﬂalw Bt {dferendindppnmesiuene Sifnerr ease
i n_exprasgsQRerOfioriRudRl BHITA MART ;R0 dertalsiddPREE i BbfcaleE] A @alddmedTNUS,
MAPC can be cultured as aggregates for at |east sixteen days with
differentiation potential for all thrgg | i neages. Expansion of MAPC as
aggregates in suspension culture [00303] The inventors also determned if
MAPC can be expanded as aggregates in suspension culture. The cultures were
repeated three times with one MAPC cell line (Figure 16) and twice with



anot her MAPC line (Figure 22). MAPC aggregates were formed under static
culture conditions for WO 2012/ 027474PCT/ US2011/ 048972 two days and t hen
seeded i wo 21228471 spi nner flask with a 100 m wor ki ng@Cyalseora/04€9az i ng t he
first two days of static culture (day -2 to day 0) cell concentration grew
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The fraction of cells that continued to express Oct4 protein at the end of the sixteen-day culture (79%
for one MAPC line and 78% for the other MAPC line) was similar to 2D monolayer cultures and
MAPC aggregates on Day O (Figure 12b). These cells were re-expanded and after two passages of
expansion in 2D surface at low cell density, aggregate-derived cells were used for directed
differentiation towards endothelial, hepatic and neural progenitor lineages and the differentiations
were compared to that of MAPC maintained for the whole period at low cell density in 2D surface
culture. As can be seen in Figure 15, no significant differences in differentiation could be detected
(student’s t-test, with a p value cutoff of 0.05). During neural differentiation, similar increases in
levels of expression of Sox2, Pax6 and Nestin transcripts were observed in both cells cultured as
aggregates for sixteen days followed by 2D surface culture, as cells maintained in 2D surface culture
for the whole time period (Figure 15a). Similar results were observed in the endothelial differentiation
as demonstrated by the increased expression of Flk-1, Ve-Cadherin, vWF, Enos transcripts (Figure
15b), and in the hepatocyte lineage differentiation, shown by the increase in expression of Afp,
Albumin, Aat and Tat transcripts (Figure 15c). Thus, MAPC can be cultured as aggregates for at least

sixteen days with differentiation potential for all three lineages.
Expansion of MAPC as aggregates in suspension culture

[00303] The inventors also determined if MAPC can be expanded as aggregates in suspension
culture. The cultures were repeated three times with one MAPC cell line (Figure 16) and twice with

another MAPC line (Figure 22). MAPC aggregates were formed under static culture conditions for
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2D maintenance culture), Day O (cells after 48 h aggregation in wells) and Day 2 and 4 (aggregates in
spinner cultures) were assessed by RT-qPCR. No differences in Oct4, RexI, CD31 and Sall4
transcripts could be detected, and no increase in AFP expression was observed (Figure 16¢, Figure
22b). In addition, the expression of Oct4 protein was also evaluated by flow cytometry. The fraction
of cells that continued to express Oct4 protein at the end of spinner flask culture (day 4, 77% for one
MAPC line and 74% for the other MAPC line) and the control 2D surface culture (day4, 79%) was
similar (Figure 16d, Figure 22¢). Thus, the cells in stirred suspension culture could be expanded

without obvious signs of differentiation.

[00305] To evaluate whether MAPC aggregates cultivated in spinner continued to have similar
differentiation potential, Day 0, 2 and 4 aggregates were subjected to hepatocyte differentiation as
aggregates in static culture on 24 well ultra-low attachment plates. Differentiation towards the
hepatocyte lineage was chosen because in vitro drug testing applications require large quantity of
hepatocytes. The extent of up-regulation of hepatocyte-specific transcripts was evaluated by RT-
gPCR at the end of twenty days of differentiation of cell aggregates collected at different points of
spinner culture, over the expression levels in the starting cell aggregates, in each case. The MAPC
aggregates (from Day 0, 2 and 4) were differentiated to ‘hepatocyte-like’ cells as shown by the up-
regulation of hepatocyte specific transcripts Afp, Albumin, Aat and Tat (Figure 16¢). The level of up-
regulation of these genes was similar for all starting cell populations. In addition, differentiated cells
from each of the differentiations also secreted albumin at 0.7-0.8 pg/cell/day or about 10% of the level
secreted by adult rat hepatocytes, and urea was secreted at 4-7 pg/day. Thus, the cells expanded in the

spinner culture can also be used for generating large numbers of ‘hepatocyte-like’ cells.

53



Hevehan DL, Papoutsakis ET, MIler WM 2000. Physiologically significant
effects of pH and oxygen tension on granul opoi esis. Exp Henat ol

28(3) : 26 Wd20120av4raon EH, Beggs KJ, Flake AW 2004. Mesenthysa®li/oggsem cel | s:
par adoxes of passaging. Exp Hematol 32(5):414-25. Jiang Y, Jahagirdar BN,
Rei nharlglt RL, Schwartz RE, Keene CD, Otiz-CGonzalez XR, Reyes M Lenvik T,
Lund T—%i—éégégstad M and ot hers. 2002. Pluripotency of nesenchynmal stem
cells derived fromadult marrow. Nature 418(6893):41-9. Kehoe DE, Jing D
Lock LTP03DERN&kakics bfftr 200p0terBaboalekencting m&tfepiatSqrged)sfuﬂaioBhlcnisms:ta@d as
parpal R o g o e s e M TR E e e < PR S o
Curr Ofcaause bf thElr cuhpolﬁ(lée) in ldgzneﬁahve KeddivingMnd Tésearehn sheNGs aBnmwasm‘gJ mterest in

Fuss € ngﬁelg %fxvell\gp oh ofs rob é‘tﬁno ocesses I}[EC g%nIera[l{l% 1§§e” ?lléaan 1hes ftem (? W

mul tic unor Rer oras &bl var e ypes.
Bi ot ec hiilﬁﬁdrerﬁlateé ﬂgﬂ\aﬁfe@) Sel &3t 18Greackir Mgsighd hatd HehrﬁlrestW\/for &ﬂﬁ)\?&thleﬁlhﬁ&eﬁth’em
devel op ion

r t roI I d enti at
oot R Mgt oy GG o TRARRT B A0S X Sua T S e B0 Sl | ¢
pr oduct2008). Afmoselht diffeant ldedehctdri et’uaqsd textk baGeell des1§ﬁs€lm/f(]&|eh nﬁétzwldé?.ﬁﬁ)seB Tor tikogl er

G Sensken Sné%i nymaﬂléh Cel&aﬁne schen Fel.dh gomON Liedtke S, Sorg RV,

Fi scherCu ivat osenbaum uéérg 566%™ ahné%nlﬂ%u ‘%e Orat F%Vlrsflrélﬁﬁitc‘g from

pl acentalinc procksh neadoritigt dnd i cobtrdl. n&irmemiomf iepehet e;quﬁefneer emt kviwil@ige pottlmitt ial.

J Exp 200( 2) : 123-35. = Kr ane Moo L [ I | os
V5, Ranibat tebpeion o ay-eteain e ol ERbwire el Mok ehae St Ehet oni o
St em CdlidpgodessesSt i rred Suspensi on Bi oreactors. Tissue Eng Part C I\/Et hods.

References

Abranches E, Bekman E, Henrique D, Cabral JM. 2007. Expansion of mouse embryonic stem cells on
microcarriers. Biotechnol Bioeng 96(6):1211-21.

Anjos-Afonso F, Bonnet D. 2007. Nonhematopoietic/endothelial SSEA-1+ cells define the most
primitive progenitors in the adult murine bone marrow mesenchymal compartment. Blood

109(3):1298-306.

Beltrami AP, Cesselli D, Bergamin N, Marcon P, Rigo S, Puppato E, D'Aurizio F, Verardo R, Piazza
S, Pignatelli A and others. 2007. Multipotent cells can be generated in vitro from several adult human

organs (heart, liver, and bone marrow). Blood 110(9):3438-46.

Breyer A, Estharabadi N, Oki M, Ulloa F, Nelson-Holte M, Lien L, Jiang Y. 2006. Multipotent adult
progenitor cell isolation and culture procedures. Exp Hematol 34(11):1596-601.

Cameron CM, Hu WS, Kaufman DS. 2006. Improved development of human embryonic stem cell-
derived embryoid bodies by stirred vessel cultivation. Biotechnol Bioeng 94(5):938-48.

Cormier JT, zur Nieden NI, Rancourt DE, Kallos MS. 2006. Expansion of undifferentiated murine

embryonic stem cells as aggregates in suspension culture bioreactors. Tissue Eng 12(11):3233-45.

D'Ippolito G, Diabira S, Howard GA, Menei P, Roos BA, Schiller PC. 2004. Marrow-isolated adult
multilineage inducible (MIAMI) cells, a unique population of postnatal young and old human cells

with extensive expansion and differentiation potential. J Cell Sci 117(Pt 14):2971-81.

54



Kucia M Reca R Canpbell FR, Zuba-Surma E, Majka M Ratajczak J, Ratajczak
MZ. 2006. A popul ation of very small enbryonic-1ike (VSEL)

CXCR4( +) SBBAe1(02y4et - 4+ stemcells identified in adult PomASKE0ERY72

Leukem a 20(5):857-69. Kurosawa H. 2007. Methods for inducing enbryoid body

formatiqgp: in vitro differ iati st e ryonic stemcells. J

b ooei 18ttt ot bisbBy SakoReE0 MBSl RBhS P et FURSY Shetn koS REPkS ava 1
| manur asitpgeinl dkf€erddtiabamsall enHénceAbminaesyof RAA3 MIAMIcan. Bomeid®d18-02. f or m ng
enbryoi d body from nouse enbryonic stemcells. J Biosci Bioeng

96(4): 409- i QL i E n . .20 arativ
gene- e;‘%rn §§ i/{ (()%reg%a 1§/§’f§h9*6f‘ ’Q%Bﬁvﬂz']‘:}l%ﬁ&’:&gﬁ%ﬁ%%% ?\{: 2@?%%%503% %r%%aé”rlﬁ tor cells
gr own iembsgoaicisenart differdnriatthneultireSeens §altse363):2Cek2. Mol Bi ol Lett

11(4):475-87. Liu T, Zhang S, Chen X, Li G Wang Y. 2009. Hepatic

Differ L2k 0 f Enbr yoni Cel | sy h - di mensi | _Pol ymer
Scaf 1 ot et blic G MR R el SRR WA BRP R s RO A B C0 X T
di f f er dht2Det. isohtiod offfduraexpesskiny evtiacmisy erie oelbdamtpecendadik finasplPlageme | N a

m cr oca}‘rg)i‘ezimsti rred-suspension culture. Tissue Eng Part A 15(8):2051-63.
Luttun ,& 0ss JJ, Verfaillie C, Aranguren XL, Prosper F. 2006.
Differentiation of nmultipotent adult progenitor cells into functional
endot hdlok&lY, Zmmissad§t POOFUSIchrecogiedlled sin@arstep Rrooteoanbeymiersgin €Happassio? 2nduni t

22F 9. e'}(%%?c{]@odgﬁ?sfeh"dlf%e?eﬁmm. $ARPURSAG)S 3654, 2000. Oxygen tension

i nfl uences the erentiation, maturation and apoptosis of human
megakaryocytes. Br J Haematol 111(3):879-89. Ng ES, Davis RP, Azzola L,
St anl eyrgEensciihes, Ketohmam E. 2006 Y. GortceM. digpeerddt Rioge JoR0ef inerdcanmigrivesed  of

e CIRANER G ah Rt &R IR hn PR O &R TR ) 15793

r epr oduci bl e hemat opoietic tiat ood 106(5

Frith JE, Thomson B, Genever P. 2009. Dynamic three-dimensional culture methods enhance

mesenchymal stem cell properties and increase therapeutic potential. Tissue Eng Part C Methods.

Galat V, Binas B, lannaccone S, Postovit LM, Debeb BG, lannaccone P. 2009. Developmental
potential of rat extraembryonic stem cells. Stem Cells Dev 18(9):1309-18.

Gilbertson JA, Sen A, Behie LA, Kallos MS. 2006. Scaled-up production of mammalian neural
precursor cell aggregates in computer-controlled suspension bioreactors. Biotechnol Bioeng

04(4):783-92.

Grayson WL, Zhao F, Izadpanah R, Bunnell B, Ma T. 2006. Effects of hypoxia on human
mesenchymal stem cell expansion and plasticity in 3D constructs. J Cell Physiol 207(2):331-9.

Griffith .G, Swartz MA. 2006. Capturing complex 3D tissue physiology in vitro. Nat Rev Mol Cell
Biol 7(3):211-24.

Guan K, Nayernia K, Maier LS, Wagner S, Dressel R, Lee JH, Nolte J, Wolf F, Li M, Engel W and
others. 2006. Pluripotency of spermatogonial stem cells from adult mouse testis. Nature

440(7088):1199-203.

Gupta S, Verfaillie C, Chmielewski D, Kren S, Fidman K, Connaire J, Heremans Y, Lund T,
Blackstad M, Jiang Y and others. 2006. [solation and characterization of kidney-derived stem cells. J
Am Soc Nephrol 17(11):3028-40.

55



Niwa H 2007. How is pluripotency determ ned and mai ntai ned? Devel opnent
134(4):635-46. Oh SK, Chen AK, Mk Y, Chen X, LimUM Chin A Choo AB,
Reuveny SNvO20092747@ng-term m crocarrier suspensi on cul t RC&aSed11l0usyan
errbryoni c stemcells. Stem Cell Res. Owg Sl\/l Zhao Z, Arooz T, Zhao D, Zhang

Doy saatnasy iout A BP Fothe ot pRG R isi G LR R D P ils | ST ot

F, Reynauthnb&grabtlepaeis. Ehqp HE.28Beot-td.r d di nensi on br| dges t he gap
between cell culture and live tissue. Nat Rev Mol Cell Biol 8(10):839-45.

Poch | J d t
o homeiVagdn T g kP IR Aty 200 kel SRR par GRS o BEHERS ERP L P Ty

pr ogeniHafatat 821554 W25 enhanced expressi on of OCT-4 and ot her enbryoni c
genes. Bl ood 103(5)'1647 52. Potapova | A, Brink PR, Cohen I'S, Doronin SV.

2008. I Thr e nsiyqnal
Aggr eg%‘aélé cki'fgl%rdar unct ?hdlylﬁcgﬁﬂ§%pgrstzsl§%ﬁ@§%®&§% n%a egu qu?’ %sﬁAdhem on
t o Enddtehek iTaLur@éIf IBgacksladBl@hd @hesn 2283 (Pmﬁll)ot:t@c:bfwnﬁsen\f@mal stem cells derived

2012/ 0 [474 [ US20 ura KA, George SH Dang SM Choi K, Nagy
A, Zands rafg\-%}arfgolé%m@g (é%%% -1 regulates Fl k1l activation to control

hemat opoi eti ¢ and endot heli al devel opnment in an oxygen-responsive nmanner.
St em Cdfdhge DB( Mg D.ARBR LA ITzaRkhlgs BM. 2)09RsbdltStigred-23p&sioGBnetacor Celgut at i on
of ste I 1.gl [ 0. Cin CGenet 68(2):106-12.

Rat aj c;Qa W?Ehg@%ﬂ%ﬁéﬂ@ %ggg 13%{5% M Ratajczak J, Kucia M 2008.

Very smal | enbryonic-like stemcells: characterization, devel opnental
ori gi n,KellpPloPanmatsine Bl Stedieg Hilf 2@anlciée scergss Haring bf thee dgyenvig-(Gir Opin Cell

Biol 18(1):117-24.

Kelm JM, Timmins NE, Brown CJ, Fussenegger M, Nielsen LK. 2003. Method for generation of
homogeneous multicellular tumor spheroids applicable to a wide variety of cell types. Biotechnol

Bioeng 83(2):173-80.

King JA, Miller WM. 2007. Bioreactor development for stem cell expansion and controlled
differentiation. Curr Opin Chem Biol 11(4):394-8.

Kirouac DC, Zandstra PW. 2008. The systematic production of cells for cell therapies. Cell Stem Cell
3(4):369-81.

Kogler G, Sensken S, Airey JA, Trapp T, Muschen M, Feldhahn N, Liedtke S, Sorg RV, Fischer J,
Rosenbaum C and others. 2004. A new human somatic stem cell from placental cord blood with

intrinsic pluripotent differentiation potential. J Exp Med 200(2):123-35.

Krawetz R, Taiani JT, Liu S, Meng G, Li X, Kallos MS, Rancourt D. 2009. Large-Scale Expansion of
Pluripotent Human Embryonic Stem Cells in Stirred Suspension Bioreactors. Tissue Eng Part C

Methods.

Kucia M, Reca R, Campbell FR, Zuba-Surma E, Majka M, Ratajczak J, Ratajczak MZ. 2006. A
population of very small embryonic-like (VSEL) CXCR4(+)SSEA-1(+)Oct-4+ stem cells identified in
adult bone marrow. Leukemia 20(5):857-69.

Kurosawa H. 2007. Methods for inducing embryoid body formation: in vitro differentiation system of

embryonic stem cells. J Biosci Bioeng 103(5):389-98.

56



Reyes M Lund T, Lenvik T, Aguiar D, Koodie L, Verfaillie CM 2001.
Purification and ex vivo expansi on of postnatal human nmarrow nesoder nal
progeni t ovocelde7478l ood 98(9):2615-25. Rizzino A 2009. PEoAB2@N®489¢2 - 3/ 4: A
Versatile Pair of Master Regulators that Orchestrate the Sel f-renewal and

Pl uri pag enc Enbr ic Ste b u i oni ng as | ecul.ar Rheostats.
ey 1nE e St T e S s hrpy SR8 AR A TR o T
Car uso evbryBalivl yromknousaahirydnic $tah b&s. 1FBiofkoBlamso6l4):40011M Cehling U, Sokal
E and others. 2009. Stem and progenitor cells for liver repopul ation: can

we stand (S h r S rombench to bedside? CGut : 594- 603..
Schvar 09 R Gy Ll I RS oR0e £ PR b BREROR it A SRR 1
Johnsomstes) andiprddBitoveslfs @rdwni ie st@id and02ed dvlihikeispotnenCel Mol Bioprcogidmd) 14as-8tel | s
frombone marrow differentiate into functional hepatocyte-like cells. J

din Invest.,.109 : 1-.302. ni . r.aer P | KA, Park
V. Onend el S P Ve, B RRA TR e RLAEH Gl LB, v

| sol at i(@fis pr Bredlimensamal Rolyawea Stadfoldz dfissonEnd Patuht i pot ent adult progenitor
cells fromrat bone marrow. Methods Mol Biol 636:55-78. Ul oa-Mntoya F,

Ki dder 2 , . . - Shar ov

AA, Pi aL(?)ICV%%%T X%l?] .02t0 eﬁ;ﬁa@%?ﬁ&%ﬁn@brgrﬁ% %@R?l ‘r%ré'r%g]%r |1%?§%%glnwé?ysi s of
enbr y orvindodana pagderytin 8 nemeaelel girgdishspensicarvdibge.drigud Emg RagtdA 83 BF25¢108i at i on
capacity. Genone Biol 8(8):R163. Yamada KM Cukierman E. 2007. Mbdeling
tissue 0 [ L Rr3 I A - Wecker
n royd TR R R TR R CRan ik Ry P ot Al MmiRRA i & e
DH and ryedseitas celp0@s funclienabdndgtheljabamicdawoihanustle pellst CyrpPretpe Inmoral €dhter f r om
human bgneg,;BELOoW regenerate nyocardi um after myocardial infarction. J din
| nvest 115(%&: 3'26- 38. WD 2012/ 027474PCT/ US2011/ 048972 Yu Y, Li K, Bao C,

Y

Liu T, JinY, Ren H, Yun W 2009. Ex vitro expansion of human
pl acentMostds P¥Nillpey Mh EpspriarkisE b rA0ee (xyeqniension ipfiigndss Be dicregtationppl  Bi ochem

Bi ot ec hﬂé?l!lrat;élgagl&)iﬁolagogfs 8¢ human megakaryocytes. Br J Haematol 111(3):879-89.

Ng ES, Davis RP, Azzola L, Stanley EG, Elefanty AG. 2005. Forced aggregation of defined numbers
of human embryonic stem cells into embryoid bodies fosters robust, reproducible hematopoietic

differentiation. Blood 106(5):1601-3.

Niwa H. 2007. How is pluripotency determined and maintained? Development 134(4):635-46.

Oh SK, Chen AK, Mok Y, Chen X, Lim UM, Chin A, Choo AB, Reuveny S. 2009. Long-term

microcarrier suspension cultures of human embryonic stem cells. Stem Cell Res.

Ong SM, Zhao Z, Arooz T, Zhao D, Zhang S, Du T, Wasser M, van Noort D, Yu H. 2009.

Engineering a scaffold-free 3D tumor model for in vitro drug penetration studies. Biomaterials.

Pampaloni F, Reynaud EG, Stelzer EH. 2007. The third dimension bridges the gap between cell
culture and live tissue. Nat Rev Mol Cell Biol 8(10):839-45.

Pochampally RR, Smith JR, Ylostalo J, Prockop DJ. 2004. Serum deprivation of human marrow
stromal cells (hMSCs) selects for a subpopulation of early progenitor cells with enhanced expression

of OCT-4 and other embryonic genes. Blood 103(5):1647-52.

Potapova IA, Brink PR, Cohen IS, Doronin SV. 2008. Culturing of Human Mesenchymal Stem Cells
as Three-dimensional Aggregates Induces Functional Expression of CXCR4 That Regulates Adhesion
to Endothelial Cells. J Biol Chem 283(19):13100-7.

57



Zhao F, Ma T. 2005. Perfusion bioreactor systemfor human nesenchymal stem
cell tissue engineering: dynam c cell seeding and construct devel opnent.

Bi ot echnovoBhemgu791( 4) : 482-93. zur Nieden N, Corm er »PTI/USANMCOUSIT2 DE,

Kal I os MS. 2007. Enbryonic stemcells remain highly pluri potent fol |l ow ng

120(3) THBebA Tt FRESEPThad Aer oPiran Thy RbSERbRITr caerH S AE ar
t hat chiaregesios aodird@ecmmdgoidtid ahdendombiididerrvpmetlas e dxyech-akovavavnidnout

departi r  _broad inventive concept thereof. It is understood,
t her ef %“Ef’lﬁg?t&ﬂﬁ?g} vention is not limted to the particul ar enbodi nents

di sclosed, but it is intended to cover nodifications that are within the
spi rit Rahtbnsgdessaof]. OIS, Geneantegantion IOeRQER HORA TR ARGISUISAOE 4. 04iBGRAWHAT | S
CLAINE% bﬁﬁ @} A cell culture conposition conprising aggregates of stem
cell's iBAHEFatic cell culture wherein the cell density can range from
about 5x104 cells/m to about 108 cells/m. 2. The cell culture
corrposiRaitz@qzaloMZcZwl:iarﬂuimu\lﬁKrWymcthmkiaﬂdi‘a@@g@aldl mtaeﬂ 2008. tVeey sagfjr egat es can

(lglealufn '?LO a%(r)&tl:thke st%}na}: S: ¢ arac{erlzallﬁgn devefeiopmeinfal orl 1n an(!lj LIOFOSIC?I s1g£rr1H9:§1%:te|]9X6

€ average nu
about 5&m®ﬁ®3@éLV%ZSL4H The cell culture conp05|t|on of claim1l mhereln t he
nunber of cells per aggregate is about 50,000 cells and the average

di amet q{eygsf M,e]ialﬁlla T@ggﬂvﬁgﬁtﬁguﬁﬁ D?‘Rg(')&e 111:, Vrgil}aillie CM. 2001. Purification and ex vivo

expansion of postnatal human marrow mesodermal progenitor cells. Blood 98(9):2615-25.

Rizzino A. 2009. Sox2 and Oct-3/4: A Versatile Pair of Master Regulators that Orchestrate the Self-
renewal and Pluripotency of Embryonic Stem Cells by Functioning as Molecular Rheostats. Wiley

Interdiscip Rev Syst Biol Med 1(2):228-236.

Sancho-Bru P, Najimi M, Caruso M, Pauwelyn K, Cantz T, Forbes S, Roskams T, Ott M, Gehling U,
Sokal E and others. 2009. Stem and progenitor cells for liver repopulation: can we standardise the

process from bench to bedside? Gut 58(4):594-603.

Schwartz RE, Reyes M, Koodie L, Jiang Y, Blackstad M, Lund T, Lenvik T, Johnson S, Hu WS,
Verfaillie CM. 2002. Multipotent adult progenitor cells from bone marrow differentiate into

functional hepatocyte-like cells. J Clin Invest 109(10):1291-302.

Subramanian K, Geraerts M, Pauwelyn KA, Park Y, Owens DJ, Muijtjens M, Ulloa-Montoya F, Jiang
Y, Verfaillie CM, Hu WS. Isolation procedure and characterization of multipotent adult progenitor

cells from rat bone marrow. Methods Mol Biol 636:55-78.

Ulloa-Montoya F, Kidder BL, Pauwelyn KA, Chase LG, Luttun A, Crabbe A, Geraerts M, Sharov
AA, Piao Y, Ko MS and others. 2007. Comparative transcriptome analysis of embryonic and adult
stem cells with extended and limited differentiation capacity. Genome Biol 8(8):R163.

Yamada KM, Cukierman E. 2007. Modeling tissue morphogenesis and cancer in 3D. Cell 130(4):601-
10.

Yoon YS, Wecker A, Heyd L, Park JS, Tkebuchava T, Kusano K, Hanley A, Scadova H, Qin G, Cha
DH and others. 2005. Clonally expanded novel multipotent stem cells from human bone marrow

regenerate myocardium after myocardial infarction. J Clin Invest 115(2):326-38.

58



5. A nmethod for making the cell culture conposition of claim1, the nethod
conprising inoculating a cell culture with stemcell aggregates and
expandi ngwohle1zmocul at ed aggregates so that expansi on pPOTIISes! 1a489¢1 |
density of about 5x104 cells/m to about 108 cell/m . 6. The cell culture

conposi : t gate of cells conprises cells that
e AR HEV ISR S AT R s S A s S A e
d|fferemkm&hﬁnﬂ@mﬁuﬁeﬂmsﬁmm&ﬁmmﬂnduAMfBﬁth&MBmﬂ%hmmeﬂEDdQGSrnal ect oder nal
and nesoder nmal enbryonic Iineages 7. The cell culture conposition of
claim e n re ri ses.ce t. are isol ated
expande ngﬁﬁenb#@§ I%%mfmgxsgg?%iggwgglm?ﬁnd%HT¥£3 %@fﬁﬁwundergone at
| east kﬁgﬁ@w@gk&ndﬂhb&lﬁg@ngmmMﬂmmuaewwmﬁmmelBmﬁhhmﬂ@kkﬁg@K@)@ESBoct4 are
not transforned and have a nornal karyotype. 8. The cell culture

conposi n . of egab [ | I's that
are |s& e%&%gﬁ ﬁ%Tbnmg ?D%ﬁggﬁgg&h1 no]%br(ggnlCStg ?apg%a?§ﬁ$ﬁ§obtained
by cuIumnem@hnhbMMaghmgannemmnnm}@e@gmgmasmammmhenb@kh@mhdﬁhmgdmnﬁergone at
| east ﬁ99§?4i 1gpublings in culture, wherein the cells are not transforned
and ha normal karyotype. 9. The cell culture conmposition of claim1l
wherein the aggregate of cells conprises cells that are isol ated expanded
non- entdPRAGT] c listil e aproevigaltmtoek kiglledtinéheadlthag clhagdsmguld hdwrdronéheat | east
10-40 ¢ I I rase, are
ot r ey HHR DR B it P B D Bl iR BT b TR 2
conposhmd@ﬂO@fﬂ@kﬁmnﬁmnﬁhenﬁmhmthemdQQWégdmep@ﬁamekh@OQmmm$dm@@wééhhs t hat
are is - at can

a1 er an Sl R BRI SBE ) BE A SbRT) 2011/ 048072
of at least two of the endodermal, ectodermal, and nmesodernal enbryonic

| i neages, said cells having undergone at Ieast 10-40 cell doublings in
culture. 11. The cell culture conmposition of claim1l wherein the aggregate
of cells conprises cells that are

59



positive for one or nore of oct3/4, telonerase, rex-1, rox-1, nanog, GATA6
and sox- 2.
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WHAT IS CLAIMED IS:
1. A cell culture composition comprising aggregates of stem cells in non-static cell culture

wherein the cell density can range from about 5x10* cells/ml to about 10° cells/ml.

2. The cell culture composition of claim 1 wherein the average diameter of the aggregates can

be up to about a diameter of 1 mm.

3. The cell culture composition of claim 1 wherein the average number of cells per aggregate

can be up to about 50,000 cells.

4. The cell culture composition of claim 1 wherein the number of cells per aggregate is about

50,000 cells and the average diameter of each aggregate is about 1mm.

5. A method for making the cell culture composition of claim 1, the method comprising
inoculating a cell culture with stem cell aggregates and expanding the inoculated aggregates so that

expansion produces a cell density of about 5x10* cells/ml to about 10° cell/ml.

6. The cell culture composition of claim 1 wherein the aggregate of cells comprises cells that are
not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of

at least two of the endodermal, ectodermal and mesodermal embryonic lineages.

7. The cell culture composition of claim 1 wherein the aggregate of cells comprises cells that are
isolated expanded non-embryonic stem, non-germ cells, the cells having undergone at least 10-40 cell
doublings in culture, wherein the cells express oct4, are not transformed, and have a normal

karyotype.

8. The cell culture composition of claim 1 wherein the aggregate of cells comprises cells that are
isolated expanded non-embryonic stem, non-germ cells that are obtained by culture of non-
embryonic, non-germ tissue, the cells having undergone at least 40 cell doublings in culture, wherein

the cells are not transformed and have a normal karyotype.

9. The cell culture composition of claim 1 wherein the aggregate of cells comprises cells that are
isolated expanded non-embryonic stem, non-germ cells, the cells having undergone at least 10-40 cell
doublings in culture, wherein the cells express telomerase, are not transformed, and have a normal

karyotype.

10. The cell culture composition of claim 1 wherein the aggregate of cells comprises cells that are

isolated expanded non-embryonic stem, non-germ cells that can differentiate into at least one cell type
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of at least two of the endodermal, ectodermal, and mesodermal embryonic lineages, said cells having

undergone at least 10-40 cell doublings in culture.

11. The cell culture composition of claim 1 wherein the aggregate of cells comprises cells that are

positive for one or more of oct3/4, telomerase, rex-1, rox-1, nanog, GATAG and sox-2.
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