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[0004] That technology was developed as a response to failed attempts to grow cells to densities and/or
structures approaching those of living tissue. Mainly, there were problems growing viable cells to very high
densities such as to those that are found in tissues. First, components of the medium must diffuse through
cell layers to reach all cells as the thickness of the cell layer increases. Second, a suitable micro-
environment must be maintained during the cell culture. Thus, fluid immediately adjacent to the growing
cells is continuously changing as cellular metabolism proceeds and is returned to its original state only in
step-wise fashion when the culture medium is changed or agitated. Third, a lattice or suitable material on
which to grow the dense cells is required. Knazek’s invention solved these problems by providing nutrient
sources within the cell mass that supply both large and small essential molecules; sinks within the cell mass

remove the products of metabolism; a suitable micro-environment; a lattice to permit growth in three
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[0005] Since the original invention, this technol ogy has been successfully
used to expand various cell types and there is |large body of scientific and
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this process. However, prior to growth and differentiation on the woven fiber scaffold for culture in the
bioreactor, the cells have been expanded significantly in cell culture already. This produces a sufficient
number of stem cells so that the cells can be concentrated and suspended in a matrix such as a gel

biomaterial and applied to the three-dimensional scaffold.

[0009] U.S. 2010/0209403 discloses methods for growing adherent placental and adipose mesenchymal

stem cells in bioreactors that can comprise hollow fibers.

[0010] WO 95/13088 discloses hollow fiber technology for growing hematopoietic stem cells with stromal
cell support.



[0013] WD 10/ 149597 discl oses hollow fiber bioreactors for grow ng
sper mat agoni al and other germline cells. [0014] WD 10/034468 di scl oses
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doublings. WD 2012/ 168295PCT/ EP2012/ 060690 [ 0018] The cells may be derived
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a single donor
of cells that are substantially homogeneous, having been previously isolated and expanded or otherwise

purified. Thus, the purity of the starting cell preparation may be virtually unpurified (such as starting with
total bone marrow mononuclear cells) or from 1%-100% pure. In some embodiments the purity of the cells
for administration to a subject is about 100% (substantially homogeneous). In other embodiments it is 95%
to 100%. In some embodiments it is 85% to 95%. However, the percentage can be about 1%-5%, 5%-10%,
10%-15%, 15%-20%, 20%-25%, 25%-30%, 30%-35%, 35%-40%, 40%-45%, 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.



[ 0020] Cells may be expanded, harvested, and then re-introduced into the
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wherein the cells are not transformed and have a normal karyotype. The cells may differentiate into at least

one cell type of each of two of the endodermal, ectodermal, and mesodermal embryonic lineages and may
include differentiation into all three. Further, the cells may not be tumorigenic, such as not producing
teratomas. If cells are transformed or tumorigenic, and it is desirable to use them for infusion, such cells
may be disabled so they cannot form tumors in vivo, as by treatment that prevents cell proliferation into

tumors. Such treatments are well known in the art.
[0022] Cells include, but are not limited to, the following numbered embodiments:

[0023] 1. 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.

[0024] 2. The non-embryonic stem, non-germ cells of 1 above that further express one or more of

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



[0028] 6. The non-enbryonic stem non-germcells of 5 above that further
express one or nore of telonerase, rex-1, rox-1, or sox-2. [0029] 7.
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[ 0036] 14. The non-enbryonic stem non- gernlcells of 13 above that further

expr esﬁﬂ@.@ﬁl or 1i0Mi& 9>I affhi hon bf 1iygm1c fs%g %gve ¢ 5 fhat Ll%o(g)?a%n%eér%g cmﬁre of .non-

non- enbryo c stem n ngermce at can‘ I ntrate 1nto
at | easmbaywicc edr-garppmsusf thateellseyingtundergdnetah écag o rdpelilinge ot aydiere nahereia ik

mesode rc’éﬁ‘i ar® ﬁr& Iir)éf?s%rﬁleh larﬂﬂﬁgg £ normal karyotype.

[0030] 8. The non-embryonic stem, non-germ cells of 7 above that express one or more of oct4,

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

[0031] 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.

[0032] 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.

[0033] 11. The non-embryonic stem, non-germ cells of 9 above that can differentiate into at least one cell

type of each of the endodermal, ectodermal, and mesodermal embryonic lineages.

[0034] 12. The non-embryonic stem, non-germ cells of 11 above that express one or more of oct4,

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

[0035] 13. 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.

[0036] 14. The non-embryonic stem, non-germ cells of 13 above that further express one or more of oct4,

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

[0037] 15. The non-embryonic stem, non-germ cells of 13 above that can differentiate into at least one

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



WO 2012/ 168295PCT/ EP2012/ 060690 [ 0038] 16. The non-enbryonic stem non-germ
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u

They can a derive rom excr i ds, such as urine and nenstrua
bIood

[0042] 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.

[0043] 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 lineages.

[0044] 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.

[0045] 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, placental
blood, muscle, brain, kidney, and other solid organs. They can also be derived from excreted fluids, such as

urine and menstrual blood.
[0046] In one embodiment, the cells are derived from human tissue.

[0047] In configuring the hollow fiber bioreactor, there are several design considerations and several
parameters that can be varied depending upon the goals associated with expansion of the cells. First, the
number of fibers in the bioreactor can be varied. A plurality or bundle of fibers is generally used to provide
a desired surface area and a high density of cells. Practical ranges in the number of fibers will also vary
depending upon the length of the fibers. Thus, the length is also variable. Generally, the length of the fibers
is only limited by the ability to efficiently move nutrient medium into contact with the cells, remove waste
or desired cellular products, and to effectively release the cells from the fiber substrate. Accordingly, the
range in the length of the fibers can vary. A further design consideration is the thickness of the fiber wall.
The wall thickness is variable and is limited only by the parameters of efficiently providing nutrients to the
cells and efficiently removing waste or useful products from the cells. Another design consideration is the

size of the pores in the fiber wall. This is generally designed to allow the passage of nutrients to the cells,
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[0046] In one enbodinent, the cells are derived from human tissue. [0047]
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goal s associ ated with expansion of the cells. First, the nunber of fibers

in the bioreactor can be va or b f fiberg is
N A 8 S T R KA AN ST AR S pducts
cel | s. fRmatkiceldy, andadhg @Re. IFOr &ﬁ&lpn:umﬁersmef:anfbehﬁﬁlgnd& tb lex@hde@ertah Yacdﬁpﬂiﬁlﬂhi}gbe
upon the | en f the fiber thlgalso var i

th o fs; ble. . )
CGener alplrifem ﬁ"é ci"@??@?hlnofe“f‘?re ‘Pliltféarcz‘mﬁ %r‘if’ PrfurtBe ﬂ)eg?lg[‘ H’é’n%i%ir"ftiof‘fs lfy inner
effici enhémoﬂmfehmu&lromeﬂlbem@dcwag thlt(ﬂanﬁb@dﬂtoacat rowhd hbdrhe Cosdidesationsefop s \WAGEEE
or desi.red, cellul ar duc ? toefetlvel\%zr | ease the cells fromthe
Tl ber  dlmderadautte Al AP re g pDisghe (oIl orpoy e A Bl a, Ear s o on
Vﬁr y. i%fabliﬁé%&i’emdﬂﬁe@.ﬂaﬁ&ﬁﬁ%fieI’falﬁlrﬂllr d@lgﬁlhﬁndéd'ﬁraﬁlléﬂ&ﬁﬁqe Qf)]mp(ﬁﬁlohidfelﬁe ek hvall.
The wall .thickness.is vari e an ed on t he ers o
T et P S R TG BRrrePrepis it e hamaods Fatels SRR F s o
or usefilsope asibotisnchts ORdhcRacc fhy He iAPAIvEE by destignthe Onsl tefaili ith ias aﬁh@erﬁ:i:-ze
of the pores i enerally designed to allow the

passaged YrOHg sy SH?%?s*“‘EhoaStaHBXtEaéTll"l“ma%Pé $8/ 168295PCT/ EP2012/ 060690 carry

away waste, provide desired products to the cells (such as gromh factors),
t o rengoetsiiesutiean@e.atate t}m breotypd dfibeehdyshe famd it e bidréetor kith repampl ths vapomse

size can _be, desi gne Iude rtain f ct rs be prese

cxcanp! e CaTHPSR phifer edeni o in et GOrTES eF it PRy A< oh LERE Mral P
is the tymer)ptdnmrosndmgoﬁqaymﬁ‘erihveferdnecreﬁs.(such as the d| aneter of a
round fiber). Consi derati ons for this choice incl ude adequat e access of the

cul t ur ? LILH% ura,thr| 1)\7'{/ ﬁ]%ers r Oe\rllerg ean%gs at e n shgmhat’ 1s d%%l‘)’l? &‘(’)\rl?hsé%tgd to

and tO a eve eSI nSI es|i gn consraderatl on
is the mlemsxdsxutl@t@nrts)for ph@smgbmdlmwairﬂtq an'ﬂl‘ur srommtthac%srsahvw@eembadmhy thefe fibers
bhﬁefgma%)unc{ wmh‘ﬁg‘%{% \9/1\1/1c19cell me ul%%}srpgrtﬁ?se&) Pc1r\é\{rﬂ y Coglall Irlllac?lltllﬁ ﬂows %S

mat er i aindit arburainhaiibees ém o&— qmmbodmtenn g1e§1bbt$ tareaﬂw;ed sucdartadgcalmt éxcomaced kad @mp
mat ri x B ﬁ%fo“ofieﬂo“lﬁ o foukit h%Irlé’rer e TR € t han one type of fiber nay be
found in broreact of W th res;gg TS the various par aneters descri bed
above. This is useful, for exanple, when it is desirable to co-culture

di f f er df@50¢ e[The mpasls oqg)fﬂlictmlhe fibcregande gnagln crmyrisdi of e vhioety phbiogiomp@ibéngemi-
cells. I f

ut er iSAAC AR S ko ot AR EH ek T ATRERAU SFNERE bl R
per f u5|tnglffmeajﬁlwnghthtﬁban’dlﬂle)t0 fagdobnetlls.he fibers. In one enbodi nent, these
fibers are found as part of a growth chanber in which cell nedi umis

per fus :
e entodi ente ahas ppd Al RleRBH LAY kD ForRLs PEUAM Sl avies s
punp f cheyian¢ aspletsd of whish ﬂla‘@me@mse@amm agheragh dr @thwlse mzlmrgi in[thO&OpnsKiechamber.
mat er i aﬂl nf {;) hﬁéﬂt ttﬂeeotflérl%@ﬁssmm ;91% }{gﬁ‘g@thg %{Hﬁdr %@r &}eklgrr) gﬁ‘rfa}é@%f EIE ¥'1b91j prior to
bi o- conpat | e sem per meabl e meteri al s materials permt cell grow

i n t hr getradivereg ghcoeedls \wif itheeingigrition n@cmdtnglyeﬁte WB@I iof) thet o ventipf uwe ltehdrecpeﬁgﬂqd ohe
fiber S. [0051] The cells to which the invention is
di rect%deﬁgér&éﬁ?ﬁs@g@??ﬂﬁ%&w th other cell types with which they are
co-plated or which have been separately adhered or otherwi se cultured in

t he expg8931 ofhe hellvetibery ¢ands @reerstsd ivvitinane o meroeNteecllaler matrieyotpias, 4o Gemeld.
to the Mﬁh 'fﬁfror{egﬁ’n g?(éoﬂﬁéegr&) eﬁllrﬁ'hgea&‘ﬁ aR&chﬁllgﬁ fE'xQﬁ:relhﬁﬁll ﬂ«Hm;E ﬁlro{eﬂlts %9%9 bﬂ%héd‘]e
cells of the invention. Accord mgjp the cells of the invention rraé

deposi tteghedpicrmalmmader exjenal gprfage ¢ iheyb.e Gererallyt gpacellngpBRYix Prcip glay evattachsy s
can be prg:- GRALEHy Whi Dr HREnQRodIRERs GXUERREL 1! @5, PR KbXs BRI 19 UEOPat. No.
exanpl e, Matrigel, fibronectin, 6r collagen, to enhance cell attachment.

Ext r ac 4741689, bl mwhich eestiagormorated hopsin bt nebrednenifor saghing thase eehagiolegies/ or
external surface of the fibers. Generally, extracellular matrix protein my
be attaeisd FRWHRs ali8GarHddYe &'ﬂ?{nd‘i—l{g %B@ {HERLINOM Bk @GaBdeddBd (ﬁ%ss(fargb Bethe ipfockds S.
Pat. No. 5,872,094 and U. S, Pat. 71,689, both of which are

i ncor pdiohEEHPIe AT AClBgVinged raéli‘f‘é’@naf et %e@d@ﬂlﬁ@orb Hedlovateirarby Bgicessd to a steady-



[0053] Flow rates are also variabl e dependi ng upon the cells to be expanded
and the stage of the process. For exanple, after achieving cell adhesion,
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Fi gure "17pr Bt esd ae[g‘?: n%tusupfirt*’t%d’%ta? aP“’B%I%GFS St PRRTR m"““ el't exp(gng?on
syst emmdrpih&)y, ) plordg a@d (cyinaits bytetebiian for @Wnofkess. bi oreactor that may be
used in this invention. [0059] Figure 3A depi cts a side view of a hollow

f b
' er g%éq:gk?"*%ca?eﬁ e@e\r/ Icglvﬁ\;otgfl a@%”ﬁ;ﬁtﬁ(}eldam 91? %oﬁﬁcgégﬁtaéﬁlgﬁﬁkglhf e QMY %ulﬁx‘??dhe
enbod| memg alier IZJugtup eol@dfitions. For example, the exemplified cells (designated “MAPC”) may be first

isolated and cultured as described herein below.

BRIEF DESCRIPTION OF THE FIGURES

[0057] Figure 1 provides a schematic illustration of a hollow fiber cell expansion system.
[0058] Figure 2 is a schematic view of a bioreactor that may be used in this invention.

[0059] Figure 3A depicts a side view of a hollow fiber cell growth chamber embodiment of a cell growth
chamber. Figure 3B depicts a cut-away side view of the hollow fiber cell growth chamber of the
embodiment of Figure 3A.

[0060] Figure 4 — A cell expansion system (CES) fluid circuit showing block diagram system and all bag

connections.

[0061] Figure 5 — Flow scheme for Quantum Cell Expansion System from Caridian BCT (now owned by

Terumo) used to expand MultiStem from bone marrow or from cell banks.

[0062] Figure 6 — A whole bone marrow aspirate was seeded in the Quantum without prior selection of the
bone marrow mononuclear cells (BMMNC) and BMMNC from the same donot were seeded on regular cell

culture plastic. This was done for 3 independent donors. Cells inthe T75 were passaged at least 3 times and



[0060] Figure 4 - A cell expansion system (CES) fluid circuit show ng bl ock
di agram system and all bag connections. [0061] Figure 5 - Flow schene for
Quant um Gebl20BxEsasi on System from Cari di an BCT (now owretd/Hrgo1Zeswso®) used
to expand Multi Stem f rom bone rrarrow or fromcell banks [0062] Figure 6 -
A whol e one, _nmarrow as out prio

i.n
el oot (o5 TaROP TR SHETAY PO oG AUCE (OO PS T RRE  Jic  BR T B g
sane danoited\@sded eﬁd%dneﬁi”lblb&@w)rainddﬁl'\}estw bt @ daysakter.C Exfﬁmslsn was fetoveltikem 3
i ndependent ono Cells inthe T75 were passa times .an
Rt W e o MM RN el T O S R R
popul atduﬂlﬁre@mlstb:ll ng (PD). Cells in the Quant um wer e harvested, counted,
| oaded onto a new bi oreactor and harvested agai n 6 days | ater. Expansion

ot st g cEisteyT bRkt § DO SpinGrBRCGh BRI & FoteS e et M Ghesy

Fi gure banwﬁihﬁMd@g. froma bone marrow aspirate, it is possible to create a
Mul ti Stem master cell bank within 17 days [ 0064] Figure 8 - More detailed
schene ppar atus of Figur ure 9 - Overvi ew of an expansi on
enbodl % 4? Efgﬁrt Orlec()ig%%%ssghse GOE 5K I}Sr?tgl g perf usi on, hollow fiber

bi or eact or :
[0065] Figure 9 - Overview of an expansion embodiment with the closed system, continuous perfusion,

hollow fiber bioreactor.

[0066] Figure 10- Overview of the production process, from isolating the cells from a qualified donor to

creating a master cell bank, and then administering the cells to a patient.
[0067] Figure 11- Schematic of cell banking approach.
DETAILED DESCRIPTION OF THE INVENTION

[0068] It should be understood that this invention is not limited to the particular methodology, protocols,
and reagents, ¢tc., described herein and, as such, may vary. The terminology used herein is for the purpose
of describing particular embodiments only, and is not intended to limit the scope of the disclosed invention,

which is defined solely by the claims.

[0069] The section headings are used herein for organizational purposes only and are not to be construed

as in any way limiting the subject matter described.

[0070] The methods and techniques of the present application are generally performed according to
conventional methods well-known in the art and as described in various general and more specific references
that are cited and discussed throughout the present specification unless otherwise indicated. See, e.g.,
Sambrook et al., Molecular Cloning: A Laboratory Manual, 3rd ed., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y. (2001) and Ausubel et al., Current Protocols in Molecular Biology, Greene
Publishing Associates (1992), and Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1990).

Definitions

[0071] “A” or “an” means herein one or more than one; at least one. Where the plural form is used herein,

it generally includes the singular.



[ 0066] Figure 10- Overview of the production process, fromisolating the
cells froma qualified donor to creating a nmaster cell bank, and then
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desired potency can then be admlmstered to the subject for treatment. Banks can be made using cells

derived from the individual to be treated (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.

[0075] 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.

[0076] “Co-administer” means to administer in conjunction with one another, together, coordinately,

including simultaneous or sequential administration of two or more agents.

[0077] “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 be present in the
composition. Likewise, ““a method comprising the step of x” encompasses any method in which x is carried

out, whether x is the only step in the method or it is only one of the steps, no matter how many other steps
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refers {g.ddi st ® Which cells have been cultured so as to secrete factors
into the nedium For the purposes of the present invention, cells can be

grown through a sufficient nunber of cell divisions so as to produce
ef f ect i )83k noEfitcEvoFoute] @sngrabt Heas dgrovt athighhrovidesi lahdelsryt dfeanedepricte 2 dosigd s

are renypshhd®ihe, srRgiao. tl%r MNP, ah REFHROWBLETRE BRABrobdh $/Hi8h 8 hgent can be
i ncl udi ng, but not limted t centrifugation, filtration, i m’runodﬁg etion

(e.qg., admanitieed&ypignhde b*bdiee@esa%f’dswa@fn@p% ag G‘PlSPH‘Pfs‘)f the pgent ArGesay (o gifsctuate a

beneficial or desired clinical result.

[0084] “Embryonic Stem Cells (ESC)” are well known in the art and have been prepared from many
different mammalian species. Embryonic stem cells are stem cells derived from the inner cell mass of an

carly stage embryo known as a blastocyst. They are able to differentiate into all derivatives of the three
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[0081] "EC cells" were discovered fromanalysis of a type of cancer called
a teratocarcinoma. In 1964, researchers noted that a single cell in

t er at ocarwOnorss®oul d be i sol ated and renai n undi f f er emCiratrea2ios6eml t ur e.
This type of stemcell becane known as an enbryonic carcinoma cell (EC
cell). [0082 ffeqtlv anoun rall S .an i ch proyj de
The HedTinad Foram s LydrBnriotrroant mpoihuk JADE dtuf A Lot vrs fienaes pY

an anoujes Swfiel ik ody. OF}efHSBé‘dllbI&EIEbébobﬁmﬁif itigdualin Glic BRIS] ExRthdiblipticed@h. O1$ Whd .

The effectjiyve anounts can d. all nce | singl e

R i B GATRE PP PR et A e sy PadoRs ot BBl 1 B QB
i n sevgi@lucarbyintisirahdfa@ns a sdheicRelemickas thet erdiudatdddatibicdwhat woul d be
consi dered an effective anobunt may be based on factors indi vi dual to each

Cr ot ed 08RG HikaliE: BT i S, E Sl ey Hbl o CEACRVRRE of Aot gl
One ski‘dliedaliyneletat andanwihbd sutfeicatodedt dbﬁblﬂgst enhasaieclls e aelliéved i and/oa mm]ma tfibéroto a
gi ven sub on the si deration re rou art
%o boed MR ER KSRy OEEG, SEHS b HE s o Pl fh MerbBE el gt timpec e
[ 0083] fmﬁidqmsés atler Itl@lutaetualgae]h ex;ahsh(yn mamsduaesrcﬂmicellwﬁaleem hmﬁbﬁrsjﬁfSod[ﬁlt cells. For
del | Vere¥( e, légeont tE)O(;tﬁ ¢ been u dto arst eani t p to ofc ﬁahl goncentrate an
exanpl €, ‘5 eSF‘IF PrYe°Polite ?&8?1 %‘{Eﬂ&ﬁvﬂi@ﬂ aPr‘?‘ééﬁ‘t can> be
adm ni Shlﬁlt @Gblil@loplbﬁwllietoafeaﬁlﬂeo&iﬁﬂldﬂed flgids ey afearmadfiaa inpan papting odEellk had the
agent ici.ent t ctuate a benefi desir clinical result.
00847 Werlf Y5 ehByorta iR deponE) wihdhs Hhord iR TR St L sfBh ol e
prepareﬂh&ﬁbniﬂﬁﬁﬂmd;hﬁ@ﬁeﬂhtﬂﬁﬂﬁﬁﬂhﬁpmﬂphmlbsa(EﬁhbmqmnmmstQﬂweﬂhbﬁgaﬁQM3
stem ceII deri ive mass st a ryo, kpown
25 h bRy ped e ) ARE Gofibreo i pias T 60 Poeal Tl TORE: of fehe
t hree VﬁMQgﬁﬁkiﬁﬁQﬁ&HGm{Eﬁ&ﬁﬂammaﬁBBQfﬂmnmﬁmwaemmhMayeEﬁmn@@tddmenﬂmisnm
endoderm. erm The in ach.of the nore than 220 cell types
"t he “Bhier TR el aPrs "CubRERERTR Rt soue i n the body.
excluding placenta. Only the norula's cells are totipotent, able to becone
all tid8e8s$ Fheltean fhalowrfivar” iSmmpdaiab il hblloayr sttuctufeSC angaghap@ cpmtaiding@drebyf
2;;' e?giﬁggﬁ%“ﬁfﬁg "shag,fa a%@ags%t 'tff')r lgsgehl'n déewcegl%gﬁm nlfe‘ltétg | ﬁl;so?ut onvancf QCE Ei{u%é WZ[E A
di vi si dnigeafor tahé foutiponal oivhste Tr@terlais ¢ial dolptip| feonantlls aveminsd thtn abnbfeamreﬁbr
cel | dg)u%lolsergg {3 trergg eln\pe%{lon 13§y %hl eVedbel @0 d({té) fg rgh {)lleboerrnso ;[e(sjorbable
provid i ni ca f evant. numbers of the o ? ef ow 1 ber
bi or eaoctaeriat. elbhaminolggke hetsirdoee hmitsdid, mmlarpuuq:omsses ot her than act ual cel I
expansi on t hat pr oduces clinically-rel evant nunbers of output cells. For
examl GoodiCILPUARERSH AMAuREVE BRI U R uilld f erenti ate an | nput
populatlon o] s, to concentrate an 1 nput population of cells, to treat
bl ood and ot her fI uids by nmeans of an input population of cells, and the
|i ke. |[B088heSkcispaIOi “r}r@lﬁa@,ﬂg”[ ineang & inducg sutoely atherd thire Fas frepre-ickisting ragsenager to
aptualh&x %HHQ§%J They are adhered to the fibers, not so that they
expa but> for a different pur pose. Nevertheless, in the tinmeframnes
used to achl eve these other purposes, some of the input cells may, in fact,

expand. (0894t “Wileceil npjutingtiens st scofly JRSCher clBSr edlls) apis! serticopellsf thehdave been
teChnOlr@&X hrﬁmE(i]aitor teRgn, [ﬁép@qﬁltﬁﬁuﬂf Eﬂ)%e&%é lg%néssthﬁ'toéon?&hdneﬁl%dsohﬂtlc cell a less

cI i ni cal’l y-reI evant nunbers ubl™ ng limted. [0086] The term
" hol | owiff§rgygiated ipheriofypendbese cellsi age thea de WPQMO sliffanentiafie dfo (lfm déﬁgﬁﬂ@ﬁ@fb@ygeny

cont ai NbgeIR %@é‘be% dARED NGHL R A foatiGI AP S %‘Bf’oa@l‘?&%ﬁa}’ly HRE0ERE irl FHod fYd én;{a%lt

nutrients (in sol utlon% to cells contained wthin a bioreactor and
r enovalct 8k, lsYen fral.elr194% 200 sloirgkiretg. ip pemmingtanae stosarstcalid h sellspaignitipts gtarted

bi or eaGliff skinfF Qs M4 PQS Bn ﬁfoditf e bPh eafdtq faﬁ'df@t&ty' t%mqﬂé)ﬁén%v}‘etfrémge% t(m?il’erp&nes
constructed of a resorbable or nonresorbable mterial bers 1 ncl ude,” but

ar e notintojthy eclglag BNA Ip gnegipstance, fhe ipp@ted genes were Octd, Sox2, Lif4, and c-myc, known to act
together as natural regulators to keep cells in an embryonic stem cell-like state. These cells have been

described in the literature. See, for example, Wernig et al., PNAS, 105:5856-5861 (2008); Jaenisch et al.,
Cell, 132:567-582 (2008); Hanna et al., Cell, 133:250-264 (2008); and Brambrink et al., Cell Stem Cell,
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[0087] Use of the term"includes"” is not intended to be limting. [0088]
"I ncrease" or "increasing" neans to induce entirely where there was no
pre- exi stWwogowwsm®ace or to i ncrease the degree of [ 0082 T/HPR@inm®ewEbo0
pluripotent stemcells (I1PSC or IPS cells)" are somatic cells that have

been r r r ex l e, by introduycing exogenous. t hat onfer
ot he DD TR | e GEB R ront b Plrd S et Ey el TR dl3he R
be i ndygseficing ti@dinf fIElrs anb pads®ld thitQudhests cinfob ercatad bﬁﬁ]tediﬁa calgenyonditiBs (eglobige to
have bee(wperiv d usi ng nodifications of an approach originally discovered
in 2008tV URa, S. et al., Cell StemCell, 1:39-49 (2007)). For exanple,
in one instance, to create |IPS cells, scientists started with skin cells

t hat wgne0] hehe i‘ﬁﬁpﬁtfcbld?do@jfatlan Sicéand@ribe beilh@peaﬁlﬁb(ylcédamm”lihq braastonpr expansion of

| cort TSR oho® SR SRR o o't BN e P 1P b b

nat ur almtrceigcddahto rtise lt1dreim(enn ealy |sﬁla]ll Auraliere N peamhpde, St Boncardriow, tHeeiesteahﬁput cell

These ceIIs have been described in the lit rature See. for Verni g

ot ot PoprRish NG HEERY FREh5H sa nhiifcsh it By riin 2o A TSR0 ol

(2008) ,pobﬁiﬁmﬁh ety balsubstadedily, hotid en2dml; Q0K ad ROIOE) ﬂrorﬁldelﬂﬁﬂﬂﬂaﬁd fukth@texpdnded i@ehd

Stem Cﬁ3 WD 2012/ 168295PCT/ EP2012/ 060690 2: 151-159 (2008). These

refere 53% e incorporated by reference for teaching IPSCs and nethods for

producing them It is also possible that such cells can be created by

S peci f i1[609 The eroOindeted bmﬁ:rs(tempmﬂ or eclls @fhsqhewai wfoit assasgﬂm with 0fc0@ e B or one
"I nput cell ation" ers 1ot troduce Nt o

oi or eact 51" BRLK Sihfhen® B if abRebltR Ffishe SES (et WOE B el Gorvisior

t he outmabs c&ildtwpuptdammmnmbélfhef a dq:wbd daekll ﬂela]m:ptuloat: bomomaarthebeell typesoduedr in

into the bior actor in very small nunbers. For exanple, in bone marrow, the

deS|red)|nBU?'cell popul ation may originally be found in cell nunbers as

low as one in a mllion. Alternatively, the input population may be

subst arlf9%l | Ylolermgensolibsreisuibh tag ‘Uslitad dlofy mniadice the lpanskncared oflyrstdnerells.

expand tﬂeﬁ tltlehtgrnp ki ?Jlﬁ@(f; til?({iCﬁtﬁL 3%?&1]3 cé[ Eeare r%{nmledl f§0% @1%:1? gatutrafatgsgtgesen(lﬁ)on%eﬁﬁlnld aft

cells are not assocl ate S Or one or nore

ceI | ul aneswmpmhlehﬂrsomdamraﬁan es mmdm ‘éd nwntahtlttstneerwebﬂmamt Selokdnghn aw ' wdatedin
"enriche B@H&i T AL I e ﬁ eﬁ)%é e ddi’i%h ‘?@?t%m' QPGS m91fud9a&’d%§dn51 suc

cell relative to one or nore ot el 1% I'n Vivo or in

cul t ur eomp@9R] Hoswelsercan s wipwrehcthanm edrms Otf nell tdewnbhngs, Sfot ataedﬂe ddesellnmay have

i ndi cat g ? eH"o 8940%‘} B é{)uﬁl‘riT%\‘él“szS b 3t RGNS hat k€ %ﬁéﬁ‘ coln 8%&‘{0@1% original

i ndi cates ceIIs arere from their natura |ssu envi ron

and ar ewpbes erntwvapr a ki glzenl tonc enimanin fe.asbao mpaowd perphterhleblosk mposmtlswae

enviro nt . Accordingly, an "isolated" cell population may further include

cell typés in addition to stemcells and may include additional tissue

conponents. This also can be expressed in terns of cell doublings, for

exanpl d0098] cEMAPREYs rageonyndior gonkipgont agolt pegenivocdk” Horeéerdvubbdlngat is mot an

VILTO bl ¥ 581 SRk el b etltalﬁétagraeeﬁ?et Gtk |415p@Ich b0 BharlUHBDEI o 1

vivo or inits original tissue environnment one marrow, peri pheral

bl ood, ragibpoyeltenasiyedsscaptiony, caghoggdichavpftd tl@elé}ntoether @hy whérothey' werk tispoeesdt

adul t pi‘h%%Qﬁ ttﬂ{r t&%l loe chdr&ctgrfng(? B% oh® ofanﬁ)‘?&; l)f {hgéet (fidsawﬁgltts aﬁlrs%n{‘%y 99&’6 ex%etngéﬁ

cell or germce I but” Ras sone characteristics o can

char actrepliczted §anacity nardvbivre ofithwut being tiiagsorged duimotigong , and agith @fnowmitlclfﬂryotype

conferr o}

Fher of of o b ALy 0% Ko El e b R e B N TN ERE e pyens

t hey hdie. edodndeatespéphiandeitudsrepat differantation] Thirdealitioughobey d5eneigmbryonic stem

t r ansf [

G vo 1S g ek ST o RS, Ml Bt B TRl SR o FEGHRRCS A g ppe

three gemord efyféot §/4((i e. é)ct 3éhd@dérani1 raxels olhey mazaldo ecrmdemen@r mgpoef sox-2 and SSEA-

differ Qintf’o@ntﬂ'l e 2 {0, R Hﬁbg/%glli‘ RS Yindi @h%ta‘n%g@ﬁ(ye(a@%pq’lcﬁfoﬁ Dufabiy Ritut Qe‘?ﬁlg“

cells, they may express these primtive cell types soO { hat

may ex mae srmsrle This masnethef thexgtcelBy fzxp(eﬁs fglome@sq (iZAhavertelemgrasesaet]vikydx A}zcordlhely

TRy al S EAPAAS TaPSs BlsidREE: p[fAP%%arz{ 5 Gha SOEAR goaietltamé bk RadliGTEC|the

they nma #»renem/ have extended replication capacity mit hout

being t Sﬁ@t6ﬁnédwaﬂmn%thQW@l@havﬁﬁhese cells express tel onerase (i

have tel onerase activity). Accordingly, the cell type that was designated

"MAPC' may be characterized by alternatiye basic characteristics that

describe the cell via sone of its novel properties.



WO 2012/ 168295PCT/ EP2012/ 060690 [ 0094] The term"adult"” in MAPC is
non-restrictive. It refers to a non-enbryonic sonmatic cell. MAPCs are

kar yot ypiwal2biz/wwersal and do not formteratonas in vivoPCTHP1RO@HY M Was
first used in U S. Patent No. 7,015, 037 to describe a pluripotent cell

i sol at from bone ro wever, uri entjal narker

e o Gl SThoRPE T PO ESise 10 b B bl e S5 Tn PG

gur posese lafrydtfpiically ﬂMﬁﬂE tana [o lnﬂﬂgymb%raﬁﬁths Viﬁ\hﬁ?tTHri]@cfdﬂﬂﬁevaﬁ @lsk gsefl i 81, Patent No.
ES|gn Sse tla escri (0] t he

o a9 3T RE Sesgrifiag PR SEm AT i Bite 4Bhe B p bods ARpe b ofb alufipdengal

nor e prrdikdrd \ARd/pr digRrthiiAion QekdntiflOivk aieblﬁldlsEMftdl\@Ese(lﬁ@ﬂif ainll)| foe pu@;oMs of this

Trends .Cel |. Bi ol 12 502-8 (2002

ah
20 B3 BETo0Ty B UL A Dt gels Rt Geiepsnd TP Can kol dseripti oF e Blarc
938: 23kypx33 c£1P40 doviddd @nky SuhmaRY ofthe Invéntion besvat ol , 30896- 904 (2002) and
(Jiang, Y. et al., Nature, 418:41-09. (2002)) [0096] The term

of U, 5 0B ChAGreb Ty P BB R e B GBRr ha BsE TRE R B i Bt

descri hed Bbo122502NMU20051 &ilfdindad, 8.0 epdr, ety %m@lﬁ)dl29943-66 cBol); Reldsume anChvads

ser um WO S e B oy babarbl Bers S sotyoFefi g s har oG o ge
not f or(hnigattahpsarira, MBM0-9. 200y di fferenti ate | nto cell |ineages of nore
t han one germ| ayer and may express one or nore of tel omerase, oct3/4,

it enadi®Fb ThE R B oR B Rh oL E by QY bl O R R 1 B
nut r i enYo. rVeCtlé;OBah& %B@Hﬂ;mlajfonha)stblh,en@tgemroellm‘s dma;nﬂml atmme.oMwuigsterebisaprepared
gﬁ;ln;esalc\:lc:flotﬁ IB {ez)ncg ullflurI On ?a é{scﬂ)se ellp(ﬁglu :ejr?e %I'olttonvea{srtl tu a]gul‘tawere(?xty%%lgaﬁlgle élh

t he matseiux. sMuhuGtem® es beghllyhepefmiubh rkgrynypicyilyf Imrllrmld aIbdeE$ nesthohn &satomas in vivo. It
o1 or eactE R e S MG BPES Tl 8 TS AR IFPER f ok Bl st
i n the dot3ot, melt,mx 1 TdmaZ raod SSF&m solutions are selected to pI’OVI de
sufficient nutrition to the cells to maintain viability, growh, and/or

sel cot 7L, D bl ORAAC 1€ orend 0BTl ol oy BB GARARL i
exanpl ghospediientsnatshiala sssbuflabwdbotudturewd nfammdhﬁaglvel‘t@rmcﬂla Muteeont fpdutivsedasaaie
may be f j S ; i.t.abl

e e PG SARBLETER LAt SR SR, DT L0 Sl
ant i bi ot tlegatreedtiuctmdd Hetfonsngsneety @enddoamsudhas.oniesralimtien. gl ycer ol phosphat e,
gl ucose, glutam ne, am no acid supplenents, inhibitors (or activators) of
Dby Pt Sl AL DL o % S ) AL RSB0 pcon
phos phatfesliscihioinediis, the bigicaster. bt agkinumlutiinnere saleicd i rexide fufffsint aydtion to the
ni trat €5 aRdmBinkid L%ﬁh Qﬁm&}ﬁ TB?‘?/B{ AgrRARGRALE AR 8100l %&nﬁﬂkﬁ ihhd B arc
nutrient solution s ou e sufficient to pronbote growt e bi oreactor
and naioapaklaofisplagingian pprepprigteenutiadnl solutjopFoothe Present guyeiign. ins|ckampdp uhedlte) suplt as
rovi g BAREA Gk ERRLs pRBpla B0,0 EEAESE (AT R il
t hose tiyientar @theresyiishdainiftrients in¢lade f@ RO1R/s¢E8R O SPATYIERIQ L2PI6HEYOantibiotics, cell

modulators such as dexamethasone, beta-glycerolphosphate, glucose, glutamine, amino acid supplements,
inhibitors (or activators) of apoptosis such as glutathione-ethyl ester, antioxidants, caspase inhibitors, and
cations and anions, ¢.g., magnesium, manganese, calcium, phosphate, chloride, sodium, potassium, zinc, and
sulfate ions, and nitrates and nitrites. The remaining concentration of components in the nutrient solution

should be sufficient to promote growth in the bioreactor and maintain viability of the cells.

[0099] The “output cell population” refers to the cells that one desires to harvest from the bioreactor after

having been expanded in the bioreactor. Harvested cells are defined as those that are removed from the
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bi oreactor that will then be used in the clinic or for other purposes, for
exanpl e, research, clinical trials, and the |like. [00100] "Prinordi al

enbr yoni cwgenmnvieseddss” (PG or EG cells) can be cul tured aou/ErRémobebed to
produce many Iess differentiated cell types. [00101] "Progenitor cells" are
cells produce r differentiation of a stemcell that have

ot a1 [DOTGRE the WPt CpTLe Bl el ey ar Bt PO gy
Def i nedhglilkegeni tor cells, such as "cardiac progenitor cells,” are conmtted
to a lineage, but not to a specific or termnally differentiated ceII type

The term . nrogenit used in the acr does. no

ot s gL oOE R Rl eRFrgHE dorecl B ERY sl P g ORGP P sl dEife

t hat | ananprias hiffglrhyatdi defleypent i at ed than the progenitor cell. [00102]

Sel ection could be fromcells in a tissue. For exarrpl e, in this case, cells

woul d I ro desijred ti sel ecte for

a desir ele?ﬁa‘raftaro eénrtclorscmls arc ce(}s rﬁ)ducegﬁ (F ffgretﬁa? on (l).lf? 4§t ? em cegf;(tﬁ%tr? Ve som[eo

" Sel f - rainefvdllc" chaaterigics @f tthnedr abnﬂnaltwdlfferelpramdmegmeplIDczfmt:@ pd@eugh)tr exlls tsecm as

\(I:\:ﬁ: L?\ Pﬁ\é 1ag Pr%lggr}clt%{ g r"lt I”%tel c%mtng '%?e[r%e tliejtsatgglea%% Ingts tgggeegcfl( C cl)r S‘tet&n?natllh%stgelrean%latrr& cell

[ 00104]typeSeThﬁmefntl élerog@mibnjms usaf arthe tacromgmal [ MIAPICT dotd odt 18wt t]ma lnod a pagisdat

o tect 'BRERRA el o) S TMmBhotPy 3} biFe FEERRORN R Bhckd o e HIMRT 0P

necessary, such as residual or trace anounts). [00105] "Stemcel I rreans a

cel | t Ha102hnSaentien gwidlsl from eqllewad tifsie. efor emrqn@ﬁehythm,icadq ¢cHewsdrbe isolated from a

differe t i al d d h e

restri e i BRRR Ryl AR R RUGFR R PRAERE S b e B GeltP Bt

i nvent mmnded st emcell would al so enconpass a nore differentiated cell that

has dedifferentiated, for exanple, by nuclear transfer, by fusion with a

nore pr % I i i

ot e PO VS BIAP iaB oTRCHGHL B, O SRERLAS L FARRCE B

et al. pONatlfdrTeat 888¢18itd- @1310%61@”91’?1) whivh rfbeyesrosd . A lelar eqﬂmnﬁdm5ﬂ®4®ntext is

(2002), e (an tg)tl”al , Nature, 440:1199-1203 (2006); Takahashi et al., Cell,

126: 663- 376? 006); Ckita et al., Nature, 448:313-317 (2007); and Takahashi

et al., Cell, 131:861-872 (2007). [00106] Dedifferentiation nmay al so be

caused [B‘}ﬂﬂt‘he Seam-frs mpdirore et togeqdivan 1 vluehrs s netDreskpesUF Broteat. & bivyels etal

envi r onpegf thls RoMihddefts OF tHerkeMlthfPavE Q@tefféﬁlﬁndthé’ % Bp%rﬁﬁﬁﬂ{yf (ff%é" Bliisat.d Ofte not

Stemcells also nay be derived from abnormal “ti ssue, such

t er at ocateihesessandudiyacsstupler tragsmoEstslsuch as enbryoi d bodl es (al t hough

t hese can be considered enbryonic stemcells in that they are derived from

e nbr y onoé1o| S@Siﬁn céii”tnlfb‘ahbge{"ceﬁl%at i Rty s QRAWANE. i, BREEnySEH thEBSR)diffeBMlion
s may a be produced by introducing genes associated with stem cell

f unct i tenti barai Henpredusenprageiy, cedly ¢t ais e rgstistcddn giffrrangafieentotestigdm Wighip thapp

2012/ 1Q%8t%‘épgf (hEP%Oek%(nOGQ@%ﬁt EQOIRUIL a1RUBIBRbass IR BifRIEAAT EIL thab YR 1BS

a mammal , such as a human. Manmal s |ncI ude, but are not limted to, humans,

dogs, (%ﬁfegentqa}@fl sf@%exa@gkﬁ,sby r&tﬁ]@arm"agger by fusion with a more primitive stem cell, by introduction of

specific transcription factors, or by culture under specific conditions. See, for example, Wilmut et al.,
Nature, 385:810-813 (1997); Ying et al., Nature, 416:545-548 (2002); Guan et al., Nature, 440:1199-1203
(2006); Takahashi et al., Cell, 126:663-676 (2006); Okita et al., Nature, 448:313-317 (2007); and Takahashi
etal., Cell, 131:861-872 (2007).

[00106] Dedifferentiation may also be caused by the administration of certain compounds or exposure to a
physical environment in vitro or in vivo that would cause the dedifferentiation. Stem cells also may be
derived from abnormal tissue, such as a teratocarcinoma and some other sources such as embryoid bodies
(although these can be considered embryonic stem cells in that they are derived from embryonic tissue,
although not directly from the inner cell mass). Stem cells may also be produced by introducing genes

associated with stem cell function into a non-stem cell, such as an induced pluripotent stem cell.

15



[00108] The term "waste solution” is intended to include solutions exiting
a bi oreactor and containing waste byproducts of cellular nmetabolism The
concent r avpanr/w8298ast e byproducts, for exanpl e anmoni apClrapéie/oemba, et c.
and residual levels of nutrients such as glucose in the waste solution can
be use Ss the | evels of ne ct|V|t of ce ulture

Ch o o8 BaET S Pkt S oRoTsb e BrareRetish e ¢y Raofsit pres’
used f afmiteld $& UBMARBIRAE lcatk | OFeNEOCL aERHgs. are wel | known. See for exanpl e,

U s. 6,306,169; 6,197,575; 6,080,581; 5,677,355; 5,433,909; 5,898, 040,

incorp efere 00110 a is a.generalized termthat
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around 120 ml although larger chamber volumes can be accommodated. For growth a surface area of 1.7 m
is provided. Thus, both adherent and suspension cells can be grown in this device, including co-cultures. The

other physical characteristics are length, 295 mm; inner diameter, 215 pm; IC volume, 104 ml; EC volume,
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5,622,857, 5,627,070, 6,001, 585; 6,911, 201, 6, 933, 144; 7,534,609, and
U. S. Publ i cati ons2007/0298497; 2008/ 0220523; 2001/0044413; 2009/0196901;
2010/ 02334802p1226@8850191631; 2005/ 0032218; 2005/ 0003530; PCT/EP2012/060690

330 ml; number of fibers, 9000. Fibronectin may be used as a coating for adherent cells. The device can
maintain all required experimental conditions for growing a cell of interest, such as gas concentration, pH,
media, temperature, management of nutrients, waste products, and required additives. To prevent
contamination, the system is designed with a closed sterile fluid compartment. Bags of media reagents and
solutions remain attached to the system so that feeding schedules, waste removal, and general cell culture
environment can be replaced, controlled, and optimized as desired. The unit can be used on the bench top.
Cells can be grown inside (intra-capillary), outside (extra-capillary), or simultancously on both sides of the
fibers. This hollow fiber bioreactor design allows for direct connection using tubing which can be routed
through appropriate peristaltic pumps, pinch valves, etc., to obtain a closed system. Gas control is managed
using a hollow fiber oxygenator. The system also accommodates the ability to add and harvest cells, replace
medium, and add reagents, etc. Thus, bags are used for all fluids and the bag connections all use sterile

connecting technology. Schematic representation is found in Fig. 4.

[00118] In the exemplified embodiment in this application (Example 1) the continuous flow bioreactor has
an internal fluid volume of 184 ml and an external fluid volume of 303 ml containing 1.1 x 10* hollow fibers
with a total surface area (intra-capillary) of approximately 2.1 m® (3255 in?), a wall thickness of 50 pum,

inner-diameter of 215 um, and length of 295 mm. Pore size has a 16 kDa cutoff for passage of components.

[00119] The hollow fibers should be suitable for the delivery of nutrients and removal of waste in the
bioreactor. The hollow fibers may be any shape, for example, they may be round and tubular or in the form
of concentric rings. The hollow fibers may be made up of a resorbable or non-resorbable membrane. For
example, suitable components of the hollow fibers include polydioxanone, polylactide, polyglactin,
polyglycolic acid, polylactic acid, polyglycolic acid/trimethylene carbonate, cellulose, methylcellulose,
cellulosic polymers, cellulose ester, regenerated cellulose, pluronic, collagen, elastin, and mixtures thercof.
The large variety of suitable materials is well-known in the art and is represented by a large body of
literature. Examples of these materials have been described in U.S. Patents 4,220,725; 4,184,922;
4,200,689; 3,821,087; 3,883,393; 4,184,922; 4,200,689; 3,997,396; 4,220,725; 4,999,298; 4,804,628;
5,126,238; 5,656,421; 5,162,225; 5,622,857; 5,627,070; 6,001,585; 6,911,201; 6,933,144; 7,534,609; and
U.S. Publications 2007/0298497; 2008/0220523; 2001/0044413; 2009/0196901; 2010/0233130;
2009/0191631;  2005/0032218;  2005/0003530;  2003/0224510;  2006/0205071;  2010/0267134;
2008/0206733;  2010/0209403,  2008/0213894;  2008/0220522;  2008/0227190;  2008/0248572;
2008/0254533; 2010/0144037; and 2010/0042260 all of which are incorporated by reference for teaching
these materials. The criteria for wall materials includes, but is not limited to, the following: not toxic to the
cells; porous for the removal of waste and the reception of nutrients and, in instances where collection of
components secreted by the cell is desired, porosity is adjusted for that parameter; relatively insensitive to

temperature changes, i.e, thermally stable; able to retain shape integrity.
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2003/ 0224510; 2006/ 0205071; 2010/0267134; 2008/ 0206733, 2010/ 0209403,
2008/ 0213894; 2008/ 0220522; 2008/0227190; 2008/ 0248572;
WO 2012/168295 PCT/EP2012/060690

[00120] It is also known that such materials are impermeable to cells but permeable to a variety of desired

materials. Thus, the hollow fibers include pores to allow the nutrients and waste to pass in and out of it. The

pores of the hollow fibers are a sufficient diameter to allow the diffusion of a molecule from one side of the

hollow fiber to the other side of the hollow fiber. Preferably, the molecules that may pass through the hollow

fiber pores are about 0.002 to about 50 kDa, more preferably about 5 to about 25 kDa, or most preferably

about 2 to about 16 kDa. Accordingly, the pore size of the fiber walls can be varied depending on the

components that one desires to pass through the walls. For example, pore size can allow only small

molecules or, maybe, larger to allow the passage of large proteinacious molecules, including growth factors,

including, but not limited to, epidermal growth factor and platelet-derived growth factor. The person of

ordinary skill in the art would understand how to vary the pore size depending upon the components that it is

desirable to pass through the fiber walls to reach the cells or to carry material from the cells. For example, it

may be desirable to collect components that are made by the cells for further use. The cells, for example,

may express and secrete cytokines, growth factors, immunomodulatory factors, and other components that

are further useful. Materials that may be carried from the cells also include waste products that one desires

to remove from the cell. Accordingly, this technology could be used to produce medium conditioned by the

cells containing useful components.

[00121] A number of bioreactor configurations exist for culturing anchorage-dependent cells, such as

those of the invention. But this invention is not dependent on any particular configuration. One example is

provided in U.S. Publication No. 2007/0298497, which discloses a configuration that has been used to grow

mesenchymal stem cells.

[00122] One example, in U.S. 2007/0298497 (not meant to be limiting), is a hollow fiber bioreactor shown

in Figure 2. A cell expansion module or bioreactor 10 which may be used in the present invention is made of

a bundle of hollow fiber membranes 12 enclosed within a housing 14. The bundle of hollow fibers is

collectively referred to as a membrane. The housing or module 14 may be cylindrical in shape and may be

made of any type of biocompatible polymeric material.

[00123] Each end of the module 14 is closed off with end caps or headers 16, 18. The end caps 16, 18 may

be made of any suitable material such as polycarbonate so long as the material is biocompatible with the

cells to be grown in the bioreactor.

[00124] There may be at least four ports into and out of the module. Two ports fluidly connect to the

extracapillary space (EC space), one port 34 for fresh extracapillary media ingress into the space

surrounding the hollow fibers and one port 44 for spent extracapillary media egress out of the module. Two

ports also fluidly connect to the intracapillary space (IC space), one port 26 for fresh intracapillary media

ingress into the lumen of the hollow fibers as well as for the introduction of the cells to be expanded, and

one port 42 for spent intracapillary media egress and removal of expanded cells from the bioreactor.
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outside of the hollow fibers (referred to as the “EC side” or “EC space” of the membrane), and exits cell

growth chamber 200 via outlet port 210. Cells can be contained within the first circulation path or second

circulation path, and can be on either the IC side or EC side of the membrane.
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syringe owothe/weddss nmay be distributed into the | C or BCTEpacie®c@vs ect |y
froma cell separator The cells rray al so be introduced into the growth
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Pol yami[R01RITM Tbosb bevkdll mfthepe@i xyﬂirriacd)gmzthtym uhﬁt‘ch:ﬁrgmwm olinbarTdlioes not imply that all

poI yvr rrolidone Di al yisat Hechi.ngen,
éé{_gly hngcgrow%{)r %‘(ngnadffg Bbzbse 1 £§W{n603 systezfﬂsar? @ro?x%l n; CSE }%16 r“%ﬂ?%’ er Edhe%
r ef er enﬁﬁs) can [aQRELR 0] mdthtbanc? ABHBIs6R 2O Gropitoshathe s, ar m@l groexpiansihe asssgtaédambﬂtgd
the cemw bR il b Adried Tad SR ek R Oroh Sy Bt kmfaeralanf i Bt ded®,
hol | ow drdabeithiaehd firggrod wécbncihadbiemnlagmdpdth.r st and second circul ati on | oops
(i '?t ra- capil ![aryhl ons and ext ra capillary | ](c)ops) associ at ed with the
interi e hol l.0 A o
FospectPUdry: PR TS r Shpat B2 Readdhe By L IRRRD ey grompe
al slc; ~ prign cdemhcnirdmatemﬂ I(als@rrefmtrhd oHerddess iggtgd;ﬁ*s(gr ptgagg ineﬂggw Vil Iajtmg das bs own
in Figure Chamber,
or ot b STy (o RDthl o BIBE obe SV R ENRR A7) 5 PREF RISy oo
fiber rmmsrlanre obmupted 9mcdth@ttha1d|dllqmag mtwthe)'éellsgnwﬂapmanmmrwghdlhd Iwnfet pm*rﬂows
i:r)lar at I \th/g]ﬁl w ﬁ%ers Oé.'xemlp 33'7 }got{: 1:1:%r gllélterq‘attl%‘?nr(]: Vt\ﬁatlﬁl% 8re Q:i'i t]:d 'tb(‘)n tp% ar?‘e{ dre
Vi ew ofotttelnwltablle Ibmmfgldnedhesm: borgromvmh Imhatmeem&@mnerﬁetﬂe Ig]rlowvtﬁbers hlarrﬂmemngzw
IZS 2b]93ﬁ)g:ﬁ:gtrt9%u% %eape Oarlr}oo eacgrtl)trea% ax1§) (l)JtS then golg)\ovzﬁbers %acg cf\tt %81%9%? Flow 1n"{0 at?dg
206, i nluedf tholG siR0Bd @psl2 dutil @t6 zperItSpcﬁacDat te®Dd 80the Fdlll,groivﬂlrahétlﬂﬂﬁrfl rst
circulation path enters cell growth chanmber 200 through inlet port 204,
passes | a t [
Fiber s POGLr PR RHIRE IR IARTE LRl R Rl i BB
si de orfibetsCllsppartitn @ftheahdhiow|fiyer deil lgermlrlrehabrbawe)efermddo athe (Sa‘xtr@(@bllllalg’r(BGl fpace.”
chanberg e r T
1 bor - CuBpdIF Ry e Gl Sy BRL b e TOR ST Ruold hMby Mty ropt e ifbor of
hol | ow thé hadlow fitsr toah¢ E€tspacel o froaf e E€dpew taghedC' smerbkmmblecﬁﬂamctlghnnmheules
second . t
205, " coneur BB fhot Ry I b B o] QB P DT Rt OF QAL M, BEL
the ' E@l@ﬂadleﬂy lrrepIE@d 9p agede d. dediaeayrayvidreanreylatedhdough iat gxygelhdtorgo ovwhinee lzassbrer
200 vi g qutlet port 210. Cells can be contained within the first
circul atl on path or second circulation path, and can be on either the IC
side or EC side of the menbrane. WO 2012/ 168295PCT/ EP2012/ 060690 [ 00131]
Al t houdB0188] | Ingragoustembhdimoess, caldsussi hgloadd inte thpdilew dleraby eyl dfadriigabf methods,
shape, 111(;1 mg}@ﬁﬁgea@ge Qetﬂ?‘r:rfa?gﬁﬂgggmlﬁ‘g d 1n@0 &Q@elﬁ%%wth%%aﬁlbegrﬁgm J1ﬂ15“1@@5m ﬁer
can-"be  nmade o [

housi ng 20 : “any type o bl oconpat e polyneric nmateria
Var i oussugt serbag ethichgnayeHlughaasbesratddovithi thoeelligagvth clidber. i n shape and si ze.

[00136] Hollow fibers are configured to allow cells to grow in the intracapillary space (i.e. inside the
hollow fiber lumen) of the fibers. Hollow fibers are large enough to allow cell adhesion in the lumen without
substantially impeding the flow of media through the hollow fiber lumen. In various embodiments, the inner
diameter of the hollow fiber can be greater than or equal to 10000, 9000, 8000, 7000, 6000, 5000, 4000,
3000, 2000, 1000, 900, 800, 700, 650, 600, 550, 500, 450, 400, 350, 300, 250, 200, 150, or 100 microns.
Likewise, the outer diameter of the hollow fiber can be less than or equal to 10000, 9000, 8000, 7000, 6000,
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[00132] Those of skill in the art wll recognize that the term"cell growth
chanber" does not inply that all cells being grown or expanded in a cell
expansi orweysterwsmse grown in the cell growh chanber. ARdmapeor2/o6mbé s can
adhere to nmenbranes disposed in the growth chanber, or may grow within the
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fi bers can 'y associ ate he inlet and outlet ports of the
cel grlmwpher@hﬁafmd@pen pate stenciugusitieprdelticdreinfase rouglmesseThe gpeongsofdhvariks rarciarthe
i ncl ud I : j
R A i R O A A
embodi rters&000: prsesciest gy ks loutsh ivrelies @ahickiesy efckbort hismifermoT hehesixt bwrflnb’@rhs
| ess t r ForkP 9P O5 0

4000, 3008 THERSoh s Ry s R she e ae AR RO e o,
fibers thlalﬁleﬁﬁ@fgb@&ﬂ & 13 Iranilhay sceqpéddyet &rveoas a OO Bothe On@olayeaO@ thigigayer 7QOto
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mat eri al capabl e ormng a size sufficient to formfiBers capab
transporting liquid fromthe cell growth chanmber inlet port to the cel
growt h chanber outlet port. In various enbodi nents, the hollow fibers can
be constructed fromplastic adherent materials capable of binding to
certain types of cells, such as adherent stemcells. In various other
enbodi ments, hollow fibers can be treated with conpounds such as
fibronectin to form adherent surfaces.




[00139] In certain enbodinents, the hollow fibers may be nade of a

sem - per neabl e, bioconpatible polyneric nmaterial. One such polyneric

mat eri al wibi2ote/wsavsbe used is a bl end of pol yam de, pol pamydretihes®ad f one
and pol yvi nyl pyrrolidone ("PA/ PAES/ PVP"). The sem - perneabl e nmenbr ane
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[ 00145] Anot her exenplary device conprises a plurality of hollow fibe

menbr anes, contained within an outer shell, and configured so that qurd
within a space external to the hollow fihbers (i.e., an extracapillary
conpartnent) is segregated fromfluid passing through the hollow fibers and
their corresponding orifices. Additionally, the device includes two

mani fol d end chanbers within the outer shell on opposite ends of the
devrce Each of the tmo orrfrces of a hollom1f|ber connects to a drfferent

[T —— o [T o - . T o



WO 2012/ 168295PCT/ EP2012/ 060690 The conposition within the extracapillary
conpartnent can be controlled, to a certain extent, by the nol ecul ar wei ght
cut of f, owoporxiesisze, of the menbranes of the holl ow filperapr2¢1004d066) | n one
node of operati ng the devi ce, cells are grown in the extracapi |l ary
corrpartﬂ%‘r; ient mediumis assed hrou 1% owfrbe[) . In
anot her ‘H’&*PBﬁ‘m%‘pgrt 1P| B TSRy F8mp ﬁiné 4t a° gPowh n“’t'héerfaﬂﬂ F’é&‘&p Y1y
space (nhol&ulak woight)cufff, bn@rdwitel Othd mbarandgot the hallowufieksent medi um i s passed

t hrough t he ext racapi | lary corrpart ment and/or the intracapillary
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cel | e reater th n 108 ce it erea the
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m il itoHow ﬁ&remo@elbd snt[lﬁmrdlst}vellsfrmqaprvementa lrargvembtlro nf olaﬁacdyeeaplpaEWhmbme cells
prefer abn %I‘OW SQariTE LT Io Sur a]::e gr%rt brifa%}h?at S lhzesd di S%I“IChIOI’al' %f Hlli{'rl W Siedia to the
non- hurtén pri mat e onmesti ¢ ani nal s, etoc(f< nd o “RHuman

mamral growihgsals |aﬂ¢feﬁd$6qollbﬂ]®n af erllnmstelprcrduttecShbkband tubesefpcz ellotesadre smarbiebhd growth
bel ow. | [90149 t udi ed STED cel

enbr yonoll%c 2 m“"lﬁ‘ e‘zeé%mé{ T é’éSl‘grinr I'm ?%e& &l Ct‘ﬁ“re ey ITE d Al SI“P% f
differ eiehmwdmgmatqnohzmntd a:blls ffehemﬁﬂtmj hereds eotlthe rclel\lredlufrc (dmnd:dselre typenllc hinitedm:ss
of the pl atstoc&(usl&l(p l?s N, be er|ved fromthe prinordial germcells of a
post - i rrpf1 IP yonal germcells or EGcells). ES and EG

cell s have been der| ved first fromnouse, and later, frommany different
ani mal sStemfidlstore recently, also from non-human primates and humans. Wien
introduced into nouse bl astocysts or blastocysts of other aninmals, ESCs can
cont ri Bgg@st OTR! hredehSiHRR0PLanbPHr Bty AR &N S ERnRR SRt it 8
by posrb[t(rsvef st%“!érrrcng vm%t anti g H?grgfrenslya% EE r‘%rrouse 1@ §g%2§ .

( hunman)hum@ese norf-ymagpaimpics, dowegic @amaém fivastosk, aBd 4Bgr 18Bhuman e%nmlisg ‘These include,
5, 670, 3{2are Rotddted 8O thoe S1idd 48944, 268; 6,110,739 6, 190, 910; 6, 200, 806;
o axs, Ve fotlfiieed M inog GfiSaciiioa BB S 507 O B7n: Go7: 7020, 913,
7,112,437; 7,145,057; 7,153, 684, and 7,294,508, each of which is
incorporated by ref erence for t eachi ng enbryonic

Embryonic Stem Cells

[00149] The most well studied stem cell is the embryonic stem cell (ESC) as it has unlimited self-renewal
and multipotent differentiation potential. These cells are derived from the inner cell mass of the blastocyst
or can be derived from the primordial germ cells of a post-implantation embryo (embryonal germ cells or
EG cells). ES and EG cells have been derived, first from mouse, and later, from many different animals, and
more recently, also from non-human primates and humans. When introduced into mouse blastocysts or
blastocysts of other animals, ESCs can contribute to all tissues of the animal. ES and EG cells can be
identified by positive staining with antibodies against SSEA1 (mouse) and SSEA4 (human). 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 embryonic
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WO 2012/ 168295PCT/ EP2012/ 060690 stem cell s and net hods of neki ng and
expandi ng them Accordingly, ESCs and nethods for isolating and expandi ng
them are wel2btXkwe2an in the art. [00150] A nunber of tramrstmppaizosneb@ct ors
and exogenous cytokines have been identified that influence the potency
status of e s, in vij The first t n.factar to
be- doscRrbegs eNarepaRich oot ek ber st P oy g or gopfhe o
bel ongsexpanding éhe?Quk GRll-kndatineeyt. fami |y of transcription factors and is a
DNA binding protein that is able to activate the transcription of genes

cont a n,octaner. c se called "the o
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dur i ho BaPty BHAEEe” o drBiy ofttagmSoREh an1s QU8 & Fale BEvaiva LabrAls
t hr eshaindgdetny/ophrecino de nivphecoaérhs eri:dtwelx pahzdvzedi;t(bcp4 cdaﬁctlynti niboy ois h&velnmeas the
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uncont reaiblryadbgex E&mﬁ Salht le‘felspﬂalll belp@faeﬂtancﬁtdsbolamldplhe@toad:rhraWeﬁleﬂ] dxpﬂt&l&ge’plcally
differenti tion rin ated

5. 5. conei Gt B SpBg, SRRG R AFRP T libh 1§ R kPR R BE Pulha P o
endoderomt]anﬁlben‘drlﬂNstceg hatd bmepf thk @sdr. yoNﬁg’i Enda\roybiianc(g iStegpresSal frem [tlﬁ)a()s‘t@b]ofﬂteem

cells have een identified i ssues.. Perhaps the be act rized
s the RO b e PR e 1L NRES b R Ry BN e B
can be smgei Dio@dregnﬂatmg of &ahogsmayf xcienpoadk &r a;voamt ttnumtollemadpamsimrcacphmpotsmtioem
]-‘rgtegl hla:/\gl et? a (pw ::ril§u tlllat'ltl:%g%e C{l{ferﬁ.lﬁla? 10N ﬂurtmg;%)a\é\{'nﬁgt}e(r{raﬂ[ Opglr asnlutsjfI a(l’?l) oscorlgtSE lap 8ay 5.5,
mul t i ploendie nﬁtao[dmmgtamzedl bliamagas mamli;e RoitaiaNg Eixanineady onitt endbéaetdmaitﬂdyno rdisacthablce d
ani mal s hey can repopul ate the erythroid neutrophil-macrophage,

negakar?d) ﬁtte and | ynphoi d hemat opoi etic cell pool. They can al so be

i nduced to undergo sone self-renewal cell division. See, for exanple, U S
Pat ent Nos. Ngng3bhr@@iic Stmd0s 964; 5, 677, 136; 5, 750, 397; 5,681, 599; and
5,716,827. U S. Patent No. 5,192,553 reports nethods for i sol ati ng human

neonat I 06
neonat iy 4! cyNOARIR BGRREETL FEAEIZLASO0REN IR TRLOR) Bkl gh O
cel | s themptopgieticTigm tell 69t S(orass mayvderapsriopt ¢als ehagicwdwpméidd asm@CGH surface
regener R
Govt o fert Aokl hfci i, TbE R Men SyREP o boRERIRLD AR BRof
Pat ent blmd, B1ad issr5864 yobswee.i hbey laltmtﬂqmdtomlesnmldrganratdmuhgldiwmtvpbmmia@bs
and de
expan dlr\ﬁflén tha(ﬁ%cfa%ltddqmo ﬁ?ﬁ@%%&dﬂa&éﬁ anhe éth@'gf]ga[nggél gl?é Anot g@f&sltﬁéfﬁqd}%gﬁtﬁhgmﬁhage,‘ S
wel | - knmmkaryvcvtheardrlvmplend hematengrcit celf eonlc dlbby ¢dSEyo. beThdwasd de bhdergoageme self-
prolif angd._.c | .0,

el 1 5. ToReR E) iRy "0t CRD ALK, PRITIELIN Gadher BASh R ST R0 07
prolif ex@le9asndel76,8%7. di.ff RatahNoal, 92,538 ocpditf ethedst fot yplatengdiumae neamatel errfotal
glial cells. When transplanted into the brain, neural stemcells can
engraft and generate neural and glial cells. See, for exanple, Gage F.H.,
Sci ence, 287:1433-1438 (2000), Svendsen%/é. N. et al, Brain Pathol ogy,
9:499-513 (1999), and Ckabe S. et al., ch Devel opnent, 59:89-102 (1996).
U S. 5,851,832 reports nmultipotent neural stemcells obtained frombrain
tissue. U S. 5,766,948 reports produci ng neurobl asts from newborn cerebral
hem spher es. U S 5 564 183 and 5, 849, 553 report the use of marrmal | an

oy . NN AN A CSNPSS . ]




[ 00154] Anot her exanple of an adult stemcell is adi pose-derived adult stem
cells (ADSCs) which have been isolated fromfat, typically by |iposuction
fol |l oned Wy 20ede8®8 of the ADSCs using col | agenase. ADSEsT@Peoiionach@r in
many ways to MSCs derived from bone marrow, except that it is possible to

i sol at nore cells from T ese I e been reported .t

7 1 or dRPRRPRTR S BRRECT S celin U QORATE 19 1680 Sy BB em DSt Bt

i sol at s Thas” tpﬁgemd@.s ahd b@ﬂop@t&g&mﬁ&ww%&gé&md R155] vibheu. SStPaféhtCBIbJ s

that a he_art jnclude strai ntestinal .stem cell
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((:el | S) I(a\;ﬁgt tNan, 6,a5,55et de%::?rlbses Ts anshd Sgcrecfoﬁﬁstdutﬁggglgha@@mp{gglg afi® ]Ac\}leﬁ(ﬁrﬁlc cells.
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[00156] O her non-enbryonic cells reported to be capable of differentiating

i nt o cgbé1sey pasothdr steat ellt tharis erB-kesvar jnothe art gethnkayiesterh kel (NKK). bJIHeseacreHs (475

limted t cells fromunbilical cord . bl ood lication

20021 o fE s i i Ot BRencR kO s w5l e £ e T D megp!

cord natdni ocllf dnttehsduked tKpklifeite ad well Stdefifiar&eibie Snto Aitfez@e t@ﬁbs(o? 081391k and gﬂihll kells.

oo o W Bk G ey oL pates e chaplp SRertte youtaln Ehtbeeh, SRERB

Med, 1: &Ram@le, GRROTHN),,Scekian 28 1433ed3 P BO0Y, SoERls¢nl O cetl, dlraipn MNakoldge] H:4B)-613,

3 778 1ol 298 W 309, fone st o (SeSeSy, Pkl cotd an s, 200310053428

t hese aebiabsterbicelat dbgiied foin hefprigreanint ng7 & treprtCptodsciidikhibob)astSahoat ﬁ?dwborn

Cul t or SR REITTER obr i b haE e, GBI ayetre it Hntinya v 5 AP R

of difflege mma,mu rg@itk Sini Mo gometidar Yoo ndiffersitated. ndioak efiom t cudtngs ecrf mamalalies

L anst SRS SOSr agas ot Rers Seh o8 PER! B3 huf giitop b ol OB

cl oni ngieyoergthelial pom cehy bhgﬁdaﬁdrmytdaatrmytdprecmsonsaﬁndgm\«z@erres:mectetdmegﬁnﬁt[ir@ajsbly.
mat che c_Sstem mati ¢ cell Lran CNT) .
CeI | f S[és n&%&g Oef?'g]ft? r&eu%agg%,m Cel St(ﬁ)taéga? emcbrgon Lﬁ fPI‘GHII'aH’I t CgOI‘ gfr ukal Islte%lfcel)ls
hybr i dsintl hgthodhfornmaltihg dndakpamémg demplraiwelphiosmtin BS agel | s.  Expl ant atl on of
somatic cells in culture selects for irrrmrtal cell lines that may be

plouri pﬁhﬁ%&] f&no e!,rtslt thcglp%hat ﬁ‘ts lpr es 1ed exp swe torg%m ‘?"{(15 tﬁleennlegechfl Al 'sfem c§1
only source o ot'én erlvecf1 rom p osthatal

ani mal s(MSE)aN&ﬂb@tel d@nvedffrcmotﬂmbmbryc@ll hnssom:mhamie:ﬁm b@dolatad:fromsnaoamwws tincddding

h
beon_ otioth PPl Alone bt fuestUoaf SHBRLCRO R RRE R0 e B
(2006) dffidentiatrain@kagny Sngso@ainhl S ﬁelhdhng uB@e,49n¢, 200iFAgk.. faiwodl éadonlt Ahs€ ér
[00158]c0|\|sli|(?era% rllt%f(lﬁﬁ\%t%esa%glllso%eg c}r ex%gpﬁ%d{lgfﬁeé{ﬁ%%% t5082?7$73$O§r§1t I0@4 C?H6d’) ?]

nucl ear trans enotes the in ctron o us from’a
somat i &,83@15B9;i5/33,6aM aed 8?2 Ba0e §cogadBittangtroMg etrvé rSatercea2 &t 1dBdd7 afP9ml such as
Dol 'y the sheep (Wlnut et al., Nature, 385:810-813 (1997). The generation
of liv i t t

cel 1 5. RS R E TPUEALA ik S SRR RENOLA B Rl S Tl S,
not i rrbevrensslamkiefrdm Xad tyipisally & ltpesuceqmr Gdloandrds rbloasamfehtﬁmﬁswsmaq@ageh@p

is c ap%& re giln{llglc {hl Igegl;(f%:fr? rreolg[?%P Eler?\fed ?ro(%h% % %ﬂﬁ?hi%‘% ag{t Qha"f‘gtq%] E$Sglglsert§ isolate

providing an excit approa or e
epi genehdny mec hlehlfls)nsfat nvlwlsa/eaills ihavechebn yeporitasl td difEskanpate irtto h@rd i, smmele, cartilage,

nucl ear,61,00iN0 AL EGRICI Dk on R be Ok ERIbLAL 1 8L8HES1sGer Pati ent-speci f] c

transpl antati on medi ci ne usi on o omat | c an nmbryonic Stem Cel | s

[00155] Other stem cells that are known in the art include gastrointestinal stem cells, epidermal stem cells,
and hepatic stem cells, which have also been termed “oval cells” (Potten, C., et al., Trans R Soc Lond B Biol
Sci, 353:821-830 (1998), Watt, F., Trans R Soc Lond B Biol Sci, 353:831 (1997); Alison et al., Hepatology,
29:678-683 (1998).
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[ 00159] Epigenetic reprogramm ng of somatic nuclei to an undifferentiated
state has been denonstrated in nurine hybrids produced by fusion of

enbr yoni cwoabi2i6saosh sonmatic cells. Hybrids between var ipou®ErPs@mstocgo WO
2012/ 168295PCT/ EP2012/ 060690 cells and enbryoni c carcinoma cells (Solter,

(Ziaka A GG o o u B Fopor o 33 Fop 5By it AP Sbpgredmn

wth thee rbaibm)hal gdﬂﬂblawnhcﬂude;albhtsarelmdlhmfea ng dehatfrotthempillick i goat Bbd (sce U.S.

oL Y0 LSSl LAE 20 AT QUAEL 5 WA PHES TR 54 Bl

r epr ogr(aMicBON®LE.Cet AUCSeh it erl: Wi (Q003())Cemaln e@bryadic-likeSatmrers (Kucia, M. et al., J

oA oo b s P oD S B G LA SR E e o

somat i ®EX2007))0 sas-aeecP haviskad (minhaesﬁ al. aNatQS'élllCEJSYQ 8770784 @PU10Y hadrBdndtnafowt (3&:

somat i enqne jn the ! lt n est.ed t hat

Fopt | o Fofiguiadsishe 7ARDS 15 Fac Jona e S i PR B By i Rbrerevesi e
i s firstachingecwadll? days after fu5| on (Do and Scholer, Stem Cells,
22:941-949 (2004)), and that forced overexpression of Nanog in ES cells
pronotes plyripot ency Wnen fus d V%At .neural stemcells (Silva et al.,

Nat ure, 4419971001 { ‘ ==t nduced Reprogrammi ng [00160]

Pluri potent cells have been derived from enbr yoni ¢ sources such as

bl ast ortﬂﬂléﬁl afdetahdifferenestrageick sura)s;s r{ukieM) trapfplénteiob] @ftlac fusion,( 48 colirk Snducedhe
EB;PLS,[S%% I 1?1%& g“lr]T@: l%:e)glil Frgplt)}rfna u?%Q{EQr (%?gge[ermké Qi(cﬁﬁ%rf:r%ajtea) i:_llls u%]td 1[1) gl%{)r&(%lg lstate

pl uri pdﬂ@t&r cabkfesinvalvortte injectiont dfeu spmdlmrmrcleueintdatm €$18¢J®1tedsooa$e fvdhctlowmn transfer
part hoqenetl C Ef th S A& dr(laslé to clone 1c rrn'luctlve es N(?‘n eaXS ngﬁonl itul’e
Curr 881 B84° iaélﬁ"f) n%ryonl CPSEEm Ce Been 'dert ved Tro

bl ast oman gsze (rmak@gwa;maé'y nadtched ShbryoGelstesy, (E3% c@&G( @)Qﬁtlc zélDﬁl)c)e;ar tram@r (Sé]NT)

Mass Ceé Illsfu 1gr(1) l(';f g()emaQ1(():tceﬁ‘sp Rf &h %%bceﬁg re(sElgsgl%nthe r%enera‘u’on 'Bl?th rld’s tﬁ" show &fe}%eaturas of

(2004)); efbryonal car Cl i dhqf 38
from prplurmptﬁbnaES gdlsm ]b@lah&tlaéﬂ\/aﬁ guatietelllin cul@et bqlec?d)fOBMmSwaI ccll 99&) that VIS,
o e G 30 58S A ARG R AR BB SR Sl s Bl

119: lo(ﬁn O XRricd0Deh) ;posimdal Smaumdie | Temmmbthn Naiomaaq cAB OB BefBBQ {cROO ¢9n) jnitiate
oy HelphafthfieEd VERGLR A, Phas S s S BISR afiother Lo i Hrif 0
(2007); Presar e p NBTUT €7 2486 2 713% rl%aho eneti'e Egy el't's
have be{élnclﬁtélnﬂgveelnd Iaemnsdhu Ve didy il esl - (067 {2006) amd Yainanakscs ehelé StepQbe/8 1B Y-49
(2002); ofEyazova et al., Coning StemCells, 9:432-449 (2007)); human ES
cell s have”been derived from human bl astocysts (Thonson et al., Science,
282:1145- 1147 (1998)); MAPC have been derived from bone marrow (Jiang et
al ., Natur e Nutkgr Argnsfg (2002); Phinney and Prockop, Stem Cells,

25: 2896- 2902 (2007)); cord blood cells (derived fromcord bl ood) (van de
Ven et . r

derive %lrsg]m%gﬂ%g%ﬁﬂﬂmﬁ% (g{rlezgﬂsqjZg}é?éd?tgQ%%%nﬁggg&Z%glg%g%gS%ég gg%%%t%s.ﬁhe
Donor detrddyctionminathdeygerom ¢ dorlor benppsig gell otrcin aclR@Tsogeyts pegemf@gmlﬁnad agjmelm
cells rl%ym t i t a t

pl uri pgsgl glnétl<s S tltleck) hpfpe(wﬂmtﬁgﬂat]\ﬁ g%rééﬁ?ﬁ%kogéﬁg (?9751 §heb%e%}f§£po%v‘g .’)IC'ilfl 1&83_{51 B
(2004) @mom'@swa(@amg@@tlcaﬂtate Oﬂ\a@mh‘ecellawhmggwbe)@ﬂ(llz@ib@)lfferelaﬁteﬂeells while
i sol at f i I

ol 1ty ool bl P ARRERcH Budl bP Mgk L Lo RRE ol A SRRy S1 BELERL
only ESleveiggmeBO)f agnsty argraisgp dn pddiogon ipedvidstgeam caeiling ekpeimeth] ppressh foyrelugigatingc e
cel s werg,nl %lcgﬁx%‘é %eéﬂ){mg}?i ‘?nv%we% ﬂgeélﬁbr%té %He% ft GREXHWRES nBE dbhing
f or m post nat al imeras and contribute to't I'ne. Recently

mul ti pd@@n@loadlaDfPotmlzmmﬁ1‘@8@9@1“%@2@&5@13@@0@9@6@@@ mat ogoni aI stem
cells (MASCs) were derived fromtesticular spermatogonial stemcells of

adul t mce, R LPESSEethSiniadhhaRnXpeesison profile different fromthat

of ES cells (Seandel et al., Nature, 449:346-350 (2007)) but simlar to

Epi SC cel |l s, which were der| ved fromthe epiblast of postinplantati on nouse
erbr yod I8P b nEpiggnetig reproggamupting ofsgmaticicleing ap ppdffsrentipgsd atatedias heen demgisirpigd n

448: 196nd3R hgfl?rQQ %}()duced by fusion of embryonic cells with somatic cells. Hybrids between various somatic
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Repr ogramm ng by Defined Transcription Factors [00161] Takahashi and
Yamanaka have reported reprogranm ng somatic cells back to an ES-1ike state
( Takahashwoantr/iésavanaka, Cell, 126:663-676 (2006)). ThepCImpe@8b06be vy
reprogramed nouse enbryoni c fibrobl asts (I\/EFs) and adult fibroblasts to

luripotent ES-like cells aft al tedtr on of the f
P s S P hion e Cenpa s tsesd. I RIS P P sl e T ooy
acti vatioeelloizvdia aﬁﬁtl"ﬂoﬁl@lhgﬂbveg@ﬁz@ntl:m 225 ZGFI(ZJ]ﬂ)B)a sRAY mate fdagirdshigith ﬂia@arental
coi.ne wer e

activat e FbxI i PS. c ot ent ste

shown t“ Hfé’n’ﬁl ‘iﬁﬁ? ﬁ%‘[“é’ﬂ?g H&’i“ qﬁ ‘FlpgiﬁPﬁ ﬁL’ilei}"W@e If“Btr lﬁtSB%E?S“’Blpf Ef&h ath
wer ehunﬁhise.(rama@eram ate Bzolyel.cj‘,m:snﬁs&sfqzooﬂ); BurfdnUE$ Rellseluve smeap%engastod&p@gﬂam
on the continu USV Xpressi Qn. o (0]

Cher no <SPt BB SsLBon SRR E. REees HRalS RIRRYES T na A A s G 33020
wer e expiosss e@bu?anoaddf@m% plL?i}é&tEnoltyhﬁdiikdrﬂSLFﬁ a€ glci4soﬁ rédetvatibeiof the@sfeed dovatic X
prom)tesvvere ou to ar.ge net at e IS IS consl st f wt t he
D ome ! et P HAC AT ea it T T e 8f PESHBHE SoTREnIE PO Gy
have r afas BSeRigest@that MR REaBios fs@tsentod for aﬁraegraammni@hieh@ Bekes, which is first

e paBRiiE CCHANGARS S Shp 1 SN S5/ 186 a0 Yl i, (i st
al ., N&ivbl[feﬁpreﬂél@ﬂ 05&3161@38 ES Z@ﬂbﬁ)rom%plhmﬁften&if wherNabedGeikH ndBiad btem B2 Si1G3E al.,

(2007)), the r two oncogenes c-nyc and Kif4 in reprogranmm ng is
| ess cll}?’ézf ‘%&)%ﬁﬁmt(?@gg oncogenes may, in fact, be dispensable for

reprogramm ng, as both nouse and human i PS cells have been obtained in the

absence of qmtoretihdrsdReirog@mmmalet hough with | ow efficiency (Nakagawa et
al ., Nat Biotechnol, 26:191- 106 (2008); Werning et al., Nature, 448:318-324

(2008); Ci APAL= 1920 (200 PC [00162] Human
R S e R
ot her measyaICy]) d¥lihd blestddRCES cﬂdED thex epiplhe (EIaS@ caﬂs&,@ruhmmah doed celiy (IBGS:eHBaaIeht
7, 015, 037, ataﬁaspem}ag)goma% sfenf ce?ls( %fs’d bgadE 11}:()6 ell I:)a‘lthe w1n %mrl%o%énbceqm WECS

[ 00163]p°ﬁlﬁese ences are incor por rat € er ence
first ivadl deedddoyr Cal/tssud ive asvéaloavis] IpzethogeseﬂianSmllamj: @rom Hraof W@S)ocy‘[es

[ 00164] at i ds f 6’%% F;SC'OZ ?%é%]ﬂ‘%e (19 sryonl Ist@mtcre] lﬁal;f% Reengdﬁl’lved 15 bigy m&és

u. s. P ahd se ne aracteri zaton
( phenot(mayamfa eNmP(&@m aele, Rheker %r(&@@@b hmmeaeﬂ ﬂm;s c@ls ésomroe eaot M@H@@lea &regghe ct

Iplsg.lc at e(fl ];\75 ure, qyé M % ?20%9)‘)” eo%yoniicn(g:e!,rrlillda{nﬁ%mbpyonal carc 1rlolmra]11 cte sd haEV% "bec OHerw@ErﬁroOW’
pnmord1a1 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, 295L819 (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., Cel/, 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
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WO 2012/ 168295PCT/ EP2012/ 060690 unbilical cord and cord bl ood, nuscle,
brain, liver, spinal cord, blood or skin. It is, therefore, possible to
obt ai n bowe 2mrre2saspi rates, brain or liver biopsies, aou/ErRéRN@PGaNS,
and isolate the cells using positive or negative sel ection techniques
avai |l abl e to thagse of s 9. upon t he. genes t are.
oxpr eoSBITPOE TR al (18 CUASE Ve B S el R ep BAER ol padt Fice.
nor pholaagilesd cclsBals cspreioaprdfosiefedhisEdndmechfiBs dehe(Sahaviet aiefrer.encieas346-350

applicat| , . which been. ipcorp rate rei ref.erence %V

vapcs RAVE i didn BRSE s e i) ST o Sel e bl DR e %Fmeifos
al ., Expesmk ot Shutdeamt 10l-agy (2087%); 1&6et 36 W2 006) 9@ (Sulgpamani an et a

Cel lular Programming and Reprogranmi ng. Methods and Protocols; S. Ding
(ed.), N@thoos |n Nble uhé Y 6§6.55 78 (2010), |ncorporated by
reference f MAPCS Tt timan Bone Marrow as Described in
U S Patent 7, 015 037 [00166] MAPCs do not express the conmon | eukocyte

ant i gerl0@0B4p Bakabasit indonzstbkasipec irefpoﬁecgtepﬁxgmhmmgt AonfaBle ywelly) bacK he amEXdﬂ;e state
popula S ] e separati.on | s
here ¢ diuih E8cullB3 SHBY FCLAandaoll Bt wi ST eBRBA R A By iR
ant i bOd"lb@(ﬂ)lasdE(MEé‘S) ang aﬂdﬂeﬁl]nolpiaﬂtﬁttmpdlmpofenmﬁlde @ﬂdaf@r yf}riﬁ m@illdttsi, traasdlilcmd“na)f the
remai ni of narr nucl earn

recover e% tra cl‘rlpg( ongf%(a?ra Y)c\gs d t e%l% owreg h C ec%n:loré %)é ?ctlafatlon ({I] ﬁle Oct4 target
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negat i wspsskdat adnwtrekebniitqzmem B e:elawancﬂ allmlirere‘sp@cm\iwommoismrbIfomrml tohle Rrgely
and nUITEI‘hOLIIS[e 1s 1s%gr?swt g 1t8?hey ns?(l)n t%a?ttth blglgxllss Sscelllt %bc{ neot ]::(())rlte nen%q;[) 'Eg cells
sel ect i'On purpos are al'so avai P % iﬁﬁ

Leuk ocyuemdyimva gspmser&ﬂiﬂndmmtete sﬁte d]reproﬁdﬁmm@l%ﬁl): g@etlo isxbetumemehasii ebtgblished
Press) |Ia om.a. nu of, sour

Techni qﬁgg)" et egsnenlcel P QluRtnty {)éhami’%rina% ol u(?”ec"%ef”e g%isi”é 2P6lj?| éb‘“&n
have allsamomeeml deistma, 6%5339580@0%) tMasuett ah| Ngr Cenil Riol, 362763 (R00ND thesrolkﬁﬁ‘ the93
(magnet | ¢ se aration) et al (I ru oaff Lty chromat ogr %
and Wsog OREELS &30S, 4 5@%‘ liliri‘pr‘%s‘%r“‘enéﬂélél ce%%sc Fat ea Qe B g 6‘8@%@
Cells nmwmheMcﬂhtqmeﬂmmnmg0m%s¢nmnm@mn@xmvmﬂ%heﬁsmubbﬁmmbweadummeSemmmkfcee
nmedi um yse t R 1 7

Conmonl ugaten gucﬁgn aﬁt‘h? C t or L lol\xri & cggcybﬁ}[%g(a aéVan%t Na } %zoéec?fzoq ?6 99% 106 (2008);

pl at el é\t\feldmgiet/zéngzmmMi‘iB Fliasac20and Yepi debavedce g’ﬁrl&\/\ll9ih7 fleamsx(@007))See, for
exanple, U S. Patent Nos. 7,169,610; 7,109, 032; 7,037,721; 6,617, 161;

6,617, pc6, 372, 210; 6, 224, 860; 6,037, 174; 5,908, 782; 5, 766, 951; 5, 397, 706;
and 4, , 866; all incorporated by reference for teaching growng cells in

serumfree nedium WO 2012/ 168295
[00162] Human MAPCs are described in U.S. Patent 7,015,037. MAPCs have been identified in other

mammals. Murine MAPCs, for example, are also described in U.S. Patent 7,015,037. Rat MAPCs are also
described in U.S. Patent No. 7,838,289.

[00163] These references are incorporated by reference for describing MAPCs first isolated by Catherine
Verfaillie.

Isolation and Growth of MAPCs

[00164] Methods of MAPC isolation are known in the art. See, for example, U.S. Patent 7,015,037, and
these methods, along with the characterization (phenotype) of MAPCs, are incorporated herein by reference.

MAPCs can be isolated from multiple sources, including, but not limited to, bone marrow, placenta,
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Addi ti onal Culture Methods PCT/ EP2012/ 060690 [00170] In additional

experinents the density at which MAPCs are cultured can vary from about 100
cel | s/ cnawonoebies9s150 cel | s/cnR to about 10, 000 cel | s/ eck/EP2ouclos@dpng about
200 cells/cn2 to about 1500 cells/cn? to about 2000 cell's/cn2. The density

can var et ween spec Addi ti onal | can var de endi ng
o cur imraRabie e Shir SBA0CARER el et e WOkt TR Bt G
or di nargptaif hdns afarrb® aﬁﬁ*a(%ﬁ nStaﬂ(EOﬂlher IsipdsiedRind dEhBlS(brgz)hsfaﬁiﬂ isalag theedells 6§1ng)§osmve or
culture condl tians

effective atnpospheric ox
concentF&tBALCGPn feé q‘Fﬁ&Yﬁ‘ &%%t?ttﬁ(isﬁ%fﬁ%ﬁé‘} har elé(%lh‘?"‘ith%ﬁgﬁﬁﬁlat ard SXptcsscd
especi gbi yot eBpré¥ed) tahelaclis@d. dly famyiotdl 0EmOiphologicl h@ayssmblahs hose dicwédinaind

differentiatjon of 00172 Cel | s cul tured under
Thri oudbRiasDe Rt aTGRUE b ben sSRE B 65 Bl BBy ne. ser um may. be
used. Hi gher serum may be used |n conmbi nation wth | ower oxygen tensions,
for exgogles] HRAPAS hdbe al08en Cethinsd Mg eabdiftdd ﬂmeho&le ldectied ipMBreyjer ttul. aﬁ‘k}emez@ml

to cult i sh fter aFlc |, gr.adi ent ceII

i v oct 15 Sn ST oTe0 SEETR o St Gt T agaBh BNk S i L g oming
pi cked Mabalslahdi yPrpcdled, Damy(cex psaed in P13} Bioz‘bgp,n@%sﬁb@dmmmtmcomdwy
t he exper pro ures in the Exanples, high serum (around 15- 20%
and Iov¥/e 5?%% k’%ﬁcgﬁf 3-5% conditions were used for the cell culture.
Speci fically, adher ent cells from coI oni es were plated and passaged at
densi t iMA4 abd AVLE: RB&i SOt 0d7and 3% oxygen (with
PDGF and EGF). [00174] In an enbodl ment speC|f| c for MAPCs, supplenents are
cel I ul feaft r N P

i 1 or dieRF PhcR'aq SRRAOENCechiiRh Bl At MEEEROhE b3kt it letprbihy
al |t hre&lyidedbesixed hislatey obells wal soth:@cﬂ tbyt Ridod Hyppoue sepiamtion T hs pdls iwferecthen
e ker Suggct%@m% H%%!Jef el Ahedunl s JaHE A8, Oabintlods ( Rk nelRHon of

mar ker s ansi| on capacl Suc
CD45" and Gly- A cells, and the remaining approximately 0.1% of marrow mononuclear cells were then

recovered. Cells could also be plated in fibronectin-coated wells and cultured as described below for 2-4
weeks to deplete the cells of CD45" and Gly-A" cells. In cultures of adherent bone marrow cells, many
adherent stromal cells undergo replicative senescence around cell doubling 30 and a more homogenous

population of cells continues to expand and maintains long telomeres.

[00167] Alternatively, positive selection could be used to isolate cells via a combination of cell-specific
markers. Both positive and negative selection techniques are available to those of skill in the art, and
numerous monoclonal and polyclonal antibodies suitable for negative selection purposes are also available
in the art (see, for example, Leukocyte Typing V, Schlossman, et al., Eds. (1995) Oxford University Press)

and are commercially available from a number of sources.

[00168] Techniques for mammalian cell separation from a mixture of cell populations have also been
described by Schwartz, et al., in U. S. Patent No. 5,759,793 (magnetic separation), Basch et al., 1983

(immunoaffinity chromatography), and Wysocki and Sato, 1978 (fluorescence-activated cell sorting).

[00169] Cells may be cultured in low-serum or serum-free culture medium. Serum-free medium used to
culture MAPCs is described in U.S. Patent 7,015,037. Commonly-used growth factors include but are not
limited to platelet-derived growth factor and epidermal growth factor. See, for example, U.S. Patent Nos.
7,169,610; 7,109,032; 7,037,721; 6,617,161; 6,617,159; 6,372,210;6,224,860; 6,037,174; 5,908,782;
5,766,951; 5,397,706, and 4,657,866; all incorporated by reference for teaching growing cells in serum-free

medium.
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Cell Culture [00175] For all the conponents |isted bel ow, see U S.
7,015,037, which is incorporated by reference for teaching these
conmponentwO 2LV | n general, cells useful for the i neemtEpeo206069be

mai nt ai ned and expanded in culture nediumthat is avail able and wel | -known
in the §Lt. Q:ii cgEtegglated is supplenentation of cell culture medi um

W th 4 eVt itional supplenents can al so be used advant ageously
to supply the cells with the necessary trace elenents for optimal growh
and exnmmsnpnhlhmﬁmmﬂeﬁpﬂﬁmmahﬁedhenadvahkhg&mn@dmeusbmedlmﬁehyﬁmuiﬂmneum

et o ABpEhdrreBn ey ab aPodaonty s L Rl ERe FoRh 2By bt Fiaso
cell. AleBgentantigmplEiedlls/en’t Tae ﬂﬁﬁltpéanfve@zdxerweee hﬂeckﬁyﬁd(ﬁuonamoptlmal density can
2012/16829 EP201 0606 S ui.re additi onal
ot or o APHAP TSt AR BT POk vA CAERE T RS a DT ae i E o UG, iy AR o
Ianlnln&mnhMp&mbpamﬂdhwpgﬁhhgﬁ@hhﬁgéﬂﬂmnnhmﬂdm@mhdGMsuIfate, fibronectin
"superfibronectin” and fibronectinlike polyners gelatin pol y-D and

Prg.lt Z‘; :‘ hylslhgeAlsté herf ﬁatlgvgsaggndfcl)egrlgg)ggﬁe\rlllcgrqc%? ecflorﬁ%of 1ess 't gra (\)/ué 28‘? 1n€1uc?1ﬁé :@Tl];nog% bS‘g)S
can be andedpecBinB-Bh, dahbs escd neanyommesiucing thie yisobavian, Imb’irth andsmﬁfbremtlbmbﬁMg@Cs in
COatan§ Ty use extracellular matrix proteins, and suitable derivatives

t her eof, "& wel | as nmixtures of these proteins. One enbodi nent of the
present invention utilizes fibronectin. See, for exanple, GChashi et al.,
Nat ur e [MEIFREI Gels nia3: b8 80HBEBUNdR0@TPys shswonTngatens, &lg., abdut Bi20%«c i Fetat kovamedserum

o 360. 40 T o00eHEAR Ra g AR conflb ARG BBl IR bie. sbout 15
Dr obi ns¥ay aCadls nadd not Bt satac@dlpkisy, tozb@h@@nfcmozme(@@@ﬁ)%rmflm@ ritber bicdt gradient,
A0 ey A 000 B Oty kLRI ARG TSP o

Gastroemﬂennhﬁﬁy and Hepat ol ogy, 22:1959- 1964 (2007)). [00178] Once
established in culture, cells can be used fresh or frozen and stored as

frozen S %ﬁﬁgﬁ ﬁﬁg%a]

one eng@@9§£n¥“H28 8%8#§EUS%EH:?? er ng%%bﬁﬁgfaéag%ggﬁ?%ﬂg’%roze stoc
for cul20tend bl bagar (eroahd &5 gpriditivine wers ustrbethefoels Rulture.  Speeifienllsis ﬁedher[%m@i@]
For t h%‘ro;ﬁﬁ&ﬁ&ﬁﬁssw% fa@d%n@%g{s%g%gtak Owsittd6r A f#o@@%o GHLEMY § 184 E‘é’%ﬁrﬁ A% 3%

wel | e ot ture so apply to the bioreactor
with r expgot(with PPGE angBEEM conponents and conditi ons descri bed above. As an
exanpl e, in an exenplified embodi ment, the oxygen concentration is 5%

serum i 60167@]0 Ufn a]‘l%l{?oé(ﬁl%e&%b&lfﬁ;q: or M'A%P Q@Epl@tﬁéltsaegg @éilula? fat:t&?s d?%gxhﬂdﬂents E)hat allow

Pharnaceutlca For mul ati ons 80] I's incorporated by
r ef er eld&PEpto refecthe phility i @éﬁﬁw (s ceﬂldmm pétnp@rfban qng cgwryonic dineagp.odF sk |

the Celtilrep ‘HQ g@st 'ﬂpssmay ge ﬁfdﬁﬁt%@tby%et Q&pf&sﬁorpmgéﬁé hlgf}e@q{i*%ee&dﬁ@:?enﬁ&gd state,
suitable f elivery, i.e., phySiologically conpatib
such as Oct 3/4 (Oct 3A) and/or markers of high expansion capac1ty, such as telomerase

Cell Culture

[00175] For all the components listed below, see U.S. 7,015,037, which is incorporated by reference for

teaching these components.

[00176] In general, cells useful for the invention can be maintained and expanded in culture medium that
is available and well-known in the art. Also contemplated is supplementation of cell culture medium with
mammalian sera. Additional supplements can also be used advantageously to supply the cells with the
necessary trace elements for optimal growth and expansion. Hormones can also be advantageously used in
cell culture. Lipids and lipid carriers can also be used to supplement cell culture media, depending on the

type of cell and the fate of the differentiated cell. Also contemplated is the use of feeder cell layers.
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[00181] In sone enbodinents the purity of the cells (or conditioned nedium
for admnistration to a subject is about 100% (substantially honbgeneous).
I n ot her wotzottimse2ayss it is 95% to 100% In sonme enbodi MEOTAPRE12i060685% t O
95% Particularly, in the case of admi xtures with other cells, the

per cen a bout 10% 1 5% 20% 20% 25% .25% 30% 30O
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or ni stratjon, surviva t t he ute i men,
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i oni c sirengt e pension o |so onicit i.e., ut 0.1 to

and +o By SPaRs G SREPEER Uabur G 6 bovtshrtasot md HPHaer P&t Ve

w || al@@7ypically contain a fluid lubricant. [00184] In sonme enbodi nents,

cells/mediumare formulated in a unit dosage injectable form such as a

solutl ensi o o) |SIO i for t|o
"1 et DRt BE SRR iRl g RRE Bt of HetrhiTs kgl SiaRbrddly wink "
di sper sthMmpEaDMEM sith aﬁ%rm}’/(eE(’C&larldeloP/oDMﬂcat ln(ms emamllhaatﬁz()S/OF@& fstused. Other
dlsper5| aln n sal i ne sphat e

out For Rt Fa PGB Re o5 SR GeaShEupBuaRer BRI qui o
pol yet hyl ene glycol, and the like), and suitable m xtures ther eof [00185]
The skilD015d] aFdri tbapurp%ns pEhdi dpylicde'me It aditiohd caloamictiofls eewtls asathd odiot i:uitued

o o RO 1 A0 R SPL R LTRSS BB RITI BPL b
cel | s) daseibpt d@&entAﬂ an eamnpin;unl |atl emnpﬁlﬁ@noémltadnﬁ@t wihe Shyizen @mbmntratmm, is SUcker@s id n

phospha e hyf fer i tlve |n redient is present in the order of
mcrogramsq?/ dﬁig[h%%lF gP[s)u-EEﬁreaa dedbto n%d%bl to about 5 W % preferably

about 0.0001 to about 1w % nost preferably about 0.0001 to about 0.05 wt
% or althatmaQeudigdl Fonnudditons 20 wt % preferably about 0.01 to about 10 wt %
and nost preferably about 0.05 to about 5 wt % EXAMPLES Exanpl e 1.

gxep?nd' (061 sb! 1isSE BT FI 00 R o ated B Nfe B B2RS N pheriiBbdufi FérRElanifs O G AT

embodiments, the cell populations are present within a composition adapted for and suitable for delivery,

1.e., physiologically compatible.

[00181] In some embodiments the purity of the cells (or conditioned medium) for administration to a
subject is about 100% (substantially homogeneous). In other embodiments it is 95% to 100%. In some
embodiments it is 85% to 95%. Particularly, in the case of admixtures with other cells, the percentage can
be about 10%-15%, 15%-20%, 20%-25%, 25%-30%, 30%-35%, 35%-40%, 40%-45%, 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.

[00182] The choice of formulation for administering the cells for a given application will depend on a
variety of factors. Prominent among these will be the species of subject, the nature of the condition being
treated, its state and distribution in the subject, the nature of other therapies and agents that are being

administered, the optimum route for administration, survivability via the route, the dosing regimen, and
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Expansi on System [00186] A cell expansion system essentially as described
in U S 2008/ 0220523 and Antwiler et al., was used to expand an i nput
popul at i onoab12MeB195St em which is a substantially honogenEmpsoipopsbat i on.
The system was designated Quantum CES. It provided a bench-top expansion

systemthat is art ul arI usef ul toI ous exp on. .(But it .is
o 20" Ui kg R G pBRETE Be I B el PR HES RROTIRE L hEHe Firiph g
appl i caithedndditpreeatledepédian tHOSa@ edtSofadminderathi @i fiechafufoimtia Bmititglaed@eREbm.
[00187] Multi-Stemwas thawed after having been stored in a frozen cell

bank. t 0 106Mul ti 5t )
o Bl e B EERbSer e RS i Fe b PG i busipe e
ext er nabnif bteength\od khmespe]flsuﬁﬁa isstopictt@ fitegiaboun . 1kto 0.2X arddxd phplidiauical phét.cs, abbitlpHa

t ot al t | . r oxj mat el 1 n2 (3255in2),
wal o i ereds B agoprd AR el BPbR AR and total | engt h of

295 nm (average 30 nm per fiber, range of 10-50 mm) Pore size had an
appr oxi[f@liSd] clnt ofrfc eofbodiﬁlek@ecelléwmedicmlalresfoaﬂhiemédh f onit leSa'gm'Blﬁe(dEabhffomﬂ)eudhodsl oW

fibers. |I's were cultured fo x 10

2012/ 16*@@5%‘1@6?7%%‘1% RS B%a“na"c‘f D f‘%?“‘f%&‘ms %blemg?rel be"“" FrtHee
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Tolr ol 1[;; a%SB?ism%m?(ﬁ‘é? C?Ihtamm Pi ee"ﬁ‘?% @\i‘/r%%eer %‘hl BOPKS aﬁa?%bugf%?efd ng%ﬁ"ly"n&f"r FamRlky
t he wagfleept, pdpglese glero lieidpylydthylanesglfcol, aildauhe linowd s@table migrere thatepf. t he f | ow
rate can be increased around ten tinmes. However, this paraneter was

adj ust ggﬁ t act UCOSEe:

| evel S%ﬁ?lgg nzﬁg g ed%ls%ggirgg%&%hﬁ)& & t?lreatalelglﬁlg lo?\%glg %dg(%)%oﬁl qil(ml\:/)!:g, §e%1cles,
PA/ PAE%WVPcarlﬁ@(ml@@]lpomlﬂgm toibp adthinsstepalr it instHods ofethb odement Tymlbﬁélyf ayexdditivesr(e
coat ed

were ddtil o REANEE Boch b0 ol bt CHAE ob S0 A SOl el i e Byt
cul t ur eali®. riiheaftivei mgr@fhemls presest ingledorderchf therogremt iongilligads mechos ebarit 001 to
Then t io i r i b
R e R o e i

| oop. Abvwr.G0hae abdue2§ we b, pefaalils almund O eth aouabiowut %Qarkd mist perferérhlsn@ltoat. 0 Based
on the gﬁé 3}, ! evel and on the doubling rates of the cells, the feed rate
i s doubl apprOX| mately every 24 hours. In the first three days the
inventors attenpted to keep the lactate |evel around 0.5 g/l. The | ast
three days it is kept at around 1 g/BXMWMPRE& maxi numof 1.5 g/l. On the

| ast day (i.e. when the cells are expanded to their maxinum the feed rate

i s about %X%{)l@il .nE;q?a'nding MultiStem From a Cell Bank By Means Of A Hollow Fiber Bioreactor Cell

Expansion System

[00186] A cell expansion system, essentially as described in U.S. 2008/0220523 and Antwiler et al., was
used to expand an input population of MultiStem, which is a substantially homogeneous population. The
system was designated Quantum CES. It provided a bench-top expansion system that is particularly useful
for autologous expansion. (But it is also useful for allogeneic expansion.) Based on the results shown in this

application, greater than 10° cells can be obtained from a single donor.

[00187] Multi-Stem was thawed after having been stored in a frozen cell bank. For two experiments, 10 x
10° MultiStem were inoculated into a continuous flow bioreactor with an internal fluid volume of 184 ml and
an external fluid volume of 303 ml, containing 1.1 x 10 hollow fibers with a total surface area (intra-
capillary) of approximately 2.1 m” (3255in%), a wall thickness of 50 pm, inner diameter of 215 um, and total
length of 295 mm (average 30 mm per fiber, range of 10-50 mm). Pore size had an approximate cutoff of 16

kDa. The cells adhered to the inside of the hollow fibers. Cells were cultured for six days. 752 x 10°, 753 x
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[00192] Cells are harvested using about 200 Ml 2.5%trypsin with a 2 5

m nute incubation period and a harvest volune of about 500 m . [00193] Wen
a bone mawopawm2zasgisate i s used, the intracapillary surf&ce/mEpoicosaiced W t h
about 10 rrg of fibronectin with a 48 hour attachnent phase. The feed rate

i s adj f the | te |l eve esu to 0.4 to 0.5 g/l, the,
foed itk o P800t teerts s madtedbmioreh oGS s Port R gl igp off vtpegecting
cul ture;tcfsk.artl ng fromcells that have been established. In one experinent,
about 25-30 ml of bone nmarrow aspirate was used to pr oduce about 4x 106

o ar DOt LR 0aW s ik bl B RIS Hat R e pRCES el S it gt o
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e arh srehate i 1 B e ed APRRN R Tutl HEbwrl TS rFSPe gy BRI
coati ngncageﬁﬁg tht wypsprodndsuaie el lactatEachglhidomeleveds, mahd hedibled by a val ve, which
has 2 positions, open or close. The inlet rate is controlled by the IC

i nlet 1 Lion wt is controlled by the IC

ci rcul PI on]( %hewa(l%’é{emlahwaﬁ a(fompp%ﬂeiotf?corﬁﬁ? 150 M. The EC | oop has 2
inlet lines: Wash (solution) and EC nedia |line. Bags are attached to these
| i nes fl69199hshAlsngn Wiig frrtRBBr emiebdauidit, nlgy fihedhi weme ¢oatet! meth BGrdnesip,. The EC i nl et
rate is controlled by the ECinlet punp (3) and the circulation within this

or csent "} Fons BLTSY FR, B MRsh My 5B B e A oY APRRN bghfiea,
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mai nt a'é&&tlégfl? ngé%gﬁ)trh(ﬁg 'iléeprﬂa%gd Ihgllil fl{l}g ls;ece:digg,dt%lﬁ Qs Eﬁeatlla g%rﬂoht% with no
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bag while Ithelfsstélum ag$ the chviytors ateahniel to Kenp thealpatets tevilagpuo Dy 2ds The b@mhre@@aysﬁ is
with the,lC.lon S AbSRuGR s I e RQEORTs TRE bR 0. th
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popul atmaxmypasthafsértedsiatfopt 3 gemeutexpr essi on of certain sel ected genes and
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t he |nput popul ation wth reSpect to the neasured paraneters. Exanple 2.

Pr oducihagyesypupsoéshort Y¥hnBone Marrow in a Hol | ow Fi ber Bi oreactor Cell
Expansi on System [ 00196] The cell expansion system descri bed above was used
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working cell banks. The schematic is shown in Figure 7. However, the master

cel | bamRovagnagetidseieased or decreased, such as up to 10-fold more cells
or down to 10-fold less cells. [00197] The out put cells, follow ng

expansi (9§94 abethieark m@qmgw 2l OFi fFWORAELE BT oRESRE 0fb b thiiMibabilStene)
and eXpaI;lg%)?t?ag:a[}ﬂ?a{ry (EC) loop The IC loop has 3 inlet lines: cell line, reagent line and IC media line. Bags
are attached to these lines for adding cells, coating agent, trypsin and media. Each line is controlled by a
valve, which has 2 positions, open or close. The inlet rate is controlled by the IC inlet pump (1). Circulation
within the system is controlled by the IC circulation pump (2). The IC circuit contains 150 ml. The EC loop
has 2 inlet lines: Wash (solution) and EC media line. Bags are attached to these lines for washing with PBS
and adding medium to the EC loop. The EC inlet rate is controlled by the EC inlet pump (3) and the

circulation within this circuit by the EC circulation pump (4). In the EC loop an oxygenator is present. This
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WO 2012/ 168295PCT/ EP2012/ 060690 CLAIMS 1. A nethod of expanding cells ex

vivo, the nmethod conprising the steps of: a) seeding the cells on a holl ow
fi ber subsOnratxi68®st hat the cells adhere to the substratel/Eppoeopmnai ng t he
adhered cells on the substrate; and c) renoving the expanded cells fromthe

substrate, wherein the cells are naon-enbr I.c stem. ngn-ger | J,
nhor ol DgisatBE el Sty el RIS RN S PR bo PRE A SRS F yR g2 and
nor mal Aty e .gas concehifetidi tthrabe BE neddRininThe fU dehiafh ic BivPgltSd Bilibriumaseadd BIQ
the renoved cells on the sape or different substrate; and e) repeati
SRR N R ot L S e L it g MU A A
met hod TereCGhr@2 Wayd fHtidolih@hs/@UERY IeSic g sgstoinin Shcerdsttdal bethe anmvwe dag &hd BT dsoval
subj ect . The method of claim in which.the l.Low fib ubstrate . is in
S0l oot et PG BTE wsaptentynih Tl bat B it ndl B pRE A e BB PE Gy &
whi ch tdagnectdd witlatheIEkpaadiadalebautrolldbi@@alivel d. 6. The nethod of cl ains
1-5 Wnergai n fthe hol | ow f! ber is coated. 7. The nethod of claim®6 wherein
the Coa[hlljlr;g] I 'f‘he]c ilrlf?l{t%(r)]peu(fgtilorrl] and the output population were compared. Specifically, the input population
was assessed for gene expression of certain selected genes and this was compared with the output
population. In addition, morphology and ploidy were compared. The output population was substantially

identical to the input population with respect to the measured parameters.

Example 2. Producing MultiStem From Bone Marrow in a Hollow Fiber Bioreactor Cell Expansion System

[00196] The cell expansion system described above was used to produce MultiStem from bone marrow
mononuclear cells. The expansion results are shown in Figure 6. In one possible regimen, starting from a
bone marrow aspirate, it is possible to create a MultiStem master cell bank within 17 days. This takes one
run from bone marrow to 15 population doublings and an expansion run to this harvest to reach a population
doubling of 18.5 and an average of ten runs to create a master cell bank (200 vials of 20 million cells).
These 200 vials can then be used to create working cell banks. The schematic is shown in Figure 7.
However, the master cell bank could be increased or decreased, such as up to 10-fold more cells or down to
10-fold less cells.

[00197] The output cells, following expansion, had the immunomodulatory properties associated with

MultiStem and expressed telomerase.
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8. The method of claim7 wherein the wall material in fiber is PA PAES/ PVP.
9. The nethod of clains 1-8 wherein the cells in step (a) conprise a

subst ant inabI2g1esgeneous popul ati on. 10. The net hod ofCtirzRonr/0d0680 Wher ei n
step (a) conprises seeding cells froma tissue, the tissue selected from
bone r s unbi lical cord blood, unbilical cord matrix, peripheral bl ood,
pl acent'g; Macent al bl ood, nmuscle, brain, kidney, or other solid organs.

11. The method of claim 1l wherein the non-enbryonic stem non-germcells

f urt herl. express oftexpandingrelisex @fvo b dhetho®ooniprisihg xhe btepOof: £)xedzhg théllls dilghollow

met hod of claimland . claim/l11 erein. the non-enbryoni te nan- germ
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endoderrmbyingtht oxiendl cellafieh mesobkenrpivheeb thearilcart noreag@gonic #8n, nbheemetdiiod
of cl ai rﬂem n th

erei non- enbryoni ¢ .ste n-germcells that can

ai 11 er SHeTeat e Foif s Mo PR’ Ao net g Ble moood Rooder mal |
ectodernmal , and nesodernmal enbryonic |ineages.

2. The method of claim 1 further comprising d) reseeding the removed cells on the same or different

substrate; and e) repeating steps b) - d) until a desired number of expanded cells is reached.

3. The method of claim 2 further comprising administering the removed cells to a subject.

4. The method of claim1 in which the hollow fiber substrate is in a closed continuous perfusion bioreactor.

5. The method of claim 3 in which the cells are expanded about 10-100 fold.

6. The method of claims 1-5 wherein the hollow fiber is coated.

7. The method of claim 6 wherein the coating is fibronectin.

8. The method of claim 7 wherein the wall material in fiber is PA/PAES/PVP.

9. The method of claims 1-8 wherein the cells in step (a) comprise a substantially homogeneous population.

10. The method of claims 1-8 wherein step (a) comprises seeding cells from a tissue, the tissue selected
from bone marrow, umbilical cord blood, umbilical cord matrix, peripheral blood, placenta, placental blood,

muscle, brain, kidney, or other solid organs.

11. The method of claim 1 wherein the non-embryonic stem, non-germ cells further express one or more of

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

12. The method of claim land claim 11, wherein the non-embryonic stem, non-germ cells can differentiate
into at least one cell type of at least two of the endodermal, ectodermal, and mesodermal embryonic

lineages.

13. The method of claim 12 wherein the non-embryonic stem, non-germ cells that can differentiate into at

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