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cells results from the proliferative activity of a small number of pluripotent

hematopoietic stem cells that have a high, but perhaps limited, capacity for self-
renewal. In culture, hematopoietic stem cells rapidly commit to differentiated cell
types, which irreversibly predominate in the culture. This property, along with their
relative scarcity in blood, presents challenges to the creation of long term, stable

cultures of pluripotent hematopoietic stem cells.
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hemat opoi etic cells are cultured in culture nedia and
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hemat opoi etic cells are further cultured thereby
hematogiotrgicpeldd, fdreatipdnbetfnat fignited to antigens selected from the group
consisting of: lin* antigens, CD2, CD3, CD4, CDS8, CD13, CD14, CD16, CD19, CD24,
CD38, CD45, CD56, CD66b and glycophorin A. In one embodiment, the conduit

further includes a magnet or a magnetizable element, to facilitate segregation of the

cell subpopulations.



segregated undifferenti ated hematopoietic cells. This
nmet hod can be carried out in either closed or open
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These methods can be performed in closed system and open system embodiments.
In various other embodiments, the growth factors are segregated from the

undifferentiated hematopoietic cells, by exchange of the culture media, by dilution,



nunber of hematopoietic cells; a sanple of
hemat opoietic cells is obtained, e.g., from a donor
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are cultured thereb y causli ng
expanded at least a four-fold prior to transplantation in the mammal. In one

embodiment, the invention includes a method for providing a cell population of



further proliferation of the hematopoietic cells

havi ng the gene; and a suitable quantity of the
waeadorie@ds undi f ferenti ated hemat opoi etic cel | SPCEUB20¢#/001724
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unpidfesergpeecehematoppietic gels hmying the gene atevad turé¢rbthelgby causing
causi n proliferation of the segregated

fusthgginrelfertiionpf de hematoppistie cells havingthe gepeiamd awriiehle 5

..2004/ 096975, PCT/.) B2004/ 001724 . i ded with
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red undifferentiate emat opoi eti1c cells 1 ncrease

cultlive d Rundigsre0fiathe Fadnappotitic telshd ving thel dege PRSMRLate in the
following the transplant. |In one enbodi nent, cultures

mapfimal) end £xprest thattedtapertat pptEiet the eedrhmali Infpriecmgbddénment,
repopul ating potential are expanded at |east a
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erenti at ed human hematdpol et'ic S i'ncreases
by at least 20- fold to formthe cell popul ation.
(0010 Inter@tiedr agpddt, shé srvieatibw praaddessd mgt}e;idtdigﬁo@ikm%e@ood to a
systens or open systens. In various enbodi nents, the
magpripl fAe reminaltie iflentiéind hopioigeini inswficimmiceirnberdef heptatopoietic
cause aft versus host disease |in_the manmal
celfspp P%W%] g)fi‘ﬁ%ﬁgmoé‘fi’ﬁ%céﬂl%ﬁ.O%fmﬁufthﬁé COMPERNBAPuRp &f

B TR S M T
cult@SrReda bAd And&! donSitidrd ra‘ﬁp?@ﬁﬁa@@tc?tause proliferation of the
undifferentiated hematopoietic cells; the undifferentiated hematopoietic cells are
segregated from differentiated hematopoietic cells or growth factors; the segregated
undifferentiated hematopoietic cells are cultured further thereby causing

proliferation of the segregated undifferentiated hematopoietic cells; and the mammal
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subpopul ation of undifferenti ated hemat opoi etic cells,
are reduced, wherein reduction of the gromh factor
wo ewelo36923 | ows t he undifferentiated hemat opoi ePCTIR2004/®1724
is providedawith iasuitabib quantitytdiehecltured undiffeperitiasedDEémmobaletic
| i neage comm tnent of the cells. The growth factors
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In 8He ngg%m{lerﬁ %t%ges C%by dg fgérr téa}ts% hnﬁgt o?e ICFﬁgglt%(]%‘?g'term
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yet anot her aspect the invention provides a
thmtah@ﬂaloﬁn hiastken gmbbapflerftothe anvemtidiahcludessaii R dobr
hemat opoi etic cells further conprising a subset of
prmdhfng@mdpalﬂaeww madiffoertidted bailas Hesnabddypciétiecklls;rvelnerein
| ; the sanple of hematopoietic cells are
the PR qfﬁhféf%fﬁlﬂféﬁtéd hetaa hematepriehic eblpdnarpasasby at least 20-
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2004/ 096975 PCT/ 1 B2004/ 001724 <cells are cultured
ﬁﬂkmwhgenu$ﬁbnebyncau5|ng further proliferation of the
segregated undi fferenti ated hemat opoietic cells; and
mamal s prOV|d§d wWth a transpl ant, |nclud|ng
00%. Tla%méfea%%mlﬁ? PTCB‘F SHB varPyL, awcwnra\reﬂxoér%ﬁpma@l@ag cell
0 wher ei .
prfrRPRr Lt o S & mo e i -l o feﬁfc?"i%%hﬁweg a
ng
L B R s e R SR S
redRictibR bf eHeQEeutls fetR Bveld alRRGIthe YeHefEentidled Rétatopoietic cells
enbodi nents, the invention includes comercia
to pypandsn @snfber ircthle|calttirengithexizabsiantal laredgd enrkintigndnd of the
a patient, a sanple of cultured undifferentiated

cellse Eﬁe@ﬁ%‘w@t ﬁaetoeelreriecedmeafw exqrgple byt @ﬁ’sbli‘étﬁti ®nto the

helBorRiar Rt DB BB REnt™ SPav b men Ry 1ot factor
leviRPL fud: A0 b% Q&b (?H\fléﬁoq{jseg{%' 1I)§ roqrri)gzl rﬁ&ﬁg exchange or media

hemat opol et | s are u I'n ‘an .
dllﬁﬁ&m%ﬁwfﬁerﬁzkﬂglﬁlhé uIMAE] OLIP c@liNRE n@h%ﬂﬁ(‘dl(%edtspﬁems or open

i nventi on provides for a transplant kit. The
systeras.udes a popul ati on of undifferenti ated

hemat opoi etic cells, that have been expanded at |east

four-fold in culture and are suitable for transpl ant
[0012h ¢ I et AekRaY aspegidhe F&@P&Pn yr%wﬂmwet}eéﬁ ofdapking bleef for a

in the Kit ure r closed syste 0
magfindl & Srhnf 'of REalaeiis sl RSP TS p & T ST ot
unaﬂéger{fﬁ%éd)ﬁ@niteﬁmuﬁe Bt EbiG Rl Srd R a%nammal; the sample of

hematopoietic cells are cultured in culture media and under conditions appropriate

to cause proliferation of the undifferentiated hematopoietic cells; the
undifferentiated hematopoietic cells are segregated from differentiated

hematopoietic cells or growth factors; the segregated undifferentiated hematopoietic
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transpl ant procedure. [0014] Various other enbodinents

wi Il be apparent in view of the teaching provided
wheoogiom97and are included in the scope of the PCT/IB2004/001724
cellsnre dtit@ied fBRhERhBEBCRAESTh N er HblifoRANMNGEhE figiedated

Figure 1 is a picture of the apparatus used for the
unfiftepergidedthermpfopeietit cells; ang the whmmird is plevided with hiteansplant,
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pe%ﬂé‘d ﬁﬁhgéﬁl&)clos@a’%ﬂd‘t%%r openh bystdrhs. ]almért@ﬁfénﬁ@lments, the
using eit traditional culture dishes or using the
inventies itclidrsanirinsercial piCe 309 Ar COBATHZPETanBAQD 4nd bamddg for
[0017] Fi gure 3.is a graphical repr esentati gn show ng

a patienip g sempledit Céiﬂé&ﬁ‘s‘ﬂ&ﬁ@ﬁenfléﬁeél emagppaietiqgela suigahle éor

T PO e PRETE D SGPERGE TP HER R 475 0pPad Bt = an

allb%}” ﬁn&.J A8 ahglqlcl’;ﬁ‘ovﬂeg H{e%‘]fﬁé g%ﬁ%ﬁzt &ﬁhe%gﬁu%¥&ﬁf§reﬂfdated

tlred ietic cel W ng expression
het@¥ o“ﬁetﬁfcells?l&ﬂeq,tééd 0 BhioRipbub &Gheplant. Bet a- actin was
used as a control. Figure 4B is a graphical
representation of ELI SA anal ysis showi ng the secretion
[00t8] Iri vehidvistothey abpest® It]&ﬁ‘ iinverctigrt proyidepiier altrmesptlangrkitofThe kit
TGF-betal _and M P-1 pha is |IIustrat?. [ Q019
inqdRFraP PRl @tsonaofgmélbﬁfﬁre%qlat?% bewatanoigticsrlly thathpgabeen

e SRR O R CURF R b S P ARERTe g funal
pa:?csﬁulleggpé ﬁﬁﬁigﬁ E%ﬂg OvRle h¥he ﬂﬁ“g}-{&lﬁﬁ@& n?&'tﬂém?:losed systems

at'ed an in+ c expr ess
or §6&n Btahs. BBb andEdddNinWaS kitsesind§uai@RITbf Gdin E%B:Osoc%ﬂl]s ina
I gure 6A is a graphical representation of I SA
traasplaysprocshows ng changes in M P-1 al pha secretion
rates in response to rredi a exchange. Figure 6B depicts
sem - quantitatjv anal ysi s show ng _t hat
(00 pNaﬂ%w SO i UHAP %entrleéf&aﬁggthﬁae%fhgwmwded
helTBd dal;etada |n vvassouseg 1S, 8.6 ontrol [0021] Figure
Lfﬂ’a? %HVT‘% Phe® Tose ntem bi opr ocess. The
bi opr ocess conS|sts of two cell culture bags (3 or 7
BRUF)DMRREIAN 6F @k DRAwiGouUgh a conduit having a
subpopul ation selection el ement. The subpopul ation

00?5? fgﬁké’f‘ 1sle I?URHE of the a %Qﬁt&@ué’e@@i/&eqﬁ r@Bdsh. aTh@ Eell culture
n+-cel | mcutur Figure 7B illustrates the
ch&hbe&tdhown in this illustration employs culture bags semlpermeable to gases.
The conduit as shown includes an enrichment element, which separates the CD34+

cells from differentiated and committed lin* hematopoietic cells.

[0016] Figure 2 shows graphical representations comparing the kinetic growth of
total cells (A), CD34* cells (B), CD34*CD38- cells (C) and CFCs (C) using either

traditional culture dishes or using the present invention.



of the subpopul ati on sel ection el enent. Representative
flow cytonetric plots show ng the anount of |in+
weeldgresent pre- (7Bii) and post-sel ecti on PCBIB20)4/001724
[0t FiedRd3 e @eaphicsll repfesaliaors SOWIng i exiast ofekphaiel efdtotal
wth the lin+ antibody cocktail (7Bi). Conparisons
cellseCB3trantlls, tCD3IHED8G vy aidhCF{s,axprhddsl by StingSehdiNraditional
colum (7B v, ii, iii). The plots denonstrate the
culsigrechshes o upiBgBlRPreseninventiost | s when such cells are
passed t hrough the conduit having the subpopul ation

lectio | : 004 .
o5 ST b LA 20 L R B
exHREBAPROER oF Gari6d BLIRASY BlcBfs. Bethli@tin N BRESE 8SS control.

Purified UCB lin- cells (1 x 105 cells/m) were
Figtiié 1B isetlgfaphic8t epyssentativhef EbIS¥pamdpsissivivtihg the secretion of
subpopul ati on selection and nedia dilution/ exchange
inhgloibary facigrsan culjase. L heldetrstipe ofjF'oKthetadranid VIHS-1fatphatipt al
cells (A, CD34+ cells (A, CD34+CD38- cells (A,
illyspreted¢ B) " and LTC-1Cs (B) are shown over the 8-day
culture period (n=4). [0023] Figure 9 illustrates the

| & t . e j . + . .
oo R 1L PROR ARk A of BLISP pt B chgmes in
TCFXBet£ClelfetiBh@URs USiddBotdaao Al SE@LATHA(EAThmehR Figure 5B

conmparison, results of cells grown using standard
depicBRIBPCRUralysE stoatesthat eolahsdsplawdiadEACS sartehiivirzells

are the theoretical expansions that should be
expriosefGEdeiad. Bata-dstipprascised appchndeler eased cel | | oss

(see Section 4.2.5). This value was cal cul ated by

nmul 1.i plyij t he observed expansi a.correct.i on .

ooffh bt of P rmie e fep PR 56 BN aapL iR b8 Rqmaes in
f. b Ok: . .

e s PO T B R e
qui¥eitaiid RTm@e alﬁali(éig)yﬂdwng itRdtIVIFe D Qlghal b RBEDAT ddofdased in

Representative flow cytonetric plots show ng the
resppaseindeeshimdiaaBeteBdrt Maduadt as g edritsoli n NOD/ SCI D ni ce

(Aiii). Acontrol NOJ SCID nouse that did not receive

cells is also showmn (A i) algng with a representative
(00713 oFigpEe Tokt 3 tahematty Of th)clqsprrsy3RE: RIPPIRCPSN Tﬁﬁgf%?%ess

f d.. SCLD .m to _det ' th :
o0 BT e B0 BT B G D
P R P S L e TR L R S et

us€did lehRfte €EhlamihBirig lirdr @115 howncilaire FighreCH illustostes tiacffect
overlayed wth curves representing results fromthe

of thexsubpoplilakieh séledidnedderentt Reprdsentatipeflowaytondtsic péate
established for each sanple. [0025] Figure 11A shows a
sheyviaygrtbe ameunbef linfurells Peaseriie- @iBidard pest-selestipn gBdD). A
neé:%{]x}&[?gh‘crp}f@ agsg%bagfv?ql t éﬁwgs;nr@ 1abeled x(/evgthttﬁe 1iRY %‘tibocd%/l clo%ktail
(7Bi). Comparisons were made to the commercially available StemSep™ column (7B

are passed through the conduit having the subpopulation selection element.



subpopul ati on sel ection elenment. Figure 11B shows the
effect of increasing flowrate on the recovery and
w@ooosngeoes |in- cells exiting the subpopul ati oPCT/IB2004/001724
(0028 Bipiuk®8 siedwsRtabsolGidimpbibn of Bema®ipeidticeslngerated in the
performed in which cells flowed through the sel ection
bigpro@sg Fuifiedd9B linGells BRo 0%/ @iy rdiwers awtwmed fir 80day5 in the
0. 03 (graV|ty i nduced flow rate; dgf 0.61 0.04
blqmeq&)ss m’fhﬁel pepeletw{lﬁelastlwdlmgéla witpn/axchange qsegying at

asy g, _i’%«?tgf R ﬁsr%f&ﬁ% o gﬁﬁa%f b it AR SEEREDas colts
(AT ACRBP T FIGEE T ¥ hORHGREE (s By GG PPRAL kR4

square. [0026] Figure 12. is a schematic of the
[00234 PBiguren tlalstptes the cdlculdied erppetiommittatal celle SCDB4 atllg! |
4 test conditions is shown. Subpopul ation sel ection
CRAHATI08S welti £FCdiand LT8R Geerelatipe k4 pvid foronlleiggown whing the
all cultures allowed to incubate for a total of
lcavra?ﬁﬁ% (n=¢y, |Fop FRIEPREFRY BB P %fﬂlé@rwmwsmééwda@ﬂﬁw

conta n
cufin Bt el R0 B auet onLoehd raraln, ARG eXbmsis. et
sh&lﬁd Ué%bs@t%le& G H%w%l%ces@%ﬂ?gé&eﬁeh WER QI35 B%E B@rﬂﬂﬁl 4.2.5),
027] Figure 13 the effects of subpopulation

T‘Iﬁsﬁ&&@é Wwas calbélatdiyvemd it pliing fhodbset Vel dppAsich B aQbrrection

hemat opoi eti c progenitor cell populations. Purified
fadi@Befleetingabk psraettage of 06n-spedifid cell)losse (Thecaluantele tarection

8-days using the four culture conditions indicated in
faqprgiiael 34494t the end of the 8-day culture period,

total cell (A) and progenitor cell (A B, O

oFPRASAET MR BIThUARS i LRS- BRRATIYRIGD AP LY ioRing

unc assays. expansi on ues's
inf@dRnblls 8h! Rﬂi@gﬁeéé’n@%ﬂe% kjftﬁme@ﬁé I%ts %O)ng the
Represents significant difference (p<O0. in
préRABSsilannart CDUBFINA pbtakRdincNOD/SCID ﬁtid:et (LMzﬁ)S A(ISBANE) .
[0028] Figure 14. illustrates human cell engraftnent
NOR/IWD/ B8R thitdidfruit renivegells istalef shopme(Adi) ﬁ}oewgtwicblma
These are so-cal i.d repopul ating stemcells.
TepAREAtbIfERTE BY C‘?EI“F%(@Q} (B) Limniting HH{uLion Bt ‘f’?ﬂfrP@ff‘HH}e@ in

NGBE Ry oLl MR EREORR TR etk gk Pogle
cel'le] Lféf’}taﬁg.’ xﬁ@{t@ed 5&11?‘%1?1%“%' T @%Iﬁﬂﬂ{t@hgf o HS%%%@M

Exam lon O engr

fretsn 8n! tdBBABAd lcafriireliels Bilase H99e6Redad dellldode WRE kSerlayed
(B) A representative nouse, transplanted with cells

with anvedeepSfsEntondistilte frprrsiﬂw\ma)gmuan]gkéfmm rétimatdpoidotype
the right fenur éBv) and left femur (Bvi) is
conigpls aesae edablishef dor saich sampPkeor r espondi ng i sot ype

control (Biv). Also shown is a non-engrafted control

OO?@R Ee ; hﬁqu dh(%/vsn g B}O@?ﬁceel J gon%g%g%mﬁﬁhgp éllo(/vssf%r ¥B% rafd ¢ control.

enur
A peristaltic pump is used to ‘push’ cells through the conduit having a

subpopulation selection element. Figure 11B shows the effect of increasing flow rate
on the recovery and purity of lin- cells exiting the subpopulation selection element.

Subpopulation selection was performed in which cells flowed through the selection



10 WD 2004/ 096975 PCT/ |1 B2004/ 001724 (C) Limting

dilution analysis was perforned to determ ne the
woe@gueqcy of mgrating R-SRCs in fresh UCB BEPcT/tB004001724
eleaeht atid. t51£ 003 ¢gdalvity iisdungdtfioey tané; madlp 0wl a&l0.0INQBL)SEVB:+ 0.06

assay. Engraftnent frequencies for fresh UCB En- (G)
(nzin dneé A BArded m{/aiin (n<d¢| Aa Bow ratehii.2p orl. @a@HIruH,I Hoth percent

dose. The frequency_ of grating R- o
TeqOYPIY AT RAICHE FRIGHLY ﬁ%hl?m@rq IhRTY m&@rmﬁ@gs dTll,?sgrPWéY grduspd flow

h | a h
roly S PR P R T wr b PR AL egdBp 0°°°

shown on the plots. Isotype controls were establlshed
[0056P! Figagd 1 B &y WéBendati0 30 ihefx C?bhﬁﬁleﬁél tdtbebtI TiRd 8P eRHBRMI
cell "engraftment in NOD/SCID mce oI | owi ng
desigh oAzle# tess cornditions i showA) Subpopplatioh stleotiore yhdyor tredia
pl ot showi ng the presence of human CD45+HLA- abc+

dﬂ@@pm gveirelpernﬁ@mmd@y § with albednreoios@dioinewatafariaytotal of
8- 4’*@3 aﬁgﬁ%ﬁ% SVe (317&?‘ lg)shgﬁwfgh év‘ﬁﬁw&%%% %5@%5 %?%ﬁvlf g§%21'11?ng

e S BR S G R Parioh Sl Y PO A RIS o
selPHRBENE: ho Iﬂerd@éaﬂﬁ%/kkc!hang@' I's and expanded cells.
The resultant engraftnent frequencies for fresh |in-

cells (Bi) and cultured cells (Bii) are shown for
[oozachigasd 13. doses trecffevisof aylgebpuldttoncetersn arg neskandiluigon on
results fromthe maxi mum|likelihood estimator.
the egpapsian ebhemalopoigsic Preganifier F@h@@&lmm@a%rlﬁgwﬁwéin cells (1

e
Fléu%JPd Eg? \rﬁyf hﬁ%‘;‘w v g%l't‘ur%{i)%h@%l t'g'F.{'%el( @4%%) pro lrli?OI' cell (A

Bl g ol i e s

folfilegpansicrhenbiiergshCiiiDare Xip raspantsonan fesly IR B celd.| §) from
mce injected intrafenorally (Aii) or intravenously

Repmis¢nts sigoificani/differexicn (pr-Uon i comnpatisoh4e uosianipuleted control
ca a%ggl | ynphoid differentiation. (Aiii, Biii)

CUGHs3 ssion on engrafted cells frommce injected
intrafenorally (Ai ii) or intravenously (Biii) showed

[00%&?1 ?]%'%ﬁfel 145 1lm{r§te§ Rithdr A gg%ag{r?%ﬂgﬁ Nod9/scip n[uce followmg

entl ati on. I' respon pe contro

intPdf&R0R AWELHON ThBe are 58RI Fagtd gepuldtirlgl JretalceRd. @%ayt lﬁbﬁze

endogenous secretion of |nh|b|tory factors is
enltded atiwidalbyilisyibp afiowaty fon “splidetgraftment’ folldiving
dilution. (A) ELISA analysis 11 WD 2004/096975
trapeptanteio04(/00% ftal ofSholll® vefls Bravgeysing thedfoug gulture conditions

in 1ca%écf tv\lre(%g 1r{]eactteec? mtraferrrelglg?lgslr?totl\?Of)%)& fr’llllc%t gar}n%g’lace)r? tolf ﬁtrl]man

cell engraftment in both the right and left femurs was assessed after 2-weeks. (B) A

representative mouse, transplanted with cells from the S/E condition, showing
engraftment in both the right femur (Bv) and left femur (Bvi) is represented along
with a corresponding isotype control (Biv). Also shown is a non-engrafted control

mouse that did not receive a transplant (isotype, Bi; right femur, Bii; left femur, Bii).
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and/ or media dilution. Conditions undergoing

subpopul ati on selection resulted in significantly
wo ovei096PG-- (31 production |evels. (B) RT-PCR apel/yB064/001724
(Crhinviting dilhtion analysiewas yelfatmdd andetbAaBesbe frequdriaylof

cells express TG--(31. (C) ELISA anal ysis show ng
Hugr?éméé—sﬁﬁs i freshaUsBdire eellsrand subtyrqdycells ypipgdhe irgrafemoral

ul ati on sel ecti.on and/or dj i lution. Medi

NGPRR A Ber e iteS aonbCody 69 Sha skpada

: ] - i taty - ' S N OM t pat
CATEERE R Gl S s i bR e
calt@lafd B dTBRIrAaxiFrim BléLIPOARLHARM: SWith Breafet By MBS Ye&d

as a housekeeping gene. Serial dilutions (10-fold at
referagitingepguliseroan dwse ahalysal Thédal RliRed dxgathd@dfR-8RCaare

means to quantify expression |levels. Shown above the
shejen onrthgplots. dosypeenétoly weismsthblisheddiod eatih samiders

(' neat' denotes undiluted sanples). For all dilutions

(ohg P BRSPS S p LI BB i g
o B RPRULR TR B AR MM VLR o

hufidnt QD £S5 ERACAEH 661 ih Mdrateabibly iifbQed NOB/SEAISHhRA (8fif). A
hemat opoi etic stemcells (HSCs) 'would greatly

corteadl NO@DAE mousd that dial notireqelieneils &tdlanshoivmEyf) along with a
generation therapeutics including cell .

repregeRéaliversly poFontd £d1). (BhEimjsingahlntionsmalysisrvgsressformgd to

In fact, .the | ast ears hav h an increase
defefraigy thi Fredrenss: A Ls SRS Bieaentan fredh Dh Btk el At Sprpfied

celfsh ieftrh% %s“?ﬁtjahf" el%glgggt&ﬁhyﬁg@féé%i&s 'f%gfﬁ%sﬁé#g%quﬁzgﬁga cgf’cured cells

cul'ture condrt9ons capa
(Bi%fj&é SHSWH fof eHEIPWINEbse RRED VEAapad %/ Rh Rasved g;ﬂegén@ﬁq V€sults
rrent strategies ained at expanding HSCs, prirmarily
frottiheugdxigiueniikel fraot @stisiapp] BoBHe abnt@sls Wers establidhed €bd each
support, generally result in the expansion of mature
samppegeni tors, but are conplicated by the | 0oss5-9 or
noder at e expansi on7, 8, 10-12 of nore primtive cells

RIEETUE e RETITENE
N B@DH&CQ"’M%e tl%éfér}é {f(}/tﬁlcptro%h’lbw&%l? SelPﬁg?Qﬁnhéﬁ (CD45%)

Experinment's denonstrating that |ong-term “engra
wekdlarHlpRIGRMDPROREHRNAE, RY thdifaliA8MfefenAatdiif@ Rlls of both
murine 13-15 or human 716 cell, and that the progeny
lynophaid shd ghyelcill dimeagesn( A Bop) Reptresemakitve PAC Sseabysttadot plots
recipients 17,11 provide evidence of this potential.
shewing Ky Hop@ression; aal engrafteshiela frorpmig ipgoieddogafesorally (Ad)
PCT/ 1 B2004/ 001724, stuydjes ih m.ce, ipn which input_and
or %&aﬁaleoqﬁ%ﬁ@ég -g%fﬂvreébadmga?@lﬁ@teétﬂé% cells yere spable of ymphoid
: l;t.0r ed . hTi cehave .
R P I CRSs R i BT RS BB e e
intﬁée%ggllg??gfglii?)%W%ﬁoﬁﬁy%z‘ﬁ?smap&lmr@ also capable of
myeloid differentiation. Corresponding isotype controls are also shown (Ai, Bi).

[0031] Figure 17 illustrates the endogenous secretion of inhibitory factors is

modulated by subpopulation selection and media dilution. (A) ELISA analysis
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150- 8400 fol d expansi ons have been cal cul ated 19, 20.
Therefore, it is apparent that sinple nedia
WG aplogaveht ati on is not sufficient to overconePCTEB2004/001724
shomwgt dhangés il TGH-P1 sefdtni mtSer fesponsBidtsubpopilation selection
systens. [0033] | nmmunophenotyping is a nmethod that can
angfor pagsia ddutierar Genditivreundrrgaingsobpepelaten bdedimagdsdied in
. the expressi f cell surface antigens. These markers
siggiticapily RNt ER aredcien leins @&%ﬁ-ﬁ%@b@w Demisg Hig
I n_coni ' ' 1 i.c f xon lLysi s of
colyg lssgie%}(%?;eﬂs@%gs tﬁgrrt?ﬁéﬁl Cgﬂgé)arfgssswuﬁrﬁ gg‘e @ﬁ[ﬁé@@aﬁrg?
howhel @ahB& ih MBL Y it QResBRAED AL ol 1B i i
shifthyl dhahit o M Rt it R pespofitt fo ibPBulation selection
and (o1 ahddi e d Batiora Dellih difatiopsigaificantlR Hecreased the secretion of MIP-
"undifferentiated cell", "henmatopoietic stem cel
Loy H3GYemi-quedtitghienR TR arellysis dnowing Sed MIRtler sthatyyeatel lyvels
to describe a pluripotential_henmatopoietic stem cel
are deareqsed inresapNse tefreplympdiae fprial eyporimenisefrartenwapysed as a
repopul ati on en .t.rans ted. into a ma [ . |
hoy SRR BoE g < PHAEOA g R e\ e ik E PR
oUBRERS ok ISnEb Lo S ACE AUHARD LS HAbEDe 2 81 e
ard fFRRb#radforiddhefol A A8 BMAMkkaRT RBB s LAi16Rld sadfH1esy] [ allin
BM 72. Il popul ati ons expressing CD34 and | acki ng
dilttien3e8i8d amd geremif icortam@ndibrGibaBebsesteds |*) Rbpieeertie significant
~shown to display primtive cell potentials. For
diffsrergsl (<0.0hen sainppiisgn efunngmipuletad wwatobartitesn (NHNE).
CD34+CD38- cell fractions and not in the CD34+CD38+
' ich are thought to contain nore
[nﬁgﬁ#é?%%?RQFgﬁ@cell types 7. The CD34+CD38- phenotype
en associated with enr.i c

has..al . . Ils.
cophy TS SreRhestan g 4Bt Eieicgadshe el Megatede Eggmsion of
i i it
he iR AR ol Brch o Blctne BROARUGLCT |

imﬁﬁ%e@%ﬂ)r%ftﬂegﬁgbne%ibni th&%k}_f—:‘uﬁ@) ih&88H1rR &Y transplantation, gene
I ndependently of HSC potential and that CD34

theexypy arsd tishie engiebfing.sInfatt, therlestiew iybarsHaCe Blac e bn increase in
14,74-77 Primtive cells have also been identified
thepadisea] vhilityndd sugprellsdn snangpplamtation thegaprieg'd) Unfartuntagely, the

rker 78 hy-1 expression allows for the recovery .
eSt%@%ﬁféﬂt QEC‘;IF%WQJE%}QIOW% lepfsamPifterty and giiciently growing
nonucl.ear celds. 13 WO 2004/.096975 PCT/ | B2004/ 24
Fis R o5 st B AR g 1A et el PR
. - r €
et ikl g e e R0 e A0Sl BB ety

restBiSn @hesékpaBi§ieh of hRtiretpRogediifded, Bat MetdnigliRaraHyCcRERRE or
of early hematopoietic progenitors 81 CD34+CD133+
mogletdte xpartsionn% 7 shinareprimitim delBfclavihg ghdry-temn tulhed.
in primtive progenitors 82 and, SRCs that
Theggapsyltsmae pymeyhel YmRisng sece n piEodidFahavedess shawy to have

extensive proliferative potential. Experiments demonstrating that long-term
engraftment in mice can be achieved by the progeny of a single murine 15 or human
16 cell, and that the progeny of a single clone can repopulate multiple secondary

recipients 718 provide evidence of this potential. Furthermore, serial transplant
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reci pients 83,84. Recently, vascular growth factor
receptor 2 (KDR) has been inplicated as a marker for
wW@eiriopdove cel | types. Studies have shown thatPCTEB2004/001724
stuid$eslifthio#) in efhidiMnget avd dufpB Aukibars sfaspbpidatife s8m cells were
enrichment of human LTC-1Cs and SRCs 85. [0035] The
maonitoegrcandfuapiisdiat eachyprssagenbacaeenairsingly sheved tha
characterize and isolate primijve henmatqpoietic _stem
roplatipgRigracribre crpablebivstainedintie expansior ihese theoretical

' HLA- DR CD4 71,87 | i f S
150, B SR RS D ST ae e ey e ¥ gfpariht thaf
sma@é iﬁerd%gﬁé@%ﬁ@&aﬁbﬁ it RhiRldn® o dPrCoril id %goﬁgh inhibitory

mat opo i neages. Additionally, isola
effédiadechas movelkans spagaci ated wth mature nyel oid and
| ynphoid cells represents a nethod of enriching for
primtive cell types. [00361 As used herein, the term
[0033Hj otprapplhenosyPing irsa BsBiodtthat caelheused tolcharaeterizé at ed

cell", or "progenitor cell"” refers to a |ljneage
he@@Wt%&e%&@?g 0Biths PEressiqn oterl Surfageantigens, %F]E%?F pgarkers

expre . e Q h Lgens . :
o ABAESE BE8h Bip Ghul A GRLOENS E B SRR
sys@éxﬁatﬁceﬁﬁ_%ﬁoﬁdl RA&YSs REHR R phdstifl )part%@ar c@ﬁ%ﬁﬁ&é@&tfg@m has
lin+t antigens indicates thg | oss of pluripotentia
ledpb aher tategormtioh based diclinage Irellaasnﬁg[@ga me
differentiated, or |lineage commtted. Accordingly,
these lin+ antigens also provide the appropriate

[0034ht Agapesd hesping fegetray wiidergntiaied femagpdietiegelli at ed

, cells as desgriped herein, and I hodi es,to these. .

ulipRalgrativ Bery et sl BISc hmib soimi e G are
) ' t i.0F i of .

o PR3, 003k p9RBREA DR HERTIORL ity by e
cap®IE JFABRE IR HiflohBRldid 8H FlopulaidswvRRtridt®lanted into a.
conconitant decrease in the requency and nunbers of
mapirhali Tt Nas teeh lestabkshed tthiad thy ntoss plitrithge ¢l tgped éxpeess the cell

extinction. This undesired end result is a
surfase otigemEB34f whishds atrapgmembiang glheropbesphopaeteirpiought to
WO 2004/ 096975, PCT/ 1 B2004/ 0Q1724.. infl uence cyuﬂﬁfe
PlayFRdmMROstanErRle Sy rmparatesarior soi Adhesiqrey BN ™ (¢!
pof RS SR RSYL B FRRE AL PRy Y. Eos il
ha¥ eh fsBbR0it0 'aziSé}i’a‘tSf gﬂiﬁtﬁfeecml g%%@ﬂﬁl%y IRt bepRf the majority of
hemat opoi etic cell's in culture. Using gen% expressi on
SR@# arpbedtorint if €led EDBYTIBIaleYIStRtions Mad het i thé CD3eiCDB:
known to inhibit HSC expansi on were shown tobe
poeptiens athidnaedhougtt dol cdntaipanéreptifgrentitied cal dypesét Tree
pes21-28. Fqor exanple, npnocytes are known to

CD@Z*@%%%}?WW%W akyp begnatasiaftect v aprgprichment afgells having
R PR e et Rl i G v SR s g
cap-ggﬁa' ((fqang-wrﬁz\' ﬂiﬁltﬁﬂlgaééjfgbﬁpulaﬁon illustrates that the CD34 antigen
may itself be regulated independently of HSC potential and that CD34 expression
itself is not a requisite HSC marker 47477, Primitive cells have also been identified

based on the expression of Thy-1, a T-cell related marker 8. Thy-1 expression allows

for the recovery of LTC-ICs from UCB, BM and human fetal liver mononuclear cells
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necrosis factor (TNF)-a 21,25 whil e negakaryocytes
secrete interleukin (IL)-3 23. Simlar findings have
whema/ogocunent ed for erythroid and nmegakar yocyPCTIB2004/001724
(MIN @) eniridodcgounts fatalhepepiliegig sdIBWIThy-1. 1$6)prededrt in mouse BM 20,
TG~ (3127. Furthernore, research has shown that a
Anwiindyenarker, (238 (46d B @traﬂanembymaﬁcesﬁmrgl}’mpeomhehas also
secondary secreti b|tory Lactors by ot her

n
be%‘é?hOWI}/Bb%om‘F@? Wét%éhﬁ exric @tmf S hematappigtic pregemtors B,

g sl redion i RoerBERRS St Radinat B ey
préhiBis Bhe SK@QYKhttaadﬁfo%\ég{r‘ hame%ﬁmyrte B bRy

ing themto remain escent popt osi s
dhrrsdi Rédcehiyitviadtilal oo tblctsraeegltdr 2 HIBR) ds-bden
C?1%038] Thi s pﬁgnonenong&f)s exacer bg\?ﬂed by the fact that
implitased ara mecketfor primviévendll typemeSiufdies have WB@anishat the isolation
i nstead can al so be found on cells at different stages
of BM grijesd Clad4/ KBy wesydts in an pachyaery of hygarnt Ink¢-16s and SRCs ©.
fl k2/f|t3 c- rrpl IL 6R and GW CSFR (the receptors
[OO%Sir bsenc ﬁp lelc Iﬁntq e%réd a_taGstC%F 1{8?& bS ghara(ﬁ?ﬂgéf arnd?hsolate

feren exp esse Ot R on ce

prﬁﬁﬁv@h&% ohetﬁ%f@i’ﬁ(:élf'g(g% l%nsangﬁ’e%@(aoH&ﬁhﬁ eD342R s

mat ure cel I popul ation The presence of these
lackBREAL AFSR ENGrOTOABRA /ADR ¥ idefBlyqRimeiveantitipotdreiay

inplies that the actions of suppl enented cytokines are
hemetoposgiieciells captableHgGslfvenevedl sndtdaﬁfgentmtmremto multiple

differentiated cells. For_ ex cyt oki nes. have

hepagapoisiisinengess tﬁ%rla&wély't welaflagﬁﬁ%ﬂhaalafk sraakers é‘?ﬁoé’ﬁ‘ted

nd oI |f kar e 44 4 ran
witaRs® pief Ry pnp oSN RS R G kR o
pn‘fﬁhb Lé}ft@gger ogeneity of HSC expansion cul tures,
cyt o I ne’suppl ementation would stinulate the
si mul taneous proliferation and/or differentiation of
[008d) e/xs Cisdd Kerehn the tpragediffdrattiatel hahatoipotdticwelll ddifferentiated
ultimately result in the formation of |arge nunbers of

cell's opnppegeaiton edl/ Fefeciol HaBO4E ommztted bemg‘e:momm ca}thhese
ol el s SR TS s BT BT
CrZBECpBh S8l HRTaBORP0A P by MR fugP pdees o). e

def‘é\éh&’r‘?!?f’lﬁv%ﬂ gbﬁkgmﬁi@{es%é .85 S8 gs@nasi %&g@ﬁ)és LARIRItkhe

stem cel owth cones from trans nt. studi es

cellAHﬁlﬁecbltnerMﬁeﬂ@ﬁﬂateam«m\eh orhﬂﬁtédl Addoydingkp esé G
potential of nouse repopulating stemcells can

antagensaldoyprogidei the hppropyiate dndigensfvs phrgatedtseparatibn of
i ncreased nunbers of stemcells_ 19,20 These reports
diféarepfiatec eellsiagtesqried hesain.eny aAYipodies o these Antgengrreiwidely
!ﬁ%gd cells in recipient ce which arise fromthe
avqy, ﬁoﬁmﬁfﬁaﬁ?ﬁl pli?@? Smay be responsible for

activating inhibitory rrechanl sms which ultimtely
(0047 Mk d84@1Pe8 Sk rﬂ?a[j@ﬂiﬂyf& el Rbon ARG %Jbg{igated to date result in

the dominance of differentiated cell types and the concomitant decrease in the
frequency and numbers of primitive cells, eventually resulting in culture extinction.

This undesired end result is a consequence of several competing factors that can
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undi fferentiated cells are segregated fromthese

gromh factors in culture, which is acconplished by
wo oro4p@npl e but not limted to, nedia diluti oPCT/IE004001724
infineriangleyre dyenfnic. @ne sart pakendtekie thewffdrt bhthe@bidegénous

bei ng to reduce | ocal concentrations of growth
seqrgidemopireghlattiy reeleeuwlese whidi ean Hegtinoilatard enivisbitayito FISC

that endo usly secreted factors can, negatively )
pro Fﬁﬁl@ﬁg@g diigrenoubpoR a??n.S&gﬁ?@glaF?Rﬂﬁ%q G eseylivignPeing

cking ant i L; . NhSLtsS (.. s

ety PSRl QRUB3-FEaRaMTHE oo o esiprdmapey to mnibit
HRPEGahbvete ShE®ALSHe égﬁlegb%a_anarg@ér&ea bdth PrBidrdoY and

factors have been successful in reversing or
madieveIlt g e Bor @fahglé, mehodyagwie kilhihitd Sectets ueRsPming

TG-- (31, MP-1la, (MCP)-1 and SDF-1 in both in wvitro
gremth flagtoy (V@F )rbldei smadrophagd inflommatatyeprpteit (I B)sbx S,

such_bl ocki ng schemes_has not propagated into a

Negitippbils Bapabrensssestated paibtha segmeft 'GE81 MPs e and tigmor
Lti.pl d fact ible f .
e P R 2 PR o 5008 B g = it
. | CIL e
B A T e

wHittoR&hedeh ShoWR RE k&t &€ TIAF-BYY Okir R reURD k&eBAhs shown that a
cul tures, produce soluble factors that, directly or

nuihei peidiebe/secmtal/ fatorHSE siopalat tha secoflby seerdianiof inhibitory
inmplies that the renoval of these cells or the

fackrg by et sell Bmesr For gamnlattbe prducties ef Hel 2, ' Nibat -1, or IL-
enove the bl ock HSC .expansi on b iftin he . ..
10 S P Rey s o8t Lot b B B Rupdate MIpr oL oitge inhibitory

I ' . AN 97 .
foc e BT DA S S Ep R o LS PR G gemain
quitb & U 38 ARSI Andl Ror WNBS EndiAY Bftb %tﬁ%@@ﬂ%xgéb ass The
renmoval of these cells may al so provide a nechanismto
enrich for cells that may secrete stinulatory

(0038 cTlois phetyzabhae ivekiedsatedby tleohttrtbht giokine cackptoes ddeanot
endogenous production of stimulatory and inhibitor

specifiq ol St inseat ewealsq bedovadionrrslipat difereat ﬁtagscofy blood
e R PR Y EA B R b e b o o5 Gl e
R, B P B ROl A CORGE Bbb R Wilerencty

expSrebddt ndt BAlY orf @UE Glotn tHeQ8dR LellTEsinp £HBYA biafal®RECplosenitor
target cells fromculture,' coupled with nedia

anéxciargell popslatibas . Theproaweni tiase raepteadeoughddiehe
endogenous production and overall concentration of
hemateppietie hjerpechy dmplies babhe dcoruvfisupplemgritedcytpkinesiane not

PO i Ppe O BB ot RebantP eca s
hav¥5nsRowR ¥ HfitrGlidte Me EhhtNaf ltferentiation and proliferation of

megakaryocyte ¥4, granulocyte “ and macrophage ¥ progenitors. Because of the

cellular heterogeneity of HSC expansion cultures, cytokine supplementation would
stimulate the simultaneous proliferation and/or differentiation of stem cells (and

progénitor cells) which would ultimately result in the formation of large numbers of
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appl i cations. For exanple, the expanded HSCs can be

transplanted for anelioration of cytopenia and anem a
w0 pawoed7Hy radi ot herapy or chenot herapy usi ngPCT/IB2004/001724
progunitoa ané terndnallysdifferentiatiel mhire BBPERIMiordC GEtheY @intext,

I mmune and henat opoi etic recovery follow ng intensive
these ganerated. cellipoprlegions elay thempreveneHBCenpasgiota: aise through

for preventjon and treatment of infectious di seases
th%%?ﬁ%@&ﬁé8ﬂﬂt¥ﬂw19ﬂﬁﬁ%penia, such as the CD4+ T cel

depl etion seen with chronic HV infection. The HSCs

n L §Lr ' Lf f. .L Aty t.or.s..t
oo SR SR R R RBBH e B RN Rr P e
greb Otieees fhish Rthush inBnbPMANEth @ids 6ARrdR hhBMEEToWR that the in
differentiate into cells of a desired popul ati on and
vith erpansion prtenidal lof owrtise redopgilailg stgrrélis cahmctdlly be limited by
manner, the invention can generate "designer
the rapsplandaticr ofinerrasedpivanlzdrs pfstem cells et Thess reports suggested
est abl i shed ao éﬁOdee the greatest patient care. The
thafideerecayrry Pad Prdirdion of pratgriloed etlisdy redipientapices which arise
[ i pient_supject, takin dvant age_.of
o AR K LR B o OB 28R
meRRARSKE Waich f@Bdddly TGt ReRS@NtLbRAKBMIOh RbRYhESS for
expandi ng stem or grogenltor ells, particularly of
unélifferdremd D@l atd Rghdgaeai0Rom Fheseirowas tac@ed 81 @lltute, which is
i ncl udes obtainin? 17 WO 2004/ 096975
acqegTylished by f@Gxaawle etmut dipuiest tocmedial dlutivas mada exchange,
enri ched for_henmatqpoietic stem and ro?enitor cel |'s;
pegfgsion.angd e bkeyvith Hie abjeck heing e estse larg! eceptrations of
suktabl e .gr.owt h, nedi u The cells are maintained in
gn%ﬁ#gﬁggmgﬁéﬁagﬂgﬁggui ®proliferate. Differentiated
cells and endogenous growth factors are renoved,
(004} t RRlent@Birh bttt ¥ndidehBEsl§ Ybdrbted ftorsicah %E%Atweﬁpﬂﬂ}éence
during the culture process,” for exanple, through
culpeefootpitnepnesdian sexdissingehioh bidekingehkibod @l Agdgsts (i.e.
culture, and by targeted separation and renova of
olignriucteodides et eoanpatitive recepordonkiers) apedifiaily idéreetetli aghiedt
ured and allowed to proliferate

o G B e S e
g T 15 B R S 3, Wi

vitBRAAGR vRh nhd RRAGL GRIMHIR tﬁ@ﬁ‘set&_sﬁﬁll tﬁfi;ogﬁi?.ﬁ%%mes has not

propagated further in accofdance w t vent i on.
prdplali@et Seto aliigh@lexpriiGo efibopalatihy HEGAPethapaBa@dse Adltiple

the culture to force differentiation or |ineage
secrabedractnan e respdrsibe fofr dnhibitingtthts poplulatioedp &8sk on and

sel ection be perfornmed in a conpletely controll abl e,

environ tall cl.osed-syste in accordance with FDA
oGP Bt R il RecERTeF ik emeol
' . r a I Nt ai.n
B 05T BLARH REANE 15T 01 e spptmerse
cul RRBS pRé M celsBIUbREGERESHNEY diddby Bt RRIERERS Hre?rf HSC expansion.
This mechanism implies that the removal of these cells or the endogenous factors

generated by these cells would remove the block to HSC expansion by shifting the

balance of signals presented to the stem cells (i.e. from supplemented cytokines and
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di scussed in detail below [0045] The bioprocess

di scl osed herein can be practiced as an open system or
wW@3g00a/0907Dsed systemas is illustrated in the BEXEBHEE001724
sedrbted egttakyrsispiromathesgeeesding/exypaakied to thoaetdveing expansion.

envi ronment, and provide a nore regul atabl e steriFe
Thairemoveal\wf tlarsensells tay alse peodde & aneshariduli toieorigh fdyenel$ thag may

to closed systens include increased safety for
seqrelesHPIIRIPE %ﬁ@%‘&ﬁ%&q mgtheds daatspairel sl inpdulagmithei ng

f biologigal. fluids. rrent. A and. ot her
enipiohs PR Reh gt ety o BEOB il Ui cumscoms:
lindiBRioRa BHkAeht I—?S@e&aﬂgi%ﬁ% 0enQf TRE aRRnesh ld%cﬂﬂgd herein

products designed to be used in humans, and are
de&@ibes ah BpparapiseindrprecbssddPOLYQIandeRENSSY 6t Si0BirE¥drs by f or
t he expansi on of henmatopoietic stemcells, such as
contnoléing thesglbbaledfette 0é emd ogendusly predweed liehibBopyadrehdtanulatory
5,674,750 and 5, 925,567, (each incorporated herein by
faci@perence in their entirety) and other known systens
can be nodified in accordance with the teachings

oo OEhE B b RE D sBlERONES Bt AR Gu RGP BT
exdH3B88 lredtNE ih WEDIN-OMiIERNSdBdaze B tHRNBIBEeBR %r&?&léﬁ_on and
cul Ture chanbers, capable of receiving and contal ning

ovéraiaoptettation of lrthibildie fatbis predehtirecutfiaeriaiish, T Yulde results
substantially rigid, for exanple, as in the case of a
in grepter eyppansian dflthe kISErpafivddtiords may be semi-rigid, for
exanple, as in the case of a cell culture bag. There
ar e types and kinds of cell culture containers .
oo b By YEREied a8 b deasin jou B s vatiety of snical
ap%l?%%igﬂg ;19 htég(?lq\ggé/h tl\%o%ggcal% ls-fsglrs;(/:glfﬁée %r%‘g%ﬁqann%& ot Btioration
f §t6pdrlih ZRY kR I SARREQURSraIRSthatEb ) Or BbRAGHHEM i
? %éﬁ%a irradiatﬁon an3$§¥br thogg Eonponéht&ﬁaﬁ?gﬁﬂﬁmmnﬁr
drufjsy @odrdyr wosihante @eldederasdionntnabsd hbgatipolgireedvely
inert. Selection of an appropriate cell culture
follomeind ertengvergeinient. viskieymafivelfiethe iavantiosweh be et for
factors as the volu desired, transpareng%, gﬁs )
PreyienfioR pah tregieant of Mipctions disgases grsocking WHE lyaphereligsuch
el ion .of the type and.kind chanber be
os s arkf O} SRR RPN ooty RS Tt isnn ve
cultBRA W RO FRFNHARE facors Y6 pPoc¥ sp&riﬁé bbb %1352:%@ ANt
enpl oys cell culttre bags that are sem - per ble to
exBAYGEHSCY ?ﬁocﬁfdéd il B @his Ghhaxitide cgabe ilililced whaiffendritalé o
i nperneabl e to water vapor and |iquids such as cel
cellsidf rudesirerbpopylatiorusné hzetion gisimg kaowri biblogidabagentd. In this
growt h nmedi um during culture. Flugrinated ethyl ene
maggey, the B VeRigtagenetete rqesigney fransplants o withyg plurality of
rpose. h materials that are not S neabl e
ruBHpRE e i Pl e Bl ey P RS SR AD be used
in teéﬁ%lglpzl 628 predt AhBhERRe Bh G iR ALY MBS Ga 206

their reduced immunogenicity and pluripotential properties.

[0044] The present invention provides for expanding stem or progenitor cells,

particularly of the hematopoietic lineage. The process generally includes obtaining
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particularly polynmers. [0047] The cell culture
chanbers may i nclude one or nore ports, replaceable
W@ a8/026975 cover s, self-sealing septa such as redbEs2004/001724
hestadmmeetsc cellalive are atridedifbretienia@apsietih ﬁbnﬁﬂ(w&‘ogbﬂﬁ%r cells; for
user to add or renpve materials fromthe chanber
exginpledlin- csllh snd ntreducixgeor into esuitaide gravethimediamm. tFre cells

bi oprocess to the external environnent. For exanple,

o HESUAA Sh S S SUEL R rRFRe. Tidirontiated ihend
n S ant i bodi and.. gro factors, to

enf SO Bl S e R s ERer Submily for Btlifies:
intEBHitR th€ Pl Ol . _
e he inﬁlgsﬁ":‘drl e s ?’qﬁg R fﬁa%?%% n %TS&Z%JEE thedia
exéhvige oRNROtdlslrymalndseth GEke Mnd thiretd@pbAHRhSnA removal

ot her ports for attaching external gas (e.g., oxygen
of diffesgntjatext cdlisqilihe rémpaiging wndiffereatintedistdm selisrare sultaed and

for attachin unps or pressure devices, nmay be
allgygd F@Ea%hfqrggev%rt@ew@#gdv syghestof|cptopambsefersonfmslia]

e lrBa A AR EGRfMeGR | pera ey tlfRbeized colsin

' - ' [ ell
o iR P il B 308 L0 B RER AT g8
acdoB@artt@Shifte theGRdrition] OL B i¥e2bik dritRoreHASAEp S¥EALH be added

thi s enbodi nent includes a conduit, which provides a
to treamdtuteto foaenlifferentatidruodircagaunnadtrhan. detsyeeferdetighat cell
first cell culture chanber and the second cel
expansiony andctelaetian be peripaned inseamnplstaleenirallable; efvironmentally
culture chanbers, th h the_ conduit, can be.
cloph A EB Ay gl S R e TS dbtop O L ing e
.Sl lar Vi rj e. [10049]..The
raflinge b AL S 0o B AERRT LR, ARRNEn ORI IDE,
meP@sdstdr@nedprodehfitide hPSaraH¥Edr gérféljﬂﬁng o Bioﬁp« &&s, Wi ch
may be external. A selection elenent™my aﬁe t he
distwsshd dri détail beboanpl e an enrichment matrix, such as
m crobeads contained inside the conduit, which have a

specific affinity for a |ligand, or have a specific
(0048 h PR iopBicess difipsed ATein G e pERSCR) £5ArLoReN SAkhyor as a

PG 1 T TN TO R BPEARRP ol rY HHEne rognerl aled
froffihk ey RAMLEY lajg‘(? p%\??‘@ b ¥p&s ref*%g%'éléll%l)é?}ﬁ 'CI'E)Ql]%) eneo&ment for

characteristic¢ erentra ero

theldi@us€! £88itiORal KENBARMD cloSed Gy dtaMPRicl dantBSsed safety for
differentiated cells to the 'sel ection surface, thereby

researdes agd tieelicul phefesstdnath iffthe Bamdlatast b(iﬁb%ﬁali fiuids. Current
culture, and segregating themfrom undifferentiated
FD Aeandsotherppdraipagipstioe guidelies regrirelcnsed systeys far¢heiendling
nqQspecific to

Hs havi o o | .
on BB ee L0l ARE P 0T BETE LIS ek e g are

accordingly preferred. However, open systems exist for the expansion of

hematopoietic stem cells, such as those disclosed herein, and for example US patents
5,674,750 and 5,925,567, (each incorporated herein by reference in their entirety) and
other known systems can be modified in accordance with the teachings provided

herein to produce a suitable open system bioprocess.
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manuf actured by StenCell Technol ogi es. Anti bodies
provi de an excellent neans for affinity separation of
waledomoent i at ed cell s, because nmany anti geni c PET/kKE064/001724
[0046pr Thelirfvbatiemtorsistsloirie & reodestl] caldreaihhivibeth, gpadbte of
these antigens are commercially avail able. However,
recgiinderi eentpining deample ofsellss Thercell gnljeteedtambers may be
i mmuposeparation, and F or ,F(ab)2 fragnents, Fv
sl R e B b SRR o Bb P e lotee gl or may
. al b , th schiptions herei n of
be SR BF ror SR pa R et AL RhbB St e w8y pes
an dell BulRGeRURIARIAS 1ot bl ddnfidl
%ghﬁgggarated by nuneroﬁ?éggﬁgfﬂﬁt?ﬁ%ds, gﬁb y%@a%%%%fud1
as ti®eé brodaictd biy tGornagCwtdre Suithblt hedsrike om dries i cah iithstand
20 WD 2004/ 096975 PCT/ 1 B2004/ 001724 [0051] The
a verplyatfistemilighéere trchnigugeirshusting setodevingeeld ganmaw imadiation
antigenic markers _characteristic of undjfferentiated
anﬁéﬁﬁ&@ﬁ%fﬁ(éppen%}t%m Fizectlycgpiagh sefsrpuldydpe be biologically

e 0L B AT G e
su%HWfﬁ@ﬂ fabo8dad the IBIERE Hﬁ%ﬂggn&aﬂlp%@ﬁg %ﬁgvdiﬂgsigg%ﬁngn or closed

fftinity. In either e i men signati’o
defi@8 idnd\tRe paitRGldrQBledtith GraBatypeartictifg bf BarMbdrlwo@R ey
W th respect to the particular cells targeted, the
appakeCtoione of sleitien theise iy vianwdof tiv etableing$ heoviddde cA icarrently
el ement targets differentiated cells or
preferged eapeadimnent egnrdeys el cubtuge bagp thatiaee seapigesrmeable tp gxygen

CD34+ and .t he, sel ection elenent has affinity for CD34,
83 Fshcarp Qb i 551 b s astana VmRe T bl dgsieter giapor and

. Y I Lon: <hufy j_f : i 4} ..
a5 SPLSRLOREB bpk) 0 8P Rl o P
duBAR cidifee PRk QO RGRBE PBRINSLrS ExerfiSlify matbARl RiiaPR (61 thi
uCD%4+ cgl l's gy bi n%i ﬁg tg the rma>t<eri1§<lllfl<%17ndarem)valé1 from ®
putpuee cOthet meatexdéls chdt fags Rotigaapermesdild Bufahostithe sppudpriate
exanpl e of negative sel ection. [0052] Segregation of

critgrin fireqleqn palyprpryddriessthindass otiee drideothen inadisal gretle snaterials,

be cconpl i shed by many net hods. Positive or negative
Pa@%?%@@ﬂﬁﬂ%ﬁﬁﬁhods- are preferred. Selection can be

acconplished in-a particular location within the

[008P pﬂ{eaéeﬁ%ultﬁ%&a%e‘génﬁﬂg ré]tllclthg&ecgrgen%ghgrse drtdy l%pelalra]le Saps or

sel ecti1on el enent, gr egat'e

covebs Belf-5aiin g RS pAWLCR s REHRAGSppEYs Ottles! BEsifAIRAMHcans that allow
Alternatively, segregation nmay take several steps.

theRoer ®xaltpbrerentoive peaterfials frant theetaebeawithadoedstantial dxposure
cell culture along with a magnetic colloid, the
of the §pfedpr oicthg hiqrseetise b theekiegnal gnyirenment dior example, these
Thi s process

netic colloid.and f.or [.in+t anti gen. r OCE
megh st Byt e el aedia and gine? Feepn e uth aganiiipdic: and
I e j . | . .
o AP AL 815 B850 e
cel BRETREEfodd Rlitble SdVeth (AREITdngaht ARS, from the chamber, while
maintaining an environmentally closed system. Vents, regulators or other ports for

attaching external gas (e.g., oxygen or air) or liquid (e.g., culture media) sources, or

for attaching pumps or pressure devices, may be provided.
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are described herein and will be apparent to those of

skill in the art in view of the teachings provided.
wab@4segregat i on of undifferentiated cel | s andPCT/IB2004/001724
[oogh] f fﬂ&héﬂi‘ﬂeﬁﬂ? @refetrbd enibedirherst, Heitst eslbcultiare kRambelt is i€ed for

[ 0053] The bioprocess described herein may enploy a
inigahtuliwue ersd pxprosin affcells. diullewingseledtionca senndeell gulture

discqnti&iPus rocess of grom%&@gr selectiogn. In a
chayhes is ysersior si gt PppIon p egiipd erllgn d ogmpistain gie

of .target,cel l,s {.either itive .sel.ection.or
Aot SRS bl el TS 2 il WREh st fesp ey for
adt'ﬁ%%“%%ig i3 2%‘01724 "L’S‘tbﬁé'“rvgv&’“s"‘ﬁﬁﬁ?g?? upt i £négjbhta fker ang the
secomldtcdn euptRC@ambet . NFlai dliracdder Botwoers thel 01l @& RureCdhabibess,

and sel ection proceed in a stepwi se manner. \Were a
throogh ke capidoste carshestegndadqrply Howsegslatoss oristor valvebgpumps or
_nore_convenient to enploy a discontinuous bioprocess
singiilaydevicge as Hgpasihed abaMe-be removed from the conduit and

pl aced in an incubator . wthout having to keep the
par at us, assenhl 4. t.condition
oo Vet REP R ite  Hle Hon il Rk BRI o0 on e

will B ORMNLIFIhABChASt, DHGMidM thhy BY 8REHAN! X LREAbRelement may
het er ogeneous popul ation of cells contalning

tal@ahp eoreNbSfo0 bxdhpleh@raiioh@ieat matrBy Silidas hitsotatls batitdined
the overall devel opnental potential and primtiveness

inside theesrdieit| Whichbalela ppevificasfinity &orredigaod, onhaeta speeific
ability of a specific_culture nmethodol ogy.to expand

chaggpnfr Pxaanplg AT Gel beads wihepvyrpyy bornd aibiDsd gaonoclonal
ﬁﬁqfire§§H§$USt and quantitative nonitoring of cells

APRALY OLHE K di fferent stages of differentiation.
Vari ous assays have been devel oped which identify

(00507 €FRe 53¢ diPnRASREN QR oBisHiniRElecls B hAARE pRIRARK PheSotypes ,
Cel'l function can be ™ queried in vitro using

forastaipld, shed chetactsigtc b differdisiaiesl deliat Odetrsle bf tHesselection

presence of committed and nultipotent progenitor
elepmenit & tbameephilize the differantiated celis to tiy seestiogisuehte thereby

BN BT 0 Rl S
ol BB S eI AL, TR oLk Bl 60y o O e
an B&ii@ﬁ%ﬁuﬁg%%gifRQB gJah-'?iiffé@miété&’ hbﬁila_ fdictic cells, such as those

nmet hycel | ul ). Long-termculture-initiating cells

mdnluf{etlred )byBtemCal Meclpidlogiéd. Ventittalies@rosidrnth exaslldd@ means for

enunerated by their ability to give rise to CFCs
affafitysepgratiah ©f diffraentiated edlls, lfcagsd mamypeantigemicinadeens for

cells s758. The stronmal cell elenments, which are )

diffesppiérded cells existameapyihpdies (e Sephantigenp gre qoprmercidlyavailable.

endot hel.ial. cel |l s, adi pocytes. an steogenic cells
FIGR LGB hogiss Pit s PO BREH 68 18t of Sro arenpay nd e

- | « -

or ERBY HERBRL ;%Lvyéa%rn@atgz AR LERANAEs @ falGehS can also
be used, and the descriptions herein of cellular segregation with whole

immunoglobulins is intended to be exemplary and non-limiting. Cells can be
separated by numerous other methods, such as FACS, lectin affinity, and other

methods know in the art.
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of this assay can be increased through the use of
genetically engineered nurine fibroblast (M-10B4)
waeel/obdomes that secrete factors known to enhaPCBIB20GH001724
(00t BRé belectioandern@itithgrancel wfectstelld Ravihg affigerdiOBBBers N
vivo functional assays offer the best indication of
chathetedistiebiopniffer@htiatedthentatepoietic sietherlly, ppwiidirigcfor thelir.
popul ation. This is because they direct|ly test the 22
remppy 3l dtnap trlaeteropengus su6Ure 4'py eXampley @ﬁdééT expgessingstelmay
cel | pul.atiqn to.contribute to the devel.opnen [
bentagB g paimro R A P e SRR U anp (34 affnity
I S R O, D Bl RSOt B S 8l nd R AR on wil
ap?@fl With Yedpect t8 @R priticlilae celRefPlefi0 tiRSdefectbh Blement used, and
ranspl antation 1nto an i nmunoconprom sed and
whetinattbhé sgieatiahlejernantapetsstitfetentitted Telld orandiiffefentibedivells,
61 first reported the existence of such a cell

type
e.gntibthetarggt ¢oh ie 684 ayhierelestigpplemenshisafGnity f@cﬁ%&e then
s of AL Gl AR e g G Paetion Py b Mserargegl s
| ani ' t.hat - . .
CrREA SR SRR RSl S SO el Bmatopoi

cel R RN (TS cells PP HhAMBIth Ehd TR ARNIRIM RIS thaVelture
been devel oped to détect the presence of hunman HSCs

of B feBntiatdrbceile prowid dehry extseple ohvedaries seoctiabese
di abeti c/ severe conbi ned | mmunodefi cient (NOD SClI D)

m ce 66,67. Cells capable of engrafting these
00528 c Pegiregationid vidffesentiated coltsofroomnditferentéaiedh aells Gapdpe

GRS SR o600, S Lo BB

. Lf i ate i

preRE aBtejof B B B8l gl B0 BB il e

ap PRARSS HETEHSHithih ¥hal S@HuM didingh ad16@ion didmidrtl Mg edllslehh BB
anal ysis (LDA) as a neans to quantify HSC content in

segregatedin amsd dtes,anph es diring pasdge Treugh Seaohditity Alteroatively,
provi des an apparatus and nmethods for the expansion
segrpgatmanay tikesprerak sepsadier prasgelei bispeciféed qrdibgdiag ar¢ added to

R G Dol PGEE oL ARl AR RN P

i | .atLon j i, t ai ne
o 4B RO TSNS PP W2 Bl ROy
attAEHeL Iairﬁe%elae tbIRBE @k 1Bk 0 (RBMmBREHQINSaBEE] é@ﬂs@%a)assed

are suitable sources, but unbilical cdord bl ood (
thiptght ilsesondaitewhidtlie dsdbplacel fa mhgsetic fiehdli Oties enddifitibns
cells. Further enrichnment of the hematopoietic stem or
arepiesgebid lagreingeid widldre apparéntdeathdse oéslgB im thesart imvigivans the

be perfor rior to culture, for exanple _by _
teaghyings yrwgg%ﬁ Hieeeegation P?wc jerfiateck Gegp and gifferentiated cells

is t?u%s %e CeQ/%Hltci) EQ ?gut%. usi ng,

[0053] The bioprocess described herein may employ a continuous process of growth
and selection, or a discontinuous process of growth an selection. In a continuous
process, cells are cultured and selection of target cells (either positive selection or

negative selection) is effectuated without removing the cells from media or
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e.g., centrifugation such as through a Ficol

gradient. Isolation of nore enriched popul ations of
whiemanoes eti ¢ stem and progenitor cells can bRCT/IB2004/001724
othprwiseinieshgingshe gell dultoe pswesic ekracdisvattgions brocess, culture

éorting, i mmobi |ization to glass wool, colum
and selacion proceesl ip@ sferise oBwmer. P¥hereRpoOdbo thedd system

beaqgﬁe an?tion Bechni ues, . or ot her known net hods of
PR READ HVRRY °© Bl _g%?vén{% teHploy ORI UPHE bigprocess
smEQ ahﬂve?sc&ﬂrﬂ%ar@&%vg\ﬂ nggfﬁr ﬁ‘@ cB{mﬁﬁﬁ %lltl%{ Ig?eyc%g% gxq incu gtsor )

in culture are separate om
witholRhevng 8 kosp tHehppugiusubaapiliati on sel ection and/ or
medi a exchange procedures) to prevent their
differentiation and commtnent to particul ar |ineages.
[0034¢ nHnderoinesti aesd Hions,ax gérdi$C culaures gilll ettemnpt to recapitulate
hemat opoi etic growmh factors (HG-) or hematopoietic
hepgiopeiesisandiasiseeh wil evmtpally formra hejeropenraus poputation of cells
stem These, factors are. active al |l stages of
coribiearRRe i ef e Bemattngidic cheem nsfi pfaith prgral
deWid | revent. HS :
Sl PN L L Ot RS Pl Y AUS B igE pymation
ab@ltehPAIEHCEh dpeciieyltid hetheablog§d etpiR@Sprittie il Fhes.
t hose not beI%ﬁging to the heng gpo?é?ic%gbsteﬁl Tﬁg§g
Detelopimgshaieoril¢dperreqsiees wbast anid duaesitaiveshoniforing of cells that

menbr ane- bound or matrix-associ ated fornms. They may
areyph differpntrsiagen of fiffpsentistioncy pdersedssays hewe heersdeveloped which

B S B SF rhEBEF r ho
et T e R

corRMAECAH FRNGIIEMAYEINMtRIchIISEiRed biBhe AMRAMtion

observations point to the exi stence of an orggred
mohplerlagiclly dintinguistbierdeden Col@ty fofmirgcdells sCFOy)jaky ed

in the devel opnent of the hematopoietic system These
progegiterreslla that caybe detdcted bytthefarmiatipe paeyehwid, myeloid or mixed

. hematoppi etic stemcells, their proliferation, their
<1-e£§q$sr>5ﬁfq1ém Fyelig) el TOBFANINS CRIMISAHST &% eeks of culture in
seng AR ARB oy R T PR B et eeffe (LT 1) are

mofll prfi@IERL thah CFTs ahBRSE b BREALS&] iaf eﬁnab?l'it?qg :gg\;eg 111% Jo

shift this equilibriumto one or e ot he

CFCegfuirrpgeehtef thian 6xa8aks ®f clb@Rwith 5iesiHal @AHEH TROSoMNRINL
of these factors overlap in their biologica

elementsyhichsre Jehpaded gif cadseychytral seltpiacladiresfbrablasigh
efficiency and also allows substitution and/or

endehrtipbrtint askipesy tesrardreteasguisicelbo rprhise s ariety ¢fipebililofastors
thaf S e K- BR e Lo qgar e s potics othe sensitivity
of tﬁfs'agéa?% bRYndrbGs8 tlfu%g RlRe Qgeeof#f[@ljiéa}’l %Rgﬁq%élteﬁg‘lmrme

i.e. these responses d8pend on the presenge an

fibreblastM2-20B4) BelDfindt thet seEdetetsLideSkR Vi & erfBebOfR ddledidt
envi ronnent of the
and maintenance of LTC-ICs 599,

[0055] In vivo functional assays offer the best indication of the developmental

potential of a hematopoietic cell population. This is because they directly test the
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responding cells. The mpjority of studies ained at
stinmul ati ng HSC expansion in 24 WO 2004/ 096975
weEONALBR204/ 001724 vitro focus on the use of BPXDIENGUH1724

potaptiokfore starp pele peptlation to sihtdbegite the dvelipnn@s or re-
interact wwth HSCs via three cl asses of transnenbrane

deyelerprent of a pyrtichigs aramn: Hssa o pyriew fejowisigrintrhierase injection.
tivity, 2 t i nt th the gpl30 _
FofEHAmbIEY GRS R Dbsin eﬁ%?%cﬁ gé“aedmtﬂ%%ﬁugym ragesitute
Rhgnot
el plecturtl sratt o L 8 B b ndt B g oo Sy ©
heﬁMﬁcﬁB?@eﬁ 5§ Mrhsontisaehshi il ARY M@Gﬁﬂgcﬁtﬂ(ﬁﬁét Et)ft?égl?e? sstence

primtive hemat opoi etic cells. These includ

of tuc@j&n@bll tfpe Whentileen infekcte df sy @teid BRells iritb @frh@iddd mouse

(IL)-6, IL-6/soluble IL-6-receptor (SIL-6R), IL- 11,
recmwmm@émbé@ﬁvad ttePoymation of muL’a—hneagLe-cmlpm@na rihit syelyédre-
coI Qn ti.ng factor and granul ocyt e-
@ls ‘P%‘ﬁ%/“g’(“i‘lﬁ?ﬂl & sﬁba&c&ei%forwdeg@algelom upon

traﬁ%ﬁaﬁxtfa’tmﬁ%nta% gngOS of stroma-free cytoki nleL 2

ures Whi ch contained 1L- 1,
I L- 6 G CSF, GMCSF and SCF, supported a significant

[0083X PRMSleGRar{yofifral SlbodeRhaG@bodtddveldPeddo WRidct the presence of
granul ocyte- nmacrophage (CFU-GV) progenitor cel'ls 102

hudeodIHTagEythe hese wideptuspdiratolns noarbese idnbstagsset: t 0
the bioprocess to nmodulate differentiation of HSC s,

corgbingd ampaurasiesivient (NOOES]IDEoree F4ctdlssapahle bf agraﬂmgethese
reclge Gpor ng"%gt'ehgg; NESES RS ooyt ek es%?%

COIL %0%00]§£$I cC g qf S géhtc}I rrae(ﬁoe%/n?ge%}gﬁ%%@é I@Eflf‘e §¥pphere they
sulfs(@ﬁﬁ__ GBI Rofiferhie aﬂﬁ%ﬁf«g}@ﬁpaté mWQnﬁl ?ﬁe 51864 @Qﬂlﬁéa%& &b This

3°to hemat opoietic cell cultures direc
asshy hlasbbé@ sulcteseXlp ansd Wﬂt}ﬁaﬂc&@@ ﬂlkﬂlﬂh% ddutibe ﬁhél?éﬂ; 8.DA) asa
103, LTCICs 48 and primtive CFCs 114,15 but "~ has no
meais iatuaatifnbISE qeatent &1 pgiygeeel easplkd5. Sinilar is the
findi ng that TGF (3 preferentially inhibits the growth

I Wh nor e nat 4+CD38+ |
0052{9 ﬁ?g%‘}e% OB%F%Y:‘ é%éariﬁé’ar%ﬁ‘ﬂé a%*ﬁ ﬁl&%th%) or g @pagsion
e ?&ﬁfceF‘ﬁ@*ﬁe?ﬁﬁﬁ%ﬁ%%é&sﬁﬁé A kP shifefn Lkt e
trahdpldiTo r@RPUISE AWM BLIbORDE & PhabfifalP rSﬁ}QC%QH@SQQEHST €5 réﬁuvely rare,
primtive cell populations (including CD34+ cel

a starting el apull atidoria fisst obtiindd wih @ intefierdsEaotnar 161 the artGlBldle
S phase presumably due to the up-regul ation of the ‘

suchyps mobibizasepriarheradd ibleosle(PBE aikd bpmdingioor BM)& e spi2ablaralirces,
b S b kB ek ™

e SRR I RS AR M BRI o
celll @ftedd Grobd idbd sdt2dQ Cadt 2o bMﬂgrfB?rnQ&‘%n%? B GRANYof Qxa%?ple
by purifying mononuclear cell (MNC) fractions. This can be accomplished by using,
e.g., centrifugation such as through a Ficoll gradient. Isolation of more enriched
populatigns of hematopoietic stem and progenitor cells can be accomplished using

fluorescence-activated cell sorting, immobilization to glass wool, column separation
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WD 2004/ 096975 PCT/ | B2004/ 001724 inhibit the
proliferation of primtive hematopoietic cells
w0 p@ingtionyy CFU- GEMM and CFU-GM even in the prEGEI20040101724
or beadndpatation tedutiques, 38othédlaichn methodswd eatithiist, r Rahon
of MP-1a into mce (C3H HeJ and BDF1 strains)
sualatipes are kyoweér eses t he nunmber of prinitive
progenitor cells in cycle as assayed using the
ypmdine kill .assay (which eff Lvely kills cycling
ool P geeletsh i RBR e SRy TR Bnie e b ptaghfrom
.t i G f . .
S RS St R u M o b b dndop petia exchange
prédetitidspicopieveitt el FiffpentiRiof ARl dohanRhRAEH pRFisulilBneages.
suggesting that MP-1a may be a pleiotropic factor.
Henhat@pdistimnarehegenesit nkina givehao Hhmatapoieticegrowtih Bictsas JHGF) or
functions. It is _a_controversial cytokine because of
hemgtmoieticiaverkiegsorhichrashen aellspfithesherbitoppigtic gystem. These
tinmulate or jinhibit expansi qn. 1L-3 has been o
fochh Rt o ahl GRE AP eloPPIFE P8 AccuminEly Hse g gtopoietins
: - i I.S:.0 f d t.oki ne
S A Ao i B T B R o
cul tures 117. Conversely, several studies have
[ooson dHeAtaesh didttgrblvti3 faetits alergatieed Hemaxp AnSdrent @Ndypes
self-renewal of primtive stem cells in a
inchoting thasatriobbeldegipgde tite mmmitepoidti@systan. Thededhdtolsumaaither
and nurine = nodels, |IL-3 has been shown to inpair the
seqreigd RE they xish i msmbrese-byundsesmagixiasgocigigd ferms. They may

TR T Pl Bl
e R T e R

arels?BthebY8d Bacti CHUH LIRGirider bétRaih Rondiki¥As FARA RS BeiRRd
destruction of potential engrafting cells in

prathred eomtivpidvedy alt thd fiise.uddany olshet vationk pyint td thex@s@ite ef an
of TNF-a in cultures supplenented with stinulatory

ordeyecplicrarshy ped agpregrisdrction offrator ingalved in dzadgyelapmndny of
i.nhi bit the roljferation of pro itor cells, likel
theyRematanoietc systeng, Thesedactors apyreGRd Re e AMaipisRIRRe Q1
E r r.fam.l jagnal Lna.124.. ampl es.. of
T e e

heB Rk NidehsHal arll Bk ehdmbMeRande 822 8966 %ﬁtﬁgﬁo{%bé@\@en

Those hemat opoi eti ns can be introduced
prdiifention esd differestimioad These fdewed dlliwdan b m Asstaft\whiel e

the action of many of these factors underscores the

equilibtiiterte ong s th ethewsidg, tak respriteidn oo esample, understress em
cells, since hematopoi etins generally. need to be _

conditionge Mary pf thessfactorseglap db theit higlisicahpetisiities: Telaplpgically

I hey. be. .26. WO 2004/ 096975 PCT/1.B2004/ 001724
it R R oG R S et R g o
corfiPRHeh R M of lidi¢ RIMal Bsthporke®ltd ik functions of which may have been
impaired, for example, under pathological conditions. In addition, responses elicited
by these factors are usually contextual, i.e. these responses depend on the presence

and concentration of other cytokines and/or factors in the environment of the

responding cells. The majority of studies aimed at stimulating HSC expansion in
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hemat opoeti ns can preserve the naive and

undi fferentiated state of CD34+ cells, and their
wa@eaakbdeoms to or enrichment in the bi oprocess nBgT/IB2004/001724
vitrdfocay én Yhiealsd of Moalitnatis oytokine shppleh@peitRin siiitdofes! O@tokines

bi oprocess is thus considered wthin the abilities of
intgreet wiih HE@s viarthreeglagses of transmembaartel megptorspl) tbleae with

. herein. [0062] Exe cul ture conditions fo )
f@%wfﬁrw%é%n%%?écar%é@ ¥ hose Hiat migiast with th%apl?g)eqv@umnayd 3)

h o f I .
thosg ﬁ?%ﬂrﬁ?rﬁc Wit §)M busri 1ﬁasees 9 c@?efreﬁg? y(zn)%? Pg élag S y notypic
anfYhheHoed! asw;% }%{éh@léﬁtﬁﬁedcaeﬁdrﬁbéf& ckf&%&‘%l?ﬂ:ﬁh%éjdlfs ctd

growm h period suitable for al proliferation
stifG0atory dffdce orBymitie huiiﬁat@@ieac cetl¥ ctmg @fclide flEBgigand
soluble grom h factors, after which tinme the HSCs are
(FTs)egeleg@ﬂé@Ictblr (G Hieteglehlein (Hi)4 Hi-6/splvdlell-6etdeptor THR-6R), IL-
are then allowed to rollferate ain as

11dé§§nb<ﬁéaetﬂrﬁé°®eblr%g[&t% Her %,fgr@mlp@ft @Weﬂlr@elau@g fastor

(G RS SR b aRphTot Pere et %& (PPl oo The
ﬁrgt r Qﬂu&f f%froﬁ'gadfréé olgf'le sﬁcl le]%)éﬁfgal &1 dtgl dééf ecécﬁl\ coRlc\ﬁ%d

suitabl e cryopr ervatl e, Of use
ILilhEI BREW, GOCHF, TIUBEand $CF, SuppSRed & aﬂgmﬂc@nﬂ&&%nhhﬁ‘(%-fold)
the above steps can be perfornEd withthe entire
of bolopy fretsg uaippgmmatilieye@s senhipbdge (CFU-Gdpparagesitmadells 102,
in which cell culture is carried out independent of
Acgudinglg @h@g h{emﬁpp%@%@]an be intredhiced $@ thefjpplagess to modulate
ncl ude, the therapeutic treatnent of

duJ E tbatl?é‘rﬂfg%%ceﬁroéé?’ﬁ@ﬁfe%?’v%ema treat ment of

hereditary bl ood di sorders, replenishnent of bl ood
00&)?' lsBleGh B élﬂ:h@&%b&%&d&%%& 1R, UQQ?@n%ﬁQ{e%Xcesses
the ‘treatnent of cancer gra t-versus-t unvr
of hérﬁaﬁoﬁﬁi&lsOPoﬁ@Wle, theg alafRblec@fely aiHibit BEURBliferation of some
di sorders, and in gene therapy approaches [ 0064] For
typels of hhma’apeuitnccceﬂs aat mepeved indluoe deltdertlhr Bor éxanipleiitigas
nphobl astic _ | eukem a, acute nyel obl astic | eukem a,
be@hﬂmwrcth@weoag’éh@fa@ﬁ HakSrip Repaiapoietiqsal lenlgregiditestheinhibits
mul ti an k | sangd B-cel | 104 55
th] SRR o P oD BrHord CHl ot H Mg GHIGs & © but
ha§fib Lifedlof rmlfe HadlRS bR AR Y, klﬁgaﬂg e sih@flk3hhofRnd

enot her ap onor ving sim

B pREREdnaRY ﬁﬁb%@%@%@@@@@BP@ﬁSB&%ﬁQW%Z #fore mature

provi des” t he source of transplantable HSCs, which are
Chdula38 deltamte opendédcted @t dhdifungctional dieectsndf M@t B have been

provi ded herein. The transplant of undifferentiated
atteibuted to jis ehiliieto pisveniowls frenviprogprspindhianghdhe eelkeycle. It has

bl god of the reci ent -cancero bl oqd ers
beghdvag Lt B P @it EEHevs Sy PrY Ben s etng
cHf ce‘i’ltsjjarre unable to transition from either Go to Gi or Gi to S phase presumably

due to the up-regulation of the cyclin dependent kinase (cdk) inhibitors p15, p27 and
p21 3177, Finally, TGE-B may also elicit some of its actions by down-regulating the
expression of receptor types whose signaling is important for the in vitro growth of

HSCs including c-kit 10819, c-mpl 1 and f1t3/flk2 107110, MIP-1c has been shown to
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types of anem a. The transplant of undifferentiated

cells provides for long term repopul ati on of the
whb@anoofs t he recipient. Using UCB, nultiple sPemiBe04/001724
inthibit ¢he petiferstiomofprititite leehdtopaistc cedlsancludingr@BEIMGEMM and

det erm nant of patient survival in stem cel

CRU-604 pve(:ammﬁhe @rﬁsgle@rqﬁrlwlqtzw fav?@ﬂhaé P& Inazzvo qdztm?jtranon of
MBERP i Sur oL RER seith St Eodty dostipes arramitgr o
et 7ol el 2004 oo

efbERREPLABESIRE; Blld) 1% AQPrdRIGS Isa;n{ 88U REnitBr FBPIE GronRBed
engraftment than patients who received only 3.7 x 107

cy NGk effddits & hydinexyt @al'@Iajerestinglyp MIR-1opkadsi littié Sffect, or even
receiving the ower cell dose al so showed go
stimywdaterfyt eftegts, A ot Mat@gqudgentors Hesggesing @@t MIP-1giasay be a
reco nded_t hat the m nipum cel se faqr. UCB

Pliptis fagirs L& @Or';h%r CIES*HM\T@’%L 12%avsg83bl§%wtfymta%s It is

o o f SRR 2 RS SRR S PRSLY
stifr@ll G bAl@gbit ﬁ@t &ﬁanﬁ&ﬁ TG £ Yebn B}&&ﬂtostﬁgg&@wmp&f' )Fg‘upﬁive
a max!i mum

sufficient to transplant a patient weighin
celdf indlpA gL TEIES ¥nBTFKS, 4rd8d oftbs Iouﬂdsml’&?‘t(ﬁduﬁ‘@ ¢cnbinations
calculations, it was reported that 75% of the greater
repzdreaui 0 Oe@fbetinedd espampdies cdtureh¥’. ConverselyUrevetal staldies have

Cord_Bl ood Bank contain only enough_cells to be useful
indigated it Ak-Bican pBrpgatecthe smpartsrcm@mg Hrigpewakofprirgitive stem

colither i RE B Pendsie PN BZba Emrass: g gbtigme”
mdﬂ%‘fsf ﬂi %gyf)é:e% sq)lf ?\)g(rs(gslrr{p%{rptﬁée F@tl::ogsstgcgtﬂﬂ% L hi g} 6f 18EYbsk. These

transp ants, ation
obédie4iaRis@Se sdrﬁ&hﬁat"éﬁ@ﬁi‘é@lrﬁ}ﬁﬂhb redBas Hndg |tH52trI@3[§§ﬁy pI&&nt
ex vivo expansion of HSCs descri bed hereln provi des
H%lscfhom hoptiny talée BM dbyglinnpairing thhie chéeraptaotiessponse talsgomal
used to expand undifferentiated cells from adul t
degwi wstor-If §DFe1>2 dmorshaheioXoR4peerptards, thexebyresidiing inthe in
b%ﬁﬁ marr o or er| her al flood t hu elln1ﬁat|ng
vi HECRPR ]r?nt Londiat engratting cglis iy neryhergatoppieti

tisGfk! 2ab8GHa1P tﬂéﬂegreg&g% of TREZDANKNEL YupdifReRlAREAE S

be use plurlpo en opole
stu%%ﬂeltéryt Jﬁz@ékﬁéﬁnﬁhklﬁ%ﬁg@ o1 Hiif Finet éaﬁﬂ“@ﬁ%&&gnh&ib@mé
thus “suitable for transplant purposes
pral(0tioA 6 progeaifbt BHEOHKDOBY PlombiSadoptbes 13 P RIEES (a
may be used to express a therapeutic protein fromthe
megpnietirfof ErecFNF aecedtas dandy) signadimghyviixane@es ofartber ivhibitpry
Cyg%dlfle X vivo to incorporate a. transgene encodln

Hep i PeCYle eheanoptirariantRintain L %@1 13-4
8se h 8 P oil ﬁ% [ anSfbreezj}la odg(éesc’:{g IP% brIC%)q'fS) :?g 1%?Veeél as

de&%ib'ea. are renoved fromculture, and the
undi fferentiated cells are assayed for

[0061] As a whole the action of many of these factors underscores the problems
associated with continuous culture of stem cells, since hematopoietins generally

need to be removed to prevent lineage commitment. Alternatively, they may be

26



expression of the transgene. Cells positively

expressing the transgene are transplanted into a
woreom@aped7he | ow i mmunogeni city of stem cel | s PeERER004/001724
adtibd go seiclfic diytpeeswe fdres ihtégd dbaimgenet. ttheonpyst, (LREH]

O her uses of the invention are contenpl ated. For
heawtapsietins edrepispespe dreomaive aahubdifigsendiategd stabmo CE)3t calisland

non-profit bl oo? banki ng .Qrgani zati ons, to expand a
thegy, B £2 profhe i”?ﬁ@r QiLOSES8 AVHTOve yigld. Mogulation of

CD133+,.. +...long-ter r epaopul at i . SCI.D and :
hefRhR g P e e sat Pyl SRR Wl iy i Sfsiiea
in RG50S thackin g@g@vw&iﬁegeﬁgnspl ant procedure. A donor

may provide thg anple of cells, or a patient about

to undergo a nedi cal procedure may provide the source
[00e] Exexhplaryt hdturaicbhdiienesopgnewthg HHCs e givdil i@rthe @s@mples,

the cells are a perfect immunological match for the
but genepalbrin accydapeecvih theinvendonfa serple eficellp renteisdigigsubset

o B BB B T S S L o
' ' i 1 y i fi by. t .

s DY BT £18,  F y y mecs

ex@afgbd oaB&8de 5GuBR RO THh H&c{r%;,'l\@tef“%iéﬂ%h HALHSCs are

enbodi nents, whereas the fu scope of the invention

seggbadtbd Bendgketiriktlerentialeyl cblYs. THaI18C QadsherEMRIVRES
1. CELL SAMPLE COLLECTI ON AND PURI FI CATI ON [ 0068] UCB
praldenateagaive aedesatibet t Bue fegoagation sédiffenentiitarbeedls can be
ccording to the procedures accepted by the ethics
Peyigtmes agalptl nespssany- <he ead of thercyHte: pesed thegxpardeddAsCs

SRS, U P S i N
sui%ﬂ@%ﬁ%?e@érvﬁﬁbé, ok ng%? dfréggl;ih%nthe Egﬁﬁ%ﬁﬂ;&g@ﬂe?ﬁﬁg

(l'in ell's were ate rom-t raction using

impbrearfitte AbRAM tRE a¥é 28044 QAR 5er Rfehlel BABO QR FLBioprocess

system according to the manufacturers protocol (Stem
apehtusResshmded gi Bssepiimte panein, whisl celCanlada)is casried ol
. M\Cs were collected in" Hanks Buffered Saline Sol ution
indeppyatpnt obyr¢lkssgr9@dlRY | | e, MD) cont ai ni ng 2% hunan
serum (HS) at a concentration of 50 x 106 cells/m.

I ' i i hen added at
OSBRSS Lo MGG o
bloBAIchRQSY treAGIEhAbE a8, t&%\éﬁﬁoﬁ@r&cﬁta@% Bl iBkaet2,

CDh3, CD14, CD16, CD19, CD24, CD56, CDetb, and
repidnilophiardf blobd cehefotiehtisg Whedost hediatitie stk tigtndtBeraby in the

mn at roomtenperature (RT) after which tinme a
treqtagmé of cancen giafi-verwas tiadodiceament oforanent wredtrent of 60

| /m cell suspensjon. The cells were then
autoimmune disorders, and in gene therapy approaches.

[0064] For the therapeutic treatment of blood cancers, including lymphoblastic
leukemia, acute myeloblastic leukemia, chronic myelogenous leukemia (CML)
Hodgkin’s disease, multiple myeloma, and non-Hodgkin’s and B-cell lymphomas, a
patient’s own cancerous hematopoietic cells are first destroyed by high dose

radiation and chemotherapy. A matched donor (having similar HLA profiles)
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allowed to incubate an additional 15 mn at RT. These

steps effectively attach a nagnetic particle to
wo asogeveocel |s (Iin+ cells) that are to be renoREHIB2001001724
Prevides Hietsoutce spleamiable FIBEs, odiitlsamdsalatel end papadhbd

t hr ough magnet i c cal utm, containin magneti c beads,
aC‘i%dF‘ggPéﬁ%mF disiprovided he%cwezﬁi@mpg@t@égnétffecemwmus

ed in an external et ield prior to the
Pré@%%&é’ i ‘e ePoB I e aneleed el PigH0 S rgerous
. | i e faollow
bIRORRERLARBRIAL iR AT Rlal? WU D1kt 2 s

tye¥we khérafal JTheAripanofhntreeaahte@REROPRIIARR for lone term
Gai t hersburg, MD) were used as cell culture cﬁan‘ggrs
repapudationinféhe blobd of thee reaipderpo §lsingIeCBahihiple Saaleshage
was fitted with a self-sealing rubber septum
depopgtgzted that celhdpsq is an mmriantsfgfaerr@m@farfaxaitignp suaviviat # stem

i nl et t. [0071 imately 4-5 inch | th of
cell RS Btadion SeRaron? SBBBE: Sb SRk borgddiy the rabihy
- \/ . Hi .l L
en%“on ui tP ,%rdz}ﬁf a\?\e/acgﬁﬂgl aegksle%ge%“émﬁ)cg%m%rs%%éﬁg ef]éog:cﬁ%ﬁ#+ cells/kg

bo&y (7299 véd38s d8% i PhtiGRE WEBTBRLvREaMRr d8H8) ReadBewise, it
were held in the tubing by first punchithg out’two

wab fdifid that Gangfilaie be3.7 RiIOCRINOfcg §Bsul @E A ndb30 rglidicAbRFtnent
steel screening (Stem Cel | Tecﬁnol ogi es) and form ng
thapipatients wha received oyly HT s 10HENGrsg diee. dhatretless),afithbhgh

tubing (all _done using a machi ned punch and forn.
patigils (el fig (e SO Ha st ABR ShpulsdabihergraRment BT iy Based on
h - do usi a smal l t al er.
kel B IRt R A R B o P LBt
be 3.86807 NBSCREIDENHL i ; L NG,
© The enric h}r%gn1 th 7 bgéaciczldsldl E%%ﬁ%%l % éo%g%sggﬁ%ﬁgg%g%age of
apRCTinhBY A4 DOPRZKC (Tatb/BIbEg) 189, 308K65); 1eMsRhRGRAed fhat an
the tubing until they filled a |l ength or
avespgsr ewxdl pkog] spniple woudt bevhiftikienhie tsesphit s patiert weghing a

inser&gd into the tubing to hold the beads in place.
ma aproximatelyd7 ege(~frh frse tising eiprlen calowlations # was as

TRl b e g
CotdBbbHd BEle mf%ﬁcdgﬁﬁ} %ua,gl"?&ﬁ]l@ g B%sewfgfdeg%)a%ﬁ%oge marrow

cannul as ( oseal orpora
trar@pilihighteorFEL € paviehd wdlehifigl-bs Redl LApEUBDER 8@ Y Brde? For
sterile filling, sanpling or enptying of culture

thedzagsd offter basleldembipies ol lenemdefilsoal@of ST 6 £dngleOr aSultiple
the 'enrichnent element'. [0072] The enrichnent
adudt grsiiania 1 forapuitiphhiéeste degraeresion thirepieachein HIE eontent

mu%ﬂ%%flpc\é/tjeg%eglgﬁla% ggvigqa Ll §i%{1ﬁtf Pﬁgsée tf;ql%} ?i;ll%recira': ?)rr]gxlligés s-|;1hci a
provides a solution. The bioprocess can also be used to expand undifferentiated
cells from adult sources, for example a donor provides his or her own bone marrow
or peripheral blood, thus eliminating immune mismatch in the event of a transplant
of these cells back to the donor. Alternatively, the bioprocess can be used to expand
pluripofential hematopoietic cells that are allogeneic but not immunogenic, and thus

suitable for transplant purposes.
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is now cal l ed the "bi oprocess apparatus" or
"bi oprocess”. As nentioned above, the bioprocess can
wWheosed7ent i rely assenbl ed or in di sconti NUOUBCT/IB2004/001724
[0065 CTh@Bfoprbdessmag bliuséd fger§Rbds aGHblapbetid Probén BRI GfeTed
separately fromcell segregation. In one
ungdiffiréntized oells, whirhusee bten Hendbicaly modifiedas vivosb mglogporate a
assenbl ed product would require that a three-way
tragpgase caroqing e erarstyic peotpina dde hsarajrraietinrells fire ghsained,
cul ture hags , and the tubin The stopcock I d.. .
traf e T D R o A PGl £ B riceerLi Difipmtiated
i [ : ' yl d
e ARl (b oA fnaidferhld (B JRNU
exHebRbANGT AN RIC B ORI FMhO W BirahdgRne gld S
l\‘%Ere seeded %{és 105pcell I s?ﬁi n S ensgan‘ﬁﬁllnmedi a
trafi§iplente@eahio a rheotmd] dbe sy imoninegeninigy bfaeweels Malds this cell
BSA, 10 g/m rh insulin, 200 g/mM human transferring,

typeowalisiterbios geroterambl and 2 mM L- gl ut ani ne. The
media was supplenmented with 100 ng/m SCF ( Angen,

d Oa CA). ..100 ng/ EL d.50.ng/ m
0o PR S B A TPl TR AP ey T ogess
oy let e SRR oL SR, A AU 1 cxpn
subpoputatidrest aidiephesed eblH e CA- IaD Bk, E084-81ddyermRe-
selection after 4-days in culture (i.e. to renove |in+
repepul #ingeNODASEMD and dihgr andifferentiatetbeellpahbioramdater B4 frd€en

2004/ 096975 PCT/ | B2004/ 001724 4. CELL SEEDI NG AND
oredRer uReBinGPRaTPSSt ryoedpire. | 4-doper ey wepdds degisranple of

an
X 105.cells/m in StenBpanTM nedja (Stem Cel |
cell BB A s MO P VR ey A BRSRe the source of

AP, ML s S0, o 1B oo
maSiHiof MdRcipldif. TBHirRertASmetdd3 & sl%g‘iﬁgl SR Md Brolffing
ng/ M SCF (pAmgen), 100 ng/m FL ( en) and 50 ng/ m
undifferdritiiizSyretthnsnclueg vaxiinahedppe oBthid inebntidie  cel |
suspensi on was then injected into a 3 m culture bag
%through the septunm) using a sterile syringe attached
[00¢7h 'Ehe iweniis omhdessribadh i spgrifigtemsdy %ﬁéor@gpmg examples,
content s re_then, mai.nt ain at 37C inh a hunmdjfied
eS8 BndraSp Seby AR kR T fodf® ne ot o st
= j ' it el
e DR 8 L s pe pE e P fich A BE o erBEIE AT oy
theSHEiEETI ON AND MEDI A EXCHANGE | N THE BI OPROCESS [ 0075]
Lin- cell selection in the bioprocess was perforned.

I ncubati on of the cells
EXAMPLES

1. CELL SAMPLE COLLECTION AND PURIFICATION

[0068] UCB samples were collected from consenting donors according to the
procedures accepted by the ethics board of Mt. Sinai Hospital (Toronto, ON,
Canada) and centrifuged over 10% pentastarch (Bristol-Myers Squibb Canada,
Montreal, QC, Canada) to obtain the mononuclear cell (MNC) fraction. Lineage

depleted (lirr) cells were isolated from the MNC fraction using the StemSep™
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with antibody cocktail and magnetic colloid was
carried out inside the culture bag wth the cells
WO oviopiony) i n growt h medi um The anti body cockpei/iB2aoud01724
systagnetirdingtl the inthnodcure &8st oficoN@kdm (el 'I@ﬂﬁhﬁlbges, Vancouver,
suggested by the manufacturer. Follow ng these steps,
BG, fenads)! Brietbr, 8NRemwead talvewdtio Handw/Buifferuddialinb Solution (HBSS;
enrichment elenment. (either by directing flow via the
Gilxgop Begetille MBY cottainilg g himanisarin §HBhet aeamicerinativn of 50 x

L L O R S
B0 SRRyl o 80 T LB 8 D .

CD8 emaafCRes, FhBS €b4NCBB6, XbesbNahd BREFShdEn Al $hé cells were
prior to separation. Upon passing through the conduit,

thearidcutatesl fond5 eminiat horentempédratea (RT)tdieer ndctptifriela @algnetic
lin- cells flowinto the second culture chanber and

coligiq avas agripd et @ goregnirption pkq0 1imeelsiuapensi@0 7o} céltsdiere then

exchange can be rfo d, on riched lin- cells in

allghes Bt dee a3 gdtitiona] Grimjn abih Toers wens diesirely ertade
i N k0t 5 or 50 cqni.cal

meffetf DS (b i 6L 1 RA% ik Ardioid Blned o Blood B Fifnd
MNG8akple. FRE cllsav&Rthd ' ini

tub% ?s therC1 csent r itf Lﬁgﬁﬁﬁﬁmgﬁ%ﬁgﬁgggéggmg %ﬁ?/mm‘g
mag e bears,38 A0 t2 B Y619 HactRET ThB2AQMeAO ddlahn @S Slaced in

which tine a cel lp‘rfvzllet is visible at the bottom of

an exfernalimagnetitéeld torthi sgparation kep. careful |y renoved
through the self-sealing septumusing a sterile

Syr re be taken to prevent cells from
2. beiér{ggggﬂ%geﬁ%wééh media i s then added through the

sa eptum This process can bhe adapted for autonated
WO%@@I %ﬁ%@Qpa@&wwb@dmkw%ﬁéolﬁmpmwdum:

Phenot ypi ¢ anal ysis was performed using flow

t . E% . VQ@E % Xpr L on

[0072%(3; yz‘g(%l-m t}:y fi ?&r%l (ect | 2%;;@’2‘{1%@\/\@3 31|:h§1f;;npocs g"?sll%sorp ﬂmim@%g’
Gai€@drsburbBD)Gadt alsed Adcetlbuliafe EHHBFRrER) cule 408 3re- HLpost-

x 105 cells were then resuspended in 100 | HBSS-HS
selevtint aEadhiipgsebs fided withaneeifresling ribber sqppaenhtatlenk,

anti bodies or isotype controls for 30 mn on ice.
Ameigam BiyoresepkCopppeationg at pisies portusi ng HBSS- HS and

resuspended in a 10% formalin solution (Fisher,

pean nada) . .Fixed cel.l g were then an ed

oo PSR SRyraieBES byt LR SRRl eteBe Tk e
TygREPRbRRACEH Parndh hoT hQ oS

yglassesse as deérs_cr | beelg{agefpov(/. gﬁggvﬁg{/cf%ﬁ%gr@?c 5ﬁ§fl§'/lswass
adapes] fpdidues tRtelitting eRnfedy ik ehe HHZGP extkichbhthhedd SOTIY beads

Expo software or a Coulter EPICS Elite with Elite

weredteldvar the t@Beivg igfirst punching out two 0.127-0.15” diameter pieces of 80
mesh 430 stainless steel screening (Stem Cell Technologies) and forming them to fit
snugly into the inside diameter of the tubing (all done using a machined punch and
form). One of the screens was then placed into the tubing (about half-way down)

using a small metal plunger. Care was taken to insert the screen so that its flat face

was perpendicular to the length of the tubing. The enrichment beads (Stem Cell
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Coulter, Mam, FL). CD34, CD38, CD19, CD33, CD45 and
HLA- abc expression was assessed using anti - CD34- PE,

ﬂ%&‘"é&%ﬁé&éra Foet i g Al P BB B or)
ek B B e RSP B 9 P o ot
the éﬁid%%ﬁ@ 4Ry ﬁ%ﬁwﬁé&g@‘(ﬂ%ﬁﬁéﬁ% SA$§R[M8 c<;.e]ls as described

abo%@:ri 7QUbIIRE m@@ 8ol PabEQveae tﬁ@ plaéel ma;s@m@nﬂ@f the

C content by ating 500 cells into nethylcellul ose
tubfigab aﬂﬁhﬂ%hﬁw&ﬂﬂtdcﬁbﬁ t8b elne@ddd 10Tk clamoilag( nggerlcan Fluoroseal
contai ning 1% net hyl cel | ul ose in Iscove S 30%

CoriPB@,tlon% BeAcarnolamites -Wﬂtﬂ@épkf@éqlﬁw EQSWS for sterile

L-gl utam ne, 50 ng /
ﬁlhﬁ@/smnplmq e@mmgy %’%g ﬁ@%ﬂeﬁ%&'\/‘ T&“@ﬁﬁi”&?ferre‘i
n%ubatlon Ilcate or triplicate cultures were
“”ﬁé T EGTF 8htent and frequency. 33 WO
2004/ 096975 PCT/ | B2004/ 001724 [0079] LTC-IC assays
(0079 "8 eRBEERIBRHAeIBehitivhd fleh YosRRtdIgetRRON tleetwscuditre bags via
irradi ated ~human stromal cells (M2-10B4) in 6-well
the phattrgsof thiebdptuar andadanouled The enfitadsaembledrpradusidalits eatirety

37C with weekly half nedia exchanges usjng N?elo ItTM%
is nowiadled S hioprsicess FRPRTASID ite RICREBFEE: rihigerHpped €

12. 5% HS 12. 5% | 20 |
biopjepss gRibg Us§H e ﬂ@éﬁ‘ﬁﬁ%‘iﬂé@%"%g’? i?tﬁgli‘ﬁn%"uﬁfvf%&’r“%”?‘“ r
perﬂg}g it aﬂ‘cuﬁhﬁegﬁdo lfg)en%rged sée[%ﬁm ¥, AbRSQ l\éggregatlon In one

OrtISO he entire contents of

moaﬁfcﬁu&ﬁ'the uwéﬁhb BIORSEBHady sihsMpSseEIRl ppsthan evalldteghire
Into nethycel 'ul ose media (see above). TC-1C cont ent

tha@lf thrbé-@aiyansycoth $Coladarmiet) de pilaved beyweamadnesif sShofulTrehags
present after 14-days. 8. TRANSPLANTATI ON OF CELLS
and HEQUINGY- DBESPOPABFTIT 18 Mfﬂlwvéltmwmre bag with cells and

SR s TP PSR ST O ) R LSy peock

rlltthe gulture condi tions described were transpl ant ed
e  subl ethal Iy irradiated (3.6 Gy) 8-10 week old
NOD/ SCI D mice using either intravenous (to test for

3. LT- CREDeebinG ARb CoiL el & Okinosysasi for R- SRCS)
injection. NOX SCID nice received transpl ants of

007%} UG el GRfe hée'aed G kS 00kellb AR iR SRIEIPArOT rhddia (SahlCell

own using t bi oprocess (see above). For
Teél’ﬂ{o[ &) eoiRtablitigisesve’ CRIDN, W6 BSA| 1 pghicbdnsilan, 800 pg/ml
standardi zed tail vein injection nethod as preV|ousk¥
humepadransfé7ting, A6 M Atmerteptoethhnaeltangdi2asM Ltgéuﬁafré@e ia

first anesthetized usi a 2.5 %averti tiaon. The
wag isgmleméaedmgchtlH%ﬁg/@@lr@%ﬁan&%% S58and DA, L Yoo nffi1 Fr

(Amgen) and 50 ng/ml TPO (R&D Systems, Minneapolis, MN). Approximately 1.5
ml of the cell suspension was then placed into the wells of a 24-well plate and
maintained at 37°C in a humidified atmosphere of 5% CO: in air for 8-days. Re-
selection after 4-days in culture (i.e. to remove lin* cells generated during culture)

was performed.
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| of the cell sanple was injected through the knee

joint directly into the BMcavity of the right
wo eom0d®15 [ 0081] At the end of the experi nentPCT/IB2004/001724
4. ( 6- GemeSHEPINOAND CULZURERKBIOPROCESS) , N ce were

sacrificed and the bone marrow fromthe right and | eft
[0048 ML callE Ffer€ Sl dded tae U xanelce Bl v BBn S o Th wigil, g@éﬂn Cell

engraftnent. The bone marrow fromm ce receiving cells
Te¢hviolagiesy copmiaingal Iscove's MiDMNED BSiAs 10 whitrograrhegntd @l ésulin, 200

marrow sanples frommce wundergoing IF transplants

miggegEarasal prewndeparetiol 10 Meymencapipedenleirsl 2 edied

e 1 CaHT e Rk ek SR e By Bt Agen), 100
ns/f Rt edirs P PEOR e R, ARl B By e
cell SRb¥RGFore Ak (nSinfelfed 3Rtol P %Me%g#}g%v\%? the se]:e>’|c1um) using

PCT/ | B2004/ 001724 on ice. Stained c e th

a sweidhedirge ditachesito pethekaded RaBES- Fite edairaibagRgd cell contents
propidiumiodide (PlI) to stain for dead cell content.
wegethes mwintainedart 33Kalnalkdmidified atumaspherel df 56060 it air. Re-
(C_D45+%%usi ng, flQw cytonetry. Transpl anted NOD/ SCI D
selegtiop atigpf-clay By @dtyse diet fasemqvedint|celisgensrated drringsulsige)
Wagﬁlel,f(s)rrﬁgcilae&etsed expressed human CD45 usi ng FACS
anal ysi's. 29" SE TRANSCRI PTASE- POLYMERASE CHAI N
REACTI ON ( RT- PCR) [0082] TG--beta and M P-1la nRNA
5. eXPrasSEoRcies AMSIEPIANBEHANGRAN FiE Bidbrodss ef | Y,
total cellular nRNA was col lected by Iysing cells in
1. T . . ' ' T
R D A PER ok ) e o R et

withhin@ibof p esaktAfl dret meghétid doUgaRt wadicatied dubRRide thetulkire bag
m n, the aqueous phase was collected and m xed with

withghe rdlsanwkirting pr gowsh naadéuinh 8 heRNAbodhepdiklilarpeinbgetic
was then obtained by centrifugation at 12,000 g for 10
colleich wepgased it halt Yopaiapwals sngsestngl byethe mpuraeitrern Following

sterile water. NA concentration s, then detern ned
thefit e TGS Wsef i APAed o DQuerq i o RTT HORP R e
APy LAUEEL QUSRI O PR B VA e
eleffief Ah béunPtdr@Rd Hthadhs). sbeflbd Qats@kperihen®, 4 b&@taltic pump
volune of 12 mcroliters in a mcrocentrifuge tube.
wad hdapted taithe priasartylveh chitateedntaines 0 Gidndlar dOtheiSeeraSup™ system,

qui ck_Ié chilled onice. A mxture of 4 mcroliters 5x
thefcprdiit beyiaganisutithmentelementoyag placed i0.an aviedndl maghetic field

.m [t 10 dNTP mi 10 .nmM h dATP, dGTP,
Pﬂ@é%gpérﬁﬁ%%p?n RES R ERORRS PO RmeLS the cnrichment
Vit r . 1 h ntents re_i;ncubated .at 42C
e 1 00 Bl AP Sy SRS G DN} Ay 58 e
colle£@ASSH fuPth@ds BrdeBawiE

[0076] Media exchange can be performed on enriched lin cells in the culture bags.
Briefly, the cells are centrifuged by placing the culture bag into a 15 or 50 ml conical
centrifuge tube (tissue paper can be used to stabilize the bag and prevent the bag

from collapsing). The tube is then centrifuged for 5 min at approximately 1000 rpm
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(SUPERSCRI PT TM I nvitrogen) was added. Genomnic

controls were established by not adding the enzyne to
wa@p@giopdoesl sanpl es. The m xture was then i ncubBCEB2AOY001724
aftarwhiat dinté @0l peRt isivisible a4 @ Hastonp pethetsyltireleag. Vidteiroerlia is

at 70C for 15 min. The resultant cDNA was then used

thengprehafty rqrooes] thrgyedrthe selpesalipgsepiert yFng @ syl ﬁﬁ)’(liﬂi*ﬁ’gf S-are
roliters of sol ution 23 .m.c |tr
g} 66 i PesentifiafiRPhg 96 Hepnvest by feal plin added
r L
t}u%ﬁ %eﬁa&e%epﬁﬂﬂﬁn g%fgtpsééérs? g Lhaeh 9‘(&1 fbr g&&{%&& Medtd
excHaRgé 096975 PCT/ 1 B2004/ 001724 (25 micronolar), 1
mcroliter anti-sense prinmer (25 mcronmolar), 1
mcroliter Tag polynerase (5Um) and 80 ni
6. aut RigENOBAICANAYYSIS nvi t rogen). The PCR reaction was
carried out using optim zed reagent concentrations and
[0017 NPienatypie sndlsis wae perfospatufing flber dytempiry ED34HFCD38, CD19

choice. The priners used were as follows: [0085]
and GP3g expressins &as anaxerCpiintadtatng and Vw@ngy iry ice cold

ke 15T SR AR TR opL AL LRI s=0
resuwasen se” %&?@%#g&%%% L%%%% IB’\%@ ipnate

ani[ﬂg&ﬁ@s] Rt g& BSHHES1S £OMBD Enith RN e B i L L TR Wy drt i W ashed

sanpl es on 1% agarose gel, staining with an ethydi um
usibp GIBS$EHS ahdtrésBp artdiad\/ih%ﬂ@% foirmglib aoldsion I{FieheraNedpean, ON,
source. 10. SEM - QUANFI TATI VE RT- PCR [ 0090]
Cagedn)- Kjyerhtdllsatdre éhermprrbReddmopsstistelymsthealow catpnsist 9r
descri bed132 w t&a sl j ht d| fications, First, a
plaged at4° Grf%@i“?@%‘a s ¢ %Ia%‘é TiAralmegrestgagnassessed as
10 f

sscﬁlhf)? ggg/ LUt e ggyrerﬁr Canal s?s &,f oger?o c}a Iés&?%%%ioultﬁrcﬂﬁcs XL
wileBEbiR %QEO EOtk ﬁféad}t ' é&me\f %P?@S'Eﬁfe’ WA ELHREINRERe (Beckman

treat ment hose sanples that were found to be

Coltet, Miaini rf&;a}rcmag D33 CRITP) CHBE; WDB andEHEA-dRakpZadon was
(3-actin was used as an internal control. 11.

assEMEY MBingl MECD BADNOBORBERAFI ESSAN -CEX1 P-BA) af[ﬂiréiD33-PE anti-
secretion of TG--beta and M P-1 al pha was neasu

ed
COfSRF g RathE A sl TR @gclfmmcsyg@ré Hlgotype controls were

st TBae LT GHET AT 6] s BR Gpoler)

each sanple was determ ned by conparison to a
7. St apgpbldy PokMic Catracaey WL ioNd TAMICOtAlMSINGTMEENGIONne
usi EQLLQLT}DfEI%ﬁ Xydmi cr opI ate reader (Mol ecul ar
yvaﬁ

Devices
[0078] Non-cultured or post-cultured cells were assayed for CFC content by plating

500 cells into methylcellulose media (MethoCult™, Stem Cell Technologies)
containing 1% methylcellulose in Iscove’s MDM, 30% FBS, 1% BSA, 104 M 2-
mercaptoethanol, 2 mM L-glutamine, 50 ng/ml rthSCF, 10 ng/ml thGM-CSF, 10 ng/ml
rhIL-3 and 3 units/ml rhEPO. After 14 days of incubation, duplicate or triplicate

cultures were scored for CFC content and frequency.
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36 WD 2004/ 096975 PCT/1B2004/001724 12. STATI STI CAL
ANALYSI S [0091] Data presented in this docunent are
w@t@adgads error of the nmean (SEM. \Wiere repoPtEB2004/001724
[00®i ghTCHCantaydiwdre peﬁcﬁﬁecbgy wagaly &etir@ 000 SelWRirfto irradiated
determ ned using the Student's t-test. [0092] The
humapastroing celts (RI2SHBY) or 6-wellSkaes. Wl gemmllofved do tisiubgte for 5
ljmting dilution analysis_ by applying Poisson
W%#%@h Yt pdth we%lﬁiéhglif ﬁ@ﬂ‘%ﬁ erichafgrsdisiig MyRleCGulidy neadis/ (Ssem

ot R AR BB b AL a3 5EPY 2 Sucimsicr, 2
miél8afdid8Ad 3dg, o<l Iz-rﬁ%%@mfﬁglksy b %m-gﬁnmh{é%mﬁm

not significant (p>O0. cating tHat pooling of
frestay @lidelver &y d expelidofBNASteVBSyatkb i tHe ediBre bR Silalh AR
PROGENI TOR CELL EXPANSI ON | N Bl OPRCCESS:
weSUBRORIAPY Oy pSiBiAaEoh @GN \W teiDiffto MbhpcdiXiidANGE 1§ 309 3bove).
Ininitial studies inplemented to test the bioprocess,
LTed G sontent apd freqieney wan ihpe detegmingdduibaabivsisef GFCs present
ftsﬁll ection without nedia exchange to test the effects
e &-dq¥8y i chment el ement may have on overal | cel |
growm h. Phenotypic and functional assays were used to

8. C0n?[@(r@sPU_QﬁT@ﬁBﬁ'b%i(QéﬁLéPﬂ‘NTtocﬂléf\I-@ﬂsh ?DIA%%?ﬁ/EFGﬁ%ﬂr ?m |
cul ;élgre gl s‘?@é‘h@?ﬂ&&‘%ﬁ%@b@%ﬁ%@g . In order to
o B B B St Sl e

. S/ ' 1)ty

corfffo R et e SRR RS A Bt S a8
wedlt oRIENOTISE IV A e Bbng diftfer Gtk RnVBS Eo 8 For Laﬂ-gl@@@%rt 0

grow for 4-days after which tine they were subjécted
inttafersotap@p ttsafar@rSRES) imjet fian NOD/SCID0ve aedeivddritareplangs of
_generated during the first 4 days of culture). The
eithes fregh Ep1 qells evitherprogrnyxf linetellsgrawe usergethe biaprberds (see
b usi ng t he standard. St egfepTM_ col um and protocol. .
abOXFt eF OSEIFEY PRI, Stdies, Celfs WerdPEothesd af P siRadattzast i vein
- ' . iti 4-days. [0094] Fiqures 2
R e e g e L i S e
o SUP arBIS A SyanSLa  CRL TR R g

ul o iRl eelitdainpi}é fiag InjedddliHrbeglotRIlalek j@XPERSII QI the BRI cavity
cells conpared to input nunbers, respectively. The

of thegight fenufr’*t.hese st udi es have shown that the
bi oprocess 37 WO 2004/ 096975 PCT/1B2004/ 001724 can be

| s, 4+CD38-
[OOS%]Z %jtstilg ﬁlgé. %@’@%‘%@%@%"éﬂ (86’-8-wee Ag'-fo? (f;\|7; 2gwee S fo;- IF), mice were

sacrificed and the bone marrow from the right and left femurs were collected and
analyzed for human cell engraftment. The bone marrow from mice receiving cells IV
were pooled prior to analysis, while the bone marrow samples from mice
undergoing IF transplants were analyzed separately. Erythrocytes were removed
using ammonium chloride lysis (Stem Cell Technologies) and human engraftment
was determined by suspending cells in 100 microliters of HBSS-HS and incubating

with saturating amounts of CD45/HLA-abc antibodies or isotype controls for 30 min
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expansi ons equi valent to, if not greater than, those
obt ai ned using standard culture dishes. Cells grown
W@ gingodone bi oprocess al so maintain simlar fuPCl/iBed/001724
ondeed Stathedh oelispyere therr weshexd std ressuapertdedse HRIS HS gomiathing
in standard culture dishes. The data al so shows that
prepigaia iosHde Pl o sipinderidendaglisonisnt.ceells weonedber amalypzed for

A S e a4 B
| 4S) . I h | t
wSERAR Doy £, REPL P TROE B IS5 50 0

ugﬁgmﬂagéﬁmymgcess (i.e. cells exiting and entering
culture bags, flow through tubing, etc.) do not have

a negative affect on overall cellular growh. 14.

9. CONFROIRSEX RENBXKIENCES GIAGTERRSIPREBUCKEQNIPAFERFIPARK) h
the know edge that the culture manipul ati ons were

[00&2 PEBF-®etf and MEP-@ashRIy Apsxpitssionew @ dgemhined us@lg RT-PCR.
expansi on, experinments were designed to determne the

Brigfly, detat cedfulayypBbiuivas celtectes| stlysiog celteinfidfipd TeizohRergent
(B R o L5 N eR o PER S er & aHE oSt RAGHan wH a0 1
chibEThY At RGBS AR MY el FoSh REENRCHR sda s
colRRtelBANIANBXE %ﬂg%ogg%giﬁ%l B r_@&]gi't% _tlg@mﬁﬁaﬁn%.i The mENA pellet

exchange. Initi al es usin
waa fanysitsined byeentiifiatatiberat (300@8 tor 19Fm] & a¥REEin 70% ethanol
expressed and secreted by cells in unmani pul at ed
andimsuspended inuatertle (Writgr, mRYA cGhdemtratiohwsistthery détanhioed using
were tested including TNF-a, |L-3 and SDF-1a none of
a Hﬁfﬁoéﬁ‘%?]éted@ﬁé%& (E&Ptglﬁlr@uvmﬂn@, Wipepskdt bk s.
Consequent |y, subsequent analysis focused on
t 1 N o} mani pul at i ons r.e
oo L A ot G PR R D P erestoth
mRAW wHPt A8eroliR9 Bfiko-HTerRr Rdiie Wkt B A 6Rind\aS ot iters
to be significantl'y affected by subpopul ation
in sswi@ctenatfugAnaey Site mixtdiehvdsIhes Redted tOF0-CEHET Hhaamd
per cell basis) denonstrated that subpopul ation
quisldly ebilledrorries uf\ gt ttira 0b4 siignolifers ax fitsy strand buffer P etitwiiters
of whet her_ or not nedi a exchange wa

egar dl ess di S

01 NE DTt Brcravier o6t HomNigN TP pixd10 M ech AABE, AGED, ACTP
t]10Nn.ProGess, r ves..a .popul.ati.on(s) of cells

and T BE W SRR BRGES i SRR 0B BRBE FrathE ShaBiys Were Brebpted

¢ Lo i ndi e
B DR S e
(SUPBRSUREPT ™ iviirbyert) & 24068 S GRRSEGh80S Wile-et@blisHdd by

these studies |lin+ cells were collected either from

nottakddingethe enzyme to$pavifieisamplese [The mixivoh wesrthen #icabated for an

i.n colLum) or by FACS sorting. As shown in Figure 5B,
adc{ﬂ‘tmrwggO og43°kdellowed by inactivation at 70°C for 15 min. The resultant

¢DNA was then used for PCR.

[0084] Briefly, PCR was performed by mixing 2 microliters of the cDNA solution
with 23 microliters of a solution containing 10 microliters 10x PCR buffer, 2-3

microliters 50 mM MgClz, 1 microliter 10 mM dNTP mix, 1 microliter sense primer
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lint+ cells do have the capacity to express and secrete
TGF- (31 regardl ess of the nethod of collection. Lin+
waelohsIanes e found to secrete .TGF-(31 at a rat ePCI/IEROBH001724
(25microppglagke [L mikroliter eméiysendthprimef (35dhivgemdenph sticaliead Tag
hat the sel ection process does indeed renove cells
PO{MW%HSQS(EU?‘@bé‘nﬁée-If‘gﬁ‘%tofléY@?‘]"a‘;&ﬁ dnyiroges) WeL@R reaction was
rqduction reveal ed a different. phen non. It S
s bR o ec feaflpdt copfeniiol R EaRansts Lefwere
WS VRE bAREX R BRYE. WA ss of
SPv\,het r?er ?ubpopul ation se?%@%gsg%g&m&er%ggﬁlghgd or not
(Fig. 6A). This finding indicated that the addition of
[0085] €5GFfbeth/enteg GUGACQTIAGCEAGAGERGGTEAT] SE@IDheD:1t he
sinple dilution of MP-1a already present in culture
supernatants or a direct or indirect downregul ati on of

[0 pIeH -betatprkssnsey ARG CEFEE AR By TERoEQ deING:2

responsi bl e for generating MP-1a. Sem -quantitative

o A R R SRR D S

nmedi a exchange. In these experinents, cells were grown
[0043P I MAP-d a¥Sha/@nti-béFRe WIBOAVGR TG X RCETTCOM \WER) KR4 L O
be high (previous experinments). The cells were then
pl aced into fresh nedia for 24-hours in order to
(00891 NPCR produtitawesecthan gvalyzéd by rurnéng darhples onnddbagdrose gel,
time, the cells were then collected and_analyzed. As
stagpRg i thvfisnpkronide selifpa sufl gisughzipgbands dpdera BY
so&f%be significantly lower in those cells which were
pldced in fresh nedia. This inplies that the | ower
| evel s of M P-1a production may be due to the
10.decsas@OaNeXRIRGSRPIP@L the M P-1la gene. 15.
Bl OPROCESS FOR UMBI LI CAL CORD BLOOD DERI VED

B e R R R P € s
slighlt @astifit40ihs. Ta fst RediRutes Rbiks &S Pratiicadd in WRR dBNA was
source of hematopoietic stemcells (HSCs) for use in

seripdlyrelilwmted loyni 0-fald iop la dotahof osanfBka)) Thése sappks weye then
reconstitute henmatopoiesis in patients with
subjjested 1 ek anfescrbedhdior qEAREGIBY FUBPAIHORNS baayesnItptments,

These cells have been fo 9 WD 2004/ 096975 .
oS GpIR B S e P BgbR dReimafer dAmnication were
| at i et | ntation and, to date,
and] fg“?ﬁgﬁng%%gﬁgfg%%%Pgﬁkéﬁﬁgggﬁbeen performed in both
children and adults worldw de 127.136 The advant ages
11.0f EsdynE-LISREDARMUDSORBENNABSIONEESSAf graft -
ver sus- host di sease (Gv/HD), |ack of risk to the donor,

Thé &ketth ATTRDbEA bhil IMIPL alPRE was MMéa¥irfed udifPAQ8 I EShOBLISA
fromdonor to patient 137. Inportantly, cells can

KithR&D Systems, Minneapolis, MN). Both were done according to the

manufacturer’s protocols. The amount of protein in each sample was determined by

comparison to a standard curve. Data acquisition and analysis was done using a

VERSAmax microplate reader (Molecular Devices, Sunnyvale, CA).
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cryopreserved and sel ected wi thout | oss of HSC nunmber
and proliferative capacity, thus providing the
w@oiaoen9doas for cord bl ood banki ng as a neans tPRCHIBM@i01724
124 heSTABSUCAPADIALYIES [ 0099] The maj or di sadvant age of
UCB for transplantation is the |imted nunber of stem
[00g1¢| Datatpratentahintthishdrcuasie dref 4 aandart epioe af tHeahehrbisend.
collection 139,141. The finding that a direct
Whgss repoyiede gignibicant differsnices betvetiwiesigrotps wesedetbrmiplet] sising
transplanted and patient recovery has led to intense
th%%@&@@ﬁﬂﬂ?ﬁbn i nvol ving the ex vivo expansion of UCB
derived HSCs 127-129. Recently, a nunber of human
i Al 4.al X Vi V. xpanded
o T G e o o R S IORERG WAk g i P RRGRR, R
an:%/l\gézi]s ByWapBlyii PAisdonSstaeico A kingt hiRIARY. ¥1d rbddeddor r-
ile prom sing, these studies "have not yet
SRCeasd §TedRTsyw skerabndated bydisagtan negaaus helkhbol egiwalor as
recovery in conparison to studies perforned with
Prevépsbxpepstibed Celn all eagesy edleilatpdifi anlues sjeopudtatigmifjcatt ¢pr0.10)

. gells have |y .been maintained in culture 147.
mcﬁﬁﬂﬁ%‘@éﬁ%ﬁyp%ﬁé‘g é’? H@yad’eﬁ‘i"ﬁ?? FEREREEOVaEYAtdr e processes
capabl e of robustly producing increased quantities of

13.HSCPo PR AND B A RREOE B35 ENrARGRAER: RbBrssl 00100]
or production of

subtbyRE AR o e BB EoR NS MR st car ef ul 1y

consi.der both the efficacy an afety of the cellular
o0f iRl Fi5s GRS Faotibe PiETRtes ERiired el uere

oL RN LR R PO g v
enti¥HnGdht LRGAHE 8 velB et AR bR, ?Ijli‘l@nﬁtéﬁ%ceﬁdt BinPfonal

closed (i.e. nO exposure to the environ

asseys/veeniRed tetortpatealit BagHrsjon dfiedal édlle, PDRLREBs, TE34+CD38-
desi gned with bioconpatible naterials and that the

cellsraod 6F€ sigmownamirigsither epithalzaliuee disbespyrogenthkibésprocess. In
(FDA, 2003). Single-use biog&ocesses ensure | ow
ordiep i gelitess tyro ystems, Bl ufresvers establishagdoingvhich 3 x 10°

tin R iR e I B e i oG Besg g v
plaféq-ﬂSI Iﬁ@%ﬂ* @%} é%gﬁgﬁgrga %‘@ gcéﬂ%(gﬁ’tugé)f)a . r[glg %ngsa{}%lfé?en

I ncl ude cu rs of gas perne bags

allidd fogdbRtbBeay$ hfdchwhitd Yinddthep Ribré bitdie et RIbHUBLRRON
bi oreactors 151. [00101] We have shown'that mature
seldgtion ¢togeinoge geyx finecdls ggnératedateingetha fies 4nduyk ef sulture). The
iit) produce soluble factors that prevent HSC

1
cellg eplivrerldn therdrwell platgyespenicher vgingribe seodewhbtemteph!
col B B R O AL PEEHCB e CoLs RGP AP 6 BTPA r o
undj kﬁeé@faﬁagaﬂm&@ﬁ@aa actors) and nedi a

uti on/ exchange processes, culture conditions were
est abl i shed whi ch coul d
[0094] Figures 2 and 3 show the kinetic growth profiles for the various cell types,

normalized to a starting cell sample of 150,000 (i.e. the number of input cells in 1
well of a 24-well plate), and the overall expansion of the cells compared to input

numbers, respectively. The results of these studies have shown that the bioprocess

37



support significant expansions of primtive

progenitors as well as short- and |ong- term
WO e@apaat i ng stemcells. In order to apply thPGI/IB2004/001724
cat Bé {1sdcerol @6 Wb el eelisNCB3G! dells, q@D34'SPBE-i Bl atvBChEY Sith

desi gned a cl osed-system bi oprocess for ex vivo HSC
expapamsiegnivialeat to, it ppertet than,i thede obeained peipglsairidard culture

.selection and medija dilution/exchange capacities.
dighes. & alls sepismvusingtthe hiorsecspy Jeeswintainsipi ngfional and

mat opoj eti c

PhERBTRR ParclRe e 4o Bt Ebe ™ 17T ACTERE Fioey Tt

= j ' ' i ficient. .
1o R B S E i, PR B pFRIRLOP R PR T e g e
biopheass bddr aB WAsERES-HhY 6ulb@lelpekiod SwiBle fkisnl Wl Hgaths%sayed
Subpopul ati on sel ection process, which ultinatel
usingwpentbine dyxeeealusicey phnpomantlyp dhesatésalts dbmohetrate that the
bi oprocess, and that these | osses can be mnimzed by
selegionrelmengndipweradl ssppctior goegse (i relly exting aridoargering culture

Accordingly the cl osed-system bi oprocess descr.i bed
bage A ighor DA AHBee | B AR Bar o cerelgielar
grdvﬁlﬁel s, for therapeutic transplantation into a

mammal . [ 00102] We have designed a cl osed-system

bi oprocess that has the ability to perform
14.s ubpoRtt @t HIENSEE R UL @ivk PRSButTiht Ut i on/ exchange

processes for the expansion of HSCs. The bioprocess
(0B SEthRRL IRONRIIZE tftehd W bharfbbbtib s (OREABLSte offCF ©

particularly culture bags and a subpopul atio
inceebiegtyirimaitieor preginitonbéICExpadisiof SH@R SN wRrddspiNed it J

mature blood cells (lin+) fromculture. The selection
deterrainerihe effentpefi ssibpopuletinn s¢lectivanandgnedin ebeéhangr baithé ng

t ai nl ess st eel hﬁga,ds and connects the two culture

eNAAZEHAT Septegien Of fpbitey Hacterss nctheserppgrimenyy 4 different culture

FLLE I ) bi.oprocess design i s nodyl ar such i
corit SR o dTmnee BRI SRR Bairo 0 o a3 pam it

I ey . . AN i )

e e o Rt b B g 43 5 Bl O media
excRE&Hgd. Bﬁﬁ%@&l&gﬂﬁn% RT-POR $hd E1ESW bh&APSEBhéWed that TGF-B1 and

contam nants. Finally, the bioprocess is a single-use
MIB}gtveerp ewpiiessedrraiklemcietedalyyt cedls tim uemboipuldtedicaatrol cultures (Fig.
2 ;%ggl ications as the risk of cell contam nation due to

ganbiitggelactors wies wated infloding FNFrhellappnd SBFHornaste of
i T PR SN E e T R

' : 1 b steri.l e
ok ARG Ul LR B RO BBl P
conB@itFitRINed pradGehdiberGRRd 1Al MiIP-ay speci fied time |in+
undi fferentiated cells, which are generated during
culture, are renmoved. This is acconplished by |inking
[009p]i AFheprgdfdtionend (ICGH-BHwee fdund to bedigrtificantly adfeetddibyon

articles and subsequently allowing themto flow
sub?aﬁp Hﬂn #elgetion. Analyqsis of Td%—ﬁl secretio% rates (on a per cell basis)

demonstrated that subpopulation selection resulted in a significantly lower secretion

rate regardless of whether or not media exchange was performed or not (Fig. 5A).
This implies that the selection process removes a population(s) of cells which

generate and secrete TGF-f1 in vitro. In order to confirm this finding, lin+ cells were
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sel ection elenent. The selection elenent is placed in

an external magnetic field, which allows the particle
wo adweloed7tel | s to be retained in the sel ecti onPEl/EBO001724
spqiifinelly ratlyged fa theit abilitys tveckpuess ngd geawiet BGF-Bhdn these studies
y enriched |in- cell pul ation that flows through the
linsealls #yare gollactassither gronh%ﬁ selestitresaddmngi-e C?E%Wéletbonmr y

cuI ure .ba la d|Iu on/e han
retﬁ%‘? & ﬁ%‘“ﬁ‘) W@K??\ tl*@ ﬁ%%fe r Jéfrfﬁﬁfﬂ@nd that
S bber
linJRPR Ho TR ﬁ}%@ﬁoﬁﬁﬁ?@%ﬁ% feBfet ’13?@% st e
meSiRSEoS@PELDN. THE B Weredbend REscaltd ?@?gﬁté} a rate of 6.8 + 0.1
proliferate. Additional segregation and medi a exchange
pg/fraly/ho €108 Theseefindiftkhéemonetdiatithadthd delettioR brocess does indeed
depl eti on can be envi sioned including chem ca

rempeeyellp wdidt sacrete TGE}l s, centrifugal el utriation
el ect romagnetic separatlon or other nethods descri bed

[004?/2(%‘%5&“? oF MR eSeR RGeS Ttey Pt PherGiean e
ﬂr}ﬁaf I(b)ﬂﬂ" G5 lsel ﬁoﬁgtE%%%&ﬁBﬁﬁﬁ M&f&%&ﬁ §<ch£{ e%as

ity o subpopul @t'ron sel'ection el

peﬂf@ﬂi@é&‘,‘ rédaidleSedf ﬁhéth&fﬁtfb@bf)ﬁfaﬁoﬂ@&ectl&ﬁﬁl@@perﬁﬁ‘ined or not
conparison, selection was al so perforned using the

(Fig oye Mbisdinding indicdtedtlat SiecntiipdivbSietshahedia te olienitures
whi ch eff|C|en€§¥ renoves lin+ cells froma
¢

resykieqd frogjthes Hassi didaiins) of MIThle phsadyeriseeritin aulsyure
| tured (4:2 d d ] |l
sup%%éé% Off% v &R dlrertelirbuton ol Ui Bestrotiian o
h
sec%at r|ng ?E@%@onmﬁk&?% (Qﬂﬁq N%?%Qﬁ%a s agmﬂ§D
PCRBf W@&?&@é&%&é 2R %éc@Qsla? %fbans % &te/ﬁl(ﬁlé NAGIP-Fo 0

to 49.0) the cells expressed lin+ cell surface

expressier was difetddipuined abdchangeber thescn@etinfohetdlslvee L96wn
- 3.5 x 106 for the bioprocess and 1.7 x 106 - 3.5 X
for 45yB .oy timnk evisnaviEE pa RKpisksiom waskhbwnwe be higha{pnedotior

exredtubty o (o 108 5@%@[@@%&%&@&@%& st
it SRR AR AR R Pr BT PR B RGeS
coll@@ﬂel:l aﬁé%la@% ed FAGMSn &@1@1@%8' &e@&h&és&gf\}og %@ejho?%éﬁegped

el enment we hi ghl'y enriched for - ce

to Hewligrtificaritlyd8wér ir0thdsdeelld NtSchvASrCEINRA ialFhdh nfedif SIHid S
with the StenSepTM columm where purities of 99.6 0.1

implbeaihat tb@kﬁe‘rez deielFofNHet mprejuctieh nsayvier duaiotthe deargatd
during t Brocess as trypan bl ue dye excl usion

expgesTRGt ?@H tReEeehe celis remained viable foll ow ng
subpopul ation sel ection. [00107] Experiments were also

15. | Nigrbk&chst fok BReiLiREL EBRbBIOL L HER VLS KENATSE o RE SRR

CELL EXPANSION FOR MAMMALIAN TRANSPLANTATION

[0098] Inrecent years, umbilical cord blood (UCB) has been established as an
important source of hematopoietic stem cells (HSCs) for use in bone marrow
transplantation (BMT) therapies to reconstitute hematopoiesis in patients with

hematological and non-hematological disorders 34135, These cells have been used for
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To test this, a range of 5 x 105 to 2 x 106 cells were
introduced into 3 M or 7 mM culture bags. The bags
wowesa/09deeh subj ected to centrifugati on at 1000P€PIB2004/001724
bothf dllgendic-ctlatedpadiumeldical hamatopoiziie draasplantploacad, 10i date,
fresh nedi a througl a_self-sealing_ rubber septum

moge fhanciiifl trsmeiplaptsdage Reerepdréarmed) ihndopeelildrie and altelts t o
det 1], | this

wol LA e RS repoe sty e dn s My it %E%q"éf%?i -

Velg{lé HB tQﬁéeeal)é& {@fgﬁ chLchg ?E t@ ﬁ{ef @Jr[g?dla&l) (i?(?i’l Etslvlgp

Si gnl i cant O S W average ce

lov@¥ir@Bx$hsnfssforf¥rofi @@ddr¥e laﬁer{t337| ?Blttaﬁmy, U@?Bq&tll% ch BE

the culture containers mere able 1o w t'hstand
cryopriseivied gatli selectedt withdu triedsiof £180 eutibergel plolifk@8e capacity,
Total Cell and Progenitor Cell Expansion in
thugjpapyidénste POiBPED T aprdbloodbhaking@s aanehnkibe pugment the
d Exchange [00109] To determ ne the overal
OR9f Iveness of the bioprocess to grow henmatopoietic
progenitor cells, UCB lin- cells were subjected to

(00897 dﬂ¥e 1?1? otr W8 vidta é"@f GéB ?@J ﬁég%@agﬁf@ %1“?91 %@ﬁmber of

subpopul-ation sele tron an i"on/ exc

stefY RUE 888 Sabe Hadedted BROAQYRLA B8] ¥BbH c8Bedtin Y44, OThe
functional assays were used to quantify the expansion

findihgtthata dicedt pssitimel cprrelgion &xists betweenithe Hush sfgedStrii3planted
2004/ 096975 PCT/ 1 B2004/ 001724 CD34+ cells, CD34+CD38-
ang patient reyowsryaas ledro m@samweﬁf@gﬁhoa@nmlwm&@e en v@’ayspamsmn

or BB eriven e { A B30 g t%”w&' iRt s hevasbon
thapbxg@éz?%&%?ldgg?ﬁ&s %)Fgliﬂl %%ﬁﬂjn a%e%@%g%g\tfe%y

follo@fithSintérAzive ﬁgglobﬂ—lgn{/@ﬁme%ﬁf““hﬁs SAHAY prdthisH, g)e(t}fégé stQdies

(Figure 8). urt hernore, the observed fold pansi ons
hawefndt geatorsitdrsly dehisnsantbdlabGahtage oty lematoltgtabidcevdrg in
t hose obtai ned using standard tissue culture dishes as

corgleayésonie dtudigsareatarmied yrigh mn-emnd@dgekbﬁAngnsmthat

b|o§8§cess égfulteﬁ |q§§§ ansi ons, | ative to i nput
TePORIMGEES St 82 isgnaphave eersmw%ﬁae i giltuge §7.flgpwever,

L .ge

theledh g Ui o Bt biareconr BRRE Rnbiin el imsmrnced
queﬁ{tltl%Q oBHSCS sfich £0h€ bioprécedfisdibs& hekefdy, f OF the same

cell types. Interestingly, a significant (p<0.05)

i ncrease in CD34+ and CD34+CD38- cells were generated
[00100) It igendviad) prsaitekle proaess for peodatiay of uhtiiffeperfiitédcells fomn

conmparison to standard tissue culture dishes (Figure

trarg.)olar]t Eysh sangfigr epmeisier bpib4he affigacDaylaigg-of g ¢edlular product
to bﬁég‘ﬁ@gtSF%r A1 25 W inasen At Besd Pangsoep shaell dlro mpetghe
starfla?d 208irda b?' thd Food i £ D?Ll?gc‘ grd}/mgistratlon (FDA) which include the
requirement for the system to be closed (i.e. no exposure to the environment or
environmental contaminants), that the process be designed with biocompatible
materials and that the process be sterile, sterilizable and pyrogen free (FDA, 2003).
Single-use bioprocesses ensure low incidences of cell contamination as they avoid

repeated use. Closed-system culture configurations that meet these requirements for
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[00111] The data al so showed that the expansion of

hemat opoi etic stem and progenitor cell types can be
woradoangdoned in the bioreactor with m nimal cel PCHEERDOM/001724
expasiay eI$Q4 fongarspledid ivdtadeiailain chalabes of pad péithdabRibags 14,

t he subpopul ati on selection elenment and overal
stigedlispinngntlpksceland flat bedglerfuisionibionegctarsd®ent er i ng

cul ture bags, flow through tubing, etc.) do not have

negative affect on overall cellular viability.

oo P B REER BPrenll rPiern Sk e relited markers
[ ' i J1s.gr-owndn.the .
i e S E PR tort B PSP PRC ot BT i deffing the

Reheatibabf thelArksiiREy hBs Bk bh FRIHSR tARABH i
© perforlrred. Fresh y [ n-a ells (n=24) gr cul tsny? Odpuleltlon
seleeldng(i..rthe lgmoed] ©f niateetcells sdcrdting \thesedsdtyrs) Bhd® media

NODY SCID mice and, after 8-weeks, the mice were
dilyHen/ex¢honge preresses amlttesicdnglitiarsevere estehlighedfwhighmould

cells (ij.e. CDA5+HLA-abc+) using flow cytonetr
Sulzmrg Eif&glﬁf@?(‘) SXPERYPAT PIrRINTIIVE PTORRRIOrSRF Welkas i}}%¥'>@1111d5f18'

i X 1.4 2004/ 09697 : . -

tert P Ru B b o™ 1A T B8 B es tpehpiqupinagtipica
setbh&8¥e hA L - i TR EC i

P R B B T S 8¢ Bpansion that
incbripursteb anliag swspapiuldricer eRetion ak pROAGE@EIH/xchatgd facities.

expanded popul ati on was no | onger enriched for |in-
Hegaetve showriatdhe binprogessis copalde veekpaintlngc@CB divived of

7.5 x, 105 (6/8 mce), 3.75 x_ 105 (3/5 m ce%}zéand 1.5 x
hematoppigfis steiy aRY PERgenior piladRdnding S sk el and depg-term

o BB B A BB g

sterERAR UL AERES). WPES1sL RnbivaRLy ddnlspetiticlcan YRS OE&H‘F fulifle B

approxi matel’y 1/37900 (95% conf'i dence interva

subblop2uffon s&lc6hE® %)oc\é&\si, Waidhhatinlafely [ev@ Banehrdall expansion
popul ati on was 1/ 464100 (95% conti dence interval,

potehB@6E Glde 1ibBRBEH pnd dhidt thndse IdsbeshrandreenitdintaeH dtyadntislling the
the maxi mum |ikelihood estimator. Coupled with the

biogyrses opereiing capshiionsx geiediddnsly she elnedesystempbiopresess, a
el S 08 o SRR 1 PR B erspeut
tra%ﬂ:@ﬁﬁ%ﬁﬁt@g ¢giion Elenment [00115] In perfornng

the expansion studies, it was found that the actua
nunbers of [|in- cells exiting the selection el ement

[00102]0VB Diave dedighet £clbsed-$iBtdnhBiopeddesathalHABE Sbity t&pérfsrm
that were expected. Table 1 sunmarizes these findings

subpoguptionisdlestien aed mieledliluiopledhengerprofessésefor the expansion of
&alsﬁg ations used_to obtain these results. In all
HS{hskherhierrocesswiepcribed pomsists of twe relkculre chaygkers ggore

NI LR NI LR —
for BRoRE thdtlife B18bY k1R Ein+) M Aftfite. The selection element
comprises a conduit having a tube containing stainless steel beads and connects the
two culture chamber bags to form the system (Figure 7A). Furthermore, the
bioprocess design is modular such that each component can be separated without

exposing cell contacting areas (i.e. within the selection element and cell culture bags)
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specific | oss was al so observed with the StenSepTM
colum. The extent of non- specific cell |oss was
w@2leuh@red to be 34.49 6.45 % and 32. 38 12. BOT/IB2000V001724
to bhsidebirvoneental anatabitirdrie FIMIIyo theBlopoeeRes h ¥ble-use
(Table 1). [00116] In order to abrogate cell |o0Ss,
syfterwihichamalees it aftracyd fpr cinicd dpplicatiqness it sk of cell
mechani smto decrease and/ or prevent cell | oss.
COBARYNYAD L4 fgiTeReqied Use l§&HBA% T at ed that flow rate can
significantly affect the performance of a simlar
'mﬂ ] ! P : £ 0 t.ro
[OO%I ow ?g?%&?&?fg)ag e?%%ﬂ)lgg?sg?lléact osrﬂ,rgtalg{p}gral{lg%lgltﬁ cdﬁﬂ}’ﬁg
lin dipisted din-pusdiffetdh@iata deHs Bid (R prild8rPédI &Y+ EB:
2ﬁ?iure bag, t hrough the conduit hg%ingjfhe select%%n
threhighesterdasklf-seating ineblse septdar. yTHEECeWOa20Béh BABRAMed in culture
PCT/ 1 B2004/ 001724 cel | culture bag. By sinply
and aferg spRgitieddinge innrpdiferentiatad cells, whighwre gerenated during

o L R S b
acBEBEGH AR R Sy0IESL P P Y5 1R L o

selédtib\t\{_ dl@dh@lt, The 8ectibrdemBnt’id gla@ec@ th %{‘theﬁa?ﬁ'latgﬁetgg field,
m/mn. [00117] Table 1: Experinents show ng e

whectt @llutwscthe particplpbélki eeltsablbelromne das ehe sdla@iohRMutadht! FRW
subpopul ation selection elenment. Total Input o +
ratqearg eetebidiedsirigegranisy. uBhe ¢wridbed liof célf poqpentioretitat Geivis
~0 Li.n Pre of Cells Exiting Cells Exiting ~o Cell No.
thrgielh e selsetigelsmeat isithen elamele ieioitbe secondaerie bag

R S e T
O R R 13 B03 78 35 70 AGedE QbR fh e

intiSdefiefdvh enddiathrdugh ﬂ%@aﬁqe%gﬂlﬁn.zﬂ{gébﬁ& aredBdd Afokdd B
2 3491250 10.8 3114195 1837605 40.99 3 3500000 2.5
pro@iferao A dditord Gegdg@ion ahRBBGRER g NGO pE-fdrnbds TBther
: . 32.38
me’glo%gr o/fa\ﬁlgﬁ celI2 depletion can be envisioned including chemical targeting of lin+
cells, centrifugal elutriation, electromagnetic separation, or other methods described

in the literature.

[00104] Subpopulation Selection and Media Dilution/Exchange

[00105] Initial studies were done to test the performance of the bioprocess. First, the
ability of the subpopulation selection element to remove lin+ cells from culture was
tested. For comparison, selection was also performed using the commercially
available StemSepTM selection column, which efficiently removes lin+ cells from a
heterogeneous cell sample. In these experiments, cultured (4-24 days) UCB derived
lin- cells were exposed to the selection process (bioprocess and StemSepTM column).

Flow cytometric analysis showed that during these culture times approximately 19.9
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SEM 12.99 [00118] Percent cell loss is cal cul ated by
first taking the difference between the theoretica
woovbeseoed cells that shoul d pass through the Bel/a04001724
+ 268 BIedige] 1.5 & 49 @)todkhe delipekpresdeld 1R surfadd @hAderd. MHetinput
cell nunmber * %link cells)] and the actual nunber of
Celbleﬂlﬂrlbe@xangedgfr@md bel@ct3onl@lfeniwebiombedsdiand 1t7hi H° - 3.5 x
e by the theoretical nunber of cells and

06n£9¥ ﬁlepﬁfwﬁ‘avw celyonn. (583 107 pigined fenthersarense ef liwetprkers
cont ai ni.ng varyi ng anounts of link cells and
boﬁﬂ%utm%%P?q ﬁﬁ% g were placed into the primary cel
cul ture bag. The cells were then 46 WD 2004/096975
[ooReT¥ lb%@@ﬂe%&ﬁl SiB lé@hﬁﬁﬁ@cﬂ tHa® th & Eﬁﬁﬂkﬂ’l aL1e&ibn element
sel ection process.” Post-sel ection ce
was ahpabi¢ efbfficientlintenoving lian adllszesn fike cdlhﬁe@ cels enhpled {Figure

link cells using flow cytonetry. The results
7Bk 684 exdting e sshestien element wete kighlynenriched/fordire cells with a

et A INE .
whwpélﬂft%s (?%F) %qré% W at grg/ze% L{ra-éermom, c% vaere 'not damaged
duﬁﬁg %ggk&@smr gaﬁooqu@afgemse& W&o d e ma  dells

(p<0.05) better than al1 other flow rates test
reridiféd® viableddllowirgdsubpdpBBition sdléctasid 80. 54 4. 81 %
recovery was observed at flow rates of 0.45 0.03,
0.61 0.04 and 0.76 0.06 m/mn, respectively (Figure
[0 Fixperinpatonpre alsainifiated t tepidhe nedia dﬂumcm/sthnng@mdss

|n-

To tgsp s Brranenshil 6L ies 250k Gl Stod e il oragted
culh{}{? %Hg? T?IQ ®a .ﬁ\INgICe thglrll su lggc%%@ po ce&rlﬁ'g% {14 atc#()%ﬁ ﬁ%ee}ffeg which

resenc con ing
spe-fllﬂ ﬁwd’ieﬁ%& Fe?n&}’é@l%g &ﬁﬁ%e@Wl%@esﬁlrﬂwlé #rough a%el% ealing
.70 the purity of n- I's exiting the “selection

rubé»leﬁmﬁrmaen appitosf trmatr@wregféd%ns WedOh¥n (fiefl ¥ eefetBine if
Interestingly, all flow rates tested provided high
cell lessepasuryed ﬁurmgyhlg pyeress. iTihg redudits condliigvély clematserated that
covery it did not _ have a

d
me?}é'gq?ﬁtf BUbchaieastliche £ crrmealrmahwttsggmm fell loss with an
t h tq de t hat
v R e Gk R bt %5 Poplly T oo oG thaf ity
CO: swe (S 1 T. a h
rﬁ?lh@r Qfer8bbletd$Hi t}%ta%ﬁ dhi Eﬂlg tﬁcfhosgt%{]to %c%%ﬁlb hAfgkhe

fects of non- specific ce
Theoretical cal cul ati ons were done to determ ne the
(0016 Pt alecblintpiEPropamitafCed X pasivh dn Biopebess: BaBBopiilation
response to the decreased cell |oss. These val ues were
angdtMediaFixchangei pl yi ng t he observed expansion by a
correctlon factor reflecting the percentage of
cif.ic. cell 34.499 The val ye of the
001@9& e ei% FISNnF 8 %Vrer%g%éeciw%ﬁef@ of T apTogsss g% 88V val ues
herB4iBpbiefit BrIgeflithicells AYEB 18- cells were subjected to 8-day cultures in

which cells were exposed to the subpopulation selection and media

dilution/exchange processes at day 4. Phenotypic as well as i vitro functional assays

were used to quantify the expansion of total cells and progenitor cells including
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47 WD 2004/ 096975 PCT/ |1 B2004/ 001724 [00122] Table 2:
Effects of flowrate on yield and purity of lin- cells
we2aensd73 0 t he subpopul ati on sel ecti on procesBCT/IB200MI01724
CDR4t gelis, Chpdt CDB e feCHAsrahd% TRE-E0Y &t ivipfb Rukéll ¥s orl 88fe0and
mMbmn lintCells Cells liri Cells liri Cells --- 10.50
8.0.46 64.16 99.54 0.45 3.70 0.43 73.85 99.57 0.39

3.70 0.03 47.83 99.97 0.51 30.85 0.81 76.21 99.19

.0.43 65 51 99 57. . SEM.0.03.6.42 0.1
o ¥flandly il of fredfeg bBRer ot drung Fatigns Gy yeisgrled that
s e Sy Baras T gy gt ortgian gyt dopas
celBCB84-+(TEB8-@elly} (FCE 8nd LTE-Roslovet tﬂe“B-d@% &ﬁt@eéﬁri@d gﬁigure 8).
86.28 99.95 0.64 3.70 0.03 77.41 99.97 0.90 3.7
Fughen@g, the obserogl fodd 2ipB86iBdS of tB8l @Hs, TF@XnHA ATICs were

0.76.10.49 0.25 80.54 99.76 SEM 0.06 6.79 0.21 4.81
COIBP%fblleltP flaosg oppipechysing standagl tiggue qulpgreslistes @s described

0520, s 19 SR 1 SO0 8
inpht ¢8lubs o 2.8+, 95993 P P2 8 F5M B: BarRellf FRomb Al 1cs
respectively, while cells grown in tissue culture dishes showed expansions of 30.8 +
2.6,20.7 +5.2 and 14.6 + 1.6 for the same cell types. Interestingly, a significant
(p<0.05) increase in CD34+ and CD34+CD38- cells were generated in the bioprocess
over the 8-day culture period upon comparison to standard tissue culture dishes
(Figure 9). In the bioprocess CD34+ and CD34+CD38- cells showed expansions of
26.0 5.8 and 77.0 + 4.3 respectively while in culture dishes values of 12.9 + 2.5 and

35.5 + 7.3 were observed.

[00111] The data also showed that the expansion of hematopoietic stem and
progenitor cell types can be maintained in the bioreactor with minimal cell death
(assayed using 7-AAD exclusion), demonstrating that the subpopulation selection
element and overall selection process (i.e. cells exiting and entering culture bags,

flow through tubing, etc.) do not have a negative affect on overall cellular viability.

[00112] Human Cell Engraftment in NOD/SCID Mice

[00113] In order to determine if cells grown in the bioreactor were capable of long-
term repopulating potential, LDA using the NOD/SCID mouse model was
performed. Fresh UCB lin- cells (n=24) or cultured cells (n=25) were injected
intravenously into NOD/SCID mice and, after 8-weeks, the mice were sacrificed and
examined for the presence of human cells (i.e. CD45+HLA-abc+) using flow

cytometry (Figure 10A). Engraftment was detected when 1.0 x 10° (14/15 mice), 5.0 x
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[00123] The expansion of HSC in vitro is an area of
active interest in the field of stem cell
WO eanopoant ati on. The ability to expand henmat oRpOCI/E206+/001724
10A-Sgurvel and 28K19* Hitimice freghulint dellg vt etrangllusted $Fig@rea 0Bi).
novel  met hodol ogy that incorporates subpopul ation
A Righerdnpgrupy rapge wavved fasttransplentasionsf biaspadten exprnged cells
nd._nmedi a, exchange strategi es t. redyce the
os BB BRRI S POR ISR it BP et Paishscor Hiconle  Pagratiment was
ob 0] R Bl SBULGR 7100 10998 micd)1878 €S (o RIcePLUF 8% 105 (378

th the cl osed-system bi'oprocéss sho
mi&d) @Bl BEGSvers HP PAS Tas i Wik RBOS Ve wath 38R 1060j MEHe FLf
a%d progeni tor ce%ls i ncl udi ng CD34+ cellgfa(‘w P et
(FigiD®416BB Basarkon this CGsthe fEGuetsy afitdpdphrl HRGSHSES iY¥Pesh lin-
2004/ 096975 PCT/ |1 B2004/ 001724 [00124] The
cellswgsfpund te bpaprioxinately EBERB (57 glevamirtterval, 1/22076-
i cl.ent Jrenove ontam nating lin+t cell§ from
ooy Sl b gEs expandgd popRlelipy atpst {15 ronfience
. j a nt of non-specifi.c cell
B TPRANEAORLB/ A B¢ ARRUN 2o PR SREERELS £l
lik@floBalek@Matire (RAbled With & bndall Rk & %xgvéﬂs!ior%? gkt ON
potential of the  bioprocess was not being realized. -
expehienetis) di @bkupted eqjaedionds €L TSRG &f hppioxiaitelySRBEIH ivfas
cell loss could be decreased as a function of
obsepvadeased flow rate. By enploying a peristaltic punp
to increase flowrate, we were able to increase
ooﬁ%e 3 l.Lin- cell recovery. Wighout being restricted
[ Freory Dt SGRCRHANBReresHon ement hser vat i on may be
the decreased residence tine of the cells within the
00134 IR QRMoRRNha @k B LA AstBlREED el
[ pgri ?dé é)pent In tﬁe selsecti on Wgﬁé@@%&%gcﬁgﬁ%%\%rs of
lintdels pritihg ohd delectioh el@hdr$ deDnbAGkielde ROPeIR&GEfi¢L numbers of
bi nding sites which may otherwise retain themwthin
cells aatavarmenpectdd. Tablal sunpusigedihesd fisdinghend ptondes o dailed

rates generated by sinple gravity may allow for
explansbionmg thegalenlatignsiuged to efttainribesediesultn, Ip al dndanags tlpwer

t he por of the select.ion el Nt ossi bly due to
g B G R shfer i SO et e o el RIS R P o o
A | . | o ks
e L e e s e DB BTBEL “Aony
speific3os¥iv Yl aldGBLBARAGREH tie SIEMSEH TMIoRBhM Mhe ¥Waertt P Won-
that flowrate could significantly affect
spenific-celb bxsk faras celelilatddoiode SEHO ottt Bame F2r88cel299% & the a
_inportant as it results in significantly higher
biogsasesssndrriemPemevwobpn easpectivebniTahle Idr ogeni tor cel | s
wi thin the bioprocess. Theoretical values, corrected
8 | gss reqrheflected in .Figur .. [ 00125
oor} i 84 e 3Pl G Pk e e s s Fesscb i wP ol
me@fanfdB ttd @Rshse CRB/bF nt &l 1bSs. WaEGiohS Belafds®akL Y

generated in the biOprocess apparatus I n
demonstrated that flow rate can significantly affect the performance of a similar

immunomagnetic selection column. In order to control flow rate through the
bioreactor, a peristaltic pump was used to ‘push’ the cells out of the primary cell

culture bag, through the conduit having the selection element and into the secondary
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conparison to standard tissue culture dishes w thout

an acconpanyi ng i ncrease in
WO T00EREH75 A possi bl e expl anati on cones from
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PCT/IB2004/001724
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)

Pelmaées @Pmrb%%ée
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1.2PEHlo7BINed{. 001724 Configuration differences may
mani f est thenselves as dissimlar culture
m croenvironnments involving parameters such as oxygen

[0ogdnEaie dat i oRxpgrinentigshaping thegxtentod mon-spearetldosson

69¢ et 6.70UH9A aha
WO 2004/ 096975

and | ocakcayingidhoegh dncaripopulaion ddlatioapderaents have
been reported where t he expansi on of phenotypi cal
&lxpvaiyngnt pr o r% tPreo %:}’ rg:ﬁcsgl um§es 'C%S;s‘ﬂnﬁ%gf alPe Cell
pr d‘@’enl torNuﬁ.eir Baie@bn Bbmaat - |, Seikbldi Elehdcr| €110
) pangrode et at -,
1995) . [00126] \ihi | ePPHICONSENEERIY) on of fhe
sel gcti onsghegent | fsto renmoy@adsfferlentijadsed | ijnkssa
cells fromculture, it is also general in its use such
that any o©edoboot ype 3ot h @ ch¥EPHCt eri|sti @5PP@not Yype6.15
can be renoved. [This characteristic nakes the
bioéroces§“mW@rsati?@’for us@PH%a vari et'§'2¥ 5217
al t rnati%epgﬁ i capkon For,c.gxampl e, dopgl,sT cellg.,
are responsi for t e nset of graflt-versus-host
di sease (G/HD) (Ho et al., 2001). It has beemvg | 3449
suggested that the renoval of subsets of donoEEﬁ cetlss
i nci dence of acute GvHStemperpatolumnt s under goi ng
al 'l genelc4§%&p1ceghlgransplQﬂ&ﬁﬁlon (Bargn, £t all. .,
2002) Becalge t|he bioprpcess  I'ncor porates sinplie
cel |2 sellecybory procegsi ng basgdissn cel | ses@ce | 4099
phenotype, it is| possible to generatle a culture
strdtegy whieweby coAtam nati A¢200cel | |s aﬂ@”ﬂm 64.84
concom tlant | enoved during culture.| In th marnner
t he %r esyl t¥ el | Yrlaft| gen®filed u5|nd5Fﬁ@ 6.64
bi oprocess woul d not only be enriched for repoRullatinpg

stem cells but also devoid of cells responsiE!E qu99
ong-termengraftnent. [00127] A wi de range of cel
[coNEMREESt @AM 1436 il ilared b Fiesntaling €l ditfefethcd berdvben the
collections (Cairo et al., 1997), suggesting that the

thebrajrnboesbernsrelietfaoshmudd passathrwghuethe aelgaiopf elempmtt [1 e. total
cell nunmbers. The nodul arity of the bioprocess nak

inpu |ce11 nﬁ@ng bftetal Bpug éelbnﬁglbeh’é%clm cell] auhibereiust %Wber of

nst ant for

celf)s ex1tmg ﬂsqe Seledtion ¢ ement, callv1d1ng tl%s vaﬁleq)y the theoretical number of

cells and multiplying by 100.

[00119] For each flow rate, cell samples containing varying amounts of lin* cells and

input cell numbers were placed into the primary cell culture bag. The cells were then
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sanpl es (100,000 cells/mM was used in this study), the

only alteration to the bioprocess to accommbdate the
waoarmaiorsty in cell nunbers would be the use BPET/TEA004/001724
subjatted tethesybpoptlatidn tlectiongrocdsafist-bedectimpaells wess collaeted,

fact that cell culture bags can_be renoved fromthe
coytgd ppd @nalygpd frsdhe praspresmif Sinheellsatsingdbmy aytoinregryalbasesults
ComouLd:&O WO é%g4ﬁ096975 PCT/ 1 B2Q04/001724 make the

AR Erel g erhadgereasis fiRrsap iy lernbiedaepases non-specific

' viously reported th t he

coll o2 EDTR e seleclit BERRL (RORYD” A ol ARt o Hote of
1.25:0007 Hi/Afig ko iRty 98 b9 RE 278 bOWe FATRIESo Tttt
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recb9&@) whihle we etgifidahey Iip-a05) beiser than aldbeher BlofoRir Bt @

sang%;s that may have high proliferative potentials,
whiere @3 1ch6.62.98.58t farseShelce4 8 hlyretavery ansfobserved hsflow
_Jinto |arger volune bags, The ability to control the
rate e QB 0T b B Qe 38 mi SeRberiey e e 16).

another (i.e. through the selection el enent) under
ooBbhOSed AN Yo s 1, ' SSi e o
oo hORSRARRR Bl A ot R BEA Aol B RSN E of HiCaiting tn
celBbpdustidri@oald Adte dpromibel] @A HsAFRERE WJdsnthe Bl¥ction

variable cell nunbers and growth potentialsto be
elegeht wesdcdllactad ahd ntdnedi foe theypresers of {dIdRA8]atihgdin+ cells. The

cl osed- system bi gprocess descri bed herein is capable

resgfts grgwed bat aitha faw tatshefsh 25+ @XDthediniy lvé Hnt cebls iesiting the
stem and progenitor. cell such, it should prove
sel QSR el B OBt 37 62 1 H b FapiradD). Interbstingly, al
' ' ss of.. clinical .
Aoy e TR P AR NSRE T oty el i et vl oy rore
aff&c@dd Serceift reddoBhHk GAThENRVER Téﬂgﬁ%l—lei@tgﬁ 15
I NVE%I’I ON [ 001 91] In the cglsl ectlon stage CSE%FE? r'eTaken
togetblet, ehésedtudiesallowe @ a0naldBebedt Ehe biotdaewk isRouldRGJRYated
gravity flow. Collectionis initiated within 15
at o qpiineal flofv ¢ platrgasf 25 ond/maim inwnde to weingdizelthe effdcay of non-
Sanpl are collected and stored tenporarily at 25C
Spe\ﬁf“tclﬁ’eﬁg’ss'dr op off in viability, for exanple, sanples
are stored for up to 72 hours before processing, and
e8RSl Labj | i . ssessed by FACS
oo G TEBR TNk MRlog Feng UpA | A8 (RGERER] Rl e
varfRiFREIE SypRE & FisyEkkeWo ithe BERERSY HEICIHsOYTHIRS NAUSs wkRMMtulated
in the art for cell enrichnment. Processing stage
by sabplegmgdhe obdesvedbexpmpsion byiat doptetticnt thictor eeflating triae ch
or Ficoll (12 mn. spin) and nay be processed directly
perpentagepfronspepifie celf oss (94 &A%) e VORB® thit eoridBIEN factor was
awi n rocess is also useful. It is not necessary
1'344%' %F%%d{%ére[:ﬁa vales aretrtiertied i FigkiR® are | ysed by
ammoni um chloride. Cells are run through a StepSep
colum with all washes in HANKS buffer or PBS buffer
and at a tenperature from about 4 degrees Celsius to
about 37 degrees
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Cel sius. 51 WD 2004/ 096975 PCT/1B2004/001724 [00131]
Cells are cultured for 2 to 7 days (preferably 4 days)

WO poogepaens free medi um plus growth factors, foPCEXER/@®1724
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provide a therapeutically efticacious source of cells
to treat a variety of hematol ogi cal disordersl134' 135.
Unfortunately, the | ow nunmbers of HSCs isolated froma
typical UCB donation limts this therapy to pediatric
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selection (i.e. removal of lin+ cells from culture) and media exchange strategies to
reduce the concentration of inhibitory factors in culture, provides a source for HSCs.
The results of studies with the closed-system bioprocess show that the bioprocess
supports the expansion of UCB derived stem and progenitor cells including CD34+

cells, CD34+CD38- cells, CFCs, LTC-ICs and LT-SRCs.

48



WO 2004/ 096975 PCT/ |1 B2004/ 001724 seem ngly attai nabl e
goal of using culture - generated progenitors to
W@ baneqe75 neut rophi | and platel et recovery ti nmeGT/IBR004/001724
001&%1 Teasubropulasionsglentien elahieat ivae shavine moeffieieagy tddotd 5
been generally ineffectiveld7. [00134] Virtually
CO%PF“%% frgrlingy ‘tegﬁﬁp? egtuge; Homever, st wns fesetvedxtbaindirimg dhis
qeuse ed on t he effectﬁéof var i

prokEi N dsm T PO R TS E e RR A0 Brorresht ol clls were

d
S b AT o
biophd&@saas ﬁ@ﬂﬁbnh? rdaBizédl€THd 4t dfed GBSl 'P\@I’e %%éﬂst‘lﬂlﬁlléh

or predom nantly act on HSCs and not on thei

speatiffd etldodsicatiEtbed @agesyd asb itdetiohlof incpédsed Woﬁ\ﬁ‘rate By
ultimately outgrow the stemcell conpartnent.

emplnydRge ReHEstRic Phmm to ingreass Bowuste, Wa dare albI8@s irtapease overall

oS I cal. self-renewal dIVISIonS (as
tin i3l Geyer Watiout Pong Srscasted & awenach anglanaian fy e
en r.a
ERARE B BRI RIS et el e e
subiopetitioSselc¥ bl BIeaRe: t i
hlerarchysg 27, succéégﬁﬁg%ﬂgy%ﬁ%&ﬁggggﬁkﬂﬁaiﬁéE&(%gﬁ
elemnd’emﬁhhdi@iﬁé@ge the probubilityasithells orfta@ing AdradjseifRMHiRdihe Rites
st udi es usi ng non- obese d|abet|c/severe comnbi ned
whidhrap gidfereise netairNDENSEItDN the elendeas. Khioalso pbssible that the

1'{"%{%'%8 Ierre tation strategi es generally result
slo AW Ipiss e fﬁfﬁ?%h ARl Frvitymeradlow fex rasdinghorgtrapping’

uI at st emc s5,.8-10, 153, 154.

of tﬂgg%g?ls n ared” it u5| M PueE ?{ﬁ"grqélﬁ?%‘?][ﬂ?e]f‘tﬁQPSSE@}ﬁ%@ﬁltPy

tRE 88l %d«@ﬁ@ﬂl e;psg%&
Suran 16;@7 pr ot el ns) és\g/gglroggu t%@ ﬁ‘y %%urmn
suspiSSiex o fd3s thl{)ﬁ@lla’{_ﬂ seldefiBH QR hﬂbr@éﬂﬂ:feﬁ‘\‘t Olysayh

mature b ood cell popul ations secrete regula ory
sin@aoi;ne:inngomagsezlcaselectmﬁ caluenrk mavghotvothiaifiowirateHSGld

proliferation and/or induce stemcell differentiation
81812@0852 yodfegtmans; speqftﬂfsel lms iThe (derepse intsall lashés a important as it
e to induced or

rem%gneratlﬁ % ese cﬂ%lﬂl
B STE YR ani HRIPIHASTeraRNg PeegaRiteT cells
r t r ecreted
w1tfgfr1‘1 (;t gg%o {)élersnsc‘ i & %Jg}(géglﬁéélj Sﬁrrlecﬁgcgfc{rr&gh fosd SHE r%ffectetdﬁg
Figefefeect s of these endogenously secreted negative
regul ators are currently under investigated. Here we
denonstrate that the secretion of such factors
(00125 émf@y%éﬁnglyaa sigoiflvantly Guitt05pgreater mamilemof @D8YghAndvhi ch
4Tffer entjated blood cells can siqg}‘gi ficantly affect
€D Q%%F? eveeicorsigienlly gensrateds thakiopipeessapparatus in
troI of negatjve

COm%eg u %Ooé?ta%crlaorgﬁ%sts?e it P’%ﬁ %@2‘8‘?‘1?‘@" quEThpIe nggtlBCnS@'se in
CFCH0L200¢: ARE9 105 ired / A?%QQ@I/ gQﬂlZla‘]’clorPy%&ngE&nto Eerg ns that

to HSC expansi on obs invit
diredestein@peih phenotype can occur when cells are exposed to i1 vitro culture

conditions (von Laer et al., 2000). However, because both systems represent in vitro
cultures, the differences in the expansion of these phenotypically defined cell

populations may further be attributed to changes in culture configuration.
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y su ation selection or
feasible. By keeping the culture concentration of cells constant for all cord blood

samples (100,000 cells/ml was used in this study), the only alteration to the
bioprocess to accommodate the variability in cell numbers would be the use of cell
culture bags with differing volumetric capacities. The fact that cell culture bags can

be removed from the bioprocess without compromising cell-contacting areas would
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Celsius.
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represents an attractive solution, however this goal has remained elusive despite >20

years of experimentation in animal models and human clinical trials!¥’. Even the
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the global control of negative regulator production represents a simple means to
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Wer concentrations resu
have a significant effect on the expansion of total cells, CD34* cells or CD34*CD38-

cells (Figure 13a). CFC expansion was also statistically similar between the different
culture conditions although there was a trend towards a higher expansion of CFCs

under the S/E condition (Figure 13b). In contrast, analysis of LTC-IC expansion
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expansi ons. [00150] Endogenous production of negative
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Interestingly, higher engraftment levels of R-SRCs were measured in the injected

right femur of mice receiving cells from the S/E condition with an average of 22.1 +
7.6 % (range: 2.8 to 54.9) of the total BM cells collected consisting of human cells.
Cells from the S/E group were also uniquely capable of human cell engraftment in

the non-injected left femur [6 of 6 mice were engrafted with an average engraftment
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[00142] Global culture manipulations result in the expansion of LT-SRCs

[00143] In order to determine if subpopulation selection and media dilution resulted

in significant expansions of LT-SRCs, limiting dilution analysis was performed on
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. aut ol ogous stem. cell transplantation for breast

Sirlaglycells gty cge}’ y]}@’gqﬂze@fu@ yesion and analyzed at week 8 also

demonstrated both lymphoid (Figure 16bii) and myeloid (Figure 16biii) potential.

Together these data indicate that the expanded cell population contains both short-
and long- term repopulating human blood stem cells with the capacity for

multilineage differentiation into mature blood cells.
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[00153] Finally, gene expression and protein secretion analysis has convincingly
shown that a variety of known negative regulators are expressed and secreted by
different classes of differentiated blood cells?' 222427158, suggesting that the types of

cells and cellular products that are generated during a typical expansion period may
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EQUIVALENTS

[00154] From the foregoing detailed description of the specific embodiments of the
invention, it should be apparent that a unique bioprocess apparatus and methods
has been described. Although particular embodiments have been disclosed herein in
detail, this has been done by way of example for purposes of illustration only, and is

not intended to be limiting with respect to the scope of the appended claims which
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antigens expressed by dlfferentlated hematop01et1c cells.
The device of claim 5, wherein the selection element has affinity for one or more
antigens selected from the group consisting of: lin" antigens, CD2, CD3, CD4, CDS8,
CD13, CD14, CD16, CD19, CD24, CD38, CD45, CD56, CD66b and glycophorin A.

The device of claim 1, wherein the system is modular, and the first chamber, the

second chamber, or the conduit are detachable.
The device of claim 1, wherein the conduit further comprises at least one magnet.

The device of claim 1, wherein the conduit further comprises a magnetizable element.
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15. A method of preserving cells comprising:
h a) obtaining a sample of hematopoietic cells further comprising a subset of
undifferentiated hematopoietic cells;

b) culturing the sample of hematopoietic cells in culture media and under closed
conditions appropriate to cause proliferation of the undifferentiated
hematopoietic cells;

c) segregating the undifferentiated hematopoietic cells from differentiated

hematopoietic cells or growth factors under closed conditions;
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henﬂtm@e&tpnyc cel | s fromdifferentiated henmatopoietic
cells or growth factors; e) culturing the segregated
undi fferenti ated hemat opoietic cells thereby causing

23f ur ThemetRb @bl &m0l AReréih thdtBso?®Y §LB3hEMia or a hematopoetic cells
undi ffer enti ated hemat opoietic cells; and 76

20091568975 PCT/ | B2004/ 001724 t) providing to the
manmal , a suitable quantity of the cul tured
undi fferentiated hemat opoi etic cells, wherein the

24.c ul Threthethel dlaimr28nwheseis thereirat logsbi Etui-fold élckesd indireamitered

t he
t ho BRAGHaRl e DATRLARUA] it el bt Sy KB B copralpgption
20, infgriepanmak he di sorder is a cytopenia. 22. The
nmet hod of claim 21, wherein the cytopenia is induced
by radi ot herapy or chenotherapy. 23. The nethod of
25. cI al mef®d fwhceo\ddingahell pblmmldleboﬂuﬁlsmg anem a or a
topoetl defi.c The t hod of

P oD fing & bting Suetf of G seudidning vy pirentgied human

i ncr eas éematopdieticaells;uned undi fferentiated
herrb%t opoi et.i c_stem cel Inci. and the cells are suitable
or

tr arggomlgg]thgtcr:l&,flnd?r Qsed copdiions thatpromete the mrelifeatipn of the

provi di mgdlﬁfe&ﬁilétecpﬁﬂﬂﬂniﬂehl% p&iSi¢eligi Ng: @) providing a
starti ng nple of cells cont aining undifferentiated
hunijsrein the number of undifferentiated human hematopoietic cells increases in

culture by at least four-fold to form the cell population.

26. A method of providing a therapeutic protein to a mammal comprising:

a) identifying a mammal in need of a therapeutic protein;

b) obtaining a sample of hematopoietic cells further comprising a subset of
undifferentiated hematopoietic cells;

c) introducing a gene encoding the therapeutic protein into at least one
undifferentiated hematopoietic cell;

d) culturing the undifferentiated hematopoietic cell having the gene in culture
media and under closed conditions appropriate to cause proliferation of the

undifferentiated hematopoietic cell;
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hemat opoi etic cells; and b) grow ng the cells under
closed conditions that promote the proliferation of
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27.

28.

29.

whe ei n sediegaringiibe pnd flengnidhtddf hematappigtieck!ls having the gene from
hemat opqj y at | east
A ola Jﬁ énﬁ?ﬁghérﬁﬁ%&%t%%él‘?ssor L%Fowtﬁ ‘Eic‘&otﬂégnﬁ’ 2 et hod of
prdyi di wgltiing h@ﬁg@%@@rﬂdﬁi@mw@d berpatppmigtizl cells having the gene
conpri Si ti nee f.a.
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gene | nPE®ure nedia and under cl osed conditions
apR{HRRYA Bk QuitBedaHiS@eritiiatel h&ﬁﬁbp&é’uc@elﬁ & ing the gene proliferate
undi fferenti ated hemat opoi etic cell; 77 WO 2004/ 096975
IngPE/ 90 Fizpin By t@@@@@@gg@tﬁl@ ig gxpressed in the mammal.
undi fferenti ated hematopoietic cells having the gene

fromdifferentiated hematopoietic cells or growth
f adihemeethodred clejm @@ vthereimigge mammeaé gocs gat deghonstrate an immune
t
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herhatfmgme@n@ cells having the gene; and g) providing
to the mammal as a transplant, a suitable quantity of
the cultured undifferentiated henmatopoietic cells
hawv mgthol ef previding hivoditngmhinenat traipaisizgt i ¢ pr ot ei n,
wherein.the.cul tured yndi fferentiated he opoj et.i c
o< nitsig HanattyEne T ToE pf Sk S TBRES RaTAgro
wheyyei n obﬂéﬁurtghﬂ’aﬂ;lp&lﬂfhé‘md&ﬁlﬂﬁéﬁcI’d:ell§ﬁ1ﬂb(¢ﬂc@ﬁ@ﬂﬁné fsubse of

manmal . %‘ The t hod of |m 26, wherein the nmammmual
does notn¢i&REs H‘%Flt eglaﬁ’ﬂ?o‘ie response after

tramspl imkank Ab safnPletdn ﬁerﬁatb;sdm@@emalcﬁmé ﬁféﬂiaah@dnder closed
hemat opoi etic cells.  having the gen hod of

provi di Kenditions épﬁrﬁprﬁlterfﬂﬁﬁ"hﬁF P@é‘ﬁ%ﬁ‘t}%oﬁﬂw u&)ilffeEF@H%tW yi ng
a nammlherggtgbdqglcq:@m nsufficient nunber of

hemat opoi etic cells; b) obtaining a sanmple of
herfit ops¢asedating e nadifferentintad hemaioppisiineplla fromikiHerensiated

undi f1 eqenthaGar IRRILRAL Bidds;Gah ! S:

e) culturing the segregated undifferentiated hematopoietic cells thereby causing
further proliferation of the segregated undifferentiated hematopoietic cells;
and

) providing to the mammal as a transplant, a suitable quantity of the cultured
undifferentiated hematopoietic cells,

wherein the cultured undifferentiated hematopoietic cells increase the number of

hematopoietic cells in the mammal following the transplant.

The method of claim 28, wherein there is at least a four-fold increase in the number of
long-term repopulating undifferentiated hematopoietic cells in the culture prior to

transplantation into the subject.
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c) culturing the sanple of hematopoietic cells in
culture nedia and under closed conditions appropriate

wo oo0gam®es prol i feration of the undifferenti at ePiCT/IB2004/001724

30.

31.

32.

33.

34.

35.

36.

37.

hemat opoi etic cells; d) segregating the

undi &fiennt tahRtind bR Atk i ec@hﬁf&{mmm d yndifferentiated
diffgrentiatedﬁ ggnatopoié?%g Eel ] ér rpmfﬁ ?%%ﬁggé?e
anBerejtoraiticgremeglle dierranhaigas & deasifopr-Bidineicaseduithe cultured
e R ARG Eidhefiilobsich\R BISCANSh s LYY, for gansplantation
proliferation o e segregated un |F erent i ated

hetme opeinetal.c cells; and f) providing to the mammal

as a transplant, a suitable quantity of the cultured
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undi fferentiated hematopoietic stemcells, and the
celhemethed sfinldimiF2ewhayein theagrepthdadtiers pel GH-betooraMn vaipha.
31. The cell culture of claim30, wherein the cul tured
uneh i at: AL [ [ . not
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follow ng transplantation. 32. A nethod of
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hemat opoi etic cells, wherein reduction of the growth
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321%1351—%%&@?%9%5% grow h factor is a hematopoietin. 35.
The nethod of claim 32, wherein growth factor |evels
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undi f f exsshset aff wdifferentiated hematopoietic cells;

b) culturing the sample of hematopoietic cells in culture media and under closed
conditions appropriate to cause proliferation of the undifferentiated
hematopoietic cells;

c) segregating the undifferentiated hematopoietic cells from differentiated
hematopoietic cells or growth factors; and

d) culturing the segregated undifferentiated hematopoietic cells thereby causing
further proliferation of the segregated undifferentiated hematopoietic cells;

and
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38.

hemat opoi etic cells have the phenotypes selected from
the group consisting of: CD34+, CD34+Lin-, CD133+,

pul atin
r efbpul %fPYIﬁEIgé%ThF ?aﬂ‘g“rﬁ ana H%‘%SHQH’[ 6Fu1@51ﬁ PRty pigbe culiyred
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cu h&ﬂatbmetfcfa@us%ﬁ rﬁaxgﬁmammlﬁgﬁie%h i€l I's in culture
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henmat opoi etic cells thereby causing further

- proliferation of the segregated undifferentiated

hemat opoi etic cells; and 79 WO 2004/ 096975

PCT/ 1 B2004/ 001724 e) providing to the mammal as a
transplant, a suitable quantity of the cultured

undi fferenti ated hematopoietic cells, wherein the

cul tured undi fferentiated hematopoi etic cells increase
the nunber of henmatopoietic cells in the manmal
following the transplant. 38. A kit conprising a
substantially pure sanple of cultured undifferentiated
hemat opoi etic cells, wherein the cells are suitable
for transplantation into a manmal, further conprising
directions for using the cells in a transpl ant
procedure. 80
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