APPARATUS AND METHODS FOR AMPLI FI CATI ON OF BLOOD STEM
CELL NUMBERS FI ELD. OF THE | NVENTI ON [ 0001] The present
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expanding stemor progenitor cells in a controllable
bi oprocess system providing for expansion of the
stem or progenitor cells, controlling endogenous
factor production, and providing cell popul ations

(m xtur eﬁppmmmm wm@)% FAOAMAIHCAARIN 8F t hat

are useful for tg rﬁﬁ\ed poi etic rescue)
and ot her ther apeutl C trea Err:gir)ﬁ?s GROUND OF

I NVENTI ON [0002] Henmat opoi eti c stem ceIIs are rare

ells th 9 %8 been identified in fetal bone marrow,
PFP&? A ﬁl ood, adult bone marrorw and

are

Bt P oot Gt Bk 58 prPRBRR S Bletbods foscaviing
l e y 101
R pfichilor NG BRYHIASIC IIRAGKYS e PROAKAL KACKS e
oizthe sain deiprogenitonsiklls ):oﬂtrcﬂia@@ogdmua&dtw 'pmiﬂmctims end

BRTIR A PR BHPRFtomea o R e PP e b i ae
§§eﬁmf&%§pbﬁﬁh&ﬁ ewtogggﬁg g@ﬁﬁam@m&@e&a&m&w

restrict progenitor can be “assayed
their ability to formcolonies in sem solid nedia.
PAOGROUNDIOKIBVENTIQN e restricted in their ability to

undergo multi-lineage differentiation and have | ost
[pd0gi Henqu‘ietgt stem @Bi; irergmeolls thatdgeabecnrideified in fetal bone
event ual te and mature i nt

FEHEET BRaTicg e eEhIea R PEeERBB: o gerprar e, whidhre

&?Eﬂ?ﬁa BRaERnls wegd%m@ yBiBly B b A odd QI t he

erative activity of a noer o

pRee mono@mt»hmmﬁym@teqpmmel dnd Iyrhpltioidh §k-eella, B-cells,
|gh but perha s |imted, capacity for self- renewal.
LiiBler .glishdinenges- eltllaéd%’PEﬁlilQ?éFff aredpratiiyeds sidhite t o
d| ffer nt i.at.ed whi ch TEVEr [
i3eedBil K SpBtRRef et R PR BT R ekl St
%unﬂ&l at:wﬁut&féaf@mager}eml&@ai rdgelqwr&tﬁs %ﬁ'c@tﬁ‘gﬁs
to the creation of long term stable cultures of

gabayeil pytaait abilgynie fmpmwelon@s gt emispdid|mgedia FEoptudtRY cellF arpHE
| NVENTI. ON di resent. .invention, provi

g St 41%% R0 A B ot e

glt{v $o SMie-feiEv. hﬁgg R0 LAl 'eeex} il LidfSrrdBes ERY
e’cells proli ratelncutuevvlt [1Tttle to no

df iineR@ei@ahelkhemnbt thebldod. The lifelong maintenance of mature blood
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relative scarcity in blood, presents challenges to the creation of long term, stable

cultures of pluripotent hematopoietic stem cells.



differentiation. The undifferenti ated hemat opoi etic
cells generally have the phenotypes of CD34+,
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segregated undifferenti ated hematopoietic cells. This
nmet hod can be carried out in either closed or open
culture conditions. In various enbodi ments, the growth
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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

ﬁndifferentiated hematopoietic cells, by exchange of the culture media, by dilution,
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transpl ant procedure. [0014] Various other enbodinents
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jo016] 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+
ceI I's present pre- (7Bii) and post-selection (7Biii).

negative control is also shown that was not | abel ed

(P S8
i S e o B TR RSt
eellsan34 ¢8ls, CP34+CD38 |ce115)and'ClF€s,m|xphmiedéxymsmgre&hﬁ‘ ttadiional
successful repoval of |lin+ cells when such cells are
palsae dishas Fulnetheresml tiven#vi ng t he subpopul ati on
sel ection elenent. 8 [0022] Figure 8 shows the
0l il 6e DUHRBISEs 10f-POR BRI R i threl PlehBtoPiREF Al8 Ghdviin

fﬁﬁ% bib%pro::%gs Purified UCB |in- cellstﬂ?lx 105 &
egpression |y velierferagols inhibiorydact@s. dE@t@-actm wvhrused pppratod s

VVI t h subpopul atjon sel ectiaqn and
mm%@?mﬁfm a%?v% shyvingthe segresar At

%@itoéﬁ%gfo% tclgitalle Z?«L li%e__@}x (3&?@% ‘ibga%_%&é ‘Iﬁ%sﬁ‘}) ha i ésr o

ghewae@ver the 8- day cul ture period (n=4). [0023]
Figure 9 illustrates the cal cul ated expansi ons of

Iopes e S R bise S EeniaGPn CEPHSAGRBRS BAAPHE Cgees n
9@%}9& gé&eéo?\ %Qes u'F %Epto‘fxgé%%éﬂ 5 u&fbﬁoﬁ frd! éﬂr&hﬁfen? qil%ﬁ'e 5B

grown using standar I ssue ture dishes are al so
pesivts REPCR B0y sBhbvming teat chlantr iedated andFAES pansi i sells
that shoul d be observed in the bioprocess with
erupssdEcbetads Befacrsin papusedagricantal. 2. 5).  This val ue
was cal cul ated by rmultiplying the observed expanS| on
of KRl PR Qlphadhrod Rl bt B R REE AR AP oo n
MAPY Gphaascrdti @i s i R6Rsdke fo igedie eddBande FighratRdepictsrsemi-
cell engraftment in NOD/ SCID.nice follow ng

qwrﬂé%rﬁ SISPGR pl@éﬁls&howm@)thﬂé\éﬂ’e%@lﬁbwwwmMecreased in
I f h
Egﬁ; (%ngcael Eta Wmn%\ﬁﬁ/"%ﬁ %r eé?“% AIOI i) urrzncom_ r ol

NOD/SCID nmouse that did not recei ve ceIIs is al so

BIPOMF guée VA isod shgmuiid df tlee closedspten bixipratess Jhe pipprocess

contr ol ) Limting dilution analysis was
pve s st 4l ety B (8 7 ) Whieneraip MeR EHEh § PGy

LT SRCS sen
R R e
&gea%lmv@%oﬁ@fmmfnhgﬁm bdiB frogeddiSnd, Bigur@yBhillastdtel théleffect
cells (Bii) are shown for each cell dose and overl ayed
ghithé sv.d:pppebtwremi@sem elemgnty @sgtessrltéu‘@rﬂw@qm%nﬁpms
li kel i hood estl | sot IeI(gglént rol s

REWIRE? Eﬂlsé’a‘{?ﬁﬁ}‘ diogte FEEENEbA a

I 1 i
lgé&%l%@fbﬁ%k & %%?. Wﬁagwﬁ Jinlg 1?1%1&3%%[ ghg hg{: éﬁl’fﬁ(fdgtcgcktaﬂ

{7B1) Cghpirisencwauhddehattiengmmercially available StemSep™ column (7B

iv, i, iii). The plots demonstrate the successful removal of lin+ cells when such cells

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

purity of lin- cells exiting the subpopul ation

sel ection elenment. Subpopul ati on sel ecti on was

gdazzﬁ Of 8'5Hoé@@ﬂ1%'&b%ﬁtla§uﬂb9ﬁé’%@lh&ﬁé H&i@n&&ﬁs év&lefa@éd i8%he
efenEnt at 0.45 0.03 (gravity induc rate,;

biedrocesh. Bdrifiddl 08B [in=edlls (1&.10%cellfnil6wer nalired fat 811@5111 the

0.07 M/mn (n=5). At flowrateof125 0.0

hqpmqerssva@w ep@éﬁ?n se}ee@%wﬁfmsﬁ#a Aty ﬁ@hﬁaﬁeuoc:s}uwg at

T e

@mpl Cact (H)aad L$CIJ«1@§ @) afe%aﬁh oE:gHE 8-dh cultie pess@PRL | C
of the experinental protocol. The exper| rrent al design

of all 4 test conditions is shown. Sub | ati on

“arp gy O dlstgle ﬁ?é*tﬁa]&“laéﬁdie&i"f‘lﬁwl\ﬁéf tot é orHet cgfls day

O A A S e

B@gk&eﬁsﬂn@ dioa caapiraon, rogilts -BP@J.IS §ﬁ‘_vvralﬁl§ihg:§tancﬁrd tissue
popul ation sel ection; E: mnedia_ dilution/exchange;

Kidturg dishessdre glsp provides: Al shewnarefhe @tqorﬂmﬁ@lﬁém@@s that

ks be 9 ot oo b Ren v B Skt el S 1R SBitioR 12
ﬁﬁi@%ﬁ@%ﬁ%ﬂ&ﬂ%@%%& wglthe Bk blqRSion Byralcsfr@c@m

UCB Iin- cells (1 cells/m) were cultured for
&tcttmyﬁ]eumme lphEEIﬁtOgH ofmohiqu!@lwﬂ diosk.i ‘Oimesvaluechf dlagt eearertion
a(s_gjure 1. At the end of the 8-day culture period,

§ Iwaéé@fM(A) and progenitor cell (A B, O
expansi on was anal yzed using phenotypic and in vitro
fob2f tHigRa 0 ARSAMEs hiligh celiRhEra@¥RANSI NODISTID 88icSROYRIng
are in conparison to fresh lin- cells. (%)
Reyaversemn frjectiogn (A)ll%egmserd:atﬁxfed}mqeor(qm pBBY shiowing the

PO} oBRITCOA B st el b DcBks (ARG Adbriehe
@%&%&Jﬁl i Qb rg‘gjm@ceug ALIBLERE % rg%upy

are so- ca rapi d repopulating s

f@y@enteﬁtfa &nittol ). (B)Liitnitinyg dilytieh blﬁnlysimwﬁ&}'ﬂerfotmpdﬂi
engraftnment” follow ng transplantation. (A) A total of

IsT QL/S0B) wéselte detgmoin ﬂ@sf:rqqgetteﬁ@f LE&GRCe presentdn EeAHEP HRs

o e B R b iy T R el el
95@1 1&1- odlts (B and &liturfEoms Bifase AsHATSAAREIRIosL aESHeSlayed

representative nouse, transplanted with cells
Mthmutdeer@kﬁenmgimults MOmﬁmmugnumd@EHiQQdEnMawr bleotype
the right feﬁgwg}%v c?‘nd left femur (Bvi) is
RIS SBHE 8gfa OT i ﬁa%‘F or respondi ng i sotype
control (Biv). Also shown is a non-engrafted control
fRsE %%uﬂéliuﬂ kbR QL bib e EdsY EordighifaR0f BhaABllovid 0 Hyweate Bbntrol.
enmu

right Bii; left fenmur, Biii).
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 lir cells exiting the subpopulation selection element.

Subpopulation selection was performed in which cells flowed through the selection



10 (©) Limting dilution analysis was perforned to
determ ne the frequency of mgrating R-SRCs in fresh
UCB Iin- cells and cultured cells using the
intrafenoral NOD/ SCI D assay. Engraftnent frequencies

EﬁEneH 295 6B I(gﬂam,( felidcbvedRa NI b 6104 (RS 5' ®763 €06

shown for each dose. The frequency of Tating
R=8Rcs! Mkbst: 0. Wahﬂmlim(me@ Asa figw trdte o346 :nQGHA ﬂnllkﬁh ibhihgekreent

estimator wth the averlayed curves _representing
FRegvATY &nq PHRSTY REEE Al sﬁﬁwereﬂa@%@u% gavity indtced flow

R R S b e T L e T SR

Figure 15. illustrates human cell engraftnment |n

NQB FGDe B3 dsen scbétnativi of ghe xperimemalqurstorel] Bt axperiménpl A
typical flow omet pI ot .sho resence of
AR e et e ie b Wwﬁe‘a&eﬁ%ﬁg N prRedy

g gdr?% F clg(lﬁ\?ééal cdgl c?ag 4| S a?g&oﬂtgk f%g")q“a o%:gfo%mg%ttal of
8-claye SRilduddsiviepe bstdliliylnel with tre U(:Er\lu)l cel{sBh rhddiid donf@ning

di I ution analysis was performed to determ ne the
W@qﬁ%’?@ﬁ g S: @qrbm@éaq?néslemonr ¥ npediasghilugion/exhangesdiig: so
ﬁ[f ded CHH%O resul tant engraftnent

i e§8 anfeglr r'es %él 1s (Bt) and cul tured

cells (B||) are shown for each cell dose and
ower [Fayeedsidwaatie vists o piligspalating sdlesioh bad netrdikufien on
maxi mum | i kel i hood esti mator. Isoa;pe controls were

b expAneion eherpstopeiets preggRiecelyy }10111% Bm@edﬂécﬁ ﬂﬂ&v@ﬂs (1

tildi e ffe i.ation eII atedl
REE P e S G B Yo R B P D Bl o
Bpgal AbBRlend %5’8)@ \éﬁlt@refp@ﬁbd/ z&dl e mpaﬂdl [¥kenitor cell (A,

cytonetry for their abl lity to differentiate nto
Bdl) Iespmsmbmdﬁ anﬁlynqﬁusmg phedotypizland ¢ vitrm bagtenal agshys. The

Bl e ahes é%\%‘cg@?lﬁ%ll%é el s oLl o
kdrRhE TRhAL M%E%Cﬁ (,?éocdesp % E{ah)gul#y 05 i€

st'al ni ng |n I ca re capa nphoi d
dilffaaEaMNRL i on: (Aiii, Biii ) CD33 expression on

engrafted cells frommce inj ected intrafenoral ly

H or_ i h%aa\l/g ousl| B||| %{8& %u!:éf%u(\ﬁ\%neg
B| gafeﬁx[%lonags LRGN, filsY R sSQPlE ﬁa?’léit aﬁl%gost%th M%Iy’have

1 Figure 17 11 t he "endogenous

endarncet! iclimicd futilitytiyteliootns ﬂ‘oamapfcserugmfmmﬂwoﬂmﬂm y
subpopul ati on sel ection and nedia dil ution. ELI SA
wlyaﬂagon 1(;}) SHietal At x HE seflssgrownTeingtha foys e Ps?ndlﬁons

d
R o TR R R N B0 B i P G
BB eRGhIBN iR Séﬂhttﬁél rigft and left femurs was assessed aﬂ:er 2-Weeks. (B)A

representative mouse, transplanted with cells from the 5/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 ferur, Bii; left femur, Biif).
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significantly | ower TGF-(31 production levels. (B)

RT- PCR anal ysis showi ng that colum isolated and FACS
sorted lin+ cells express TG--01. (C) ELISA analysis
showi ng changes in MP-la secretion rates in response
1© 13RRRRIAL 2hIFse] & pRRrmEN Y RierfBE e HbdddnbP5
Medi a dilution significantly decreased the Secretion
ofigritifg: RISRCs iOresBAIGB Guaeltsiand cillheedRTellPGRng tiad ingrafemoral

RRSER 5 S it P08 By S stz
AShihaspyopi e o adaseksgphagoasavantsely

ElcuRGERY usxpihe nmxithematkelihavd @asmitor with e dvgrleydadr @saison

| evel s. Shown above the gel images are the
esoresealinEnig 05) ewianabponEhe calvekted ranonass of RRGeeet

ampl es) . r | dilytions t no,genoni c
SRR theploBt <Bhvpe sivaglh WS RTES o BRalGRER ",
di fference (p<0.05) in conparison to unmani pul at ed
peat Figureld. iluseste NShiMEyell enplafifleh S NRRSGRIID Thici\fol 69321
The devel opnment of ex vivo culture_conditions that

ngayrouainectipr (8)pAvRiFR owicy tomelRi Py sharing tas pisser ph
ﬁu'}';s{%ﬁ'bb Q—a%rcﬁcgﬁ % if\‘é}%?ehgﬁsg)% rideR8 MO RCES mice (A, A
Inple next gener I S

_ mentation o [ n therapeutic
EREOLIONGSTB thotise W AiRdtabdetiR callbas fso SHMAPY:) aldflg with a
ti ssue engineering. In fact, the last few years have

shreaentaiivelisetyresontrpl(Ail (F Lighiting ditiantanalysip wfs petfehmed to
ells i ranspl a Lan therapies' -4 - Unfortynat el

g e bR A LEpR it St i SRR orte

ﬁgﬁg!wr@aﬂﬂam_ e BbRnkks B BNNG: dISES:) bt Witk cells
as been elusive. Current strategies alned at

@4 para dhoven fdBEsch celb doseranidloyedldyed mdth ayrwatrdprésotiog results

suppl ementati on. or stromal cell support, generall

frqm the mpdmggrdlikeliendsgsmatr Ineiyer ©wnpplsgese e%@,sh%%r 88

S%%?Pel icated by the | o0ss5-9 or noderate

expansi on7.810-12 of nore prinmtive cells follow ng

short-termculture. These results are sonewhat

(60807 p Figateri shows multilimerge/differel®@gionay e:llb ergraftbinmto t 0

have extensive proliferative potential. Experinents

RSP ABiET. AR Hat wers pckip o RERaR eHbsETHmIAt &L
5 B0V SRR 5 B B0 Sk

16APhsie RAwydldd Ndaped (£, BE) Regsshtative FATISRRRE it dofiSlots

provide evidence of this potential. Furthernore, .
shewingl CRPoavpysisgion on ongy eels fromymiceinjected viptrafempragp (Ai)

R RS BERIR B B SUE S mpho
AR ERY Y, B9 \Wh3s Q?ﬁreséi&ﬂﬁ%ﬂ ol Gelfl RIth Bkd jcle§
capabl e of sustained i'h vivo expansi on where

ihinefemetally §Aii) 508U Sly|(Blieshoaed et sellsawee blse tapable of

cal cul ated 11, 10. Therefore, it is iappar ent that .
myeloid differentiation. Corresponding isotype controls are also shown (A, 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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simpl e nmedi a suppl enmentation is not sufficient to
overcone the growh inhibitory effects seen in nost
in vitro systens. [0033] | munophenotyping is a nethod
that can be used to characterize hematopoietic cells
38308 e PG E SRR ERh UL S B0 LGSR lecton
stbfop apdiaatilutins. Géndidrssmdagoing sabpdpitaion eelestohResulted in
systematic functional analysis of cells expressing

sianificanibalpwer T8 produstioneydle A FEECR pralysisshowing that
%@h %;h%@& hf?c{‘FJSléﬁ S&{e‘afh&&qﬁhg%gﬁ?%er 3 n[%lo Z?f‘%ﬁﬁA £ 3084]

ereln erns
BedRing RRrges B MEF-1cl secretibi ghtdslie i Pbisd t@sLtpBbhlation selection
"hematopoietic stemcell (HSO", and "primtive cell”

and/or medid diltien. Miediydiltiop si iyt daseeagedothe séopeitonrof MaP-

T SRR bl oo BN Pl

bRl cRased TR nse kd FOAIOELE BR AT %Le'rﬁitb?@s BE@E}:\ WhEEBSE 2

primtive cell types express the surface antigen

GBsékeepirigadene.sSeaiat ditutone (rfaldat egddicphwsehtope firel IRT-PCR
t hought to ortant role in stem and

pl
BHRSEIHTISOP 2 CRAAPY to e ail expieotigg Ipyels. C%!OWI‘;?@BYH the gehimages

It

%%%ﬂ%%ﬁf%%%%?f%@% Rk ol Bt e 76t
Qilutionk keétdrRd %emﬁﬁ@@ﬂ@hﬁaudfm%@baém&ce (*) Rﬁ?re@itaﬁdigrhﬁcant
of SRCs can be found in the CD34*CD38 cell fractions
diffgrenes (P<p0%)He canparipopigunmaytpilatgd comrtol culireh(NG/NE).
t hought to contain nore differentiated cell types 7.
DEE P o Phenotype has al so been associ at ed
W tﬁhl an enrichnment of cells having LTCIC

r
B30, TPl Mt Sy DTSRG Mot BAGOR O O IR
Heapapntietic sesin tdlls (I5CS) netild Hrehily dveelsRAhadidigen may
itself be regul ated independently of HSC potential and
implemettaipnat pexgsneation %@@pﬁuucg umﬁdnag @dmn@plmtamsegene

gaker 4?1?:' A %rnlﬁrhactthﬁ h

e R L B PGy Gachis g incegpain
thebatied u eu&&eusTm&aiasﬁmmeﬁp@showm&ﬂaﬁw fhe
recovery of LTG-1Cs from UCB, BM and human fetal I'i ver

as@hbshwedng af cudiedrd @nﬂm@m}ﬂew ccamiteady emh eﬁlcfenﬂy gldwing

re pulatln cells (Thy- 1. 1log res use BM 80.
BAO(cR T 17 P Rt elispes & e apésics am

R Rt PRI e ef’nfﬁ%%%g?@?. : pﬁ%%%ﬁﬂf s
r8slult in GRBApaIABdr Mistide ;frbg@ﬁﬂoﬁmsuﬂ as®tahysiitate Ot IBsRY 6

h hly enriched in primtive enltors 82 and SRCs
aty ereRranpigR A lﬂpfﬁww{m@n@apﬁ)ﬁp shw@tqm culture.

ﬁ-lg%et ﬁgﬁ{s hre Sopsk Ivﬁ-?‘? nltgsaﬂsﬁlg% giﬁceb é%evgveonﬁs&s have %g1|1 sho S t% at]re

or recep or
extensive proliferative potential. Experiments demonstrating that long-term

engraftment in mice can be achieved by the progeny of a single murine ¥ or human
16 cell, and that the progeny of a single clone can repopulate multiple secondary

recipients %18 provide evidence of this potential. Furthermore, serial transplant
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inmplicated as a marker for primtive cell types.
St udi es have shown that the isolation of BMderived
CD34t KDRt results in an enrichnment of human LTC I Cs
and SRCs 85. [0035] The absence of specific'antigens
l. r I

e B P A R kR R e slls were
encairpted, ank a4 éach@la’ssﬁge Iha@émongml::mgly/%haﬁh ior
CD45RA/ CD7187 | dent i primtive nmultipotentia
reAPREBHBE é&errtce%qirﬁ §ax@§]§a)é pustainedsigvfuo expravien veheee theoretical

ngi.a i etic lin S.
At R BA R SRut PR ol GPicfed TR RRRE T Rop SRS
SIS iR RGuppleinBn EBGLE QofBrefiGind t@ﬁk@r&oﬁlﬂlﬁ@gﬂm&ﬁ idbSbitory
represents a nmethod of enriching for pr|n1t|ve cel
Eﬁmemmatimffm%mr ein, the term"differentiated

pemat opoietic cell", "differentiated cell"” , or
(BSEIEI BneSlind B Shend Pl LB BUTALLRS,

REMABHSietd cellbBasad bh gensplebion LR3I stiiikd antigeh., THME harkers
CD24, CD56, CD66b, andulgl ycophorin A, an are termed
ﬂewenlgeseﬂrwméeﬂ@d(ﬂubmoy atfpns of gellsendiimepraftinationrwith

gﬁ%ﬁ%@lﬁ%& %g%% %[ ?lg h%ghso%ifqosglﬁg g.ﬁ%{gg]g%rgeﬁl suraijace anngms has

b BleBieBbRshiioR badeh BA R6 8 QM drlsRips. Accor dingly,
these lint~ antigens al so provide the appropriate

antigens for targeted separation of differentiated
e SAsaxsed berein Bedermss énthfe@naataﬁ heln@f@p@shq #llfhese

AR el B PBlc P Bal Blsq) PR et
ﬁééhtu&t@&hsﬁgéqb1gltea§schwae§1ul &Eﬁ@almmg g&eﬁ@:ﬁ%tce]!l fhat ishe

dom nance of differentiat e cell type
capalle ot toag terdeie wéva sepansion ed refpopq]aamwham damuptdnmthntmfa

prlmtlv cells, ually resulting in culture
BRIt s Dok hAtbRT Gh PRBLT ol ps oxpress the cel

I
SRR AR T PR e AR eyl B g o
ﬁ&fv aﬁ}lmﬁcfrt@h fol€iMbeae ARliProgaaat eéll ﬁdheﬁif)n EBMI7atCly
nol ecul es, which can be stinulatory or inhibitory t

Pmlat@m EXpressingi PB4 ang laykmgéh%ﬁm%@ﬁm@p (ilea€PBHEDSE cells}

topoi etic .ce n cu 0
B8 BE PR 5 Pl el iel e, Bk oG, S HefaR OF
M\Qﬁn be fdui iR e Cﬁﬁ@[@a@éﬂ%&ﬁoﬂﬁﬁ PRV CORECD38:
expressed and secreted by both progenitor and nmature

eglullationg edtiet are Bomghidanphtain nmdmfiaresaamda:eﬂmnm 7.{The
secr tet ansform n growt h, f TG n
E eé??ﬁﬁ%%l’?ﬁ“ﬁﬁ%’tc@t ‘t’ %m@ofaceﬁs having

%fép@f’ﬂ#%&ﬁ%?a %?la%.%?e"f“f'ﬁz%?%s#@ e ARy 4 6
chgaﬁw of lohg-CerifRgakiting:@e yérppultion Blustrates thiat #igKiDB4(ahtigen3

Simlar
may itself be regulated independently of HSC potential and that CD34 expression

itself is not a requisite HSC marker 77, Primitive cells have also been identified
based on the expression of Thy-1, a T-cell xelated marker 78, Thy-1 expression allows

for the recovery of LTC-ICs from UCB, BM and human fetal liver mononuclear cells
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findi ngs have been docunented for erythroid and

megakar yocyti c progenitors which have been shown to
secrete TGF-(3127. Furthernore, research has shown
~that a nunber of these secreted factors can stinulate

t | 80
R e I e
| AnctiRer middkeraCDIA3-(AC188), d ﬂransﬂ@nibyarﬂﬁmpwr gB7co@dtein has also
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of inhibitory factors, [0039] Further evidence show n
CRat, G0t €Pehh e elicanbpris Arayd mrafieted liseagn askers (in

f { I t st
bR o PR R S B A PR o e
&di1 HAB BERrTcePPREhiBtdd) 8r BASR Q&Jﬁﬁfeﬁa&c@&:ﬁﬂﬁw YheBElin*

limted by the transplan ation of increased nunbers
mfhggnseahscqaiome 103 @@Jroﬁmgmgemﬁor srgaigbreptmton bhat t he
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I =Y o To ey T sponsi bl e for activating
I‘%ﬁlgl%l tory rrec gﬁhgrg?(mg&%lﬁgul timately limt stem
cell proliferation. Accordingly, wundifferentiated
[easy ﬁsdegr@e@rtbgaﬁpmsf ofgrdtatesondiffomsinmestigated tedataresult in

ulture,
the dominance og cﬁgerentlated 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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acconplished by for exanple but not limted to, nedia

di lution, nedia exchange, perfusion, and the |ike,

with the object being to reduce | ocal concentrations

of growth factors in the culture nmedia. [0040] A

GRARASE SOy nbhdds. ©RE9GeNANThHteSS HQFHED of ﬁféteﬂﬁﬁgeﬁgﬁ‘s
ro

negatively influence culture output, cones f
seareticasf reguldiory nddéaolski wigickaceni Heatmedatany oagdibigirg to HSE.
' otides or conpetitiye receptor bl ockers)

ol i.gonucl
?5@%?@?% th%r%éle@d’m PRt hematopgieticiealls imenire. dYsing

0 A A U B OB B g
HEE: dxpdnsidvll vierd shoviiMoR)e-ekpeidd SRIF scbrdtéd BPbdthiplogetitdr #hd

and in vivo nodel s48-52. Unfortunately, the use of
facwe selbareA G- Eenrxpmslenmenerytes arrlawamgde serreta trongforming

hi i f | ati Cs
o R e st o Bt el B B 8R 2
NaliirbpHiishgvd htich afRBibled Wil thd deciekioft bt PEFIp2 Mid-1 984 tumor

nodel for stemcell expansion involves a negative

heaeiirfe®toc@MF)-o/*'* whitdrangaamynhgesieyretti ihfedeekit ()-8 &. Similar
| ood cells ener at in t oki pe s | emrented

ufibe 9= biinsltaeat vt srlesla TS RioRgPigre

LAskh X [

e A R e T ¢ pcermoly oo RERARM R tht

auntbgef tiese Searetedrsctoy enestiingatelte debatRrcakcletionotintibitory

remove the bl ock to HSC expansi on by shiftigﬁ%the
fastorrhyeotiar cell tywas- SFop pxegerle dhe preduefiongf Bl 3 dNEso(IL-1gor IL-

ki.nes and 16 t 3
1 B SRt PR L R R o s IR 74 regolubitory
{2206 ArdRn RUDPRIPT bR HS@QQle@féﬁVﬁbitr@ia?E 1661l réfRiin
al so provide a nmechanismto enrich tor cells that may

gdescenteurgiergaapapoesis, dndiiralifferentidoint mettiocd tyrae s,
control and nodul ate the endogenous production of

| d_i.nhi bi f hys, .
e A PRt b o BRRE Rl IR RS gre

Jpeuaetd ST alsesadah SEEbd You e 56 E4IR %§d§£@ré@9§%é%tdﬂ Bloaad
processes for expanding HSCs ex vivo in part by

@rysiopwent. Hdas beenghotsa thag t-kiscile/ b8, cenpoYetR asd GM-CSER (the
G R R

eggwsééa%t Gy eh%ab%&ﬂm@aﬁceu%gﬁ%a%t B o g g

ncom t ant” decrease I n the endogenous productio
andenstlite celd popribticrisPENThE plebdmcbof these ré@ptons Shr@uighdanthei N
culture, which, in turn, results in_greater expansion
hemajopeietichiersehy implisnthal the adjorspésupplamenterbeyioldnpsage not
i [ n_b d_f.or ,a . variety of clinica
A R S S A SR
Hatr@Béen|sBoWR €b StiRiulaid®hd efAfnhRifferentiation and proliferation of

megakaryocyte 4, granulocyte 4 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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of cytopenia and anem a i nduced by radi ot herapy or
chenot herapy using anticancer drugs, in order to
enhance or accel erate i nmune and hemat opoi eti c
recovery following intensive treatnent. Alternatively,

Ep'il(g%&ﬂ&eemd' Frs n?gr Cgﬁelléﬁ[%ge({& turep Ee%lv %g{éiagp ﬂ'?\khf'%ontext,

tment o tirous di seases a

liyd¥p BapResabdcellPiphlatiass tiethebrevinigedd egRRLie I S@ERch
with chronic HV infection. The HSCs can be culture

Wi gecgtien efrinhibiteryifeniorbact ors to produce specific bl ood
cell types. For exanple HSCs produced using this

P 8 R S By

oW thgomes frag@ndiSe trhuspldnt Srudighvhere it RdsGed BRI (A (R
generate "designer transplants” with a plurality of
Pizp exnagpien peteniil |0§ﬁ@asqrepqnt@aﬂr€éteem@eﬂg p@aac@seﬂlyioaizmd by

are . The HSCs SO t her apy
G Pt P01t B £ i o B et M gedied
oy BRla@Re fandtpha&idcu&e SusRdrd IHBHRISH &bxbién@ﬁﬂ:e, which arise

pl uri potenfial properties. [0044] The present
ﬁnuéheﬁ&mmgﬂqmndﬁ@mgsdkeupﬁhdnﬁgmsﬂémbomipaﬁggmmﬂmnqr

et e b o g ol ot <
GhkikSrehiaba &g aﬁz@@#ﬁ 801 Fhn ¢ F& &ﬂﬂ'f&ﬁrﬁ n?&ﬁ%‘réa%ch is

progenitor ce exanpl e Fi n-
adebinplisted by féreaampletbat Aotdiited b, endliOdllltioip tediXlexdafige,
cells are maintained in culture and allowed to

PEBIsierng B liky, Wtbrtéﬁ phiegt being &1 reduegigeal eonterfeations of
%m%%ﬁﬂm&%ﬁk%&a ggoved ei ther conti nuously during
T erm

ul'ture or enTIy during the culture process,
for exanple; through perform ng nedia exchange on the
[omb)| 9\ deenaristritiven that endbganoasly sseetéry fatorgeh edg ARG ialibe
and renmoval of differentiated cells. The renaining

kiyre PP eomas drpra studies iy which blecking anfibedics nraganistaied

- R d
SR BEThFL B Se bl IR SGHER S i
if@ividual ARt Rive Héefnfsa&emqﬁ fefsfilg & prévendAY HRUS

phases of |ineage comm tnment can be sel ectéd and
qﬁedp abfenoxeh inbibithessutinas el d8Rde, (MEP)-1 drel $Bﬁfbntbc(ﬂmm

S SRR DS AR 5 b BB R e
SOPITSRG s i o RELELY o infall IR A

sedreied davtors tu@lrbsponsible $@dnlsiliting fihis popul et aln@e wi th FDA
and other regulations governing the handling and

c s n 00 odycts, and to ma in
e Brey gel%ﬂ%ﬁ e RiraasiGh vl ﬁ%ﬁ%@@ﬁ% fepdhask control
:R&H@:ﬁélﬁ %eﬁé?:‘& d?@é’réﬁa@cfﬂo&f‘éeﬁs, RRAELRESS Sytoldhé supplemented

di scussed in“detail bel ow.
cultures, produce soluble factors that, chrectly or indirectly, prevent 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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[ 0045] The bioprocess di sclosed herein can be
practiced as an open systemor as a closed system as
is illustrated in the Exanples. C osed systens are
generally sealed fromthe environnent, and provide a

TR oS AL LS, B i 1 QB AIFRR g
TRE FeacRllofhse kyllshdy aldogaevte b enesharikn fRaiieR kor cells that may
professionals in the handling of biological fluids.

aa:rerte piimulpioay B tUsable arpthasds shat gentyad a@@n@éﬂataetbe

f th dli
e S et Sl Y Ml Pl G S bR Greaors be
UG tbdd JFerBaR HAGpAiston sF500E ITRUAY ot &IcIREH herein
However, open systens exi st for the expansion of

dmbemu appatustandpoekdses fos expandingttftsex divs tl et/
hereln r exanple US t ent , 674, 750 and
egb&&@#ﬂ%%ﬂﬁ%@@ﬁy ﬁéqﬂiwf? ibjtgryeAnd pilatory

Q@*ﬁ entirety) and other known systems can be

ied in accordance with the teachings provided

herein to produce a suitable open system bi oprocess.
ED@L’&I d@n@?mﬁFWéOf gpeeific farget el diont gilie, mqﬂ@iwnbmdwel I

DR B SHRERL s B PSR
é&é??l EérﬁHtMn bof @hfbitodyFhct %Laﬁbm%ﬁlbtﬁrg WhiEh, %S&l&.’qfe?.lgtrs

u ture flask or “dis or may e sem -Tri

ﬁwﬁam&mmq@mmnnﬁﬁhﬂﬂﬂapepﬂimﬂﬁteII cul ture bag. There
are many types and kinds of cell culture containers

chanbe that are aII vai l such. .as
PR TRET s emerrased Sa frmripeaerein ardised s S yatiely P @ical
@;ﬁcm I:&Be&a&. 2 bhshakdrses xﬁmeq{axlg@]fmed for amefioration
avi ng an

rilization t chnlq es I ncluding aut

gfagtopenia kad badrhia indueatiby fadiothdrapeochampothertipy uslhigahticancer
directly contact ceIIs shoul d al so be biologically
qhﬁsﬁtm oxger toqnhanceSF agealerbhinypneans hematopoigtic gecgvery

‘?Hl%rméeasl gﬂtﬁ'l IA?’fge %{'lVélgecﬁg m%nlqhonsc%ﬁ lBe %elaeflér

€ Vo Sire ransparency, gas

}%fzérwﬁh@ﬁd HeRSRnOsf lﬁﬂe@ﬁ,@@ disd@®t S3ociand with@yRphd eﬁié' Alch

sel ection of the type and kind of chanber woul
aiha Pt Trcell depdetioh sedn with ¢hronik ElT¥ infetipny ﬂhe\iHﬁCs tdrebe

f@ﬁbdr%‘gﬁi ABye A cur Lon LY. Dl er e enbo) e

gﬁnﬂsg:é o@ﬁeemﬁﬁg%s%%hgﬁcm m@ﬁﬂed%&ﬁﬁﬁem&m'@

rnmeabl e to water vapor and |iquids such as cel
dellé d)ﬁHdEsh‘éIﬂp@uldﬁm&}mé fisetion gsing kaswh bioldggcal @ﬂtsofn this
growt h nmedi um during culture. Fluorinated ethyl ene
REIPRdhe INZQR AR AR gefwsﬁf% fdesigney rangplapist gyithaplyrality of

YRS S NE! TRERAL BL3rdal8l pAlhs 008 BRALIES AR Be usea

Crl errain

iR @EheRY &6 expredsal [“E‘r@%‘e‘he%i £ dcipidifl shjEe taldBE h&ebint3E dfle
materials, particularly polyners.
their reduced unmunogerumty 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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[0047] The cell culture chanbers may include one or

nore ports, replaceable caps or covers, self-sealing
septa such as rubber stoppers, valves, or simlar

means that, allow the user to add or renove materials

f AR aWM dnl s .
e L S SRR AR AR Bgelor LR, or
enanpleriine odlls, dadiinteodamiplzaherh hes e suirdihaoivinBe e The LB
cells, nmedja and other conponents, such as anti bodi es

SrRpnaiiayian g ARd allqyvesidoipreliferatee Ettferpntintedells and

]t I ells
SR e B PRE Dt RNEL e BB ppfi P et gy,

‘ yringhthé enltui@piticéss) for @xaiiple Mot gh BB B ihy media
dosed system_Vents, regulators or other ports for
sxghange prythe cellsrempinggdn Cdtuye, andy dasgeted separation mnd rerodail

ul tur di a) .sources, OF. or attach
o afleterBied G, ROt riE BERprsbfiered Send fom st 510
el &N prolteRteFRe:. bR l_e'@?ﬁ&s of Quitr Shd Siddiiofy/abdatyf €
chanber is used for initial culture and expansion of
exdhiange fFe pérfwimed tselpaod itwella  Abemativete kifferettiatedaells in

chanber is ed for subsequent expansion of the )
NESEREET P_?’ ﬁvea%cqmww# ke selegirdeandgrepagaied:iptaer in
P e B " LB, Se ML B B S lTBE e

eethk caltibrt t Preliifetiatof of liags eaitimest. | It BPrbfdfred that cell
chanber. Fluid transfer between the cell culture
erantier and selection btiperfpamesd iy rampletaly dontrelisgle, envdgnimentally
flow requl ators ort val ves s or sim]jar
ey s, B e A 87 p B sp TR EoRTTE ey
hédivg and peRbRGGI0®BloBYH PRRRIcts, IMH 16 InFBNinRfrBRS ItHeqned
within the [umen of the conduit, or which ybe
erthednand a &psestgativecppetatmeint parfoymirteptkis bidpeodess; areof
%@r e wgle_ﬁq{enrichnent matri x, such as m crobeads
T etallbeloWs { he conduit, which have a specific
affinity for a ligand, or have a specific charge, for
BHANIhE bidhidcedsliscRBariteriih chn BOYALERY LY alp SieddyaBi 6+ GPR 4
nonocl onal anti body, or the Iike. [0050]" The
dered sydtem asisdlinshretetlan getBxampless Elosat gyseeislage gemeially sealed

articul ar phenotypes,, for exapple, those .
AR PREFY S RIPT e A RRie e yrerle apopmytirongrent for

, ot : L bl
%??#gﬁghgpg?@gdcei}s téhgﬁigggiect?%%ggﬁ%ggggéprg?eby

regdttbiengnt htedivdhirefesgbnal thfths Rafdliag 6£bie®kicsl fAudds. Current
culture, and segregating themfrom undifferentiated
pad ofhgy a P%V%@@&@e@ Teahire flesed sy stemy for ted heradling
havi Nt bodi es .1 nos ific to
DR RRl Aol R R epdT BT peet friemens postere
ARG pEREteDYHOWBVESR) fen EPALAOLEH f61She APahROR bES

provi de an excell ent neans” for
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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affinity separation of differentiated cells, because

many antigenic markers for differentiated cells

exi st, and anti bodies to these antigens are

commerci ally available. However, antibodies provide

ol MBANSvdn@bn beHH8! Fdnt BIMBRIEPAIAKE AhmiRAd gégja@ia)of or
(ab)2 fragments, By fragnents, and bispecifi

aakeivbgdindsofiaming agmgl¢ of celiaThalcslbeultne: deathersangy iche

descri ptiaons herein _of cellular seegre ation wth whole
i oBeid; 198 example; g Aifag case obre eflagk gydjsh, or may

|S

ol ki epqr r Qus
PRt ARt el oS3 AR SRERRARSE bR, Py e
ahdRihds 6fdel odisurk ReainBrsi(Biandets) thdDark 08tadkerdddI available, such
sel ection el enent targets and selects cells having
anthiosparrpduded b &osning Rastar tSeitalle matesiels arripries dhag gar witheland
hemat oppi.et.i ¢ .st cel |l s .0Vi di for their.. . .
P By E PP Ao B b fmind gta imagiion,
B 4or tRyR %@ﬁ?hﬁbﬁn@ﬁiﬂch EBYcilyREnG QRS LRI e BiBRgically
i mobi lized to an enrichnent el ement having CD34

giefti Aelegtion of an eypprivpriate pdbailtmerthambéEs dede gnetwofithese and
ositive selection and negative selectign will apply
ichipties Efﬁt@&% aytge g’@“ﬁ%ﬁﬁf‘%u?”%‘?spé’@i‘l% seefliffusieny, opengr closed
Lect I '
AFAE e PRATEIN, 3B P o ASURPL df TR SRABe
tisyehicdift 6 @etdf akitidn G@lakisin vietr ¢ the fehcHil}® phavrigal. £ ahﬂreéigg
CD34+ and the selection elenent has affinity for 4,

prefasrediembpdimen egplogpodliculiure hags thahere estaipiraeable to oxygen

L | ection; i f.the t Il is CD3
&t i SeR s bl i PRy 1 et apSiaRd
detiulch 8¢ @Mich R R AR WARAL G etho &t Slosd FYHthRedim

4+ cells by binding to the matrix and renoval from
ddmingoaplitice: Fluapinatiidfetiolenetpolineds eehipiifjpnatetidesitalrie for this

BRPPEr DHET POt AP E PR RBHRBIENt PRF e APEA
R RSy e TR DO o Pt RERAY©

petanplyishededsn a particular |ocation within the
apparatus, such as within the conduit using a

sel eciion elenent, and cells.can be segregated . in one
ap The Gl G S SR R TS PO e GARRPELLS caps o
Jak,&@,rs@ﬁ.tséa\ﬁﬁgx%pm 3G S9RSPo s,%aﬁ@s,%?yfggggn%%%temw

For ‘exanpl e,;” bispecitfic anti I'es are a
thelider udddoraembonthawiibls fonithg dRdrhiser ihoat slibsialitial exposure
bi specific antibodies having affinity for the

qfhnisterier ofdhe bicnragess 1 the externahenvirpmmgeh Forgkampledbesss

- ef ivelv . attaches.a ic colloid fo a lin+
Sespiiolt Bethue B pABIROR A TR et dhch B Bufoles ana
B @lEkofse teemestiiced Mib SR chembdrSRld pePhBGEAoldl oPmedia,
magnetic field. OQther nodifications are described
g, endogamaiswilublegrowfiplacterstand ¢he s gowfthe dianber, witilee
Ifalari}ltainri]ngvalme&v?rfonﬁgreltaﬂy closed system. Vents, regulators or other ports for
attaching external gas (e.g., oxygén or air) or liquid (e.g., culture media) sources, or

for attaching pumps or pressure devices, may be provided.
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teachi ngs provided. The segregation of
undi fferentiated cells and differentiated cells is
thus believed to be routine. [0053] The bi oprocess
descri bed herein may enpl oy a continuous process of
WoM th 2 ARENSS b?&&ﬁ&fbmﬁduﬁexﬁ' SERNdCRURMS cﬁaﬁsé«issuéaa for
growt h an selectlon In a continuous process, cel
dmitialcultteaed egprision loécells.oFplipfvinggelpetiors elst®nfd eell hénue
positive selectjon or ne at| el.egtion) is |
ShatecE o8 P PREGRTY e e of e dewrer ek, ghamaiatele
Zibs A HEEM 5 én%o%aem@ae% Q%o&ﬁilé wEHh b AR O0EE3 for "
a di scontinuous process, culture el ection
peeetiliid camatueputisebetanacthe fith esdlbcudturddiahder desad

it may be nore conveni ent

system apparatus is_used,
ﬁ@owﬂwf bR IS Gen e idsPuRsadae colorluradiambers,

b d d pl [
R T T e
ansRIBles, ds Q0 bedsiRe, NOSt cond|t| ons, ex Vvivo HSC

cultures wll attenpt to recapitul ate henatop0|esis
and as such will eventually form a heterogeneous

B@éﬁh | e icomelupk maéwlélde ééﬂf—‘%ﬁoﬁ |el‘?§‘e€b%'éqli'éﬁ Ebejpositipaed
LRP Rm?t ' 518 t f%l a;h%t gcte'inﬁ Al ?ﬂ(frhelement may

evel opnmen prai m Iveness o

kb e Mbﬂopéﬁﬂﬂ@aﬂ éifrﬁhﬁﬁﬁﬂ 10ftrix BN bs flt@otRBild domaied

a specific culture nmethodol ogy to expand primtive
ueidle the,/qgeémt v dehosiargedifid Afikifoiat eligand; egveespedtiust

ant|t | |tor| of cells I1at re at
eace 8 rer S BT P s Sntently mind A Gk uligglanal
hawedh e mdael oped mhlch identify these cell's based
on di Stinct functional properties. Cell function can

be queried in vitro using established retrospective
1858l e seedtion element itat@tqmdﬂln@eceéls hammmucebr phefiotypes ,

|t" t ent f or mat £
R PI b ea TSPt iR 6T caloohreact o Agiecton”
0BG Eb B SRS irrBloRiacdl QGER] h0Be1f Rk Sutdlla! 6By D

etected by the fornmation of erythroid, nyelo
rednedg theinuebebot differeytidtedtells analtake bod da)gré@hhg them from
contai ning colonies after 2-3 weeks of culture in

uncitferandigted ellai %’f("-‘ﬁﬁlﬂ? @é?IP‘GHOB§?}nenE€ﬁ§ inclipde beads having

I
b LA BRSSO e AR, REAT e
BhviFadtin®8 ?@ten@fme@ﬁﬁcﬁé%-lw B hdit vﬂe\@a@k&mﬁt means for
culture with stromal cells 57, 58. e stromal cel

dfiuipesepssation pt&ﬁfereeh@edxp@bmcme masy aufigamid madkeisgor
| udi br.obl ast dot hel i al |1 di
PR DR LS B g B RIS RFTEAY SIEEFRLY gvaelzble.
HBGLRE SntibOfiLs SPREbhe Hignd 101G #Fe{d%@{ds%@&%dn%

mai nt enance of LTC-1Cs. The se IS assa

Q& (pbpdraghenenBe fagherds ghd bispedifieantibodiesn @t iraginkyts) can also
engi neered nurine
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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fibroblast (M2-10B4) cell lines that secrete factors
known to enhance the detection and mai ntenance of
LTC- 1 Cs 59,11. [0055] In vivo functional assays offer
the best indication of the devel opnental potential of

JPACTRO R ficht BRIk NS R R oY
RORtabREERIbf LA dERfthtikbd hembopsibig: BaN edRNFFe AR fof Beir.

devel opnent of a particular organ, tissue or system
frempvalifrogn tha hetgrageneys peveet Fagexamplara @ frprpaessingreelhmay

HSCs have been Ji.dentifi based, on their abili 0.. .
FECIRERTE Ure Smar bhtedt ST SFraPSkny Brvne (o Rty
A eiREFARD6 IO ThS@igARbns AR OIRUEGAA] Mn LAY RIBLSE il
host. Till and MCul 'och 61 first reported-the
epphteiticespaf toghe particuded dells tapgetadh e stlbaionielynent egbd, and
eneic BMcells into ir&@dia use fecigients

AP S s o Rlerhest FRge b AHEBTenfoieg PR oR BagiEo BT edls

Tt _ . .
Bt BN i RSy Geton LOBRRHEAERIE Tor chog then
igptation tof @S| callitinin oMM of Rekioasldciof Gt & thd QfPeblell is

VWi | e many ani mal_ nodel s have been devel oped to detect

B4 et scecpn clrmaihapiatity sorggn-diffprentinsed hematopoietic

i,del v oyl : di.abet i c/
el T By BB B S BT e
@Mﬁb&@uaﬁdm@ﬁw%@mﬁﬁe of RGlaRiERlSuliRVe been

r

termed NOD/ SCI epopul ating cells (SRCs) 69 and are
consi dered to be human HSCs that honme to and engraft

{3l mseTepatiggf diffpserdiatedeplls Sorp sndifterantipted cells Fapat e
and di.fferentiate into tiple blood cell |ineages
BES BT BB TohRle ke 8 Re R AR FPn ek S5

Fee bRl GelebiBbnldaR Ge BbcbihplisHed 30 @ bii%icSliak loE¥MonaFitlan tHEEANS
o quantify HSC content in a given cell sanple 71.

hOBEI1s, Theh prwishdn the coudwit ong @ sadactide slemania ppheedls om fand
met hods .for the expansion of hematopoietic stem and
SREBREIRA D PP PR UYL PG PR B B PG o U Rvely,
i R T A SR L
hepell ailieea alosg Mithatmagbkad cddid) tebispaafibadibolize Wavihg
the art. Blood, such as nobilized peripheral bl ood

Uhpity fo5 dhaopgnetia Foliold umivipr a et aiigenhas pengess effectivplyt

i 1J.cal ! [ . Liched sourc
bR R B it AP BB BN R RS
Blodghehd esrauRPRhich isGtsSIF BRALLT inRIRARRtE 88ld. Ofledr nfdHBRdns
fromthese sources can al so be perforned prior to
waldeseribed hereinaxd nyill be apgaregniité thpsewf skiblio thecdreirvieve bf the

fracti . This can_ be acconplished by usin
Eeines puriined iserare bRt S RRPOUGRY elpras Hierentidted cols
 SualisERlveaksBl AhkAE of more enriched

[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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popul ati ons of hematopoietic stem and progenitor cells
can be acconplished using fluorescence-activated cel
sorting, inmobilization to glass wool, colum
separation 23 or bead separation techniques, or other
lo e RSB RIS th SR G IR Proce MBI o diMbRARIGs LYRES, &l
known in the art. [0058] Fﬁmgccoré%nce MAP S%ﬁ% ’ e

pné sdertion pyaned ion,stdHS@e mannen | Where aanaldephsed gdteht om
etins (through subpopulatlon

i nhi bitor emat opoi

gBpeie bﬂ}f‘;s&rd‘/‘ g ‘?FeIaPrg RS & e% B & HiFadinupes bioprocess
%@é’&@%héxﬁﬁéﬁ Cagllbfe LEhEH fﬁ;nll% Bh Sééﬁm 9 cubator .
particul ar |1 neages. mat opol e ns re a genmr
naiieughaviig tb Gedpetratppoitat isegbloat h factors (HGF) or
hematop0| etic cytokines, which act on cells of the

ermt etlcsste & factors are active at all
@9%5 B oetan e £ YOG EBRE i ebRe Serecapitaate

[ t

i eveﬁ?@%%%dﬁf?%ﬁ%@%fﬁ%%ﬁé’s%eﬁg 3 5OPLRRGTS: &b
gurdaibing campatetsaof éhqleathtigeikbta gysian wnﬁgﬁtﬁ@troem oveehll
types |nclud|n those not bel onging to the

Hetelorgsaiad ppiend %@W@Spéﬁle@%@ aweuldinprpwde information
t b
SR oS08 of IRKI Il RBIRGAPE SBUR proicive sel types.

DRERsHiRy thainoRiledyb %m%yfﬁbuﬁ%nag{ Rtithiee m&ﬁfcﬁﬁ%‘o@ Eells Phat
juxtacrine growh control. Production of

are abdifprsnbstages bhdifforestiationy ‘é’gumatae@yshwed:leérydeweloped which

i R R S TR e T A
%{ehe& Wevitrh Mg ms&tassﬁx%&m%sﬁgg B & e&ﬁ%ﬁéﬁgee&ce

an ordered hierarchy certed action o

doaahitied and woltipeteni progheitatevibd lsaiegt the forntakien of
henmat opoi eti c system These factors are r ggclred for

perphplepicpiShdisingugshably 6‘#8‘(“6?3&0 ém@wegwalé CECs) areei r
f f
e SR R L e Ml O O
(B4. dbircerpldill ahd inyBlols Ew@ﬁtmﬂ@hg Ed)lf)ﬁ&@éﬂe@ R.33&kks of culture in

d| fferentiation. These factors allow an organismto
st-ﬁqlldt hedja (IE@FhY¢EIlbbset)rh0lr1g~tmadmr¢ hvena:ctnge:euse(Laré-ICa)are

PR Bk G BLh 45 ST HERA et e dp Bve riscto *
CARisiavbd dr8ster dheh SN LY d?%hihyre V$1E'l o LA E@ﬁ‘g?@s@n% cell

efficiency and also allows substitution an

elomplsewbithatd @mpobed dfdhesentiginalilp dickidingg fidieblhstgCct | ons
of which may have been inpaired, for exanple, under

epdetheifab gff”éeadlmw w%?%eogﬁwc a@&; progice aﬂ@wmﬁégluble factors

&?At s&ﬁéﬁgtgg li)c%{'tgétﬁ A ngroﬁ.@e 2 p e n ﬁ‘i Jgrllch ﬁgg’g&g—iés gﬁa sénsitivity

oﬁﬂﬁt&ﬁﬁﬁ)ﬂ’ @hbe hctfasddt thﬁfugﬁ)fﬁ@!@erdf gertREd IR enfReLRH $adrihet NE
envi ronnent of the responding ceI |'s. "The majority of

fibrabinst @i Mddiceditlings that gearetafgctpiBBnewpdn silomed the detection

and maintenance of LTC-ICs 540,

{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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24 vitro focus on the use of exogenous cytoki ne
suppl enentation strategies. Cytokines interact with
HSCs via three classes of transnenbrane receptors; 1)
those with intrinsic tyrosine kinase activity, 2)
trioeseial foak stelcell pepulifidnto LhRriBRk 30ms WM EmaR ¢ 2
those that interact with Janus ki nases (JAKs) 88, 89.
Oreelopmentypé a perficularoigen tivfuesh eyrteny pillowirgnidtrhverois pfeation.
says has identified a nupber cyt oki nes _whi ch have
ol i éiS&ﬁ‘y’e %ﬁﬂé@?@ﬁ%ﬂ’aﬁ?‘? R fietfbility to reconstitute
herm LS btk ¢ 28 4 E%/DL 34l gand
(FL)%ﬁ§$%n1celﬁﬁ%gﬁwgggﬁggﬁ , |nteF%% |r}%ﬂT§t6,
heméodagically eothprofiniseddepit Till apSMcC@Bpch 4 frst feported the existence

thropbopoietin (TPO, IL-3, IL-1, IL-12, granul ocyte-
e&wﬁ@ cell pig whep iheyrisiested syngeneisSRYl calirdntgrizradintedynayise

C I - Ll ating. f.act or - ( GW. 0-101.
TRepER: AQfonscRed e Slidhby Bt Ll LRRL I T een
Stprebiaply) tiede adlbdiet Rftainehicelll RATLAIATEMN additidnal bblories upon
I L-6, G CSF, G\t CSF and SCF, supported a significant
arpahiteipn(iBe-seendyry hestscol ony forming unit-
gr anul ocyt e- macrophage (CFU-GW) progenitor cells 101.

(R Lol 2500 AR BRELEH fnebRl ROl P agtees

hamaaHSe “reiie vedt widd§o@d BoidBreh A64-BF&e dRUEH/@Sefh0SE
mentioned earlier, negatively regul ate processes of

sranRineshgreanosiefident (NORMPTID) miteek?. Glls ephile OF engrafting these
i nhibit, th lif [ f .t f

e e e Gamse ARl R atd Rt SERLSREN g,

i d8%ATH bEhutnfin 88 +thERSMS WA chbak thiguAdd B, Whef they
TG-- (3 to hematopoietic cell culttres directly’
subhiquiety protiferatx padh differendite frep apitipit blogd sélEhndaged 5570, This

103, LTC-ICs 43 and primtive CFCs 104 u but has _no
BFPAE P sisreesiH tred WibvgRiiardlmitingsliugpranalysis ¢ Diies a

i ndi .ef Lal | v inhibi h h
S RS RGN A 2L 9o

cells are poorly affected 106. The functional effects
(006571 TThe p@sdrdirerehidemnproaides abaipaehttoarid methbid fof thefeRpansion

'(gigvent cells fr n1pro%ressing through the cell cycle.
eﬂ'ﬁEOPOEE%ﬂe@ﬁaanPf?&?a’c o5, G8lls pred feper@imde igfa theyrpeuic
D fd [ 0G| gdi CD34* cells
PRI NEF BN A0 e Bl e

aStrtiag eellpopalinivh ig/firstibeaihiqdl dshe MBhb@OkH oM BhOkrt ! Bod

cyclin dependent kinase (cdk) 1nhibitors pl5, p27 and
spdh asznoblifized preripheal bloodPB) sndhegnedhartove (BM) are saifablaxurces,

its fions -requl,ati ng t.h expr essi on of

ek BB B o d R N A H S st eERE 0 t he i
bk fFePer@ia @Mt cRTIO fFuriHe S ' i) , el

| oo andaflf%%?ﬁﬁilo7.1f§&h%$%?%g&ﬁ§§&%%gﬁS%%%%Hﬁ?%yggr
celhtoribértt frolrethpsesibifees @hiatso be peyfoinsd price tdeuthire Fod exhingle

cells includi ng CFU GEMM and
by pur g mononuclear cell (MNC) fractions. This can be accomplished by using,

e.g., centrifugation such as through a Ficoll gradient. Isolation of more enriched
populations of hematopoietic stem and progenitor cells can be accomplished using

fluorescence-activated cell sorting, immobilization to glass wool, column separation
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CFU-GM even in the presence of stinulatory factors
33.111-113. In vivo admnistration of MP-1a into
mce (C3H HeJ and BDF1 strains) significantly
decreases the nunber of primtive progenitor cells in
QY SR RPaRESAVRRNiHEING JRE KhbH kRIS bE blricAS3AY iy ch
effectively kills cycling cells) 114 and protects stem
anidahpe ppenaredmnowslit thefartom t he cytotoxic effects of
hydroxy urea 111. Interestingly, MP-la has little

,.or.even..stimil atory eff ,._on. nore matur
ok eniacSira S Rvutihs BRI Bl HsS i MRt persled rom
RhiEhifdry ARGt dpafetifg (thibligBsbboRltdRrlclcedDKIdNG hiR4ghhange
to have inhibitory functions. It is a controversi al
eytcelivee) th preventiheif differdnitintier ang conpaiithent tegatidiladlirichges.
ability.to stimulate or .inhi l%ist HSC, expansjon. |L-3
A AEROIP I AIEAPTEE TRENTFBH 1R hemafopristie pipavth &epqrg (HGE) or

of - |

PR S nat v ane i B R Phese
excpansie antie dt bl sageslol develipingit, 30l Yiccosdivglyahess hu@hi®poietins
‘have indicated that |IL-3 can abrogate the expansion
arilbeemoved frowbibe biorpcessite prerenitiiy diflerangation. g
concentrati on dependent manner 118 and, in both human

rrmg | . - . e
?Eebglonst i?? ?lng %gﬁ&} ﬂago%fﬁggﬁ%g.%%ﬁlggﬂgﬂpéhweg
tlekelingthbensot helengingeihaherahiapoibticeg stey. tThesd faeeitare either
finding that IL-3 may prevent HSCs from homng to the
svreiRA TR P meebranghewed ercnateixrasisisirskioras. skhep ray

[ - ou t he CXCR4 recept.or
55 B AROR of a{eBleh o LA oS rRRERURL
bt DNPRIdupIriT hbhtopligh@htioRds fe@lulased dirictly, i. e., they

non- hemat opoi etic tissues. Additionally, the presence
ok syNbesizedbymgtivatedeells upgdr eertain eehdifiars ratber theh beiog y

cyt.okines .i.ncl ydi CF 1 and FL ,34x22 ca ot ent |
R LU e e B R T
ARG 0By 8k o LR Ind g BB o

b hematiopbiietit syateyn. Thebolsrtnasare reqlivelbfomtiranyihtnance of
chenoattractant protein (MCP)-152 and SDF-1125, 126.
hemerdepairtieatas eslist theis prodifersgion; their differentiation énte different

bi o A : re .descri hed 00611, As whol e
e R R N b S S
ROBRIAW0E and IGhR1a86n WTHdle ROM0Ed MR Gphdisth S SHift Bliem
cells, since hematopoietins generally "need to be

aquilibvisch toeng e therdthdr side cag eeqranedi foremmplé\undersitessy el y,

t hey. may be added to specifjic. cultures to faorce,
PRobagR e R R ot b A bippial pctvinies. TakciCgicaly
S TRLARAES A ABHCARRIE S5 Y6 dsBbiRuRRE
_ungiﬁfferenti ted st aclfe of CD34+ ce S, and’ 't hei r
caftghldmemtation of inddvidiigrompondnts thi furlations «fceEch ey have been

I mprove yield. Mdulation_ of )
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 opoi etins in the bioprocess is thus considered
within the abilities of one skilled in the art of the
t eachi ngs provi ded herein. [0062] Exenplary culture
conditions for growing HSCs are given in the Exanples,

Rt GeReAthb Yisd &F Lgslacﬁ"?o%aﬂ@'s ; ngeﬂ'@nﬂgﬁ&? B es. okines

sanple of cells contai rst
abteedchetth 56k viathtes claskes Eﬁfteansmleinbrm remeptoss ay thodehgith
mai ntai ned for a growh period suitable for allow n

;%anﬁlrf EFQFPHRIRSS as‘e\?tyr 2) thpsedat fprartieity the spad subunit and 3)

SHSUBIRACHA TR A0L S S AR el ency

il F@ictibhilatags kalidawfdhe nhﬁﬁsr il ﬁtokﬂﬁ@wﬂich (Pl\ﬁl%jdlbt&ct
proliferate again as described. The segregati on of
giimugateneffagizen pamitiye bgmatopoiepesdlorTheek ingaile k33 ligand

AR sl W RSl AU R BTl o 1
a6 Ghidntd efeunf(nfO)emam € T8l1Y S8k locyRVER, ofY st LS % %@Oﬁ

cryopreservatlve used dlrectly in a er apeut

EESEY mdegramloc)ete- marpmhagm fcolboy stxtrelatifgfacton EGMBCEFR* 11, The
eps ca erformad with the entire bioprocess .

iﬁs oLrEdrs cyiokes el%t‘F‘%“tB%F'%@fFﬁn nigied

ﬂyhtmrgem & ééf F icad-@ftlang I,Lstgg %ng&%% érﬁg%& expansion (66-fold)

segregation. [0063] Cin
bbtolawaophiag uhitegrhhiEba e hdctophb SAAPENGM) fprogehiiéictells 102,

cancers treatnment of anem a, treatnent of hereditary
Bicedinglysbesgdrematoppiefpeeands Aatpadused t9) the Biopeacpss to modulate

.dose r.adi ation and chenot herapy in the
Fﬁ}ea \ﬁ“eﬁ?“ %ffﬁ%é?fco&an%r SFPYfer sus-t umor treatnent of
cancer, treatnment of autoi nmune disorders, and in
PeE Sdiae fapyrapphes dives mehilded kaffier, nbg’ﬁlvtely&é%ﬂﬁld phdzesses
treatnment of blood cancers, including |ynphoblastic
picheraioneiesife lﬁfvéewml% meamksele@vmgl téhe pipliferation of some

el ogenous | el
%F? giqrema 0 eoll 8%‘@37 E)V%Hl%flg%ceg {%ﬁtgl %oEgiarnple, ithas
béé&%ﬁ@ﬁﬁ that ghe daatﬁoemf ’I‘GF?/VG heMARPORHS IERBLRR Air8itlyGnhibits
cells are first destroyed by high dose radiation”and

&hemh@naa@ yepopmm'ng btend ety LTGrEGH “hgidslbnintdthre CHCA™ % but

Blstlo <t apimhorP st pagaettars 0 STRA deie Paaig At o
ﬁE% f.g%g r egwe&%g gﬁv@ﬁ sptﬁsngbgs Eémr@ang mature

trated c provides for long term

ChpraDBatcelare podidicaffecrd dé, dhe flirtioRd iefib$df. TGF-B have been
Non- cancerous bl ood di sorders anenable to treatnent

By toierbilyy iorseveatcedlp frastnregmeingithiensh thy pallscyge. It has
BRETh S 88y BERIBE IR oMt Gl o he ity
¢1b§4+ c8ifs) Rie@ihble k&fraﬁlﬂéﬁ%onml&tér @h € &1 4dL,28 SPRAYR presumably
due to the up-regulation of the cyclin dependent kinase {(cdk) inhibitors p15, p27 and
p21 3417, Finally, TGF-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 19810, c-mp] @ and f1t3/flk2 107110, MIP-1c; has been shown to
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denonstrated that cell dose is an inportant

determ nant of patient survival in stem cel

transpl antati on scenarios 127. Wagner et al. (2002)
reported that the rate of engraftnent is decreased in

m%l?%e ?’gﬂﬁ&?n% rinWed héng& chetic mau%@wetw &

er sus 9396| patients recei ved
CHEUYEN! edters cthe preserice ksﬁm:mdatorﬁ factom$> -85 ibitdeglministration of
transplants of 3.7 x 108 MN\C kg resultedln nore rapid

MErlgfipteanice (q3ﬁ£fﬁelﬁalfi|3é}¥t1§fraﬁﬁ9 Sepitirndndessiagesghgnymberpt

DG b 0P8 0 ol 02 By Bl i QUAL ey B E Bl ssay (i

effetiiély RERydidg céa&;lm ﬁasfedtee@ steinh&&@ré@ﬁitbﬂ &lls frbmWhs
recommended that the mninmumcell dose for UCB
ﬂyfamme&mteof hydregy prsel7Anigxstirgly I -1 Bhasdiideeffegh preten

R Sk BT SR Sl AT e
2%% B atador 1184 isahothBVEHAGR: BBtht & RAE mmpdﬁ fREbaL. BSs

ilent to transplant a patient weighing a maxinum
atorapyesia c;&blehq/béﬁudeg)f ¢or813.cﬂng$9porﬂ§segagdmg 163 hlahty to

calculatigns, it was . orte at 75% of t reater
£t at*s@aeﬂ"ﬁ%ﬂié% espgoRdat hi B B G THh R primitve

519,850 Rl S0 L Yo GIBURAF510 3 By

tk@btt@cﬂfoﬁae\/&’e@ﬂle Agexpdfsibg cltureS8. CdispkdlR), sevial fiidiechavien
order for these, and other banked sanples to be a
msle:aw thai k¢ ealmbremthﬁ@rp@iswglaed eelf-repe Wil primifivd gtem

| ants, .or .for It| | e,d ener at
R rBE e gh paeN e et oA A hing
R£%aMs, DX PRRSIREWR o el tRERLSARRAINE QBRI oG 2@ SThese
such a provides a solution. The bioprocess can al so

dleervatichstape mumtdt claudﬁefd‘lﬁﬂbn tecamefdldn@hh@u@rmm pudrtt

sou for e a donor provides his or her own
%ﬁ’ MBS fGr HJéﬂ’ﬁFmﬁltﬁ%ﬂ chematactierespenia tq sigpmal

&QFHE ?%Fﬂrsl"[?lgﬁ HW%%EI Ra;_ Qlceftol Pl %&'bﬁ D syr1efdl 1{1 BeSH

ack tern rvel b|o rocess

Siaclbearits el destraxianst pofdnua;u dpgtaAtig @us ﬁemtmwt@cwic
cells that are allogeneic but not i1 nmunogenic, and

.mslqw Additiopallyethe resenegioé SNE et insuitptss supplergertedeih The

b
SRESH SRR iR 2 BHRLIDE e RLBPRHA  ave
BBRrABASE b &g&hibr eRi filefrb EXrotiotfg Bﬁoﬁtﬂﬁ&ﬂaﬂﬁi‘o@gﬁ Fés (a

ransgene encodi ng t he t'herap eutlc protein.
memnbérap tediNErecaptdrSamily) smgrtabng &t Exarhplansffotiodr eldubutdryf

the .transgene, and expanded in culturﬁ as agal% ri]gl%ql.

demacpocyis cpemogtizactai puolen
1"4%% RO R BERR bt ot 9%2%?&2%%03%? geston

das@flegene are transpl anted |nto a manmmal . The Iow
i mmunogenicity of stemcells makes this cell

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

need to be removed to prevent lineage commitment. Alternatively, they may be
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type well-suited for gene therapy. [0066] O her uses
of the invention are contenplated. For exanple, the
bi oprocess can be used by commrercial and non-profit
bl ood banki ng organi zations, to expand a

ARAB i L £ f t] I : in-,
g S B e e reyrr g
hehawopoutiis E4represerveathe taive bhdundiffatnttacd dtat of Cbedf debg and
and stored, or used in a transplant procedure. A donor

el adelisiprde ot sneichmpm) i thyr bioprerdsemal impropeyiekdh tMedsdation of
R e R T S R e L B

irhte 68 bf e MahiigPsolRIed hefinol ogi cal  match for the

reci pient. Commercial nmethods of storing, processing
and providing._ undifferentiated are thus included

(PR iEpremplars iy conditions fqr guesing 1S psaRven ke Examples,

i v I @0; | i [.n speci i ns . hy. th
D DR WP B e P Rl B Sl dRgeee
SITesdait antetaihed Ben ROBaled NThe AGtuddiiteBPAS ifdnGnaintained for a
enbodi ments, whereas the full scope of the invention

steath peréodgaitablpfos alowbigarrglifsation freoceiua which nEyANFugsmedia
1.. CELL. SAMPLE LECTI ND PURI.EI.CATI 68] UCB
IR N R A AP S P I E BHEH RO S A s ot
REFBEEH AGn e biRr diteRAEHILH 2812 TRE PSS AR ¥hdr BI0RkRiS S
board of M. Sinai Hospital (Toronto, ON, Canada) and
pwlhiferaté agpirdasalesaribt@Ydhe sepaepntiorcdf diffrrest{atdd ddflecan qui bb

Canada lyb_r%treal, ., Canada) to obtain the
PRSIOETEL PRALR | aggersaniyne the end of 19p culfyre perind the egraedadHSCs

gL PR 30 AP i o
dJiable agopicediSatplepsrased dir&itsh ehdrapetab picediireslt is

Vancouver, BC, Canada). Briefly, MCs were collected
imporiamie npigfthat teeabge staps @p|bgedprniadpgth thegniiredioprocess

Rockyi |l e cont ai ni ng, 2% human.serum.(HS). at a
DRI ST i S e DA s el i ceptied g
iﬁ@%@ﬁ@é}*&g&l@@@@@ﬁ@g then added at a concentration of
10 1/ m cel |~ sUspensi on. The anti body cocktail used -

removes cells expressing CD2, CD3, CD14, CD16, CD19,
[eoet 4 Clivdps gisesdpdBCs inglydg) forexarple, hheAhergprittic lepiznapeple
then incubated faor 15 mn.at roomt ature (RT)
R S e T T
rEPIBRISHthérR b BBo@Eell GollbwThg Bighldosd @ RRARSA A cHERGIEEhPBin the

were then allowed to incubate an additional 15 ni'n at
tREmTHh efensdregrsft-obfsestime tyeafiers oh cacemagaimeiicof

particl gfi%sg#e?%g%mp%%%legpiyna%lﬁgdé? that are to be

[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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MNC sanple. The cells were then passed through a
magneti ¢ colum, containing magnetic beads, to
isolate the lin- cell fraction. The magnetic col um
was placed in an external nagnetic field prior to the

gepeitatthosoustas n@mﬂ@ﬁ%%&&%&ﬂ%&d&gﬁ%ﬁﬁ*&&

bi oprocess apparatus was assenbl ed using th oW ng
Fregdas ethe metigrg pravigdedhantin FER trarisplaneofvag fferentiated cells

Vueli f.e(.r Ameri can Fl uor oseal rporation
TS P Ra o SE e e of eepane Noresmpesress
b ol didordeds £Rbdableb Grea @it PPFSC tﬁ&%g&hglgg? iR 2R3 Yther

was fitted with a self-sealing rub
(c)lpqsl of ariendig. Tharfeans piamtdfltmdiffemﬁhted:oﬂl b@&@ﬁd@ﬁbﬁ Bhg {ell‘ﬁ& f
i nl et port 071] .An approximately 4-5 inc ength o
i?@ﬂ%@ﬂn Pfr#‘ggh’a L&ﬂ*ﬁﬁ%ﬁl@?ﬂm@mi il pizeies hgnm ng

, ' s used as the .
donaa R R ce 80200tk g et SF bRl et o e

edlpm@Bplaniafloh Senieysi?.ofagRE iGN TENND) L8aES! thIRe RRAGS
were held in the tubing by first punching out two
engreftment isdeciagedbingatipite treeiving f@0er thrsslhy 1 30 CGR3dH ndlbAg

| .scr in m Cel |, Techno] ogi es) and formng
Bo B PR et b e entn 85 RSP aY Irarelous) BY Likeanae,
WHOFNEd bk brafphhtdisaa! s WRGEAR 8y R -
One of the screerﬁt@v?gg( 1t’:l]hen \p/:kgced %En?rﬁgaglé%{l%mem
{bah patienteivhoe wasivetbowdy 3.7 u<lIOTBING k] onerddgllessilalih
Care was. taken to insert the screen so that its flat
pyiens rﬁgn%f?lﬁ éfmsqrealf g?SE@%OﬁW?@@dwnﬁwafwt {7i Baged on

LG o . Technol ogi-es re

%E%nrg%:hg’ge i n“‘?@gﬁ%‘{ﬁ%‘m&ni N ]E%%%lecfﬁrd?’ P gé’ 8 %Jg% '%ear?\éﬁﬁms
I8f3.7 AP MNC/Ra .Y yBebhus frfial WUBGBIAREnS@R R aS ¥ 855 opas
inserted into the tubing to hold the beads in place.

apEEmpelydst a1 HMNC (GrironBlgné 11027, S&fbbhitiveas colculateid| thatan
i b 1/ 8" mal e | fitti . L

i e R L R i A ——

thalniQgh df @?Mt&? BE kARG %s%ﬂﬂr%myb&% yas

cannul as (‘Arerican Fl Uorpseal rporation
reported] thati T toed the greatertthars 4000-basledd sagiples bbb ToRRESTELIIRA]

teci| filling, [ tyi f | t
GBS o B B S B S S
AR BT o OOT AT ST e

thsgznd iofher bittkedBhinpRps &f bd d @sefi K68 AMHBEGIO Yihdle orliBitiple
entire assenbled product inits entirety is now

agalt frapsplanés, opfop prudidels Sssp pegentration Geraplssobeip HSETONteAs
' the Di ed entirel

RO OSSR 5 R PEESE R B3 SIALLELY,
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fromcell segregation. |
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
pluripofenﬁal hematopoietic cells that are allogeneic but not immunogenic, and thus

suitable for transplant purposes.
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nodi fication, the use of the bioprocess as a single
assenbl ed product would require that a three-way

st opcock (Col e-Parner) be placed between one of the
culture bags and the tubing. The stopcock woul d

fach |4 . L - ' 1 BTy cel | nd
P8} T Grbles PPt G e R Bk e T
hedifetaaeirg ctits, hith Siheqises kendtiBAIBi mpdifitd exbivoGEltcorporate a
SEEDI NG AND CULTURE | N OPEN SYSTEM [0073] Lin cells
Weangeneerpedingithe therapegicquplelsy. fhe hemaoppigpaesiivhrestiiained,

R b S FBREHF SEBb AR . Mt
LR RifovBd frodQuidiis BRI ¢2Rhasthankd 2l ae &Myeg for

L-glutam ne. The nedia was supplenented with-1
pgpredsioBCHE tieAnapegeneTRellrszmsitivelylespreSi g the G@nspghehreFL
n nd 50 ng/ TPO (R&D Systens, M nneapolis, .
&%@% B m\em%gﬁﬁﬂ 1Thg loypimgyumpgenicify| of S@H‘sﬁ?ﬁﬁ%‘@%‘ﬁ thigsell
ng% ' s of a 24-well plate and
?ﬁ?gine gg#%%%ékgﬁpgehunidified at nosphere of 5% CO2

in air for 8-days. Re- selection after 4-days in
Boder itheruseeof theinvemtinneire canteraelbled. Benrrxampledthd bidpmeress

culture). was. perforpmed. 3] 4. LL . SEEDI NG AND
PR PR ‘tfbwﬁf o btk @ epRr BB s aRe 2
. i.n- TNLI j |_
B e Y CBbua” S EKT IV BOE 5"
rapopigtimnBiON/SCID drdsithdrimnd #eentiated rcolly, A6 i latet Ieifozen
transferrin, 104 M 2-ner capt oet hanol and 2 nM L-
4 sl usqthin giancnlapkrroradiurd ef dangspnasrEAYide the semplots

&
Q% e SR undiio o Balth frocdoBGH) pAfuciRe Recl of

&S BRIARIIOPe HRHANHLE Mn kY |@16drRsbe] thi QelR ade ATperfdét fnvfi@ndIdiHcal
(through the septun) using a sterile syringe attached

metch ferithe redipiené aeminarcial vetheds tfisteritgn gremstinggind providing
copt.ent s re the intained at 37C in a humdified
Sriseniaed e Cu agstd Wikin trasope s (TSAE | er

4-days in culture (i.e. to renove |lin+ cells generated
[Q04#1i MBe Givehtidrel nowas@BEH BT SPREIfiaferfs BE tHel¥bfbpoing e es,
SELECTI ON AND MEDI A EXCHA IN THE B (PR(IZESS [ 0075]
whigh axedllystragiive enly and are intenddsi toheacndisnitipg appbspedifined.

| ncubation .of the cells i,t h_ant.i bady .cocktail .and
SRS S e die G0 stape of s TP S be e oA G gl by
Ragaind th the cells remaining in growh nmedium The
anti body cocktail and nmagnetic colloid were used at
hal f the amounts suggested by the manufacturer.

FaMPERG ng

1. CBLL 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 MINC fraction using the StemSep™
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these steps, the cells were then allowed to fl ow
through the enrichnent elenent (either by directing
flow via the stopcock or by attaching the bag to the
enrichment el enent via septum cannula mating). For

RSk R AL TR PSR i e 30 e
BreGTeda)VBayst, MNCs he cemdaaum Haaks Bigffeasd Silink SHIRSH (HBSS;
el ement _was pl aced in an external (}m%netlc field

ﬁ!bC@rRQCbV%l@dﬁthqr@ﬁm1ma%ﬁmm§Pw Gty Ferichrsration @6:5A x

el S SO oo ot DT By o0
Wﬁ@cellc‘sﬁbﬂeﬁ‘s‘ibﬁ ArHe@htibadyt 3B PERESSHHNS celﬁsf&gfélss:ﬁ@ébé

exchange can be perfornmed on enriched lin- cells in
£he, Cl4 (P69, CDBE ICE¥S6)CDidheareedly @phoen dcTihe deflsigeck

pl aci ng.t culture bag into 15 or_. 50 m coni cal
@éﬂ ﬁ“%%?ﬁgquﬂgé‘mcﬂ VeRdemRpaIe Qﬁf ) Bgerd@élah tipegrmagnetic o
{IRiPA% SRR U880 AT S, T80 coll Wi chen
diBR@drtp incuBae afi hdditivdl Ehmin MRTA These lstepe biftivilp atthcbi ab| e
at the botftomof the culture bag. The nedia is then

BagratisPeficled ardRrers celin (Bgmlly Heat §@| tp bg gmquied frompthg fnitial

[ ISt be taken to
MR T (B v R oot ol e B0ERY Rovnie
Ragetic bédisad gﬁh}ldt@&e%ﬂ%ﬂ $@RIGHThd i S QEIREH WwABIREd in
adapted for automated nedia exchange. 6. PHENOTYPI C
anetersy qepaticielPpdondo i sepamatioysies. was per f or med
using flow cytonmetry. CD34, CD38, CD19 and CD33

Xpr analyzed by first collecting and
%sh?ﬁ%ﬁgg]ﬁsg‘%lsn [ Ige cold HBSS cont ai ni ng 2% HSA

S MR e t hen
kg Dok an o b8 s o A B
anounts of the appropriate antibodies or isotype
[@ont Tob$ rhldEP30tmabagn(ViuebifeGhtAanerbein FRldrssesialo@psragsn,

: vva&l?‘%g usi ng HBSS- HS and resuspended in a 10%
Gaitharsbyssg. w)mﬁr%ﬂseémﬁ stlqltugphembersdnculturg pelladre- antl post-

Bl fl
B rsh, B85 Pole I A0 VAP R Pl R i
mﬁ&1ddhm1ﬁb@es>¢urp@au@o amésnm?eﬁsed as descri bed

bel ow. Fl ow cyt orret ri c anal ysis was perfornmed using a
Coul ter EPI CS with 4-Col or Expo software or_a

BN DB PESFER 1Y L5 leRstin V8 b priab e metek FAR ned
R gfbme%qm.pmﬁ@ VeSOA Tl T as 1 ns o (?Dand

ression’'was asséssed usi ng  ant’

adipted (IRméthEGeleattnl eldahdh® ifPthe faih bf &olPRBmEBR: beddld. i The beads
CD45 PE/ FI TC and anti - HLA- abc-FI TC (Beckman Coul ter).

wegohsld in the ghing By figst punching out two 0.12”-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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tested using anti-1gG -PE, anti-IgG-FlITC and
anti-l1gQ&a-FI TC (Beckman Coulter). 7. COLONY FORM NG
CELL (CFC) AND LONG TERM CULTURE- I NI TI ATI NG CELL
(LTC-1C) ASSAYS 10078] Non-cul tured or post-cultured
TeRhhdloMey) eehsthay pldcddon 1EAGbing makmeyb@znqdl alengfy of 500

cells Tnto methyl cellul ose nedia ( CuItTNF@Ste

e@@rcbmme@lmmaﬁgt ‘éél)‘lh thegReRASFRE Wos %ﬁtft?@%fe@ g tp fold
F %

t’:}%}%%a\é{gfrgglfxﬁ Ca éz cr%\ﬂl% t]ﬁ(? @ ﬁ%&c@e@%guon of ce]lrshag 8&5(11:1}3

g(zéﬂw' heaé ﬁ@FﬁtuiaQs emenioarm@f) hferSthen glaaemw &iclend BIERO.

After 14 days of Incubation, duplicate or triplicate
tabiing te ebichereze srca@heﬂtvfcm’nre@&@ lodncannulag h@nem@qfémwals 3

DM e i .
flﬁﬁlll ,%%n %%%éqpt%gggf &ﬁ%uke é@t'ﬂﬁsse@?&ﬂm ¥BHRnEh higyRerked

i ks at 37C with weekly half nedia

8% hrNgerhiehwerhtel oCul t TM nedi a (Stem Cel |
Technol ogi es) contalnlng al pha- NENl 12 5%)HS 12. 5%

{g)%?re %?ﬂrgg]fu]l\qn O%I ! eny W%Lm 6?1%{32 een Cti%c%gt’%e]b%és ¥
i GRbhy ofths S tﬁ(ﬁ%a YA RGO MTihi SR ass@frtbﬁd Prod@e esits drlfiety

entlre contents of each well were harvested by
i hyo shikidzhs {oopracds mprads”i ant’biopmtckspCehs men’s@leri@bb@, the

see above). LTCIC co t ang fre uenc hen
té@nreeem eradperyechenirely .agseaﬁgﬁt? “%ays.

i et 5%%1‘%%%5%@%}&@. o % s L

r%&&ca[u@ﬂ 804 ukd Jfimey bibproads B singlk hsemble Ipmqarcogenl,d reajmre

l'in- cells grown using the culture conditions
tﬂmq@wﬂmock (Gokpfaarmen de phacesd kaiwpat onglgf ghe culture bags

SR DI i iR s e i o Uy ol fin

% @&Bﬁ@ lha i She iQ%le By oull bRt AR toNeBi§dobk
cer

ecel ve transplants 0 either fresh lin- cells
ifilet pdre progeny of lin- cells grown using the
bioprocess (see above). For intravenous studies,

31 cbpiiotom ”Wﬁ@%ﬁ%ﬁ%@@%ﬁéﬂ e por

intr r studi e [ e Iy

e %%ﬁ?&? 5 17 DG PRt s Grem el
DEGINAS) EeliniX %@éco@é@l\@ﬁ«l 19 B#,A t1b9 2 rth nSRR) mow@ﬁm

I'njected through the knee joint dlrectly into the BM

- hi@x\ﬁnttyansiefmtgl 0 M@hherfcaptoeth8bl altld)Z)gQ/I Lalutamines Fhe media
Lhe egﬁ;eréxll n&%ﬂ\( 1600 ?\gy\rﬁlesl& (E\?nrge}\, ousan \A%egg(s, &&), 553 ng/mi FL

(Amgen) and 50 ng/ml TPO (R&D Systems, Minneapolis, MN). Approximately 1.5

mml 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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sacrificed and the bone marrow fromthe right and | eft
femurs were collected and analyzed for human cel
engraftnment. The bone marrow fromm ce receiving cells
IV were pooled prior to analysis, while the bone
Y T s BRCE alth OB GEN BifIBLARI NY | F transpl ant s
were anal yzed separately. Erythrocytes were renoved

. qiﬂimm%ﬁh@ai 18 10s ¥lefinilire msgﬁéﬂm L§s)
gﬁéyhunan engrartnment was géﬁérﬁﬁne y‘%%@%gﬁ%ﬁgﬁﬁ
Tedtnsldgies)ldftairineg Btovie@NDBE 14BSA; tSnrugrirne/ud @ indglin, 200
W th saturating anmounts of CD45/HLA-abc anti bodi es or

rigegiastahumsndrangiertp 197 I 23nergaptpethanobemd padMiel | s

re e re-suspen in. HBSS-
e I REDE o RiteloP SRR Wil T o g 100
£8/nk] FEQRERBH). an@B0 nE/MIETFD (RRENSRRMSY. 286hrbQfnate-118 i 6Lk
content (CD45+) using flow cytonmetry.” Transpl-ant ed
Mdipuspansioniviae thendnjected inteal3 po sidiire bag fhuatigh deseptm) Ying
of the BM cell.s .collect expr.essed human 5._usin
R e arearietieg i iRt coie ST PeET ARhGRIant
(R erRRAGTHifd o BRFCRERhubARBed ahidbpingt & %@éoMrPaﬂ Ek? -
MRNA expr essi on was det erm ned u5|%g RT-PCR Brietly,
$elddcdbn gftdrlded ags inndiltArahs te pinheve liad cdis shiysitted dagihg sultiie)
500 t Trizol Reagent (Invitrogen, Goningen, The
was pefrmadag desgibed. nin fol | owed by addition of 100 |
chloroform After centrifugation at 12,000 g for 15
81 N, ERESAARONAND MR EA PRGIANCR I Bt ﬁﬁ%ﬁ%ﬁs@‘ xed with

i sopropanol to precipitate the mRNA e nRNA pel |l et
106 e RelORIeBidIEH TR biSH3Edsh (P Bl Rhed! mkan iR &3 dledend 0

, washed in 70% et hanol and re-suspended i n
wite piiiledpabdatail anidAagretic enlbidatasarnivaisot residetthé enltirabaly
usji ng ﬁ m croQuant plate reader (Biotek |Instruments,
W gtfsqé s regppining HEgay thapetivgs The gatihodrisodkiaibandrpenglie

£ Voo KL% - tal it h .
BRE T2 el R el i Gheete o the SRR, Bettowing
thedelstips,Qhe dells Wk thbh hlRywed tb Row thioRER GRNHnkichneet dldbeit
The m xture was then heated to 70C for 10 mn and

(githes by diregting) fowv vin thestopeacknnby attachite the pag tothe peridnst

i trand buf f 2 microlit 0.1 MDIT.and 1
ikt Rk RSy Bl e ST S (it Srmeriineels GRS fesee
M@a}gt@ﬂ@o ﬂal-ﬁﬁ}na‘i’?éeﬂtéﬂﬁﬂx&‘éﬁﬁﬂmko SihiBr 1B StemSe ™ system,

(I'nvitrogen) "and the contents were Incubated a
thecorduitinaviaf te enaidhingdnt elementhvas pdaced iid &1 exdérnalavggretc field
transcri ptase enzyne, (SUPERSCRI PTTM |nvitrogen) was
Paivg Erperasteon Ererupassiss Srfiegiethe spadsit, anrbthug fhe ent

' [T if] T '
5 B DB i RO Ml W o
dﬂu&wammﬁﬂmﬂ@@aﬁgﬁglion at 700C for 15 min. The
resul tant

[0076] Media exchange can be performed on enriched lirv cells in the culture bags.
Briefly, the cells are centrifuged by placing the culture bag into a 15 or 50 m] conical
cenirifuge 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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cDNA was then used for PCR [0084] Briefly, PCR was
performed by mxing 2 mcroliters of the cDNA sol ution
with 23 mcroliters of a solution containing 10
mcroliters 10x PCR buffer, 2-3 mcroliters 50 mM

WEE vhidh fine b Qb bellet it QisiF SNHEbdHOk of k&b R0E bgl 'The aREe: is
primer 35 (25 mcronolar), 1 mcroliter anti-sense
BrenmerefylyFempeedohsiugh fhelselfiseslipiisenmesing prstrileeyringe. Care
5U m) and 80 nl autoclaved water (Invitrogen). .Th

PTG rronst) <ol AR ARG geaholtn G e e et by
j ; lf.C toO

R R o
eadhbriges: [ 0085] TGF- bet a/ sense; GCGACTCGCCAGAGTGGITAT,
SEQID NO1 [0086) TG~ betal/anti-sense;

ATAGITGETGTCCAGOOCTOG, SEQ 1D NO 2 [0087] M P-1
&1 phdFENRTETC MIRRBCAGTTCTCTGCATC, SEQ I D NQ 3 and

008 M P-1 al.pha/anti:sense;. AICATGII TGA ,
By Ry Ay GORF Bl o BT B Ay P D1
Bd €BB9NEDesSBAMN 8 Sndlfzed béf%&%@ﬂ&%ﬁg 86 wastih 2l Bl
an et hydium brom de sol ufion and visualizing bands

Hifi98 corgaitivig 2%0hig A GTBIMHS)SENL0RANIH TOATEveRT tHeGR

[0090] .Sem -quantitative RT-PCR was perforned as .
freuipended 18%&@??%‘3@1 sontiping satgrqtipgamoygisof theqpprppriate

e B S} RPSPEY RO GG B e
SSAPHBSI-HS Ehe s@uspuidbd i EEfolihslh sobithingBiskel, NepddafONS
descri bed. For quantitative conparisons between

CrednhBired cellsgyere then gnalyzed ippmediately using Aewicpipmetyor be

[ he || L fi [ | d.
Pt i e Bioyadr s CRgS Ry G Bera wadatetérs
EDNE YV Hel MNKFR b MYINGEORREDNT, ASSHYickEkd 88hg Teulter EPICS XL

secretion of TG--beta and” M P-1 al pha was neasured
with A" cdQrdixpo kofhearEbt SBoulkdr EPICTEIDe Byt Bitssoftware (Beckman

e A o Lot e T T S hR enbHL A e drprerpr was
a%g&pedas&g{gc&ﬁv@é%gﬁ,%mdtﬁ%mc, SO0 D @ TR3-PE, anti-
st andar

urve. t'a acqui siti'on and "anal'ysis was done

OB ULHPE/AI T/ RSANENL Aabi-BIYGBeckneaderulieNbilsegypé adntrols were
Devi ces, Sunnyval e, CA). 36 12. STATI STI CAL ANALYSI S

tegfod wgingantilatn FEertblsGRITGhang adidamedllG (Reckean Faulter)-
error of the nmean (SEM.
7. CoLoNY FORMING CELL {CFC) ANP LONG TERM CULTURE-INTTIATING

CrLL (LTC-IC) ASSAYS

[0078] Non-cultured or post-cuttured 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/m! thSCF, 10 ng/ml thGM-CSF, 10 ng/ml

- 1hll-3 and 3 units/ml rhEPO, After 14 days of incubation, duplicate or friplicate

cultures were scored for CFC content and frequency.
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Where reported, significant differences between test
groups were determned using the Student's t-test.
[0092] The expansion of R-SRCs or LT-SRCs was
quantified using limting dilution analysis by

i e LSel iti '

18 Y1 DUCRSANe: PRIEN S 1 Rl eSO i o B
bsimag strheaheis maﬂﬂﬁékml G-helbplagstCalipl et absvedXto lemggtg IfM 5
descrlbed133 In all cases, cal cul ated x2 val ues were

ket §AiG vidh weeldp bef megia exdwnsesising MreleCyBHniadip (Gtem
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In initial studies inplenented to test the bloprocess

&rathly) diseplvest hyslrggortisons ubfler Stwekks dhe erdive pmntatm ofreach well
sel ctlo thout to te the effects
s el S FE RS i Tiatamnedih fsoe above).
O t 0
grostRe f?ﬁ‘?%ﬁéﬁ%%}%ﬁ“é?‘é?ﬁ%% e t?sﬂﬁ, s YFCR G

gB34€ddgs. cells and CFCs grown using either nornal
cul ture dishes or using the bloprocess In order to

bet Qg’;““ KR8 ahfomBN B s jB Roliy lﬁ *DIERETES sol at ed
and %IE/&@(TIQWC! MicE) tvvodvvel s of a
2 2 3
fione it b ey o poeenl ol srenisies Ponsire,
SO O bie érlgé’&/v%eéfutaﬁ M&'fﬂlﬂ%% m“&{a%ﬁ%b%gé.ﬁﬁs

t o subpopul ati on ection ve an

wedkasia NaDSAID ﬁgcetdmgfenhatmﬂaﬁwﬁs @3 tebtsbt yrskc:s)w e
cells cultured in the 24-wel | | ate were enriched

lagﬁi@awﬁ% ét%e%i FIEr SRS @smsém O @C@ﬁmﬂmcqw@t mplants of
L LeL .S % ththe % e then allowed to
et lredhy b 81 The Rrousiiy pf B ¢ SE%‘%?ES“‘% AqPrRTe
3%6%)3 Iﬁ)lﬁ ﬁ%’révﬁﬁod@'sﬁ@‘lés Coells NNRERILA §5: s@:[ndta]&ﬁzéﬂQEﬂ %&ﬁ
cell types, normalized to a starting cell sanple of
IQEG'IC@U@Ef(IOd as prehiousiy rdpertedit. Fon plﬁ!tafarmirhﬁﬁldieslthembé werfe
a 24- | ate), .and the qverall gan5|on of the

firghangs %ﬁ?ﬁ%@&%ﬁ A BYRTED %@}gherlg e e then bepieand 25
t

e S S A R DU S PO Rl B pe B gy

of éd right GMAALPCD38- cells and CFCs with expansions

equi valent to, if not greater than, those obtained

usi n tangard cul ture dishes. Cells grown_usi ng the
71 i S 2F g SRegr IRt (- MRRP T ROt A T ftos were

SSYEREL N BePR A6k A0k 09 0 MPRR EELLSH L M
afxlpastsion humbn tal angraifitbn Thg &ohd MErr6R ftonh HARSe&GRMPEIls TV

mai ntai ned in the
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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bi oprocess over at |east an 8-day culture period with
m nimal cell death (assayed wusing trypan blue dye
exclusion). Inportantly, these results denonstrate
that the selection elenment and overall selection
Phaee Saifdd @lls Were!ierBiashkd ndidsu8PdrRbd FHBSH. {14 Entaining
bags, flow through tubing, etc.) do not have a '
EgpitivgeiogidedBh taiain fardehd caldontenar Cellgmevd then adalyzed for

OF EN S FACTOR P | ON [0095] Wth
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GARERLFeGhosithy0 PR3 DL Ul BANEIPLALED ddlesEelluman cts
expansi on, experinments were designed to etermne t ne
esing FAS Sahalysibpopul ati on sel ecti on and nedi a exchange
on the endogenous secretion of inhibitory factors. In
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e o O SO s Yt
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drpitrogee Graritgse ThelNetietandspior S miin followad bp additied of 100 i

nt r.ol |tures (Fig. _4). Oher inhibitory factors
profaray tc“gfaf SREFHeRtYG am:fzﬂg,g fpy 153migy, thegpymquy phaseavast

- A ' t ts,
s By SO B B PR o pae
was thefobialt@d b eriifugbtidit 41,0008 FR YD alih, VRShIWERME 0% ethanol

affecting the concentration and production of TG (31
anbrenpRangded ingterds walen MR Arondentratidn Warth¢Bdetamsinédusiog

to.be~significantly affected .Subpo ation

81 eCr] %%Phaﬁienlgﬁyegi@mgei( [‘1@’39@?&/?@{:}?‘@ %ﬁ; rates (on a

per cell basis) denonstrated that subpopul ation

[B@bje Simthesiy TR Adnto RDAIS wgipdriciaib by ri@ng1-59redthion
rate regardl ess of whether or not nedia exchange was
@@Nﬁoq‘qﬁg & ngerolifst oligor¢f amggterile Wakey t9 afinalevoluniveaf 12 ngcroliters

S R Sy S ST S
Juclpafilddod i, sa lfrhﬁgi'erl? 4 hikfotiteE €5y Srst\iafid Bltter, 2 microliteg,

specifically analyzed for their ability to express an
e [T BartF-mfc3dlited of atl hedfdNTH dhiie $10 thivin@clc @ATB, dETRe ACTP

cql ted either fromthe selection colum (i.e. cells
aﬂaiéé‘ﬁ% ?/\EP%&‘EP efdade dhe tbe drvikmsers ang therpuients gyare gubated
' ' SR .0t t._lin* cells do

oL 20 ol Lol S4E St chd 1 M@ e d I i B ind
(SERERSUIRIBE M0 nvithogen) s i e@f Gemirhie ¢oritils whiedstabBdhkd by
were found to secrete TGF-SBl at arate of 6.8 0.1
ngbpdding fheengoE)speciirssraninlesd iThe midureowast thert indubated for an
fARABB LR PR BRI L) Rack PR ALY R he Mot
cDNA was then used for PCR.

{0084] Briefly, PCR was performed by mixing 2 microliters of the cDNA sohition
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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[0097] Analysis of MP-la production revealed a

di fferent phenonenon. It was found that M P-1la

secretion rates were conpron sed when nedi a exchange

was perforned, regardl ess of whether subpopul ation

8 ralttdrilar))a SmipRilit® AR Ger@E phfler (26 Blistor®RY), 1 FikSliter Tag

finding indicated that the addltlon of fresh nedia to

qm}yn@msg (Eml) andS0inledtdchved whier (lovigogdrpTiee PR vactiom was
MP-]a alread resent in culture su ernatants or

5‘”’16‘1 88?“5&}}5‘? A OWRRSEtiTRRPI A FmppEBturgs that were

P Fhoi&e
B e o i E?thﬂlawm%%éf& PORG T T i Lative
RT- PCR of M P-1la expression was then used as a neans
{0885H ek Cefi-peitafecrisd; GRFATECCEUALCLETIGAI Tdels SERIBAY@A by
nmedi a exchange. In these experinents, cells were grown

R R st el st o) oy e i

placed into fresh nedia for 24-hours in order to
whar) MEP-haephagiseewe; TEUPA CRAGETCTORGRATO,MEEQ ITNSQkadnidon
time, the cells were then collected and anal yzed. As

in Figyre 6B t [ - red
G e e S P et et ol
placed in fresh nedia. This inplies that the | ower
loesvie IPCROfrodhdRs Warehidithtalyzedby Ry nbey sdbi@lds @ntah® agarose gel,
decreased expression of the MP-la gene. 15.
BROPROCESS: torliuvEironds solotipmasl Oopl 2R berds under a UV
HEMATOPO ETI C STEM CELL EXPANSI ON FOR MAMVALI AN

PLANTATI ON [ 0095] In recent years, unbilical cord
bl ood (UCB) has been established as an inportant
Bour SemMpQUARTEATPP RI-PCRSt em cel s (HSCs) for use in
bone nmarrow transplantation (BMI) therapies to
069010 B&dhi-futin€itAtie s RTATH wad perfofmpdihd ?ﬂbﬁum& tBscribed® with
hemat ol ogi cal _and non-hemat ol ogi cal disorders iaa'as.
Siﬂisb*s@o‘élépat@nﬁ Arst, p ddntiorssedies wps B9duesdrin which cDNA was

aII and | at mat o etic
ErafeE T al LR e Pt Bl el AR R BBl ten
dub;%&a@ lt@n?d:ls 2§ PALBTIRRIE ForReh @B Rk obipaBi ehided tRAMAME

adults worldw de 127.136 The advantages of using UCB
ane thoskesainplesithativeben foesd dd beyindhd¢ kineacrangs ofwsplifitaseawere

GvHD), lack of risk to the donor, |ack of donor
a&‘?b’?ﬁ"i Pestin wiggusad g apintemal onfiely ssion from donor to

patient 131. Inportantly, UCB cells can be

19! Y ORNASALMRRERDEMERORBEST MedahQeiishpss of HSC number
and proliferative capacity, thus providing the

TR EERE R of TOF-He@f ghadlraodal gﬁQWaﬁﬂxe%%nﬁi ﬁ%?g%u
the donor pool 133. [009 The maj or di sadvant age of

Ki@ER&B’rSyshegﬁ,sl‘rﬁmmmhs,dﬂN) sBch avele dorteedearding ¢o thef

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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stemcells that can be harvested froma typical cord
bl ood coll ection 119, 140. The finding that a direct
positive correlation exists between the dose of cells
transplanted and patient recovery has led to intense
113y esSTAgR IO, ANNOdIYI Ng the ex vivo expansion of UCB
derived HSCs 127-129. Recently, a nunber of hunman
Gdop1ni Dath pidskiite il BILRIOGMAUR ard NinBXd MirhOINPABIEGRIIFCS
may aid in immune and hemat opoi etic recovery
qreifraged. sicaiisiniaifigrencsabttwevestgreummpyerd ddtedmibed dsing
i rom sjing, these studies have not yet
g%ﬁ%ﬁ% éﬁ'*§tdennnstrated advant ageous hemmat ol ogi cal
recovery in conparison to studies performed with
o9t Efparpadionelf RERSYY EFSRAY wab Ghant 1120 0Bk Ahlif, Sildidh
cells may have only been maintained in culture 147.
ARAESIERY, applyies Boisson stabiptigs tejthewinglefhor meddlf.(ibe frenoaey o£R-

BRPE RS MU AR R Gre BRSERE Ruliond sxbtony

FeviRER (dakoribad BUintaRth & RERERES. £ QLY P
Endifggreﬁ?ﬁated cell's for trgﬁspFaH?Q%%%$£%3?£ Eﬁ?&lm

dinstingthabpedling leédsh betvmey exgrdmeafsetag valid.t he cel | ul ar

product to be admnistered to the patient. As such,

I dar d
ey TORAPEERERD BORINEG gﬁmﬁgﬁiﬁﬁﬁoﬂﬁg PRAROORS Fou
?PQEUW?:?%%E?T{QN WERITERIAEXEEANG e system to be
B S P2 RSB T  t  Bpver
Apfan %@sﬂﬂpb?ulgﬁ&?&m%ﬁ %tﬁoutrﬁ%d% éxg_{-x&)g?rﬂg tetsptﬁg offl18s the
process be sterile, sterilizable and pytrogen Tréee

riFiimeRG08)ent nBiy hgveenuserdll @ EoeehSPitendfipid sdl faMétional

i nci dences of cell contam nation as they avoid

sseaY8 AeERused do campre HhesyRamsionf fatelcells, GRBE gels CDSAED3S

' t 4 di HSCs f
S CRE DGR o U IFRAleRls et P30T B plrpies Tn
dra@So tetBtheseSthiolshQ6S HaliIRT cufltuskerd &9ablaReBindvifiliad x Red
perfusion bioreactors 151. [00101] We have shown that

Livacalls wets iselated ehdl plagesbatil eS61 aelfs/hil e erwioshellsefia 24-well
r S: i nt) . produyce sol ubl e factors_that prevent
AR S B el 2 ikeioto ool uls i e i ool heve then
. , h e oL 0
B ol P Y M ST AR Bl fhion
selectimndto refov@any iin* eellsl genaeted eluiing thdase! 86 boadluraThe
di |l .uti on/ exchange processes, culture conditions

i
Cgfér%?fe%eéa% theHovell pirteveseenrirhed usipg the standpnd Stempep™

[ lpiive progenitor.s as well as short-
Cgﬁﬁgﬂ%ﬁggangﬁgéé%%%ﬁ(ﬁ ?ﬁﬁ S e sy llowed gIas ¢ o
u@ﬂﬁhyb&hbsm@u&ﬁﬁﬁﬁﬂqQ@y@ique inaclinical setting,
we have desi gned a dosed-system bi oprocess for ex vivo

HSC expansi on that =~ incorporates in-Iine subpopul ation

[0 Kigyren? anrhd FRAYY dedinetic peyth peofiierfer tayarios el 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
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Here we show that the bioprocess is capable of
expandi ng UCB derived henatopoietic stem and
progenitor cells including CFCs, LTC-1Cs and |ong-term
non- obese di abeti c/ severe conbi ned i rmunodefi ci ent

SRoR RS s RBBLLAL e RERRE el el Al TG v ™ °°
SRPORHS @fui@flens ai #6ibt S8atRF BEE IBose Whiaklad %&g@%ﬁbﬁd culture

| owers the overal | expansi on potential of "the
Bisbes: Gellssgrown eing ietbienrecass M@csmemta@aﬂnbler finptioriakadl by

‘ gnt rol. '@%@%@3&@%@%@? erat i g con dit] oré%@edlaga
S0 Vv tﬁﬁtreﬁ?aﬁﬁfbﬂ'o@%tﬂ%ﬁa P eﬁitéﬂ?eﬂ ¥ cdreq¥ ARk ined in the

| evel s, her apeutic ransplantdtion into a
hmpmmbss O[Vé)O&ﬂ: Mt dNE-drgrcelidegieginé ovith roinired cely §éinassayed

roces% as the ability to perform
SaRp BTG o Mﬁﬂ%dﬂ‘&seoﬁeﬁdﬁdéﬁwem%‘@éthe

0 ocess
%é%%?l?%%&%%%&. Sl SRARRE Yhofles (EHN: ol oo ANORES
Tt Aovttaodgh tabiingLute) dvags hanth Regati IR @ dverall ceIIular
sel ective elenent, which is respon5|ble for renoving
-e bl ood ceIIs (l'in+t) fromculture. The sel ection
el ement conprises a conduit having a tube containing

ai ﬁ%ﬂn&&ﬁﬁg he two culture
%an‘gdg?ﬁgggé to for mﬁ‘ts ggrs?;?‘?:lkg’% %ﬁl gure 7A)

{Edég]t REERE %o%ﬁﬁée RLORE nglgﬁé ggxg.ﬁdat i ﬁf le SMC

hat each conponént can exp03|ng

maiebsucg)ptﬁmnive pepgRhiB@Sel] bxpRnsivh, tehpéruhét&s ﬁreieeﬁblgﬁéu to

el ement _and cel| culture bags) 41 to outside
aifedts of sibrapulesian seleqtion and snediapxcifngppothess i s

%Id8% se%? ndf ltniuo L Sryvggctt)ﬁe ki GESE e%éer%xtéertr{tsaf éllff\éreenI lture

IC&

oadiian waieltéwecpl U d-RIcERLALBh-MS fialeRcHaRED YPith-sdl 24D Rhth
The gﬁgllcatlon of the bioprocess i nvol ves first

rherdia oethengegS)seBctiarvittend mledln ea@‘@ngtequc’et) eeleqtonanyl media
undi ed cel prl cel| culture
05@75“ ﬁ?@%ﬁ“ﬁ Sé’csaal{ﬁ @ d@E YP{:?B’B% Js%‘awfﬁ%* -Pirrad
Qp&, r
l\g%‘eicol&fw?%%x% 28 rgjlli‘(!r11 -%'Icﬁérﬁ di tf eegl enti ate cgﬁg? '%ﬁ? aﬂﬁlres %ﬁg
@@%Hmﬂbﬁdw fiatigrs voatb tested, indiiding TNPMC IL.-3 %hd SDF< o none of

acconplished by linking lin+ undifferentiated cells to

veesh ene detsated dn rultyie ﬁmemaéqré% Gongeggnip Gulssansnt analysis

%%% se ecél un%39n£%$aﬁsrg éﬁaﬁﬁm§ﬁ£§§#%°n el ement .

cOR@ARkI ddPréductibhbeTc ![MI\/IIP-QaPar“ cle |abel ed
cells to beretained in the selection elenent. Flow

rates are_established using %raV|ty The enriched fin-

[ | Thsapadugtiop pf THEPI mag fnditp, P%agwﬁmélw@ege@ bwn
igﬂéa%%ﬂhoh §el£cl?igﬂ &Itl]am f%‘(iJFI [ﬁt secre & 1 ‘tees?onr(fi g {gé’r et Ibgslils[)

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-B1 in vitro. In order to confixm this finding, lin+ cells were
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where nedia dilution/exchange is perforned by
centrifuging the container, renoving spent nedia
through a sterile self-sealing rubber septum and re-

i ntroduci ng fresh nedia through the sane septum The
Sdcltfoaldy Shally i fhedMBAlith Bo exphQb bh @bt T@ﬂgﬂm studies
segregati on and nedi a excharige nay be perforned. O her
he'tdebelwexsfcollécked edibed frate fleaklectivromhme(ienellsivhitfidvere

i ncl u(fj ng, chem a# {:gr geting of lin+t «cells,

EETF PG AROT Y PACS 5900 AP Wiy FGeTec B B peee daringhihat
+ ' ' ' . 0104

R NG e i Becr e T T e e

- PR cllectioraling tdlld im@se fvané takeBRd TGR-BBAt alfAR of 6.8 + 0.1
performance of the bioprocess. First, the ability of

pefeeliimd sl Thesedindings demoptirattcetiratihe salectionprasesErdoes indeed
Pe%olvécélfs%i&%e 'Eeerdlﬁﬁ tested. For conpari son,
selection was al'so pe %‘or med using the comrercially
avai |l abl e StenSepTM sel ecti on col um, which
iedof)i Glirelybisyf MIPRbu @soduiction febdled 4 diblraat pheiogca R TeRHS
cel | sanmple. In these experinents, cultured (4-24
fgupd #l%@’ééﬁ?%@n rpep wepegompropaised whppmediarychange was

j | .opr ss..and. St.enbepTM col ymm) .
B R e R R R R S Pt et 8

@1, bAY. ETHid ffREn@ipEcadet Mt @he/adi®ich of ZrestPmBdidad 5@ @@ured- 5
to 49.0) of the cells expressed Iin+ cell surface

nesirltedrin eithem ghe simple diloten of MFbbr already gederftinmlifme x 106
- 3.5 x,.106 for, the bioprocess and X 106 - 3.5 x
ORISR PR IR T e e MiEriS Xpmssioonfr
el B REEf rekp RiEbTIRG RO, 4 7 :
sel gctiﬁ)&on. [0011&)6%’&%1 ow gg{%rr?e@gl C ar?ZFt;/SI a@gn M ﬁgd
RCFRabf Ml s enppaspioh atas drensetdad 4 mearslte d@BiminvEMIPageabl e
of effici entIE/e removing |lin+ cells fromthe cul tured

exBYepsiaypt alfectediby yneslia exehange dpthese axperimipgts; falls were grown
i hi_ahl ich in. cell
GRS LB IR SoREAON e R NG Wil ivioiie

el p&ithérfis) THd tell@erdttRaSa RENi 810 4 B meMASHE24MHulrd in@2d& o
99.6 0.1 % were observed. Furthernore, cells were not

mjanagagdiaguchange. ifies ther2ddwus inggbation piare, tewellhyere then

i trated. that t s ined viabl
P G e D 8 P ol e e e o o0 P VR e aPReRe
988 fgkiShily Mohdiah Bthst Qo1 SHicH P&e ggagét- fresh media. This

di | uti on/ exchange process. To t Is, a range of 5
impli€3hiteh@loxwel REels of MEP-1ve produntisromiy BeldudioahSdetreagsd 7
m  culture baths. The bags were then subjected to
exrgesionyaidhg M Iagenen00 rpm after which spent nmedia
was renoved and replaced wth fresh nedia through a
15€! BidpRbceBgron WBRIcas ERREBLoSS DrrfAH HrRadbpbit Sic5¥

re-f@fly &b AnBNPEcR MMl AR AN ORI\ e 1T

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

hematological and non-hematological disorders 1341%, Thege cells have been used for
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- BPPEePSFIdandslegted prithew

cell loss occurred during this process. The results

concl usi vely denonstrated that nedia

di | uti on/ exchange coul d be performed w thout

significant cell loss with an average cell recovery

‘Bf)th%o?enegé-raag@i antiR@kdifted thbmbfe bi@ﬁ@ﬁ‘&x\%ﬁian&@ioﬂ 3}1&, NYENS

the culture containers were aBIe to t hstan

cen¢ thah Aot tramepiants have beao perbealet én bethabiddref @Ad AB]lts

Tot al . I d Progenitor Cel| Expansion in Bioprocess
Bb%%e%%“- orhe sdzriileges GhHSREIUNE &t el drenpert 69t To

JELEL MBS0 Bisk 28 (QUEHR ek Bf G| LR

to groﬁ ﬁena{opoigticg%%%géﬁ%ﬁgﬁgﬁgﬁF§¥E@%gaﬁﬁﬁgggﬁé

bet Visal menemisitny rometbnboioatiat 1 Ulntpsitasitly, UCBMRIIS Barcl | S

wer e exposed to the_sub&gpulation sel ection and nedi a

wf FSCauynber amj prodifaypfiive capacity,

I 10V hj i | .assays _were ysed to
R T L T S
a&tdreodbinel udi ng 43 CD34+ cells, CD34+CD38- cells, CFCs
and LTG-1Cs at input as well as on days 4 and 8.

Dodo] Analysis of the kinetic growh profiles of the
%Fli Jtie mear idispgpradageof DSBder franaplaniatian 15ithe limited sumsber of

ixel y i Yo] unbers of .tat
SLRRE Bl PRESASE IR MRG0 RS Bh L The
finkling fBat HURECt pb&tiFe BaKlaGbh EXEEbRRebPthe (OIS Bl ansplanted
Furthernore, the observed fold expansi ons of total

ae] padientCE@yeryriths LefGo frdenspdnvestigatiop anvabling the et hosexpansion
j ned ' dard tissue culJture dishes. as
%ﬁ%@%&giﬁgféhﬁﬁe ¥ yumiez e u@%ﬁlﬁ“?aﬂ“{ ave shown
LIQRWAE & [*2eh ! bi lshput
e e i g & B B AR N S et
folidveing drebhsive rafdlsabdatire teGHyCs 4-14s e Bfhdle pirotrising, thibsd studies
cells grown_in tissue culture dishes showed expansi ons

hge got et corsisipnily demonstrated gyantagepus hergatplgicalrecevgmpin

[ ' i.gnri f I cant <0, 05)
c@ﬁ%?ggﬁﬁg?ﬁm%%%%&&%&gﬂ%&%ﬂ$%5§§ga%£ smﬁgFégﬁgﬁgrated
repopultingis QU6 Stay Havesnly BenSnalasined it Hil8LrP 7. i 13shydiren
conmparison to standard tissue culture dishes (Figure

thygre Is|ahigin dempangbfos celbe pRBessesmagatGDeeBIRYY-prodiiding increased

- sh d i f. 26.0 .5.8 d 77.0 4.3
qpaaiies of EES Suchios 4% biontasesy FRored ety al es of 12. 9

2.5 and 35.5 7.3 were observed. (00111] The data.

[@los0npRavRl a bhikdbld procek fra peddidtien ot RRiadd GliSiem
and progenitor cell tgpes can be maintained in the
toneplent enunt catifully nonsiden bothdhd effiessy land safetyaf §w ceBilagproduct

B oL Rk v S miofBers R Ree B o

" sfaRlhrds 6Xilihbd By RF6H kit DAY ASHERHBAYFDA) 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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flow through tubing, etc.) do not have a negative
affect on overall cellular viability. [00112] Human
Cell Engraftnment in NOO)SCID M ce [00113] In order to
determine if cells grown in the bioreactor were

° %ghﬁ%%%‘%a%ﬁﬁom&scgﬁﬁo L.ﬁé H&%b%?s o%%&é ﬁggekﬁ%aﬁ s,

b@Bed/‘a;Firméi‘@'labK‘s 1 reRd)fla0bedCptfubion dmcf@ictoss $n=25) were
|nJected |ntravenously into NODY SLID mice and, after

-weeks wer e crificed and exan1ned for the
BlPJééleWE bR SR e baod selisieupaeing mseseelaist mpkers

i BrogeKt SRR el S el s SRR TP g LBk RR e

adttertrdtion of fesd ibhibitotydenatdping intultasd theoudlkBbpopulation
transpl anted (Figure | OBi A hl%@er i nocul um’r ange
fidesctign ¢ thereme §fpﬂﬂéﬁ*ﬁ%‘t€ piecisting fhesefacton) andprdided

ety Bre AR R R e M Rl a8 e
Hﬁéﬁ/ﬂa GRIifARSED aﬁﬁon% 05 g‘:@eﬁﬂ@ﬂs%@%ell 3s dhwrX at®Rng-
nmce)

and 5 X 1 5 (3/ m ce) cells, however,
tem@qg:padetmg ﬁtenvmﬂs dboederdalapply thibcultuxe gy id am:hmeal
Figyre 1QBij)., Based .on this data,
¥ &’ﬁ&?"%ﬁg Sf%'sg Blchid- St “’FFS? w5 B et
RO R i ARt E?f"lﬁﬁ”%@%&%%a%a&ﬂgs
Hepwadioerthiicthe hicpfiddt D dapile cmpmdﬂﬂgEICBldeheéd/ al

1/ 266200- 1/ 888300) both of which were cal cul at ed usi ng
]?WtWWFﬁm frdcetopersion cells fndhiding CFCy LA CdEs and lengiierm

3 | | f
RO e por PR gl RO/ P romtplating °
Aeﬁcéml(ﬂrms:s) Vs 85/ 2dw thObhdbe &gl delll6E Bodfls dddhg the

Subpopul ati on Sel ection El enent [00115] In perfornlng

subporpulpfionsielentian prdtass whith wiimatelyunvretstibe otenall exphosdn

nunbers, pf, . lin- cells exiting the selectiqn el enment

RS B iPBIOR e 6 AR IsBiRs EERS SRS &Y SPraling e

Bi8i3bcatPe fer AR B0 Abrang iy HIRIGSZE Syt 0D B el NS
pro des a detail anation of the

dB&h‘iblﬂﬂ,ah tayrablewd eﬂnahdmgl}[ﬂjsmo tiheadly relewint Rvelk fobdhkrapeutic

i nst ances, |ower nunbers of cells were observed

teaprp PGt R MBEY RN el ement (in conparison to
t heoretical val ues) suggesting the occurrence of

3 i
ATl A RS BopRes TRERL 46 AbR5fko 1Rory
snbgppudienistlecioneint nhaldsdiha®neattanapededes oethd 4xpghsion of
6.45 % and 32.38 12 .99 @6for the bi oprocess and
HYCenBraPrpreesst s criead romsists ef tyvo ol sysure charmbias, pegre | n

p?lérg?feaal&ggﬁgfe%gg ﬁba‘lz eédbp!)}%ﬁ%ionf slef%\é\ﬁ\';eaelemen rc]f1 £s| rgslplo}(sﬂale

for retnoving mature blood cells (lin+) from culture. 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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mechani smto decrease and/ or prevent cell |oss.

Previ ous studi es have denonstrated that flow rate can
significantly affect the performance of a simlar

I mmunomagneti c sel ection colum. In order to control
fih QI RlAvE-QLAMER CE)I%IﬁIEhF}r f‘jﬁﬁi&p the fb%tqggc.relség b ﬁa-lﬁfg mp
was used to 'push' the cells ouf o e primary ce
cystemy whivh grakedir etisghtivetfer dinfel Hpplibaiohgs thbesisel @t i on
el enent and into the secondary_ 45 cell culture bag. By
SPRBYNGtiep dye thigPeated prisigmpve®l.l culture bag with one
fabricated wiwth an additional port (Figure 11A), the

fdssTId 4 R - -
R ik e e R e s R

liatage deplettdling nodiffeedtifed Bells (rt0 the(pginaari tall mﬂm&a%

f.l ow rate%% 0.62.. 0.04, 0.76 0.06 and 1.25 0.0

HizPheha stels a7 peatinp Fabber sepie Thesglisare Hspimntained in culture
Lficy. . curring though.the

A B et SR WnREh P, SR Beha 84 it

- bulputt, d tanvedr Ehid heddiplishéd Bymbers etumlifrdRer @fis %

Cell No. Cell Columm of Cells Exiting Cells Exiting

depdean copjgrirer padicles andrbepauently allbsting thieontoElognibrdugh the

Bi, or. t ity).1.3412500 10. 3054188
RURIBR Sn P SR A S BS00, 40,8 SORE D,
#PRBQADBw3 thé a@@f&gwedléﬁgm r@t%mlez in ﬂ’le %&Q&%ﬁ%}%&ﬂ?@ow
767133 589375 23.79 Avg. 34.49 SEM 6. 45 t enbep

radgs pmmestabBadk@l5 G0 g3avity. The éhidched Bi4dkH popiflalidn that flows
%&191 5 %e? 8 3114195 1837605 40.99 3 3500000 2.5
ci'é‘dge Sy plepanin thep chanmslsd duto theyseq@plansailtussmg 6
oyt : ..Percent cell |oss
‘?ggf:éal cul at egﬁ%?dﬁﬁ slt%%te %Eﬁ%%%ﬁ%ﬁ%é g‘r?ccgn Aeen

teh®ving spent media through a sterile self-sealing rubber septum and re-

introducing fresh media through the same septum. The cells are then allowed to
proliferate. Additional segregation and media exchange may be performed. Other
methods of lin+ cell 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 columm),

Flow cytometric analysis showed that during these culture times approximately 19.9
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t heoretical nunmber of cells that should pass through
the selection elenent [i.e. total input cell nunber -
(total input cell nunber * %lin" cells)] and the
actual nunber of <cells exiting the selection el enent,

[ [ er. o

23 B Red 2o WO\IP ek ot RSO BB e
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p<0.05) better than all other flow rates tested
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45 0.03,
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popul ati on woul d not be conprom sed, cells that passed
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rate of at Ieast 1.25 mM/mn in order to mnin ze the
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response to the decreased cell |oss. These val ues were
[®adsCTbtal @l anld\ProgénktbiDEM Brbahkien SDSIB6EEs: @&Bﬁﬁ@i;%nby a
correction factor reflecting the percentage o
Saleationand Nedia Exdhangays s (34 49% . The value of the
correction factor was . 3449. These corrected val ues

(5B FEAUEEEE e vl U 3eﬂeézo{£9%§>§%o£s%% gy Effects

owrate on yie
hematopoietic progenitor cells, UCB lin- 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 in vitro functional assays

were used to quantify the expansion of total cells and progenitor cells including
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exposed to the subpopul ati on sel ection process. Flow
Rate % | nput % Qutput ling % Recovery % Purity miImn
liu Cells Cells lin Cells tin- Cells -- 10.50 0. 46
64.16 99.54 0.45 3.70 0.43 73.85 99.57 0.39 3.70

@3+ delis 3B A CPds- chls"}é‘FéanﬁisIﬂ " 9. Avgl

0.45 12.2 0.43 65.51 99.57 %%@%&ﬁgaﬁ&ﬁ"% s4and
8.16 0.69 34.15 7.45 68.05 92.55 0.60 10.50 0.83
75.79 99.17 0.50 10.50 0.59 83.60 99.41 0.68 29.10

7 6.11 .24 Avg. 0.62 21.06 3.66 75.88 96.34 SEM
JoBi) Aot e tind Srowmin b Shinsipttoug b parregplagihat
Gueioptodeds Cultbetfeltily Riteede 0 ol diknbluDt B Ghs S
6915 ABD34SENIGE. @, 67O RICACHive kR B-day. chfiub peiof (8gure 5).

6.47 99.98 1.29 3.70 0.01 100.00 99.99 1.20 3.7
uibergerey %‘eg’é’?@ged Iplasexpaneians of tofd) celbp CHEs gl WHC-IGs ware

YA VG, . 13.17.,2. 52 98. Q
S B o s o el ke Scnied
shopa(BEigee opf CdiiSGrovin iithé BiopfocaR rauRed B exPldidtR, relative to
interest in the field of stem cell transplantation.

nput wlngs; efp20a 2% Bahi S Aend 2o p vitétivrtoml callerTHCrand EITICSICs
e S o By T B RO e 21909
16 r@g.?'é%gsi.zfe{ndllgféj‘& kot heflshANCAM b ThieAREnE A S-S GRANTE
(p<0.05) increase in CD34+ and CD34+CD38- cells were generated in the bioprocess
over the 8-day culture petiod 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 wete 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 (Le. 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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reduce the concentration of inhibitory factors in
culture, provides a source for HSCs. The results of
studies with the closed-system bi oprocess show t hat

t he bioprocess supports the expansion of UCB der,ived
S0e@iSanide)pnd2en 106(1/0elck)rdsA Ghuehln Qrefel3 4k aﬁt%li éﬁgure 10131)
CD34+CD38- cells, CFCs, LTC1Cs and LT- S
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bippresesRATy Hemrapd M slemn respegtively (Fatde f)cs and LT- SRCs. A

possi bl e expl anation conmes from observations that
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exposed to in vitro culture cond ditiaons (von Laer et
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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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cultures, the differences in the expansion of these

phenotypically defined cell populations may further

be attributed to changes in culture configuration. 49

Configuration differences may mani fest thensel ves as
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ameters such_as oxygen concentratjon
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cells exiting the selection element, dividing this value by 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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50 make the interchange of bags for this purpose
possi bl e. Furthernore, it has been previously

reported that the expansion of primtive cells (i.e.
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[ about 100ng/nj]. Cells are run through a StepSep
columm with all washes in HANKS buffer or PBS buffer
from about 4 degrees Celsius to about 37 degrees
Celsius. Cells are cultured fromabout 2 to about 7
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to stinmulate stemcell expansion ex vivo
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.
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focused on the effects of various conbinations of
known (suppl enented) or unknown (provided by feeder
cells or conditioned nedia) cytokines and growth
factorsl147,152. The chall enge of this approach is to
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human HSCs. [00136] d obal cul ture mani pul ation
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bot h subpopul ati on selection and nedia dilution at

terge) AVhiks the main mctBmp) thexeleriion elerdents fs to mem@vedtifferentiated
ul tures eno Lc and _functional assays were.
fi oot i DU b PaL b G S SRR Rt a1
SaracdkQisae %HS&JO ¢ kPR AFbd. This CRIAALERR- mGls!tfe bibfotess
and LTC I Gs. | cultures were grown in the sane
veshtilnfos ugph everitig i widrhativeepplivationy Got éxahld, dbsor(1S6Hs
FL and TPO) in order to isolate the effects of the
TRETPRARIF foTa Prial BB veronTes) disaemybyiHest al, 2001). It
REILEG 40t EAL ARG bt PO ol GOUBRLALIS Ryl Bscl!
not ave a signiticant effect on the expansi om o

é)%i:e%bing €Digsean £ddadal e lirlcidette (Eddd CRBBY inGRkibfs GhilEdbBg
13a). CFC expansion was al so statistically simlar

dlogoneiqstern gelbirdrisplaatation Rarenetal C9AY Bromse thi bivpueriass
th _a trend t d hj gh i f CFGs,
iRPelR g e T SR S R OReT B Eod 9B el TregopheratPe s
FRAbNSS SerfRbatt-d Crthfre S¥REASNAGeRAconBibthitthg PR LRI

synergi Stic effects of Subpopul ati on selecti on and
aoechnaiteaitly mermoved dufing c@itirec bnidhistmarmey; ithd eulting cell grafi
significantly (p<0.05) greater LTC 1C expansions (14.6
gengratedgispng thepigbiogess ouithpteplythecaTichadeint IsarRitlatng stem

c%@%%ﬂjtg%ﬁ (:1@%1&‘@ cetly L'Jsg&?ﬁblé E)‘r %VHJD %ncfre%ls tt]{l%}?ogéétfigtgtfor

I'tures undergoi ng only subpopu on

-sﬁéce%ﬂiléhgdiehhteh?ﬁﬂmeﬁl.e statistically

i ndi stingui shabl e fromcontrol cultures indicating
t hat paraneters _such as cxtokine, gl ucose and/ or

[90E7 LB I8 ra5gp Pl embers can be pbtalgied frgm tygicalrord Bloogk nown
DO ! . P
chileckBhl @hdro B Hlo), Eipealethid RE BlobRitens U BetfIbl RLK,

witiefegt bfifprgRl aambes! Thé toliRti &/5ibPfbcess makes this

sugfopulatyon sel ection and nedia dilution
fepsiblee Byrkepping (hetcaltyeerconerattgiionwiivells copstiant for slbcard blood

sér}—’lgl%g (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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whi |l e having no effects on the production of mature
progenitors. [00139] Subpopul ation sel ecti on and nedi a
di lution uniquely expand R-SRCs with in vivo

m gratory potential [00140] To determ ne the effect of
Qe et thREHEXRAI DR toPlniA b Yse Phoitfle. FRBRALLR! it n&&cbn
devel opnent al ~ potenti al i'ndependent of effects on
BEFIQVELY rgeor at thoexpehgor ofpsimitive ¢ells {ie. ERpasbiaimed from

t.udi t he,recently devel oped i ntrafeporal NOD/ SCI D
S5 DIP a0 bore mprebeagplia FSEY e OO B o7,
&Bl1drSet alG Ubdeh T8 Qhe Bigﬁrofc&g F]s B b U&ﬁ?mq 9@&51]@1&%& may

'y 1hto the right nmce.

were injectéed directly enmur ot

Time lglyprotiferative potentialn 9 whidh cagdt Baxbd fkressatyl 16 tRASfer cells
mouse for_ all conditions. After 2-weeks, exani nation

Bto kegea Molugiebagh giherbilisnto contreldhnflew ef gallgin the hivprasess
| t T t Jo)
RERUS pHER RBRE A8 Inibiah A1 EUGPIBHEN, i clofifropdifbes
Wotild mileahis PRMIS. YTHeGkersafilty Gf ﬂ@%ﬂ?ﬁ%c@&é @%h.\'ﬁlngechese issues
Fi gu

2-weeks) into the injected right fenur re l1l4a).
gifpasghecudragsofcard beod eamaplerevighihighly variahlaceHmgmbers and
short-term repopyl ating bl pod sfem cell popul ation,
&Pt I’i}bﬁﬁtﬁn'ballsevﬁ% L‘fgﬂlffgé “b?St?%‘g“‘g'ﬁ?Jr BiPEStBral  assay has
shown that these cells also possess |long-term

engy ahé biﬁgad%lyisﬂefntlﬁdﬁr&cess ddRtrHedHetendis apdbldtREficiently and

engraftnent levels of R-SRCs were neasured in the
jolpsitexgandingramatepnieticotenmimskprogadioy relly. dektidy, ftshonld he
S/E cqnditio it ver age of .1 7.6 % (range:
ol BRa e FBisrop o AL BfenrrEtbn bt gl sicie OF
GRS 84 PRn@fio IR G Sbduiring ﬁ@ééty;‘%sro?@ﬁshe S/ E group
wer e al so uni quel y capabl e of huhan cell engraftnent
in the non-injected left femur [6 of 6 mce were
16ngr MQUGCATIPNS R THRMFTHEE OF THE BERSHETANVESTION 3.2 0.9 %
(range: 0.1 to 5.9); Figure l4a, bvi]. This indicated
[0t Iy the cellegipryitagetsarnples atel collegiadee. goin a2f0ymidapsteb ralegtion
engraf t t b al.so.m gratjon.into.secondary bone
30 B B IR v BB ey TR R el Woran
ubdEiNeYedblhd¥hta) VSanss169 Ard Bllectll Q@ bl terBBb rRORY |
and theljgﬁsuggdc)asts t hat thSCS/E condi tti oﬁ Se er atbﬂgfsf'knﬁ?ﬁ]no
drep 0 in viphilityt for efaumge isamales empired foe spreflhaasbéfore HSC
transplantfation (i.e bi.lization and _tissue
ORI A G5 19Pa LA BB RE O Sof rreliatels
capable of mgrating fromthe injected right femr to
[do136) BOMe iphdcetrRtidgRshmbREMe mikéd it @gntg,l_-,thf&'bg@nethods
- analysis was perforned on this output. NOD SLID m ce
knewn irvibg aitrfor ceflermichahent r Brosgshbing stege swaprlesranaisg ®e efun
doses of ~either fresh (non-cultured) lin- cells (n=28)
ROty or oSG FEi0) Ty e prepsed ditecdly
bHAISLABING RO VPRI, Al NSl hofis Tl uotud. 1t
is not necessary to culture the cells overnight. RBCs are lysed by ammonium

chloride. Cells are run through a StepSep column with all washes in HANKS buffer
or PBS buffer and at a temperature from about 4 degrees Celsius to about 37 degrees

Celsius,
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per centage of human cell engraftnment as well as
engraftnment frequencies in the left fenmur were

cal cul ated for each cell dose. Only m ce containing at

| east 0.1% human cell content were scored positive.
yeid1) Camre angrad forerd 7 i1 | B

observed using 1.4 x 105}? /ﬂiﬁ%ﬁ%}é‘%}&%)%sgmfg?e‘%%f%‘%?
AlesgrowHfagor, for egunild 5AF frbowet)100meénl ISTPO (rbeaesoagnilE Blt-3L

AR, L oS b
HANED baidroA Pk blrdayond a]gu,gé Eé%@%q;e‘ijsi%sgt% lf%?‘-g 3%d8 %r)ees

engraft mnent was observed wt
Tebsine. (6B 416 bulurad fren st 2lto About 7IGs (HREEADR £Bys)iedsh S

%Fi ugre 1l4cii).. No engraftnent was detected using 7.5
E‘fgh eednediumypipsgrppiibiactorgs SRE (sheet HirgmlinTPOWebduood

atar 4.3 u ed .frequencies of mgrati
U R T R
PAQG€lBtectiontsf € TI3439 0088 £:8h%6sme MirbaeRlSor JHh& M markers, In
1/ 43500 - 1/217000) and 1/29I900 (1/198200 - 1/452400)

pigsletectiqneanyl actiyishaseays pcifleGRGortIJICAIC. delvivo datpetivriand
val ues for these ient s bpopul ati on_sel ecti on
SRl o PrroNCETRIb 0t RBG doReR) i RS HE Revommedr
BafBfedteeife RoRFh i

cuflgitr ur eﬂgrr%r?ic pul atpié%ﬁ%/&gtgﬁrgtra%{ﬁh P E%C%Cg(e%%nhs%en&%oggﬁgnge' A

6%t 18RO i 98 I 8dallymeqpriddr t o deternine if subpopul ati on
sel ection and nedia dilution resulted in significant

' . LT- imt] dilutiaq al ysi
P B R ool e A i M RGBT co
a Sdrind SRR me . .e oietic s
dtkt?a%gzl ant sa%gddg?{ her fre%%mﬁ?gﬁ;-teg’&;?gq} %gagoﬁ egr %?’Eor

rroperdios cellsghase] ¢meel®hrichmgera httd me8ia enctelnge, W i €ontrollable,

acrificed_and_ exam ned for the presence of hunan
QISR F Y (3 Pgad fojel eetlsqed sell CORKEGDAS et

RS, slet erdgek whes % 41%@ s 5.0 x 104
e R R MR phoddsde b i el o Redlggfier
wilirecotripansitb anhestd sFites Bnokibin)the arT(@n&ﬂﬁﬂ@aﬁﬁés?z MW t h
S/ E expanded cells resulted in a graft with cell doses
aglitipngthe builigin celg prriqhimeny progesy Basbes® hawit © hias efficentias
. [/ m.ce) but not at 5.0 x 10. (0/4 mce)
Bt reyialivls BiERbs Ao ibe Bt s it pro
ekélR8Be bantmsiBAle feridRsed RGO REs. 1/ 37900 (1/22100 -
1/67000) while that in the expanded popul ati on was
1/ 391500 _(1/226500 - 1/734800). By combi ni ng total
1Zel | TRTATArFAT AND BROGINIEQRCHLE EXRANFEPNER] OPENSYSTREEOR S
TRANPIANEATION INEL 4 MaM3dadays of culture the S/E
conditi on was capabl e of delivering approxi mately
(8132} Yypbiicaipons] BlFod5RES) desived hmetopdi@ b, cdll (HBTCH) provide
IISU?S%% F?'ise, To Mul til il{%ea e Differentiation In
s PPty ASicargue s atrilitde teate veRghf hematolngical ed
dfstdets s B BhRSHNLAE, BRRAF WidhblS of HSCs isolated from a typical UCB
donation limits this therapy to pediatric patients'®3, Effective HSC expansion
- 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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differentiate into cells of both the |ynphoid and
myel oi d |i neages, the BM of engrafted NOD/ SCI D m ce
transplanted with S/ E expanded cells were further
anal yzed using fl ow cyt omat ry. Analysis of |ineage

NRE L O f
engﬂfg{ e?jt&%{a?g (%fclgl\%n%g i nt %ermrglpplggj é@%%oo%,ogen
smmmghﬂ el plptels Bcerp ﬁnu@«Dd@*aﬁaﬂiQ Folloyifphe éiozﬂﬂétiv%

ure 16g] 45i}aand CD45* CD33* nyel oi d cel (Figure
1 fherapyy § besp senearlninefiestivgi®rt - t er m repopul ating

cells have |ynphonyel oid capacity. The reduced | evels

Qbo13; veklallg BN paAbE AMRAp © BRRISiER e dﬁ%)ﬁ%lr'ls ?1[1 JaxQJr({o haye

ki neti c anal ysis showi ng the del aye
tihaisedvon tieekiedts ofevapointombirGitions aff krpwnqalppterhdrited) 61:1 ced

HepRet FpBa=Lbt Refghspiton onen gedcn Z&%@%;o“k%i‘é an oo
2 h
e TR crn BN et P ROy SRR o Dupiney o

lpo¢donsihartly-acesrdE IO hd rice bﬂ’t}[eﬁnﬁﬂéﬂeﬂﬁdt&g 85 Wi B
stemcells with the capacit nmul ti |neage

Gityerwise yltimately quigrav thetan e warta@nt Euncsﬁ'ne[nmmﬁl]ch

d | d
R B AhO 08 K W R el e st 2l St s
B'ﬁﬁd)déﬂ k@tnidu8its of [‘l@@:%%]ah&g idlg H%efﬂuﬂ %uﬁﬁ@GéI{I\IABGMOmem that

at underlies HSC expansion follow ng
irearsia rapddly lpecosaing, dictemgepecnbi Gigan the spentivaussf holosles

ST SR A 2
3
H&H&@h BHEGLEAIAY &1H.=fcgﬁ 3l q.ra{n%&rg %i\.eﬁ(ﬁ]xc;ies RIS

P-1a were expresse sedr

ohdse diabetidiehere combinbd mwnéc&ﬁmﬁm\iom/s@m Rfficé HE¥Rhown that
necrosis _factor (TNF)-a, interleukin (I L) 3 and
%ﬁ%fum&m%m glniogiey mDEYally reaulten Hellosy mhitenance or

%%Qélja{e éﬁ’m of g%%%l %Eulfn 014111]?‘)1%% 1]9 1§3§59 tl ?%gt{tasttuedms

on a oun

Sdgntdluta I‘déin ih ¢ 55
Sﬁéopul a?l én ssel ec Tiéjfmytﬁ%é&gg]?g%éi%%}?&ﬁg?ﬁ{é}ﬁ@%a a

PomdWistspprofeimsirbe veoresulted, in liestet hungniHE Gexpaivsioral |
decrease in the concentration of TG-- (31 i n culture

AR Rkt b o A bt e e lipoiehagtiee g
gtﬂaﬁbr)lﬁro&m&%h bétns ERUGWnGAREERE HBE 961@%38:? and}6f

p /m) while cultures undergoi ng subpopdl ati on
ipefeectenpepll Chtfern@na(asn MEf‘WdTB Buispibis lilkelly itloat tisegenedation ofihese

B e im0 B aptibe TR oML bl e
aiebrd Sl X sl thiir Zeci(eted products limits HSC expansion in vitro.
However, the effects of these endogenously secreted negative regulators are
currently under investigated. Here we demonstrate that the secretion of such factors
represents a feedback control mechanism through which differentiated blood cells
can significantly affect the proliferative status of HSCs. We further demonstrate that

the global control of negative regulator production represents a simple means to
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10.6 (bulk concentration: 1002 281 pg/m) pg/cell/hr
respectively. These findings show that subpopul ation
sel ection renoves a popul ation(s) of cells that
secrete TGF- (31. Independently analyzed Iink cells

GRbicBa @k bdkhe HSCIekpaision dbE@ird Reine | TR Ghb R Bhis GH dRloped
or by fluorescence activated cell sorting (FA ACS) wer e

etgtpbebcptﬂi@sesmqr@ﬂa@@ TNy faﬁulucwdpase@uﬁme@ﬁ ‘tomtinuous

e l.e els 17b) confjriin
FrhHARter oo o et flabfr P Rreeieh Gikrel he prodsition of

&aeg;&v%eég%ﬁat&x ﬁyﬁﬁﬁﬂéﬁtﬂt'&ﬂd asﬁt'o@ @xog%us%& r
significantly inpacted by nedia diluti I'ncontro
supplemegatiguicipuedse a dnitier gotrognuiedir@ntidapuble of sellcovty
gNS/ and cul tures undergoing nmedia dilution plus
t&%g‘%}tﬂ RfTibKe BrosenRiiar 6 S(aS/*‘E‘P as furt gnipngs eemaerapuiating
'“”g%mﬁ 3 x 10.6 0.8 x 10-6 (bulk concentrati on:

pg/m), 0.5 x 10.6 0.2 x 10-6 (bulk
concentratlon 70 58 30 pg/m) and 0.5 x 10 6 O. 2 X

respectfv Iy-(ngure‘17c) These f{ndlngsrlndlcated
Pﬁ&@ﬂﬁﬂéﬁiﬁdltlon of fresh nedia resulted in either a
decrease in MP-la transcript steady state |evels

ROE70Fo RterfMMNhEHK SGON LingdBh F#ﬁnﬁeﬁfbﬁ%&l@&)ﬁn (S) no selection

nmechani sirs. Sen1-quant|tat|ve PCR of
NP msdin ddumemthfm (Beto erwhaedel (SEY ommmnﬂﬁnmmndha;sof on
n nmedi a ut typi cal | erforned and mhen
O outpid B D el ore RAeRT o eplhesse oder dops dliyent
f
gcﬁlghgo;eéﬁ;g o %f{%?mﬁ@’ﬁ_ Belis:Bhdinkd R RBAlafbd Rring trdOUAY
ailmé perxai(Figyird 12/W6/NE). Fhme sé‘cehdl sndvir@h-on@itiond) linGells

in fresh media for 24 hours (Flgure 17d). These
wesinitialg gigymder 4-Aass and sharsmbiected fetithepsubpppulation selection

B0 2 SR e Rl (5B 1o A R e finte - Bomiion
sbidchbh Rihovdd ﬁn“%ﬁs letbll R, celtd) pEiRbrhved dlARy eSS days of

expansion of LTC-1Cs and uniquely resulted in short-
auligre. dhefourbreonditionundereenideith subpopmlationselestion a:lnda:mdiay
ndi t i hav ion | evels of bot
Hopsh ey s, S AR et a0 &85 adeyes, Rivegpic and
n
é’%é‘ﬂ%ﬂ%oncsa?gr SRS e fo (RhPALIY (O R b BpGE
total talls gCIA8A cdllp e:nmmta]@ @cSmdmmnrcg AR blltdryPRErel N
whi ch | ower concentrations result in higher

@szwaﬁ%ﬂ*@ﬁgme p@é‘w@fumm@é%wﬂh #ﬁﬁémtgir@mthdﬂctﬁ@@%@ﬁ, 17
L {. k h t hat
PR kel bR o R POR P e B o

i ndependent nechani sns by which these negative
[o0e33) Balipopalatian sdhetipn, atkedie dilution G acbebiratoRyf both did not

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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differentiating cells (e.g., TG~ (31) and 2)

stinmul ation of cells by culture conditioned nedia
(e.g., MP-1la). The GCM strategies (i.e. subpopul ation
sel ection and nmedium dilution) we devised were able
tresuitorivealbd symergisticleffencef sabpdgibanicedackd M @RitSAB
on HSCs resulting in expansions of both short- and

[16a §LE cordlitien yis @i@iﬁ%@%@é%iam#rw&mwmwm '

B BARL LY o U SRS 5 .80
£urB ) ADUIEFEs 1BRfRigehe drnﬁsdbpeaﬁlaﬁérpée?écusﬁ 658hbdia Bution

y|eId HSC expansi on, prOV|des new strategy for in
Were tatisgeallniedibtingsishuble Gomrtrentrehmitius brelicutidg klyat parameters

S0 2 R0k oot et %“d'oaﬁg?@%,% Eippell cgwiheron
pﬁaeﬁtmtub%wmﬁ@eﬁ u% b 98k Ritlikal, i r%er&légsm

trafflcklng/functl ol 1 ow ng engr
phgenienesi bytpdeThése tﬁﬁdm gh térh sty that ONY Lﬁiﬂgl@ubp opulation

assay131 we were able to identif (short-term
purad PRgiaddetion PWf@FﬁéﬁEﬁfﬁiﬁfPf 31‘8“’#? gfrRrimaitipg cell types
fv%ﬁ?ﬁ%ﬁ% ndRE Y ttﬁé { ﬁ o? ot SR GLLIEAL . Ve
Urther Qenonstr a e expa STe5n And
nalntenance of these ceIIs could onIy be achi eved

selectlon and nedla dllutlon Because these cells
U 0 ity to nobilize, mgrate and hone to
BM m croenvironnents in vivo, and because it has been

[f%ﬁ%/j\ﬂ‘o defR@hineXed &f@c@of'@ﬁ/lbﬁ%g éxggﬁsrﬂ&l ('Ji%aﬂ bfodd tpa(.': eh itor

or normal HSC function"', ncl uded hat
cellgiealoprgemntel pcsemmymde;pmdelﬁmf effectsninchapfiihgyi we weedcfet the first
popul ation than those cells that are onlgmfa abl e of

eﬁa FePPrmEen fadies, shegprenty dquleaedmtraemowh RIe® this

13k, f uant.l
e S e ldFR. PP ol s Bl R e
don@itidhe fyeréddijdctetl irebBOikbr2he TiBREEmEM rﬁtcta ARG Sf Wich |
enabl e el ucidation of the true underlying responses

tymsplashivessd X E,O-"tcellswpmoe&ﬁefnt dbcanglitipib.ridfter dreeels, ewrhination

ctors uci.n vol utj effects of
o Bihr e pyh Bue St A0 PR wipsbentiigustiow
dyPinfetiyehe @4AR SN tha ANEIIRGE &'ﬁ'lkiﬁfbng ¥ foProduce cells with
Observation that many different cytokines, "when

the etpacityf for raphdiapopiilrat §.e.PawekE) it the irgeveadatight fawe:
stimul ato y efg gver the first few stem cel
@tsvrf*st’%h hesg i Itfgﬁﬁaa & conskierady ata TeinimERy a short-term

GRS SHER ABOTBL 5 e YRR R B

_ bRy HagsitiwrtthhefledeseliOnlsd podsdseloig @drm engrafting ability'™,
proliferation-inducin ¥tok|nes but that the build
e

Intgrestingly| highen engrafweat %e‘f Srrtf@aSR%wre mrdasured in thejirjested
ngrlltpfe:tc)xllutr o} }zgcrg rgr%ll h §’ ce‘ﬂs tﬁt b&n condition with an average of 22.1 +
7.6 % (range: 2.8 to 54.9) of the total BM cells collected consisting of human ceils.
* Cells from the $/E group were also uniquely capable of human cell engraftment in

~ the non-injected left fernur [6 of 6 mice were engrafted with an average engraftment
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and/or induce differentiation, during in vitro culture
ultimately limts stemcell growh. [00153] Finally,
gene expression and protein secretion analysis has
convincingly shown that a variety of known negative

o€ Q0 LA, rafife 08%P5 .85 BRAreting HoACTIRE Bl lanted
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Jo0142] Global culture manipulations resulf 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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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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[00149] In contrast, MIP-1a production was unaffected by subpopulation selection
but was significantly impacted by media dilution. In control cultures, cultures
undergoing media dilution alone (NS/E) and cultures undergoing media dilution
plus subpopulation selection (S/E), MIP-1a was secreted at a rate of 3.3 x 10¢ £ 0.8 x
104 (bulk concentration: 206 + 36 pg/mil), 0.5 x 10% + 0.2 x 104 (bulk conc:entration: 70
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mechanisms on HSCs resulting in expansions of both short- and long- term

repopulating stem cells that had not been achievable previously. Our combination of

- these culture manipulations, as well as the elucidation of the mechanisms behind
their beneficial effects to yield HSC expansion, provides a new strategy for in vitro

stem cell culture that should be widely applicable.
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growth.

. [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?22427.158, sugpesting 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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Clains: 1. A nethod of cell culture conprising: a)
obtai ning a sanple of hematopoietic cells further
5. conithe $dethgd of il @ hefdin immunoaffinity separation is performed using a selection

element having an antibody or fragment thereof selected from the group consisting of: anti-CD2,
anti-CD3, anti-CD4, anti-CD8, anti-CD13, anti-CD14, anti- CD16, anti-CD19, anti-CD24, anti-
CD38, anti-CD45, anti-CD56, anti-CD66b, and an anti-glycophorin A antibody.

6. A method of preserving cells comprising:
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;
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undi fferentiated hematopoietic cells; b) culturing the
sanpl e of hematopoietic cells in culture nedia and

under closed conditions appropriate to cause
proliferation of the undifferentiated hematopoietic

cells; c) segregating under closed conditions the

undi fferenti ated hemat opoi etic cells from

differentiated hematopoietic cells or growh factors;

and @ TeEreHas ha  wpditfentiped s bonuepeiciel cells from  differentiated

undi f f efegiiohaéR ARl abk Gndetlibsd LRdRHLE! osed
feration of th

condi ;ﬁg@e t her eby causing prolife “the

segr élé; T SRS dhesreregitedy undiffsentialpd heratepoietit (cdls ynder closed
The netdoditiab @eftbin davsitd) CprBliratife T Mt Redr@hle@’ SndfGentiated
segr egahteed fromt undi fferenti ated hemat opoi etic

e

cells bymég?g%eéﬁdglﬂb‘fndt he culture nedia. 3. The nmethod

of clepifreeding Wheegégatet hadittrbitiates Mbhabitib 0AR! MBehEhkskrving the
celI's arg segregated fromthe undifferentiated

hemat opoi étic cells by affinity separation. 4. The

met hod of claim 3, wherein the differentiated

hema | & 1:C r regat ed romthe

Tind FRoriaiCoE ST &F Snasl BE°LEn 0N i mmerehitgy e
ugdifferpriieted hemathpoiftiecelehexdhaoge ol cnltute medier ei n

i munoaffinity separation is perfornmed using a

sel ection elenent having an anti body or fragnment

8t her &b metpdek deimsf 7.ovheteiie thy rdiffapentiated herndtapgietié cells are segregated
frof (e valifferentfidd he 0icti8 bdirs bR debarfeldd, anti - CD13,
anti-CDl14, anti - 16, anti-CD19, anti-CD24, anti -

CD38, anti-CD45, anti-CD56, anti-CD66b, and an

gant i T MeBRNS dAmAY, aftctlP gy -dif@renﬁatéﬁafléﬁ%p?feticp LaR S/ jse%g:gated

cells conmprising: a). obtaining a sanple of,
i e %g*??é’et}a@d gg‘}lﬁt@?c’ﬁt}? fle by bERpeREREFeRATaighs et of
undi fferenti ated hematopoietic cells; b) culturing the
a e of . h topoietic cells in culture nedia and ]
1 Cob% e P HBRE Y e e espitn o iscopmmigiod usig a selecion
clpnait hivérgahiantibody ort frgmidindhdréof sddtted dofthd @68 QRQIRE 08 anti-CD2,

€ o d ) egat j t he iff ntiat . .
w0t spECoR R SIS IR rPcBPL ot DI i flis pur cprg an
CR#, hnti-GP45 pwinf P54, aut-CP66bndenti-gllyesshdric aAndiitddizas; d)

further culturing the segregated undifferentiated
hemat opoi etic cells under closed conditions thereby

e aush mgthpd ofltichting atniagmnad tompiisingegr egat ed _
i B e R 1 L o e o
t her ebyerpsiapaigtiadety t he
b) obtaining a sample of hematopoietic cells further comprising a subset of
undifferentiated hematopoietic cells;
¢) culturing the sample of hematopoietic celis in culture media and under closed
conditions appropriate to cause proliferation of the undifferentiated hematopoietic
cells;
d) segregating the wundifferentiated hematopoietic cells from differentiated
hematopoietic cells or growth factors;
e) culturing the segregated undifferentiated hematopoietic cells thereby causing further

proliferation of the segregated undifferentiated hematopoietic cells; and
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cells. 7. The method of claim®6, wherein the growth
factors are segregated fromthe undifferentiated
hemat opoi etic cells by exchange of the culture nedia.

8. The method of claim7, wherein the differentiated

hemat opoi etic cells are segregated fromthe

undi fferenti ated hematopoietic cells by affinity
separation. 9. The method of claim7, wherein the

di f f & SHEYdipede HemareRsl et setable| quantiy eof sbe rulyaeds dndifferentiated

from t hemdngbiéfeemnt i at ed hemat opoietic cells by
10, The nethod of claim9,

i mmunoaf fipity.separatjon. 2 C
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t hereof selected fromthe group consisting of:

anti-CD2, anti-CD3, anti-CD4, anti-CD8, anti-CD13,

12nt i TBDhdthodftclainCO] Gherain the-disciddOis a apbpeneD24, anti -

C1338, anti-CD45, anti-CD56, anti-CD66b, and anti -

grlayco horin A antibodies. 11. A nethod of treating a

1f e aesthodi ofi plgim 4P, wdewini fhyi ¢ygppenimdsmiaducéi by ngdiatherapy or
Bineflfy. Characterized by an insufficient nunber of

hemat opoi etic cells; b) obtaining a sanpl e of

hemat opoi etic cells further conprising a subset of

14ndi Theefbd 8f 8@ ITBIHRRY B | Gsofee! sSan SbmBUS .tauflénlilagap%g}l% cells
d?sﬂz?fngl e of hematopoietic cells in culture edi a an

8%Y-cl osed conditions appropriate to cause

proliferation of the undifferentiated hematopoietic

! ell,?; d% sqe%r‘ggating the undifferentiated _

emal SpBrhed & dam) 4. Pharin dherg israb dasten Bour-fokeinereesp i Beiceltured
uekifdratiated gemmubpoictia Gle@r @ils, @hd @lél el bR Guiii® RLFLEPRARDN into a
undi fferentiated hematopoietic cells thereby causing

UFther proliferation of the segregated
undi fferentiated hematopoietic cells; and 75 f)

rovj di o the mamml , a.suitable quantity of the
16c(?ul tAug]S%g%Ir:OaP??@P@ﬁ%oé’ﬁﬁt‘%‘ecﬁﬁ‘%%‘ etic cells,
whera@i providegeutarting eanplaofl defl srorainingtuadifiaenhicapnal hefatopoictic
cel I s pheregse the nunber of hematopoietic cells in
the manmal,” thereby treating the disorder. 12. The
met Hidewetving| the reells] undph elloged ncotdigord i tsair jtexnote She proliferation of the
cyt Ope{ﬁid%‘fqrélﬁ,ate(-ir ﬁ&ﬂ%&%&&ggﬁnc ll%,I m 12, wherein the

cytopenia is I nduced _ otherapy or chenot herapy.
14. vhsesinhe paebendl vafliffermtiated hwiner kematopbietictieoincteased is calture by

at 888 R toFotEHRLARBRIAHaCE! | S
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17. 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;

¢) 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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deficiency. 15. The nethod of claim 11, wherein there
is at least a four-fold increase in the cultured

undi fferentiated hematopoietic stemcells, and the
cells are suitable for transplantation into a nanmal
16. A nethod for providing a cell population
conprising: a) providing a starting sanple of cells

cont ai ni n% undi Lf erenti ated human hemnat gpoi eti c
cel | § S5HEEHYE ¢ %ﬁ%yef%@t%|¢@am%$ efllssbaying the genc from
condi t | dffisertitxad hepfa@Foie®: defleorRFth faeoRt dn@n of the

undi tferenti ated human mat opojetic cells, wherein

the. e e re Pl e 2 hrricroRtnsa b BOB fasene therby
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cel | wherein therpuitgrad eidifprentigfechbenestrpoidiingplls hevinghtbe gqme widliderate in

the nRtr@al) ahdWiRré tht BRSheuBOSrotdiAd] éx&»ﬁ; .
hemat opoi et i (1; cel l; deju cgrlot ur|é n tsﬁgmutg%%?[?!é‘?l'enti at ed
hemat opoi etic cell having the gene in culture nedia

18nd ThHGRodF B8 70 ARG HRMBnARPESR bt At BorsatE M4 faune response
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frpnsplontation, tg theculied yadiffecariatnd dematapcigic pells baving the gene.
hemat opoi etic cells having the gene from
ifferentiated.hematopoietic cells or growh factors;
Iézjl'md )megﬁfi ?{H’?"r\ n%nﬁ%‘)dé%@}néﬂﬁ‘fﬂe‘&m@ﬂﬂ?ﬁ‘f erenti at ed
henat)o plehtfying a eainhial Hadvg Aginédfieci@eABNHeNEIHeRN op Y SHIRY
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havi Hg “PRATE ehe™™MRISq Of) BRIt h ol o WY SeIRRFsinEad spbset of
t r ans phadiffsrergiatsdihdnalaipeieduaig;i ty of the cul tured
undi ff | ated h oLetic cells having the gen
encoJ i ﬁ‘g&? fﬁ%%{eh%n g%’ggf: ?egmam Y5t% fﬁl,s ’\Rhcé’ﬂ%ﬁenrgetdt‘?e and”Gnder closed
cul t ur eehdifioeli frpepaate itatede peliftaipo of the aindifklestiaid ichgtopoietic
the gepgproliferate in the mammal, and wherein the

t her apeutic protein is expressed in the manmal . 18.
The dretisdatoe chai nndiffereiaied ei homafopoietiermeells ddies ndifferentiated

demnstddhdpoRfc dNESHERRQRSSEq af ter transplantation,
to the cultured unditferenti ated henatopoietic cells
h aviel)lgc"fhl"}@ngg@?l gegregated undifferentiated hematopoietic cells thereby causing further

proliferation of the segregated undifferentiated hematopoietic cells; and

f) providing to the mammal as a transplant, a suitable quantity of the cultured
undifferentiated hematopoietic cells,
wherein the cultured undifferentiated hematopoictic cells increase the number of

hematopoietic cells in the mammal following the transplant.

20. The method of claim 19, 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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19. A nmethod of providing blood to a mammal

conprising: a) identifying a manmal havi ng an

i nsufficient nunber of hematopoietic cells; b)

obtai ning a sanple of hematopoietic cells further
conprising a subset of wundifferentiated hematopoietic
cells; ¢) culturing the sanple of hematopoietic cells

in culture media and under closed conditions
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hemat opoietic cells 1n ure
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culture conprising: a substantially pure popul ati on of
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table for transplantation into a
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or nore growh factors in a cell culture having a
subpopul ati on of undifferentiated henat opoi etic cells,
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culturing the sample of hematopoietic cells in culture media and under closed

conditions appropriate to cause proliferation of the undifferentiated hematopoietic

cells;
¢) segregating the undifferentiated hematopoictic 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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segregation, or by nedia exchange or nedia dilution.

27. The nethod of clainms 1, 6, 11, 16, 17, 19 or 23,
wherein the undifferentiated henatopoietic cells have

t he phenotypes selected fromthe group consisting of
CD34+, CD34+Lin-, CD133+, NOD/ SCI D repopul ating

cells, and rapid NOD/ SCI D repopul ating cells. 28. A

met hod of banking blood for a manmmal conprising: a

obt aPhiBiyiditgoin Sicnaaranl & 8dmpintanpfa Hatvhie opentay jof the cultured

cel I's fudbitrbRkitiated MRthdi§lo@c &ills,Subset of undifferenti ated
henatg ol etic ceIJs;_%) culturing the sanple of
henaﬁ'%ﬂpe F cullgpq andiferenfiateq  kemploneishica prlls Linerease dhe Jeggber of
hetaichotetiocetls RPRY A f@lovig@ausespRAOl | feration of the

undi fferenti ated hematopoietic cells; c) segregating

the undifferenti ated hematopoietic cells from
29l g f ariéntomatise a mﬁntimo;mé isamp&e;iflcimﬁd widtdatid@cieai®poietic
. tund ng t seqgregated undi fferenti at L.

ofaBafiths PILOS, bOBR P BIRRET o o el B comprisng
dipretdrisfiernsing bn cedlf int dremspdayt prgatied undi f f er ent i at ed

henmat opoi etic cells; and 78 e) providing to the mamal

as a transplant, a suitable quantity of the cultured

undi fferentiated hematopoietic cells, wherein the
cultured undifferenti ated hematopoietic cells increase

t he nunber of henatopoietic cells in the mammal
following the transplant. 29. A kit conprising a
substantially pure sanple of cultured undifferentiated
hemat opoietic <cells, wherein the cells are suitable

for transplantation into a mammual, further conpri sing
directions for using the cells in a transpl ant

procedure. 79

79



