WD 03/ 042113 PCT/ US02/ 35553 PRODUCTI ON OF CELL SUSPENSI ONS BACKGROUND OF
THE I NVENTI ON This invention relates to the production, by expansion and
sel ecti orwb oamitiozsls, of cell popul ations that can be i nfu®ed/tisat/asspati ents,
for exanple, to engraft patients, e.g., cancer patients who have had
treatment that resulted in the depletion of their bone marrow. O her uses
of such cell popul ations include supplying cells as supplenents for
genetic defects, as el eifeHedQON OFIEREUSPERBIONSSUe, as carriers of

t herapeuti c genes, and as agents used for inmune enhancenent. 10 In the
case of engraftnment, cancer patients can have their bone marrow
reconstituted by the adm nistrati {: obt ai ned from donors, or
by the admnistration BACKCRQIND OV AL NV BN i mmat ure, and
therefore, plurippi . i i .an@RkéBéti@d from ot her
sources, such asﬁﬁﬁgﬁ@ggﬁﬂ%%%mt %h{dﬂl E‘%oer;ﬁﬁgéﬁéﬁeﬁf;ivog been devised to expand
such gel Igethétsc o dellrpulakibhethardapdie infpsedimtd pativets, foegxarople; oanged® cel | s,
such as stemcells. A nmethod for achieqe)vi ng this is.d %(raus,

i bed, ..i
U.S. Pat gnatiems. ., Gpserastienth athehpve RROFHINSHE: atﬁﬁsl}l@gilgﬁ’lr?é@’leglﬁlg R syst ens
typicall yh%ggéxgymg%éxg}é rki)rsﬁi?& w801 L OEE lg%cﬂ%ﬁﬁ'ﬂio SfrlcfidR shbl "ﬂ?%él@s dshat the

resultind onisenric n the target cell type. In

addi ti On’suﬁﬂ%ﬁleﬁi@tf&ogbﬁeﬁ@&ﬁe@mls eieatbnsLifop eagbheratiaed tissee eb casiestafomal
cells, which can enhance the expansion of 20 the target cells. SUMVARY OF
THE | NVENIér@peuTioeenesy et asagenisasert £5 Immwee BBRPOFFIRSHr oduci ng an engraft abl e

cell suspension erein the I / }%Pso marowd) cul turing
a firth popul at i gh%ﬁgfca%eecfrﬁeg aﬁgféhg%g?%e?%{fgnﬁﬁ%lgﬁgége I O?%/[gnes, i ncluding a
first subppapihadd Bhebasalistfatioh of bbitpmastivtabldieed foom eogoraf arbgrthe  under

conditions that cause that expansion of the firs sg}b-p ul ation . of cells,
wher ei n tdieninjstptidreef suspessiose pf wlatiyelyHarmateispidsaerelpre, L HSpul at i on

of cells that.either ..inhibit.the ex i under these
condi ti orfé‘g'lf"ﬂ‘é’rg S%‘Wé oells 1["]@313? ; fim %tglelfsl%g §<'te9,er U Bﬁ) %So‘%éﬁg\{tc ildg%?d gﬁgh't hat are
capabl e of Bl nsdWEeR A8viadd tRRAPand shch cells in culture, while selecting the

15 desired, or “target” cells, such as stem cells. A method for achieving this is described

in Kraus, U.S. Patent No. 5,925,567, hereby incorporated by reference. Such systems
typically employ cytokines and other growth factors to ensure that the resulting cells
suspension is enriched in the target cell type. In addition, such methods have

employed supporting cells such as stromal cells, which can enhance the expansion of

20  the target cells.

SUMMARY OF THE INVENTION

The invention features a method for producing an engraftable cell

suspension, wherein the method includes the steps of:

25 a) culturing a first population of cells that contains multiple cell types,
including a first sub-population of cells of a type suitable for engraftment, under
conditions that cause that expansion of the first sub-population of cells, wherein the
population of cells further comprises a second sub-population of cells that either
inhibit the expansion, or grow less well under these conditions than the cells of the

30  first sub-population, and that are capable of enhancing engraftment;



WO 03/ 042113 PCT/ US02/ 35553 b) before, during, or follow ng the culturing
of step (a), renoving cells of the second sub-popul ation; c) preserving the
renoved cwDlo3/0ef113 he second sub-popul ati on; and d) fol | owPeg/uSkpaisss on of
cells of the first sub-population, conbining cells 5 of the first

sub- popul ation with cells of the preserved second sub-population to form
the engraftable cell suspension. In certain enbodinents, step (d) iIs

performed after 25161 ARingf orf f8RoWidgShe colibimpadtept(ho Feradvingtdlls ofias been
conpl eted. The thod can further include the renpval of dead cells, and

can al sothdwetomtkesubhmpstatiopnof i ntroducing a third sub 10 popul ati on of
engr af t ment - enhanci ng cell.s or expansi gn- enhanci .S taithe
suspensi on, at afhPreFEHRS Mg rﬂ’i‘@"‘iﬁf@@é?i&’elsﬁwn s'uﬂ%\%ﬁﬁfah&%, ald

cases ére t'he cells of the

third sub- popul g} ap.&RNERGEIGKHEREE ePtRifirtabPopshtioniRonditih@télsn, the
cells of the thi(r?)tdfoggg- pogﬁlﬁséﬁ(on a?gﬂadded toploﬁe cul?ltur.e co%t ai ning the
first ssulpfpepidsedubasopalationith qetls of thepresetved serpplerb-pAPEAtieE BXPansi on, in
order to enhance that process. The cells of the 15 second sub-popul ation
that ar e theerarelipblgcall SSPSASOBN be expanded prior to being re- conbined with

the cells of the.fir - i 00 ; thpare@n & thé fitshe second
In éeglié{ne%#flgod?ﬁgﬂh,gsttéd};@) isHRIRYAkd Sfter dStPa thé fits

sub- popul ati on can cte of" sel ection elenents, e.g.
ant i bodi ggb-popelatioehasis bas beneotiptsed. CHMSnethad dimfurthieymalide the vari ous

grow h factors. Positive or negativ el ecti.o an_be used. e.g. as

descr i bedeinaval.of demheedlss andgan glsg yecl tieﬁﬁpﬁéﬂ'g?‘[agﬁmgradéllgg?"iibﬁuous sel ecti on
of one or_no sub- i > REITEbnhaMiddcdlBeo fel teria for

sel ecti o8 faﬁﬁn\‘?g?i%%ﬁyg%re%pﬁlﬁce@?aﬁggi%{r{ﬁed.%}he ?nvegln(t;i on taekes advant age
of the diggRusion, ithay seiget ke pravesulIathems svhefe the ebllsof the fird stbi | s that
express the surface antigen CD14, whi I% undga%.i ra}gl%g l\{lqltﬁl{ll ta% the

expansi orpaplilagiesienkance expansion of thedfatsubpapuiation.the Fely othieihyr Shoval
enhances 25 expansio LShh S n@htibhef @nghabt abl e cel |
suspensi diPP at‘:%&Eedad:%%%gpﬁ%%ﬁgﬁg%gﬁgﬁgﬁ%hgﬁgrt her i rrpo?t ant insi ght
is that sybroRpithshbens dpaisic i ordend\eatianceehg pranesd. yTheaeHs béthexpanded

prior to being added back to the cell|  suspension, ugder cqndi tions which
maybetsdi fdeeomhsubtpapulatioodhat jare remeves iniialiy can bgerpgnded RHEF ‘i?g%f&‘gJShduci ve to

expansi o nCO?‘Jlbi%lQCF with r’E%)evceeﬁils %yﬁfe%&%ﬁzﬂogﬂlatiﬁcﬁgﬁgvﬁ of the cells of the

second sub-population can be effected by use of selection elements, e.g. antibodies,
cell adhesion molecules (CAMs), and/or ligands to various growth factors. Positive or
negative selection can be used, e.g. as described in U.S. Patent No. 5,925,567.

20  Repeated or continuous selection of one or more sub-populations can be performed,
with the criteria for selection being varied over time if desired.

The invention takes advantage of the discovery that some sub-populations of
cells, e.g., cells that express the surface antigen CD14, while undesirably inhibiting
the expansion of desired cells, e.g. CD45+ cells such that their removal enhances

25  expansion, may enhance characteristics of the engraftable cell suspension if added
back following expansion. A further important insight is that sub-populations that are
removed, temporarily, can be expanded prior to being added back to the cell
suspension, under conditions which may be different from those in the original
culture, and more conducive to expansion of the removed sub-population. Because a

30  starting cell culture may contain a number of different cell types, any of which can be

removed at any stage of the process, expanded, and added back in any proportion, the



30 starting cell culture may contain a nunber of different cell types, any
of which can be renoved at any stage of the process, expanded, and added
back in awgopoepedti on, the 2 WO 03/042113 PCT/ US02/ 35558CTaisar/assseri stics
of the final cell suspension can be adjusted infinitely using the nethods
of the invention. Certain cell sub-popul ations enhance the growh of the
primary culture and/or the sub-popul ati on, and/or enhance the properties
(pot encyc%a?&été&ﬁﬁ¥ of BleGinhl &l $ubFerRhnlcan be adjupted $ifiritelyGising the erdtizmise ment
and/ or enhancenent of the properties of the final cell suspension can be
obt ai nedobtherimwamtibnni ng the primary cul ture, sub-popul ations and/or

progeny of sub-popul gatipons at .various tines [ i on.
Ot her feat ur eSeHAR C&ﬁ\f& ?88@@“%‘?5 %ncleﬁbee Oiﬁotmﬁ’lglpg%%ﬁg%%gurrgﬁ@?fom t he
detail ed e%%%ﬁhiaﬂ@n,%@/di”eﬁ%ﬁ_@%e ROpertieP@otdney, ditars, etd.DoDBSECRI PTI ON OF

DRAW NGS "Fi I's a graph showi ng the effect of various antibody cocktails

on the expensioenGpottrmhaicenkntandéirienbaicemest ofithgproparties ohthg Hig

illustrating the effect of varjous concentrat.ions 4+ s on the

expansi ofclhsEpaRsien C%bea"[ﬁ‘%‘lﬂ?‘{ Xl’fef’%‘gl.mll%ﬁiﬁipﬂmaﬁy ?@Iuég%lﬂgsfﬂogulgﬁgl’ﬁgr ged

di agrammat e i S Okt VAAShY s SOURCH Mer eQfansiohar get cel | .

Fig. 2A Féagrﬁ#%%&gB%ﬁPj¥é%§ﬁg§agrannatfc viedﬁ%% a s;g{en1for negative

sel ection of @tReNfehtaragehd advdntages gbthe davedtiommeéll be hepraentdian B§r ans of

various nodes of operatiaqgn of, sys%&ﬁf @éﬁgﬁ%ing to different enbodi nents

of the i rigtatled glescratiopeEnd drEngE SERIEH BRI CHHES i nvent i on features methods of

formng cell products having defined profiles by selecting a

sub- popul ation froma primary culture, or fro &n initial cell suspension

not i1 culture, and using DHESGRIBTIONQBDRAWINGSmonent of the sub-

popul ation, and/or.the pri.nar I Etg"ﬁﬁﬁ% B8y Obckills®nGRd | products.

In sone 25 cagggyfFﬁgyg $%§6%¥%¥f§%&ﬁﬁy u tln§?6ﬁ§ be added to the pri mary

culture q&?éﬁﬁmiﬁﬁmﬁgﬁbfa§g§agﬁﬁbon to formthe final product. Exanples of
ce

initial | suspensi ons incl ude : .
Fig. 1A is a graph illustrating the effect of various concentrations of CD14+

cells on the expansion potential of a cell culture.
15 Fig. 2 is a highly enlarged diagrammatic view of a system for positive selection
of a target cell. Fig. 2A is a highly enlarged diagrammatic view of a system for negative

selection of a non-target cell.

Figs. 3a-3d are schematic diagrams of various modes of operation of systems

according to different embodiments of the invention.

20 DETAILED DESCRIPTION

The invention features methods of forming cell products having defined
profiles by selecting a sub-population from a primary culture, or from an initial cell
suspension not in culture, and using the sub-population, a component of the sub-
population, and/or the primary culture to make one or more cell products. In some

25  cases, the sub-population may ultimately be added to the primary culture and/or the
cell suspension to form the final product. Examples of initial cell suspensions include
bone marrow, cord blood, peripheral blood, and suspensions of cells obtained from
human mesodermal, ectodermal, and endodermal tissues, such as pancreatic, hepatic,

neural, nephrotic, dermal, muscle and cardiac tissue. Examples of primary cultures



bone nmarrow, cord bl ood, peripheral blood, and suspensions of cells
obtained from human mesodermal, ectodernal, and endodermal tissues, such
as pancr eavios/o4fiepatic, neural, nephrotic, dermal, nmuscl eCanozasai ac

ti ssue. Exanples of primary cultures 3 WD 03/042113 PCT/ US02/ 35553 i ncl ude
cultures of cells of a type suitable for engraftnment, such as hematopoietic
stem cells. The nethods of the invention may include form ng cell products

by conbi Ridige Gftlites oPLelld VT syife AREbledbt @grafihdntatubkns hehhtepoibior stexanpl e,
t he sub-population nay be 5 returned to the primary culture after further

expansi okelif. the primary culture. Alternatively, the sub-popul ati on may be

cul tured separately, and nt ual | t . I : i
rogeny may baearhaBRts PretisrRrytuaF bt At(hBB ATk s, O S
| ntervenicpgs éf&h%g%r- (ﬁ%ﬂ@cﬂﬁi With Ofhet &is PFb@ayhple] ltheisid)pophlaien aruy keub-

popul ati on may moved fromthe first sub-popul ation, and then the first
or sesondethfhed wb thpqpirhay icolumafiebrthet axparsion of thapriplerhaliteul ture, either

bef ore fte th i i
sub: popul/HiebiElaihe SbmepHB LRy he G PratBiy sf LG R 0% e
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sub- popul ati wa e.g., one of the initial cell suspensions
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cockt ai | sgyohat renove a predeterm ned sub-popul ation fromthe primary
culture. The effect of various 25 aqr}j{i_bcidg ocktails .on t.he .expansi on
9

pot ent5i al of alnpﬁhqrii@@]emen&tlio%rng,eﬂa spgia Upg Gxpansion of a sub-

population, adding cells of the same type as those in the sub-population to the sub-
population to fuel expansion of the sub-population, and/or removing a sub-population
and combining it with other cells not of the primary culture.

In some implementations, in addition to the selection steps discussed above, an

20  undesirable sub-population is removed from the primary culture and discarded.

Cell products may be produced by providing a primary culture or initial cell
suspension, and performing one or more selection steps (e.g., selection after cell
division or proliferation has begun) using one or more antibody cocktails that remove
a predetermined sub-population from the primary culture. The effect of various

25  antibody cocktails on the expansion potential of a particular primary culture is shown
in Fig. 1. Inthe experiment illustrated in Fig. 1, selection was performed prior to cell
expansion. However, as will be discussed below in detail, selection with the antibody
cocktails can be performed at any time and can be performed repeatedly before, during
and after cell division.

30 Cell products may also be produced by (a) culturing a first population of cells

that contains multiple cell types, including a first sub-population of cells, under



in Fig. 1. In the experinment illustrated in Fig. 1, selection was perforned
prior to cell expansion. However, as will be discussed below in detail,

sel ect i orwaioBl421ne anti body cocktails can be perfornmed arcansoysises and can
be perforned repeatedly before, during and after cell division. 30 Cell
products may al so be produced by (a) culturing a first population of cells
that contains nultiple cell types, including a first sub-popul ati on of
cells, ug 'ti&ﬁ%t%ﬁ%ﬁééﬁpaﬁ%ﬁugﬁ%/ﬁﬁ%&popﬁndbﬁ boealst fat (by durses t he
expansion of the first sub-population of cells, and (h) during.or follow ng
expansi ooy fallewing expahsiony remevingriam ghedurstarapslitian g sewyid S§Pr@£’ﬁggtéﬂnat ion of

| I's that t ed he. first sub- | ak] i.pf 1sabl N

cuspensi ghcclsntiags rpepord B bF Tt BeeBai SRR SRR bt BpRERY ces.

the i nf usalilngedils oF dARRERELMbdhldioRe Loss! ants, id nsnisecell cel s of the
pulation, e.g H Cells

first po ., 1T suc are not suitable for infusion. In

sone easesspehsion exlhbpkebstantibliy fremsecdlln ofithiedhstnopulaionie.g.sisLoislF at i on

i ncl udes enbryonic stemcells, the remving step.is perf i ng
expansi ofte Biguitahje “ﬁr}]é‘?lf’ﬁr i‘é%?%%‘f‘?s??gﬁcfri eégwfedﬁﬁlﬁ ?ﬁ%%iﬁs&%ﬁﬁ%e_e gJE)rrposi tion
of the ant,| Rody, £aCkEAliks S BEcGRATGSH, B8 rid¥in@8es @porfimdu Tingg cel |
expansi on.” For "exanpl'e, surface nol ecul es expressed at different tine

poi nts onrxfadsfer end magbt perfarmddssubstanitallyicentinmuslysel ecti on in or out can be
based on this. Reselection with different antibody cocktails can be
performed subsEhgrompopiion ebthei 3t Cgf’,"{(@f Wq’fncqﬁaﬂgegr%gwee%atsgeﬁasi s. The
propoptions of i t | S8blecREOSESss6PaR dferaslitind ed, e. g,
by 18 a juﬁggfﬁlge%ﬁ%gdgggé%%n r%?’rsgft}lg%ns g?) thgdflbggrsll y a given proportion of
non- t ar gefoikebh Siffeaére celty emtteddanifiedaaml/selectign mivaregk pap hehaseripb®is. and/ or
identity of the antibody or  antibodi ﬁs in the coccttug)ij[. .Tﬁ1e anti body or
ant i bodi deselectionewihdidfeaent aptbodyecoskipls ¢aPe RFTIOHRPL DS APHEY i del ity of the
product singe. sQ el ) i :kers are shared by different cell 20
types. Foﬁpn'lﬂ%%ugﬁ‘g%&@%%r%@t? F\g%ﬁ%el |s bear at |east several CD45

epi topes that TiRNres@EbnION differentiduble puuthatdel psodutt daplleadjusted, e.8sbr result, a

CD45 pan | eukocyte marker can be used to select in or. out all 1eukocyt es,
wher efs  GUBRAL anidbadysmesntrations so that only a given proportion of non-target cells

are selected out, and/or by changing the number and/or identity of the antibody or

antibodies in the cocktail.

The antibody or antibodies in the cocktail can be selected to increase the
fidelity of the product since some cell surface markers are shared by different cell
20  types. For instance, CD45 positive cells bear at least several CD45 epitopes that
represent unique subpopulations of leukocytes. As a result, a CD45 pan leukocyte
marker can be used to select in or out all leukocytes, whereas CD45RA and CD45RO
can be used to select in or out specific leukocyte subpopulations.
Proportions of cell types can also be varied by recombining the primary culture
25  with sub-populations and/or progeny of sub-populations, during or after expansion.
Repeated or continuous selection of one or more sub-populations from the
primary culture may be performed, the criteria for the selection being varied over
time. For example, a particular sub-population of cells may be removed from the
primary culture during initial selection steps, to enhance expansion of the primary
30 culture, but not removed from the primary culture during later selection steps, to

enhance the properties of the final cell product.



can be used to select in or out specific | eukocyte subpopul ations.
Proportions of cell types can also be varied by reconbining the primry
culture Wb osios11zub- popul ati ons and/ or progeny of sub-popairatSopnssss3 duri ng
or after expansion. Repeated or continuous selection of one or nore

sub- popul ations fromthe primary culture may be perforned, the criteria for
the selection being varied over tine. For exanple, a particular

sub- popul ati on of cells may be renoved fromthe primary culture during
initial selection steps, to enhance expansion of the primary 30 culture,
but not r@wEnedg CeliBrotectpri mary cul ture during |l ater selection steps, to

enhance the properties_of the fi cell.pro 3

PCT/ US02/ 3555305 %‘&H&Hl??g)fé%ﬁ?blﬁpe%%‘&l?%s f%‘gﬂr@(ag%%ﬁ%leéggﬁ% Ehl%t? 30l e

techni queg;5ioe é&riﬂﬂl%hgﬂt_ocaeﬂakieﬂﬁ Reufbsssbdat dediBbelswi tabl e for infusion into
a patient are discussed indetail below. 5 During cell culture, a first

sel ectsi on st epDuning deficduiidee, 8 dirg ctlendorosiep may inchidesalsctipggitiiaditslondt hat
expresses CD 14. This mayb vant ageoys, , as, CD 14 inhibit the
expansi orPopplagigpthat mreﬁsi’)ﬁngi gﬁ? I%%Y. E‘? ?dvéﬂz?éiouée‘i‘ﬁa@,ﬂ?%f%%é‘e’l |'s and
CD34+/ 38-, | ’@’%B e F ?I:\ﬁxt' 6B L P45 ealls, cDB4pRp @id on, a
narromer,lnfsi@%:tgﬁ%e giglggﬁfdé?? gé%g%o at lé)o %E)g expresses CD 14 and CD3 8 maybe

sel ect ed. cBi/38aatischsshbwpapHigaiAon is returned to the primary culture,

after further expansion has occurred, or is agaged to Lhe finished cell
product. This Fray e fige snb-aapwaten adeyawal: Speond SHRPORY ?%?n,ﬁlfl

e first

sub- pgoo ul %{ﬂr@s@e&% 1P gnci"@%? g irﬁ%gclreeseie@tehh ThisWet s EsubWpliRtibh & refegsnd

sub- popul atron"1s desira exanpl e, the fi rst Sub-popul ation may have
a 15 neggtthy prinaBeasituee) afied futther deipaesiorchas oshirres, ohis addedbiedthe fibisBeshul at i on
may have an advant ageous inpact on culture kinetics and/or may favorably

af f ect th@elhuﬁélmt:-yrfgl‘sm%w gb‘@ﬁ??roﬁei‘.’er@{rﬁﬁsém?'he two sub- popul ations share

a common sel ecfd onya 6&%&1??5@131{8?%1{1?{%:09 PE%&%%@E%%H&%&@&QM%%— popul ation

fromthe first sSub-popu on, second sub-popul ati on may be
returned §Rohdsubcpdpuliition i Hesirablee s seamyple,ahp frst swbrperhdatzm myohayeduent i al
sel ection steps described above. In this mancPerb,_ Ot r& > Secon a%ggﬁ
15  negative impact on culture kinetics, while the second sub-pop y
advantageous impact on culture kinetics and/or may favorably affect the potency of
the suspension. Since the two sub-populations share a common selection marker, in
order to separate the second sub-population from the first sub-population, so that the
second sub-population may be returned to the culture, it is necessary to perform the
20  two sequential selection steps described above. In this manner, the second sub-
population can be isolated and returned to the culture without returning the
undesirable first sub-population. If desired, e.g., if the first sub-population is
detrimental to culture kinetics but advantageous to potency, the first sub-population
can be returned at the conclusion of the expansion process.
25 If desired, the first and/or second sub-populations may be cultured separately
prior to returning the second sub-population to the primary culture or adding it to the
final cell product.
A sub-population can be removed from the primary culture and then returned
after further expansion of the primary culture. This is done where the sub-population

30 has an undesirable effect on expansion of the primary culture, but is useful in the final

product. For example, CD14+ cells tend to inhibit expansion of a population of



popul ati on can be isolated and returned to the culture w thout returning
the wundesirable first sub-population. If desired, e.g., if the first

sub- popul wDIi0a421$3 detrinmental to culture kinetics but adramtisgrsiss3to
potency, the first sub-population can be returned at the conclusion of the
expansi on process. 25 If desired, the first and/or second sub-popul ati ons
may be cultured separately prior to returning the second sub-popul ation to

the pri mefysLubbakecdls, RAMAGDrbVidt hdrbermfsuppdrt defdg the edgrafiment phase
sub- popul at1 on can be renoved fromthe primary culture and then returned
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to inhibit eXPﬁé%uQ%o?ﬁlaﬁoﬂ@ﬁP&l_@é bOBuIRfrePinWRePaattdlib e MAThédSaRt 35553
CD34+/ CD38- cells, but may provide short-termsat;%gort during_the

eng r afst rrFamnmdas ¢he mirheny cdbiiev oy exdmplhaghinsingfrBH/CR3S- 85 &t i ent . The
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cul tured ﬂ&&o@efﬁ&ﬁ{@ﬁfe&ﬂd@yéﬁnﬂ@%ﬁdﬂ% It Favor Byrhsidpotedid ckits. tTie pri mary

or eéxanpl e

S
cul ture. , agaln using CD34+/CD38- as the primary culture, a
sub- popul &phadedaD Thib-bypuidtiamas eenaeipreedue Swrprowdry subus, 8- trkddved and

cul tured under culture condjtjions that favor | hopoi et i s. The
expanded TEBMSEROp O laRhopALesS #&ﬂ%%%{%%ﬂk‘ﬁqﬁ%&t?ﬁ%@?gf?’ ture, e.g.,
to he rec i I: R eshs of the i mmune system of the
pat i eLOF an e?%?b%wgk%ﬁmase%gl iﬁhlz'ti cs of immune reconstitution. If

desired, in thgdesitedeinakanpdve RBRipieCD3 celdmcandeseparntad out ofithe of t he

expanded CD7 sub-popul atign_ before.it is rﬁ&u ned. to thlglilpe)ri mary cul ture,

to renpveexpanded @PY seb-perylationPaigreihs geirmer do HeRImaLY FRRICHRICIANT e gr af t

ver sus host d%i s%%ﬁ%}cgfﬁo%oghﬁﬁ@ﬂ ﬂsgégt%%@a&gérggvg@ﬁmdg%el Vi ng

expansi on™8F® cells sanme type as those in the
sub- popul gsVeD) é@apieenddded to the sub-population culture to fuel
gérggf f‘: 82 oft Dlell‘iflg ?n-e’cp}?o%lsJ lirg[oilyigg e);r}:t]a%gi%n %%lalsgb-%ggulggon? ?:E:lﬁ%i or}%ﬁle spa¥ner epeat ed
type as those in the sub-population can be added to the sub-population culture to fuel
expansion of the sub-population. These cells can be obtained by repeated selection
from the primary culture as the primary culture continues to expand.
In some cases, rather than returning the sub-population to the primary culture,
20  the sub-population can be added to a starting material from which the primary culture
wés obtained. For instance, the primary culture such as CD34+/CD38- can be
obtained from cord blood and expanded, and subsequently added back to the cord
blood to form a finished product. This would allow cord blood to be delivered to a
Jarge patient in need of a large number of CD34-+/CD38- cells as well as other
25  inherent constituents of cord blood.
It may also be desirable to remove cells of a sub-population from a primary
culture, and add types other cells not of the primary culture to form a final product.
For example, CD34+/CD38- cells and dendritic cells may be isolated from cord blood.
The dendritic cells, which are difficult to expand, would be stored, while the

30 CD344+/CD38- cells are cultured in a primary culture under conditions that will

produce dendritic cells. The dendritic cells are then separated from the primary



fromthe primary culture as the primary culture continues to expand. In
sone cases, rather than returning the sub-population to the primry

cul ture, wl@3bka13ub- popul ati on can be added to a starti n@gCwaiSe2/33b53 f r om
which the primary culture was obtained. For instance, the primary culture
such as CD34+/ CD38- can be obtained fromcord blood and expanded, and
subsequent |y added back to the cord blood to forma finished product. This
woul d al Lgl‘éﬁ&%qS%g lht(i’orb@n&iﬁcﬁde\d%ﬁfédeﬁdﬁtm tellsgbatyadre esotatddn need of a

| arge nu - cells as well as other 25 inherent constituents
of cord brigolly,to fmya@mkplbémﬂéglil&ﬁémg@ fdendeidieiels-cel | s of a sub- popul ation

f | d_adg
Lo T ure o T ofrad Seney bF Beufed foRbfiR Sl oSl andBta Slb-blitiHoch e’ Y
dendriti G Cﬁqﬁéﬂe& ATRYRE h%&'rﬁaﬁqué E&Tﬂﬁ@h&@ladb'm(iesultﬁi’gepldﬁmmrﬁﬂaw cell's, which

are diffi t to expa woul d be stored, while the 30 CD34+/ CD38- ceIIs
are cyl t wikdreiandér pub- papqlatmﬂ ¢anrtben eclised epsrpraioerl RIRAYCIHPY e pr oduce

dendritic cells. The itic cells ar g th se he pri nmar 7
VO 03/ 042embinsdrell ex&’ﬁlpf ?l%adé’g aéﬁb 1560 %dﬁﬁson ISanﬁgaddgd to %/he
dendr! t Cufifild ot ¢ /&B@Q 1:&@'0%%90-1)9;5&1&5&18&&%(1ﬁ@nfmisrpranérynalturw oduct

endr |

conS|st|ng trc ce Dead cells may be renoved fromthe primary
culture a;ﬁd/tmpmmmumnmdramquopulsmcm@dmﬁd@mﬁh@l mpedughry cul ture and

di scarded. The resulting purified ure an ul ation
can then be uskemeal §§ﬂ%dgctegs &em tthHHﬁ@%/‘?‘?Weﬂb%éev%% %{V%ne%g ' H%Q%r oduct .
For ef 1§18 hrdadti éns
CD34+;% ﬁs c&ﬁﬁ%@?&t'ﬁe %gé:{%g?t{ ti ongdeg; ?J\?e%uﬁl%gﬂdﬁ}rg prlamsllry gul ture,

and the pye bhii@esGuhtunesyemsetthpperahatdfohe other dedlspnddomporenis nal  product .

10" oot | s telsuid tyrsad SHTRTBIY: SPOETRS B UL e Oy BARERRGT e

undesi rabl e react AR 15 JcHIHAS pRABEEHII 1Fe biMhept ency of

t he ot herlh éefrg&ceilér)lgf%lg¥s Hﬁrﬁbgtts éc easec? by %gad cells coul %h@nhl bi t
expansi onydhic betdoe cmhﬁgm pﬁmuyaahd(pntency @ptptlosiad and percéized appyeveredlt| s. This
is inportant because the resulting prodyct w |l her ., val ue
becaus®e oin peitegles eng APy %HOTB%P@%FES? (CEﬁPFPdé‘FYSn?tBSﬂS?Q%d’Qgglﬁceluved

| pr Ovenepresent in the product are viable cells, more preferably at least 95% of the cells are

viable.

Selection Techniques

20 Preferred methods include selecting a sub-population of cells from cells in the
primary culture, concurrently with proliferation, intermittently during proliferation or
following proliferation. Cell proliferation and cell selection can be carried out using an
almost infinite variety of different techniques and settings, of which only a few are
described below by way of example. Many other techniques will be readily perceived

25 by those skilled in the art, for example selection by flow cytometry, and selection by
using chemical agents to kill unwanted cells. Selection may be performed using
selection elements against cell surface markers. Positive or negative selection may be
used, e.g., as described in U.S. Patent No. 5,925,567, the disclosure of which is
incorporated herein by reference.

30 The preferred selection methods used in the invention can broadly be classed as

positive selection (providing a selection element having an affinity for target cells) and



15 in potency and safety). In sonme preferred cell products, at |east 85% of
the cells present in the product are viable cells, nore preferably at

| east 95%%ofo3pkmizel |s are viable. Selection Techniques POTRSet/gyssed

nmet hods include selecting a sub-population of cells fromcells in the
prinmary culture, concurrently with proliferation, intermttently during
proliferation or followng proliferation. Cell proliferation and cel

sel ect i Omeg@RcRBlebit (pRIVidiNE a Blédlign@fement vy dondffimiyt for wan-taegey celfs).di f f er ent
t echni ques and settings, of which only a few are described bel ow y way of
exanpl e. Tusss/tvst S@l@p‘ﬂ@let@hmlquﬁésu&ﬁﬂ plong ar ineqmbinptigeataprels topeggmp

by usi ngpten SareareypEiee BgR FRuRRahT BaHify SsLbR %lgﬁte%%%bse' seten
perfor rrecgu gﬂ tloﬁ@doeiﬁga&@ agalqmtm@@tmpolﬁﬂmonsurface mar kers Positive
or negative selection my be used as described in U S Patent No.

5,9255567, t hef\ldﬁm;ds af @p@ﬂitIWﬂEEhﬁCirsteC ﬂ%)@lﬂla@%@ﬂ dagrammayigalydier ence. 30

Th f i
ol asced I foBief Cté'ng@r Bty SIS FE0 oS B ER SRR i ey me an
affinity nﬂ ? ptérﬁ’ﬁl%tt o?.llaﬁ@ﬁils 1%&@0@@1’11%%@ sanPeTAHSOR4p30lFed negative

selectio roviding a'selection el ement having an affinity for non-target
cells). ihtdmton Mmeseinegaetmrdenwhmrqwést}le edlottl igligrasiuesd ipntp %@mﬂ nati on,

allow cells to be r cul en de d, d
al so all o'i}&sl?f'é‘PlPE t’*o&ggx‘%geé’/%@% i’]‘ﬁBSﬁ'ﬁ“mZI{r?tbﬁhmPﬁxg u?én S A
addi tj,ong ik QYA a§éé§ﬁl§r9‘dél?& hﬁg&tmfﬁeﬁn PR Qelebte@cdRFbhiiMen Gl ecti on
technl que | ustrate iagrammatically in- FIG 2. Briefly, one or nore

ant i |_ dtextma@xeﬁo ﬁpldg;gmkxbgﬂsn pihfzhdioe®t Baedhd iren dopjugated comp@a@rwmomb t ar get
popul ation is introduced into the ure. Afte bat
P, 5 rAgHepUreRRE o Regaic S it LR aneRtHeirhr o the. el
Suspensi ﬁé}ede‘lé%ﬁﬁﬁ %{@M@Bflm@%ﬁ% Hedfienfie@Rxt. r an/ [ ron Conpl ex

forms. T en passed through a magnetic field. Positively
sel ected cel l sAﬁempsielolﬁamb@twamjetélkm¢echn1qud1suﬂmsttletedeihagsammatmaﬂm@n not have
the iron conjugated conplex are. renoved

magnetd ¢ FiGeP4- iBrieflynenss maee a’flt{*rée’ﬁfi’éllcﬂl]\‘}%fl‘t?& grg}bg E(%ge%lf%ngr [ nsing the

predetermined population which is not of the predetermined target population is

introduced into the culture. After a specified incubation time, a magnetic dextran iron
particle colloid is introduced into the cell suspension. A Cell/Antigen/Antibody/Anti-
dextran/Dextran/Iron Complex forms. This complex is then passed through a magnetic

20 field, removing cells not of the predetermined target population from the nutrient
medium. The predetermined target population is collected downstream and returned to
the nutrient medium.

Clearly, many other techniques can be utilized for both positive and negative
selection, as long as the desired affinity is provided by the selection element.

25 The selection element can include other components in addition to the antibody
molecules that are used to perform the selection (the "selection molecules"), e.g., a solid
support to which the selection molecule is bound. The solid support can be formed of a
material that will aid in performing the selection or in maintaining the selection
molecules in a desired position or introducing and removing them from the system. For

30  example, as described above with reference to FIG. 2, the selection molecule can be

bound to iron or other magnetic particles to allow the selected cells to be easily removed



predeterm ned target population is returned to the nutrient nedium An
exanpl e of a negative selection technique is illustrated diagrammatically
in 15 FIe0 03m421B5i ef ly, one or nore anti-dextran conj ugaPed/tsn2/33363li es
specific for a predeterm ned popul ation which is not of the predeterm ned
target population is introduced into the culture. After a specified

i ncubation tine, a nmagnetic dextran iron particle colloid is introduced

into the ﬁ;ﬁ{{heg;,@&ﬁ B lapPlicafof6t 4 MABNHtg €isldanmiditherhollécted by removal of the
dextran/ Dextranllron Conplex forns. This conplex is then Easfsﬂid t hrough a

magnet i ¢ maetid B¢ld, Altemetively teesdestiopmolsculen sanheund otorthgwell Ph ¢

popul ation fromthe nutrien di um 1 opulation is

col | ect ed 8§ %@ﬁﬁﬁ’hﬁﬂﬂm?eé’% H]rréﬁ]&&l’t%og{]ﬁjea%b%? ﬁ@rﬁw V{;rr}g%f %1%59%%31&' y, nany

ot her teqﬁgﬂiﬁg%“@gﬂﬂﬁgtﬁétlﬁéthg&@ﬁa@rorweh RS Iniper@esbielbendgedni al besel ect i on,
e

as long as t desired affinity is provided by the selection el enment. 25
The sel eatsedas @dotidenppartrif beads odethet pasticlesipbisdnthey Fan bequptidehingo t he

ti bod | t hat ed t t h | ' isel ecti
ol coul eepredgap b s e rh o R L e BinkdiEed PE O O
bound. Thg, ﬁé bt RRObbseCB AN Qs AtiBE br 9 ai®y dddBéEfypabf irfgt Asivillbai d i n

perform ng the "selection or in maintaining the selection nolecules in a
desired peadilyiumderstooil e witldveriety ofinidier sotid witprprisisamds vssfh t he system For 30

| e, d i bed L.t h f to FI.G 2,.th ti
i e aan o8s Shogna G +oR: Be SSesiion Hetnirbef o usfa i GbBIAC | 00, e
sel eCfoedylﬁs%éSﬁ,;gg e easitivh AGABUSEd% NQRH0 42 Ak ReT4dISORAR556@m f rom t he

system by a ron of a magnetic field and then collected by renoval of
the magnatdifferbitehanerl Theseahodeslofoparitensengeciona sttt blaiss celiiiebe bound

to the wall of a. vessel coptaining t trient e hanb

it ough vl HevHeh FRGRE BRI Ao drE R R Db e aed B ot

nert, | MRSHIPARLENEAYSERR, B RS 1UFAH rascRd oW dhiskO TS, 31 beads or
1 cle , the e

ot her par S are use y can be provid in a packed configuration,
t hr ough WD, trbsedtiviety) antvhivh dithen fesb vstecyredanri¢ns media bunsdbwugh theo t he

systemin a |l oose form suspension, or in.an esi.red type of ray. As
will be systeal supstarizpdlysondaiouglywl %SG@QF%?XP %Pgeétvﬁgi’eéb%&de‘gﬁp%éﬁﬂt s can be
used. As flOWﬂ in FIGS. 3-3D, the selection elenent can be used in a
variety o clow:

Tn a selective batch culture (FIG. 3), a nutrient medium is introduced imto a

vessel, and a starting sample of cells is also introduced into the vessel. During cell
proliferation, nutrient medium may or may not be exchanged. However, selected cells
20  are physically selected, i.e., separated from other cells in the nutrient medium by binding
to a selection element, either continuously, intermittently or following cell proliferation.
These selected cells may be cells of a target population, if positive selection is used, or
unwanted cells, if negative selection is used. Dual (positive and negative) selection can
be accomplished by providing positive selection molecules on the surface of the vessel,
25  beads, baffles, impellers, etc. while removing unwanted cells by negative selection.
Alternatively, cells may be positively or negatively selected outside of the culture vessel
and then returned.
The selective semi-batch (3A) and selective fed batch (3B) modes of operation
are similar to the selective batch mode with regard to positive and negative selection.
30  The significant difference between these three modes is in the treatment of the nutrient

medium. While in the batch mode the volume of the medium remains constant and the

10



10 nodes of operation in which nutrient nedia is supplied to and renoved
fromthe system in different manners. These nodes of operation range from
a selectiweobasum culture (FIG 3), in which nutrient nedca/niss2/sy¥pplied at
t he beginning of cell proliferation and is neither added to nor renoved,
to continuous flow or recycled flow cultures (FIGS. 3C and 3D,
respectively) in which either fresh or recycled nutrient nedia flows

t hrough the ks isies trspddqinaiiveaubpementdtheusinybaidhende allaverfont i ve nodes
wi |l be discussed in detail below. In a selectjve batch cue%lgre (FIG 3),

a nutri empartimboifigshnient pfspeotmedim withoney medgpand the DAt MARAHOW p| e of
cells is alsa int rod]J.ced i nt thedivesvs%ne@&h@g cell proliferation,
nutri ent e FRCREYROTCRRSP TR GI° BE R Ranged. However, selected cells 20 are

physi cal Iy sel@gtLewit anfl-seleSRRAaALRE bk herfordidian acehtimoun(GSCutrr i ent
medi um by binding” to a selection elenment, either conti n_uoual Y,
i nt er @i t tregycliyg GHGT 3D) modeof apetationr bl thessrtwpinendles, trpasenserliésdd cel | s naybe

cells of a target. popul.atiqn, if positive, sel.ecti ' nwant ed

celI's, ifehAmgatayes |1%18ft?1_n§r‘i‘ni°§h?fs NIt Ted aslug plied B ng”é%‘%h&%

sel ect i 0MyGARer M AEGAPI BESH Y IncRNh il trdsesidy arihadtd fwsol ecul es on
e

the surface o vessel, 25 beads, baffles, inpellers, etc. while

renovi ng thifowgh thethambérsrdny a naged omstmmmnrecmlxn@mmieitwame cells may be
positively or negatively sel ected. outside of.t cul tur and t hen

r et ur ned. Aufpgnt §1§8’é‘é§ PYFéEdstEJfﬂug}btabte&k}aTg%)m%‘?? GVA Iqﬁé Sl“\?é’ afsgggrglz:?l ghe (3B) nodes

of opgratl | A AL die EbeohtiM@uRdl fdeys@endtiel Mnydgéred t 0

posi tll%ve égﬁgg%rgagg%?év{g&lge rgct?xll o}ﬂﬁ 30 The1 signifi %:’ant di fference between

t hese t hreectioesmest dan b heedtin daseraotiesadf opbratiout ri ent medi um Wiile in the
batch node the volunme of the nediumrenmains constant and the 10 WO

03/ 042113 PCT/ US02/ 35553 nediumis not refreshed (it may be suppl enented),
the sem E}ggng R de allows for a partial refreshnent of spent nmediumw th

new medi Ut he fed batch node allows for an increnental increase in the
medi um vol ume Uyag atd aEiboGe{CDYICDE,FCRAM G216 €018 COR4, @Ps6, Gao@sr f or med i n
a continuous (FIG 3C) or .5 recyglin .G . 3D) node..of, opgration. In

t heselt woanfodb#) negaiveyssleatinng %ké&e@teg‘c(eﬁﬁfﬁlﬁ)eqs Wﬁbzeélncogﬁ?le‘?’e and an

outlet, a{%gteg %erljeﬁﬁgnﬁl‘ﬁ%@mjeén fRYSE &Ribt)hﬁ%lhjﬂﬁlﬁﬁ&haﬁm«e Total Cell and
CD34+/CD38- cell output at day 7 post inoculation of lineage depleted Umbilical

Cord Blood. Cultures contained Flt-3, SCF, and Tpo at 100 ng/ml each.
Referring to Fig. 1, the selection cocktails represented deviated from the 9
20  antibody control cocktail (3rd set of bars) in several ways. From left to right, cocktails
1-14 were no GLYA or CD24 with the other 7 antibodies (Abs) of the control cocktail
plus CD38 (N=2), no CD19 with the other 8 Abs (N=4), all 9 Abs (control; N=10), no
CD16 with the other 8 Abs (N=4), no CD56 with the other 8 Abs (N=4), no CD66b
with the other 8 Abs (N=4), no CD14 with the other 8 Abs (N=4), no CD2 with the
25  other 8 Abs (N=4), no GlyA with the other 8 Abs (N=4), no CD24 with the other 8
Abs (N=9), no CD3 with the other 8 Abs (N=9), no GlyA or CD24 (N=4) with the
other 7 Abs, no GlyA or CD3 with the other 7 Abs (N=4), and no GlyA or CD3 or
CD24 with the other 6 Abs (IN=_8), respectively.
This combinatorial approach reveals the differential generation, in both the
30  quantity and identity, of the process output. The selective expansion of distinct

populations using various antibody cocktail selection strategies is critical given the
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chanber fromthe inlet to the outlet. In continuous node, new nutrient
media flows through the chanber froma source or reservoir, while in
recycl i ngvomde4tine same nutrient media is cycled throughPChaSotizasher
repeatedly. If desired, a systemcan be 10 configured to be run
alternatively in either continuous or recycling node. Any desired

sel ection el ement can be used in these nodes of operation. Exanple 1 Using
a 9 anti bagcdERRstineFopulibss ofCDEGrodidiion oOBPekt pGRHstorSEeahas 15 and GlyA)
negative sel ection cocktail (Stentell Tech) as a normalized control we
tested tHeDB4&HED38netIsp Onstaxempleaafdhis pptentpl lﬁﬁﬁq‘ﬁdwaﬁt&?ﬁgﬁﬁ{[ﬁ‘tﬁ’ﬁ and the

Total Cell and + 50 CE . I i of

[ neage. dBBRETEn oOkh Fear s ey o soieriiy Hie droBBEt of CORLBINGR S o
Tpo at 10§ eehBurARmno Bef1@nwitiighe other 8g\bs codkineil #B)| Bhis icocktaibakplifidds
represented deviated fromthe 9 20 antibody control cocktail (3rd set of
bars) s n €P34t/EDA%ayss.6Yomfithed antthody ceprtol (easkiatldid) s Angtherexgminie ifo GLYA or

CD24 with_the other 7 anti.bodi h '

(N2) - noesEsPGRER: TRENBERE b DRIER S e bRt b Py o o
QDLE wi L e, Bl epof GhE, ENGELDIBAHIRA clithie (hkiall Re) reSullidsinehi=4) , no
CD66b witH the other 8 Abs (N=4), no CD14 with the other 8 Abs (N=4), no

%4\/“ t Phar?ﬁliﬂﬁtiﬁn hegmiﬁ@?(&\h:al)ls, thatowagl 6680 %eiof khet hantdof e comrodpEhig N=4) | no
W o] r 8. 9), .CD3 wi t.h

GyA or Commrprpaonpinceias g giapdeineb S g AT AR b ner 7
Abs ([¢=4) #140 %@hﬁ&ﬁ%,@ﬁy&%cgm oEbBH. W tesd fstaBkdiahe SmphiSoafidESY ,

respectively. I's conbi natorial approach reveals the differenti al

_glj_ﬁner alt i 0@D3éH/ (AR wadncréBedjaii3 1.y 24fd 10dnand 126.4respastively.geE¥e out put .
e selective expansion of distinct opul ati ons using various antibod

cockt ai | whggtapghoc&qog{rg ies is cri t?cgl gi ven the 1% WO 03/ 042113 Y

PCT/ US02/ 35553 i npact of distinct populations on the production of target

popul ations such as CD34+/ CD38- cells. One exanple of this potential

negati ve Erpagle2on the relative production of CD34+/CD38- cells can be

The ofher 8 AbGPEEBRRERITHAES DrFordbE RERICALARnE FEy CooHPtDt CoL
cells expanded with less amplitude, 84.6% (N=4) of the control (N=10), if the Lin-
cocktail (CD2/CD3/CD14/CD16/CD19/CD24/CD56/CD66b/ GlyA-control) used to
generate the inocula did not contain the antibody CD14. With this result we proceeded

to test, in a dose dependent manner, the effect of CD14+ cells on the expansion of

20  highly selected CD34+/CD38- populations. Umbilical Cord Blood was obtained and
separated by magnetic means whereby CD14+ cells were first isolated by positive
magnetic selection (Dynal) the cell suspension was then treated to isolate the target
population using the 9 antibody control cocktail described above (StemCell Tech),
except for the exclusion of the CD14 antibody. Approximately equal fractions

25 containing a combination of CD45+ (5.00x10°), CD34+ (6.84x10%), CD34+/CD38-
/Lin- (2.19x104) cells from the same specimen were seeded with increasing numbers
of CD14+ cells. The Lin- to CD14+ ratios were 1:0, 50:1, 1:1, and 1:3, respectively.
With the four supplemental CD14+ cell values the initial number of CD45+ cells in
each culture was 5.00x10°, 5.10x10°, 1.00x10°%, and 2.00x10°, respectively. On day 7

30 of the cultures, cells were sampled to determine the absolute number of cells in each
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5 CD34+/ CD38- at 81.6% of the 9 antibody control (cocktail #3). Another
exanple is the independent observation that the |ack of CD38+ cells, in

t he presewoaspizibdth GLyA+ and CD24+ cells, in the CD38 aeplusoysbssul t ure
(cocktail # 1) resulted in an anplification in CD34+/ CD38- cells that was
66. 9% of the 9 antibody control. This |ast observation is in contrast to
observations regardi ng cocktails #9, #10, #12, and 10 #14 that each | acked
GlyA or Cpgd.0pndiat Rpbhesss] meianCces s OP34and CD3dat(b3e-aklls,CD34+/ CD38-
was increaseg gy 1f§?f, 24.9, 107.2, and 126.4 respectively, relative to
t he 9 antrélatidytoctheit mtialBuarhste 2 15 This study was initiated based on the
enpirical finding that 4+/.CD38- . cel | s..expan i s anplitude,

84. 6% (N=4) of Iheresyls,of %gtef‘lﬁgﬁ)e sheyn Fh%‘gL?‘%'— %E%‘cﬁ{%ﬁgltﬂrgé

(CDh2/ CDh3/ LERAEAGRLY, SRRMGRE BYcIR 6 bf GppemEaidl ICIH )4-Husstld at 45 logemer at e t he
i nocul a §§§$ﬁot %gﬁ%g n the gnti ody CD14. Wth this result we proceeded
to test, déheq1}0Da4tepk peleinitialfifipésQ) Iihecedts (ere0.54¢ supplemeniss)| s on t he
expansi on of 20 highly sel ected . CD34+ 8- .Dp | at i ) ggl i cal Cord

Bl ood m&%&e@%dn%sed@ﬁ%?‘ﬁﬁagan%?f { +e‘feint§?%gt_ {rjl}tse ﬁ%ra le)%{ ﬂéﬁl qu& cells
were firsg ox'vﬁloi'nachgéDtéﬁJrBﬁﬁ?ﬁé’ﬁlcﬁ’ﬁ@%}ﬂp%nﬁﬁh@%hﬁmhe(lﬁstm@é gpube cel |
suspen5|8ﬁ Was ‘then treated to I1solate the target popul ation using the 9
ant i body &iait@iencBeilg aiore delesy irbétdlatdday the(tdeleaseDIL 4T eelhyatio. except for the
exclusion of the CD 14 anti body, Appr.oxi mately equal fr { N 5
containing a chbupresaltidsmopstratesibal Sf’gc.lg?)?i 3t,18/né§g‘&ﬁ R E)hegﬁl)%%ﬁ e,u%CD34+/ CD38-
/Lin-_(2.19x104 . SOBGRER XB I \BE ar g@ﬁ?dhmbﬁhHMﬂgreasing
nunbet%s %Wl%ﬁﬁf%ﬁ%ggkﬁg&ﬁ$ﬂiﬁﬁﬁﬁﬁ toeCInﬁﬁﬁ?atios mgre_ :0, 50:1, 1:1, and
1: 3, respast CrRISY.cell3V Dhspifeehit dnhibisarp pffectp@Dad+ @Ebll_samaﬁélllpfovfa1hﬁé§fe@‘he
initial nunber of CD45+ cells in e

) ach cul fure was.5. 00x 2. A0x105,
1. 00x106, ofithe g@fmkqnféienﬁ%éé@ﬁlb@wge @j??lf&é\‘;? t"ﬂ@@“’é’i‘neﬁﬁ%%@’aﬁ? ucreég, cells

were sanpled to det e § eg;ag,m @bn $eldufple®. each 12 VO
03/ 042113% i@ﬁ%%%%gg@%rgﬂﬁPﬁgggkgﬁeﬁgt p ébn%arté@%ts, nanely CD45,
CD34 and CD34+/CD38- cells, relative to their initial nunbers. The results

of this testing are shown in Fig. |IA Each Of;Eﬂ? thrqe
15 ther embodiments are within the scope of the following claims.
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conpartments was sensitive to the presence of supplenental CD14+ cells at
as lowas 5 a one (1) CD14+ cell per initial fifty (50) Lin- cells (or,

0. 5% suppwermensxdd . Furt hernore, increased concentrati onsPofi/uSDAEss5zel | s
led to the near abrogation of growh in the CD34+ and CD34+/ CD38-
conpartments, with the mature CD45+ conpartnment being nore or |ess

anni hilated at the highest CD 14+ cell ratio. This result denonstrates that
speci fic populjat QRthodF¥EHodscihfen EhgtdftattetdibsuspeBionasuid ingthiolli cant | y i npact
the ability to effectively expand the target population, in this case
CD45+ celdospriciagphd stepshofs i nhi bi tory effect, CDl14+ cells may inprove the

effect of the_graft on_.a atl h ble to

recombi ne the a@gimmqgeqﬁgst %%Fﬂ%g‘ef“’“lt snl%}ﬂt ?e&?ls%g%m on of the
target p e lxﬁ’é@n ﬁ&lgo%rt ﬁ%lﬁ%ﬁ@gﬁﬂfmemtdnderthe scope of
the foll ggmalﬁ&h%?%t%“ﬁq% WO 03/ 042113 PCT/ US02/ 35553 1. A nethod for

produgi ng:oﬁmltleﬁgmaf teiot ehecabhnssorspinasd st S@aﬁ)@ul?é@ﬁ@ﬁcelbeWﬁFﬁegl t he steps
of: a) culturing a firs ulation of ce sthat t g e cell
types, ifiel mu?ﬂgoa of pel i?i%étgﬁr @gﬂqﬂsgst?%%ogé P?psukﬁ rﬁaoqptcSQ/IESetIﬁg{uéll tl e for
engraf t ment., . UNGEK éﬁl ?&{]%\A’%fo%ﬁasé Qe uﬁ@éf%ﬁldtd@»ﬁdﬁ&ﬁﬁﬂhahﬂfb @lls 88gaid f i r st

sub- popul TPER 6 R erein sald first population of cells further
conpri sesfigt mcpli@dlaslub prithibtaire oapab]‘e af@h]la;lcmgeﬂng@fmh?@t i nhi bit said
expansi on, %r ow | ess. wel | _under condi k[@n hanVIt hgo e;t 1ds of said
first sub- popLh drefasg, duging. ehfpllowing S\B rE‘go(? SERHAN SR B gPartient ; b)

befor %%t)}i’fﬁmtl&{oncg % Y\éa sécBﬁdE&ﬂ}é Jagnof step (a), renoving from sai d

10 f| Ion ce sal d second sub-popul ation; c) preserving
cells of sai d @qﬁ@aﬁvmgjbeltmﬁuhﬂtsemnd sabq)ogmatlmhla@dn ng expansion of said

| f df t b- | at ; a4 f
Eﬁbdioﬁm Zf‘ It ondib i pagon fkst e o d%gg}gg;gxz}ﬁg°gd§§{>rginﬁt o tarn
sal engrarta Cein ste

. end ﬁl]&o?ré%}dge%t sub- é%g&lgﬁ&?{hthjcéllgof tg@?régﬁrv cBhd SitApdPudationnie p

(d) is pe ansion of sal irst sub-population is
conpl et edform said engraftable cell suspension.

15

2. The method of claim 1, wherein step (d) is performed after expansion of

said first sub-population is completed.

3. The method of claim 1, wherein the method further includes removal of

20  dead cells.

4. The method of claim 1, wherein step (d) further comprises introducing a
third sub-population of engraftment-enhancing cells or expansion-enhancing cells or

potency-enhancing to said engraftable cell suspension.

25
5 The method of claim 4, wherein said third sub-population of cells are added
prior to completion of the expansion of said first sub-population of cells, and wherein
said third population of cells enhance the expansion of the first sub-population of
cells.
30
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3. The method of claim1, wherein the nmethod further includes renoval of

20 dead cells. 4. The nethod of claim1, wherein step (d) further conprises
i nt roduciwg 0a/04213 rd sub- popul ati on of engraft nent - enhanciPog/use/3ss5or
expansi on- enhancing cells or potency-enhancing to said engraftable cel
suspension. 25 5. The nethod of claim4, wherein said third sub-popul ati on
of cells are added prior to conpletion of the expansion of said first

sub- popul at i ong ofL & Rlkthod ARGiIMASHBERIN Sid thitdniubSopulptibmdf @ils efihanetd s
enhance the expansion of the first sub-population of cells. 30 14 WO
03/ 04211 3the@dtadspaf Besagraftable TelbsuspenfdRn. of cl aim 4, wherein said third
sub- popul ation of cells enhances the potency of the engraftable cel
suspension. 7. The nethod of claim1, further conprising the step of

expandi ng the geirhs pemddloficltEmSIC aaRd: §é&h¥>ﬁ§ﬁglﬁfétsit flkpaidingths telps (d) . 8.
The nethod of claim 1, wherein cells of the second sub-popul ation are

renoves i of theegcofh subrpopujats@l podritostep(@rent s t hat recogni ze surface markers
on said cells. 10 9. A nmethod of producing a cell suspension that is
suitable for infusion into a human patient conprising: (a) culturing a

first popul at i gnral yelddS it C WHAMSCIUthloBokPdb-dpRRSion afenc udi ng a

first sub-popu on of cells, under conditions that cause the expansion of
15 sai d f iensdved b stop () airigaseleofior elenents (lyt révoioize surtaseinrgkess op 8¢l owi ng
expansion, renoving fromsaid first population a second sub-popul ati on of
celIs thatelfave an inhibitory effect on expansion of the first
sub-pqgulation of cells or grow |l ess well under said conditions than the
cells of said first sub-population; and

9. A method of producing a cell suspension that is suitable for infusion into a

human patient comprising:
(a) culturing a first population of cells that contains multiple cell types,
including a first sub-population of cells, under conditions that cause the expansion of
15  said first sub-population of cells;
(b) before, during or following expansion, removing from said first population
a second sub-population of cells that have an inhibitory effect on expansion of the first
sub-population of cells or grow less well under said conditions than the cells of said
first sub-population; and
20 (c) after further expansion of the first population of cells, combining cells of
said second sub-population with cells obtained by expansion of said first sub-

population.

10. The method of claim 9, wherein step (c) is performed after expansion of

25  said first sub-population is completed.
11. The method of claim 9, further comprising removing dead cells.

12. The method of claim 9, wherein step (c) further comprises introducing a

30 third sub-population of cells to said cell suspension.

15



20 (c) after further expansion of the first population of cells, combining
cells of said second sub-population with cells obtained by expansion of
said firswogab421pbpul ati on. 10. The nethod of claim9, wheCeusoyssp (c) is
performed after expansion of 25 said first sub-population is conpleted.
11. The method of claim9, further conprising renoving dead cells. 12. The
met hod of claim9, wherein step (c) further conprises introducing a 30
thi rd sub- popu{ At tnmefho8 8F Lisink 02 Saheleit Shid thid PENpo@itatichoo\WENOREL042113

PCT/ US02/ 35553 13. The nethod of claim 12, wherein said third

sub- popul aidedpriof toowknrﬂetmn@fabhj@@amwl@@f sadsl ﬁtﬁﬁﬁlhap‘i’mﬁatw efkelle@pdnsi on of

said first_ sup-po t|o and .wherein s opul ati on
cells enhﬁh%@“%%%fé%géﬁgF Hmb?ﬁFhﬁe?$¥§?ﬂ§6%Pmﬁ%bu é F on oﬂjgerls 5 14Of
The net ho fatohdftLAL, Wherein said third sub-popul ation of cells
enhances e potency of the cell suspension. 15. The nethod of claim9,
furthey conprising the step of expanding the cells 10 of the second

sub- popul at i t 6. .The. '
o the second HhbpopeesiooRat 42 Fhireboa Bn e arRar o oS ent o that
recogni ze, i [AGHe %ﬁc%réftf?@ca@u &Sldns 15 17 A method of producing a

cel | suspension product’ that is suitable for infusion into a human patient
conprising: (a) acquiring an initial cell, suspension containing multiple

cel |l popul ations, b | ect I
initial cell s&ép@héﬁ%H%EG%;hégl EF&ﬁgg§gﬁééﬁ%. g#pé)%%gf Hﬁépgé%gh??:gns

that uzsf&%%aﬁ%ﬁ C?BE#Qé?gg&%gg mfgﬁ(get cells, (d) combining at |east a

porti the remainder of said initial cel
suspension to forn1the cell suspension product. 18. The nethod of claim 17
wherein said initial cell suspension is sel ected .

16. The method of claim 9, wherein cell o?%he second sub-population are

removed using selection elements that recognize surface markers on said cells.

15 17. A method of producing a cell suspension product that is suitable for
infusion into a human patient comprising:
(a) acquiring an initial cell suspension containing multiple cell populations,
(b) selecting a population of target cells from said initial cell suspension,

(c) culturing said target cells under conditions that cause the expansion of said

20  target cells,

(d) combining at least a portion of the product of step (c) with the remainder of

said initial cell suspension to form the cell suspension product.

18. The method of claim 17 wherein said initial cell suspension is selected

25  from the group consisting of bone marrow, cord blood, and peripheral blood.

19. The method of claim 17 wherein said initial cell suspension contains cells

obtained from human mesodermal, ectodermal, and endodermal tissues.

16



25 fromthe group consisting of bone marrow, cord bl ood, and peri pheral

bl ood. 19. The nmethod of claim 17 wherein said initial cell suspension

cont ai ns welosm421obt ai ned from human nesoder mal , ect oder nalpCTArsd2/z3360der nal
tissues. 16 WD 03/042113 PCT/ US02/ 35553 20. The method of claim 19 wherein
cells of said initial cell suspension are obtained fromtissue sel ected
fromthe group consisting of pancreatic, hepatic, neural, nephrotic,
dermal , nuscl ex@ntheGREHOBEE clBin? 19 whbein@illb ods2d initiali cell kdspehsiorare sai d
initial cell suspension contains enbryonic stemcells, 22. The t hod of
cl ai m 21 oiteined frosuiissue selepsed fremithe gioup senBEmEPIPRRFPtite NERFHIERFEDBNSI st i ng
of CD34+/ 8-.myltipoten rogenitors, CD34+/ CD7+ comon 10 |ynphoid
progeni t of¥ %BS%QMQSC %ﬁﬁ‘b‘%r 6l oi d progenitors, and conbinations
thereof. 23. The nethod of claim 17 further conprising infusing the product
of step (d) into a human patient. 15 24. The met hod of claim 17 further
conprising, duRl.n@hstethodef claimigvwhegein Said Anitinkcetl uspansion cepBn§opul at i on of
cells that have. an i nhl' bitory effect on expansion of the target cells or
grow | ess® Tyionl?r?éeé‘i‘c‘?:lfe culture conditions than said target cells. 20 25.
The nethod of claim 24 further conprising, after further expansion of the

target cell culture, conbining cells of said sub-population with the
cul tured targeR2c®hé method dffeknimnriltwhareio shid targetpsts prsrselep®d fometheet hod of

et hod. of BEIBCAPS SR I B B Rat oo G o CRG o BERE i i ¢ al
cel'l gys pg&%@ﬁgﬁf%g@{ s, REDM-AE DA Q(f)nél%rfég_lgﬁ}‘}el&@ lbkSgenfogUdhdoopul at i on of

cells oth t'arget cells.
combinations thereof.

23. The method of claim 17 further comprising infusing the product of step

(d) into a human patient.

15
24. The method of claim 17 further comprising, during step (c), removing
from the culture a sub-population of cells that have an inhibitory effect on expansion
of the target cells or grow less well under the culture conditions than said target cells.
20 25. The method of claim 24 further comprising, after further expansion of the

target cell culture, combining cells of said sub-population with the cultured target cells

or the initial cell suspension.

26. The method of claim 25 further comprising expanding said sub-

25  population.

27. The method of claim 17 further comprising selecting, from either said
initial cell suspension or said population of target cells, a sub-population of cells other
than said target cells.

30
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WO 03/ 042113 PCT/ US02/ 35553 28. The nmethod of claim 27 further conprising,
during step (d), conbining at |l east a portion of the cells of the

sub- populwoioen42113 h the initial cell suspension. 29. A netrhodsoi/3ysdduci ng
a cell suspension that is suitable for infusion into a 5 human patient
conprising: culturing a first population of cells that contains nmultiple
cell types, including a first sub-population of cells, under conditions

that cause they@&xprisicmidd of clhahd7ffiufisdr cosphisipgpdiraigistp (4f, combimng &nd duri ng
or follow ng expansion, renoving fromsaid first population a second 10

sub- popul &estarpontiorcef the celkreaf the sibgeanutaiiorviythe idakicel sUsPsBHOBopul at i on;
wherein the cell suspension conprises said second sub-popul ation. 30. The
nmet hod of claim 29 wherein the renoving step is performed during

expansion. 15 34. A Thenseshnddingh sdinudfenshiartfitis heitblalor irfugien fnos aed
substantially continuously. 32. The nethod of claimwherein said cell

suspensi ohuran patlest eorhpading: free of 20 cells of said first population. 18

culturing a first population of cells that contains multiple cell types, including
a first sub-population of cells, under conditions that cause the expansion of said first
sub-population of cells; and
during or following expansion, removing from said first population a second
10  sub-population of cells that are generated by said first sub-population;

wherein the cell suspension comprises said second sub-population.

30. The method of claim 29 wherein the removing step is performed during
expansion.
15

31. The method of claim 30 wherein removal is performed substantially

continuously.

32. The method of claim wherein said cell suspension is substantially free of

20  cells of said first population.

18



