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WO 2005/052137 PCTIUS2004/038805 TANGENTIAL FLOW
FILTRATION DEVICES AND METHODS FOR STEM CELL

WO 2BRRIEIMENT 5 CROSS-REFERENCES TO RELATED APPYIEAPIOR8S

[0001] The present application claims benefit to United States Provisional

A / 11 4 3 . ‘
W@ﬁ%ﬁ?ﬁ%ﬁ%ﬁ%ﬁéﬁ%@%ﬁms FOR
BACKGROUND OF TRE: N EMEMIations enriched for
stem cells are often desired for use in research or therapy. Typical
sources of stem cells include bone marrow, whole peripheral blood,

leukophetegis 96 SANERHINPIGHEISR RFDEPIAAY IPTTMOPIlQd” donors,

or other less common sources, such as umbilical cord blood and tissue or

[0001k e puaysath spilicatiap chHam b escht SeddntefisShiesduenisionalifepliettipn No.
6o/s2y51 TRiFNMaads nclyge densi: SR ARME VMR is incorporated herein

b

FICOLL-HYPAQUE(r), colloidal silica, and the like), elutriation,
by l‘eé@iﬁ*ﬁﬁ@rgation, lysis of erythrocytes by hypotonic shock, and various
combinations of thegg, PRIBRERTAS Ak SXRERlRy themoification of stem
cells from bone marrow requires removal of erythrocytes and
ranylocytes, which is often accomplished by FICOLL-HYPAQ'JE density .
10003} Rl AORY BT ARHERHL TPhTEA e U0\ LI BT daEH S hegarch or
theragyemrc]g@icﬂrs@ﬂfcm ' ftiﬁﬁ%dmeiadlﬁw mb@muﬁw%shmeqﬁeﬁgm@mm)d,
enrichment step is.performed, e.g., to remove the. density gradient _
leuk QiR A BRI T fOSH s FERATHIN G BRHCRORIHE thet0omEsad BiBRIeys
comM@sbeek b asiepetitivarmeerss: S Stens ganerallynaludeRIasig terichment
enriched cell suspensijon into a centrifuge tube and 25 pelleting the cells = .
of stegl ¢Rllp B RPGH O TUBE DY FEe BYS: Jemistigacpadsirtudsrdimstisirp gradients
(e.g. IPECENIIHYS RQWHTR cypamaiantis dacaptaddyomithemnslleiadicrliain, lysis
wash liquid is  added to the tube, and the cell pellet is resuspended.
of erbﬁh@%f@’&%%gg DY U BRI EPH B L HR L2950 8] Sie-drefBodinayean
exanPENIBNASHIRARIA A SEels Hodlk TRSIHS MR KRSUSRGBSIORANGRVal of erythrocytes -
.. centrifugation can decrease-cell viability-and.increase.celllysis An .

centrifugifioninfEctieuscadenisdaacentaioniss ite ealisi@ndhabikRenich is the need
materials are kept sterile, the repeated opening of the
for Jaborious washing steps after the entichment step 1sperformed, e.g., fo remove the

density gradient centrifugation medium,

{0003] Following enrichment, the cells are typically washed by a repetitive process. The
steps generally include placing the enriched cell suspension into a centrifuge tube and
pelleting the cells to the bottom of the fube by use of a ceﬁtrifﬁge. The tube is removed from
the cenftrifuge, and the supernatant is decanted from the pelleted cells. - A wash liquid is ﬁ
added to the tube, and the cell pellet is resuspended. These steps are typically repeated 2 to 4

times.

[0004] One disadvantage of this washing process is that Sequential resuspension and
centrifugation can decrease cell viability and increase cell lysié. Aﬁothér disadvantage of
washing by centrifugation is the opportunity for bacteria or other infectious agents to
contaminate the cells. Even if all the materials are kept sterile, the repeated opening of the
centrifuge tubes, and the exposure of pipettes and bottles of wash solution to the air can

result in contamination. The risk of contamination is sufficiently significant that some
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centrifuge tubes, and the exposure of pipettes and bottles of wash solution
to the air can result in contamination. The risk of contamination is

WO 40§fiieidly significant that some WO 2005/052137 PCT/US2§041338B058305

ical I ies,h h b !
e L OB Ve hotR B s Baheahioy ool

handitiigmove cells from blood while retaining other blood constituenits for
later use. Such methods generally trap the cells on a filterina 5
oo HREQYSIARIaRI,Wole aloning At blond COSHUANAJ0AAR. retsining
ough the filter and'into a collection vessel. For example, filters are '
othentdilatllectsstigwaotsclitebikiscyres fForh blobedswenarale imadbacslison a filterin a
nongrlfl:glr{;cra?%g f&‘%ﬁtl ésaﬁ‘dﬁl{ll}l}%&ié?ﬂ%ﬁ‘ g&l?%éfﬁ@%ﬁ?@ﬁnou h the filter and

Leukocyte removal is typically done using filters which are made of‘matted

. intoplasiiedies verssh. Towermospldslilbualtyearangbls to napare kukesayee sripm blood

SO t@%ﬁﬂguh%t@g %‘%b%ﬁ@é%ﬁ%ﬁ% Hﬁﬁﬁﬁiyéatfmf‘oﬁﬂg BISHARRE sions.

roughout the dept y keeping the filter from clogging,

Leulisoyutenoeoalriif i delik doytessingrBlirsppdachraee pradaodunribel plogide iber
mesh détl'%gsﬁoiéh?eﬁg@ﬁ'a% t%@ngg@gftﬁmﬁy@%%% maat%mq% ﬁrﬁqesx having

surface area o ter a cytes to adhere irreversibly to't _
enosgifdeptiMartiab tithestsakdraned Siwaghanethe dephesidbeifditfohsmig keeping

dical procedures, The resul inati f r :
e R R e S SR L B SR o e
leukocytes for disposal prior to blood infusion therapy. However, when

(00081 Hoayddiianctottbe phvsiveliizaping Afdhicotrls: thamniedaleand large surface area
of t%? ﬁ%@ﬁ%%?eiﬁ@%k&%&@ m&‘@fb ﬁ@@&fd@éh | t&%ﬁémdherent

various particles Is tangential flow filtration (TFF) or "cross-flow” o
cellfiltratiba veprorstictesincthéonsovematiof oaadrocparkiie resulimg gerbanation of

uapgglfﬁg&’ﬁfcg@lgl}g{g@%%%%?(er.g]%ﬁ%%eﬁigmqﬁﬂ%@&mmesn@'lﬁ%ﬁ@%ﬁ?&gﬁm

particles within the fluid that are typically smaller than

leukheypey & dispadditpoivrtebiteod srtfasiooeeriye ndar aow) when g yeentes are the

el et evsnin s, buldhup of parleigsiargeardfan the pores on the

filter surface. = has been used for the gross separation of
various materials. The use of 25 tangential flowfiltration in the

[00pHafraethaiciiahdrs ashesiidvibwdtrtiradinebveriopapsristonisiangential
flow BHMRLI TR 4983bdnsludingithe;fitratiop pfirtedleaissferiniectatiuid

clarification of & solvent system, and filtration of enzymes from broths and

pargliadtisrithectrtires ofwaonerepeappp/Bies I3pnyrs pdrths presbsanppliow
paskif DS [RMPYR 8F PRrHEARBIAHe fluid that are typically smaller than the pores.

In addition, the cross-flow (or “tangential” flow) of fluid parallel to the filter prevents a

build-up of particles larger than the pores on the filter surface.

[0008] TFF has been used for the gross separation of various materials. The use of
tangential flow filtration in the pharmaceutical field has been reviewed by Genovesi (/.
Parenter. Aci. Technol.,, 37:81, 1983), including the filtration of sterile water for injection,
clarification of a solvent system, and filtration of enzymes from broths and bacterial cultures.
Marinaccio et al. (WO 85/03011) reporta process for use in the removal of particulate blood
components from blood for plasmapheresis, and Robinson ez al. (U.S. Patent 5,423,738)
describe the use of TFF for the removal of plasma from blood, allowing the reinfusion of

blood cells and platelets into patients.



WO 25B%&hts from blood for plasmapheresis, and Robinson état (U-& /038805

00(RRENR,423:£38) B0 Hesprberthrse b ThFHorthe eievalof plasméso),

from blood, allowing the reinfusion of blood cells and platelets into =~ =~
speqpatielish2 O RO0s 0B 23R PEFABLI0A H3HB05 10005] v arshiar tse i
‘Koﬂ;ré: erf gﬁ zll?geﬂ ;{%BPEE%QA{%J d@é@ﬁ!@%&%%f@ 0208 ﬁé@%’oaﬁon of

specifically for the removal of particulates such as yeast cells and other
imnsuspenidethsalids mKiathe @l adin(, STRAtEHI 644088l distioke e deeetibes its

of TFF in the purification of i glohulins:frommy i -

SRS S e S e

heRniviiahsubsianaess stell psrtntederchediom brodes sohtaimegptbrgsed in the,

substances as.well as viral.particles and cells, .Similarly.TFF has been,. .,
sop TR CRLRTRO! DGl LBy B ba e (e G Sicmeh
6:2EN2yme Nickots: Tegizaots:6:2 0y 884)imanditivay sangertiallfipud in the

filtration units have been employed in the _cancentratign of cells i
COnSHEBRHILH fF RoRGTRTACH @%E%iﬁgﬁ%’&@ﬁﬁ# 1P Chem.
10 BioBloteshnel.« 22:49711972). [0010] TFF has also been reported to
separate iiposomes and lipid particles according to size. (Lenlc at al.,
~U.S. Patent 5,948,441). TFF allows for;heégrr&}lgsti%da}lnq 'soall%tcij?gl ofC dine &
(00} Bbdom&a shePIpiaPparicied HAViRE a Gefiied Size Tange trom > coorang o
sizé?egEEQE%QP}J@EQPE{@H@B?)@E,wm [erticidiev(Siee therfkratalonsudra)dbon of
‘ [0011] However, while TFF has been used for gross fractionation of ..
 Tip o EaR S e SR EAOG, ToF AR BLORRSC S Rgtations of
f TEF arati tlivegsilti .~ c....-.,pT.a>laP'.’c.r-yt-"rm~,
Sucgl %ﬁfcl%rﬁgrgar{?é%neg Clllzfl'é%]%_lll}v-:. Fa.'an .,.v.-~1tran.2h 7thr. _. -
particular, the unique problems assqciated with. th%1 selective. separati

‘ of .-

15 [00BAeBIR oMt Bther DOVE MATrBW Cels Bt bSoA-CaII dnd tresre g es s
h-UGARLBLSRENEIPBSWhile 20 Rraintaining siedltyFeeiiviapilityiemdr tive cell
regenerative activity has not been a.dglgrgsged. I@haggitiog, the [Ie,mgnval Qf L

#popthicoslf FEpMatEng Sheh SR8 T populations with 6VEHaRping s ==Re .
paiARges Masnatdeen sohed by surent approashes:d 0052} Theretors, celis fom
* there remains’a rieed in the art for additional devices and methods for. ..
 othealeotvahrarFicROS SRR SIS TR BT DO ThARGH BEBfBSERs while
20 mﬁﬂﬁﬁﬁﬁ&@&%ﬁiﬁ%ﬁ'%Qiﬁ%%ﬁﬁ{fﬁﬁﬁ%géﬁefﬁw%@ng/@m@w%ﬁ,aw&y'@sm. Tn
preserving sterility, cell viability and™ o ) _
addifion, the removal of other cell populations such as, e.g., populations with overlapping

size ranges, has not been solved by current approaches.

[0012] Therefore, thers remains a need in the art for additional devices and methods for
selectively enriching stem cells from other bone marrow or bleod constituents, including
25 plasma, erythrocyies, and/or platelets, while nreserving sterility, cell viability and

regenerative and celiniar activity. The present invention satisfies these and other needs. ‘

BRIEF SUMMARY OF THE INVENTION

f0012a} In a first asf)ect, there is provided a method for separating stem cells from a:
sample from a subject wherein the sample comprises stem cells and non-stem cell
constituents, the method comprising separation on a tangential flow filtration device by:
(1) mtrodueing the sample into a remover unit (1} comprising a cross-flow chamber (3)
through an inlet (6) in the remover unit; (i) subjecting the sample to cross-flow
substantially parallel to a filter (5) having a pore size of about | to about 10 microns; (iii)
subjecting the fluid to filtration through the filter; and (iv) selectively removing non-stem

cell constituents from the sample to form a cell population enriched for stem cells,

3



regenerative and cellular activity. The present invention satisfies these
' and other needs. BRIEF STJii~Y OF = Th BNTION [0012a] In a first
aspect, there is provided g method for separating stem cells from a
KR i b ERE il TR ARG ABFHHRLE SRFEBRFPle of bone

marestambiet constitvarrdotiseern et bsd coomppiisip diseperdtivngaheasample inio a
dapeantiatdevafitiaion teviag iy ihé) TRradieiRgiBRSAMPIeJMIGw chamber, a
AR AL (L SompriE o Sross o chamber G trough sniniet O,
1 t?:le remover unit; (1I SU%jeCtlngt e samp’le 0O Cross-1fiow subs‘fan | ﬁ

Biganetianabiien s Y HEVIRE P BotcPSbe Brarsutow dbsuetermidonisran: (i)
subpedciing thee flsichpbefittratioh thodgitthedilter; apc(vepalectivelyut rate and a
pRMMpgRENFRieMocelheonslitusats. fiom e mplﬁa{g AMACHe tmes the

opulation entiched for stem, cells. 3 [0012b] In a second aspect, there 1S
B R o ah T o BiE BT AP by B e Than e
eesentdrai gtaicc ElistheoMistis g (f)iihtesduéacpthel'spenpletivtoeariched for
- tangedtial flow filtration (TFF) unit, the TFF unit comprising a cross-flow
“ chamber, a filtrate chamber, and a filter in fluid communication with the
s+flow ch r 1t r,.the filter havin ore.size
o e e ) S R o
bobemanibat aprddeiethinedisputtiie and eupredetesmined:-filkatien rale, . 1,

the predetermined.input rate at least five times the predetermined _
DRI FoE ARHEN & PRI B FAEESH 1643 4R e tengentil fov
fiunepposed fitrationJatadonibefiter sandi fildsalating acell population.
pgggched for stem cells. éOOl?;}] Disclosed herein is a rhef%od for Red stem cell

APATGTStEM CEHE- of rdgermor Cai RO ATbde Mmaiveveebioud dmdliks chiained
blood preparations, tissue, and tissue or organ preparations. In particular,
a cell population enriched in stem cells is prepared by the use of a
tangential flow filtration device. Methods for the use of the device for the
preparation of enriched stem cell populations are provided The cell
populations enriched in stem cells and the | cc obtained 3a WO
2005/052137 PCT/ETS2004/038805 by the use of the devices and
methods disclosed herein can be used to prepare compositions suitable
for infusion into individuals for the purpose of for example, bone marrow
reconstitution, or for the repair of injured tissue including cardiac muscle,
and the
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like. 5 [0014] A tangential flow filtration device disclosed herein comprises
wo 2 EFIQYer unit having a cross-flow chamber, a filtrate char@%wg&q fB%tz%%s
disposed therebetween. The filter is in fluid communication on one side,
by thetheeratentdteiser facematbledh é srossdilemneicihamibeisaht preaecother side,
A face: Wi iltr. ] e ross-flow. chamber has
e B e e b b T
marroConStiuETits coy mpiisifiy sterr cdlisintodtiesurossiiidmghamberanetle, and the
. parallel to the retentate surface of the filter. An outlet is also provided in
~" the cross-flow chamber centrally disposed in a portion of the chamber
opposite the retentate surface of the filter. The filter suitable for use in the
{00 1d{angengial o WdiltiEtion cevicictypicallyehasram averaye porensizerramiging
- ( icro JgrY ' ts for use. in the
b e Ty e b A onet Gty g
filter piatibud Zamicranszorrabouns tolatibatrsiSutaiicroriscd ypidallys thess-flow
remover unit is,provided.as &a.singl dj ble,assembly, (00151 rtla:
cham??%f? §@ns%\}lv®r.0 A .Bgcs)lng ?’stgeaﬁte%%tr?nss ar,eﬁr‘c?)r\%%ing ghgrraieté%a%#é&? feross-flow
chambat$ies athelsaniglecito theddietof thergssdlors bhamberand & rieans :

for controlling a filtration ,rate, of filtrate through the filter and into the
comst L R R e fegetentate
surfachisAtiontitdessdtan thésuhoppostibdliratiencrate-farvthenfitterer TharaaPRIg 0sed
. comprising stem, cells can be provided by a.source device suchasa :
8 DR RIS S O L OAT R B Lo S HLe for
use infar-exappiey dilpukophgsesisvitevigsicand the dikeviRdS) Fhetangeptial 4om
flow filtration device can further comg‘ijiﬁle a i&covery unit. The 25

about iR IMIRSHBRiseR S TP HRE A SUfePIRke A5 Hiteheemicdaigm cells,
the fillRrenl0R format. Wit theceoasoliow sharmiey afiBaenreBoVSS Rk, IRHRIS 5 5

. embodiment of the device, the cross-flow chamber inlet is in fluid
microRgmbYEHRRG IR ETRVE BTN Stk SREtHScIoasmol eremby.

.outlet is int fluid communication with the recovery: unit inlet. The recovery

H W B

L e,
rate oLAlmEMication hitilscsaudCaiofttepfareraehtobanashdldis-ibe rate controlling
meand SPIe SOt O WAS L] R o O Bl s A RIS Uer O IS5 e
sample comprising stem cells can be provided by a source device such as a leukopheresis
device or a conteiner comprising a sample collected from, for example, a lenkopherests

device, and the like,

[0016] The tangential flow filtration device can further comprise a recovery unit. The
recovery unit comprises an inlet and an outlet that can be interconnected in 2 loop format
with the cross-flow chamber of the remover unit. In this embodiment of the device, the
cross-fiow chamber inlet is in fluid communication with the recovery unit outlet, and the
cross-flow chamber ouflet is in fluid communication with the recovery unit inlet. The
recovery unit can filrther comprise a sample inlet end awashngiet In ééﬁagn-é;nbodimcnts
of the tangential fiow filtration device the sample inlet and wash inletare a sﬁzgﬁe shared
inlet, Typically, the wash inlet is in fluid communication with a source of replacement or

wash fluid. The replacement or wash fluid can be, for example, an isotonic buffer or Hssue

cultare media,
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WO 2005/032137 PCTIUS2004/038805 [0017] The sample inlet of the -
WO 20e80¥Ery7uUnit is in fluid communication with a sample sourcePSUEISAS4/038805
bone marrow qr blood constituents cct)mpri%rl%g stem cells. In one.
18111

[003dhBBARRBRLSHESA Bjrg ArEEcomprising S PO BIaRE 2 sample source

one marrow or

constituents is a syri equipped with a needle, or a specialize k¢
SuChs%%cﬁféeamagggigoﬁe%nofgc)gr fe Srtg%%\gsalcqgngf lksagqrf’essﬁrgrFg\?ysfrgnméged%ﬁgé/&gﬁgm"
the SSETSABOTIE TEFPHEVIE BAKNATEHEME B P IOPEthePaENALE S escribed in

- -detaibindh SeRrovisionalpatent@pplicalion-setial RUBheRed for th -
Sm%%%%f oé,ll filed June 19, 2002 and in WO 200%800444, eaqhglﬁ e e_mfwal
of bimeorperated pr &if B FeTeraHEHy itSPntey 16t Bl ORsafoRfiericvics Is
des e é%?eﬁ“&@?ﬁ'i %?@P&f!Sﬁ%@§ﬁ@ﬁ?§ﬂ@nﬁ%‘{#lﬁ§ﬂ%ﬁ%@ﬂﬂ%\555%4960/390,730,

enriching a sample of bone marrow for stem cells. The device comprises
filecalremd9e? Uiitashinriding 898 Aty Waiberavid g difpate dvarplsesnce in its
L arated by a filter, wherein the cross-flow chamber has an inlet and an

outlet, the outlet centrally disposed in an upper portion of the chamber,

and wherein the inlet is disposed above the filter and introduces fluid into
[00XBE chosssHowdichennbiehsdpeigtiaieparaIRst 65 thEnseria fifsans for 15

ﬁhgﬁgﬁig&%@ ﬂ@%ﬁ%ﬂﬂ@e&%H%%Mter@f%@ﬁéhﬁﬁ%ﬂpﬁrtm&ﬂ%ﬂﬁeﬂﬂ@%%\ﬂ@éﬁvcomprises
P s for

amber inlet; and a mean modulating a filtration rate through the
a refilteeWhEred pIRSTIG £ 195255 BoTe SBB BT 4B0G S HHEr shemhausarierinlby » filter,

whe%%%%%%&%%%ﬁ chethior siam eslis in raleniate MANRALOSSHONY disposed in an

n another embodiment, a tangential flow filtration device
uppfopatienridhingchsabmleod bewsohstirlehis dbinsasn dulks ibpibldend
introt u%gglﬁ*&?f ig%v{ﬁg ﬁ%ggg[ﬁi&?%ﬂa %ﬁﬁé‘iﬂﬂim ginihe. (ﬁﬁérugl%eans for
comprises a cross-flow chamber below a filtrate chamber and separate :
probifiadikgrdtearossdoneheaisodthavige et dnthasresteptivb waitetinlet; and

centrally di ed in [ _ e inlet .
o A AN e ey p e R e e AR W Gbre ice of
abo@h almﬁafpﬂsr,tmtﬁmiaHyE_Bﬁ fersdlwiplo therfiltdrod ioratiens feallprovidistgnsate in the

=+ - predetermined inputrate of thesample-through - the cross-flow: chiamher:mss. s
oro%. ﬁ% . ‘

ey %ans_ for maintaining a filtration rate through the filter; -
wherein the filter has a pore size of about 5 microns; and whereby the
[0088mpledswarighediiaresienucelisin dsetantateindhecerpss-flow chamber.

enr{cqnqgg 33’0{‘;%88?%8@%%8 A1, 0ethods for SepAraling IRMHEEISAOM: P device

‘sam one marrow constituents, blood constituents, tissue, or
contigssts erargarppreparaiionsn the remover unit comprises a cross-flow chamber below a

 filirate chamber and separated by a filter, the cross-flow chamber having an inlet and an
outlet, the ontlet centrally disposed in 2 lower portion of the chamber, and wherein the inlet
is disposed below the filter and infroduces ﬂuiid. into the cross-flow chamber substantialty
parallel to the filter; a means for providing a predetermined input rate of the sample' through
thé cioss-flow chamber iniet; and a means for maintaining a filtration rate through the flter;
wherein the filter has a pore size of about 5 microns; and whereby the sample is enriched for

stem cells in a retentate in the cross-flow chamber.

[0020] Also disclosed are methods for separating stem cells from a sample
of bone marrow constituents, blood constituents, fissue, or tissue or organ preparations

comprising stem cells. The method steps comprise: (1) introducing the sample into a

remover unif through an inlet in the remover unit; (2) subjecting the sample to cross-flow

substantially parallel to a filter having a pore size ofabout 1 to about 10 microns; (3)

5
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comprising stem cells. The method steps comprise: (1) introducing the
. .Sample into a remover unit through an inlet in the remover unit'{ézig .
WO igfedtiy the sample to cross-flow substantially parallel to {et RG0S
sub cBROr8.51z8: of abowitlototabotHlOsictensn(B)5 WIer208B/a521t37n g non-stem oell
PC‘F/U82004/038805 supbject ng the fluglto filtration §il‘gou h the ;Ite ; |
constiren{afsarbiveiEmovg o RSty Céi Cordtitdaht TSR Lampe semmple
car B0 s[ﬁﬁgb‘%f%l Popyationepdebedfonstemenal’s: Thesample sanhety
subjected to a partial purification or enrichment by Iegkophere&s, density

contrifeptiifug it aidrianta TyEmEi iy ABF T prepathtion 6 My edae

imm(%g:?{otoﬁtei)né@%ﬁgg@# RiR:thE TEHROMER biliks 4R1ONR SMBOEIMERLR (o flow across
samp?e Is‘induced to flow across the filter surface with a vortex mation in
the fithe ordasefleilichammissrmatanon Ay CHRESCEN oSN Seeheeriby dherpell
popuS,ca0 e pAshed il a wash splution 1021 iarong asticular

em%od?r%ent, a cell'sample, such as a sample of bone marrow

constituents comprising stem cells, is contacted with a pretreatment
[002blitione poGorIprsing iNcagenaharalisey SHHKEIRMST cells in the
of bo%%%o@aéo%%ﬁgﬁtg ggﬂﬁﬁqﬁﬂg semilanto the stepeaalisiINsshaikent solution

_ceITs are susceptible to passing through the filtration membrane providing
compaiciel; popgratichetmsrs el s ater e ndh i ERE g el of 2 nominal size

smiEMpdiment é@ﬁ%‘?eféé @9&&%&%{1@%%&9&%@5&@%@%% the filtration

such as neutrophils and the like. One particular solution useful in this

membrabopimedingonsp e intiorample sarchs SfEcHTE &HEuntopeimBeRic
5£nb %ﬁ%%?gf t%é%%ﬂ% %éﬁrlgdgwﬁﬁ]lﬁ%g @M&f@@g lgrégl%.%ﬁes]@\?ch as neutrophils

iologically acceptable solution can be, for example,”a hypotonic salt

and thellitienGuebaak ditutechphosphaliel butdrduine tRBSNRetativefyemple, an

- the pretreatment solution,can i |4t -
e S S RIes AP R 200 o

The Pipsotonle:saitasotstidhiclsojet amotndre fbcainmae, tescalioienicholution such
a5 G S U LS LB MG YN LRI Bt can

S&Mmple With an’ agent that prevents swelling of the

e anti-swelling agent inhibits the :

is in@@i@w_@h@vﬁmﬁimﬁmmm@hﬁmﬁng WI@W@M odinsemipflsevith an
e TSBT RATIC 0 b 22 S, 0, oS0 POV Rtc vt
agen€Xchangenofthydregenandaoaiushdy theysodiunminidesdensaxchpiegeenistein and
the like. In still another embodiment the anti-swelling agent inhibits the action of the
sodium-hydrogen exchanger. In yet another embodiment the solution n which thé cell
sample, e.g., comprising bone marfow constituents, 1s suspended is free of sodium salts
which blocks the exchange of hydrogen and sodivm by the 50 dium-hydrogen exchanger

preventing induction of re-swelling of the cells.

[6022) In the methods disclosed herein, the non-stem cell constituents that are removed from

the cell sample include for example stroma, plasma, platelets, erythrocytes, and the like. The
enriched cell population can comprige at least about 10% stem cells, but typically comprises

at least about 20%, or more, stem cells. In one embodiment, steps (1), {(2), and (3) are

repeated at least two times to form the cell poplulation



preventing induction of re-swelling of the cells. [0022] In the methods

WO ﬁl&ﬁg{gﬁ?g] herein, the non-stem cell constituents that are remﬁ’(ﬁ’?ﬂj@%ﬂl/ﬂ}ﬁgos

- —cell sample include for example stroma, plasma, platelets, erythrocytes,
enrngddherdike: T, 30enrthedckitipopolationi danstem peisecanldastsabbdoit infusion

.- 10% stem cells, b ttypicalﬂ comgrises at least about 20%, or more, stem
It RS SR ETHBOGITRAE BFERY), (2), and (3) are repeated at least two
times to form the cell poplulation 6 WO 20051052137

[00PG TH TX5R604 103880 cenriched-fbpsteta tellsrikedelbpspmatitia can be induced

enriched for, stem cells.can be used for infusion_ into patients in need '
to GBS 005 T ARG BB ec P b G cmooth
5+ pmusiiched fornstemseelis«an herndsced doiforrothed celldypas syseful inirious stem

therapy including, for ex le, endothelial cells, .smooth 5 muscle cells,
cel RisEistea ,ﬂﬁ%ﬁﬁ%&i&ﬁﬁﬁt %é{ilsl,k%?‘nﬁ%stﬁ%r cell types. Various

stem cell induction methods are well Imown to the skilled artisan. [0024]
[00g4ll samplesiasecinithacmethods distlesetdereineaseitypicaliy eadected

from an.individyal dongr. The donor.can be the patient to-receive stem cell
o BB b A o AR SO e SR e o

anofiendndhedenopsantbavé ctfcuncitigong! semtmefibwith dvstentheeibnor can have

mobilizing agent, such as for example, M-CSE, G CSF, GM-CSF, or_high-
10 el AT NSRS ik ERT O TR h A0S DL AT B nihancE, G-
csendishaddor hematopsietic stesreelim Lbbghsteiiccelidnabilikng agemics a cell
induces the proliferation-of CD34+ stem cells which are_released into the

PORSER e P SRR ISR BERA I BGHE BV o ot ol e RIS g geent induces

the SROIREHSSUSE GHUSSURAT QEeH BrePapHgs:ia i dhepndineuabionOlizeamn .
is then introduced into a tangential flow filtration (TFF).unit of the present
BORAEISITY THROTRF Ginft COBIHSERSR SREEHOWPERHth BER S HitPagan preparation from

15 theQRAMORELIANG G is fHEn heQaniea sl 2 6ahifio f&RERieE NGk of e
2.~ 47v_. <..' Typically, the filter used in the TFF device has a pore size of
st S B0 RS, FIOPBI O TRE S8IF SIRRPIEH RERBH fort ElBfopeiees 2nd &

' ‘and a predetermined filtration rate, the predetermined input rate is ' '

| Tynjpbi e RstRed Hhias TR SIOUBtOHIABIRIAR O FRRS drig Rt 5.5 microns.
TrPiedetsumined firation, raleislessdbanithesunopposed Htationtaterotyit ot o

the filter; providing an isolated cell population enriched for CI534+‘ o
20 preéeikonyes. Tpe mitned eaRatLaIRReR BiFRinedia)the predetermined input rate is

typically at least five times the p:edeteﬁ:ajned filiration rate; and the predetermined filiration
raté is less than the unopposed fliration rate for the ﬁltér; providing an isolated cell
population enriched for CD34" leukocytes. The method cen result in az enriched cell
population that is substantiaily free of non-ieukocyte blood constituents including plasma,
25 platelets and erythrocytes. The enriched cell population produced by this method can
| increase the percentage of CD34" cells to comprise about 2 % to about 10 %, to about 3 % to
about 40 %, or more of the cell population.

[0025] A further understanding of the naturs and advantagss of the invention will become

apﬁarent by reference to the remaﬁﬁng portions of the sioeoiﬁéé:tion.
30 BRIFF DESCRIPTION OF THE DRAWINGS

{0026] Figures 1A through 1C depict embodiments of the tangential flow filtration device
for the separation of lsukocytes and also monocytes fom a blood product semple: Figure
7
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_. stemeghise. and.are_separated from the..- stem.cells. [0028] An enriched ..

population that is substantially free of non-leukocyte blood constituents

including plasma, 25 platelets and erythrocytes. The enriched cell
WO 2881tiatin produced by this method can increase the percéetftd(éSe#04/038805

1A éi‘(?\?iﬁ&%ﬁl@ﬁ%&&%@ﬂt%ﬂ%ﬂ@&é‘gc%ﬂ BRoLh 30h18. 40 &Q@Hk&%é@%‘%?éib the

%, or more of the cell population. [0025] A further understanding of the

crosasiore elrnbdyimahgus GEthiTeieneiermbinrbdtenie 1Bt pyont view of the
p A gy Y ¢ el

e R N LT e R DR g upword throvgh
the Bhpddirtentsmslinenanferiaiciitss. fltigtionldelica duethradeparatbthetevice

J Iso monocytes from a blood product sample: Figure 7
dep\%%?%%%g%g%?g}? PCT/US2004/038805 IA provides an embodiment of

the deviceiprdp iFelTeRtailekeryirrOMBRRINIRLEReES-flow

chamber is above the filtration chamber. Figure IB depicts a front view of

the device wherein the input of sample is_below the filter and the filtrate _
[007 A sEhspepmal g hr e ars e Rt fes S AohtRle comprising a
heteFo@eHR Ersate vehardMawetihetdevies, didenistedin BBy 8sii:, or tissue or

DESCRIPTION OF THE SPECIFIC EMBODIMENTS [0027] The present
OTZARVERRIBHF IS 1A SSATEH B SHIFRY BERBIMY P iRt T oM SHGiAgP4Ct Oof the
invdElGHOgRARRIUS RRIXE RE BN B RN ANSYRMS. D98¢ ARNMIMSAS removal of

tissue, or tissue or organ suspensions to provide an enriched population

non-§f AT eAI YRR RS cE PR RYTHVe RIBIIHIARGIS RalpRMitREdYe the like.
In atREREPHGHBE Rt Oh SISl R R S le Einecienayakafcnansiarn gellselective

constituents, e.g., stroma, plasma, platelets and/or erythrocytes, and the

remyial ofhoshrsthEeaspl dypere R BENY R ResRIRRUHE A GiEEnsERk 85 Sparpxample,
graffls R¥fose ieetivenemayal phethariamenealiyBas dRFUNGmple can be treated

_polymorphonuclear cells, such as for example, granulocytes, from the
witlhaixagent that shrirst acmegB ¢ dlpehanprranatebniie wancraze syeddhs the

smm&%a%@&htbaﬁi@mIﬁﬁlaeghs&%m&%l@aof@pmem AP SANEAEom the

such that the shrunken non-stem cells pass through a filter of a TFF

i e T e e
oo T

population of stem cells is typically prepared from a sample, or fluid

[002BPBHQNERIMRT ISHEIRARE SRarERyYCERORIHISINEL PR JaroY ThOneaBaNOW, or fluid

constituents” as 20 used herein refers to any material typically present in
nﬁx%ﬁe“ﬁ*ﬁwm&iﬂﬁ%ﬁwwé%%%}ﬁ& The term “bone marrow constituents™ as

used herein refers to any material typically present in bone marrow, including such material
typically present in diseased as well as non-diseased states. Bone marrow constituents
include stem cells and can include, for example, lymphocytes, monocytes, erythrocytes,
neutrbphils, eosinophils, natural-killer INK) cells, and/or platelets, soluble or insoluble
protein or protein complexes (e.g., enzymes, immunoglobulins, or immunoglobulin-antigen
complexes), other macromolecular components such as, e.g., lipids, or any other portion of
whole blood that can be physically separated, irrespective of ifs precise molecular or cellular

makeup, including, e.g., stroma, plasma or serum.

[0029] The sample, or fluid mixture, can be partially enriched for stem cells prior to carrying
out the methods of the present invention. The term “stem cell” is used interchangeably with

EEIE 14

the term “precursor cells” “progenitor cells” or "CD34" cells". These terms include
hematopoietic stem cells, which include, e.g., lymphoid, myeloid and erythroid progenitor

cells, as well as progenitor cells that can give rise to endothelial cells; muscle cells, including
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WO INSORH

typically present in diseased as well as non-diseased states. Bone marrow
constituents include stem cells and can include, f_or exar.npl%’cirlusmmmsssos
(?ytes, monocytes, erythrocytes, neutrophils, eosinophils,

smdbaiusalskiderfiNKhaallspRasldiaipiaisufatiub sl insbitbletapeatiiniatluding those

protein complexes_(e.g., enzymes, immunoglobulins, or
thati fomm Refotdine n 25 complexes), other macromolecular
components such as, e.g., lipids, or any other portion of whole blood that
[coseNTRe vl aalycse pAthtastcisiSpectitiery kitschrpojsd anatecuriéainmg

cellular makeup, jncluding, e.g., stroma, plasma or serum. [0029] The .
POI%@%&%#&@S&%%%#%&?%?%%%%%% oftg e%‘é’e&eﬁ]rt%flt%en& This
popSRdingysiohihecorrthadscattihibeassiniphidntiod bEbepletsmbstémicetiédsrsors, and
. used interchg}r@]eablﬁgvith 0 the term "precursor cells" "progenitor cells”
is refprehigyas EMINS HHEUS BBRE 8 ude hematopoietic stem cells, which

include, e.g., lymphoid, myeloid and erythroid progenitor cells, as well as
[00BIDgENitaridetisihahederyivipoisdaitoardstholisrtelisefmsdolemelisoup of cells that

inclifaaalith SHLO 2INORAIBLA L LRI04 G200 MR MYGIR SBlBe of stem

muscle cells; neuronal cells an ) Inclt ose

cellthéts-iypresioons padicakiiage: peg Gl certain aspedtelodithddlnegancle cell
prol3uEnton. & el copuion eqniainng, SNTRERHGISaE Gl CUDNS) o

Separated from the stem c population typica
the posdaisth pedtianhitsyeosiniphilsaantviiasspnisngnusthgia peatur setw;ieliy described
is referred to_as PMNSs.in this ication. [0031 used herein, the ter
hereagy &ﬂSﬁeo{ﬁgl’é%ésccelﬁsa&re eﬁsig{?o&%%vsé?éﬁg%%%ﬁ\eﬁ%p%%%aﬁc lf%gél S g}ﬁ o
60/80t5738, Fupddtion 0952607 calisic A4 abpiech maadaatgklctein by
stem cell sub-types or of icular sub-types, s as. e.g.. endothelial .
eI BRI AR LS To S C ehe SRR Bt i
cell'gopchrantiavin chighed pertohed offdabl thaenthe iispressinpotaother

mixture of bone marto nstituents using g device as briefly described
conSEARH IR HIIGPUCELABER I (5 PBrOu RISHAT AAEA appicaion - (e tem

i SERL BUMbET: 6O390T 30t filledpibheoTd; FOOM tattbinuMB 200410004 ks i win.

(each incorporated_herein by reference in their.entitety), and following the

COW@WW%IB}%@’éh?%{}gq%’ﬁq%gu‘ifsaiﬁuét \g%%ﬂlﬁléy%mgf%ii having a
higher percentage of viable stem cells, in relation to other constituents,

[008Ejrthedaiietcetdcsadipie (itbe, prsmidermithmaetiizatngedinbfsiv, fhigation to

term ..., ;" .14 blerers tea- | that i SN :
e A O b e B e - en 0 ftraon” amd “cross low
filtration” are used interchangeably and refer to the separation of suspended particles {(e.g.,
cells) from a fluid mixture, including the separation of particles of a defined characteristic

(e.g., a desired size range) from a heterogeneous mixture of particles in the fluid mixture.

" The particles are separated by passing or circulating the fluid mixture (e.g., a sample fluid) in

a sample chamber substantially paralle] or tangential to a filter (e.g., the surface of the filter
facing the sample fluid), typically under some positive pressure, with the fluid mixture
comprising the concentrated particles, or stem cells, continuing to flow tangential to the

membrane surface.

[0033] Generally, determination of which particles are removed in the “filtrate,” i.e., that
portion of fluid passing through the filter, and those particles retained in the “retentate” is
dependent on a variety of factors, Such factors include, e.g., filter pore size, input rate,

filtration rate, concentration of particles in the fluid mixture, temperature, and viscosity of

9
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conditions or upon reinfusion into a patient or a suitable animal model.
[0032] The devices according to the present invention utilize tangential
WO 28 FtBdtion to 20 enrich for a population of stem cells. The¢&fag2004/038305

e ﬁn gth?' flo f"tr ol an %Oaﬁeﬂ%tettttgttﬁ@ aPLEERhe of the pores in the

géably an re er to ?he separation of suspended particles
ﬁtteﬁeﬂﬁa)pttomta’ftafdrmnh@mtmmhgltraesse@ea(m of Paidishestore Jdeﬂh"educed

|st ired size rar
into SRR FHE R tre T B g i IR PHRIAUR bR ncross o
ﬁlteﬁ(@gtlgmgm&fhndtmrmbec(eugnt@ﬁﬁmrlteftunapmr@satgahqoteashammmion),
substantta IeI r. tangential to a filter (e.g.»th f h filter
the ippyh iR 52&%5?2]6 Ui 0t§§§§ll§eﬁﬁ3eﬂ: ggme?ag%ﬂtl\ite%%g}eas%%v?e £W%hg§ethe
. subsﬂattdamxpareuebqn@rlgmgltbieccﬂxmnfmtedf phetitles, iorastpdicetion) flow of the

on |num to flaw entj Ito mbr C 0
ﬂm(ﬁ% f8ﬁ g?%vﬁl pa teles é??’é 1raémove m‘ti.ilh@? Jrétte |§ %Egé%l%e or fluid
mm@@@p@v@e&ﬁw |d1baaﬁtmjithpamjlmithetﬁﬁéﬂtan dlth@se}wﬂmesatetafﬁbd fhiid mixture
the ntate;' i endent a variety of fac act S cl de,
is geogya }th?pp?&(ee S% mparfetgt ?laitlo?llbéra té a}cé{h% Ist(r%t(lson % g Wt rate and
the §e ttmotsﬂap@wﬁhteahpemﬂmuam@ isciibets dfFﬁtm@m@ﬁEmEfatS’lo the rate of
PCT/U 004/0388 5 th |d |x ed here re.siz fers
oo e JURAGEA i B R FC R e R e e P apdpethods
acciMBightReSRple {ﬁvgntanﬂ isdypicailse)eis mgdheedopposm‘e(chan}imrtube)
housing the filter, Where the s le is recirculated.mul tlm ass
filtrafien f%?% “Aunet 6%ﬁftlctﬁé‘if%F%%?g§t%%%H o‘f’%watle\(/jlfcré11 a%@lcﬁ g i e cross-
ﬂovx%ﬁﬁ@!&%tnﬁﬁmﬂﬂénﬁrmﬁmﬂ@nﬁmﬁmgﬂa&g@fﬁu@ttﬁ;aﬁm ('zret;lthalﬁttmte). The

rate." "Cross-flow" refers tQ the sub antlal eI arallel to the
Ouﬁﬁﬁ%@ésﬁ%#%?%%ﬁt} t?éBﬁBES ﬁl r‘tﬁ»&& “across the

- filter. "Cross-flow rate" refers to the rate of flow of sample, or fluid
[003u]xty esalReraint mwttstantiﬁlbprﬁa:éiﬂel ttmath:e fitteric Thederosnfjomvatarsofr

e fluid Il f
B

i

R (e gqlmmbemﬁmnsbngethmfrkbw cdﬁétrtatwts}atéﬂ setapéetortlﬁlematamt‘ufmwiuﬁﬂﬁei to
fluld mixture tgrou h t e filter..The Itra on r ‘]glle e} Hﬁ?
CroSHATS A8 RE LB R % 5’?&2&% fkrltvé %rre i maéI éss o T nents g,
nonwﬂ@ﬁmeﬁecpmmppramm}emtmm&m a‘@ijtba tﬂeﬁbﬁrebemﬁm tivengaieents (e.g.,
ofr I of the flui ure fr m the Cros ow chamber. .o
ST ek IR SR AL TOPEIAADIc, dbout 42
to about 145 mmn in diameter, although ﬁlters of greater and lesser area can be used. In
certain embodiments, only one filter is used in a TFF device. In other embodiments,

additional filters can be used in a TFF device.

[0035] The filter typically employed in the TFF device of the present invention can be
chosen from a wide range of organic polymeric filters. Such filters include, but are not
limited to, microporous membranes of nylon, polyvinylidene fluoride (PVDEF), cellulose
acetate/nitrate, polysulfone, polycarbonate, polyethylene, polyester, polypropylene, and
polyamide. Other filters, such as ceramic filters and metallic filters, can also be used. Both
hydrophilic and hydrophobic, charged and uncharged filters can be used. In certain
applications, hydrophilic filters can be preferred.

[0036] A filter of the present invention typically comprises a number of pores distributed
across the area of the filter. In certain embodiments, the filter has a plurality of pores with a

10



15 output rate is generally equal to the input rate minus the filtration rate.
0034] As used herein, the term "filter" refers to any article macgle of an
%%8805

SYEFEPAr combination of materials having a plurality of poFesT{Hgt,’%

sma;ip%?faﬂb‘}f?n QE&”%J%}};@Q%@%&Q’&QR?WW&&%@M%OM +

a sampler fluid mixture subjec ed to cross-flow across the article to
20%asswhitiogheranss ebyluapar i orbaE SofffonEhistiRigel sorhedivmih
SR RIS, IR AR SRR Q‘@{E@fﬁegﬂ%}%ﬂi&@ﬂ@%tﬁm@ﬁe or polycarbonate
Cco r

ponents (e.g., stem cells). The surface of a filter can have any

trachuitmblil fber, weotbtando(Qstanmtes, Mivutankes MPOM Thssefliprs typically have a
diameter ' IBRAGM, DUESERIMRS are typicall
> SHCer a%(lﬁr% g&%@cﬁ#n%s&éé@cﬂe fi teié:sg%ége%ﬁﬁlﬁg TFF device. In cherfj]Ie yp1f3 Y
prepmibbijnespesingdditis ﬁhﬁﬂ@f@@&ﬁ%@%ﬁé&ﬁhcdom FoyEA. _fzélf@QQS? particles,
whjgﬂ%!ﬁ'tgﬁe%k?@@%%g'&v 018 JEERTexcs ofhe RRIen LIRVBBHORIGARA in
e choserrfrom a wide range of organic polymeric filters. Such filters

diaincledey bxperarnitst dhvinicpkeolsis po ieinEEH N cEhisigia the pores can be
o ro'ﬁg{{‘%ﬂﬁ@%‘éi?é'ﬂﬁiﬂ;\éal:&i’tfb‘ﬂéy|°Se acetate/nitrate, polysulfo‘ng,

p(ﬁycar onate, polyethylene, polyester, polypropylene, and polyamide.

Other filters, such as ceramic filters and metallic filters, can also pe used.

10 [0083kHTBo PryarBbHINER R IEFOBREINCLC L YL ERE S RHEI S RSN Cafl pes In
borREisesly R eeHaiksapRicatiaRs MephilisdiltessoReha di efeeh cells. Such

[0036] A filter of the present invention typically comprises.a number of

diffsoreecaietrituedilicacrBastHFiEraReas dR HESHARPRABE(PL ARSI Bsize and

dct%%%};'ﬂﬁ lurality, 9l RorS S ML ArER VYR SOARAR2E3 lissue or organ suspensions
CT/US2004/038805 small variation in %ore size. For example, the

. h _
typicalisbimeantiie Pbimwsiz Enabroeyiasdid togs erlikhimiaYatpLisratoGdisk
15 shahéd o, ARQUE 200 Wy apiea! smeRadiment, mapslaneneicobitask fpieely

tefs are used (e.g., Poretics polyethylene or polycarbonate track-etched

defimeabienttrhimeerphemelreslovkaRers RSN yRiReLE TRRGOIpcalfg about 7

_ mig %}{ ?Lhﬁe pORIR, SHRRE NG &%ﬁgtrﬁﬁﬁ@ﬂgﬁK@éﬁﬁbﬁlm@%ﬂﬂlocytesare

sipticidliers.are typically. prepared-by. ex smg&i!a&sbeebofnam&gg T e

typptali Tt 4 Gouaterst padicnrayisaditely Rnbs@ee Rl wnbughcens. Stem

celNEl&Y é@l&ﬁ)ﬂ%sﬂlctﬁg?,&tgg hee Tadsssaredbepanlarged in diameter by
exposure to chemical solvents or etching agents. The size of the pores

can be controlled by the track etching conditions, 10 [0037] The present
20 [00RSkRiBArERE SPRARRAEE-JPAIFHFE REES HaR S e b lsoEir R a Stim cells, and/or

to fractionate bone marrow, blood constituents, tissue, or tissue or organ suspensions,

wo

=

thereby enriching the collected cell population for stem cells. For example, in certain
embodiments, stem cells having a nominal diameter of 10 to 15 microns, and erythrocytes
having a nominal diameter of 7 microns, can be separated by TFF using a filter having a

25  pore size of about 5 microns.

[0039] In other embodiments, the filter pore size can be within the range of about 1 to about
10 microns, about 3 to about § microns, or about 3 to about 5.5 microns. A filter pore size in
the range of about 3 microns can retain most stem cells and leukocytes, and effect less
efficient removal of erythrocytes ﬁ‘bm the stem cells. In contfast, a ﬁl;ze-r-pore- éize in the

30  range of about 8 microns can effect more efficient removal of erythrocytes, but increases the
loss of stem cells and leukocytes in the filtrate. A. filter size of about 3 to about 5.5 microns

is typically used to enrich for stem cells.

11
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bone marrow, blood, tissue, or tissue or organ suspensions to enrich for
stem cells. Such differences can include, e.g., differences in size, shape

WO gz tisformability. The size and deformability of cells in heomnSheRR38805

rrQw, bloqd, tissue, or tisspye_ or organ suspensions fypically varies hy
10038 S enE LS (R ST SEP BRI PRER 15 BroBResbd ek 25 dsue or
orgahapgstrelincionid BB Yareaobe Zifeitsonsyithihapnaiatdlitiveteraaod rate, and/or
are relative eformable. Poly{?%ﬁl? uclear leukocytes cells are

|
the GAREEHTANNNORELE DIBHBTRE Bt sE TR g ocytes are more
deferiRopasoBbtaeimananucean celisclyrapbosytes eatityRiealba TR dh a filter

. microns, and mgnocytes usually are in the e of 10 t0"l5: microns. Stem
with & ROLe S 1GR ABRLR R ST ?%afe‘)ﬁﬂf? SREBSREY I F fbslsphihan about 7
micraiuIeedinentantbr fiistpotgeizaisiseleptootid GRHENAIHIRE: using filters
cells, and/or to fractionate bone marrow, blood constituents, tissue, or

haviRg Rats SEHRh RALhbe nsBIfE™hereby enriching the collected cell

population for stem cells. For example, in certain embodiments, stem

| [004¢] S havini-honamiafaldiaetiefromlftior thlinlardns, cuncresytvocytiasnts, or tissue

having a nominal diameter of 7 microns,.can pe separated by TFF using a .
or GIGED AT L BTENEDE SPARBHLS IEIORL oD eT GpHep Mliceton efe that i
lesseinioodienenispdbel fiter, ppea sibe)chhrbgowithin dhdaangaahaliapitlotaecirculation
ahout,10 micragns, apoyt 3 to ahqut 8 microns,,or about 3 to,aboyt 5.5
rat AT AE R I G SPAD  EHH FLL TEeR e
maisfainiaglis anshiieuecirtedabmreftcedhlasgreffieiehineneofiit-ation rate. In exemplary
erythrocytes from the stem cells. In contrast, a filter pore size in the 3
e B B AR B S CAA ot b RIS ARGl r Gy Bcyiead abort 10
tim&y e asesati i) fpassphsient ablaaitkiridoytaddasthabiira®) Adilghe
size of about 3 to about 5.5 microns is typically used to enrich for stem
filraBpe e\ o 2005/052137 PCTIUS2004/038805 [0040] The enrichment
of stem cells from other bone marrow, blood, tissue, or tissue or organ

[0042spesminrieconshitidenisivarn atsopisiaffeatedus\bine inpubrtesrkigiuents, blood
rate, and/or the concentration.of cells in the or fluid

obtaypesismd zaaritherdfoserdee mdreancadlyipdbsdthibrmuehod Glteydpvatinets at any of

ore size smaller than the or diameter of the erythrocytes ?g]e. ., less .
e B TSR ROy T b e B R oL ERR BAECS San b cither
hunsﬁ_pmamdﬁrmmdemk@dgdﬁeﬁumsihgdﬂtémﬂea\da}gm ferstzerabil) Gehb marrow, whole
blogal,cxtgrqghs dilutions of whole blood, or whole blood or blood ditution that has beer

subjected to processing by, e.g., removal of plasma or other blood constituents, or tissue or

- organ suspensions. Thus, the fluid mixture can include, for example, a blood cell population

that is already at least partially enriched for stem cells.

[0043] Bone marrow or blood constituents, populations of bone marrow or blood cells, or
suspensions of tissue or organs, can be prepared by methods known to those skilied in the
art. Such methods typically include collecting heparinized bone marrow or blood, apheresis
or leukopheresis, preparation of buffy coats, rosetting, centrifugation, density gradient
centriﬁtgation (e.g., dénsity gradient materials includihé, FICO.LLHY}-E_’AQ“UE"E, N
PERCOLL®, sucrose, and the like), differential lysis of non-leukocyte cells, filtration, and
the like.
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[0041] The enrichment of stein cells from other cellular bone marrow

WO 20(% %r% pts, or tissue or organ suspension constituents Ca'%é"ﬁﬂ&%omzsssos
e y maintaining a filtration rate that is 10 less than the unopposed

[004i4 TEREM I bEXfilteatinpdtengndebthe semewptibotbchigstatians E@E@optlonaﬂy

In other embodiments, the 1pss of leukocytes to the filtrate, can be reduc
be QTR PG b SO o T S AL SErEp P, (e Bone
maﬁtﬁratzb@m;mi& chihsiaaiae @imalwﬂmerlts mor\pﬂa@r oacHcsiation @tation. Bone
can be at Ie{zﬁ}ast about five ti out 10 é”— mes, at least about 20
1l

mafAve Sr A9 GORsEeRt t‘?m]e B(%?T@ ﬁ(égnfﬁé"i GBS or
HEFa{S-HQ68Ad s aa10p |ﬁs@fefbﬂlﬂrm Xﬂétﬁa eadiisike.vaypUS DPN@EMAHRN of bone

constituents, blood x. ?°oYej tsVVns € or organ, suspers:ions;

ort7/s
magV B ROLE PRSI SRR 'ﬁ‘é%%as 2 cell copeenEating oL AR 9 to about
10°QkE8 gb@ﬂﬁl&rml aclugie éﬁbtbﬁitrm Xty r:esﬂ/@fabm@hpé@ﬂu Cti alddiyod tHenumber of

various stages of proces |ng orex bone marrow and blood
PMYR Rts S B HA AP fh‘rﬁgﬁﬁm fibha %ﬁﬂﬁ ik Selsss:

can be, for example, bone marrow, whole blood, various dilutions of whole
[Oobﬂ}@bmr mvirateviade bibod bidbpoghitdtidrnthat hiasubeewrgabpetechitons, can be

rocessin moval 0 ma or other bI od constituent
Obt‘ﬁ‘é’f@eé %dré%ﬂ é%g ]f%]&gs[ fh&g?ﬁréfnrﬁrx?ﬁe (C:%rsrurﬁ%lu%ee %tﬁe enriched
popakéionlef gdtocgllse rl’ha pnﬂt@rth:mfdh atisnplicady bt khshliteytalbysenridiranatively,
for stem cells. 25.]0043 mar blood constit ent ulati
cells it 08 UL SR RS b DB S TR EOD AR Sheh s or
exaﬁfﬁﬁaﬁﬁﬁ@c}emﬁlﬁ@ﬂl svikadvip Hodh dsendkitléd e daemagdd Sush meatheddue to

typi include collectin arlnrzed bo rro or bload, apheresi
e TGP el Sh R G Ty oot TR0 et B BRI e coleted
ﬁorﬁ%&rﬁ)ﬁﬁradrﬂmlhawmrﬁwaﬁmm(ﬁsgmemnsrbyxgctaw rﬁmbmatemiagaﬁmiag as for

cxofgile NA RS GRS RIEH, 50 BHoRS 2 00 SOM i s e o

Leuf. E@ﬁﬂﬁﬁﬁ@%ﬁ@%%d@%ﬂd Mldmmin@vmm@iﬁgsmpd@ime that will

- Jnarrow. of bloed:-eonstituents-can-opticrally:he. QN L P e
S s e e e R

blood constituents are diluted 1:2, 1:5, 1:10, or any other suitable dilution.
[Gﬂaﬁﬁéhﬁnmvﬁmmcbdmdﬁchgmﬁmmmmambathﬁmwoﬂhpimdémﬁmlws 1A through 1C

oo SRR S RS TR i enth e i o
posﬂmned between and with one surface in fluid communication with the cross-flow
chamber (the retentate surface) and other surface in fluid communication with the filtrate
chamber (the filtrate surface). The cross-flow chamber, filtrate chamber and filter comprise
aremover unit (1). The remover unit can be provided as a single use disposable assembly,
sterilized and prepared for use in an isolation method of the present invention. A remover
unit assembly would be used for each sample to be enriched for stem cells. In one particular
embodiment of the present invention, the cross-flow chamber typically has a volume of
about 55 ml, and the filtrate chamber has a volume of about 25 ml. The filter diameter is
typically substantially the same as the diameter of the cross-flow chamber. In certain

embodiments used to demonstrate the utility of the present invention, the filter is about 140

mm to about 143 mm in diameter,

[0047] In the methods of the present invention the fluid mixture enters the cross-flow
chamber (3) through a fluid inlet (6) that is typically situated adjacent to the retentate surface
P G
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marrow or blood constituents subjected to TFF has a cell concentration of
about 106 to about 108 cells per ml of which at least about 10 to 20% are
WO 2805(52&H3. In addition, the number of PMNSs is reduced fronk GBGR28% 38805

of tIRPRUEY 214 Qhdheiee hﬁ%%&tﬁ@%é?%ﬁbi@?&t&?@ frd a%x%@%%ggyganﬁaﬁy

or blood cell populations, or tissue or organ suspensions,

paradisldin g refenteirasiefycstal festdtesudjupiealrcBrithiy ts ey o icenl thseross-flow
chafbHG BMHEAGEh Q%@Qﬁ?ﬁﬁf%ﬁﬁ'ﬁ 'u%lgl%ﬂgﬁ%c{ U S@QP?I)E’Q% neboei'o ss-flow

a healthy subject. Alternatively, Is can be obtained from‘a subject |

Chmﬁbé_ﬁmchﬂafr@/@h@t@ﬁ@@mtwﬁf%df tizs fotenxBnesitgia caowelary
emtatigRhwh@bas bean found-io.have: ?@g&?ﬂ%@@?{é%&%‘if‘?"&%’% ©out 8 mm, and

chemotherapeutic treatments. A bone marrow or blood cell'population can
crosgtéle Heshembereniistitohdiampenisieuhd mhastd ebausd himiste Btk i Hrata is

romSEUROIZAURIARBIS S NASHRL OAMIEMASF, GM-CSF, G-CSF, or

low- or high-dose cyclophosphamide (Deliliers et al., Leuk Lymphoma
43:1957, 2002) and the like. The individual can be a patient that will n9
[0048h Tyiciyithe fupd mixtuye jpintrogyised\inte thg opase-flayrebambatas a sufficient

inpuepAtehedicalhparuiatiang su @Pﬁﬁ@ﬂ@fd@ﬂi%mgﬂé @gf\ﬂg%%f @Q%ﬁger

The devices qccordi;ﬁ to the present invention as depicted in Figures

(retapade g reehB fdicsiycdyhishsenaugb e aonilyidbsmmiame) berk-arindrad and cells
at theRMBE! dhf-0el b IR POSItinRed BRINSaR ARd Mtﬁsgﬁ%éléﬂﬁe%éﬁn)dary layer”

fluid communication with the cross-flow chamber (the retentate surface

refeigda tharyenriluidndiacatimuriendr walsaiemnidse! thafiltey tipecally left by
Auid PEaimauHRReh TRemasSTIRVGRRARRE of Iffl%tﬁo‘i{fﬁm%fmffmﬁﬁates efficient

comprise a remover unit (1). The remover unit can be“provided as a

filtrafing By REc WrEHb bR BaisER T e enienizee Bae i dprafdtefdrars dindimg to the
ﬁitefg?ﬁl@ loprmesneshah iReBreaeh iﬁﬂﬁf&g%?ﬁ@iéﬁpfﬁ&gﬁolﬁﬂiﬁ%sﬁpglﬁlﬁ\%’?%%e fluid

. be used for each sample to be enriched for stem cells. In one icu
mixigiREsHFwahY spiseibideehinivertiof tausedusfiofn shbsthsialypioatist lods
leuk8cy@ldme of about 55 ml, and the filtrate chamber has a volume of about

... ..25 ml. The filter diameter is typically substantially the same as the
diameter of the_cross-flow chamber. In certain 30 embodiments used to

[0043k AR striteetRBASMG ST Hhe BresdRtTN Mg oftkoRRaH s abbateRrasetlicross the
reted@3kaphi43 ML Meiareleh BATEIRdRe BRSO the PLESew chamber (3).

invention the fluid mixture enters the cross-flow chamber (3) through a

The auranmieed sy thavsshysroatyilom afdiridpseens thalidieeis edeared tfage thes cross-
flow\MEnp0QR/ Q@gﬂr@ﬁﬂﬁgﬁ!ﬂé@%ﬂ?e@‘ﬁgéms&ﬂow pump can include any pumping
device in fluid communication with the cross-flow chamber (3) sufficient to introduce the
fluid mixture into the chamber and across the filter at the specified input rate, without
causing substantial damage to the cells (e.g., cell lysis). A cross-flow pump suitable for use
in the present invention can include, e.g., a peristaltic pump, piston pump, diaphragm pump,
or roller pumip. A peristaltic pump can be used, for example, where it is desired fo maintain

the TFF device as part of a “closed” system.

{0050] The fluid mixture is typically pumped into the cross-flow chamber (3) at an input rate
that exceeds the filtration rate. In an exemplarﬁf embddiment, the inpﬁt ra:-fe"is‘ ébout 1680
ml/minute, and the filtration rate is about 15 ml/minute. In other exemplary embodiments,
the input rate is about 1600 to about 1800 ml/minute, and the filtration rate is about 10 to
about 20 ml/minute. Non-stem cell material (e.g., erythrocytes, immune complexes,
proteins, PMNs, and the like) pass through the filter (5) into a filtrate chamber (4).
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of the filter and such that the fluid mixture (e.g., sample) enters the

WO #ﬂg}&l%? 7'substantlally parallel to the retentate surface of th
ypica

8%82004!038805

, fluid is removed from the cross-flow chamber (3) through a fluid
[005 Ul ets(@sonbict sapiay dily fitatiet adta Bastidnatiftiescioss Hlownohpoabd(i.c., open

er ular to ther tenta surfac e filter. I rta| exempla

G S R DD L () ke o OALEA0E Pt e
siz@bPleTitate 2hdmbrassafletytghasalodn eatiet (7) wirpmatensg @pg at ‘Sittmatitsm pump”™)

about]B m. T ltrate is removed through an outlet (8) in the filtrate '
to repEich ?rﬁf} [GHiSB%i]‘??éccally, the fluid mixture is introduced into the

cross-flow chamber at a sufficient input rate such that the cross-flow of
[0062 Nuichotbauescamgpbay m@d&mmaﬁm@m@m@m@@@dﬂﬁm igtatthe device
cred velocit hlgh Fno%ﬁﬁg ﬁ’;%'}ﬂ}';c?]

Cco nfriac? race OP'[

er, ..e

db%ac‘fchlgn o fl 'épax%'ﬂhecg nﬁ’%%ing the

ary layer. As used hetrein

ﬂuxébmmﬂﬂmysld;@ahtndigmmiﬂhhtdayarwﬂdhﬁd@djamkn@r@%@heﬂow chamber, at
retent te side oft fit
for A o e B g

oundary ayer
thrquglvéntimgotne imptesataoflae cotiea (T slodatssi oh the ﬁj{hndlml l@im;lirt@no

PRI A B He AT i Lo

aﬁdngm;a@udsstahudlm rioleprial ﬁwkmb&t%rc{i]@d@]BMem@fam filter. The flow is

od| bone marr lood constltuent I acr
typ{h%l X&%r{;tf’gg’ a%ea% fiits %e%gb);a Sﬂ?nop%ﬁgmtﬁ%uﬁwdl %}E{%ﬁgﬁ? Sl%heP e stem
celksroﬁs-ﬂmcktﬁimbev@ébemoihﬂ@ummm tecdriveihditimssiffove b6 floesrent

tt)g %'Qtﬁ ?oﬂlig{e. The flow

C|I|tates f|C|ent ratlo

JYANEH: G5 H @%%e?ﬁﬁﬁé‘hff BN oENerpis

y not su ficie owever, to cause

. qcross the filter |s edt as the "cros c} mp" or "recirculati -
binding 8¢ ¢ ﬁ%ﬂa{t}?@&oss oW pu lﬁ%ea{n?%% e a#élgun?p}fl 1 %v?csénfn%}b%lt is large

(e. £OIMBBIgBTONSWithd) e drtiss-flothcfitimben @) s lﬁﬁmemltmg\tnmﬁidmiqb@ulation of

ﬂUId ixture |n ham er an rass filter ecified |n
Ste%?g {\T/R]/‘fﬁ% P %QJ |§g%su st’a%t%l%%s(%m%goél &?ﬁﬂg rcaer?lte?% SS[P cglﬁﬁ eRt OT moTe,
stely os8sfiohen um;ﬁwabialfe peseRhdge dhstpresethtintbertiond celh mmnhﬂ»dem the

g?é erlst ump, piston. pump;.diaphragm pump;::or-reles pumpaAssns w:
‘:'mﬂ%?ﬁ %f) n be used, for example, where it is desired to maintain

OBl

the TFF device as part of a "closed" system. [0050] The fluid mixture is
{omidalgnpmmwmm@mmﬁmm chanbsai{B) latramwzﬁatq@te ittegease the

xceeds the filtratio e I [
A e B R L S
comhaememplmmmnb@dgmeptspaﬂaaanmnmanga@wﬁmmttm abemgtl®@@hamber,

and WUTHTE HRe ANCLIRG TR

rate.s ab&

& call be Wi

1'%11’&\9&%1 ough the fluid outlet (7) in the cross-

flow chamber to another chamber, such as, e.g., a chamber from which the fluid was initially

provided (“a recovery unit”; (2)). The fluid mixture in the recovery umit can then be re-

introduced into the cross-flow unit. By connecting the recovery unit (2) and remover unit

(1) in a “loop format,” continuous recirculation and filtration of the fluid mixture can be

achieved. Alternatively, the retentate can be withdrawn through the fluid outlet (7) of the

cross-flow chamber (3) and directly reintroduced into the cross-chamber inlet (i.e., without

passing through a recovery unit or another chamber). The fluid mixtare can be-passed

through the cross-flow unit for any suitable period of time. In certain embodiments, the fluid

stem cell purity or enrichment.
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about 20 ml/minute. Non-stem cell material (e.g., erythrocytes, immune
complexes, proteins, PMNs, and the like) pass through the filter (5) into a
WO g ¥iamber (4). 14 WO 2005/052137 PCTIUS200410388B6 T{H6%P1/AE8805

(0dB3P USSR e LIULIRHAN 1P o RIS AR H0BPBOSyed by

n tube) rate. Tr ration rate can be controlled, for examp
addigLchndTor. re stridtinglutionsiz @ thirise iliend ehiasibe b ueistr ey osts ef weplacement

. n il i " :
o el T A S o R R 1 e
recixtynenihie. thetbiovigh a(ﬂ_@até@ah}l@nék&}) oi_'m) thostiiee i aThiguap (14), in
tubl?r? de Q?eﬂcf rget)é%mﬁj%iﬂq}éér}gﬁ%%%ﬂgam%rfy'gr% ' {'r:c w&%}ﬂ?waﬁon. The cells

parallel to aircular filter in'a cylindrical cross-ftow chamber, at for

in thramipiéetcnpltahbe abichsl endivoashed i Biscarkomptraterthd fiftiealn the wash

rate, The f is.fem, (7) located in th .
o e O e H b vrtey
of tnéfemriteg.optiverfisde-duffaoe] THise 4NBBHemdhPERubu el fioling dIpisak culture

[ W ard tﬁlw:i\r ethe center of the filter. The flow is typically not turbulent, or

W.
& anﬁ , s .
o fa[i such a ?ng rate, so as to cause substantial lysis of the stem cells. As
discussed above, the cross-flow can also "scrub" the filter surface to

[005f\iree B ddragiiadie Aol sHaie Graumishies sl panskation fiean, for
cxdfit BERCHEMRIBIRAIERIS P Bt ABR e HARSH! HANRRd for o

thé filtration rate, the resulting enriched population of 'stem cells can be at
F

ponelastabel atemotels [Bas clisett ZEPHE Sy Hes: abdusabhserinthederprelosed,
ase E?J’%%@Q&WQF‘%M%F%&P E‘%?e&e{&%g’%@&ﬁﬁﬁﬁﬂ?cﬁe&%Qﬁ?etﬂﬁlo‘}&‘ﬁterne,

umber In the sample Cell population. [0053] In another exemplary
ambieiodimn]thagelenethis rasirewale dandrireatenieinizedioiahsyistcd. Closed
systiRs @y %Hﬁﬁ%%’&%f?gb%&%%@%%ﬁg%%ﬂﬁ@&?&%%ﬁ&&% 8(? %2:88 tubes,

constituents, or a tissue or organ preparation can be introduced int

oparesstitoafohainblds, calurgwdinglibanfiltsatpavisenndates an besealedifiasks, and the

., thr. ; j i - f h er.

e S e e e S e

cultersovesseisnint;ol2x Threrthiig fixeghepiivenestegdingryu aindamiiendoad @5 “closed”
introduced intqith - It ' uni

ol R ORI N O SRR S o

ancbf_cm@ﬂaldmhimfermenénﬁiebgdlmﬁemaﬁs@%%we&@imﬁemm@@m vessel,
Witﬂ%tu der)%\)/\(l)rs];utper Py gg&g‘?@ﬂfédagpuf}‘;(iz:)clﬁ;r,tg%eﬂstaltic pump (Figure 1A and 1C; (15))

means is used in a closed system.

[0056] In another aspect of the invention, a heterogeneous mixture of bone marrow or blood
constituents, or lissue or organ suspension is substantially enriched for stem cells by the

selective removal from the mixture of non-stem cell bone marrow or blood constituents,

" including, e.g., stroma, plasma, platelets, erythrocytes, and the like. As used herein, the term

“substantially enriched” means that the cell population recovered in the retentate, following

as many cycles of recirculation as desired, is comprised typically of at least about 5§ %, more

. typically at least about 20 %, or at least about 60%, of the desired cell type (e.g., stem cells).

In other embodiments, a heterogenecous mixture of bone marrow or blood constituents, and
the like, is enriched for stem cells to form an enriched population of stem cells that is

substantially free of non-stem cell constituents. As used herein, the term “substantially free”

16



¢ st o s il 200t TPt nANY tfankfer o ahdniial colledtoTbedstiabpid mixtwe,

cross-flow chamber (3) and directly reintroduced into the cross-chamber
' L.e...without passing through axecovery unit or another, .
wo %ﬂr@#&% ?nixture can be-passed 30 through the cross-flow umﬁymssms
mesuitahieipecadeht fipepuitentaii cembmdiimentpribes Htidashationd LI be about 50%
re-circulated for about 5 to about 60 minutes, or more, to achieve the
Sei&réd stem cell purity or enrichment. 15 WO 20051052137
PCTIUS2004/038805 [0054] In yet another embodiment, the volume of
[008% fiuidnbisturéetambedijobred iy wadhlgaabie ha nvakhmenesor 8ie device.
other solution (collectivel e N C QUi ‘
P e S D R s Lok fitation
5  rategcoveeil anitiErgticthrowgbnalsolitivn iates; 308 hdmehsinensenerinet lat gield of
ump_(14), in,5 tubin tendi or f it11Qr .
oo B R A he AR R EAERE K B, @pon funs can
be padonast ediirg theristinms opthatieranypieathettia thastelsotngentiste (retentate) and
isotonic with th lls,. Suita. | '
e SRR o LS SRt e A e a8 BEHHRE From these
restl ERESoptitierbAlsalime}, tissuetel kysenmadiznantereuikbionuiigobitiaton rates can
10 be &g{éain eeralobodiments, a cell sample comprising a cell population from, for
example, bone marrow, blood, tissue, or a tissue or organ preparation, is
enriched for a population of stem cells in a closed, aseptic system. As

[0058% drhareixcidapTmrtndiaent afdbiscspecb af the TeRssal ysudian grerEFF device
corh%]ﬁs%ﬁc{[%?a g@ﬁlﬁ%ﬁ%ﬁgg@? l(:§§ SR ASIBHIE o ABBIRN 5 Oh CHRY ARG Bhamber (4)

other non-ster s is’'minimized or eliminated. Closed 15 systems

wittor entishinof et okiuratioRergisnéhalieeics @@@Qéﬁfﬂfﬂ%ﬁﬂlﬂﬁ%’eﬁﬁ&ﬁf having a
plutr%g?ga%ogo(ﬁggﬁgi{%?fé% Qi%}‘?! ISt e, ofiRslls: i HRSUR S HLES BIRIRR P Lbout 2 to

uns the like. The entire filtration system, including, e.d.

15  abaycaitoomainerspinuisdipis 2tz abeut §ltarebpad Satsicsprihe fiisp diemefer of

2bdQf f%' %ﬁﬁq&gﬂ%}gﬁg&@@ﬂt besefg@gﬂ@m@@s%%ﬁsfﬂeas%t DS DRt 1800

ypic closed system allows aseptic enrichment of stem

sealable tissue cul PR r -sterile aj :
ol U R e NP Bt o
celtihsEdsystaned3056 chil avptieticspducvetheithvbitionbadivtend gé Heoggention
mixture of b r ' ' I N
20 cof LE PSP IR T HORS CHUMTLSFGSUE 5 ROR o 10
about 20% of the total number of cells.

. {0659} In another aspect of the invention, a heferogeneous mixture of bone marrow or blood
constituents is substantially enriched for stem cells by the selective removal of non-stem cell
constituents, including, for example, the removal of stroma and lymphocytes from the

111

25  mixture. As used herein, the terms “selective removal”, “selectively removed” and
“selectively removing” refer to the preferential removal of one cell type and enriching for
another cell type. In an exemplary embodiment of this aspect, the TFF device comprises a
cross-flow chamber (3) with a volume of about 55 ml and a filtrate chamber (4) with a
volume of about 25 ml. Further, the device comprised the folla;éiﬁg‘i a filter i;bre_s_iié"df

30 about 1 to about 10 microns, or about 2 to about 8 microns, or about 3 to about 5 microns; an
input rate of about 1600 to about 1800 ml/min; a filtration rate of about 12 to about 17

mY/min; and a filter diameter of about 142 mm. The initial fluid mixture typically has a cell
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25 selective removal from the mixture of non-stem cell bone marrow or
blood constituents, including, e.g., stroma, plasma, platelets,
WO 2e13/18d8Ytes, and the like. As used herein, the term "substafft&{lj52004/638805
con%%%ﬂ%%g'b%qg‘?s{%tom el aprpaneconereddndRad SIaRIASIS). In this
ollowing as many cycles of recirculation as desired, is comprised
embtyditoatly tht derdesvescenadaledibia inygiéediyisardst about 20 %, or at
least about 60%, of the desired cell type.(.e.g., stem cells). 30 In other

(006 RPHMERReR QRIS QISORVIIHE U OfRANE FAAH B Q6 MReEus mixture of
constituents, and the like, is enriched for stem cells to form an enriched

bloogopuitianGT SR Rame TAFE 98- BSHa RG> PE & R b HSSHEcatigan preparation is

pre-GRASHHeHISHARLREHRBICIR LARAICEEN SiRElaRH N & SR 1AP YO and deformability
20051052137 PCT/US2004/038805 means that the enriched population

as stemseshs MR sRlbrusineled PAbEIRRBOR I SHoRHABBIR Hiksnieds ing

neu pe%ﬁﬁ]s,lwéﬁii%ﬁﬁ& gelepninedas car@iny drakies afiatddheis pretreatment

formance of the device. For example,gﬁore size of the filter, total

comppisantherngtaetiaseofcbidnanenEar iRt eonstiivents watha& aeenhiiyt can
effc&%%@’eeﬁp JHEsE WA LeT Adsh e RiiimencenifeRt S MISId Qh 518N shrinkage

cells. To determine optional separation conditions for stem cells,

through shatrsiuzieg waterhSpelfagsis sy VidtatsA SR 1ok aitsd dters
amihsreitibacel ransenisaied eispirielanthdik dlwig-ATD SEIOPIeHs, the final

fimed intervals’tdo monitor the performance over time. From these results

effedtivoDIdhe) Gesopbieion carobs Rsjutesm YmMine raed bR dherikeAisen about
10% %E?éa%%gz 19¢he ﬁ?ﬁ%ﬁ%ﬁ@ﬂaﬁ%ﬂdﬁ%%ﬂe&%@@ﬂ&’m@ eBh QI igion is

aspect of the present invention, the TFF device comErises a cross-flow

fl
abowhbhBéro3ibwith 18 Yo | UMM TP abb bresisprl vedia fbaiscomphiyaiolapioaiy
ace %%Eig@&&{&m%%%moﬁw%% - devigg Gompntisad: the fodondags Biyoerol. The

ter having a plurality of pores with a pore size of about 1 to about 1

effeptiveamepmons Blptsaty sisi e 05 mpBht Bthwb@Hs - S mekéh. i especific

alaald I9/RR D AcRNSe A LBL diamela of AhRAL A IS with
aiment e 7

le.Input rate. is,set to.be.about 1600.t0 about 1800 .-

hesataganty aathioas tH stk theimyphiad\Brasi b e ot andie srigeted through
'seqégﬁégﬁ%%%@&&ﬁma%%%ﬁ%ﬂk?ﬁy@&e@&ﬂ% SS9mbRRe a solution

enriched'stem cel ieved with this embodiment of the

mediwrentitin 160 compriseiscastut Thadndbewt soimmienddie yrdpsgetisoells makes
thes(aegerﬁg’ %‘&%%ﬁg&&@% trég%%ﬁ tﬁ%ﬁgﬁ %9?&&8&“&&9&%% E'é%'ii% GEllRyval of these

~ cell populations by tangential flow filtration. Effective amounts of an agent that prevents the

re-swelling of the cells during the separation process can also be included. Such agents can
include, but are not limited to, an agent that prevents tyrosine phosphorylation such as

genistein, or an agent that inhibits the action of the sodium-hydrogen exchanger.

Culture, Expansion and Differentiation of Enriched Cell Populations

[0061] In one embodiment of the present invention, the methods of the present invention are
used to obtain an enriched population of stem cells which can be used to produce a
composition useful in, e.g., allogeneic or autoiogous tré.nsplantation. In particulair
embodiments, the enriched population of stem cells is further enriched for hematopoietic
stem cells following the tangential flow separation procedure. Methods for enrichment of
hematopoietic stem cells from a source of peripheral blood leukocytes are known in the art
and can be adapted for use with an enriched population of stem cells isolated as described
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[0059] In another aspect of the invention, a heterogeneous mixture of

bone marrow or blood constituents is substantially enriched for stem cells
WO 280525 ective removal of non-stem cell constituents, inclu8mEUf}004/038805

her@Xampiextheiema\alaiisiigbaanchly snflesyieadiam Heerdshniduienébfor CD34"

used herein, the terms "selective removal’, "selectively removed" and

cellsgisiagsively FEMOTHGREBRIGS PR PIRRdrshIAITENS0al Do R Xy ¢anfone
MaSWIFHRgSor,Anpihereel tyre erexesHiany.L basime R4S, 105:780,

aspect, the TFF device comé)rises a cross-flow chamber (3) with a

1999pIukhe beRmBarIos AT BirvPd frnstecandniselgpdditinthonadenbiarssive the

tranééxéﬂh Fuitherethgdevies comprised the:ledawing @diliee pore size of 30
about’1 to about 10 microns, or about 2 to about 8 microns, or about 3 to
about 5 microns; an input rate of about 16Q0 to about 1800 ml/min; a

(004 ot are BrLBHGP $oME LIS M R A e S R e Bk o ted to

obtaift 4 BYR-sTdae daitighBete siiktuse igathphas adel ob A MO RRGR &3drogenitor
PCT/US2004/038805 concentration of at least about 107 cells per ml
oellgd eyt hert ARSI RRIUERLR AR SR SSHRH R HE (el it factor of
intePRERIEY HAARMPYRHRITBNSEIRO G Wiy i AR eF arekadiple tieluligng
present invention, a heterogeneous mixture of blood constituents from +
end ARG BT PO PR b R B LD 34" cels
by, P8 trealedeiQifaciitate cammoy ahef £entain sehdipes, hal har e sihdah SiRe E-
and deformability as stem cells. Such cells can include polymorphonuclear
seleghumuIEAEZinERIEhY HehnBIROsSaR AN bABGRTC sk paion et
leulﬁ@@mdd@ﬁﬂfﬂ@%ﬂfﬁﬁ@@%ﬁ@EWﬁéﬂfg%ﬁ@ﬁ&ﬁﬂé&cﬂﬂﬁl@ﬁ%@%& separation

marrow or blood constituents with an ag‘ent that can effectuate an

techpivs iAo divo sirasteddn VERRRaASth&Ehy Inddlserg ddiis can be mobilized
in a8NHAKAGEL Qs PHER RS Biflor Of NBhoPUEhRAERES LA iGhdanandrichment

are not limited to, dimethylsulfoxide, glycerol, sodium chloride and the

usingd RvhEntos/sehied idedioner mial Lefsstivne B B oStk ésrade, VEGE.

. (Seé’%}é(?@h?@%ﬂ,@ﬁf@%&b@&!ﬁ 89%001 PetvyaaRrabow: 8% anthabRkknts,

15%.’In.a_particular embodiment, the éffective. DMSQ,coneentration is .

csPRIagiealty) Lr.anqeniabis saluianyulanei b sthenath MRN&Icytes with,

agent that can’be used is glycerol. The effective amount of glycerol is

e.g b IMEBnbE 8ImBBF-dnE@Bord BB omL2 fihEcssetimecairbotifennddhen
disdRalgyeerahronceriations abouthmell: Hontactingthe seils yath 4do3),

these agents can lead to lysis of the unwanted granulocytes. Lysis can lie

effected through sequential exposure tg DMSO and glycerol. The solytion = |
- [0063Linadditiomhe snrishtipppulation of stem cells cant be cultured to induce expansion

of pluripotent progenitor or stem cells. For example, CD34" stem cells can be expanded in
vitro by culture with hematopoietic growth factors such as, e.g., a combination IL-1, IL-3,
I1.-6, stem cell factor (SCF), granulocyte-monocyte colony-stimulating factor (GM-CSF)
and G-CSF (see, e.g., Sun et al., Haematologica 88:561, 2003). The progenitor or stem cells
can subsequently be treated with any of various cytokines and growth factors to induce

differentiation into cells of hematopoietic or non-hematopoietic lineages.

[0064] In other embodiments, an enriched popﬁlation of stem cells can be cultured under
conditions suitable for inducing differentiation (e.g., differentiation of progenitor cells or
transdifferentiation of more differentiated cells types such as, for example, monocytes or
monocyte-derived dendritic cells). (As used herein, "transdifferentiation” refers to a
processs of phenotypic modulaﬁon of a differentiated cell, generally without the need for any
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20 medium with low osmotic strength. The induced shrinkage of the
undesired cells makes these cells more amenable to removal through
WO Mppdfd3and allow selective removal of these cell populatioh§ B{fS2004/038805

cell B09EN i%ﬂ@gﬁgﬁgg 54%&%’%@ amaHris 9l @n.agem! &ﬁﬁbﬂfﬁg@gﬁ%éﬁ? and/or

re-swelling o s during the separation process can also be

fundtichadbodiSieombehizpesn Ferchraanbetiaredddionfecti dsrenigtendmpdendritic
revents tyrosin |kl istel :
cells; mofo cl#gsa%at?oge%?aiﬁﬁgﬂﬁ%@ﬂ?ﬁ SHGR ﬁéngét%gﬂéﬁi@ By REARAGERLINRC cell

n e sodium-hydrogen exchanger. Culture Expansion
typeanth&iffénentiationacf Eivghadsteticieuknibasdobel pinikbpedinbismendins on
of the presentinyento Methods g I, preseakinye iy algcHSRAAQt al.
Cult%rgtﬁ?r{%r%%%sﬁgﬁg’de i é’gx%égt%n o?s't’e‘?n céﬁ?g\z/vhich can bé used to produce e

ClireSeoftpd3yj m@(séﬁgivmnmg.gmbgmwdrmsgwag\{@k%ﬁm@mmf |
Cir%?{z?éczmz{rgo??ﬁ?oq ;&@c%ﬂgiatpée?ﬂrﬁgg Uit LB TLARIR ISTEIET Also, an

for hematopoietic stem cells following the tangential flow

enriskparatjoitaficocetierkovidtseds for atiichinendasicorshitappdietitnéan
..cells.from a source of peri : e i .
G B T A oo e B o
steniseiiitydras Hmsatdpe@btit:sDW@rQb@%ﬁmEﬁ@Mﬂgmﬂm&BgﬁVmﬁﬁﬁomms
or s GBS, Lo peBMIAtanaf SIARERIn 6a0 be ML Btbansion

+ Cells Using, e.g., IMmunomagnetic séparation techniques (see,

by eahoBolulewetath8sndeMarissn.Transplant. 21:1253, 1998;
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Denning-Kendall et at, Br. J. Haernatol. 105:780, 1999). The bone
j | i iR &2 Lensivebee &
A W e
cellyetaothesddmbftuibatagrmeneioods BRYESaRlipRn bR BHESIBE person in
need 3§419, 98 %gﬁ%r%tgbgﬂéﬂ%%gﬁik%ﬂs%t@ﬁcbﬁe?s«gﬂrc%% Rigr&-#8lrom any

popu]‘}:lnon nric in progenitor cells (e.g., hematopoietic or endothelial
conpiogenilure s pelicsiwenklt bensitdiamte egminteifatiopead stem cells, including

Pareng]oo%ﬁs)?ﬂi%tégeoﬁ%ﬂgégsgeﬁ%%gfc?ﬂ%m%@ﬁ% Eﬁﬁi@maﬁegﬁ%@%ﬂ%%mcm

elial progenitor ce EPs) can be identified as a subset o

" spircitootatingue sudtipdtiscsyosisy Abdexprssidises v PORRIS bnénmeabefl gene

as well as, e.q., VE:ca g{ %ﬂg Eéfgg}lectin). (See, e.g., Peichev et at,
ther P(Yot(? 8%%?3%%%%?%?1&%%% population of leukocytes can be further
enriched for CEPs using, for example, immunomagnetic separation

[006sHmiqeeeinvrmbadimsaic of echies o EISRITCD: Mitraeiisat afdbe sppgells is
aut$R gloé%'ﬂzo%dalﬂo%éﬂég {pdivdyabaonges pegpisatAmOTRERM of bone marrow
population frrom the

onor and enrichment : )
regeneration because the individual has undergone myeloablative therapy. In another

example, the recipient can be in need of repair of cardiac tissue because the individual has
undergone a cardiac infarct or is suffering from congestive heart failure or cardiac
insufficiency. In either case the enriched stem cell population isolated by a method of the
present invention can be infused into the circulation. In the recipient that has undergone a
miyocardial infarct or is suffering from cardiac insufficiency or heart failure the enriched
stem cell poﬁulation can be infused directly into the coronary artery or applied directly to the
injured heart tissue. Methods and compositions for administration of stem cells and enriched
stem cell populations are known to the skilled artisan and are not considered part of the

novelty of the present invention.

[6067] The following examples ere provided merely as illustrative of various aspects of the
invention and should not be construed to limit the invention in any way.

20



10

15

using TFF. In this method the donor can be treatment with a cytokine such
as, e.g., VEGF. (See, e.g., Gill et at, Circ Res., 88:167,2001). Further, in
WO @8 Embodiments, ,. . ~. endothelial-hke circulatin g an Egﬁgﬁ;@qqmzssos
Ex;ﬁ%gfeCfACs) (whichsecrete, e g VEGF, HGF, G- CSF, and GM-CSF) are
obtained by culturing an enriched population of leukocytes with, 20 e.g.,
VEGF, bFGF, IGF-1, EGF, and FBS on a fibrongﬁtin-coate surfa‘[‘je.an -

(00683 1t s examp) e daierenbes prichens of A 5158 SR | BORRHgH rom 2
sampfd Jish2003h 0 Rk IsceRsiticmdhaAaished PheBetiomafcienueslls was

can be cultured to induce expansion of pluripotent progenitor or. stem )
treagedsvifbR SRERHES @@éangﬁeﬁmﬁgrc@r%@%sﬂﬁé‘a Wbé%mmaﬁon-

Bridfith bemaineietia-anwihaciais Sushias hepB o 6IM Bitattn dludte:; 8nd 15 ml
L-6, stem cell factor ESCF), granulocyte-manocyte colony-stimulating

25|

of rieephusuEes s YeRRIemEnIag Witk BSTRERRYGID gde Gacgggvent

clotd@3) AR @&?ﬁ%&gﬁ&? BheelEd@BGHbEEausalyResresiedivwith A Wixed with
ne

of various cytoldnes and qg?érowth factors to induce differentiation intq cells

33 o RéRTxb gEnaibBri e IR DL R WAk 40l 0BERs iIGtRupute incubation at

roofMBRGERants, fME0rEheYRMRIONr L aiam colis cabube c SR WRdA ded and
30 conditions suitable for inducing differentiatiocr;#(fe. ., differentiation of

S g . .
the prisgurmBEcnadsH WinbRFERREGIN SharRPer dirdie nasntial iflogy fiiation device
desSHEBAS 19T/ 8n MABRCHIAS R Iﬂﬁ%@@ﬁﬁ@%ﬂﬁ@%i@%@%ﬁ%&e«iﬁlic ation serial

(As used herein, "transdifferentiation” refers to a processs or phenotypic

nurpheaGHAGH 33 Gerbmsakda2Q0R wuh STl YAMARRTAL fraeh reroimgrated herein by
refe\é\éf?cg? _ 6%%?1'% 1%WM§%99&1 03880, aal divisionwherabyetBRre subjected to

ifferentiated cell differentiates into a morphologicalli and/or functional

|
tan gpfnd Ao TP 01 AR AR RGP PRSI AG Ao AR AL the
endS6H i dMRROREIE S cARCPE JbRRSTOIRES ARIQRIET TREFHACHIIR Was found to be

non-hematopoietic cell types, including, e.g., macrophages, osteoclasts,

subgfsertésiboeiraratines biard aeberrin SR utlirresiinsaoidel 34 golls increased
FrofRHe8/Sl,2 8 JINFIZHD Phtt 3R BARRLL O ANICRAISOPBE @lia gt WF QY in the

e . 991133, 2000; Havemann.et at, in Novel Angiogenic Mechanisns; Role of

20
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" “neugnphibgnts PYoorssHorEOBReERenE e W A NG FER S

Th2O0RN 1459 AL S c e ReRLAoR ALIBWRGYIERCARE SUIRE MF6kimately

conditions that induce differentiation of relatively undifferentiated cell

400stenrppEopa g atel ApBtintiprbas srbrdanpgo sldm Gispiehehidcibeannsisted of
tre RN I NR ORAIGHC. R AT 88, RS0 AT RIS SHIRKIRES F DMSO and PBS
followed by filtration on the TFF device for 60 minutes. The DMSO shock resulted in the
shrinkage of the PMN’S without collateral damage to the other cell populations present. The
result was the concentration of the CD34%/CD45" and CD1337 cell population, while
providing a reduced population of PMN cells, and lymphocytes. In one protocol bone
marrow aspirate was treated with DMSO in diluted PBS for 20 minutes, followed by
addition of human sertn albumin (for stabilization of cells) and subsequent loading on the
TFF device. The results can vary depending on the specific cell concentration of the input

material. Two example runs are illustrated in Table L
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or growth factors. Such differentiation can be induced prior to or following
cell expansion by methods known to the skilled artisan. [0065] In certain
WO 2883868 Hents of this invention the population of cells enriché§ ToF 34038805

cells can be used to affect the regeneration or repopulation of cells or

tissues in a person in 15 need of such regeneration or repopulation. Such

a person can be suffering from any condition where the patient would
TARERt (o theraainon staibf §f s teivnaddts v fuckin @ oRadsrsen'aspirate of two
vohRligeaseidiabatesuehioanic hearteiseasthekitiFie tisaase, liver failure,

cancer, spinal cord injury, multiple sclerosis, Alzheimer's Disease or

r‘nlllrl l‘\c\ n-neoeod

f nona thar

anatie

LLE B R Avaeqv)

20 rnnnm ln-certai

—gcic T

al nmhn

YUY

Stagﬂ&gé%
..%&éﬂ_ganm

m\:}iﬁl/ﬁﬁhaq und

E‘_Qe_”_g_J.s__aulolnnmle orcan-be-al
|\Juuuu 0 ATT O AT

L OW-H

TROUTTITTG

nit o
lU ICV lll.a A>3
B2y g~

oF-epigentic defect

cipient of

brg onatdeiemned

ive.th

bdEhient can be in

nppd of er of cardi

®B3 undergone a

Fardiac ink4%t or is suf

ering fmnl%éhgpqnvp H

Aftexnillid R v diac 2

5 insufficiency.. In eith

I case the enriched st

(@Bééfé&ﬁ)n isolated

by a me#¥8d of the p

esent invédfien can be

infused

(ibd 38/ 4drculation

In thetrédipivimatat h?

hs undergb@&@a myoca

rdial

IMENIY or is sufferimg from caidiac insuffic

iency or h&3%h failure the

v

&

@&nfched stem cel

populatici¥ean be infd

sed direcfl{%ato the col

onary

artery or applied d

rectly to the injured hq

art tissue. Methods and

compositions for administration of stem cells and enriched 30 stem cell

B HBlRRy Srine

B

AR ERSERTOR TO0RA FRE BN el

E)%é% to 53% due

to redovildedmene bimﬂﬁlﬁfﬁtmﬁ bﬁ'WMI‘(’W§ dspeats cﬁﬂhehmaanﬁﬁthaﬁd)% 745" cell

Por 3P RO TSI A IS

r%}lon

ampe

J;ﬂ%%é’g%/ )ﬁgﬁu&e In addition

thexbﬂﬁ%/zﬁ%&@ﬂtieﬁ Hﬁemny@mmt@pmmbmﬁmammm’ﬁ%m &RSEMplad from

*“I%““

TRt AR AREE

ected from

normal donog

The b
B S RGPS SR b

samm

andtaﬂ@ﬁml@gh oW it atign. ib B{cteéb/ofiﬂzmn Irb)mm&m@ﬁmmmasl dfﬂ\l%ﬁéi@f&lm here.

hipbone of a nor

Thegs BeysIHIaR:

al volunteer, and 15

oY Sl e o 5%.8

AR

|ne
onmthat

colony forming assays have been carried out with vibrant colony formation in a short period

of time. It should be noted that CD133" cells were also present in the isolated and

concentrated sterm cell population as illustrated in RUN 2, 0.1% being present in the stafting

material and 1.3% in the final preparation.

Example 2

[0070] This example describes how a cell population enriched in stem cells as described

above would be used to treat a patient that has had an acute myocardial infarct. Briefly, TFF

purified stem cells from bone marrow are infused into the coronary artery of a patient that

has undergone an acute myocardial infarct, following stent implantation. Subsequent

remodeling of the cardiac muscle results in enhanced left ventricular end volume and

reduced chance of dying from subsequent cardiac failure.
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clotting. After storage overnight, one third (about 33 ml) of this preparation
was mixed with 33 ml of 30% dimethylsulfoxide (DMSO) in water.
wo |”‘—’8ﬁ6’\%ﬁh3da 10 minute incubation at room temperature, 3 ml o - ZUE%%%”GSSSOS
[0099|UtiRe SlahiphansassibvialateisifHeAmadcddddthana bb thaohiolireit the scope
was lpaded into the recjrculation ch Ef?ber of the tan%ebntial f@/v fiItratioq to.th £
of the GleEmed SEYHUP Briéthy AOGVE Rt S ST T Ulitet? States frovisions) 1105e ©
ordRAE AP RHCREQR saiahduimasi8 OBA0; dpPefited dLiemd. 0 A2DPDHOSHME, patents,
2004/000444 (each incorporated herejn by. refetence). Following tw
patcol S SR B LG ST TV BB B AP E R dp erence
herB@w filtration, with continuous replenishment of PBS with 0.625% HSA:*At
the 15 end of the run, the cells were collected and analyzed. The
preparation was found to be substantially clear of red blood cells and
platelets. The percentage of CD34+ cells increased from 4.78% to 18.2%
of the total cell number, whereas the percentage of cells in the neutrophil
gate as measured by fluorescent flow analysis decreased if ont 53 9%
fo'51%' The mean forward scatter of the cells in the neutrophil gate
decreased from approximately 20 400 to approximately 250, indicating cell
damage. The optimal method to date consisted of treating the bone
marrow aspirate for 10-20 minutes with a mixture of DMSO and PBS
followed by filtration on the TFF device for 60 minutes. The DMSO shock
resulted in the shrinkage of the PMN'S without collateral damage to the
other cell populations present. The result was the concentration of the
CD34+/CD45+ and CD 133+ cell population, while 25 providing a reduced
population of PMN cells, and lymphocytes. In one protocol bone marrow
aspirate was treated with DMSO in diluted PBS for 20 minutes, followed
by addition of human serum albumin (for stabilization of cells) and
subsequent loading on the TFF device. The results can vary depending
on the specific cell concentration of the input material. Two example runs
are illustrated in Table I. 21 WO 20051052137 PCTIUS2004/038805 - _
TABLE-l. Characterization of cell.preparation.defived from. bone MartQW ... s dmeieniin:
aspirate of two volunteers after concentration of stem cells on the TFF
System RUN 1 RUN 2 Starting BM CD34 /45 5% 4.2% CD133+/45- not
determined 0.01%
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PMN's 74% 66% CD3 16% 18% After TFF RUN CD34 /45 18% 13%

CD133+/45- not determined 1.3% PMN's 53% 53% CD3 7%.10% 5

WO 28888 % 2ble | shows a partial reduction in PMN's from as high a8 7494038805
initially to 53% due to reduction in cell size and removal by the TFF

W}Mtﬂ@lﬁﬁ(ﬁ@ﬁfﬁ?g? of the CD34+/45+ cell population was from 5% to
— 18% INRUN 1 and from 4.2% to 13% in RUN 2. In addition there was a

reduction of the lymphocyte population from 16(‘?@? 7% in RUN 1 and .
from 16 18V to 168 AROUIRF SSPHHILH HAHESS ﬁBﬁbﬁiTﬁF’é’éﬁ om 2 subject

whSEPME eahwas donmpilieg ¥l bk hantbhbsraitiealindidihaal iAaxeassd
of that recovered in clinical trials referenced here, These bone
conprARR SERAMENPE A Bapsalial oy Bt ABANEISE¥: cell function in that

colony forming assays have been cayried out with vibranté: lony formation

in a short Seriod BFRGR SRTTHEGBERPHFARRYS 1334 (LL RO RS R oross-

5 floWwkBaaM thensalateshanikil@ rencentaiedestemcell population as
illustrated in RUN 2, 0.1% being present in the starting maégiial an ?]k.S%

in the final(BleparifFE AR REBRETY ST FFi=lovs AR HHRE i g @ filter (5)

navEEll o stien easishedinasiam el asdescribed above would be used
to treat a patient that has had an acut

t ) e.myocardial infarct. Briefly, TFF 20
purified stéicell SWiABSHE AL %m@@%‘%{’tﬂ?ﬁF%%rtery
of a patiengi{hat hascendergpasRhaGHe-syecadied niridnfoianinge sample to
stent implantation. Subsequent remodeling of the cardiac muscle results

' e
10 fO%@?Hﬁ%HWﬁﬁ%ﬂgbéﬁ@%ﬁ}ﬁe and reduced chance of dying
from subsequent cardiac failure. 22 WO 2005/052137
PCT/1JS2004/03880 md0dalictbrixamplasnans frakigdedhpitimare

intended to illystrate but not to limit the scope .of the claimed.invention... .
DRSS O TSP T B RSB S SpAPGAL o S HA g hom, diferential
lysi9rdinancakilk iprtherarioanst encdmpassedbin thelapheniethelrimevdlhnit.

publications, patents, '

3. The method according to claim 1, wherein the sample is bone marrow,

15  atissue suspension, an organ suspension, or blood constituents.

4, The method according to c¢laim 1, wherein the non-stem cell

constituents are stroma, erythrocytes, plasma and platelets.

5. The method according to claim 1, further comprising repeating steps

(i), (ii), and (iii) at least two times to form cell population enriched for stem cells.

20 6. The method according to claim 1, wherein the stem cells are

hematopoietic stem cells, mesenchymal stem cells, or phuripotent stem cells.

7. The method according to claim 5, wherein the hcmatopoietic stem
cells are CD34™ cells.
8.  The method according to claim 3, wherein the stem cells are

25  hematopoietic stem cells, mesenchymal stem cells, or pluripotent stem cells.

9. The method according to claim 8, wherein the hematopoietic stem

cells are CD34" cells.
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patent applications and other references cited herein and are also

incorporated by reference 5 herein. 23 WO 2005/052137 CT/US2004/038805

WO Be9#85004/038805 WHAT IS CLAIMED IS: 1. A method TS SEpatating

stein cells fipm a - spaRIRHBAMAEERIgeh Miencipwhersambtesabjetiisgsindergone
stem cells and non-stem _cell constituents, the method comprising
sters SO BRI GRAREI RSO SRR BRitking the
sample into a remover unit (1) comprising a cross- 5 flow chamber (3)
through aniinlet (G)Hatrehrenoverdiniti(icl sinbjEetiwhatvinshmpienteell mobilization

cross-flow su *ti patallel to a filter haying a pore size of about 1
ageRy ’ﬁ%ﬂ%%’ r#"z‘% s%‘éégfeo&ﬂgat% ﬂé%z%nﬁ,ﬁation through the filter;

and (iv) selectively removing non-stem cell constituents from the sample

to 10 formid.cell Foputation ensotideeitr crim defdizeinibantengortial flow

according tq claim 1, furthe ising: ing.4 L
S T o g ST e o he
inldileEtierrosspfiepachtiohof a meHyscbagdoiralitog adiibrativenatetporahuhi filter and
into e 1A IRELASEOIAG 10 CAal M A IMABER NS SATIGIP O RRHQ ¥he filration
aTiSsuUé suspension, an organ suspension, or blood constituents. 4.
ratcTibdonativodtizcuoogipesed Gltiatidn vebefeithbidilieon-stem cell constituents
are stroma, erythrocytes, plasma and platelets. 5. The method according

to claim 1, {gfther’ﬁ?@?ﬂ&_ﬁMa%?@%?Qcﬁm GZ’%&M&@)&%@%%&?&G&W& to

times to form cell population enriched for stem cells. 20 6. The metho
indactoetlislyinkelgdrmf Lol hersistinasstath eskatrdyrberaos sieaestbamstangells.

mesenchymal stem cells, or pluripotent stem cells. 7. The method

according tpyclaimphe Whersin.he Aepatenaialic stemeealisharesf Béddiation with

cells. 8. The method according to claim 3, wherein the stem cells are 25
esserlinBIohGiatBS i dEILTaEeeYSRymal stem cells, or pluripotent stem

cells. 9. The method according to claim 8, wherein the hematopoietic stem

15.  The method according to claim 13, where the pretreatment comprises

contacting the cells with » physiologically acceptable solution comprising dimethylsulfoxide =~ . .

(DMSO).

16.  The method according to claim 15, wherein the final DMSO

concentration is between 5% and 20%.

17.  The method according to claim 16, wherein the final DMSO

concentration is between 10% and 15%.

18.  The method according to claim 17, wherein the final DMSO

concentration 1s 12.5%.

19.  The method according to .claim 17, wherein the final DMSO

conceniration is 15%.

20. The method écoording to claim 15, wherein the_pﬁ;sioiog'ically

acceptable solution is of low jonic strength,

25



cells are CD3r cells. 24 WO 2005/052137 PCT/US2004/038805 10. The
method according to claim 1, wherein the subject has undergone stem
cell mobilization by administering a stem cell mobilization agent. 11. The
method according to claim 10, wherein the stem cell mobilization agent is
M-CSF, G-CSF, GM-CSF, or cyclophosphamide. 5 12. The method

according to claim 1, wherein the tangential flow f'l?:ratio device has a
et for BN e P A Br e %faf?nzgﬁ;gﬁ%g B

congtine beosEsiivil endrrbbgichyasprP R COREEIAYRTR PSS #le through
the filter and into the filtrate chamber; and wherein the filtration rate

conyollingmeans Jimits dhe, filtsation, sate fe lessuthanthe unanrasedon

__filtration rate for the filter. 10°13. The method accordingto claim 1,
is befpese e $hATIE i Bleated to induce cell shrinkage of cell
populations with essentially the same size as the stem cells. 14. The

method acerrdipgdo Maimidd:odnerein thawel pepulatignoaihcessarntinlly
. .the spme size are granulocytes. 15. The method according to claim 13,
is I mol7L. ) . . .
wheré the pretreatment comprises 15 contacting the cells with vi
physiologically acceptable solution comprising dimethylsulfoxide (DMSO).
16. The métkodedecordinglite ctaiaiths] Avhbeeim trerfifisly BMBQpreferential ly

renfQRE SR RO IS hetwesh e ARE.20%. 17. The method according to claim
16, wherein the final DMSO 20 concentration is between 10% and 15%.

18. The method according to claim 17, wherein the final DMSO

conééntratiths ig:ebogoscandims dimefiiBd>4ccureiifiy thdfith affeciiA elanyeh
seqtherfinadddiM SChcanpintrakieiist s %m@5t 20 DMi®methbdeadcording to

claim 15, wherein the physiologically acceptable solution is of low ionic

streggth. 2521. The methé)id according to claim 13, whefr%n the

to cla , wherein contact of the sample i with a
pretrlatmeMtScBRisHsagording to clam P
solution with low osmotic strength.

27. A method for enriching a sample of bone marrow or blood constituents for
stem ceiis, comprising:

(1) introducing the sample into a tangential flow filtration (TFF) unit, the TFF
unit comprising a cross-flow chamber, a filtrate chamber, and a filter in fluid communication
with the cross-flow chamber and the filirate chamber, the filter having a pore size of about 1
to about 10 microns; .

(it} recirculating the sample through the TFF unit at a predetermined input rate
and a predetermined filtration rate, the predetermined inpﬁt rate at least five times the
predetermined filtration- rate; wherein the predetermined filtration rate is less than the
unopposed filtration rate for the filter; and

(iii)  isolating a cell population enriched for stem celis.

28, The method according to claim 27, wherein the enriched cell population is

substantiaily free of non-leukocyte blood constituents.

29. The method according to claim 1, wherein the cell population enriched for

stem cells is to be administered to an individual.
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contacting the cells with a physiologically acceptable solution comprising
glycerol. 22. The method according to claim 21, wherein the final glycerol
concentration is between 0.5 mol/L and 2.5 mol/L. 23. The method
according to claim 21, wherein the final glycerol concentration is 1 mol/L.
24. The method according to claim 14, wherein granulocytes are
preferentially removed from the cell mixture through 1 ysis. 25. The
et ack R CETABAOGRE AN L ERGF Rr g e
nasdsguiseitiy woheatEaf i SanspletoPBif BEfaetife amount of DMSO and
glycerol. 26. The method according to claim 25, wherein contact of the
sample is with,geis@! %B&ﬂcﬁ%%hd QWi PSMOliEsHeN@thed LA MBthadoferent is
richi e of or blood constituents for stein cells,
M_gggn?rgﬁwrg 0%%&?&2%3%&2%%&%% into a tangential flow filtration (TFF)
unit, the TIFF unit comprising a cross-flow chamber, a filtrate chamber,
and Bilterlirefuiihebiraiieanol ith tHEGB AN eNEBEP BhtritHesed
intdiltrateieliamber, the filter having a pore size of about 1 to about 10
microns; (i) recirculating the sample through the TFF unit at a
predgferminga oy (LS. AR 8 Bied e BEd ARSI cous o the
pred%termme input rate at least five times the predetermined filtration
S”bllﬁ‘fb; wherein the predetermined filtration rate is less than the unopposed
filtration rate for the filter; and (iii) isolating a cell population enriched for
stem<ells. 128 .. Fiedmethatinaccaidingtovdlammn27; wihipkeinithécemmchedhe
sug&ll. population is substantially free of non-leukocyte blood constituents.
29. The method according to claim 1, wherein the cell population enriched
for stem cells is to be administered tqg an individual. 26.30..The methad
acooring CIERHS AR 1 St oA &ALl F B8
mafFeRtEEoWitH at least one stem cell mobilizing agent. 31. The method
according to claim 30, wherein the stem cell mobilizing agentis M-CSF,

G-C&f, GMe Skimscyelophasphamides?, wherein the recipient has undergone

myeloablative therapy.

37. The method according to claim 32, wherein the recipient is in need of repair
of cardiac tissue.

38. The method of claim 32, wherein the recipient has undergone a cardiac
infarct.

39. The method according to claim 32, wherein the recipient is suffering from

congestive heart failure.

40, The method of claim 32, where the recipient is suffering from cardiac

insufficiency.

41, The method of claim 32, where the enriched stem cell population is 1o be

infused into the circulation.

42, The method of claim 32, where the enriched stem cell population is to be

infused into the coronary artery.



32. The method according to claim 29, wherein the stem cells are to be
reinfused into a recipient. 33. The method according to claim 32, where
the recipient is autologous to the subject. 34. The method according to
claim 32, wherein the recipient is allogeneic to the subject. 35. The
method according to claim 32, wherein the recipient is in need of bone
marrow regeneration. 6 The hod ccord to clalm 32, herein the
recipient h%gedﬁﬁa‘?aé’ & Wéf’(ba i tﬁgfﬁb S THG R %P 15 10 be

apphetdiditly totbidingsd isetidireid- the recipient is in need of repair of cardiac
tissue. 38. The method of claim 32, wherein the recipient has undergone a
cardiac infarct. 39. The method according to claim 32, wherein the
recipient is suffering from congestive heart failure. 40. The method of
claim 32, where the recipient is suffering from cardiac insufficiency. 41.
The method of claim 32, where the enriched stem cell population is to be
infused into the circulation. 42. The method of claim 32, where the
enriched stem cell population is to be infused into the coronary artery. 27
43. The method of claim 32, where the enriched stem cell population is to
be applied directly to the injured heart tissue. 28
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