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TANGENTI AL FLOW FI LTRATI ON DEVI CES AND METHODS FOR
STEM CELL ENRI CHVENT CROSS- REFERENCES TO RELATED

WQARPEN£ATT ONS [ 0001] The present applicati on cPEI/Ig2004/038805

benefit to United States Provisional Application No.
60/ 524,51 , filed Novenber 24, 2003, the entire

dISANGEBNT TN, WL OW [EEILFI'MFMQYN@EV‘I@ES AND METHODS FOR

popul at i ons. ent i Chatt £ 8t PRI P en desi red

for use in research or therapy. Typical sources of
stemcells include bone marrow, whol e peri pheral

bl ood, | SRR ESERENCAPRE/ER SRR A TRRARE! 2l | ¥

from"nob donors, of ot €SS commbn sources,

[600¢ h Tas presditlabplidation chhirhé battfiatdUhitaisStates Provigaimel Appllcatlon No.
ensi ons._ Enrjchment of stemcells has been done in

6%%%# L1, filed Noverybar 24) 2003, Hsatirgcisdegreehyhich isingprporated herein
bgfégggﬁ s (e.g., FICOLL-HYP AQUE(r), colloidal silica,
nd the like), elutriation, centrifugation, |ysis of
eryt hrocytes by BACKGREUINPIQR IHEINVENTOON
comnbi nati ons of these methods. As an exarrpl e, the

(AL el Bp Ry b ERRET sEm SRR DepBarARY Fif fagSSkerch or
thRefdp§n g@gﬁ@ﬂ%&&@ ostbin del1CHlehudd ¥onbRdEo) wiBRSidripheral blood,

gr adi centrifugation. There are di sadvantages to
le@h@heﬁsm Hapherais hodycts orpead nfivmtiniodilized” deseds, fog pther less

per gn sglﬁgesm@ﬁc'chl a%g)trrﬁ) G0 cg‘rdtbff%o& & & t1s31t1ei/or n’g%lﬂt sq%i)gr%wns Enrichment

ormnme renove ensl

of&th rcblﬂs’»l@%tbeeﬂil d6m@inBverf100H3] Ichbitethgdeincivelb Mefdity step gradients
the cells areté%gcally washed by a repetitive

(e L L-THP AQUE s, erdleedaqpiligasiang Iﬂ%ﬁ‘d]éke@,l cdefriagon, tegntrifugation, lysis
e N DT ) T

exzingde, ctlempmﬁdagen offftemtceliefros bodewvRebw feQﬁir&d‘temoval of erythrocytes
centrlfu , and the supernatant is decanted from

arglegrayl %SewhéCh ig offer pecomgplisleed by e HJRA@UEU kS’@nSlty gradient
ce%ﬂ‘?f %Qﬁ eﬂ‘ﬂercpﬁls ld%tagéfﬁltiggg‘ 'rbs&%ﬂ G? %B%Qz%ﬁlg%@ LERSF Mnfeh is the need

y repeate
focd ilaﬂ:@d\mmvvasjmg)étepsmf&r v}asdmnnmnmtmt@ss pedorintwdt e.g., to remove the
sequent | al &gpen& on and centrifugation can

dege yggglgﬁnggq:qt AN FEYUHng i ncrease cel | |ysis.

Anot her di sadvant age of washing by centrifugation is

[0008] PRRAVihY ChdldhniE, tfi’@@élﬁ rak@ty?fcaﬁ%%ﬁhéd@%b%e process. The
agents to contam nate the cel ven | f

stepest generally inolwlekdpiingsthe ehtiehedtded snepsesive thiopenitnifugsftube and

petlf?agng the cells to the bottom of the tube by use of a centrifuge. The tube is removed from

the centrifuge, and the supernatant is decanted from the pelleted cells. A wash liquid is

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 lysis. Another 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
bottl es of wash solution to the air can result in

w@omsasigati on. The risk of contam nation is PCT/US2004/038805

sufficiently significant that somenedical regulatory
medicalciegelatesy agceiea haeadampraded fiay only| “slosert” syyiems pee wsed for cell
husdild for cell handling. [0005] Filtration methods have
A°YB%veen used to renove cells from bl ood while
retai ning other blood constituents for |ater use. Such
(0085 Bilgatianas@abiyhdveasotieen agiddlts ranowe dellk fiem blood while retaining
non-recoverable form while_ al %gg\a ng ot ﬂer bl ood

othenklopd genstisiopts IpRper - obigh R4S generally figpith ¢pllg on a filter ina
n?rg-HcS%rbﬁ’lQ iie) %%eeagﬁpvrhggnﬁw Bood £drsBRRnR1E pAYaloABh fhe filter and

renove | eu ood so that the I nci éI)ence
imd a abllaziion wessel. rieaekample, fikersriami avaidade fatehmwe hepkotyesifrom blood

so e 13 980¢ obRLR RIHITE et oP HEPHEH Grasyng BpR gpnstusions.

' d ¥sifd FiRES ShidiPark hdRle R Ghatted plastic fib
L@%Egg}?rggoiﬁﬁgg)pﬁgﬁgg#at% r#at ri xlha\}i ng gnougahedgr?tsﬁc e

nesh. t Tsd mesheis astdlly aranged appedhe leubogitiesun atrbécudaipd maix having

a0 e LY AT R i
tHel fARA Frofélb Q?ﬁg, ds QRAGD odoir AR fehRELyidd Wdte tiapysd Gid ?lanar surface.

trapping of 'the cells, the materials and | arge surface
area of the filter allow | eukocytes to adhere

[Q006ereadsiitionytotthe phisiopliirernies ofvhpgells theraaterialgped lapge surface area
LI t ' |
ofPhatele M MR LS R e A orsp aeren

caRhes BRGRr ehdsli8sifdd fosontd @adiesl prodddgrdsy Tak fésaltigicombination of
means of renoving the | eukocytes for disposal fpri or, to
é

trappiegiandddhsrange tchide Aipipr creripedy bighlmﬁéfienbmﬁw gmgyigg the
: . . . KOCY!
RBRESEa bt M TR Bl ORI e Bl e e

dédned belas thionatlicdrofdltrationi ioust qdanithgdods. i s tangenti al
flow filtration (TFF) or "cross-flow' filtration. TFF
vement O .to the

Wi@'?i famSbpd gﬁlﬁ B Né?ﬁaf igﬁléef 55@@@5&5@%& ' iopg pargieles jfangential
ﬂgﬁt Ifr%t‘fk?rhglﬁfl‘? O p&%ﬁs@ﬂ&v@filutaﬁgn. I1‘|F|F 361%%'1’1336 %R/Eﬂn%tﬁ)z a fluid

urd that are typica smaller than t
pmaligdo tHersuafidcd of oporothmembnoss ffitepwilfoports affthe mengtirane allow

P%?{ﬁfi?g@QQfgée gl}u%%agfit%? é?lléllgfe:s g\%@g} ttl]'xfea H@h& {kﬁgarggﬁ\égﬂty%n?ﬂlgr than the pores.
1 Addlifn, S¥ dr8&Stlow @&G@ngzﬁﬁl=hﬁ§wpspﬂuiumlkpfo thb G116 8Pents a

separation of various materials. The use of tangenti al
biiillwp bf partieles bngdrthantbe phas madeiliesabrfideel d has been
revi ewed by CGenovesi ( Parenter. AcL Technol .,

J.

: 98 i nel.udi the fil.t ' f [ |
BB er 32 kB bl bbb R AR P seor
taY SRl o R Wltrhfidd mahé ﬁgarﬁlfac&iﬁémmd hiasBehofibwedbd Genovesi (J.

bacterial cultures. rinaccio et al. (WO 85/0301 )

Prrgptart Aci. Pecboek 3T &l 108D, inaluding the fivedion o sigaia Water for énjection,
cﬁlriﬁggdon of a solvent system, and filtration of enzymes from broths and bacterial cultures.
Marinaccio et al. (WO 85/03011) report a 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.
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conmponents from bl ood for plasmapheresis, and Robi nson
et al. (US. Patent 5,423,738) describe the use of TFF
wo e00505m3T enoval of plasma from bl ood, al | ow NRCT/II82004/038805

i nf f d |
1005 fe frashoBoot Risicer FaoRaL & e BlnsEbRer BB G350
spdcPhicall ?%If h]le 351?%\'{2@ Bﬁgi rtiP@8les &L@ﬁ £ 1208 480dnd other suspended solids.

speci fica renoval of particul ates such
Koylesatal. o(é] $ sPaamxﬂ AR D66 sdisglesedbel ussodfi T inkbe perlﬁtatlah of

'méqglﬁpglpg 1 rgftmﬂﬁﬂ:?fﬁ%pg@z %%Lcﬂélg t{n{c}m %I?‘?e&t I 450 358)t Eescnbes its
USé:Hll st tioA afBvitdl REbtddcSs, shiat fThteffefdl, 888 )broths containing

describes 1ts use in the separatlon of antiviral
these bstistemcesas welt s dsal patieles endagl]s. f&mﬁaﬂy,d?ﬂfshas been used in the

seé@g%} al rybggteg%%%g%ggﬁgancﬁﬁgg 1%\/\@1,11@](5? &yl ﬁ%%\/[ztcroll %Seclmol.,
6: ﬁﬁpwgﬂ)l MadfitiBRciREhd] RRZEMREH 1A Kfkbedebhp®: ed in the
(Quirk’et al, Enzyrre M crob. Technol., 6:201, 1934

coneentraldon ohuells sespgedad inlcukuremedia. t (Sae iceh, Radlets Jhduel. Chem.
the concentration of cells suspended
B"?tﬁg@@?%gyﬁggbg) (See, e.g., Radlett, J. Appl. Chem
Bi ot echnoL, 22:495, 1972). [0010] TFF has al so been

[001DP ATFFeths taso IR PRt poted tmpmm@dmbs zmdjhpa&paﬂtmleesccordmg to
according to size.

sizg, Qluenkaed ¢, U Paten é\%ﬁ iy tTﬁg Agiieder G Lamation apddsolson of
hpggoméspa?lragﬁcﬁ%%gglgg 1&%61%%? ALl B IJQR%J %&ngﬁ%ﬁé deE6hsSIopBlations of

ange S popul ation

sudtpdriiclegS(Se¢ Besk brrik sgiranl ., supra). [0011] However,
whil e TFF has been used for gross fractionation of
bi ol ogi cal

(001 sESFBen wHE N berkrerdet BoptStioGHIot Of yiobera] fauids and
thé%%pwgﬁbﬁ 8RS I&gﬂ oéd%lééeﬁlb Redocher %‘rts%ﬁdr&‘idrf?@f Ragell

een apprec in th e art. h partlcu ar, t e
popuﬂaqms qaffeﬂnﬂlgmsdﬁﬂsd) chanaatetistics hastiieé beasl @préoiased in the art. In

sep ion of stemcells f one_ marr ow.C
e prdht Brigsaprpiees e St 2 Risehan S%&%}@Hﬁ%ﬁ? cells from
ot 'bl)ﬁe HBHBEANS BEASHbId de¥is aﬁ@hésu‘é lo@Btdah sispAglons while
regenerative activity has not been addressed additi on,

mallhtelmr@sj@tdhtypcfelbnﬁshty@eﬂIregmp@tlm hefhdtydue hoteenadggessed. In

scigiui el Er oL BREE 6 15 R RiEuliEPab O B Elavping

s1z%‘i"5'i?ge§‘%a§nB?@één'sBlV"eﬂ@r@ﬁﬁreﬂt@bg@d&l&sl onal devices and
ds for selectively enrichi ng stemcells from

ot her bone marrow or bl ood constituents, includ

[OM%Mref@eymﬁre@@W@ a ngadinothe prt preqc@{ltgonamm@s and %ethods for
selgi;]t&l isé\” 1 sef‘c-rzljp celtl%/ frorﬁ.ef)tt]ﬂer %bﬁebf'nl b oq‘%‘ij?orde&?@tﬂﬁ@ﬁt Vl'ﬁcludmg

resen I nvent1 on sat S

pldshes @ry&ﬂdcyt&sb Qﬁd/ﬂﬁ}ﬁd&let@ﬂhﬁE pERIBAVINERYst €1 tY HEe 1l AN m

regenerative and cellular activity. The present invention satisfies these and other needs.
BRIEF SUMMARY OF THE INVENTION

[0013] The present invention relates to the separation of stem cells or progenitor cells from
bone marrow, blood and 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 like obtained
3



10

15

20

25

30

[0013] The present invention relates to the separation
of stemcells or progenitor cells from bone marrow,
whb@sdsAsd bl ood preparations, tissue, and ti SBUEUS2004/038805

r gan eparations _h rticular, a cell popul ation
by G pE U O Een A et of (b7 ofisbuidnipion G2 B s 1g prepare
coth sisaltatilb @ iffukioh dhto i HMAIE For tHE bHRESe &Ofor EXBnMIE Shone
of the device for the preparation of enriched stem
magiem rep@ptituditonpersfonihe reiradieidaigrednimsue wicludprgrardies omscle, and the
likéanriched in stemcells and the |ike obtai nedby the use
of the devices and nethods of the present invention
can be used to prepare conpositions suitable for
[0014f UsStasgential Bow fitiraticAuiRl e Lo thelpreseptinpORBnUonipises a remover unit
exanpl e, bone marrow reconstjtution, or for the repair

havgrg 7 Rjase-8av Ghember, ritfreiaichgmberaar adilipndispeseddherchotween. The
filtd € &y ﬂ{lﬂ%fxlm&iéa@i%ﬁ BlonBide! BYrbbAbIALHAL, AANAE Qs pow

the present 1 nvention conprises a renover unit having
chamber,amd-ohl thewihbasie the Altfatd surfate vatiathb €ilirae dhanbdr] tTRE cross-flow

di. sposed t herebetween. The filter is in fluid
ch A aninie adarediodngpdiice asp@Dlee fuchas LENS Harawe or opd

con{s?fﬁeﬁtrs O&ﬁn’gp&r&s Cég%}ﬁ\%’?lt?iin%cﬁtgg fclfq}ts-%gv &ﬁ?ﬁ)ﬁ{)@(ﬁﬁﬂfﬁ%ﬁ % the retentate

trate rate cha
surface s £ thiel fiter.c Aaringet ikako rovidddeh thaaptseflow ehambéradttsilyadisposed
. sanpl e, .suc bone .mayrow, or bl ood constituents, .
in g0 of 6 ChrRRrePralathg S evEEs S eyt b i gitable or
. t d i . .
] A Ve APl an PP Gap S ze Mhging from
abouthte shdwy 1dingpose dini gertainportiddones$ fdrlwee ohthalearichment of stem cells,
osite the retentat urface of the filter. The
the MR B v EagP @ORGTAAG DD { RO HGBHEPE Of Pt 3 fo about 5.5
midrddst MBIy BY r&fovey Bhi€ A Prifvidas afR siAYRNAE BisPOaBleHsEEmbly.
rangi ng fromabout 1 to about 10 mi crons h certain
enbodi ments for use in the enrichment of stemcells,
{001 e yrther.che Heldcaprnappapaige 2 pass Bir peovadingl puedetermined input rate of
. ] ar . ahaut tq about 5.5 microns,. .
the SHAME i hE TR BF afsn By hob BB b e B @R ftration
rateUtsfeilthis plasagh theatite mid Mo (ALHIte kHihb&! The MR AR 1R controlling

can, conprise a_neans for providing a predeterm ned
megng F},}g@ltsrt ¢ gatepf ﬁh}@tlglafpphe@ tﬁm theruperpesee filtsgtionmate for the filter. The

0SS- .0l | ] a .
st B SOATERE e oAy LS SPRLAPL L HaS  pronberesis
deviceto atcbgtafriel toapsichashple cdhiectdd frdthafor @Rarhple£a leukopheresis

controlling neans limts the rate of filtration to
devicgsandthg Hke-he unopposed filtration rate for the
filter. The sanple conprising stemcells can be

[OOfU]OFﬂéjt@ﬁi%e?Malaﬂ@\Q wieRiod el e cﬁvﬁ&h@?ocﬁnréxfsgﬁgg%gfg@t The

device of a container conprising a sa
recdvennynif comyensesph &letant enbofiétehasias bd intercenneated ih doop format

.li.ke. [0016], The tangential flow filtratjon deyvjce can
with ﬂxﬁt%%#-f@a\ﬁ%}ﬁnﬂ?&r F hE Emersy vty {0 thiperibetipgergf hnfievice, the
croSHRY LB ik & ﬂﬁ‘ilﬁgglgﬁ‘x%tgl?%tait@ﬁ withdthe FRBv&S unit outlet, and the

Interconnected I1n a
cross-flow chamber outlet is in fluid communication with the recovery unit inlet. The

recovery unit can further comprise a sample inlet and a wash inlet. In certain embodiments
of the tangential flow filtration device the sample inlet and wash inlet are a single 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 tissue

culture media.
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with the cross-fl ow chanmber of the renpver unit. In
.thi s enbodi nrent of the device, the cross-fl ow chanber
WO 20080053137 i n fluid comuni cati on with the recoRET/YS2004/038805

outlet, and the cross-flow chanbey .outlet js.in fluid
[098 AT he sammle inleli afihe rpeoyeay Bpibtsyn ﬁﬁ’i“fc‘?fﬂm@ﬁcaﬁ%"mh a sample source
. . . . _
sURGE R b FHbid b RPERp S SRS, IO crfitiment of the
plek@virivichtisrathieaamgBwoametchepsising bené masbwandlembdonstituents is a

are a single shared inlet. Typically, th inl
SYIEGR ROFIPRFVED AATRT et RGP e oot st crangﬁl'ggaﬁ%mhe removal
oftgon\é@ﬁ'ﬂrdc Hoth 2 d8iRr %?Qkygﬁﬁigf ‘fﬂle PEr\RPe bhdbFkra@sh H8he device is

r exanpl e, an I soton er or tissue culture
desetibal QPaaTdr dBtes! indiS| Brovisieral péterthpplietiou eeryalmmintber §0/390,730,

ol oA ST SFASD AR SATELE SOUGRNON, B i i

ofifkdys.- I'n one enbodi ment of the present invention the
sanpl e source conprising bone marrow or bl ood
constituents is a syringe equipped with a needle, or a
[0938F Oak embddident efths device pEptiesant dushidereepmpsises tietangential flow

oS3 B SRR AP B gBDn e ASRTEUE g e comrices

a B8Rl (inifl 86@btisih# a drovs-fidiwodHagibenald DAL clapMet s&falad by a filter,
serial nunber 607390, 730, filed June 19, 2002 and in )

wingreioiba co6edlaw, chaabier hascriplst andean ordlebithe pytlet spriraliycdisposed in an
in.its. ifety. 01 | e '

ol BB O, B0 T3l 0 ARV

iftiodhié R thuinte tHeGeoss Flove tliantet Rgbstandalipperaldé] tb dhrefilier; a means for
marrow for stemcells. The device conprises a renpver

pieviding o psEPISTRGCd inpu e pf GesapplgEpugh tegresstiiqy ghamber inlet; and
C [ . . : ] i
- ERAAR B RRRRRL A i LRl HOSER b P el bt pore e
610 5 maiktoyis;ingpaseeeb i the aampip feenriched fovstent cdllzen ahvatebiate, in the
and wherein the inlet is disposed above the filter and
ciopt-flow$basben ui d into the cross-fl ow chanber
substantially parallel to the filter; a means for

[G0ROY tiddeheR RS BT 18 brdsBRUhydiBbg, LlankRial AGR! Miration device for
ug

thr the cross-tl ow chanber inlet; and a neans for
emmixthidgad sangplaof blobd avnstituentstier sttmoalhistpmevifigd wherein the device

wherein the filter. has Pore si ze of about 5 mjcrons;
CORRFISER & TG BN s KT (S e WG cqbpTe dfr ot} o€ piper below a
filtBk SRR hit §e§5§1§@%@o%5a fili@mneRadgiow ER@IR hivnaar e and an

enbodi ment of présent invention, a tangential flow
ofitldt} thaviibet cetvaltyedispmsedinra lowienporéion afifhiechambpt, gad wherein the inlet

.constituents f stemcells is.provided erein fhe .
isorpee B s Bl S AdETar S e B G G0 P Sl Gposantiatty
paaNdl & @daqﬂte%?asm@aﬁ@ﬁﬁrofvimg &F@H@t@fmf@@ﬂ @udrdié bf thas@mple through
chanber and separated by a filter, the cross-flow

thetraorsdlovhehvinrhpr imet; Andea mepes fgpmaintaining a filtration rate through the filter;

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.

7 [0020] The present invention also provides methods for separati}lg stem cells from a sample
of bone marrow constituents, blood constituents, tissue, or tissue or organ preparations
comprising stem cells. The method steps comprise: (1) introducing the sample into a
remover unit through an inlet in the remover unit; (2) subjecting the sample to cross-flow
substantially parallel to a filter having a pore size of about 1 to about 10 microns; (3)

5
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outlet, the outlet centrally disposed in a | ower

portion of the chanber, and wherein the inlet is
\N@BGp@SHd7beIOM/the filter and introduces fl uiBCT/Ii5m04/038805

t.he. cros to the

sul*]?qtlglglthe ulﬁ.é%ﬁ{g% hug)p &98%1'!1" Lfapegj aguldlé%}e%) Zercﬁi! l@ljremﬁﬁg hon-stem cell
cor{sﬁf&ngfﬁarg eheSAMlStot BFR ld%llgabﬁllﬁtﬁ&ﬁ@rrfch@&vf&féﬁémeéﬂs The sample

a means for maintaining a filtration rate
cart b subigetedre afpiattiad purifipasioion enpehment by ﬂeukenhqeqn@ rdensityz e
of, .about 5.m ¢ wher eh S nrJC
cerpapet P ot PR P on R ) fogf Brlof B
1ntﬁﬁﬁ€ﬁ‘tﬁf intd 10 28hovER@nid! BS6KY enhBVERAERtDThe 3hiBO1eHE ﬁndud@cﬁto flow across
hods for separating stemcells froma sanp

thelfdrae swﬁaqeowttc@wi@ttw wehesin the éwas-ﬂéwﬁlﬁmb@htéddltw%%b'ethe cell
t t N
oL e e Era o8 e B R 1 &

into a renover unit through an inlet in the renover

[OO?J]L![n o2 arBeiiregibodgmedte fstefrbent mventissa Edlbsample, such as a sample
stantially parallel to a filter having a _pore size

of bpnegpYIAW TonSH tRERE OISR SR §ells€ g;)cgg@jc@ thHga preireatment solution
comjgxllfénq% éénlt Ma%éd%@s §}an§ih.'§é"'oft£ﬁs F {hk §4m gl%Qﬂat(a@ of a nominal size
r enovi non-stem ce constituents from

sintibe t@ﬁﬁ'@t@ tedlsf dmmshnmkéﬂ cgiioprd atscaptibiertoipabeal fhooughttberfiltration

cells. The, sanp Ie ca subj ec to a tial .
megi e QYIS aoCre lgyopp mOfwlrr%E& EFER g?@ I one ppspific
embG&ilehf {9 %Eﬂ@?dugédft? %ﬁ@é}gb hrithgt gre Jrhdull6BHésOBuchds neutrophils

preparation o , prior to Introduction

and thledikieh ©ne @aniicatar ﬂoﬂluuon tsefdne tlssrbmbloqhmm carhprissanfol example, an

ciT e RHBL P RO SRV QWL HESRHoE A LiebmlaRe yolution
Th&gfg}r/]s‘é(gb %\n ?&pwc%ﬂaﬂ@ sBRkibg R&dLd, %r & allypoteait AR solution such

sh sol ution. 021] I'n oné particular
as éitdted piwesphate buffred palwe(BBSD n amabvxel:a thepretrsafmpsing solution can
bone. mar.r ow constituen

BTN SN AT ST ST T S———

or Bl £RyIERBAIc3a) Yo1uOn. CRIRE hisdtRE cAbodBRe:, thBatliCausiash shnnkage
shrinkage of cells in the sanple that are_of a nom na

is inflzed siqpieaentedbiromaestishingdlyl tecatimp er @mrgafmﬁh@ ¢l samaple with an

BSOSO G DR
ag&Rlid & agelt ARG roRed fyt i OepHBRYIatiél) Sudiedd fBr emimme Ceehidtein and

under go shrinkage are granul ocytes, such_as
therléet i gtill peothermbiedimendhe @vesyalling agenhinheuts ihe agtion of the

B g5 53 o §s@e cn

rﬂﬁl)tsé 8| esthfridihy batoaptab |c6n§1ﬂldntd, tsuspended is free of sodlum salts
yS|of ically acceptable sol uti on can be,

h@babi@‘ﬂ@ t %.ew@aﬁemﬁhy EQgeR 28& Pty rbY§h¢cwda1§n61Yﬁ£&g@a exchanger
pre%exgt?r?geﬂilﬁ%[nk{ {‘E@eﬁiﬂg I PRe(RBS) . Alternatively, the

can conprise a hypertonic
solutlon containing, for exanple, a sugar such as
[0022] Wi thelmethodyl aftiosgresamt invantidretha nbyqstent ozl eonsafuents removed from

I h
the\?ﬁ%ﬂlgstﬁllngi%lpﬂkg%gr egann%t) ees{ror%gb;?lgslnrl? ?) ateltets eer(}:rt%rocytes and the like. The
enriched cell population can comprise at least about 10% stem cells, but typically comprises
at least about 20%, or more, stem cells. In one embodiment of the method of the present

invention steps (1), (2), and (3) are repeated at least two times to form the cell population
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I's induced are prevented fromre-swelling by treating

or pretreating the cell sanple with an agent that
w@e@3om137 swel | i ng of the shrunken cells. | n OPET/US2004/038805
" enbodi ment the anti-swelling agent i s an agent that

ensichpd forssteny celds ﬁﬁlemqﬂmmlﬁyq)la@wﬁed sy stemy gelisgian be used for infusion
Ilke In still another
mﬁi@%?ﬁnﬁgélﬁ%%%éfngﬁlﬁlcgf;\%ee#% ng agent inhibits the action
of the sodi um hydrogen exchanger. In yet another
[amtapbh adiitiortahembadinichathie membb}mﬁatﬁdmemiehd:d ﬁmswlm‘:‘cells can be induced
conpri si ng bone narrOM/Cﬁnst tuents,

tofol iR el e Beelwin SaarnReliing. {peEAmbeotiEstetial oells, smooth
nﬁ§8ﬁ 00Nt AVEHIOAR, AR @éﬂ&f‘i’tl*éléefl@ @né Qf-ﬂek’ Hélf‘%tééﬁ gﬂi‘nous stem

exchangér preventing i nduction of re-swel |ng 0
calkindsctidnGO2Rddd are el ktmnthdﬁmﬂqltddetrtgﬂaasent i nvention
the non-stem cell constituents renoved fromthe cell

i nclude f.ar exanple stronmg, Las | at el et s
(BRP b Eu einlss Sacdh it ShePBief e BB e ficfh cortected
(BRP4H AV AshoR! OTRE HEordhn beaktpadbUb ré&%e%t&ﬁb@letﬂesapy or
but typically conprises at |east about 20% or nore,

anateenindividgal. |Byiostecallestion piie coll sarnele fiorha dowstr, thgelonor can have

N N

ckergat-esrcel Ihgh- drhewakt cydestoaliapid€ nnd ehdike 0 Hpredirsna cell
celI's can be used for jnfusion into patients in need

peifulafioaransish¢d fonbempippoipBosiem qels.adls stewresll mobilizing agent induces
thé; &r?ldfepgﬁ}lg)g Clﬁjé gt%lall qteﬂg 1&} Ar lgzﬂ&]l ﬁli]c? ﬁl pﬁér?i?lhlf)od stream.

rmo er ce es use

Bbiie inagb@pylobtd. ¢l dh kafhetesieaniple tlsﬁeﬁ@{tfs@he &l orgai pr®paration from
smooth nuscle cells, heart muscle cells, .neuron

thedndividundaser jsdhemintrogiasd inte @l aepRusIon GiTAbgR (LFB)ynit of the
R e e D

filtérein flvid esthmuni¢etidr with dreccrdgspilavathamisen bheé decdl trhteatmmber.
i ndi vi dual dong{, tThe donor an be the
1n

Tywedis dheshilignus b%@FE&gVI&? AP HESIZE QbR abf'? 3&9 ag@ft 5ot microns.
ngjé)céipéahgﬁé hﬁ‘fbh@& fcghl%nﬁ g'me%@@h&s rE&fEh?até&ptﬂfH r%httﬁ'@TFF unit at a
C ergon

onor ave un treatnent wth a ste
predéteiined pagetd andsupad@smiioed ﬁbtxattpn ete, Mlmiédeterrﬁ)ﬁﬁd input rate is

ty]%\gggsggleggtgg)églgneg?ﬁeed)rg d ose%ff ? ]gxﬁ?lgﬂ I‘ca}stg,ﬁélg] t]gebpregetermmed filtration
rREFBEQRRIEHE Gno"‘ﬁ E‘écpﬁ’llttlaﬁon e frtemigg! f)rormi%é érf-isBExted cell

agent i nduces pr oliferation of CD34 stem cel
pohilattonameiched ﬁea@@jséh iﬁuhoct}h@ ﬁ&eupﬁboétarbies;dtjmmwnhed cell

penagisd i byrslenihy Redhenee Bk B RAR tahsRERs Tacluding plasm,
pﬂa&@étymyé} h?@di@e" 'T%e'éﬁﬁéhe'd%ﬂ %Gﬁﬂﬁﬁ’oﬂ PoBudditangRhétabd can

[ow filt éﬂ[atl on (TFF) unit of "t resent invention.
lnftaaséﬁFhE persentagoabC D é'scells do mpmﬂembon%?»ﬁieraboat 10 %, to about 5 % to

h d a fil fluid
gt 0 Phr EREEST P 65 ERBHIAS™ S he 11t rate chamber

[0025] A further understanding of the nature and advantages of the 1nvent10n W111 become

apparent by reference to the remaining portions of the spemﬁcatlon
BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figures 1A through 1C depict embodiments of the tangential flow filtration device

for the separation of leukocytes and also monocytes from a blood product sample. Figure
7



10

15

20

25

30

Typically, the filter used in the TFF device has a
pore size of about 3 to about 5.5 mcrons. The cell

wa@ a0plos21enr i ched for henatopoietic cells is  PCT/US2004/038805

recircul ated throug TFE. unit at. a pr ?eternlne

Ladpeitt ?Sa%neerawl@%tr@&@ ierfebteien AP, L eikecy pfwherein the
I tnl
o 5T AN B SRy Sl { W viw of v
dpriedeherein the dhpfut bf saaipleis tebtvethedilice asd thediltrafegassing upward through

unopp se filtration rate for.the filter; rOVId
thesfafeag S‘FTFChB%ﬁS‘uP RPBPCYLSS: FigHag | &d? AP ?aélu%w? he device

p%g result in an enriched cell popul ation
d%ﬂg?&ﬁ{ bstdntially free of non-Ieukocyte bl ood

consti tue ' iﬁ?gﬁﬁ N
eryt hrocy g‘%s.d enrl CE ce CI:I@ Wg@?on pr%stjuced by

this method can | ncrease the per cent age of CD34 cells
[G0Q 7T @hp presentdiventioR pevides afxdhrids ¥or grocabingta dsll%amele comprising a

about 40 9%, or e of the cel.l | ati on 00251 A )

hetEHORRREOUS TGRSR B RATg gt srestite B P lafe it Risuror tissue or
o}rgfea& shﬁégg&%sg@ ‘P%xhge %ﬁ gg@lng:méla@%{]n@fcaise rIﬁ%nE AsgeB€of the
irDEBCRI, BN @Fe ﬁ'ﬂd’ﬁd@ﬂ?ﬁ(Wth@r[Cmﬁ%] ofitgurcelds by thh selggffive removal of

1C d mbodi ments of the tangenti al
AP HERLT BAOTRAED: P, SRE-du et af APy L FaLypades i the ke

TPARShTRNREY, hethddsame ﬁmb{d@@ Gorth® M@f ﬁem%bgywéhe selective
provi des an enbodi nent of the device for the

reamviat bifagher lafgelcell Itym‘y,tlesludMQ pelymcxrhlwrmpbgsceﬂllsowch as for example,

I t t
eFBEPeTEs o o bt bRECUBUmEUBTAERar fiofie el cam be trated
wath 283 t&hat%hﬁﬁlksofv&ntﬁ@nfcbmg &fap f&nhﬁ\t@lyfthé b4 SizOaschi thet the
upwar hrough the filter for the enrichnment of

sln‘nnkmytoeasstermcghlﬁn@a$ thregghovilitedd Niedgvise and ereiseppigéed from the
eplé ted in Figure I B. DESCRI PTION OF THE SPECI FI C
‘MENTS [ 0027] The present invention provides
nmet hods for processing a cell sanple conprising a

[(9e8E RagRFeRiSpoPuldtidh @ f eembelleiswmpically prepaied fivens sample, or fluid
bl ood constituents, tissue, or tissue gr organ

MEX{EYSe ARTBRYNE Bos dtreNs capstidtsntse N tpap ulvoaxeuww caiisiifyents” a
|
oS8R TS LRSIy bR s B0 it st e

typ&Iatlg birasentrig diveaded @f wetlns abediseadel statasn Honk weartosy constituents
.e.g., strom, plas platel ets and or erythrocytes,

inghide sheen eallé@nd o M BIRGIoT ggpaRle, Lymphendes %&0@0 & Paidapocytes,
nélRI:rB f eggﬁgltﬁﬁ uﬁf—kﬁl%?{ﬂ]ﬁf&élﬁ Qﬁﬂ/&rg)‘?atgl%{segélhﬁ/@ or insoluble

arge ce ypes, in
mtdw m'meltmm umhphxes:(el d,enzgued) 1ramuf1¢»glob1xlm8'pdnammuno globulin-antigen

gr cyt es e mxture. In a | cul ar
m%%mﬁe%uq@acﬁnwgnwé ale%asm? -Eh 13#84&&% Oﬁlwapomon of
wﬁgfe at;ﬂ 1 agltb%'f?h%ilzélﬁl RbaraRA! o6k RS ¥f #5reSiRERINCARY or cellular

such
makeup, 1ncluding, 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
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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shrunken non-stemcells pass through a filter of a TFF
device and are separated fromthe stemcells. [0028]
waeoosfsaiehed popul ation of stemcells is typi cBT/¥S2004/038805

epared frgma_ sanple, or fluid
st TEFIeGRIE SR TERIELS SoliSenQIgf SO0 sRF P BESLl, Seluding those
%9?6%1%#@%&%@ tg1ésed herein refers to any nmateri al
yp cally present” 1 n bone marrow, including such
material typically present in diseased as well as
[093A]} Ei mkeakpscttabéﬁle pBemaet ineention; a:@ﬂilsmdptulﬁ’éimnsohtammgje

oS S S e HBIRE L Sccts. T
pcgkﬁflé{foﬁl trﬁbﬁlhf&orﬁﬁm n&RlopBils, QGQﬂ@fnl@ﬁrﬁi Ws8p1ils a%@lth'&f ﬁrecursors and
r 1Nnso | € protein or proteln conpl exes (e.g.,
iseafeynee 9 ad PviNsog tlob applivstioor i nmunogl obul | n antigen
conpl exes) ot her macronol ecul ar conponents such as,

[@ég] éé uﬁ%}ﬁr@gi E’ly??ﬁlp togﬁféggg IM; Ir o gfl ’I r\egeropbar}%/ggdro&phgtt cells that

ideliRies semmielieC Ml phulkios 6F kteﬂn%uméfﬁnplude g labélvd) @ br&addrange of stem
stroma, plasnma or serum [0029] The sa or fluid

ool subiypes @ ppeicplar siahipys. sheh ehed:» eadot nB@IahC@lé pr guscle cell
jo eﬁklirg?ﬁ ?rgarg felah%f F&lso l‘ithettg‘ﬁls ”%H{'&%f‘en?f “Exg'?chp 258 @Hriched” mean that

ermTstemce

the/Pr&Jessian geabliytumd dffbohb mat@ﬁsmonpﬂit&auﬁ a6ihg aelelige as briefly described
progenitor cells" or " | s'. These terns

h@mxﬂ apdanqre felogrseebedcindy. §n?1@é151<§1a1 Rarent RPPliratign seriad nymber
6{),% %9% Fi1eY ﬁﬁé) ¢l 78p9 ﬁ?& X}WCPQ(QM%O%Q@@ : (Eé)crh 1ﬁ?&rb§rate§isherem by

progeni dr ce can giv€ Tise
reférenderia |t111@1i enmét[y)s ;andnfisitdveng el rsgthodsod fulk prgsend adviention results in a
nuscl e cell s, an heart muscl e_cells; neuronal. cells

celhppryasionhaying @ higher prroenfagsof viehle ste ISflarrﬁ%aBeh@ ofher
cSifitdeh@9Ban g{%ggﬁ 1 gﬁ@%@ ?ﬁ@?fbtéui%fnn%ﬁtﬁ} Rls&SE& herein, the term

I nventi on, pop ont ai ni ng
“yaablyhrefqrk cnastemarellabitlis c{pRbiNoY ddffergrtmtioh (ungid:raaltable culture

separated fromthe stemcells. Thi
CQuANI QNS OF PPRILFRPFEN HEO APEIFH! OE 2 S%@#%lﬁw odfl
basophils and their precursors, and is referred to as

[O%%FTh@dé\hée% 2R g% 't&rbres[eﬁpl%%nﬁ%% HBRHE tdHRefid) ok Eltration to

term "popul ation of stem cells” refers to any group of
emrdhl for & hepulatingl afdiésn s@llsdeaeltdarms ﬁan;g@pimleﬁtomﬁ trgtion’t and “cross-flow

ﬁ&%:u:oﬁ S%%Qltsl Jélgergl’llangezﬁ)&ﬁcr {{:ae[rg? ?f%gziréﬁ oef sglggeﬁldgg? particles (e.g.,

c&lsYfromeagt helkhiaé, if@hding 'Ehefﬁéﬁé‘{’a@orp@fﬂar@él@é?wzﬁ@éﬁﬂéﬂ characteristic
progenitor cells. The terns "enrichnent’ enrich" and

(e:@ra desired sizarange) fiam ahféerpg@@ewn@ur@fof aaiiclesin thedfuid mixture.

rrow constituents usin r :
TR TRL NS AR b BT Ry Ral e R frRi g Yo sample luia) in
a Bk Shafligdr siBdt@tallgpetallepdr taipetgilitala Miedles., the surface of the filter
60/ 390, 730, filled June 19, 2002 and in

fapg4hosoupa fluddypicathy Badss seme gosidyepressyye, 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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reference in their entirety), and follow ng the
nmet hods of the present invention results in a cell
weomsisxidon having a hi gher percentage of vi abPET/E523/038805

cells, in relatlonto ot her constltuents thanttt] )
thoruid mixIgE |ASseg DEreylh “BOTS Sise) EHIei 0 Hifra ERFR AR Of Reg pores in the
ed‘ P ] l:
RS S0 HIe ] L M SRR 5 SERRIBAL BBHTE8 L mirouced
uﬁcblﬂietd:hembafldjutmg iise fiiteru Yohere dierdatrpieois recitcalateduatltphd times across a

or a suitable aninal el 00 The device
filerdedi H’Iﬁ gne Baﬁlﬁ‘égrp?f%‘é@’iﬂeﬁﬁrﬂﬁléﬁ S%Jﬁcwwr Eﬁ @&ﬁ@%ﬁ%% fuvention),
thfggﬁyﬁgfré&r%% Abd RRert 16178 t}féh‘réﬁfcpfﬁtﬁﬁ P AticePsflo* Blftrs to the

terns "tangentia ow filtration" and
substantisllyf payaildli(d 4 yralteh to ﬂmeesultfwcbf tint Biegrhaage dbkgticandlow of the

refer to the at i sus ed rticl
IRy PO PP HTRECHRY TR CTEORI Ao E Rife o0 apay  Shppte,or fluid
m%ttuﬂ:aﬁ‘%r%h@ §u‘t%ftanﬁaﬂ§¥)hrﬁﬁéi t6 R Bedre The thoes-fRwlrate & the fluid mixture
desi red size range)” from a heterogeneous m xture of

1s@ndmaﬂy depandertioa af vagicty ofi patamesers;Tineludimgt for |eg@mg}eethe input rate and

thce é ar a eﬁ@g#%ées%a.m%g %&n&ctﬁg%lprgg gtﬁlg%%r} it rryfers {8 the rate of

ﬂ%%ﬂ&rﬁme Inki¥tuPdhedd obl thOfiltérd AR I{rafior @tePfot blde®ite and the methods
(e.g., the surface of the filter facing the sanple

adcordrag o thy pre@@ntlnyvenﬁd@ is typicellpless thay Eregmeppescd (7 gv een tube)

ﬁB}g?lpp E#Ed“a] X%ﬁr{ag tn‘F tlgsffxen%}ﬁ ﬁ!}ﬁrsr%ﬁggle g‘rﬂi ﬁl? g mixture from the cross-

flbwRUeRbérabthePthbh eheMRIR hlRRrSpHshiag eirol §0H3 ]ﬁl@e (e, a;hé filtrate). The
det erm nation of which particles are rempved in the

outpif refedis genergllyeequal toghe popt labrmus thafilirapes siteg
through the filter, and those particles retained in
e e Y
[O@E%‘qus (f;ﬁegélg thla ?egl% RERP xryf?rg P) eﬁlry aggélg'i%adgef faﬁ}‘éfn%{e?lal or
cdrﬂlb'lﬁatlcfri dfthatiignhsdhea phﬁlﬁiﬁy of padek trat aflopane bninese a:cnmponents
the fluid mxture, tenperature and vi scQsi ty of t

(49- L laodrind/errkone madripreePnsEents) OF sl pyludaixgye skﬁaected to
cxjoE%teﬂW ?)g&h%'aﬁ‘?clgfo ézﬁ?tlﬂ@ﬁgﬁﬁt It rEWse%hllahﬁé hosla @Ql'ﬁgonents (e.g.,

rs tothe rate at- whic
nér-stenh o1y tpustedns; asnmd, seiog ethtdlets,cantlltke hlt@rfhmn othan somponents (e.g.,

st::qrr]lelp@ s)latﬁ(%gr gc%?qeﬁat Feer?:an‘gr!wee qlnS{ s{pﬁ %gq%%,lasalgﬁ gényo} cie)gllmeple about 42
to%ﬁméfggrﬁgn i §1H§e1d Ql‘ﬂ'l hageR of g?@atéloanﬁ h&sB £8£84n be used. In

I nvent elnput telsaso referred to as the
cértaﬁcembcudlmbnksmrﬂﬁbae ﬁltéx@s usslinladiFF deaficer dnother kmbodiments,

iall aral.l el parallel to the surface
ffﬁﬁ b e e{b?HS%r}y F&e%%"?&n) flow of the fluid
m xture across the filter. "Cross-flowrate" refers to

[doBS] TRS B1i&f typilclty &h l%?émineche PEFTdevicd oMbstpdésent iAVEitioANn be
substantial 'y para? to the filter. Thé cross-flow

chase frof 2 Wislefrangech froirgania eolymere ilteral Sychiflien deqlede; Augare not

VRO o s L TR ) ctn
adbOHShtGitd, FSlyEmlfdn% poly&drbdradd, boRethglede, p’cﬁi@f@ pdyprbpylene, and
rate of flow o fluid mixture through the filter.

patsiemidel Qtherifgiers; awdn Fseraaie Sltersend meptale figrsherfisalso 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
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according to the present invention is typically |ess
than the unopposed (i.e., open tube) filtration rate.

WO Quspsa13tTate” refers to the rate of renmpval OPCT/E2004/038805
fluid mxture fromthe crossflow chanber, other than

stnale vdriatiod inpsnewsizs. Fas skavgpletho ugiebilify in fhetnere gize ean be about +

SRSt A Shuet B B (5l £ S0 S oo

“URBHRSTR I“Raclt fiehdde HiRer's| drk Ledd ' (efos PR &ick B paliyythglteht ot Bolycarbonate
made of any material or conbination of nmaterials

trhcdwtnl@edaﬁlmrmm@mbr@@esdﬁsp@n@e Minmetoaks,diNoh el hsse filjpus typically have a
srggcﬁgts n‘?g% tlgl%tly gon?r%ﬂpc?ggye %%e? % %{ié&%\g glll:l ﬁlt IS are typically

pﬂeﬁaﬁéﬂ @?%xf)ési)ﬂg @ﬂﬁt%&ettdf Rofpbidils ldstic ps Sourky @ﬁigﬂnoacttwe particles,
ereby separating those conponents

whish|age eqsrgrtis] sReuStploaderae theglaphic Sb"?‘f‘ét %h%t @aCkénéfetth"é enlarged n
e
ST SR SRS, 8 fin SR CPId D orfporscant
c@srolled by ehxatipikestchabpetndddbnso about 145mm i n di anmeter,
al though filters of gr eater and | esser area can be
one filter is

(G837 e pred@ bR PGP PBBo 0l TR Co b EmpigiotS Gell types in
bérd thk C‘tﬁaocp %s#lﬁegr t'lé%u@ofr &1 rgaﬁi @Ns‘p&%ml{sqg 3ndichT 1@ sfetd é@%. Such

typically enployed in the TFF device of the present
diffevemcts om inelndge. g:,l"cbﬁfsnnmsornﬁlaewhdlee Mﬁgdeﬁmmb@éhl &he size and

dc?fo ﬂ?{\{{@& nyoéf I iﬁt T 21 %@%%;ﬁggg %xssHef,losEllégueaor%rgaJ suspensions
tyBRlaly ivadéd @ﬁ&@l thhdl OEﬂy%o&ﬁééQﬁd ble&d l:élls?ﬁﬁncally are biconcave disk

acet at e/ nitrate;” pol ysul fone, polycarbonate,

shmptd@nhglcananegsotebotic? mlqr@nylprtb@mamélarmﬁ@r e yaralawely

SRS PO S5 e Te 05 A ot B SR b about
mli'éfgﬁéJ Bﬁpféhscdef@ﬂ?db%tﬂa@@@tma@ﬁ@d geckhé kﬂdn@ﬁﬁcl@aﬁ%eb@ lymphocytes are
used. In certain applications, hydrophilic filters can

tmcaidy dfterl P enicroneBEmonoryties wyually arcia the esenef 1 Gigeht mégions. Stem
di stri but ed
oGRS BSOS S s s U dIOUED, 510 Crpout ment s

the filter has a plurality of pores with asmal |

[0038] &f vatous Bmpodignesitsz the fHier pexcaivelie seledied toamiriabifbd sitgm cells, and/or
in the pore size can be about 20% or within the ran

topfraciigaate boposmagoyhbliepd coRSHUES, HSYUG T dSFUG TR EIthBITPST fons,
thﬁ%‘#&ﬁ?@@lﬁﬁ; tf%rciollgé Felf" &ﬂﬁ?ﬁlonffb} §t Sefld. PS8 Imbte, & certain

or polycar onat e track-efched
erhbbd1ﬁfenﬂ§ﬁa§t’ema:aﬂsha(xmmn®mmal dlamett ofik&to M\n)jcroff)esderythrocytes
f| lters ty[l)l cally

snoot h surfa ith tightl .
hysdpg # BPTER! fEmEIS; o) R R COARS OBEE teinerohie having o
p&reelzte)bqlagahlsym%&par ed by exposing a flat sheet of

non- porous plastic to a source of radioactive

particles, mhlch are energetic enough to pierce the

[qOBak o:thsxmelmdlﬁﬂbnes "the flikrgioraisiee cince ‘eﬁhlartlgetangﬁ of about 1 to about
QI anet er exp surge to chem cag% oI ven

GRHCES: al?ﬂ H%OIFO plé%bo %bout mlcrons I'A Rfler pore size in

the range of about 3 microns can retain most stem cells and leukocytes, and effect less
efficient removal of erythrocytes from the stem cells. In contrast, a filter porersize in the
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.
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controlled by the track etching conditions. [0037] The
present invention takes advantage of differences

wheasoesa13vari ous cell types in bone marrow, bl POUS2004/038805

tissue, or tissue or organ suspensions to_enrich for |
(0048l be prdchnmmng pf sfpmfcsHe femsotherpons samesy, bloog, tissue, or tissue or

o IR el 185 B ORI b Tl e, e

tHel cdackntiatiss vecellBrin thesan®leoor fhridatixtarks Fenkamngle, erythrocytes are more
typically varies by cell Er yt hr ocyt eg_l(red bl ood
11 %

t .
defarmable tHagiotharcell s %%%%&\%éefaﬁeske aREpeadilepasssdthirqugh a filter

2 . . . r
WA SR U (e Ry bt O BT (1o about 7
mi@bhs. dm e spegificetdmpls phghocyas carabssepatatudt fron dukooyiss using filters

but | ess, def oErmglse than erythrocytes. O the
ha R RRREISE8 Ot @B - ISP Kbcyt es are typically 7 to 10

m crons, and nonocytes usually are in the range of 10

[0031]TTRE SRSchnn€ BT §6h| B8 SmARRe el Yr bhel B SR BBnstitiits, or tissue
range as nonocytes. [0038] In various enbodi nents, the

of ¢righie suspemseors¢anstiiusnis eheals@te tideated by maindainisgenfilretidsrate that is

and/ or, to fract,.onate n r.r ow. ., bl cod,constituents,. .
57 thaf e Gopp PG e o pr g AR fEaiecnaS pf BB Ate B Reircuiation
1) InCHhREnitdeika1t, 86d 186 SAEIkRORY kdtthie@trhtead b&MBduced by

cells. For exanple, in certain enbodi nents, stemcells

miidinigeanieptit oa reccalpberratothatie gregtershan the diffsatioargte. In exemplary

ervt.hrocytes having. a.nem nal . di r. of 7.mgcron
e SR 2t B CupBLAR B B G5 Ry R gL east aboue 10
tifhied, @1t Wastalbout 2(btiMks; hORast abO@39]tirhdy, 6f MQeaseaadil 0B s, the

the filter pore size can be within the range of about

filtratign s88ut ni crons, about 3 to about 8 microns, or
about 3 to about 5.5 mcrons. Afilter pore size in

7 . i . . i 3
e e T e
comstiments, tidsueroy tivsueay beganfsngpentibes ffr etencedll Hactionation by TFF can be

contrast, a filter pore size in the range of _abouyt 8
ONPIEFS HETLRKAEAY BETOURTP ande1 o0t Auidigpamegpt oo broducts at any of
thI% é'ﬁ.tig'ﬁso&é/%e@ of pR)‘éEss;r{é]‘? "R 8 €n10 S dn@ $SarRiw %ﬁ(ﬁl?%gg %%Ltﬁc%'bqn be either

ocytes in‘the fifltrate. ATilter size
himamabtonitn-Rimami laraddsion sfldig piigtakdsycan bedfot example,dont ararrow, whole

blgphaiaroin s SR PBIE U 61 VB0l M dasgeiRion i es been
s@ﬁe%@e@l% EQ&egﬁﬁlqu*,_te':?,%ﬁm@ﬁrbf ihéﬁlal@ ol 8fdofEoRMithdEs, or tissue or
I hput rate, the Til te,

ration r and/ or the
ongem swpenaonsoThos, the flhisl mxtirh earsauehide, for exdnpld, ablrodical population

For exanpl ryt.hrocyt es. are nore defornmabl e than
gt el e R Sappaattialdentisnta B el ifs" be more readi |y
passed through a filter with a pore size smaller than

[00BS] BBASHadbR R bBIodRonéthigers, Yoplilagdts&T bofe tharrolesiSlood cells, or
than about 7 mcrons) h a specific exanple,

susperisime ©f tissie oz Argsss, sep e axcparetl bymethedsdaypnado tirisagkilled in the
ari.i éltlc ' Bethods typically include collecting heparinized bone marrow or blood, apheresis
or leukopheresis, preparation of buffy coats, rosetting, centrifugation, density gradient
centriﬁlgation (e.g., density gradient materials including, FICOLL-HYPAQUE®,
PERCOLL®, sucrose, and the like), differential lysis of non-leukocyte cells, filtration, and
the like.
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havi ng pore size of about 5.5 mcrons. [0041] The

enrichnment of stemcells fromother cellular bone
worerosose16dnst i tuents, or tissue or organ suspePGT/U82004/038805

constituents can also be effected by maintaining a

(G044} The fluid miterecpapripisg Iﬂ@éispn? magiravher biaed p@wwepts cgn optionally
bé) Q{flﬂe& Hﬂbgancgﬁtﬁt&?tag 8Fs11reat ﬁ 1¢ rﬁ? PR C]Enﬁg g S, Ehc bone

recircul ation odi'ment’s,
maguaeples ctocnstﬁtilemﬁ et dilutesl 1carﬂ bel:tedy @ﬁjﬂ old¥r suitable dilution. Bone
malntalnln nput or reC|rcuIat|onratethat IS

MgFraytE bl Qoﬁld%?nﬁtﬁélel?tﬁ Fan b diBred g Borigxanplepisatopic buffers (e.g., PBS or
FEBESSER e L ABULIGE O BELELLET LR Byl oron
matrowtor Hloddi cvestjtuerits lst&ﬂ&itedaldeRF 150 atdeffesncentradién bﬁﬁﬁiut 10° to about

boyt 100 tines, the fjltrati rate. 42] A sanp
(CeH$ B?rdnmﬂ){}@?fé at leaﬁ%ﬁi%ilﬁdo 3@( B §te’6’o°‘r?gl nﬁr @stlon e number of
PMN%SIE kdduedt RomPibeRds(FRBbhl14€ /FB?bhetcbﬁﬁHﬁbeLotro aﬁngﬁﬁ#% Of less.
organ suspensions for stemce fractionati on =

can be obtained froma variety of sources and can
[00A5) Boies mpupw arblaodroed populbligsdoptissdeiot ergan suapynsidnst bem be

t F I . bone ro
oHfRheE R B B BTSN ashSitiean B SosireS A b Siriched
p@ﬂiﬂtﬂoh@ﬂ*steﬁi éélll@ Mh¥ bkHj 6, i%ﬁ@x&ﬂale f@h be%arEhSy s@)?é%? Alternatively,

marr ow, whol e bl ood, vari ous | uti ons of whol e” bl ood,

cedls cihbt ebtpined drost a pihjent lrdnftedtqf bnm} matroWwascdystitution, such as, for

B 5 BB SRR e P B Sl RS a8
cleuRRRgcans treéEﬁiéﬁts tABorfel tHargb W oX b1eb e cEiRPopul&tidHi@in al®be collected
exanpl e, a bl ood cell pulation that is already at
frpta 48 ingigidpplhathag hp@m&gmnrstﬁe%a gamnesllineobiliptiosageywach as for
L
eﬁﬁflpgem-ggﬂib oogSﬁo{}S(%l; %r? %ﬁsogglgé}u%o%slcg? OPPOSQB%mbdre (Deliliers et al.,

Lewiegymgnhonaind0E037; 206D) @dd the kel Mbdsndmdwal daf beRqREent that will
skilled in the art. Such nethods t |caIIy i ncl ude
TeERY @é@nﬁ@hq%ﬁarﬂoamz%m BapletingoF sptBA-Brabded individrdsi s

or | eukopheresis, preparation of buffy coats,
009 e S LS9 hon SRSt &L LB s 14 o L
typinallyuctinngyiseral coaiistf ddy Bhah@dE(3))and RERGElelohahbeis@i.r Asiter (5) is

dt like), differential sis of non-Ileukocyte
pesiontd Betiest did Sith 0k §iace i 18 ETAUALAHoB WLy cross-fow
chTnSEMiIR MR SirRRef R cﬁﬁ’é}suff%er Jﬁ‘ﬂu‘?c! cith@9fication with the filtrate

constituents can opti onal 'uted or
chemhex(the Bltrate, suaface)e Jihe echssHow ahrearbpt, diltrata chanbeaiand filter comprise

a rgﬁ%gg | netnéf, "{Bgreen?o%%re B?n?r%%]&y\eldg{agal qu@ glgg tulg%a %git)%hﬁ: assembly,
ste@ﬂﬁ@d AR prapared & Resh Qrpﬁ§ltat151‘f'ﬁﬁﬁﬁ)dcoéf?h%?re§jénlt Hiveidd) A remover

for exanple, isotonic buffers (e.
uniEpEsity vostdlee wsetl iferegach samlﬁa & bGJEIthhed ferditean aelth. tthene particular

emboléhmen-%[iJ e pregéht %nlglgntlso% he cross-ffg)w 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
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marrow or bl ood constituents subjected to TFF has a
cell concentration of about 6 to about 108 cells per
worRoosfHs2b7 ch at | east about 10 to 20% are st enPCEUBR)4/088805
of PMNs is reduced from about 60

gpgﬁlon t he nunpe
ot o Shat bl it oI aters trchpmberswbstantially
paABA%) 1RABR IR SRWCObf 20K C’?#l()iggp ﬂ%?fal nél‘goxfe% from the cross-flow

tissue or organ suspensi ons, fom a

Chmbee(%b thfough pdblidbutsat (] )ewhih masnaﬂyl lovgteidat b pertiesiNtescross-flow
of the equch d popul ati.on géen1cells“ The

B oo B R GH ELeTCaln CHieaca oh i HIEG. Shpgriin exemplary

erfthd BFRAL! he |c}/oss-%lvsj GhahfRr Rt ﬁ(ﬁ!ﬁﬁ@t‘ér fs %%811137 ﬁl?lmoeaﬁotou{ 8 mm, and

need of bone nmarrow reconstitution, suc
crescafip shamberanutlet (7 didneater isvimui & sniheée abdud 1 0dntho Thafétrate is

re?q%g(g?ﬁgm% A@%ﬁ@%#ﬁﬁ@é%?@g Ioeu|toi0|(c:)ul ation can

al so be collected froman individual that has been

[08d8] TstLTye thedfhEE @iTk@ed is iMRRIubi ZRtd @R cﬁ%@%v@é&%&? at 2 sufficient
for exanple M CSF, G\ CSF, G CSF, or |low or high

ingyiapissHels HiahHie seoss B pf tém dluidt miure aoroes th_eysm:fhcm@f the ﬁlter

(rét@l%t%&%?tf%ﬁeg?g (?Octltlgl %h ex}oHéh gchgc? éi\éslrg}gtlaqlnd%agk-mlx ?luld and cells

atpl@qoctdn&tct sutfaca of eﬂeaﬁlterez e.,@he Bourdady 189&:C 1edised At ¥Bbundary layer”
0046 The devi ces accordlng to the present i nventi on

s Weprtdexsy of Hupd aslircent ta and op drgretopgite side of timfgter,geplaauy left by
DRSBTS OSG vro

filimatiéd by precentingrthe atatepial a thdicdrhiget eidise-dritiViRaaEL binding to the

@%he retentate surface) and other surface in fluid
filleg QFhFRoBuS éﬂarg%nttaﬁ"’lﬂlﬁlé cgy hipdegreflicientfdEatiqn: neherinputrateef the fluid
faca) ﬁ% f er
R Bl B ERRAG, RO IR Pl o B R Aot
ledaaytee provi ded as a single use disposabl e assenbly,
sterilized and prepared for use in an isol ation nethod

AT e Sl Ao
re@flatcSurthfe ON@e BRet bFphidping AROGH AR 00 1ntt(f'ﬁ1y R:E@s% 8w chamber (3).

i nvention, the cross-flow chanber typic
Tmmummlsccﬂ toadhdyet the Srqﬁ; -flognaf fiuhd adrbsst tha fittecisaefored tta& the “cross-
uns, of, abou i aneter is.

t
Aot & rEpUlse iy ([ Thar@ssdofan sapeidopmy pumping
detide 11?ﬂﬁl§$:ofrﬁM1&iﬁ@H’Q\ﬂﬂr thé Bros@ b & dhaBBOA) g@ﬂ?itcrcen%‘%‘%ﬂﬁ@)&’uce the

denpnstrate the utility of the present invention
fluiq mixetprejigtoghe clambeg andraerossahe Gtteri Mmmspieni fieil ampptt eate, without

b bl D08 ol 1 RIFRGTY A QHEREO Py it o
in tH&rp(D&@h\t ivérdtionGah Modide( )., E'@@ﬁsthl\‘ﬁc?)dﬁi Cﬁisfo‘:ﬁ printp) ABlragm pump,
acent to the retentate surfaceo IllJ | ter “and

or EQJi?h PWHE{ A praistaltic prmp ganbeused, fgr exa@aﬁplvel)ere ittiedesineth o maintain

9ﬁ@$@ quqgtl 0 el to the retentate
SUrface q %host ﬁ%lin(ial ly, fluid is renpoved

fromthe cross-fl ow
[0050] The fluid mixture is typically pumped into the cross-flow chamber (3) at an input rate

that exceeds the filtration rate. In an exemplary embod1ment the input rate is about 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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chanber (3) through a fluid outlet (7), which is
usual ly located at a portion of the cross-fl ow chanber

w@esosesdBTul ar to the retentate surface of theP€T/UBM04/038805

In certain exenplary enbodi nents, ;the cross-flow

(@953 hdedischssed symy, @@é’ﬂ%@t&n et 1a Bipigally loss dhandbe ynomposed (i.e., open

t@n%a;fé’ Oﬁ'go I{trg%r‘fg%"]pﬁ{ féeﬂ( @rregc'% GB? ﬁ%@ﬁﬁ%o&trestnctmg the

sigelbf thie f{l@B3te icharhiber outlet, b}ih@e @ﬁ‘eawbemd fuihp nfeBfi@e., a “filtration pump”)
Typically, the fl UI d mxture is introduced into the
tasgesigist the dlpve Aadiierliks: a sufficient input rate such
that the cross-flow of the fluid m xture across the

[@eSFLﬁPﬁioﬂgerteE&néﬂa% ﬁﬁb&flﬁ%ﬁtﬂ Pﬁt {Strédifcfl@i? §7a ﬂﬁld@hl)@ure into the device

city to genf I srupt and back-m x
cifehties d varteik metibs wathit the flmadht B‘tus caubd dure, of exatap]feL by extroducing the

t he dary | . As us her ei undar
hisapenirpepBrea e oot iy & Sy GERE oy chamber, a
f&%xﬁrﬁﬁleraﬁtlﬁﬁlt 416 aBbS &fabbhtel(f tolab8it, 100%&1'1&&11& ¥iltkfoh rX¥. The flow

| ui d” passing through the I[ter. This disruption of

thrbnghkm wenoered biyapeans phen buiﬂtzit(’é)slowtcd withe cylfndrtcalaaham’meby
t he act su

pRpriER P cuiee fead REpdf e SHRg T sl s

arPARBRRAE caudd¥i tROf16@ 0 Iapmeﬁwaﬁftwaﬁrthe EdnkdrioTtheOflterT MBe flow is
input rate of the fluid mxture is usually not

typigdetly apefrhulényessé sucht aohlgh Rie spysitecayse substansekblysis af the stem

cer ) €
oo s PR MRSratia 0 ket Pof eiet® TpE RRECREREL & provent
bREIN@ST stadfaticle ﬂieﬂicfﬁn&bklyfl@)@ee Bl chhigrafihg therinkit rie rm¢mat it is large
the fluid m xture into the cross-fl ow chanber (3).

(qoming lepsbebaubS dimogkrefative do Bredilfrpténg tte, theupenlbeg @“srsch@% éopulaﬂon of
st,efnl eﬁg c urfb«{ ﬁflgs{ ﬁ%u,rt 9 (%})t 'iég%habg{lpf(f’ fo¥ ?l’lwce)%)svlf gﬁ%{%@ 6]‘)rﬁarcent, or more,

Fecl T ¢
stemcelsi&/ham yorﬁpdfﬁdl ftgthd @eicestapdof steth delt il notabdellaumviel fn the
the cross-flow chanber (3) sufficient to introduce the
sgopRle gelhPORUWAON; nt o t he chanber and across the filter

at the specified input rate, w thout causing

[O%ngfr?eﬁoit@r el leyl e{tng’%cfdlﬂﬁ?ﬁe!hle SetbfRal: 1?1re%f‘rl3L|11a{eﬁ% $creafe the

ow pu of use In
effioicaoy Dfmapa]atlom nEcblutdaampk g. ﬂulmmmresmmmsmgmmnp marrow or blood

I Ston pu i a a or roll
%@W‘@fﬂéip ?rrtatr:)tlﬁﬁlﬁ%‘p ?119 B@B@ngan canhe 13;53 pgantﬁﬁQq goss-flow chamber,
aﬂ!ﬁ?drf hé B1tFRbLA tr@téﬂattet&ﬁn LERi@aMvae AR tgH d 180 Atlet (7? 1ny the cross-

cl osed” system [0050] The fluid mxture is typicall
ﬂpwrcbendbcrrtb enother daobsr, shadwasg hgnaehaiByr faom avhi¢hihatfluid was initially

PR eo R . o B R BRe s GaseERLS, fa bo ro-
m?r%gu&e'aquo'thé £13kd-ABwhAlte By&:o%ﬁ@dﬂfng hd L& $ untt (Q)Oénﬁ%émovﬁ unit

exenpl ary enbodi nents, the input rate is about 1600 t
(laboatlovpdomyt,” wpatinuens seiculpbor wd filiwtionof %ateéluuctnmﬁgm can be

acth?eved. 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 mixture can be passed
through the cross-flow unit for any suitable period of time. In certain embodiments, the fluid
mixture can be re-circulated for about 5 to about 60 minutes, or more, to achieve the desired

stem cell purity or enrichment.
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about 20 ml/m nute. Non-stemcell material (e.g.,
erythrocytes, imune conpl exes, proteins, PWM\s, and
w0 b@slose) pass through the filter (5) into a PCT/URBNE038805
chanber (4).[0051] .As di scussed supra, the filtration
[Q0&fHb In et tap@ﬁheracrmlgpqll@g%t {hedielpreol e Bpykmactyme can be gdigpted by
a&&fﬁ)ﬁp P{lﬁélg 2 v&'@% lsj(glh n%l{ gltr 6t§5e}8§to?~|ft§>tnf(ﬁtgl " ﬁ Pétél%q ﬁ)dah s f Hplacement
hﬁmlﬂ’t’)r o”l[t}ﬁ v@ah;hm‘ohnoﬁ) o, €br, exaynpls &e 0bmbinsé eathch ﬂnnld'pmmaﬂam the
{e “filtration_ punp restrict the flow, and
reeRESTH R (e goduoyeh %S%W&%elet;e@ é}}pméfl@reg}%a}%ﬁf a P (14), in
tulbi &%H&Eﬂ%tﬂ R o fleetotr )&thr & dt %? ofh@?c&ﬁz\éhi%ﬁt locatjon. The cells
créates a vortex notion wthin the . This can be
indtha esterftate cex drglbe enhg/heldrmdcydmh@dng thé sanﬁd Qpedatmnx tTypagally, the wash

ubstantial.ly. al | cul rf'It in a

sitehaniauaric B BIE ey, Sutalle Bhbcsdish s Blightedhnctude a variety
of s ge% EptRPiHte-BuFbred@ Bl (PBS?QPHEPEQ%uHef@SsahHQ tissue culture
filtration rate. The flow through is renoved by nmeans
mefliagandothe lise. (7) | ocated in the cylindrical chanber

per pendi cul ar to the filter and typl cal |y adj acent to

enter of, t I nt

QB Bl Pt s, o ARG Gl A RAERRA g o
etdngplé, 1 Johe marrbhe bfdo@V\tlssﬁe torpitald of di*%d Iirldpebbﬁcﬁﬂ iis er@ichad for a
such a high rate so as to cause substantial |lysis of

p@méatmaﬁstem fells img clpised @sepig sutiene Asued Beighs ﬂfq tgun celased,
asep o’ﬁgra‘ic‘ic{lgd ];%sit)ehnﬁ (rj%e?%/fg Foarg &s&e%éﬂ{ \%H%H gé sﬂgé t%qho(ﬁrsterlle

aﬂnﬁi@ﬁt of aﬂr@ﬂﬁiﬂghmt &aithdrtnoh&tdrﬂé g@hdﬁt@or@ is m&hrriu&ﬂ&ir cihotdted. Closed
5 ti nes) relative to the filtration rate,, the
systes for ﬁ@ncémg @Hdwpﬁeaen%gqnﬁrﬁﬂdfexglﬂléﬁp%&Snf%a@%ihlrb@eatwp tubes,
%glaiﬁlt tr ét‘xltof Rells? Eulﬁﬁe @e?fs 1§P?§fltemﬁﬁme atéd of §§2Hecflﬁ9§l& and the
percent, or fore, em ce orrpare to't
like r Tiendraige fibfatioh eyetcﬁﬂJ 1lnc]lud1ntghe gt ail}abelbcﬁirﬂtalmrsrbﬂcubatbrs tissue

the sample cell pul a 0053 ot her exe 5 .,
c@%%w%eﬁ,tor s 2PRATE Bl 90@@111&&41 if)e gPt b AR % s a “closed

s§s¥k?n eff 4 @gﬁ%?éin%dlﬁ%&af@tc'l&@d svedm %F&VPES% ti@edridntbnt of stem cells

m xture npri sing bone marrow or bl ood nstltuents,
amat, optidnadlyyearsier drogaan pitegd @pHedtion vessel toer Senlpbldisseaiculture vessel,

Lhto the cross-flo cha and du the filtr

B AR B R E il AVFICEHE GRS i (gt Ty and 15 (15)
m@ZﬁSllsgsgdq%acdi&ggfsi&é%chanber to anot her chanber, such

as, e.g., a chanber fromvvhlch the fluid was |n|t|aIIy

provided ("a recovery unit"; (2)). The fluid mxture
[00&6} hveano&masmyt efithe inyamtiary erlnet@eogeeemxsmduﬁe df ibanematyew or blood

co‘mgﬁx‘e }ss%%?rtorg% st:ljigﬂgngﬁ)trli 1g gnbbsp C o ei%% ?cfr Cﬁg,l gglls by the

sdl&FivE @é&h@diaﬂl @onAiRE nfikdutd G ndR0st&h ctid Boxﬁé o Wiok blod codétituents,
be achieved. Alternatively, the retentate can be

ingludings exgn strime ] rsmadh olat¢lels derpilirgcates and the likpeAs used herein, the term

“stuﬁgtglit}aygow Cgﬁfgb é?eain% f}%{ ﬁaf ceg poﬁ@\lﬂ%{ ‘%n rlﬂ%o@etré@ THkE getimptat%, following

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

S._

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

In other embodiments, a heterogeneous 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”
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passi ng through a recovery unit or another chanber).

The fluid m xture can be passed through the cross-flow
wa@iroos/052187 any suitable period of tine. In certnti:TrUszommsssos

enbodi nents, the fluid nixture_can be re- C|rcula

mehs thaidhe earichsd pepwetionotsiem cels CogRpfH &t leqsh abQi 18\/@0 about 50%
st'éxl?l eﬁg& red stemcell purity or enrichment.[0054] In

&t canot her enbodi ment, the volune of the fluid

n1xture can be adjusted by adding a buffer, a wash

[087uitiham been ddt¢rarinsicheit dectain(vaoikbles tifedd the paffowmm afghe device.

3 I i d Th h. ti , f .
Sl e S By o SRR AR 58 alPhrcaton
ra“u%c REN ab'Hetrati Gbfweer eI 13ted %&1 tHeQtin 'tlﬁ{eeéan a3 the yield of

e renover unit, at a punp (14), in tubing
stemtoseﬁsil ﬁg dt:irermmefoptmmatl lsqnamrmwendlltmm for @terracellangbp@mahen runs can
b%:ﬁngenl | ocat%'.on.. he cel t he ntate. c

ShinecRBBN S in RSt Fror eS8 A SR retentate) and

thEMHter%latéfsantﬂ]&i Y e dSiatewddl O thénitcs Meftrforiahdt dREtime. From these
| s. Suitable buffer and wash sol utions can i ncl ude

reaubvsatmc evtiowAl filer pere sizeotpl systvo plvatcerasirtlatierabiiltgtion rates can
béﬁgg%ﬁog HEPES- buffered saline), tissue culture nedia,

ﬂ 8 ?ike. [0055] h certain enbodi nents, a cel

sanpl e conprising a cell population from for exanple,

[09SBETIR &:x@wiplity@athodinis ULthivdspect loff St {@eint mwglamn the TFF device
preparation, is enriched for a populatlon of ste

cumpises A ressdlogs dmbss B pyith asy%ltl@mo ABoyiaan ey ﬁﬂtratewélamber 4)
Wgtﬁr I.{}Ollﬁ‘%lé) 8?%011??? Bh Fuﬁv\%&tﬂﬁ evile co ﬁ?@@t@ﬁfl@\%n a filter having a

ers O a systemin exposur 0 non- st er
plafdlity? Bf pores wtixhraqm)lramzmgf dbiotit bto gitonet 0 nicross, emdrk d?yplcally about 2 to

conditions is mnimzed or elimnated. C osed stens
a3 SBFTORR, qxgevemorep%w Y PRATE 38 AROWIS BcEss dlter diameter of
a %]@ﬁﬂi 92t IS defb AR 1P @&@% is 9830 b@hﬁolft 1806 {iboaf 1800
ce culture o s in tissue culture plates or
mifnsinpdreldhé ﬁﬁﬂi{mn raads dtoet 17 toeaboThE/ mibiriin. eThe [titia tflupdhmixture
sy i ncl udi n e.g..,, an el | _eont ai ner.
bpialBREDR geﬂ FmceRkationot at oy el 197 ¢ ot RURe -&ppakgeyjes and other

céclﬁ? ‘Pfr‘é L0 ?b%ﬁf &8 fobbiffisd aclﬁ@xféd %tﬂ@is@n%dﬂ%ﬂeﬁ%f %he invention

osed” systemh a typical enbodi nent, the cl osed
caysiemabditdiso asap 20 enidiomi @Hm@hqm asils mpemen@mg gomrdout 10% to

ot 200G ol RGO L o vossel . without oxposr o

to non-sterile air. Typically, a peristaltic punp

[005DPIH Shothe? 'ﬂ%&])el;%f thd Bivkenti® R Setefo geseshsimixeurs bOB&E marrow or blood
system [005 anot her aspect of the invention, a

cmtlmeotgemlhs@nmﬂa aished fosiven orlis by khaselestion gemoval of non-stem cell

ek BN, B A sDHROFLS PhabBaris o o

mﬁ)&’ﬁﬂ:V a&s 1ise® Mefehte tHY ik ‘%el@fztﬁ&@nﬁiv@lm ‘Qseldcubap eenmrddo\and
or bl ood constltuents i ncl udi ng

“gelogtively rgmaviag’ereder te F%me%wtlélsremﬁal qfr%le ICP]‘k é}fpe/&@d ga@ehing for
anrz)?ﬁe?lcgll t};ﬂ%.e th &h I&emplary 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 follroix}vrinig} a filter ﬁbrefsiié of
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

ml/min; and a filter diameter of about 142 mm. The initial fluid mixture typically has a cell
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"substantially enriched" neans that the cel
popul ation recovered in the retentate, follow ng as
worewg/082161 es of recircul ati on as desired, is cmmniszmdosssos
pically of at |east ;ab W nore t at .

c<pr@g§‘qratgug%qftat legstopboyt 10atceﬁ ]éegtml &8u tstegb@)%iﬂ r cells). In this
eﬂ?@c‘héﬁﬂt fhgldevity Rf%s Qfergted i b vERLd Shnndp. Ot h er

enbodi nents, a heterogeneous m xture of bone marrow or

bl ood constituents, and the like, is enriched for stem
[a06D] & yab afhiother anb@hmientrﬁdhq)pnpsﬁnam\'@ntlm adtetano gewkbws mixture of

hat is. substantially free of non-stem cel.l ..
blogcopigiel-SRsofe mimioks Biofe, 38 B Fifht € ibswe an preap yepesation is
plel 8BSt dMBB FacififAtd rehd9a et deftliad e B)eh @lat BV fimSlhedy € Mld &formability
conprlses at | east about 10%to about 50% stem cells.

af 965 2pll4. t Sushsele ean inelude mmmm@vcb@rgramﬂo%m amlmhng

r.f (o d o
et sASpPR e bty B iR B RUi TR RS Brprgaument
chrBEHdes M{eaddn%tlﬁ% df fHielboh@rapow @hesad @)‘hSM@bﬁts &ﬁtht ddeagent that can
rati o between these two rates and the run tine can

efi¢ateate an pamgticgrgdient aresmtketellgnenroragetherabyidsping 6pkphrinkage
L f
e GRAEe pAME, Sl SR8 Bog AR BRR "

difﬁ@li}ﬂi;ﬂlf(b(ﬁ& gBlcbrot, @bgiant dhadride(andtientid. e\)vham MO is used, the final
filtrate are sanpled at tined intervals to nonitor the

cffeativo L NEROSOp s atipREan i it eHLANS ST ndabpHe lgpirdaTeen about
1@;‘%&5? iraP@ﬂrl%"/s' ﬁ’le ehﬁ&ﬁllr &%lﬁ)td tﬁf%&a’ actf\%g%%'@ ?&dc@xﬂra’clon 1s

ation es can erm ne

aleoe 1PISey o z&i’dﬁbﬁﬂfi%ﬁ MMBO cahbs dasgieet inof bitffee op phgsisibgically
i nvention, the TFF device co es a cross fl ow
a@qqa%l@rsok@lpnmhwloaf igBicHENEH. ngseﬁﬁr agpni{hapsap be vsed is glycerol The

(s
LSy R ) I 0 TPy T g
eﬂnhudhn@n‘athp fmabgliyteroldonpartesionis dboat porod/LsiCGumtasting imutells with
1 to about m.cr s, re typically about_2.to
s a5 cop o sotdht v e Faiiofics LEisEue dected through
Jlf#,gﬁtg;[‘ c%ufé tbt]ﬁ{/[S@ 1 fderdlf TRD QMitidd €sddBan |08m3gb§% solution

t the input rate is set to be about 160
mebiont witB 06w whihniio strangth. t The ihduded ahiigrage af the mdagimdicetlomakes

AR T T AR L T SR LY, v o e
célgli')(gmlatfoﬁy B? Bt AMSwolilRefiorf: Sk Arsotive RRROUBRIIFGHS erﬁttl‘?c{ﬂprevents the

popul ati on achi eved with this enbodi nent o
r6- sw@hmg ofthe oely dwwing thberparation ahusass 0 affolHej ingluded. | %Jch agents can

s IIsr ntin mabou 10% t o, abqut_.20% of
S ar o TRURRGR drotheh! ARG s BTk AReR Shen os

érﬁﬁeﬂnn&eﬁlt 4R that inBibes q&eaaﬁ@w §fﬂib>§b&iﬁﬁl—l@§dr@gﬁh€bxﬂﬁ;!ﬂg@iiv

or bl ood constituents is substantially enriched for

stemcells by the selective renpval of non-stem cell
g angl Riffergntigfionfof Fnsighed Cell Popiationgpyal  of

stroma and Iynphocytes “fromthe
[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 transplantation. In particulaf
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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m xture. As used herein, the terns "sel ective
renmoval ", "selectively renoved" and "sel ectively
WO e05521g7 refer to the pr ef erential renoval OPCDNE2004/038805

oK Pyoraoh TR RO iohad sieat oo b en by Fuathed for CD34"
c%&ou{dgggg. ﬁ?n%ﬁg&zla Y se;{ilﬁﬁf%rteéﬁﬁqd@g )Ystb\,ema% %Ok'éﬂ@e}pét al., Bone

Iltrate chanber a volune

A@u‘rraibﬂ)’xﬂnsﬁ’lﬁnmﬁl:lgﬁﬁ t1988; DtrhmgiKvn@l a ahpBi.skedlaeinatol. 105:780,
following: a filter re size of. 1 to apout 10 .
168%, The ks Aapbuiiors I Gpt ddeisdnian trom {2 s e ta Fetgive the

QG ve, ATHILARMAtcKALiBY{duaD oHine4AR0 t o about
ﬁ%gsgga%t’%dr%s%raa },?Itratl ond?égtle 1o ua bout e12 to about 17
m/mn; and a filter dianmeter of about 142 nm The
[001621 Ireyct ahother enixadiment; ﬂmmqthq)@s df 4lee present invention are also used to

conce ntr n ast a out cel er . . .
o B e <R sor B ctreingoof ophBoR Fridsdnprosenitor
céltﬁe denbmatopeRtio Pe edlotittliaNpr@dBerifdy @€l Gr bEINERAL selR@6Dfactor of

h yet anot her enbodi nent of the present invention, a

g0 ge hewaiopoictie aF @mgemmwelbﬁgﬂora)u Ent examplen ehlating

elgq? élbeil;la\%?r%g%g?)‘g’ c%l'rlsemg)aga{ndﬁetﬁe?tg%ed: alit%a gé)e? 8%19&{?“”{% CD34" cells

b§,&ld addexpRbdion yPEEGFRaE althX €183 (dslvaull &l &.¢., MElcadherin and E-
defor mabi | i ty as stemcells. Such cells can include

sqhestiproeSshorgicPaehev ahuB@esl%s%?-,. 900 oA grreipdmopriatign of
leglgréc%lx%sﬁcg{ﬁ Ib§ Eﬁﬁjﬂ?e‘? %BH ﬂe‘ﬁ 'fi %Eﬁ n% fgleexa é) nl%munomtaglrl]eécic separation

rea ri ses é cont a

te@hnitjhie \ﬁﬂn&tfmme@\ane&tecﬂ)tcovHG@m tmd AE€MNB3. Wildoh CEIFPs agebé mobilized
that can effectuate an osnotic p@zt}dl ent acrogs t he

incz) indivitvst dener PriReiselsiion Al es hePredtondim Of pcheRgiphment
uliBe TR hithy dﬂ%efﬂ@g%e dcﬁldf agn&%rmg Lﬂgﬁme%g&h A &g, VEGF.

imet gl ycerol
(S2a| og.| Adl and., Cve Rdsk 88: IW,GIOOD}\H)uﬂﬁr ls gt othbreerhibathments,

effe j\ve DI\/S concentratio n et ween abo 0
%ﬁbhke SEatEE AHEIOFEER cs!ﬂso@\qsg&vgﬁ SeHBiGt & «zES’EE’Q*/]% HGF, G-
CQFpﬁfdt(‘}MutS‘F) £8B84) %ﬂgﬁrbty' cuitﬁﬁn§£1{ &Gidh) ?@Egﬁ@%on of leukocytes with,

concentration i's a 12.5%or abou O can be
e.di, SN, &b GFp IGFHU EGE; and FPA psiaditwgiectihicpatad seyftceling then

GRS A R )

gl ycerol is between 0.5 nol/L and about 2.5 nol/L. In

[(mﬁgpﬁpacfdhtfone tﬁé%leﬁm pdpugatioh REktel dHS b bEaUIRREE foAhil@R expansion
i s about 1 nol/L. Contacting the cells with these

ofpjeripeentamogenitdr onstem spkls. dfor ehemplewaRBE dstgmanslls oarybeexpanded in

R TP BREb St B RSB e CHRBPRLR L et 1
156! déih @611 na%@drt(ﬂcm tdarh @y yBsiBhb S tSEdengitmuliiies faechi e CSF)

shrinkage of the undesiréd cells makes these cells

antbEeCHhEBAals L, Tun @t@ﬁoﬂaemmm@@@ &3G1; 2893)oThgmaogeniteypr stem cells
ti I
C%nasﬁlgg yr l?ein?%??d &t hfgﬁvacffg#l% %B{ﬂeéaﬂcp V&}BH oafctors to induce

Ve ano t S
dﬂ&%ﬁlaﬁ&tﬁint@éeﬂl\sQjﬂhSmhibpoietic or non-hematopmetlc lineages.

[0064] In other embodiments, an enriched population 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 modulation of a differentiated cell, generally without the need for any
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re-swelling of the cells during the separation process

can al so be included. Such agents can include, but are
woewsisamsred to, an agent that prevents tyrosi PET/US2004/038805

phosphoryl atjon such as or an agent. that

callRvisions sy the (HISALAHGC @b@?@rﬁrlﬂwaﬁ JYRA h%%ﬂélé?ﬂy and/or

fu&t{@ﬂé{ggp bifé? x?tgbéisl‘?%e@g%)%faﬁ@ n%@&d?%tno?ﬁg ‘tl&t'i't%jlnto dendritic

cdlls e@endcytds\can bt annsfomeediatohaiber lematdpeigices ann-hematopmeuc cell
inventign are used to obtain an enri i gn of..
tygee MKIINS g BIFTRRIREES 0&@@@%% aﬁi? a@%ﬁgﬁ?@@ %‘iﬁ 3%"1’?‘1111% on
cdiﬁf?é qudhﬁbns%se@ e.g2BLQESRELL OlnmAlLS PBPYR3, 1987; Nicholson et al.,
transpl antation.“fn particul’ar embodiments, thé

CimiStic Be:d 3 A000 sl avcmenh ef tzle,rm d‘é:lvlels/lngogamaMedm@wnSc Weade of

ChPuaepatistianEegame s onotemnd MTIORRERT. 4. Ao, an

ePRIBA PRRIISdnCofIb kB GRl ban B¢ QiufodSider Sortidde ke *ﬂﬁfu@b
bl ood |'eukocytes are known in the art and can be

diffiteeptietiort of relasizelyivntiffnensiatddiel dubssisule gt ipdurinstens pegenitor and
i.sol ate as .descri For

||
SRR RO BRI RPN o PoLD e apt-he iafhesg 1Y afp P Vhrious eytoines

oleb v BGtok O rSeRMrEBA i o ThR Be irRlubed pridHTy 0O AABWLE 6ell expansion
separation techni ques (see, e.g., Rowey et al, Bone

bmﬁtmdsknmm@nskﬂl,@dam@s 1998: Denni ng- Kendal | e
Haemat ol . 105: 780, 1999). The bone marrow or

[Ogggjgﬂ-n %taln (e ngg tE 8? h?sI ﬁg?rftfo?xrﬁxé F%nﬂﬁfoln%}{cefl?emlched for stem

FAnSpl &

cdtls AairBé atddo iaffditvthelteakneratiorn dterepogudation@F62ls drrtisgeds in a person in
anot her enbodi nent, the methods of the prese

DRSNS EIRER S TERARBIA60 0 BUSh FPESOFISESHEEnE from any
0021#??02 witets Ehegﬁatlelflt% i ﬁgﬁ%{ff? %eﬁglahlnﬁﬁ&%ti%h'o‘f@tem cells, including

ogenl mat opoi et c or
P:ﬁﬁﬂﬁbrﬂ@Dh@hsepdﬂbﬁBs t:hronmelidaﬂ)dlsmsa; kldnsy tlisedseskardbiture, cancer,

factor of interest (e.g. mat etlc or i.ogenj c

spiRad wpHl IRREYGRelfiplepsalerqsisa i 1m%rup ?%&?M@O%ﬁ&%t %F?%Pf gene
identified as a subset

the agg%@{@te?gl%tl %&%@@gﬁ@e%g% g., coexpression of

VEGFR— 2 and AC133 (as well as, e.g., VE-cadherin and
[0HS&] Bcdeirtain en(tlﬁeiﬂnerﬁs gf the l?e@schieuvmtloahthe Bicgmantaf tasstem cells is

atftaltogwi;roréﬁpl %gqng %&é@aclo{gg? n l S 1e§1§§%e$%111 neeg of bone marrow

rég@i‘[@i‘&ﬁﬂﬁ%@ﬁs‘e GhSRBRAELal BAS ﬁrﬁl@fg@hg %S@ld&blaﬁv@ﬂfetéi@d II8 Snother
irected to VEGFR-2 and ACl133." Al so, CEPs can

exmiyilé,ithexgcipiend ar beiinviedd af regain of cmha@ rt18$v§d1€atui89 rﬁh%lfndalldual has

popul ati.on fromt .
wirorB PRI Bt T WRaD 0 s B AT 3 Plge
insyftrRlenBe FGithePSase EhelonrichEEtem (cOR op€ation 1s@a‘céd Bta @kthod of the
Circ Res., 88:167, 2001). Further, 1n yet other

p@ﬁfllm ifiventierscanchedofused inkd theicizeuletion unghe Fginienithjdis undergone a
el o5 orp L PR R ey elfeier By afthe cnviches

stBraiell popatied ce{n&i&ﬁﬁﬁﬁéécﬁ&rwﬂtyhnto the coronary artery or apphed 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.

[0067] The following examples are provided merely as illustrative of various aspects of the
invention and should not be construed to limit the invention in any way.
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e.g., VEGF, bFG-, I1G~ , EGF, and FBS on a
fibronectin-coated surface and then di scarding
woomsasthierent cells (see, e.g., Rehman et al, PCT/US2004/038805
Circulation 107: 164, 2003). [0063] In addition, the
ed popul ation of stemcells can be cultured to
i nduce expansi on of pluripotent progenitor or stem
ishe ' MR Bieit SOIStER 8K 86brl ffom a
[O\?/)?Hr 2*“8?95:“&??3’%&1 'dteﬁpﬁgshat opol gﬁec growm h f ¢ agt@%@s
sasnplé oﬂbone&ngrow aolteidali fiarh iagnorthal-donot. L T8 bdrle-183rrasw eample was
cel| SCF) gr anul oc cyte . .
vy bk TiECtEsh (A SR L by taggental fow filtration
Bfiefly, 50§Hf‘bcﬁ{e Rdrrow W%? Wﬁl P&th $8e ﬁgbé@of 2Pkl Vo-mﬁ’ceer and 15 ml
progenltor or sten1ce s can subsequently be treated
ofipHolapleate buffered sdlmaPB Y} mippmnenddv@h bistamifiawadaddeddo prevent

SN iR Sisgreerave s dutd [oah i SR PRebatitiof +¥is mixed with
3331@? g B 0B Hideth§ufB%ide (ISHISRDRA kakdrO FoH&Wﬁfg%n] crdu$e B@fbation at

be cul tured under conditions suitable for inducin
rodinf feenperetirat 3 o of @ 28%, sotitiohef Aanmaamsﬁ:r@m aiburpndéiﬁaﬁ)tms added and

ceII or tra fferentia r iffer . .
g gprdrt rpe LAgc e, B Frot-Cla R e Sat 4t eaGhgt hS Hrasion device
ddeeABSYY oV € Chndl @RMHE f&ll}ﬁanﬁthea)StatéfﬁroU{%ﬁﬂla t@itMpplication serial

“transdifferentiation” refers to a processs o ~

nptioag 050 Aol dubalp, 3003 a@n T¥QRB9/0RR4d (sashlincorporated herein by

ener wi t hout the v' ' .
Ry RS e AV bR e B Pl P B supiected o
taHEérﬁﬁDﬂ@@l fHahdioh, amh/daﬁtuﬁwmg trd:pmﬁmnyerd of PBBeith @625% HSA At the

For exanpl e, in addition tq differentjation

en%qfdh@em therqells @istq eollepisth ard eradyzedn The propardips fyasdound to be
s%bs{antlgﬁya ?rrbgrr@& 918831 %l Js%nd @lﬂﬁﬁgggggﬂ)gﬁghﬁ%% 6f €Bhk ceglls increased

ost eocl ast s,

frmdgm%Hd) aB.2b4 dﬁethe &it:ixl&sll dembad whgreas theqidrmﬁage of cells in the
conditions (see, e.g., Becker et al ol . o o
naBophilgslc 43 oS BN GheisReest gy analppis Hegégeqégr.% 83.9% to 51.7%.

! | ' -
TED P RSO et N O AN ARSIy
4(60\lmpﬁfx1matem5ﬂ)ouﬁhmaad§ cell 260e) .Thaloptimabmethodite datg consisted of

popul atj on of | eukaqc be cul t.ured. under
tr%;@g,t{le; BoRe MpEeW 23R °€I il §%@rnélﬁﬂe§t“f ihp pixtyrg of N8P pnd PBS
folflgq}eﬁfb?/rtﬁﬂatﬁcﬁmt &Ptne gip cﬁv’f&é ?6@6(11%1&11@5 A MNSDaRbCk resulted in the
progenftor and stem ce i nto hemat opoi etic or
shrinfrapeofithe PMEIS withau eal@&ahéann’qgean ﬂie(ﬂ’th&ra:lell gopulations present. The
cyt oki

regult g H‘&é‘tﬂ’nﬁ?f} fafiog gf {151? ersly /&&%ﬁﬁq haé}g qrg P i &P%agvhﬂe

pﬁ?@%r@ﬂ@%&rgglﬁﬁﬁ os b\ 86l1s2hid Batphot Q§5ﬂn dnR protocol bone

nts of this invention the popul ati on
mafrowelspsate mras tieetdd froth BVISM inalilusedRBS fr 20gwigutes, fatlpwed by

c&cgt?%pr S e@gz{paqteh%ﬂ ég)r ; e&gg%{ﬁbl 1é%n ot & %lﬁgg%ﬁbstequenl’f'?oadmg on the

TFEROPHE. AThORsulEUGR VArjP&ipeAding 8h tmp%w&'& @&l BEndeh@Mi &Y the input
condition where the patient would benefit fromthe

mattmiahi Bve sxample sinsareuseted in Tahde Ldi ng
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Par ki nson' s Di sease, diabetes, chronic heart disease,
ki dney di sease, liver failure, cancer, spinal cord
WO pgoany213mul ti pl e sclerosis, Al zhei ner's Di seaBET/US2004/038805
could be in need of gene therapy to prevent a genetic
or epigentic defect [0066] In certain enbodi nents of
the present invention, the recipient of the stenicells
i s _aut ol ogous or, can be al | ogeneic to the donor.
TABLE)- drareerizséion af prlbpreparatiinderivgs A ia@geelﬁé%\if .aaiirate of two
vilostzersalieheoricanliratiogupdistetraeelly we éhgy6RE Siygtemoabl at i ve
therapy h another exanple, the recipient can be in

reed—of |cpa|| f—ear iUcN., tisstugbecads ‘i'"ic
L N2or |

individualhas |nderg cardiac—infa
sz?\i'flflgiBMn from nnm:\qti\/e heart Ifailure or cardiac
i BRMME] ency. | n eithéfh case tHe enri dRdd_stem cel |
pORUBAL/HMHN i sol jat edobgetermirechod [of t he0.pt¥sent
i RMAXsi on can be I nfusptsinto the circwedtion, the
repapl ent that has undgggone a nyocar di®e, 1 nfarcy or
A&&rﬁﬂﬁfﬁl@ﬂg rronicardiac insufficiency or neart

L.l
I ne—etir I bIICU Q1 KT LTT 1 U UI d.l.l cdall UU
D335 R v et Pyl

f‘ll rar\fl I Lnt o coronaryv, art o ar  annl | ed
I CoOr-ormgry —art © PPt

dﬁlﬂﬁgﬂé to the lnmﬂi@ﬁ‘ﬁéﬂii_LissgeT_ﬂ£$%MmELéuui
cBNMB®sitions fof adnin?3¥ration|of stem3®ells an
efiD3ched stem clel | pop(Pations are knoid% o t he
skilled artisan and are not congidered part of the
novelty of the present invention. [0067] The folloming

exangles are provided nerely as illustrative of .

[004P] dalle d sheses %paﬁlahﬁéuqtmélﬁ?i\/ﬁﬁ Saffﬂ%in gthhlighas Aoto ipiially to 53% due

constr D I
T R

péﬁulﬁlo‘ht\ﬁ:m mhlswapmf}am RUN T axd ﬁofmalnf%)&o QB‘VJA@HHJNHI r Bvaddition
collected froma nornal donor. The bone marrow s
&Uq‘ﬁ)(l) and from

thgkesw ey rpdeetion Qiiih%i%nﬂhpﬁ%s@eplilﬁmﬁﬁ@ 194e it 7
I%rt%QB%HtR@N ot aﬂﬁ%@lr é)\%%q iiﬂrgﬁérﬁ ok E%l?st HeO8Ver % wal lymllﬁpn in RUN 1

one ‘marrow was bone a nornma
anx] Grmiléien in RON 2 faoih ebess ph &taErdouﬁéred ackcladal trénl{ FRBSEnced here.
suppl enent ed mnth hi st ami ne was, adde

Téissibpnﬁaiarrm@?rw@éieab%e'f]lé%er%fp@ii 0 ad gl 4 %05%8&@% that
cg&%%ﬁ%mﬁ@tj%@%i Iqlg% ?Eé W@?W@%Mﬁﬁ%ﬁ;{]ﬁmﬁ&ué&@a short period

ofimelt & shomﬂd Ibatnoted that G telipeeratalrogprednhin thé isalagsioend
sol utiop of hyman serum.al bum dded .
RIS 1P PP AU Mg in 2, 11 PERE BraRtldn the starting

m%fentaf‘ﬁldt ?@%qﬁttﬁ@ﬁnefllp%afa'tlbﬁr ation device described
briefly above, and nore fully in United States

provi sional patent application serial nunber
Egonple@, 730, filed June 19, 2002 andWO 2004/ 000444
(each i ncor por ated herein by reference). Follow ng two

[Opghr Eﬁ]ls fer{i%scrl es Bgv% acceeil pOpilJ.latlél’p gnnmhxa W &teMeefls 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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tangential flow filtration, with continuous
repl eni shnent of PBS with 0.625% HSA. At the end of
wo b@snosai37t he cells were coll ected and analyzeﬂanhanmm&E

GrEEahe s %?%5&@%55 e R b el aghto fifl te scope
of:tﬁL: lofith OF V\;1er U t(Rﬁﬁgf' éanaﬁ%&f@hell%vgn{?o?lfwﬂlr’t?e 1169&113} apptdnt to those of

unber, e percentage of cells in

onmuatry sinhmh tlgﬂrbamisemempaﬂsaﬂbjoﬂlefau)pm@d@mﬁ lAdmh/pubhcatlons patents,
anal ysj.s decre s d from53.9%1to0.51. 7% The.

AERGAP HoRLORE P OGP TFECRSES Fiked HETEIR 0, AT A AP 1P by reference

h gfeased from approximately 400 to approxi mately 250,
indicating cell danmage. The optimal nethod to date
consi sted of treating the bone marrow aspirate for
10-20 mnutes with a m xture of DVSO and PBS fol | owed
by filtration on the TFF device for 60 mnutes. The
DMSO shock resulted in the shrinkage of the PW

wi t hout coll ateral damage to the other cel
popul ations present. The result was the concentration
of the CD34 /CD45 and CD133 cell popul ation, while
provi ding a reduced popul ation of PWN cells, and
| ynphocytes. In one protocol bone marrow aspirate was
treated with DMSO in diluted PBS for 20 m nutes,

foll owed by addition of human serum al bum n (for
stabilization of cells) and subsequent | oading on the
TFF device. The results can vary depending on the
specific cell concentration of the input material. Two
exanple runs are illustrated in Table I.TABLE I
Characterization of cell preparation derived from bone
marrow aspirate of two volunteers after concentration
of stemcells on the TFF System RUN RUN 2 Starting BM
CD34 /45 5% 4. 2% CD133745 not determ ned 0.01% PN
74% 66% CD3 16% 18% After TFF RUN CD34 /45 18% 13%
CD133745 not determ ned 1.3% PWN s 53% 53% CD3 7% 10%
[0069] Table |I shows a partial reduction in PW s from
as high as 74%initially to 53% due
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to reduction in cell size and renoval by the TFF

System Enrichnment of the CD34 /45 cell popul ati on was
woe@s52B1o 18% in RUN 1 and from 4. 2% to 13% Par/Bsido2038805

In addition there was a reduction of the |ynphocyte

popul ation from16%to 7% in RUN 1 and from 18%to 10%
WHARUN QLATMEDdSnber of progenitor cells recovered was

mllion in RUN 1 and rriIIion in RUN2 far in excess
of that covered o % ni cal. tn H ﬁ erence %ere. biect
These bon &‘8? VeGPEe ?ﬁ%%‘iﬂl"g Ar @A @ g @ subjec

vdh@fe[@ihe%ﬁxﬁﬁle(‘c@iﬂprﬂ‘sémém @B1d shdiridt st&R oM ¥odstifuBnfd the method
assays have been carried out with vibrant col ony

coropIEing spaiahion ogidrngeptial i Gltratiopslevice bghoul d be
noted that CD133 cells were also present in the
| soI ated €@nhd coroednting thedsastpdennteh renpuveu Lait (Qreoaprising a cross-

|1 at in RUN .2 1% bei n resent in the
5 ai%f"i“h @g fhzoyely anjplgt gé)ég’oﬂfeﬁe f‘fnnfal preparati on.

EX&”D' e 2 (b 0079r1br]]8_dﬂin 3 e Jl@tod&§§stﬂ&§§uﬁk@éﬂtﬁll9 %Lulallel to a filter (5)
popul ation ‘enriched I'n st emcells as describ

hawoug d pbee sicsed abouttIr toaboat amicserts; that has had an acut e

nmyocardi al...{ nfar.ct .. Br cells
fr om bone! 1Hjar r YR eHRg; t‘%e {]'élédo }ﬁfadi% f OB ﬂ)ﬂ A er y
of a pati ?5‘% t BabctiVRE reRROmIQIa-skin 88UEchsTHRAR A khe sample to
i nfarct, | owi ng stent inplantation. Subsequent
10 ﬂnenbdéhﬂmgh@ﬁnﬁh@dﬁﬁﬁﬁﬁﬁ@nﬁﬁﬁ%le results in enhanced
| eft ventricular end vol une and reduced chance of
dying from sub t r.e )
exanpl es gre p?ggﬁgﬂdd Egﬂgﬁéég 1%1 ﬁ%&%?%&m@ﬁﬁng

piebhrtitsd tha k@mplétiro@ thetsabjectiyt letﬂhﬁ)h%ﬁb@ig edekity benttl fidati®d differential
i nvention. O her variants of the . invention will be
IysisaAltiafionss AFa@ration of ROSEY sPatpfatiipiardpcpn 1 the sempyer gpit.
and enconpassed by the appended cl ai ns.
AUpubl i cagi onsy. g@ﬁk%h%ccd}gfng% cRRRNL! %Ex‘eﬁf‘&e%ﬁ&ﬂg%tié‘%ne marrow,
references cite erein an re a so I ncor porated by
15  atiefuersespensibe raniongati§pdnSion] &d el ¢ddistituedtsmet hod f or
separating stem ceI s froma sanple froma subject

wherein the sa rrssste cII and. non-stem
cel | consfi t uehiemeio Heaigs 12 6lFsR s Rgr eRbis PR 71

chstiRREGAE @onfd %ﬁbbﬁé@bra@ﬂmdﬁa begaby: (i)

i ntroduci ng thé Sanmple i'nto a renmover unit (1)
conprising a crossflow chanber (3) through an inlet
(6) inther enﬁhemeﬂwdtaccqrdmg te olojradi funidrer eamptasing repeging steps

ubst an araIeI to a
G 07 At LEPRaERT oLt L iohR T pipubrulentishid For ik colis
(iii) subjecting the fluid to filtration through the
20 filter; apd  The method according to claim 1, wherein the stem cells are

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

7. The method according to claim 5, wherein the hematopoietic 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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(iv) selectively renmoving non-stemcell constituents
fromthe sanple to forma cell population enriched for

wet@sisaBt s. 2. The net hod accordi ng to cl ai m BCT/US2004/038805

further conprising: preparing the sanple fromthe

subj ect by0- eukbpmsthediascordimgdy P&’fmeénWPPlfeH’g@? sgpyect has undergone

I fferentqal: i Lan, ..ar : atign of a
oGRS AL | B RRLATLEN, o 2

The nethod according to claim1, wherein the sanple is
bone marrol, aThéssthedsuspdingitonlaimniOpwhaningbs plemséebimobilization
or bl ood constit(ujent met hod, according to

agenhisV-CSEutefeln M}Q%ﬁogr@fz e hashamidfiast it uent's are

stroma, erythrocytes, plasma and platelets. 5. The
met hod acepr di fge Rt AMrdingtytlaiRN, GABRI the Bhgential flow
repeating steps (i), (ii), and (iii) at least two

fittiaties dedcé basm wedrls fpoprovistinmpredetenhiad inpit xieeh thesample to the

infeof U% P v Cpton 1 e efdft obineL iy il uBbA the fiterand

in€SiheSiltrte cRAHBdrPMERbersingi? GBtdtidn rate cditeolliRE BREns limits the filtration
according to claimb5, wherein the hematopoietic stem

rageetol lessahan hpgroppesediiltgtior e fastthodlteiecor ding to claim
3, wherein the stemcells are hematopoietic stem
cells, nmesench , - pliug | em:
ol 15 0 P (Bt tsoGRaftng o PsiflbhBBkl: sBhflls precated to
indefepdtindtiakige oficellpopllhtsorrvet{#ISehtiatly tise shthe sTaveasithé stonh cells.
according to claim1, wherein the subject has

undergone_stem cell mobilization by adm nisteri a . .
stem cel | l4robi Themethor ag@cgaltn_g to clpia 129‘%??81“&& sggpmjﬂaﬂon with

[ [ em cell nobilization agent
eslts%t{%}{llgé]{i_? é'a&eé%?z[r%g/{h&g%?y%%. cycl ophospham de. 12. The
nmet hod according to claim1, wherein the tangenti al '
flow filtitsti ofheleethod ahesdiagiealasn ldr where Vhiaiinigeaiment comprises
redetermned.inpyt rate of the l.e.to the.inlet of .
odnistip S ele Syfhchalivsioosiotiyasr@ it Sl epijngpi fimethylsulfoxide
(]jMI[SU).ati on rate through the filter and into the
filtfate chanber; and wherein the filtration rate
controlling neans limts the filtration rate to |ess
than the b%o pp&benethof eearilivg tp gleem 1§y whereinfthe fiapl DYESO
The t had, accor dj,n o£laiml, wherein the sanple is
coﬁ’lpgi}tg%togds P%Vvle%gdé’ea%gglgl/‘gshri nkage of cell popul ations
with essentially the sanme size as the stemcells.
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 is 12.5%.

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

concentration is 15%.

20. Thé methdd éccording to claim 15, wherein therph;siolo gically

acceptable solution is of low ionic strength.
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14. The method according to claim13, wherein the cel

popul ation with essentially the sane size are
w@e@sobaeytes. 15. The met hod according to cl aP@T/1132004/038805

where the Eretreatnent conpri ses contactlng the cells

with a phyki ol d8¢ Bethag ageerdingdp climgdPupheisiBapretepipent

SR KaR R OB R pp g B R AR SE L Beinbin
glye¢roken 5% and 20% 17. The method according to claim
16, wherein the final DMSO concentration is between

10% and 12%? 13‘ Th t ho a°°°{d'§% g claim.17
wherein t i hAP e eI P staimg ¢ 1; whersistde fipal glyggrol
chEEHt?éhoﬁ%Bét%&QOtS%SI/@hﬂﬁ 1Zmorerein the final DVSO

concentration is 15% 20. The nethod according to

claim 15, wherein the physiologically acceptable

sol uti on 23 of Th@meﬂmdiacccs"dmgrtgtcmim Ztheheretrtibd final glycerol

accor g i q aim 13, wherein the pretreatnent
“Eﬁﬁﬁ? SMcting the cells with a physiol ogically

acceptabl e solution conprising glycerol. 22. The

WEt hod acggr di mge hetildalcsdrdihg twafalirﬁllﬂ twherefn grahulocytes are
ycerol concentration is, between 5 nol/L and 2.5

pwfﬂrsm_tlallz remyyRsl fien HericolldaBiye Hgov&b BFisi m, wherein the

final glycerol concentration is 1 nol/L. 24 The

et hod acser di e hRuBaL 0ty (RGHALY, GHARM 06K LEEIATA trough

preferential ly renove rom m xture-t

sdqusitial c@Fact B ¢hensatripdeitoancdfedii vigarhount lod DM@ ,amMgEyrcexrom
lysis is effected through sequential contact of the
sanpl e t

o_an effectiyv 0
26. The ndb hodrfg%%ﬂ{ﬂ’(ﬁﬁ@cqfamélt%%w?? \xﬂ%@& 8’6&?%@{3 sample is
with tsBﬁm%ﬁ%{helo\VSbsﬁﬂottlB sRei@hUtion with [ ow osnotic

strength . A nmethod for enriching a sanple of bone

A r ow or bI ood constituents for stemcells,
conpri sing?.  Amethod for enriching a sample of bone marrow or blood

constituents for stem cells, 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 filtrate chamber, the filter having a pore
size of about 1 to about 10 microns;

(i)  recirculating the sample through the TFF unit at a predetermined input
rate and a predetermined filtration rate, the predetermined input 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 cells.

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

population is substantially free of non-leukocyte blood constituents.

29.  The method according to claim 1, further comprising the step of

administering the cell population enriched for stem cells to an individual.
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(i) introducing the sanple into a tangential flow
filtration (TFF) unit, the TFF unit conprising a

wee@s®s5f1Bow chanber, a filtrate chanber, and aP€T/UEM04/038805
in fluid communjcation with. the i:r.o\slzé-fl ow, chanber . an

the filtréabe cRAmBEIoGaTeOing 8 ClaB A nyherepbihe sample 1y from a
i1 51 OREone(dtdnt cEIEFIobRILIR Adagh. t he
R R G e e b
rate and a predetermined filtration rate, the
pr edet er nBhed Theutethagtaecatlingdastaithi3Pewheneisthe lseem cell mobilizing
pr edet er iltratjon rate: erejn the
o S et MR o8 BBTBEL" han ¢ he
unopposed filtration rate for the filter; and (iii)
5 isolating3a ceirhe RREAYIHEQTINEH CRNAD I WheRiEis 6Rl Solls are
28. The nethod according to claim27, wherein the
reamfnsedlinl® awgbipigudpul ation i s substantially free of
non- | eukocyte bl ood constituents. 29. The nethod
accordi ng,to chkai f r 7S] 3
adm ni st e?%'ng ItT ﬁ%@%:eéﬁd a%%%@ﬁlgttlg g{rg%{elr?r%r %ﬁ%%qﬁ%fetcﬁj?%n?nqs autologous
toctBb kgbjé®@. an i ndividual .30. The nethod according to
claim?29, wherein the sanple is froma subject that

has been treated with at | east one stemce|l . )
mobi | i zi nd*agehhe methpdeacrrigdo §e83di WHeEs! Bp &56iRige, is allogeneic

:n..the stemcell nobilizing agent is M CSF,
10 to\é@%@%&é\/} CSF or cycl ophospham de. 32. The net hod

according to claim?29, wherein the stemcells are o
r ei nf used3$§.nt oThe netliodi aendrding3o clbie 32pwhedinathe osaipimgf is in need of

to claim 32, where the recipient is autologous to the
DUFIPRIERW TeRENCHRHAN 1pt hod according to clai m 32, wherein
the recipient is allogeneic to the subject. 35. The

net hod acgEr di Mge hRtidcdrdthe tWORIBIN, WherelrBhk PE@ibntiths
in need of bone marrow regeneration. 36. The net hod

uiadeegand inmypleablativaitherg®. wherein the reci pi ent has
under gone nyel oabl ative therapy. 37. The net hod

15 accor di ng%%o Cll“ﬁi rrpleﬁ%’ .a\é@c%?ll%i s Eﬁﬁg?ﬁ?%{ﬁlggﬁ% tthh gecfii%lfnt 1s in need of

need of repair "of cardiac SUE.
réphidoftadiac\i@feei N the recipi ent has undergone a

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

20  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

infused into the circulation.

25  42.  The method of claim 32, where the enriched stem cell population is

infused into the coronary artery.
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cardiac infarct. 39. The nethod according to claim 32,

wherein the recipient is suffering fromcongestive
wheasnsfai | ure. 40. The nethod of claim 32, mhe@yushmwmm&s

recipient is su fer| rdlac $nsuff|§|ency

The net hof3-of dhg Waetsthe epished stem efémopulaﬁonls
& hﬁﬁ % the circulation. 42. The

ﬁ@?ﬁg@%&%ﬁw ¢ ]% aﬁgﬁgﬂfhe enri ched stem cel

populatlon,ls |nfused into the coronary artery.43. The

met hod of claim 32, where the enriched stem cel

popul ation is applied directly to the injured heart

ti ssue.
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