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(57) Abstract: The present invention provides tangeniial
flow filtration devices and methods for enriching a
heterogeneous mixture of blood constituents for leukocytes
by removal of non-leukocyte blood constituents. In
one particular embodiment the device can provide a
composition enriched in monocytes. One exemplary
embodiment includes a remover unit (1) having a
crossflow chamber (3) separated by a microporous filter
(5) from a filtrate chamber (4), the remover unit (1) also
having a tangennal flow injet (6), a fluid outlet (7) for a
fluid enriched in leukocytes and a filtrate outlet (8).




BACKGROUND OF THE | NVENTI ON 10 Bl ood cell popul ations e ﬁ'che f.or

| eukocytes are often desired for use in research or th QSV”‘ 082l
sources of |eukocytes include whol e peripheral blood, |eukopheresis or
apheresis product, or other |ess comopn sources, such as unbilical cord

et hoits. 1 ncl ude. - RAZNEPHNRA K 1t MHAMIANEFURICILNIDEIMMRES , , o ..

silica, and the like), elutriation, 15 centrifugation, |ysis of
er yt hr ocym, 65 stk sy, mn ra/iNcTRS TIOTA VA, @6d Pagstie®Us conbi nati ons of these
met hods. USHEVE. Var &J. éh. sddEPant ages to eacﬁ?ﬁﬁ@h%%emﬂewhbds one of%whlch IS
t he ne@gphglated $tak OLiMS ANBS R @15 tRPS ~ af{o&r™e Jﬂj@
per f or maﬂE LEgi.ond, Mg ers (mrngM ahe ceff’ §d;§‘}; %ca iy 2 VESRETBY a
repetiti e Pﬁ%@@éAZBTﬁéﬁg 'ﬁ@rally i ncl ude pIaC|ng the enri ched cel
suspensi Eg “g@g AR GRAET T E? nclwar,,%QengeJdis%wegaerQm@@L;L& A8 dhe bottom
of the t s)gplgjtenafmegﬁ&fr @g@M Th@ Nt @ odesSind ACHINN:RA " dpfe i) di Begin-
centri fugaGNaﬁucbwma MUREEMab.agt 1S de@astedestkiprdme tfihe,Faldeat ed cells. A wash
| i qUi GhelrSaniondfllErhiclsG7:t e tube, and the cell pellet is resuspended. These
steps-argmwwangahkyp&ggﬁaﬁﬁg 2to 4 tinmes. One disadvantage of this
washi ng process is that sequential resuspension and 25 centrifugation can
decrease cell viability and increase cell lysis. Another disadvantage of
washi ng by centrifugation is the opportunity for bacteria or other
infectious agents to contamnate 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
contam nation. The risk of contam nation is significant enough for sone
medi cal 30 regul atory agencies to demand that only "cl osed" systens are
used for cell handling. Filtration nmethods have al so been used to renove
| eukocytes fromblood while retaining other blood constituents for |ater
use. Such nethods generally trap |eukocytes on a filter in a
non-recoverable form while allow ng other blood constituents to pass
through the filter and into a collection vessel. For exanple, filters are
available to 1 15 Decenber 2006 WO 2004/ 000444 PCT/ US2003/019428 renove
| eukocytes from bl ood so that the incidence of alloinmune reactions is
‘mnimzed follow ng blood transfusions. This renoval is typically done
using filters which are nmade of matted plastic fiber nmesh. The nesh is
usual ly arranged to trap the | eukocytes in a reticulated matrix having
enough depth so that the cells are trapped throughout the depth of




5 the filter, thereby keeping the filter from cl ogging, woul d cur if
the | eukocytes were trapped on a planar surface. In ad&?ﬁ?%?ﬁ’%?bzogﬁe

physi cal trapping of the cells, the materials and large surface area of
the fil | eukocytes to adhere irreversibly rf.ace. Many of
t hese a ezrogir’\’(iomgél | s are the very ones desired for és‘%#@@%@ﬂé%l pr ocedur es.
The resulting 10 conbination of trapping and adherence to the filter
creates a highly efficient neans of renoving the | eukocytes for disposal
orior to BTANCENTIALGRLOWERIRABIGNPEVIEES AN MEFHRDS FORhe desi red
cells, this nethod of fil DRIKOCYSEENRIHMERJeous. A nethod that has
been useful in the fractionation of various particles is tangential flow
fil trgsation (TFF) or "cross- fg@Tdn hbpaidnoNEFF relies on the novenent of
a 15 fluid parallel to the surface of a porous nenbrane filter. The pores
of the menbrane all ow passage of the fluid and of particles within the

fluid that are sméhis@pplication dlgias panrityto Ynited Stptgspreyisionateatent oss-f | ow (or

R angent@*i&ai& ﬁimﬁehmfggd?@b%k@jme 9912082, fHidiek iRbS¥RRIheRIBY | d- up of
particle arger than the pores on the filter surface. TFF has been used

f or the mfeowse mdfsantretyon of various materials. The use of 20 tangenti al
flowfiltration in the pharmaceutical field has been reviewed by Genovesi
(J. Parenter. Aci. TechBACKGROWND OFdHB) INVESTINNng the filtration of
sterile water for injection, <clarification of a solvent system and
filtttati on of enzPied céll popubticisiesriched fdydetkeryiel arcoftaudesized forvse imacci o et alL

(WD 85/03011) report rocess far .use i.n.the renpva f rticulate bl ood
corrponerFf’%earfc%’8?7&‘31&8%dﬁfpg‘fa?fﬂ%ﬁﬁtﬁﬁ%ﬁog&?ssl?d'é%dwwg%ﬁ@gﬁ%e %. (U S Patent
5, 423, 7 38kopReréksdiapitBesidiRodusEe oithel Rss Edimbh@uf@iBue as@inbilicalsssrl f r om bl ood,
allowing the reinfusion of blood cells an

. plateletsigtog@?tients. I n
anot her . Eppehment ofjgekocytepen be doedp sqvisrl ways: Lypicalnghodsdniqudecp o 208
450), s Lfdeal Ly h i : ; gastoncel 1 s and
orhbr LRkl iR erdlin(ele D FICEIIRPACUITREAoRH] B8 BRSSP e The
use I TERrifupatidrs Lysisrof Biytimodytes by hy®@niosiaeks ghdrasionneonibinsitions dfithese

colostru d St U. S Patent .4, 420 ,398) descri | se in the
separ at |lg%{h%]2 ?rﬁﬁe;bgﬁaﬁgaagg?s&ﬂgaé: ,Of@ﬁ%eﬁu oq%’rﬁ%ro? ‘e”&%zﬁgssﬂl% %%%f rot hs

cont ai nijMgbriotidwsBirp4Rpt affe @ eafichivednt stéisis perf@edar ticl es and cells.
Simlarly, TFF has been used in the_separation of bacterial enzynmes.from

cel | debris. (QuiFrlowing¢nrichmens,fae qolle prghypicplly migghed by g rensitivesacess |

addi t i onppet-ARGSNLIAY idch@Wplabihk fidleh@hel BlIE s%s;geayen BReH aRIFLEMESE dng the 2 15
s erbor TS SARCEGRAl el Mgl B aRel il Aupate e
20 pelleting 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.
One disadvantage of this washing process is that sequential resuspension and
25  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 pipeties and bottles of wash solution to the air can
result in contamination. The risk of contamination is significant enough for some medical
30 - regulatory agencies to demand that.only “closed” systems are used for cell handling.
Filtration methods have also been used to remove leukocytes from blood
| while retaining other blood constituents for later use. Such methods generally trap
* leukocytes on a filter in a non-recoverable form, while allowing other blood constituents to

| - pass through the filter and into a collection vessel. For example, filters are available to




concentration of cells suspended in culture nedia. (See ﬁ Radl ett, J.
Appt. Chem BiotechnolL, 22:495, 1972.) TFF has al so red® 'f”?%iﬁb b@rqereported
to separate |liposonmes and |lipid particles according to size. (Lenk et at.

U.S. Patens, 420? 48, 441. ) TFF allows for the for rmt"f)@'n%@%osﬂ?whﬁo' ation of
n

| i posones a I'pid partlcles haV|ng a defined size’ range
heterogeneou Qpul zed SUPT @) .
However Jhi] %uk%gge hﬁzls 8%dnsouse epng&énﬁcégé racﬁﬁgna {;ﬁé‘rﬁo 0 ogi cal

i qui ds fanummowmemlbm Tods rethoval E)twmaﬂl@ dohé pirmditess whitieare sedobf TFF f or
separ at i

erent |ive cell popul at] ons av ef.i ned
char act é‘i‘%t@é)l’ H{QS“HB%I‘ Boe ey Py pzape ﬁl“d "gﬁ%{’}gtesllﬁapart icular, the
uni que Eétﬁk;iiaeeaﬁnaﬁ%&%n%teﬁ&gwd&ﬁm b at@t 8dls |af€&ra§§é?1&h1%hgl%t @k db@nbkpcyt e

popul ati ons (such as, hg nonocyt es, CD34+ hemat opolietic stem and
pr ecdr sdke @@r,|tberebyd@¢mng ?ﬁlt?frftf@uﬁﬂggﬂiﬂgséﬂ* veuld geryr ifiilee Ieykiogytes Wk ot her- bl ood

cells | %Stel’lhty cell wviability, potential hematopoietic
to di f:‘l@ra tdrggt gﬁ FArunot herapeutic cellular activity has not been

addr es s ed. In ad dintadmnon tohtlee physival adappifig of thecells ghé mmapzl&k atdilangs such as,

e.g., ul ati.ons, W th qverl I ng si.ze r be solvedby
current S ‘é%ﬁ&%%?&ﬂh@ at W@P@ﬁ?}’?‘ ﬂ‘?ﬁ ‘gjefee‘ﬁﬁﬁ'qléﬂg?%%%ﬁaﬁet f or

addi ti ORgse SidteaORIIANE tﬂéefeﬂaﬁas ddsRéd ﬁ)ﬁb@@émdcﬂéal/pﬁwdufd@l The xleammg:yt es from
ot her bl ood constituents, includin | asna t hr ocyt es, and/ or

pl atl8l ecembippique! Fepriag yidsghesense fa the Ifer@éqatese I sffigient ggarsti al t o
differ e%ma&g mggglédcyﬁggghﬁgéﬁgﬁgr \:cF!ﬁG@d ,hfhklgﬁ ﬂﬁﬁgyvmweveif%ear esent

i nventi on nee EF SUMVARY OF THE
| NVENTI Gkdoytdsrest thadgsied celis, thinmefhod b filtrationie nofadvantazgewisdes a tangenti al

flow filtration dev re el. po ) ed for

| eukocytes, conpri g h)aﬁthaggasga ?ng @gﬁtﬁ%&?cnﬁgig ﬁalfgmgﬁ%%a?u I‘Il’ ogv chanber, a
filtrat @n@&ﬁﬁbﬂcﬁw gnetian {THEY ef “cebiss-powe ditiakion. eﬂmmamnth&‘lﬁmfdlﬂehedsfa n fluid
com‘rum cation with the cross-flow chanber and the f||tr te chanber t he

cr odé- f Hlgid nerllele themtfacsf a notons wembiape fllero Lhe pares of the membrpnellofosed 30 to
| nt rOdu?QSSQg R fRriPdnd galfg efwﬁﬁl %ﬁﬁ@tbﬁ%&ﬁa‘ﬂeﬁﬁaﬂﬁb‘ Geyt@s 1nto the
ara to t

cross-f arrber e surface of the'filter; and the
out | et aéchtwmlthe;pmjs-ﬂpws(e:d‘tangenilal”ﬁhw)|06ﬂu1dfpa1taﬂei to thedilter reventstadnwildr  opposi t e

tsrgef'r;hﬁr% ﬁf‘%ﬁ%ﬂi‘-ﬂﬁ che ‘B@[}?ﬁ@ he filter having an average pore

TEF has been used for the gross separation of various materials. The use of

20 tangential flow filiration in the pharmaceutical field has been reviewed by Genovesi (J.
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.
Matinaccio ef al. (WO 85/03011) report a process for use in the removal of particulate blood
components from blood for plasmapheresis, and Robinson et al. (U.S. Patent 5,423,738)

25  describe the use of TFF for the removal of plasma from blood, allowing the reinfusion of
blood cells and platelets into patients. '

In another use, TFF has been reported for the filtration of beer (EP 0208
450), specifically for the removal of particulates such as yeast cells and other suspended
_ solids. Kothe ef al. (U.S. Patent 4,644,056) disclose the use of TFF in the purification of

30 immunoglobulins from milk or colostrum, and éastino (U.S. Patent 4,420,398) describes its
-yse in the separation of antiviral substances, such as interferons, from broths containing
these substances as well as viral particles and celis. Similarly, TFF has been used in the

. separation of bacterial enzymes from cell debris. (Quirk et al., Enzyme Microb. Technol.,
6:201, 1984.) In addition, tangential flow filiration units have been employed in the




m crons; such that flow of the sarrpl es across the filter_ enri %hez% %}
sanpl e of blood constituents for |eukocytes. A second é%ﬁ%é‘f“ g%
present invention provides a nethod for separating |eukocytes froma

sanpl e @l Beaghagonstituents froma subject wherei pdrircadPymy conpri ses
| eukocytes, the nmethod conprising: (1) introducing the sanple into a

remover ddﬁéehtréﬁo%df@e]ﬁ%ﬂép‘éﬁdeﬁ% Eltutdakia, 6{8% 8g., Rlamew,gmﬁ;n Chipgt 1n the

renover unit § b{ ecting the sanple cross-fl'ow substantially
par al | elBietechaok,i22t486, 1% d¥i ng a-pore size of about 1 to about 10 microns;

(3) SUbl et g ok Lot Al ied BB Bl b AS)

sel ectively renoving non-Ieu ood C sanple to
form a aetdrdipgmidizet i(Denkensd, (UJS.‘.(?afentS 94ﬁg4mqyr]ﬁ?salloms1fdmthdfoasa1m1tandf t he

t dforerchn a | e of bl ood
D orasi' dRon pE APasBTR AT LR ol rRe f doied S PR ao R AGRIRER0ME D o i nt o a
tangent 'p%%:ulﬁtﬁdﬁ‘é’ofédcﬁb%bl@@ (@ééﬁf&ak@m g@F defined above; (2)
uni

recirculating the sanple roug t he t at a predeterm ned input
rate and a pr edet Bevievenavhile [FF @Sbﬁﬁnﬂ%ﬂd@famﬁéfm@éﬁltéwﬁbﬁé@gl@%put rate at

I t f

or odet er 0k e paudl 60 ) MRS Robdoeh Whd 38 of FFLr SBRERMEDE 11 o rate

for the diﬁfdrémz tive eslihop@ptiorshbving definad cledrdctepistios hat mmbemuppmbmtédﬁmthe : :
d herein.is the Ieukg?#/? s .from bl ood and

| t
bt ool e PR ahe syt ocia o gtk b Gerine FERBI P EREeT R
| eukocy%%lm Rﬁc@i@@ér%n&‘ﬁeﬁ t'GD31$ %em@tﬁp&eﬂcasf&?ﬂ{d'ﬁécufsbf)&lf&' I'tration

devi ce hods for fhé use devi ce for the preparation of enri ched

| euk ocy dendsidio preswisoreslls aud the lhke)ﬁiqmmth@r hend celly W@leeuamfﬁmmmﬂe 93 ((j:D34h
h T
emat Op%]%h{tf gﬁieﬁﬂlﬁérﬁatﬁég&ié gﬁ{ﬂe&eﬁgé}:g,es gnﬁ%p:g ”%noc 1R &’J ed. The

cel |l popul'a es an e like
obt ai nedadxyot bésm addessed. Inmﬂdntiemthee&nmmﬂofnihbmnmpiﬂamlnmsmﬂas,aarg be used 3a

R I T Decenber 2006 to C i ti on of antigen
or et PRRHRONS ¥ith @VaDD AR 0P GERESr s Bk 10 LY LN RITPRERes: o
adm ni stration t%&fbl@ﬁll&b%msfﬂeea hahé BRe bidRom] ddttet RGBS PONSE,

repare
Prep for selectively enriching leukocytes from other blood constituents, including plasma,

erythrocytes, and/or platelets, while preserving sterility, cell viability, potential to
differentiate, and immunotherapeutic cellular activity. The present invention satisfies these
20  and other needs.

BRIEF SUMMARY OF THE INVENTION

A first aspect of the present invention provides a tangential flow

filtration device for preparing a cell impulation enriched for leukocytes, comprising:

5 a remover unit having a cross-flow chamber, a filtrate chamber and a
filter disposed therebetween, the filter in fluid communication with the cross-flow

chamber and the filtrate chamber;

the cross-flow chamber having an inlet and an outlet, the inlet disposed
.30 to introduce a sample of blood constituents comprising leukocytes into the cross-flow
chamber and parallel to the surface of the filter; and the outlet centrally d1sposed ina

portion of the cross-flow chamber opposite thc filter surface;




conposi tions of pluripotent stemcells, e.g., f-macrophage (f-MDb), for
i nduction to form epithelial, neuronal, endothelial, of Pé?f‘ﬁitﬁbdﬁé cells,
prepare conpositions conprising enriched nunbers of henat opoietic stem or
precursor cells, and the like. 3b 15 Decenber 2006 WD 2004/ 000444

PCT/ US2003/ 019428 Di sclosed is a tangential flow filtration device
conprising a renover unit having a cross-flow chanber, a filtrate chanber
and a filter di spdsdilictlimeinglstvegn porthe rahgihg fpmebout beo ahoutf 10ui d

conmuni cation_on..0 S] the retentgte surface, with.the cross-flow
chanber oapt gt ROt pdfe shifes AERE Mot SHLASTRisatob SR TLa%F i 1 L Pt e
chanber cosklimens fos Bukocfleow chanber has an inlet adapted to introduce a

sanpl e of bl ood constituents conprising |eukocytes into the cross-flow
chanber and paral l,e] . i . An outl et can
al so provided in fAﬁsgcoﬁ:a?Sjsg&foFgl\tfv%E%%g gglﬂi%éﬁ%r%g?%/&%iﬁ%p%’ge%&fﬁﬁna portion of
t he chatdusecytss frowiatsamplh ef blesdegonsiituenss fiofmacebjedt whiaeinfthe sagple cPhprifes | t er

sui t abl i . ential flow filtration device typically has an
aver age?epu%(?%teg’i%geeﬂ@%&rﬁ%%ﬁla}l??%m about 1 to 10 about 10 microns. In certain
enbodi ments the filter has an average pore size of about 3 to about 7

m crons, or about (3 t oinkbdusingBhesampleinn e renfyerunéof theideviekmgidefinedan conpri se
a means QL (oM Aife iRRTGHREELE ned input  rate of the sanple into the
inlet of the cross-flow chamber ahd a means for controlling a filtration
rate of filtrate through the filter and into the filtrate chanber. The
filtration rate 18 contubisclingtye saamisso props-flay subatagtistlepasellef toafiligt i on to | ess
than t hgaWONRRSEL drbbdul Bld BButldbfeh®f the filter. The sanple conprising
bl ood constituents can be provided by a source device such as a

| eukopheresi s device or a container conprising a sanple collected from for
exanpl e, a | eukofer eﬁbéecﬂéﬂﬁl‘?:%‘}ldg}ﬂtr?t%?éthr?‘vé.th"@@ﬁtaaﬁgenti al flow
filtration device can further conprise a recovery unit. 20 The recovery
unit conprising apgyinl gllecaidly Rhoding heilleGidtytdBlobd takGOERERIRthe N @ | OOP

format with the crgss-fl ow chanber, of the renover unit. In this enbodi nent
of the Beé’eﬂﬁ%té,foweﬁé??@g%@f‘F’E}W%%ﬁ]&%]fo"iﬁﬁq‘et is in fluid comunication with

the recovery unit outlet, and the cross-flow chanber outlet is in fluid
conmmuni cati on W t A thikkasp&CofRe presehi ihventfibriroviddd@ metid @ehisichiiid can further

conprise a.s le inl.et apd a wash inlet. In certain enbodinents 25 of the
t angent Faélfplef‘fafg;%ogic‘i”{s’r‘%ﬂtﬁﬁrlﬂaé)ﬁcgtés’lcwgprés%pl e inlet and wash inlet are a
single shared inlet. Typically, the wash inlet is in fluid conmunication

with a source of ¢lgpl anenhringdie samplslntd bk tshghntidlfw fphthadTER)idedee asash f 1 ui d
can be,dgf%daxarrpl e, an isotonic buffer or tissue

ove;
2) 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 th:é predetermined filtration rate is less than the

unopposed filtration rate for the filter; and
3) isolating a cell population enriched for leukocytes.

Disclosed herein is the separation of leukocytes from blood and blood
preparations. In particular, a cell population enriched in leukocytes can be prepared by the use
of a tangential flow filtration device. Methods for the use of the device for the preparation of
enriched leukocyte populations and cell populations enriched in monocytes, CD34"
hematopoietic stem are precursor cells and the like can be provided. The cell populations
enriched in leukocytes and/or monocytes and the like obtained by the use of the devices and

methods disclosed can be used

3a




culture nedia. The sanple inlet of the recovery unit is in fluid

comuni cation with a source 30 of blood constituents. [APBWEEMINEI nent of
the present invention the source of blood constituents is a

cel | -processi ng device. The cell processing device can be a | eukopheresis
device or a device that is capable of producing a cell population partially
enriched for |eukocytes. In one exanple, the cell processing device

conpri ses plaparesmgjosihawiom@nt'@eﬂ Ibreshnmens ea) dntéﬂgeﬁ(pﬁz@démlm@ déddritiaceiBnocyt e

dendri ti % L1 rso ﬂﬁ@ﬁnt sy g q;e in 15 Decenber 2006 WO
2004/ 00 G3/4G R L Rt aBﬁH%u?enrefﬂ%sef PP&¥  port and the
second pompgsitans ohﬂmnpotent stere balsne. pgf- mmclﬁm@sqtfmp, forfinduttien tudssel and with a

pore si f % w.th nmonocytic dendritic cel

precur s%ﬁ %ﬁegzrllldhe e lf’ cgth%hall 7 hepa?%&? sV grep ST “C8MPPse a drain

l'i ne infmmdmdnmnbmm@ﬁwcmmm@wnwmaﬂmnmmmﬁxw@db@mdémhbmd port and a collection
line in fluid communication 5 with the first and or second port which is
also in fluid communi cation with the sanple inlet of the recovery unit of
the tangential flow filtration device. The cell processing device can al so
conprise a plurality of fluid sources for providing binding media, washing
buffer and elution buffer. The device can further conprise a punp for
transferring the various fluids into and out of the cell processing 10
device. A tenperature controlling neans, such as a heater or cooling
device, can also be provided. In one enbodi ment of the present invention
providing a closed system a blood sanple or blood product preparation is
provided to the cell processing device conprising a bead naterial capable
of adhering nonocytic dendritic cell precursors. The bl ood sanple can be
allowed to contact the bead material for a sufficient time to adhere the
nonocytic 15 dendritic cell precursors and the device can be washed of the
ot her cell conponents through the drain line. The elution buffer can be
added to the cell processing device and the nonocytic dendritic cel
precursors can be aseptically passed through the collection line into the
sanple inlet of the recovery unit for further enrichnent of the bl ood
sanpl e of nonocytes. In one enbodi nent of the present invention, a
tangential flow filtration 20 device for enriching a sanple of blood
constituents for |eukocytes is provided conprising a renover unit
conprising a cross-flow chanber and a filtrate chanber separated by a
filter, wherein the cross-flow chanber has an inlet and an outlet, the
outlet centrally disposed in an wupper portion of the chanber, and wherein
the inlet is disposed above the filter and

p
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I ntroduces fluid into the cross- flow chanber substantlal$é gearal%o:a? to the
filter; a nmeans for 25 providing a predeterm ned input 8 sanpl e
t hrough the cross-flow chanber inlet; and a means for reducing a

filtrat woroosdests hrough the filter; wherein the filg@rgshasosamore size of
about 3 mcrons to about 7 mcrons; and whereby the sanple is enriched for
| eukocytes in a . Furt her anot her
particul ar enbodi ﬁ&?@égﬁﬁ?akﬂg({nﬂ% tl‘flJvPﬁﬁrang)f%eﬁ%%nggnpnFm%% l"tmvi?irf'mpabout 5.5
m.cr ons hagingrardrgss-flomechambeér, pﬁbuteecthambexfmﬁ aﬂmﬁﬂdlsﬁiﬁed thakebetyeas Then anot her
enbodl of the sent i.nvention t.angentjal flow filtration device
for enrlé by é‘ﬁbcfceong?mgcf 8’3101&8%%?%{’ ? tgnipls surface it the crassfiogyi ded
conpr i sichgmBer, mrmmﬁe ot Sidef RAlirsté BNGTaRe, GhigSthe filtaie daapheThdbabaw a filtrate
chamger nd se ar Iﬁ ag filter, wherein the cross-flow chanber has an
Cnlet arfipasha antl & adartecto ipgrduean soRle ehleedronsityentyommrsiie 2006 WO
2004/ ooqg‘ﬂ@cﬁ@ﬂé&a@%@ﬁ&%ﬁ@&r and Al B ¢l RAht i-é?éhtag surfage &ﬂ(}ﬂéfﬁﬁép and
wherein the inlet is disposed bel ow lter an I ntroduces fluid into

t he cr og¥u putlshranphspsevidedss therrosaifloy mpn qentrally dispesddiih agertion ofeans f or
provi di Ri e 9‘?? cross-fl ow
chanber qﬂe at ;b@gﬁ%%&? tfr%g%rt]ésn &?yém%g{% (ﬁfttgé ﬁﬁé} TH E%r'? lrntzta%l[e%lg‘%aetngﬁ} Chr ough the
filter; tmméﬂl rﬂowﬁiitrﬁtidnttbwict'lawcallpbats&mavzmgépmﬁ syab)mngmg fiwircabens! too about. 7

mcr ns reb th nr, ed for Ieuko | N retentate
T 0Re apBRA R i S s B G e b P e R A O b et -t he
filter abam7aniaﬁme,cma5@teftoamus 53mmn§bout 5.5 microns to enrich the cell
popul ation for CD34+ |eukocytes. In yet another enbodi nent of the present

invention, a tandeithes thefdetide cah(boﬁaphéerﬁhe@@f&@ydv@(ﬁng Dpre@drhédudigpud sanpl e
conprising blood constituents is provided rising a renpver unit (1)
havi ng #ate phibe sammiunéthe st of thy c@ﬁﬁﬂawphwbea ameawp &t coupollingshar at ed by a

filter (ﬁ]ﬁ}au Qﬁ@ﬁﬁé‘? ( gt l et (7),
the out EI sposegagbo&ght e |n%%%]ﬁi§ g%%érdgﬁyerd%%g@gg mﬁegn upper

por tl5on cortrollivg mdzasiheits the aeloffiigatiinto {dsethhn tlieanoppssedl fdipasoadatb firdlre and

subst an Rar gl llel to the 0 hanb 5 inlet. .The device

Furt hor Tl BRER osramibetlfod oS timirg o e RBHBE LR HBtPe JRpGR SEARE of 1t he
sanpl e bhMulbgHRrdskR AeEEOGST dohRiNcERMRRIng |a@blﬁfale collodRd Rond, & eRir@Me,di Ng a
predetermned filtration rate of the fluid through the filter, wherein the

predete#WPlgﬁreﬁlisld?Yl%ﬁ’éMhPhk% is about one-fifth to about one
one- hundredth of ! oah Alely ETEEEI& provi ding a
pr edet er mi ned concen atlon o?ltgd Og&g&ﬁaé I'h T he e ‘'sanple \ﬁ%er éinthe

20  The recovery unit comprising an inlet and an outlet can be interconnected in a loop format

with the cross-flow chamber of the remover unit, In this embodiment of the device, the
cross-flow chamber inlet is in fluid communication with the recdvery unit outlet, and the
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
25  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 isofonic buffer or tissue
culture media, | ‘
The sample inlet of the recovery unit is in fluid communication with a source
- 30 ofblood constituents. In one embodiment of the present invention the source of blood
constituents is a cell-processing device. The cell processing device can be a leukopheresis
device or a device that is capable of producing a cell population partially enriched for
leukocytes. In one example, the cell processing device comprises a vessel having a first port

and a second port, a monocyte dendritic celf precursor adhering substrate in fluid '




20 predeterm ned concentratlon of bI ood cells is typi caII about 107 to
about 1010 cells per mlliliter. Typically, the filter ﬁﬁ@c%bﬁb?q@ﬁsi ze of
about 3 mcrons to about 7 microns. Further, in another particular

enbodi mygizoedidocusk i | ter has a pore size of about 3 tErlsdsnpgs nMcrons to
enrich the cell population for CD34+ | eukocytes. Disclosed are nethods for

separ at | Redu@itKQEnWRP thh FRT hért HRITRE Sectid I8 SrecnToRiRlind tHE E\lb?tr&t@ fPrising

| eukocytes. In the methods step can be provided conprising
intr odudhm‘gesmmct‘mﬂpa pore gizo sufficienthwalowithe passige ofiglonesytic densiritic gelt he r enover

uni t; equ&umaaahk,ﬁmfc*aalssgﬁph@qéeoca i a%dn{egﬁ gg%ﬁa%ﬂﬁé ﬁ'du{dspar allel to a

fllter aving a pore size o out crons; ) subjecting
the fl uicdmimnfcatidur with e fitsoboseedndtpos ahd b cellectiarithe(d fluidebaatunication r enovi ng

s R S0P i R AT DL B Eal L Ptk o
parti al o@ﬁfc'rédo@é’rﬁﬂuﬁﬂ‘of&étﬁ@éﬂtﬁﬂl@zﬂﬁlﬁt&ﬁoﬁ givkgpheresi's, density
centrifugation, differential %ms Itration, or preparation of a buffy

coat, for introduthdasH prasessing @ﬁ@qegralagwpmpmqa Iﬂurehtymﬁ duidrsewrces ohe sanpl e

i's indu panber .
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with a wampngealpuhmfhr trﬁswmus ﬂﬂﬂﬁmto\é@dﬁﬁﬂ%f/ﬂﬁﬁl&ﬂ@ﬂoc@ﬁ]ﬁlg,USZOOS/ 019425
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substantially enriched population of nonocytes. The enriched cell
popul at iserple arbleerhpreduss prgparplicads preided toshogbprensising dewise comprisingy cal | y
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eykocytes ca urit her be used for, the preparation
SO R s S e B eiod e GrlsaeBts ioBs | Ched
ceI | pOﬂi&dﬂﬁM&& The dhitiod BEES chybPaddBd @k &Hﬁiﬁb&é@ﬁl@ﬂe\&& 208 Be@idnb&iic 2
nonocyti c dendritic cell precursor adheri substrate with the cell

popul at Fgintiessllingcagons san beasspbieaflypassed throngh thy collasbeninedntg dssamelec cel |
pr ecur SR of helrlSvE it RS ekl e SEUEDRbRLAABEEEndoe N Substrate to

form conpl exes conpfi sing nonocytic de ritic precufsors and
subst rat e; separ dhongehbwlinenpf thx presdnt diveitivn, Nangeadiidtowngitlgskocytes to

cul 2hr 1 A EichBRB RIS SRR RS Bt SHeies §so LGP RPBHEAE  at o t he
- Precur s vk CmhiUoRphiSHEk foSs-A6w chamber and a filtrate chamber separated 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 disijosed above the filter and
introduces fluid into the cross-flow chémber substantially parallel to the filter; a means for
25 -providing a predetermined input rate of the sample through the cross-flow chamber inlet; and
| a means for reducing a filtration rate through the filter; ﬁhcrein the filter has a pore size of
about 3 microns to ahout 7 microns; and whereby the sample is enriched for lenkocytes ina
retentate in the cross-flow chamber. Further, in another particular embodiment, the filter has
_ a.pore size of about 3 to about 5.5 microns to enrich the cell population for CD34"
30 leukocytes. ’
In another embodiment of the present invention, a tangential flow filtration
device for enriching a sample of blood constituents for monocytes is provided comprising a
. Temover unit comprising a cross-flow chamber below a filtrate chamber and separated by a

filter, wherein the cross-flow chamber has an inlet and an outlet, the outlet centrally disposed




mature dendritic cells. In one particul ar enbodi nent ch5 ng_&)gt%gﬁ
dendritic cell precursors are eluted fromthe substrat Bt
culturing. The substrate for adhering the nonocytic dendritic cell

pr ecur seigs20a@00@PNPri se gl ass, pol ystyrene, plasti cperdis263@5%52sC0at ed
pol ystyrene microbeads. 20 In still another enbodi ment of the present

i nventi Of a3oWaipBRMEn bPthe@RAER) A8 ﬂereﬁn?ﬂél)iﬁﬁ R %’o?é&q:e b klsieRgs for
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unopposed filtration rate for the f iI'ter: d (3) isolating a, cell

“popul at il8p2 pereisizp etiatiogt 3 ta aégutcﬁc%/m@sonsm@nnbthwdﬂ vepulation nCH34 an enri ched
~cell popuha S)l,t that is substantially free of 30 non-I|eukocyte bl ood
consti tuent I ncl udi ng plasma, platelets and erythrocytes. The enriched

- cell popul ation phqdumaymbﬁdmamfﬂﬁqiresmnnﬁzeﬁhﬁ,smg&num about 20%

| east aho 60% or nore |le cytes. The

| yt l
rrg;J d ctﬁiﬁét’l’oﬂgf’ﬂ‘é?%gl s SE‘WBIG CEGPRERG Ltftl?fﬁl‘i?PStBP‘%H subj ect and
pr epar i rgmbhénsaERIover dritiL ﬁh@m@'a@ﬂﬁs%w'cﬁé&ﬁ&? PG 'a%ltratéj&ﬁﬁfb%ﬁ’

centrlfugalon dlfferentlal lysis, filtration,” or. preparat|on of a buffy

coat. 7 sumratekhyrafilier $Dothe cxne-flo shavdpnbyvimganivexG) aidmants (Daths t he cel |

popul at i f od [t her
Conpr 1 oSt Ao 260 R TAd I8 nd Bhird NG BTk PRI o et o ¢ ne
Leukocy taad whersindle ﬂlsar i d:spoeedmpiueanddelﬁmhnuﬂlwpaeﬂlel tofthearugssfuwschamber

+henat o ti,c m cel |.s, pur| ent stemcel]s, such, as,
mAa‘ Efrﬂsrgﬁ%ﬁ quR@PﬂﬁeﬁaBWé“ alﬂtfP 5?%9%@95%@4@%%%&&.(: cells

Can be g a&@@l@mﬁd@%&&%@'ﬂﬁ%ﬁ@h&newﬁ’ov alpledeftin@ing®t hod the

dendrltlc cell s ‘can be prepared by: "contacti’ng a m)nocytlc dendritic cell

pr ecur s &iltrabign eats ofghe Svid shroughethefikdy, wlme@ﬂleumwrmmbd filsation xate ipshoutl | owi ng
moNOCytiyGe. ﬂﬁfgﬁi dbéﬁtt n%% é-h&{(g réﬁﬁégre@.:fm." egné:ac%%ug%g“' ation to

rever si b (0] e Su ate rm I Ng m)nocyt i C
dendri t pmvmig aprememnsmﬂszomedtrzambsfblawcensmaé Sdnipig wheeicepl exes from 10

t he on a herln eukocyt o obtain conpl exes,conpri sing. nonocytic
ondPi t PEASETIR cPRCRATSOATEO bl SRt (pIcHLy Shmet T oipet 10 OHPRL 1 & ool |

precur sgfiffilifef Ppidafiyans ifkrfal Hfore size of about 3 microns to about 7 microns.
Further, in another particular embodiment, the filter has a pore size of about 3 to about 5.5

microns to enrick the cell population for CD34" leukocytes.

Disclosed are methods-for separating leukocytes from a sample of blood
25  constituents comprising leukocytes. In the methods step can be provided comprising: (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) subjecting the fluid to filtration through the filter;
and (4) selectively removing non-leukocyte blood constituents from the sample to form a
30 cell population enriched for leukocytes. The sample can be subjected to a partial purification
or enrichment by leukopheresis, density centrifigation, differential lysis, filtration, or
preparation of a buffy coat, for introduction in the remover unit. In one embodiment, the
. sample is induced to flow with a vortex motion in the cross-flow chamber. Additionally, the

- cell population entriched for leukocytes can be washed with a wash solution.




precursors to formimmture or mature dendritic cells. strate can
conprise glass, polystyrene, plastic or glass-coated p8P§§?

m crobeads. Additionally, the nonocytic dendritic cell precursors can be
cul tur eqvgMobdobash Oki nes that pronote the differentigli@BoRlbiolsx Nonocyt es
into dendritic cells. In a particular enbodi rrent t he cytoki nes are Gwvt CSF
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filtration (TFF) uni uni"t conpri si s-fl ow’'cha a
filtrat doztvariblr adhgredo ghefsiubstiate to fmmlcunpﬂemrmmpnm imonoopti¢ fendtidc cﬂlloss flow
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a pr edetobtain cvoatpléxel tompririrey mdiﬂcﬁ;cmbmﬁmbeempmaﬁsdm lahd ailivging et e, t he

predeterm ned, t‘#@ gte at | ea fiye i mes the predeterm ned filtration
rat et> winepytic R‘HF&? PECHASOTE L. FBRSFUISD S OB ®0444
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rate for the filter; I solating a cel pul ation enriched for
CD34+ | arskalatpd om tﬁmwbmmmr@amﬂtuﬂwIilfhelsnbsmatee'madhtmtg thetnbnocpiapul at i on

ol as . Copitip APk betkops i e ORGSR, o BT Sl PP BRI or oaucea

by this:-;ﬁabb@dscan 5 |ncrease the percentage of CD34+ cells 2 to 5 fold
from1%to about 5%. uka hor esis material to about 10% to about 40% of
the @ells in an Rt oy o thegmesentinyenton 2 wethad for eariching 4t ed as

describ gsnpe QFQOG@EerQm&% fort [eﬁﬁ’oc&ﬁs Mrtodhded 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 ﬁlte_r in fluid communication with the cross-flow chamber
and the filtrate chamber, the filter havihg a pore size of about 1 to about 10 microns; (2)

25  recirculating the sample through the TFF unit at a predetermined input rate and a
predetermined filtration rate, the predetenmined input raté at least five times the
predetermined filtration rate; wherein the predetermined filtration rate is less than the

- unopposed filtration rate for the filter; and (3) isolating a cell population enriched for
leukocytes. The method can result in an enriched cell population that is substantially free of

30 non-leukocyte blood constituents including plasina, platelets and erythrocytes. The enriched
cell population produced by this method can comprise at least about 20% leukocytes, and
typically at least about 60% or more leukocytes. The method can further comprise the

- collecting of blood from a subject and preparing the sample from the blood by leukopheresis,
density centrifugation, differential lysis, filtration, or preparation of a buffy coat.
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Decenber 2006 2004/ 000444 PCTI US2003/ 019428 Figure 3 .depicts the
results of a st\tj\%“(‘?gheﬂ‘%&ﬂt@r"? Preets R have brerislptedithe depdrifin pells pap . TFF

devi ce bséMired vatHnGnEBenhintér@onditibis RoRucRe Edr?ﬂéc%&swlhé %:ﬁ%&ﬁéo fh@h e of 1080
m/mn at three different filtration rates (11, 15, an 9.6 mn). The
per cent gHigenloadeddendritia csls. (Thesntigenteaded Yadrijic calls chrethewbaeattistetedde ched

bargg Oy ihlrvidudf & ek ABIRY dendritic cells can be cultured i vitro or ex vivo with T

cells to induce the formation of antigen specific cytotoxic T cells. The cytotoxic T cells can

(@]

be administered to an individual in need of an induced antigen specific immune response,

such as in the treatment of cancer and bacterial or viral infection.

A cell population enriched for hematopoietic stem cells can be produced. In
- 25 one embodiment, an individual can be provided with a stem celi mobilizing agent, such as
for example, G-CSF, GM-CSF, AMD3100 (or other agents that inhibit CXCR-4 function),
-or high- or low-dose cyclophosphamide, and the like. The stem cell mobilizing agent
can induce the proliferation of CD34" stem cells which can be released into the peripheral blood
steam. A leukapheresis sample from the individual can be introduced into a tangential flow
30 | 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 3 fo about 5.5 microns; (2) recirculating the sample through the
TFF unit at a predetermined iﬁput rate and a predetermined filiration rate, the predetermined

input rate at least five times the predetermined filtration rate; wherein the predetermined

8




5 "Filtrate"; dark bars) is shown. Figure 4 depicts addi hl onal §®§I ts of
TFF performed on sanmples of |eukopheresis product for tREETHE“Wescribed
in Figure 1. Sanples of 10 mM of |eukopheresis product diluted 1:5, were

subject using a 3 micron filter with a f|| te of 15
%ﬁn&/&@@@m age of erythrocytes (de5| gnat ed é(’?ﬂlr?“ he

t tt .e er TFFaeshown
%ﬁee?ei. %@&{ﬁ&%&%%&% b bdel it {ﬁe bthe %mf;{ss BhiadE a0 e enonded
t8d1680 pclipa&ﬁpn élﬁﬂﬁadf BZ_gES&rld;Idﬁéﬁes rmh(emdmodmasm?tm?aﬁleﬁnchﬁﬂgﬂre 5 degl cts

It ona 0 rto S O e 0] er esl s roauct
? or the %‘%PH b?@@? F@é@n?%g%eﬁﬂﬁ@’g] %@gﬁqmﬁ@m}ﬁ l%ﬁl‘lplif'gp aé‘HP@oBher esis
product ,pldﬂeiet&taﬁ@leﬁyﬂa‘éocyv&r?h@éﬁ?ibmto% élﬁuifoﬁpfbahéwb@ﬂﬁs HeflofBad | | ter, with a

i
recirculation (input) rate of 10 nF/mna hree"di fferent f||trat|on

rat esd ( 1icreass theawepe&t@geaof GR¥reolls; 2 tor i old dipmelth tapboutS% o lewlraphoresis
(desi gn%afénﬂ%ﬁ{ﬁoht 10% {o%oﬁt%@%ﬁlgeeceﬁbﬂ}agégﬁc&&fa %{)ﬁﬁfanéﬁ Itrate (designated

"Filtrate" bars I's sho | guré exanpl e of the effects
of increasing the concentration of 20 | eukopher esis material in the
sanple. 50 m of Fetheophanoegesssolatedasideboribed ahotrechn:lbe&ultmre@m&-icsmeparl n +

DNase |, . T devi ce havi 3 on pore size
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. ]ngSI gnatﬂdrédm%monmweshmm&wuﬂﬁﬁtﬁ@ﬁ%dlgiﬁaﬁeihsuﬁﬁhﬁiﬂﬁﬁrlﬂbc}ogS ?‘]hovvn as a
unc i tration rat epi cts an _exampl e of the
sepaﬁ At |gﬁ£‘b1"h]$ Lg-lt?h[?ﬁ%‘}%né g?fh‘@t %SCWHO@%%QﬁﬁﬂWG bovefarr on .
filters AR cHEAbEmYRy ﬁf:seh@éﬂf‘ﬂ&ﬁ&ﬁ&%f%th@f %ﬁ{es %ﬁm@m&g yévﬁn mgil an entire

unit). The recirculation (input) rate was tration
rate wadtttomdyrq the nrodmillon PRFpetet of!i!t‘b@‘ memg)raelstymsc rforexpinplecthe cebout  80%

of the C renoved from
Che 1ot diophBAACHBR i RERIASHEYor nidibeyied3h e SNAFGIN RridselE0l | TIRC

i ght hg\fmdeﬁErKjE 1, BGRund dttalrsetureon aaﬁlﬁuﬁefcﬁllﬁ)%aﬁd shj‘fﬁuetangﬂioséwcgiﬁglyt es, were
retai_ne I n, contr.ast,. usi the 3. mcro ilter out 65% of | nput

| eukigcy (98-t Fﬂgi? ﬂ@%}@(ﬂ%ﬂ@%ﬂi—ﬂl?ﬁ%&tm%mglqﬁwc % o f Mﬁ’é’%‘r”?? hr ocyt es
wer e r enpif@ehtiatef gy Eﬁﬂﬁhﬂ%ﬂls@yﬁ:uﬁuﬁi‘%@E@FSQEe&ﬁnartQﬁnﬁ)%&roﬁﬁl' a o

| eukopher esi s_product through an approxi mately 4.5 mcron and 8 m cron
filters eu%herb@apléhypn@ammnquru Fyespettingkopidifesitietedigduct provi ded as

1S 7 o PLEBE P SlbPblE T i 1550 10 15 Docenber 2000 V0

BRIEF DESCRIPTION OF THE DRAWINGS
20 ' Figures 1A throngh 1C depict embodiments of the tangential flow filtration

device for the separation of leukocytes and also monocytes from a blood product sample,

Figure 1A provides an embodiment of the device for the enrichment of leukocytes wherein
the cross-flow chamber is above the filtration chamber. Figure 1B depicts a front view of
the device wherein the input of samyple is below the filter and the filtrate passing upward

25  through the filter for the enrichment of monocytes. Figure 1C is an overhead view of the
device depicted in Figure 1B. '

Figure 2 depicts an example of tangential flow filiration (TFF) performed on
samples of leukopheresis product under various conditions. -Samples of 10 ml of
leukopheresis product, diluted 1:5 in a buffer of PBS + heparin + DNase I were subjected to

30  TFF using a 3 micron filter with a filtration rate of 15 ml/min. The percentage of leukocytes
(WBC) in the retentate (designated “Retentate”; hatched bars) and filtrate (designated
. “Filtrate”; dark bars) after TFF are shown. The recirculation (input) rates for Max, 10, 9, 8,
7, and 6 corresponded to 1680, 1380, 1080, 870, and 540 ml/min, respectively.




M/mn, the filtration rate was 15 m/m n. For TFF perfaorned u5|n a 4.5

mcron filter, about 99% of the erythrocytes (designat e&SDRERi“b k shaded
bars) were renoved fromthe retentate, while about 90% of input |eukocytes
(design | i ght hatched bars) were retained. In contrast, the 8

m cron %%‘F?ﬂg?m"ﬁ'ﬂout 98% of input erythrocytes werquTé[rIFﬁQPé'amgut 5 only 4%

of the | eukocytes e, ret. re 9 an  ex of, the
separation on 4.5 %Pgﬂeﬁlgtﬁaj@rr%s‘lﬁ% Q?iﬁt W@B’k%ﬁ@@ﬂ% product
process e@rc(da&(in STFPdevdts ﬁiﬂglarﬁniéfﬁntﬁlter, Hhe arré‘éifcﬁﬁ%@ﬁﬁ}ﬂﬂ raté bf‘fUSb) rate was
1680 m / m.n, the filtration rate was_ 15 For TFF on 4.5 mcron

filters 5‘@4‘?16? e fifferagpiilgationytes (lle . and 136 @Nm)eiﬂh@pﬁe?ﬂé%mf product s,

bet ween 513&11:6 td@<{BEBh i e e retentate,
whi | e _about 0 to {%IC])%% of i r;)glﬁlt J}Entg%%%s&eésﬁ%&mg# reYal n@(ﬁﬁ%&{al ow ng TFF of
one | dukopilieate sd@kbmf)psdmwmhe retent ate was al so assayed and found to have
about only 2% of t. s _an of .t he, i nput asna

(desi gnat ed Exp 71?%“#3@ °‘%1“%1 g’ﬁé‘é@ﬁ?ﬁcﬁ@%%ﬁﬁ@%c EMBODI VENTS
The pr esdﬁukophamampnodmtmmheﬂmﬁrdé@ﬂbmm nesderles Jrao niopcessi ng a
heteroge S mxturg “E@b 8%% constjtuents to provide an enriched

popul at i ?ﬂherl B RRGEYLetlute ¥re supried to JFFusiag p dveisron Silfer witha ces and

ot hods B0 A ataS ulgiin! IR SR BB by SHEAEHIASRBI ool ot [ ve

removal of non-I|eukocyte bl ood conStituents, e.g., pl atel ets
and/ &9  ersjantatesdgteles boges)|and-lirpte kdark boxe)aBeERT are plmm Thewiciradatamnd met hods

non- nonolgt g e s Mg, RED) & T0RRe B dBRRRK PN 1o BB WS v of

| ynphocymd/min, esspectivelgyt es, pl at el et s and the like fromthe m xture. An
enri ched popul ati ol of eukoc fes |s aII prepared froma sanple, or
25 fluid mixture, ﬁll UBBQJT?,S gé’ﬁffgmeﬁﬁ’ésﬁlél?lﬁﬁ@ bl ood

const i tumto'pﬁera@spthh@ﬂ&lsﬂld?rﬁs‘d‘cﬁseﬁlﬁ& fswgnxﬁﬁés%hééﬁﬁ’bﬁal ly present in

bl ood |nclud|ng such materia | cal EEe di seased as wel |l as
non- i selsWopheresit nraduck|diuied één‘é’ﬁfﬁtswﬁsl to WEF usiog £ 3 ukiooy fitker, witlla can

cosi noph eSS rlo OTRONSH oL ERRYEHLER AP L] 35 Tl o or

i nsol ubl mlipm)t Ehapeoreniagoofxirythwoytyd (dmaﬁﬂ “RBCY) in tiesvzienms, (hdtehe pgag) obul i ns,

or |rmuno | n- ant| .0 Xe ot her nmacronol ecul ar conponents such
%1?”8?@ %ﬁgﬁth‘E‘@Wﬁ SSHYBF whol e bl ood t hat canrrpbe

phySI cal | y separ aFigdre 6 depi%&%féké:ﬂlﬁe 6f thé éﬁec&ro?fﬁic&%slﬁghﬁ%uﬁc%ﬁtr&%n gel I ular
rrakeuop i.nc)] udi ng, e. pl asma or serum
leukopheresis materlal in the sample. 50 m! of leukophere51s material, dituted 1:5 in PBS +

~ heparin + DNase I, was subjected to TFF using a device having a 3 micron pore size filter,
The percentage of erythrocytes (designated “RBC”) and leukocytes (designated “WBC”) in
the retentate (designated “Retentate™) is shown as a function of the filtration rate.
Figure 7 depicts an exampie of the separation of leukopheresis product
25 between 3 micron and 5 micron filters upon scale-up of leukopheresis product (120 ml or 1/2
of an entire unit). The recirculation (input) rate was 1680 ml/min, and the filtration rate was
15 mV/min. For TFF performed using a 5 micron filter, about 80% of the erythrocytes
(designated “RBC™; dark shaded bars) were removed from the retentate, while about 62% of
input leukocytes (designated “WBC”; light hatched bars), or greater than about 70% of input
30 monocytes, were retained. In contrast, using thé 3 micron filter, about 65% of input
Jeukocytes were retained in the retentate, but only 3% of the erythrocytes were removed.
' Figure 8 depicts a comparison of the separation of leukopheresis product
through an approximately 4.5 micron and 8 micron filters upon scale-up of the quantity of

- leukopheresis product provided as the sample. The recirculation (input) rate was 1680
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15 Decenber 2006 WD 2004/000444 PCTI US2003/019428 The ’Q'?@Bl e, o Ohl uid
m xture, can be partially enriched for |eukocytes prior Ceé'ﬁ’??%ﬂ g out
t he net hods of the present invention. The term "l eukocyte" is used

i nterch ith the term"white blood cells" (""Cs"). These terns
VGt ogriRabgay e Lo

i ncl ude ar agranul ocytes, which include, ytes,

dendriti [oyeiold . | S s.well .as_polynor phonucl ear
gr anul ocgl%/g@’vltaﬁ seg%ﬁ?@%%ﬁgﬁ' *gﬁgﬁﬁéérfog%fﬂg%%gca %? %%&a’é,eri ncl udi ng
neut r ophitoy} 9%8eef the piythraryteb Glesipintdds R Bl darh sttadedbaksy were iAoV @EoR) theef ers to

a class 9 el oi.d-deyiyed..| eykocytes, generally | arger than |ynphocytes,
- an Srale BRI YE fentl RS e L e el e AR onel

gr anul esreait@d.t Jioafhst, Yhe K RIRSSHLRE 268t 8% irlpht & HthicRBs f—‘ékiﬁo%/e&fbut he
prese tign, |ynphocytes are separated from the |eukocytes.

t 1nv
"Ly oc‘if‘fbéf'%nghérl@kt’@’t@é’mlf%feﬂé}eﬂ-ved from | ynphoid progenitor cells and
i ncl udes B-I|ynphog : - K] r (NK) cells. The
Wdeﬁct%?%?@&%{% y?r%%gra&@eéﬂ ’ ggdri:rl Elter{)lclfu 7-8 m crons

term "smal | Lénphocyt es ocy are a
i n di ametcale-up asleykephictasis prodyct procestsdr(250 mbananahiimnnif The wohoyliatis’ refers to

any gro hat_ includes | eukocytes..A popul atiqn of |eukocytes
can i nclu(gl g{) 5&%?,8%238&}%1@“’0@‘1 rﬂ}eéﬂt‘pg@w eg'a%ﬁ WB@? °r gﬁ; B’éf*sin&‘@lo&r
sub- t y pefiitersyiecfbrmsl, fo£9(Omin oBReE JteentlBEklopherSBY1R6Is Coc@AED it D94 BE €CUr SOT

ms. "enrichment”, "enrich” and "enriched" nmean that the

cells. The ter , I Y

proc ssitﬂﬁe%&oﬁy'ﬁf Vergreneyed fopdhe sisatde, Mhdntboui 8 tad08% ef mevii ces, or
f ol | oW Reoro Qlsndf i ' I i |

popul ati on E‘sgf\aﬁ‘?%rl@a hi&hgfﬂagpngﬁl?g&neé?%ﬁ{e}' SérgﬁP’etu%gc?nges‘?%i n relation
t o ot herdlse@prayqdiand deund ta hayn abdwbonily 2% efitheninpatt phateldts andl. 3% pfthompito

enrich . i t.he.term"viable" refers to a | eukocyte that
Tloha (A5 gaRelet '

IS cap ntratron”under suitable culture conditions. The
devi ces according to the present invention utilize tangential flow

filtration to enrj | ation of | eukocytes. The terns "tangenti al
flowfiltration Qﬁ@@@lﬁﬁﬁgﬁfm &%@@EN EMBRQIIMENES used i nt er changeabl y
and refer to the separation of suspended particles (e.g., cells) froma
fluid mxture, i neieyelésest iﬁd&ﬁﬁ@gﬂ@ﬁ@éyd@ﬂc&fﬂn@ﬁ{e&b&é o Bbesdinglef i ned
characteristic (e.g., a desired size range) froma %t_erog neous m xture of
parti cl 8&eiogenoHe giofiblapdeanptiiueniste ppideian lenichad porsitatian ef leukdsytepassi ng or
circul atyl s bt S tid Syl ui.d) i.n a sampl e chanber
substantial |y par aH eIV o%ﬁ’%ﬁéeﬁpggeﬂlt%gs %@Eﬁkfﬁig@ ko(réhe)gennc I §%€DSUV face of
t he fi | feakodytes by ghetshlectbmnmphayaf éfmonjeukouydé bladd sonstivakes, 8.9.0BlafeSs| ti ve
resgur Lih g h fluid m.xtyre conprising the concentrated particles, or
Ipeu gcyﬁlg’cseygtscagn or gfbﬁ%cyfeé, gud )élwliﬂce. fi agigther aspgct, £wces ang methods are P
o provided for the enrichment of monocytes by the selective removal of non-monocyte blood
constituents, including, for example, the removal of lymphocytes, erythrocytes, platelets and
the like from the mixture.
An enriched population of leukocytes is typically prepared from a sample, or
25  fluid mixture, comprising blood constituents, The term “blood constituents” as used herein
refers to any material typically present in blood, including such material typically present in
diseased as well as non-diseased states. Blood constituents include leukocytes and can
include, for example, lymphocytes, monocytes, erythrocytes, neutrophils, eosinophils,
natural-killer (NK) cells, and/or platelets, solublé or insoluble protein or protein complexes
30 . (eg., enzymes, immunoglobulins, or immuno globulin-antigen complexes), other
macromolecular components such as, e.g., lipids, or any other portion of whole blood that
can be physically separated, irrespective of its precise molecular or ceflular makeup,

including, e.g., plasma or serum.

11




tangential to the nmenbrane surface. Generally, determ na%b "’g‘F Oich
particles are renoved in the "filtrate,"” i.e., that po r$9%i o
passing through the filter, and those particles retained in the "retentate"

12 15 D@‘ﬁf A906 WO 2004/ 000444 PCT/ US2003/ 019 dent on a
variety o ﬂ('Pactors Such factors i nclude, e.g., fi ﬁ?@gﬁs%og%@@%?ze I nput

rate, filtration fate, . con tration S .i.n e fluid xture,

t enperature, and yﬁ%ﬁ?@eﬂﬁr # efqaﬁgapﬁﬁﬁy@gc eggorL}g clﬁgsrpé}oﬁgn "por e

si ze" refa@fyigloat ﬁmﬁemuwomﬁ lﬁa:séﬁxmfenﬁchﬁ TRetem ‘ldkédye” ifused er. "I nput rate”
refers to the rate which a.s g g ”5U|d m xture 1251 is introduced
into 5 t¥HE" Y J%el?’r'ﬁl 1°|°f1§?1 (I\ﬂ@@s hEheseREPEnelEds eci r cul at ed

nul tipl emBﬁdﬁﬁée&?«%l%ﬁo@testﬂl&?ﬁmlﬁ&e 8¢, rﬂoﬁo%t@%h&%c%%ﬁ@fe@b:@& stddt he present
invention), the input rate is also ‘réferred to as the "recircul ation

rate.’ "lgmpkesytes.aamell as polgnemhonbelean grsmlenyteswitlysegmented wuclqipne. | paral lel to
th d t
e Sl LG B LS iyl G 1 e

or fl ui d'Manotyte’trefeestan chisgcbfeneliidddrivad leykqugtes | demdraliydarker thive filter; the
cross-flow rate of..the fluid mxture is geperall pendent on a variety of
oar anet Ve B iy ovpipr bgrhabio Sl Bt o R e and shape
of the chainng @ndgyguﬂ[y@;pfebﬁng@b1£r "Filtration rate" refers to the rate of
flow of the fluid mxture through the filter. The fiItration rate for a

devi¥e and the mbﬁ@ﬁ@na@@eiﬁef thepregent melwp@,sl@ﬁphqcﬁt@wsﬁwait@ Wy pi cal |y

l ess th 2 L I ut rate”
refers ft(ﬂ;ef[eﬁfo %Q c@rkeeﬁ'e@ferg?oo%p y ?ﬁ@%%ﬁ&%n&%n@(#d) (e)é rtgrn?e %ﬁdgross flow
chanber ,mguedee B- ltytnp]mctyﬂas;ﬁ]ympﬂocytm;@dn&uphkﬁlbn@ﬁ)hel&mgj}hetdm‘%mh]ﬂ er (i. e.,
theflltrat ut ener ual tothe | nput rate m nus
the fil tIVIﬁPI?JBXte‘? Jefrs L%%g“l?é‘ é‘?%?*%ag?ﬂg ét%ﬁ’c fi iRBEEr. ot or s to any
article made of anyusmh@{einTamewim“ﬁ@pﬁ&n@ﬁbf@ﬂ«d@ﬁtw&b@fsltah@ fow o a

pl urallty of pores that allow one or nore conponents 20 (e.g.,_ blood

conski t fEhe et ipgludg Skeahqw@s of* pppulationef Jeukooytes ga ineludep hreadcrﬂwsoff | ow acr oss
the art a ents (e.g.
non- leuk%%?%%%b&?ﬁe?ﬂo ert;u(:ai(‘)%rl%’()t nts%ﬁ%@',’@%%c%@ﬁ?@qg surface of a
filter clndtizpeccarsyr ®11$ t’ﬁtwltmr“aai,chmam:h ‘emrch” fupk “cerichep? meamstbanthe 42 t o about
145 mein_in dia Q Ilters reater .and.| esser rea can be
vood 1 bR pib e bBY CobsfpeneS it Biict 81 By meTEe R MY co” 1
ot her Zﬁe;ﬁa&ﬁﬂnma&nsmsﬂ@ﬁhibémﬁbulauddlﬁxﬁzﬁ;g%ighaqam&ﬁgé &¥vAabldF device. The
filter typically enployed in the TFF deV| ce of. the present invention can

be cAosdfikessieh B relptnn th aigcogtitymmisa fnp thsdnitielamix@reG.e g 1o Such filters
1 ncl ude,enfildimeAfy® A Qled herein, the term “viable” refers to a leukocyte that is capable of

differentiation under suitable culture conditions.

D

The devices according to the present invention utilize tangential flow
filtration to enrich for a population of leukocytes. The terms “tangential flow filtration” and
25  “cross-flow 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 2 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 parallel or tangential to a filter (e.g., the
30  surface of the filter facing the sample fluid), typically under some positive pressure, with the
fluid mixture comprising the concentrated particles, or leukocytes, continuing to flow
tangential to the membrane surface.
' 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”
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limted to, mcroporous nenbranes of nylon, polyvinylid fluorjde (PVDF),
cellulose acetate/nitrate, polysulfone, polycarbonate, ?gﬁFiF&%ﬁﬁ%ﬁe,

pol yester, polypropyl ene, and 30 polyam de. Other filters, such as ceramc
filters ,lic filters, can also be used. Bot /i c and

hydr opho |c,0m(:0 a?ged and uncharged filters can be uﬂs&érg}.y@%/g@@rst ain
applicatiqgns, hydrophilic.filters can be preferred. Afilter of the present
Pvent | of QeRFeEL PR § Vit ek SRS B0 o ST B PRI 25 o0 | he
area of filatidd &kﬁéoncdn&aﬁ@f&f%hﬁc%ﬂﬁﬁﬁé ﬂﬁﬂhﬁxmkb@mgbﬂaﬁfeﬁ aiPEsRsiBode si ze 13
15 Decenber 2006 WO 2004/ 000444 PCTI US2003/019428 with a small variation

i n pore p faid npgiures AfHspdhereipe porgsizghiefars ip thapversse giay of the pasesdnfhebe about
20% or gt hic of t 0 A '

enbodi mene ~pitpEe (ARGR0Me ARyt P P ibaled R kBl no

Por et? csthe ¥hapheenjeuking dredilior. Woéry thersanpla isretircabkedatutiglel imes dcr@ss amenbr anes

Csroni k T £il i.cal |y h th 5
Sur T ace BRERE1ERERCLBADE B Ho e g (R il BARR SRR o o

are typihakieiraaladparaesl” "OxosAPISicRgs 1@ thd sabstaltieRy pailled QR pakikldo fhbastic to a
source of radi oa(r:éi ve parjic| which are  energetic enoug?pto pierce to

es _ “
pl astic g of thp{ilter m-any durectign)flow, ek the fivid mjware asross e dlter “Biess-d8Bosure t o

chem cal ;&0 | t : ' f _
control Irg% E&&Q%Oﬁgp{agﬁ@%g{kg ﬁiﬁ%ﬁg’cogﬁgl;ﬁ?ﬁ é%g%&fg agr%ﬂﬁgt?ggagzp E[(ialg?/ﬂé%nat i on takes

advahi aghe Giterpithe enopsefiove catdrefitheBuid vixtins issgenerelly depgpdest ¢me ristydbft o enrich for

| eukocyt P 0 d ritic cel [ eCUrSOrS,,.a t,he |ike).
Such di f earnéegeégéﬂc%:{aaﬁ&r ﬁ%%’%ﬁi&lc’ g&gﬂp‘}‘ Eﬁ%f ?ugrdé%sgzéesanﬁ ﬁﬁag P ?gt,he gﬁ%’ and/ or

def or n}a:iiolubihgthe ﬁﬁge “Filili‘iﬂioam@te’defeﬁiﬁmh 'rhﬁebﬁﬂ@.? oc%le l&)1iaslidi :fdiithrml I fb)u@h thed .
typi ca vari e ce type. FEr rocytes (re ood ce]ls), are typically
bi conca te&?@v& @H%%’éd?t?é?f&q%@a? @}dy pds agemding torthe prepRnt FYRKIONS ¢ he maj or
di anet eryyspglyadss tHak iRtin¥ ke @05 R ALR) filRatio Tl PORG! BRP refe eyt es cells
are ]trgpl cally spheroidal’, al so about 7" mcrons, but | ess deformable than

er yt Hr odyieef remoyaltof therfluibmirtire fpmdhe dress-flopmblambsr etherdhan thy feidal |y 7 to 10
m crons,__and . re.ln.t LGrons. In
vari ous %‘Fr%%a%@omgﬁteh%ﬁﬁ é:‘r\é’ %gr%é&z{sa?)'z gﬁ i éﬂé\g?aégis%g?r%]%’e%g?@% or 20

| eukocytimsyt raswings thedilkatisa ritanat e bl ood constituents, thereby enriching for
| eukocytes. For xanple,.in certain enpodi nents, nonocytes having a

nom nal di amet er ‘g?“%h?@mi et‘?‘ﬁ”c%&?fs,ref‘éfﬁﬁp WWW%%@%WW@alé’rnpm nal

di aret ercofbingtid FHRRialsTAMnD 8 pREARY S Reks Mat I ortdtr Rbrécdrigohéifs having a
pore size of about 5 to about 5.5 mcrons. In a particular enbodi nent

- 20 (eg, blood constituents) of a sample or fluid mixture subjected to cross-flow across the

article to pass through it, thereby separating those components (e.g., non-leukocytes) from
* other components (e.g., leukocytes). The surface of a filter can have any suitable area, such
as, for example, about 42 to about 145 mm in diameter, although filters of greater and lesser
area canbe used. In certain embodiments, only one filter is used in a TFF device. In other
25 embodiments, additional filters can be used in a TFF device.
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 (PVDF), celiulose
acetate/nitrate, polysulfone, polycarbonate, polyethylene, polyester, polypropylene, and
30 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.
_ A filter of the present invention typically comprises a number of pores
distributed across the area of the filter. In certain eﬁbodjments, the filter has a pore size
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afilter of 4.5 mcrons was used to successfully separatg 9c %ﬁ% from
the other cellular 25 constituents of a | eukopheresis d t her
enbodi ments, the filter pore size can be within the range of about 1 to

about 1 or about 3 to about 8 nicrons, about 5
d f&tﬁb‘@ Wosiol

m Crons. ter pore size in the range of about mcrons can retain

Most |eu{$ﬁﬁ¥%ﬁ§llv%ﬁoﬂn ?etsde %? %{a&pfé' ﬁ@‘lana%ﬁ{ty&%? re?Eé’éaﬁb@}%ﬁl s from

t he | eukocytes. I n cont about 8

m crons ta3Bedrfwdthin thorrmgebf dboirend torabomn2avs. dﬁaeypjdahéxﬁlﬁq&mu “buxﬂepoftﬁr eases

t he | oss oa‘ sc¥tes in t age. fllter i ze of abput. 3 to about

5.5 m cronga%keﬁltﬁg ﬁ%%‘ﬁaft%‘ Frgchore{t%rp 16’%‘?’5&’?@5‘8 %‘taeéxagféml@jel |'s. The

enri Chneﬁltterﬁielﬂb&!mléﬁ({)shﬁﬁmﬁ VHhEtbrika) | IThkbsyfilREQPstcARNSTd 4 egds can al so
rate, the filtration ra e, and/or the

be affect efg .th nput
conceht r FFPH §é‘mcgntrqtle#a@efm%%mr Sup diersws typicallypomared
PCTI USZOW%xB&s%g?aBﬂ&%H%'t fbtdﬁb Elaéﬂg% HE&%{d}*ra TP Igmc?ésy&ﬁﬁﬁ’&r tes are

nore def ormabl e t han Ieu can ere ore, note readily passed
t hr ough @eergetic mouﬁbio@lmezfe phwtid sheet. Thafiracksd aresther enlatpatie tiamett by he

h f |l e
oyt ocyPaRed € claie 338l B BRR thors e Rk e pRTR SR ITIRG por o

si ze of tht)mtﬂ{eﬁshﬁlgmondmm In other enbodinents, the filter pore size is
concentration of cells | ncr eased

decreased to abouf, 3 m crons n
| (supﬁg) to effici Ie(h rﬁsegtéﬁ&?“&?’éfﬂgwg%%@fﬁe@?ﬁm em@etwegs cel The

enrich esetblb&ut@ceﬁﬁét%t okt Qc%tﬁg e can al so be
| effecte ﬁ'é% mai nt ai ni ng 2 e {begf)n r(gt:#el tﬁ%t ﬁ‘ggfflgﬂ unopposed

Stulhéyfferempwqa@mcbtde,rem,dlftm@ms mhueshm amh/pudefmrmabmty rcul ation
rat e ”rhgts%%n@ufgf@ﬂiaﬂﬁi &ceﬁﬁﬁhl@%?blg @bxé‘f’l?so to the filtrate can

be redu y mai ntalnimng an 1npu @that IS greater

t han t herfthiocytet frehbloat ells)l ane typiestyl tﬂﬁomc@etdtsﬁlsn@ed,%nudlm Ridute Hout
e can,. be at Ieas t f|ve tinme, at | east about 10

reciycul.ation r
ti rre]éc IR éggmor@@mﬁewglareaqe afi % efamnsble. Solymorphenuclesr at | east about
100 -t i meeukoéye ckild 4r6 afpically m%l%ldaﬁars‘@&%h?? u@&roﬁs' bﬂt‘fesﬁrhéﬁ)ﬁﬁaﬁ}g gﬁlﬁp“ sing

vari ous bl ood constituents for cel fracti onation can be
~ obt ai nedrtirapstes. \%ﬁh@ﬂ%‘?@ﬂd%Qﬁlbmmmanreltmtaﬂdéf t6 |10!mbrons1 andur es of bl ood

product s,&h ﬁgﬁs] rocessing. For exanple, blood
sour ces canc)géémg?%l]ﬁea?@lﬁ\éﬂn%ﬁg%%fnon- umar?ngl n addition, fluid m xtures can
be, for exanple, Inwadébws ehibodithenty,ahé fltes poielsizt iRRcel td/\éiﬂb]@fow ood, or whole

ol 1 B eGP YRS S 1 BT B © %

example, in certain embodiments, monocytes having a nominal dlameter of 10to 15

microns, and erythrocytes having a nominal diameter of 7 microns, can be separated by TFF

using a filter having a pore size of about 5 to about 5.5 microns. In a particular embodiment

a filter of 4.5 microns was used to successfully separate monocytes from the other cellular
25  constituents of a leukopheresis sample.

In other embodiments, the filter pore size can be within the range of about 1
to about 10 microns, or about 3 to about 8 microns, or about 3 to about 5 microns. A filter
pore size in the range of about 3 microns can retain most leukocytes, and effect less efficient
removal of erythrocytes from the leukocytes. In contrast, a filter pore size in the range of

30  about 8 microns can effect more efficient remov!al of erythrocytes, but increases the loss of
leukocytes in the filtrate. A filter size of about 3 to about 5.5 microns can be used to enrich
for CD34" hematopoietic stem cells.

The enrichment of leukocytes from other cellular blood constituents can also
be affected by the input rate, the filtration rate, and/or the concentration of cells in the
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20 the fluid m xture can include, for exanple, a blood cell population that
is already at least partially enriched for |eukocytes. 'BPESNEHLHEE t uent s,
or popul ations of |eukocytes, can be prepared by nethods known to those

skilled_ rt. Such nethods typically include collecting heparinized
bl ood, y&ﬂ@b@@?@‘or | eukopheresi s, preparation of ﬁﬁﬂ?z"@ﬂﬁltgg{s rosetting,

centrifu FON.a-2b_ densi radi ent, centrifugat,ion . g.,, FI COLL- HYPAQUE) ,
PERCC]_L(%?%p Iles%cﬂruédgneifx%gﬁdﬁ %ﬁgmﬁ%r’ﬁ rOGHLgS{ALG T I(igﬁ%ﬂp{biq tgalblie“]fﬂ?ﬁt-ef eukocyt e
cell's, faddtcanttheeforephmbid@eddily passelt thx@u%pdlﬂltté? pORRIZE ShhI thaf M 18460 De

pr epar ed g}; col | ecting blood froma subject, defibrinating to renove the

pl at el et SamgfPfitesrirocres (eg)> des thon grout & migsens) dln@specific epamplsopul at i on of
| euk t ' | : . | e,
eukocy @%ﬁﬁ&epé&nlbe@ﬁi&&%{éﬁ@@ﬂsﬁﬁeﬁmﬁ%ﬁ%s ¥ of Wit SXADT €

centrifugation_through a gr adl m Xt ure
conpri si Branselmthes gmbediments, e filtor pern siopisiderradskeq tombouti3l miceas, and the

concentr bt lLh.certain, emhodi nent he bl ood
constit u(g)%tgéshrg?@ %ﬁ%ﬁ%@s{@éuﬁéﬁ?@%@iﬁy 5 ?Ia&ne);ﬂﬁog‘gf’sd%(lﬂl ?63%1’%}651 | uti on.

Bl ood const i t uent Theamichaentiof lstladyienfromather ellaRPbleod taetiagitccduibers (e. g.,
PBS or HEPES-buffered.salipe), tissue culture nmedia and the 15 15 Decenber
2006 efggif?‘ggb%& i@?é‘é??/fetié‘lﬂﬁﬁ?ﬁswfhmﬂpmq%e-t openduhodl e of bl ood
const i t UttonTatejuRedr €2 shfle Tipht d? BeirBul Sl rats ORERRY: kb th&RQHjr 106 to

' £
about 108 cells per nl. Blood cell populations can ge Slgt’al ne roma
vari & y lepkogytesds therfilisap panchegeduceddsumeintatpineantitpat dorstircabitios mtethattine enr i ched

popul at i Qo T L.ec .5 heal th ubj ect .

Al ter natg?ve#{tll}ahb: oogx%oglsrfug' @}ﬁ(&’é@hﬁg @%ﬁ@g Q%Ttgﬁ{ngug%ﬁrgﬁﬁaﬁ% IJﬁ%é"@ln of {

i mmunos thertilesst Aot fivatithe, atleast aout khtimése at leastbOTIN) thids) £ MasiGbod@tdoer pati ent
for which i nmupostiul ation e .beneficial. Likew se, blood cells can be
obt ai negln%eﬁb%aggg%ﬁ?oélﬁfﬁdtf’ﬂesrqigéﬁga‘fmq ine suppression, such as, for

- exanpl e, a pati enh shaple,10 fift s, BERRingdiatesMdod Bndlituents BGWaRT 0i d
arthritis,  diabetes upus, multiple scl eg(rvosi S, e?nd t he Itlrske). A bl ood 10

cel 13pofaptiqnation by TF earbe phtaiged fiomagariety af sonrops mdrpan tielsde faidl t hy i ndi vi dual
for admiisds ' = ' |0 e | gstinmul ati on.
A bl ood cell E’g@gﬁ‘?%%?%@é g%fb aff@%‘&gg&c‘% Béegqbg%de%fﬂ(%h aﬁggaﬁlﬁ’?%féﬁél t hat has

been admpmtestcan beleitheshuamnoe hon-humreni [ 2dditionnflvg eritures cdn Sfok exangpiqnp! e

Gwt CSF, AVD310Q. (.or qt he nt that  inhibits CXCR-4 function), or

1 ow or “E%Pé%h%f‘ﬁ’gs%m8§%$8‘§ﬂ%%ﬁglﬁfe&’3‘%?[ﬁﬁ W]}"?eetfl%" r blgod dilytign thathes | y nphona

43: 1957 bed30Bectedid prit@ssiighs, e. g Rmovaliof bRkl orier BRodcRlihERS. That Wil

. rec ?Oveﬂle fluid mixture can include, for example, a blood cell population that is already at least

partially enriched for leukocytes.

Blood constituents, or populations of leukocytes, can be prepared by methods
known to those skilled in the art. Such methods typically include collecting heparinized -
‘blood, apheresis or leukopheresis, preparation of buffy coats, rosetting, centrifugation,

25 density gradient centrifugation (e.g., FICOLL-HYPAQUE®), PERCOLL?®, sucrose, and the
like), differential lysis of non-leukocyte cells, filtration, and the like. A leukocyte population
can also be prépared by collecting blood from a subject, defibrinating to remove the platelets
and lysing the majority of red blood cells. The population of leukocytes can optionally be
enriched for monocytes by, for example, centrifugation through a PERCO‘LL® gradient.

30 The fluid mixture comprising the blood constituents can optionally be diluted
or concentrated, as desired. For example, in certain embodiments, the blood constituents are
diluted 1:2, 1:5, 1:10, or any other suitable dilution. Blood constituents can be diluted in, for

- example, isotonic buffers (e.g., PBS or HEPES-buffered saline), tissue culture media and the
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enriched cell population, a relative, or a HLA-matched | ndi vidual . In
certain enbodinents, the enriched popul ation of |eukocyt 12 Decenbep,2006
collected in the retentate, while other blood constituents pass into the

filtrat g"g‘){?@{{%’@é?ml e, for enrichnent of a popul ag)&%@]g#g%/?l? gocyt es (e.qg.,

I ncl udi es and | ynphocytes), 20 other blo nts such as

Gt oot B TRRODHE TR R YR Es FReurnfie TGS » e °

|yrfphOCyitb%ﬁtIoswabamloFcémmpyt es, can be selectively renmoved and passed
into the filtrate, The deV| ces accord| ng to the present invention as

depi cted in Fi gur 8%0d sell popnisfigns opeb ?9@%%@%68@%@@@@%‘@3} ow chamber
(3) and ﬁ(mnl 1§ rt@ﬁlgdgé}?%?%rofﬁfpmﬂ&eﬁ l)ﬂl@éfho:l%ﬁleﬁﬁ)cyﬂé WFP% tween and

with one surface In d comuni ca I'on Wt e” Cross- er (the
r et erft atkpaliuyr subjoes) Adtethativdis blood céliscen bwh‘tmmdcﬁmmmmbmctmtneechom th the

filtrate charroer]aﬁ(nt he fil 0rr%te urfa(:ce{ﬁ]Eli 1;)[ (e)rsstlf lt r‘ﬁlﬁ nber, filtrate
chanmber ‘and vi- bsﬁp??ss R ??3\%1? tlf (01? | RN e i ment, the
Cross- flmmhamohmymabbneﬁbﬁs Iakemﬁeumao@éeﬂs abhetobblinadifionaashibieore filtrate
chanmber has voI ume of about filter dianmeter .is 30 typ| cal |y

subst antP&pedolimmuLS gpressiqn, suc F‘%x ieé?m f- apgtent hedes 11} FHPIEYRGer |
certain gigpied gﬁﬂ&ﬁnaﬁa%ﬁlﬁmdﬁmtm@keﬂh elsabﬂogﬂ's,yanefthetm@ PK Bﬁ;@&'t

i nvention, the lter is about to about mm i n |amater The

fluid quimpmlwélsgcmi@qbtmﬂonowmﬂw&qheqmaltbﬁmmabfor| uidinlet (6)

and sucrpRarRL e B AEER inhBo OBl GBh B chofidedt "M 11T

PCT/ USZQﬁBﬁl@ﬂsﬁlébaﬂ alsorbxtalleeted ﬁ-omannﬁlariqhialaﬂlaiﬂmﬁ Béch atiih@igtbradb etemselbst anti al |y

parallel to.the retentate, surf f h ypi cal | fluid is

" enpved ToleH LA RUEE 99 R PXemale Qstf) 8&#‘ aéﬁﬁ%w%c%. O&hesagqnéﬂw( 7), which

i s usualhmbiOCRtrd fﬁa&ctl%njo&rlbwo&lﬁ;ﬁ -8os6 bScphbdph wnﬁe@mﬂfermapmcul ar to

the retentate surface of t er. In certaln e ary. enbodi nents, the
Qﬂg&@ Iy

cr osi9- f [ owpbermdbeloS7M0se) E(Ilé)theihl@I dheindividug! egp bae pati eeived nm  and
Cross- fle%ct%ﬁ@mﬁfggﬁﬂ lll%trelétpe aﬁi??&%a %@dﬂﬁ%ﬂ 8§ mmto about 10 mm The

filtrate 1s re roug e filtrate chanber (4).
Typical ly, the fIImodmm)emMchmmsS ,ithret enciched @dpulation of leakeoyes saif boow chanber at a

ffici i h, t fl f e fluyd m
She sor foaledt AR e b ard ilielole Mo e A BoaLiE e Rkl FOLPHREIISY 1i o
enough tge @ﬁﬂﬁ:ﬁéﬁt@f@ﬁdpman@mh&ﬁ&ls%@s gf kﬂéhﬂu@@ﬁono@ﬁéd aild?mﬁﬂaeytssq ntact

surface of the filter, i.e oundary | ayer. used hereln, "boundary
20 other blood constituents such as plasma, platelets, and/or erythrocytcs can be among the

-
foed

constituents selectively removed into the filtrate. In additional embodiments, lymphocytes,
or small Iymphocytes, can be selectively removed and passed into the filirate.
The devices according to the present invention as depicted in Figures 1A
through 1C typically comprise a cross-flow chamber (3) and a filtrate chamber (4). A filter
25  (5)is positioned 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, filirate chamber and filter comprise
~ aremover unit (1). In one embodiment, 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
30 typically substantially the same as the diameter of the cross-flow chamber. In certain
. embodiments used to demonstrate the ufility of the present invention, the filter is about 140
mm to about 143 rmum in diameter.
The fluid mixture enters the cross-flow chamber (3) through a fluid inlet (6)
that is typically situated adjacent to the retentate surface of the filter and such that the fluid
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| ayer" refers to that |layer of fluid adjacent to and on %ﬁ gqogte si de
of the filter, typically left by fluid passing through’ gcqn? Thi s
di sruption of the boundary l|ayer facilitates efficient filtration by

preventwgyf ‘{)0% Jdpterial at the contact surface of tlJE:g'sthdn 1r942f8r0m bi ndi ng
h ,

15 to t ter or becom ng stagnant whi ch can hinder e ICI ent

filtrati ufficient,
however, E Igeeu%e ?Iﬁ acg‘lﬁ'%ﬁr ‘13#%‘"1 aeﬂ?let?) erF %Joc arag}’“n certain
enbodi rreﬁlta Tymealllyl fhad 1mmet(adtﬂmmhe cmseﬂmelmﬁaeﬁ@r) ﬁ&mghh&luﬁcemﬂet @,e

surface Ogl):ltlhe illg(()ar y 8u{gﬁin t he fIwg ni)xture nto the cross-flow
chanber Y’ plly %{Fﬁﬁ B IOV BTEPBEEPPIBH B0 P AT r 055 1 he
filter igsufaedf shuesfltc. onﬁe%nalhexelﬁﬂlﬁ?%mBJJcﬁﬂYentplﬂmroﬁrﬂovJ &%5&%1@6(5?9 punp”
(14). The cross-flow punp_can include any-punping device in uid

conmuihi cEEME lwthwt?ﬁ@l@r@@%t&mmwvéwmﬂpwehm@awﬂ% (Diantetsr ilsrﬂbpléduce the
1 ow of g fttododtt B kRIS BAG AR dltBuld F BlinAied B EnpRiBe ' 11 &

i nput rate, out causl ng anti al ‘damage 't he ‘ce e.g., cell
lysis). @)cross fl ow punp suitable for use in the 25 present invention can

include, e.g., a er| t|c punp. .pi.ston pu di a rol | er
punp. A peri stal t %bfph Apidyux E‘geelg,m%rf’g?ceg%&osg}a gg]?"gbe?%adem red to
mai Nt ai nsuffivgent it Idae\sueﬁhashdaadssﬁ filoly o&ftheqllﬁlﬁﬁ&ﬁ(hlré)i@rbﬁfﬂle shifcd dfied M xture is
typi cal rrped into the cross-fl ow chanber (3) at an |nput rate that

|
excells %{IFF\% refentle gifaces) is gt 2 velocity ighsneg tegspntly disemt ardhack-miveflnidged rat e i s
30 aboutchRhdtohtibiWitBRee FRE AIRE ;b {hE'Baﬁﬂ 913153%} bﬁseﬁ?lﬁ%%x touﬁqjo)m[ hut e.

ot her exenplary embodi ments, thé 1 hp 1S a 1800
m / m nutleyeraieters th éhat iayer offiuiskadjagens ta @d oatbhmetem@tetsuieaiﬁﬁmtﬁl@f) typicaliy nut e.

Non- | Al t

oL U o T e B PR SETBLRRR 0 2

f15I t[)ecterﬂﬁﬁmlﬁ ?Bﬁnom aﬁeehhl ﬁl Qﬂﬂﬁﬁtd&ﬁdt uﬁzﬁt hﬂt@.ét&ﬂlﬂ'ﬁ%%fﬁ& filleB £6t8 HBMingU Fr g ) t he
i ion rate is i ca n_ the unoppose i.e., open tube

rate THB E‘F fﬁ %"theﬁ‘?’% p&ﬁtégfb"éh “’g@ﬁ@mﬁ*@ﬂr pigient 'é%’ar?&leéupubvtercg'&@c ing or

restric tiEmbxage & u%ﬁ‘al@fnoﬁ 8efidibr HoRbor CtH ARelysR\Eh @ﬁbstaﬁﬂal?ﬁﬁﬁb&fof a second

punp neans (e.g., a [tration punp") to restrict ow, and the |ike.
5 I'n andeukeeytesxenpl ary errbodl ment, the introduction of a fluid nixture into

th d t thin.the fl Thi s done, for
examp o, by i nt 1o Simbedim It A b inio st i od b e RitnBle. 1y
paral | elsuﬁmeafmemmﬂwpxﬁnﬁmme fTd anixtanel ihto e @@ds-fn)mmﬁérqs\) damgnber, at an

i npyt, rate about .5 or abou about 100 tines the
pLﬁ pump used to drive 151e Cross how of 1?1{1 across the filter 1s referred to as the “cross-flow

pump” or "recirculating pump" (14). The cross-flow pump can include any pumping device
in fluid communication with the cross-flow chamber (3) sufficient to introducs the flow of
fluid into the chamber and across the filter at the specified input rate, without eausing
substantial damage to the cells (e.g., cell lysis). A cross-flow pump suitable for use in the
25  present invention can include, e.g., a peristaltic pump, piston pump, diaphragm pump, or
rolier pump, A peristaltic pump can be used, for example, where it is desired to maintain the
TEF device as part of a “closed” system. '
The fluid mixture is typically pumped into the cross-flow chamber (3) at an
input rate that exceeds the filtration rate. In an exemplary embodiment, the input rate is
30 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-leukocytic material (e.g., erythrocytes, immune
complexes, proteins, and the Iike) pass through the filter (5) into a filtrate chamber (4).
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filtration rate. The flow through is renoved by nmeans of @n outleoto( 7)
| ocated in the 10 cyljndrical chamber perpendicul ar to thES$MPEE$%nd
typically adjacent to the center of the filter surface. This arrangenent

causes o spiral inward toward the center iJ.ter. The flow
s typi gﬁﬁy no"taturbul ent, or at such a high rateﬁiﬂé %3’?134%%

substantial lysi %s‘?iiscﬁﬁé‘d.sl }'&kﬁﬁﬁt?aﬁo??% (%sp?%lﬁg?egs Q%%P“fyﬁeazdl 1(:)\r/]vecan al so

"scrub" the filter surface 0  preven aghati
boundar y(I . aymn tulRy rage | Theridtratioy raiehemlba pottroliad, forsaxataple it reducingri s | ar ge

(e.qg., to the filtration rate, the
resul ti ng enr| (t%ggg t%tﬁlg?tetg "é]:ﬁkggﬁeégaéﬁcr?nﬂ@mﬁ?n’le@é§‘fgaﬁout 20, or
at |east“faimmwhpéﬁppeﬁemicttheﬂometheerukocyt es. In another exenplary
enbodg nent, the rilhentate Is recirculated to increase efficiency of

separation. For e fhst exgmplapy enbediment, dhedptmduction of alugbuixewningd heent s can
be 20 i|dkiceeieresla iR ndiln %f_ﬁﬁsﬂié ﬁl?&" fﬂ@%ﬁfe doﬁ@%rteg%é %ﬁ{ant ate can be

wi t hdrawn through the fluid outl et e Craoss nmber to anot her
chanber , n&efuRing efbmbnllxmedhlaﬁmﬂeﬁmhsmnalhnwraﬂbm afciroilat filasiniani ti al |y

rovi de f.l.ui r ecovery unit
(F:)anv!t he(r:1Ly Hé(ﬂ}céﬁ%%%éﬁ) uc z%taﬁﬁ;l%fré télo&%’%ﬁ%%wtg@ﬁ@ﬁ{hﬁg t hey
recover )ﬂltratmtrat(eZIhaaﬂuiv tl:ecmgh esrremmeﬁ bﬁzh)eahs”bf 2h @ fet {(Dr16@ted T Nt | NUOUS
recwcula nala £I|tl‘at g 25 fluid mxture can be achi eved.
Al t éhat? @‘ﬁ@ ?@F’é’ﬁ'ﬂ ﬁef\ﬁpflwcauﬁa@mewgﬁhqmer gfithg d outl et (7)

of the m@ﬁﬁnfab@wmmwgém&@au@éa%eqloﬁﬂ%t gﬂ‘alru?v\rd?& (RBHERE cdnil- Qr flB® T OSS-

chanber jnl et (i.e hout ga55|n h a recovery unit or another
chanber Yilterrrkhetflow ig typigally neteurbulentins ahsnsh echlghhata,wghs tdmusarsdsﬁanﬁhlow unit for

any suit e fluid mxture can
be reci rlgsl%cgtt%geél&?ﬁgioutd@u?w g%%&G@O anaﬁld’?s scr@l? H%ngmgéag achi eve the
desired pramﬂ(bc;dug Qretagnquun attthe ‘mnmw la@vétrr@ytcahllnﬁnngelhe mpoie sudthae ment, the
vol yae 91 L{Il adjusted by adding a buffer, a wash
sol ut’i of’ g‘f%e? %381%’ tg e}a&?‘i"\ﬂéff éltrﬁ'é‘frbﬁa et reguling gqric hodepl acenment
i qui d" )aopﬁﬁtﬁmwwak&gtddbm amast b 266 APkAT a8t APFER ﬁ%r%h a fluid
m xture |narecovery unit (e.g., throughasolutlon |n et 13)), in a

renover 19KPeYieSat a punp 18 15 Decenber 2006 WD 2004/ 000444
T US20051 019425 e ol i M B g gL,

at any ot her conveni ent

enr i chedffisisdcywefsapaation. aneexamph, aofhed it coﬁymncgembod conftih@nw@ghbsol ution is
R e TR R DR e
.sal i ne) fluidioatet§?7) in the cross- ﬂow chamber to another chamber, such as, e.g., 2 chamber from
which the fluid was initially provided (“a recovery umit”; (2)). The fluid mixture in the
recovery unit can then be re-iniroduced into the cross-flow unit. By connecting the recovery
unit (2) and remover unit (1) in “loop format,” continuous recirculation and filtration of the
25  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
mixture can be passed through the cross-flow unit for any suitable period of time. In certain
embodiments, the fluid mixture can be recirculated for about 5 to about 60 minutes, or more,
30  to achieve the desired leukocyte cell purity or enﬁchment.
In yet another embodiment, the volume of the fluid mixture can be adjusted
by adding a buffer, a wash solution or other solution (collectively referred to as a
“replacement liquid”). The wash solution can, for example, be combined with a fluid

mixture in a recovery unit (e.g., through a solution inlet; (13)), in 2 remover unit, at a pump
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5 culture nedia, and the like. In certain enbodinents, cgl I eE)nopul ations are
enriched for a population of |eukocytes in a closed, adBpEFEEl8m  As
used herein, the terns "closed, aseptic systenl or "closed systenl refer
to a sy | i ch exposure to non-sterile, anbi jreulating air
or ot he?&(ﬁ%@&l@?%i |l e conditions is mnimzed or el ﬁJnE%trﬁUaS?@ggbﬁ%osed syst ens
for enrighi .popul at i ons_ gener al | xcl ude cent.rifugation in open
top tube@?s’(%ggﬁggﬁgée{lﬁ%@% éﬁg%ﬁﬂ e umé’tff‘ laﬁarn OB %O&VF%eqtioc Ysue culture
pl at es oThaellenl thelrefdnatdean tante édiichtd dod wallied e theistite fpekdtivat Tamcallyy st em

I ncluding, e.g.,.any cell containers,.incubators, tissue culfure vessels,

or ot her'gle é{vﬁf}gﬁogﬂffgxlsf%‘fmrﬂ‘émtgg?@g@% ;ﬁ“ﬁﬂ’rf? I?WEBF ayd wash golponggamingded as a .

" ¢l osed" vaist EBuiféd fe. 4 Mibo§Rhte-bETRRM bJIﬁE'tPBs} RPHEPBS BHFSYPLAMAdseUs aseptic
enrichnment of | eukocytes and, optionally, 15 transfer froman initial

col | ett | PhuraBuit. apdhglikeal abl e tissue culture vessel, without exposure to
non-sterile air. L.cal : ri ' LML d 1C (195))
means is used in ;ﬁ}’ C oseg%()syg e’%eﬁ&’%hgénu%flﬁée%gg%é‘%ggﬁrgPJ)@lluagﬂ’flr?\%ention, a
het er ogelegimgstenineatalosed, efephit gotm. donsed haenttbe tennsSichstdaadepidd syytemfot ched f or

| eukocytes by the,s ctive remgval fromthe 20.m xture of. ngn:I| eukocyte

bl ood cor?z(}sﬁﬂ'gﬁ{ns réij rﬁEFW?%m%%‘ XU tROn-SieY, eqng:p%n?,og,cg@ #B8ytes,  and

the |i keair diothes féh-fteie bonditioieis ndhimizedob shimmbted! Cs@yitehed: cifRafg that the

cel I]r(gopu aticin, recovered in the retentate, | owi ng_as many cycl es of
ul

reci lipgpplafions geieradly exqlude senipifugation m ependep 1?%%?1363@8 drensfegopf celts, at | east
about 40 e cds ith £REL mﬁtﬁ%_‘ﬂa’c&%‘i@n&ﬁh&:& RS SR R FikE SThe Jnﬁpeeﬁl}rgltgqng oy

| eukocytes). In other embodiments, a heterogeneous m Xture o
const i t uysiew, ingudise, @rg ,ianiedl dovtainkrsykaabatoes tissoe Eultura eesselsnod atheed popul at i on

of | eukaq h I S _subst. i al free .of pagn-lLeukocyte bl oo

const i tuaéﬁ%rgisPﬁgg‘%}gggceﬁsé?%t"a?as’t%wénrd “@&ﬁg?aﬁ?qeﬁl ftepy g‘éa%'pf‘f‘égns that the
enr i checnboginiedt, iiRreloséd dyeidklyyesesyMtitiansdt af lehi@vfbs 2A%dRMMAcYt €s. I n an
exenpl ary e gdi ment . of lthi_s aspect of the present invention, 'the TFF
devi'ce ééﬁiffg%o f&%a%méffagg‘é-eﬂoawe@ﬁ]éﬂﬁéﬁalf{bis tisfpe ultarevesselnwitbeut giogeress nl and
a filtradomSe®Banbeipié bk R .1 he device
conprised the foll Owgrpng@hd%%?tf%g)ﬁﬁ%gr@%g@%%%%%?ﬁg%@%ﬁ%ﬁg gl};{lalo

m cronsclased gitietk 2 to about 8 microns, or about 3 to about 5 microns; an

I nput rate of aboyt 0 ut 1800 mn; afiltration rate of about
12 to about 17 m n%n%tggrfﬁéf%ta&?%?%?l%ﬁ?’ﬁ%{eé% USG90t The initi al
fluid mcsstitient % shbstidialytreichcdF0BleubiOyROPHNE 004 bi¢e REbhvAIT0BE 019428

typigally has a cel| concentratjion of at |east about 107 cells per m
(e. &% %ﬁ%@fp@g—?e&kgcy&qﬁg}d constituents, including, e.g., 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
of at least about 20%, or at least about 40 %, or at least about 60%, of the desired cell type
(e.g., leukocytes). In other embodiments, a heterogeneous mixture of blood constituents is
25  enriched for leukocytes to form an enriched population of leukocytes that is substantially
free of non-leukocyte blood constituents. As used herein, the term “substantially free”
means that the enriched population of leukocytes comprises at least 50% leukocytes.
In an exemplary embodiment of this aspect of the present invention, the TFF
device comprises a cross-flow chamber (3) with a volume of about 55 ml and a filtrate
30  chamber (4) with a volume of about 25 ml. Fur;:her the device comprised the following: a
filter pore size 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
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cells). In another aspect of the invention, a heterogeneQus m xture of
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| I _type. _
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bi-or eact (4 ' fer, . ' N, an.exenpl ary
erbod o it BUEES flrche, & ol 2 dhonPBIGHS, b o IpBls HRPR B
-cl osed, lappats of abguitl 600 toshalt 1860 ml/ininy n Eitcation ratd ofabowe 104 shoueibag, and t he
i ke. | temc h an inlet,, Lor outlet for the

contr ol ﬂ;g‘g‘mﬁa"g@%?ﬁ 1%@%‘??*85%%’?@?1‘3%}”‘“- rﬂ}%’%‘gar}g‘?fwa E’Pfcél.lbi.;a,s el sye

cul t ur e coretiaationas btilagt 4voh K );eusg;aﬁﬁﬁ(e. G onSeyteaadd bier delllen s | N anot her
exeﬁgl aryf/@err,bodi nt, an enriched population of |eukocytés can be

t r ansf erfPgdimsntineseyics sees gperatediia Bpilpyededmamesan be equi pped wi t h
appropriate inlets and/or outlets for introducing cells, sterile gas

(e.9., OHHERIExmAGROMIDiTYeaioRBEERcha fd Pdufifig culture media, and the
i ke. The bioreactor can al SO have neans olling the tenperature.
The bi oreact or i sFallppingsnrichmapbelza lewkoeyte eddnopulBi@ asTescribedyvgaeithe al so can
30 incl : i | e .cel | s.and/.or .culture nediumin the

" bi or eac'?%]% O%E&éégngp% | obtr?%urtr'eﬂg%%ﬂgalﬁ%flﬁfquru‘aagj,ﬂ%y’dpcrg%?ﬁﬁ%}@J,m Thaddl e or a
spi n fi lan&er différenthteths cells tnanbthecidllaypea Suitible Mdhd @iitufellesstRGhahde, kR Vet
anot,her exenpl.ar odi ment, an enriched popul ati on of |eukocytes can be
t ra%@f eﬂ‘aé@)q%?gss %8@8’% €§ﬁg§8gﬁ$s, Slﬁleﬁ béPé'ea&tofﬁ@ fenpeatepagpnd tplilteabl e ti ssue
culture bags In an exemplary embodiment, the enriched population of leukocytes can be

cultured in a closed, aseptic system, such as a bioreactor, tissue culture bag, and the like.

The closed system can have an inlet and/or outlet for the controlled, aseptic introduction oi:
removal of fluids (e.g., tissue culture niédia, washing buffer), gases, cells, and the like.

25 In another exemplary embodiment, an enriched population of leukocytes can
be transferred to a bioreactor. The bioreactor can be equipped with appropriate inlets and/or
outlets for introducing cells, sterile gas (e.g., oxygen, carbon dioxide, and/or air), tissue
culfure media, and the like. The bioreactor can also have means for controlling the
temperature. The bioreactor is typically operated at about 37°C. The bioreactor also can

30 include means for agitating the cells and/or culture medium in the bioreactor. The agitation
means can include, for example, a paddle or a spin filter (which also can function as an
ouﬂet for media). _

In yet another exemplary embodiment, an enriched population of leukocytes

can be transferred to closed system, such as a tissue culture bag. Suitable tissue culture bags
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20 15 Decenber 2006 WO 2004/000444 PCT/ US2003/019428 i nf)l ud%, for
exanpl e, STERICELL(r) culture containers (Nexell Ther apéBtPEgPH0F of
TEFLON(r) culture bags (American Fluoroseal Corp.). The closed system can

h ' | [ I : ill b ' d th killed
a?;/iesgng%za’w@ggéevzi ﬁreregr ?/(r)IC:JgTdse, a?0¥m exarrgl 2|,op][ ﬁ?ﬁﬁ&g@?ﬁ%ﬁsoi isi Iterg to
about 5 |h#8E Sor &h@g%m&c@ﬂ:ﬁ J:&It%fescgﬁl&in%ps %@hﬁﬁpagﬁllg{ctiﬁ%ggr al though

greater and | esser 1 Umes are possible an of the
present TEEIONT oriturd bagy thmerican BlibndéalrSotps). dhe closkidigsté cintaveass ent

I nventi o .l popul ation enriched for ] eukocytes (e.g., including
nonocyt egsh?ta@ig)F}%%@'i‘%iu%eeﬁsd‘?'ﬁltqe@p@gfl? e‘g?%@‘ﬁﬁg‘@?‘tﬁg@éwﬁa%mmoi etic stem
cel I's, oinclodd)@sr epimslel R atoat 0.6) litoiRts S0l § Hechsk BEwQHIItHGSE Abgt 10 _

di ffggen ed q%leté}e addi tion of an appropriate inducing agent to obtain
cel | §° of 'éﬁé}ﬁ’fst"f ey eregter|and Jegssevolymes aneiposgibieand widhimphescopeanfdieur e or nat ure
dendr i t i gedfl ihwenfiofracr ophage, CD34+ hematopoietic stemor precursor cells

or other precursor cells. Suitable tissue culture nedia include, for
exanpl e, Al MV, RPEMarivexgqbobiviEhs axeomliviolBd prisentintertiion, dell lsepulabiogs t i ssue

culture ' Lemented. as desire wi.t.h amino acids, vitam ns,
c;t ollii neésﬁ,ﬁ%g r%ﬁ%ﬂ(oggtesz(?%ﬁ ﬁchlgﬁgéymﬁﬁ%ﬁ‘glﬂ%cﬁgpmgg ‘Eqrﬂrﬂf?‘%ifsloﬁg factor

( GVt CSF)Clad#d hematopdietid setkéells,for othrprédursodlbalR) GtfonSBidaR BS cul@fdd shlte | ke, to
pro etﬁl ff rfgy tlogﬁ.of %he cells to, immture dendritic cells, for
exanp o ditferegiafel by Y idiion of empromscts iihsias aasatio obioD iy et mtiaslieh of

Gk CSF- a8l b ficludifig 18 BFangi1E SmARN & hhafite ndlif 65 ¥ LEroBB Ry gl L ured T or

any suitable tine. 20 In'certain e S, Ssul e tare times for
t he di f fhematepeigtiq Bem of prewisos cells of ethrerpuecarsoietislr Suitabledistue suloaamediaabout 4 to

about 7. : dj. f f (=] | dritic, cells from
precur sé?@yd%a%’;%gm r%en r“?@?@&i@@ %PME@%WQ?@ 'rﬂi"géf‘eslﬂﬁei &@?thSHBt he art,
such as culbyre triediupt 6 68 Spplincls, B desired, Wit dmisd'sdidiC Gt MBhK BSik&; 9., CD 14,
CD1l ¢+, CF%B' 0, HLA- DRI?Q | mmature dendritic cells can al'so be cultured in
appridpr iSAtes graauloeytemapiopkacs eelommstionilating &cton AV GRF)cad/or iptsailia # on and/ or
Tl nt &l Rukoed B eichs 4288 ks o ot difteRnihiBh BehObalsil Wliehiy
differentiation or antigen upt aﬂ , processing and presentation. For
exanpl e dendgitig cellsefor dempld. tA typivel dytokinzrvotnbinationrit abone 506 whiti/he eshesence of
G\t CSF @g}f}dsl,ﬁ-aﬁd#rahcertai n enbodi nents, immture dendritic cells are
preferre or optinal antigen presentation because they retain the ability
to process new arlfHe@ffiched Psulation Of leultR§ds cadbebilngbd forﬂnyéuﬂﬂl?%nc. 155:

93-1Q0, .1995,) In_contrast, mature dendritic cells (e.gd., CD
Jl8 In certmn)embodlments, suitable culture times for the differentiation og' s

dendritic cells can be about 4 to about 7 days. The differentiation of immature dendritic
cells from precursors can be monitored by methods known to those skilled in the art, such as

by the presence or absence of cell surface markers (e.g., CD14", CD11¢, CD83°, HLA- -

cells to immature

DR"). Immature dendritic cells can also be cultured in appropriate tissue culture medium to
- 25 expand the cell population and/or maintain the immature dendritic cells in a state for further
differentiation or antigen uptake, processing and presentation. For example, immature
dendtitic cells can be maintained in the presence of GM-CSF and IL-4.
In certain embodiments, immature dendritic cells are preferred for optimal
antigen presentation because they retain the ability to process new antigen. (See, e.g., Koch
30 etal,J Immunol. 155:93-100, 1995.) In contrast, mature dendritic cells (e.g.,CD14,
CD11c", CD83", CD86", HLA-DR®), those that have been exposed to and process antigen

‘and to suitable maturation agents, have typically lost the ability to efficiently process new
antigens. -
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CD 11c+, CD83+, CD86+, HLA-DR+t), those that have been exg)gsed to_and
process antigen and to suitable maturation agents, havé 9??1"1?87?%96I ost the
ability to efficiently process new antigens. 21 15 Decenber 2006 WO

2004/ 00Q44 S2003/ 019428 During culture, imuature dendritic cells can
optionaﬁ@ﬁﬁgﬁ%gosed to a predeterm ned antigen. Pﬁﬁ%@?’gwﬁsedeterm ned

antigens can incl yje 0 for..oresentatjon.to T-cells (e.g., for
activation, stinmulati ggﬁlg@&%ﬂg%?%ee&r%gﬁt%&eﬁﬁ HGaR qrgﬂygq e’%’ﬂ%efid?/? and the
like). |predeteninedadiigenn Spitiblapatdsteemied ahitiptisas tlchde afyeantigdd fof €d in the

presence_of D r, assogi ated. antjgen, sych_as,. far_exanple, prostate
speci fi cp%eﬁ%?l%gﬁggﬁsg%’ %’F%Wﬂﬁmon( g'.”g‘.ﬁ?mfl&?m@af%@@ﬂ:i indugHes elaangisy. and/ or
tunor gradthe il Bi dnb efbodifabitSinfihirt GIHSIHE 8dlis atetultdein thOpreShBOB €.
bact esrlal and viral antigens, tunor specific or tunor assoclate anti gens

(e.g.” tUHSF aeqi9teq 3ndigens Sughgpdpr examplenmnsiztasnscific appmbeank entjgen RFMAR
ti o | | I S, ~@and the |ike), and an
o e 2 sk e o AR, O, 0

other antigen. Follow ng 10" cont nti‘gen,
cul t ur edinflyds, fanpxaruple, Matterial amrbvitab autigentuant swpeific on il assasistedr ocessi ng, to

expand t ' f. antjgen-specific dendrjtic ce|lls, and the Ilike.

| nmat ur egﬁgé%ﬂg%‘%'?éhgg?@sly%agn % 8a AP BEPHHOE: ifplgted tigensdFag i ¢ cel | s
that pr esmots, fusioh beesns, Bpdsbiftess @11 tB fike) anlykly SRérAGHEEAS FolRhille ML Ur ation can
be pgrforned, far exanp culture in the presence of naturation

le, . b
f act rs,cogﬁﬁti"flga@tbc"’ﬂ’&% H’gé’el@é’%ﬁb? cuffgredfyr any geitable time to slopagigeot s (e. g.
. BCO), angtdkBand prisossihg) t&%mﬂﬁé?@u&ﬁ&ﬁﬁ%}ﬁ% -%p?/&ﬁh Hé{ﬁﬁ{ei!ac? . it er ogeneous

m xture of blood constituents sta enric ot nonocytic
dendr i t ilikep fraweipeesienditicicslls qap klso hé mgturedrinto alutrre tendfitiaceblophat pteseat of cel | s

- f l e : r . es¢ri bed supra,. monocytjic dendritic cell
p?(racur gg’rB gé’éngﬁgﬁ °3§EQ’¥}%§§§?¢P8%§%§% %ﬁ%?’ﬁ&%‘gﬁ%{be@ﬁ‘fjn ié’BF °|20| from
the enr ibyhaliup ipiik picseane shnMughorsRbeR! de AR 6 RS Bagtiat e (e.g.; a

nonocytic dendritic cell precursor binding substrate). ch a substrate.
can Be HrPradae-pHCG) apd thedilepl e, a tissue culture dish or flask.

Alternatively, a substrate having a high surface area to volune ratio,

such as a par i Cubeeuihcf WERUPLEHASHIA! PradfudlbahBRg e/ US02/ 23865,

filed 25 July, 2002, the disclosure I C I'ncorpora reference

her ei n) corshhicais iy mbstantially arivishedofonmyndcyticidandritic precueset tellpr Boliovsing s can be

nonocyt es.: I Lyel e.fo the substratge t orm conpl exes of

nonocyt ?%1%]2% tr?cf?]ipgﬁ é:lé%% ‘%"r" @%Bfﬂ;lglpgocgﬁ%ormfﬁ% @s,de%ﬂﬂ%la%m@?f%er | eukocyt es

remai n uwipoeytid déndnitin celbirecursdgs; juch B tholOisial périfAACMbAE e 1 ikd)fBd Separ at ed
20  from the enriched population through selective adherence to a substrate (e.g.,' a monocytic

dendritic cell precursor binding substrate). Such a substrate can be provided by, for
example, a tissue culture dish or flask. Alternatively, a substrate having a high surface area
to volume ratio, such as a particulate or; fibrous substrate, as disclosed in PCT/USOZ/Z?»SGS,
filed 25 July, 2002, the disclosure of wﬂich is incorporated by reference herein), can be used.
25  The monocytic dendritic cell precursors can be monocytes that selectively adhere to the
substrate to form complexes of monocytic dendritic cell precursors and substrate, while other
leukocytes remain unbound (“non-adhering”). The bound leukocytes are then separated
from the unbound leukocytes to form a population of cells enriched in monocytic dendritic
cell precursors on the substrate. The monocytic'dendritic cell precursors can be cultured and
30  differentiated on the substrate, or eluted from the substrate and then cultured and
differentiated separately, to obtain immature and/or mature, antigen-presenting dendritic
cells, In accordance with this aspect, the monocytic dendritic cell precursors optionally can

be isolated and differentiated in a closed, aseptic system.
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matured to formnature dendritic cells. T cell can be isolated froma

subj ect, contact efich Wirilatbd'® calvgdgﬁsnaﬂ? oal Helrkinfis&d Tnfo aegfﬁbjggt‘éﬁgse?,'}%. jfhen

re-admnistered to the subject. For exanple, doses o Wto about
5 x 109 Reddant Greqnbergohdrigaicsabial Gihemetherdon 45:35-43, BPQx Correale ef al., J.

20 Neuroimmunology 107:130-39, 2000; the disclosures of which are incorporated by reference

herein.) For example, immature dendritic cells can be contacted with antigen (e.g., PSMA)
and matured to form mature dendritic cells. T cell can be isolated from a subject, contacted
with the mature dendritic cells ex vivo, é.nd then re-administered to the subject. For example,
doses of about 1 x 10 to about 5 x 10° CD8" T cells can be administered to a subject

25 weekly, or bi-weekly, for a period of 1-4 months, or more. Altemativély, the mature
dendritic cells can be administered directly to the subject. Typically, about 1 x 107 dendritic
cells are used per administration to a patient. |

Typically a leukaphoresis product from a donor treated with a stem cell
mobilization agent comprises about 1 to 5% cells, about 5 to about 20% granulocytes, about
30 40 to about 60% lymphocytes around about 10 td about 25% monocytes with significant
- amounts of red blood cells and platelets. Using a TFF device of the present invention with a

filter baving a pore size of about 3 to about 5.5 microns results in an enriched leukocyte
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25 weekly, or bi-weekly, for a period of 1-4 nonths, or nore.
Alternatively, the mature dendritic cells can be adninﬂgP@Fﬁﬁeﬁgpﬁctly to
the subject. Typically, about 1 x 107 dendritic cells are used per
admnistration to a patient. Typically a | eukaphoresis product from a donor

treat ed WYt em cel |  nobiiization agent conpri® LS4 (o 59 cel I s,
about 5 to out 20% gr anyl t.es out 30 40 to about 60%| ynphocytes
around a %&@BTbmtch %BI%&&%%‘%@HBW%@WW@F@?# Re 31 Oﬁ%ﬁtﬁrl?f)‘it of red

bl ood celd% Laptiopiteataal ebsut 10/ dEuta0%FED d\ehe Tiis éiRhdl 188@Bed NVeNtion with
a filter gﬁ{?}}? eglore size of about 3 to about 5.5 mcrons results in an

enri chedPdP sedjas spidpiEhBrdow. 2006 WO 2004/ 000444 PCTI US2003/ 019428
popul ati on conpri sing about 60 to about 70% nonocytes, al nbst no

granul ocytes, aboWf otA&%nibsaRiasythemeBidt AR YWrestR ihRnAOPME uddts Giig4+ cel l's.

This enriched | eukocytes population can be used as set forth below In
ot her® enbesdisHesst efherilhn menopyesor gronpeyéic dendsitin cell preamsars Fonexampdednt o obt ai n

c e _ . e
ot cur s o SRR Hr GAEHARERIANS o o SRNESH SRS AL . be used
as a sous.gsaallofenisisrabwpbigets ttanstlasnation| Inpaftiznlar emba@limers, tiegarictied or

aut ol ogous transpl ant ati.on. .l n rti,cyl ar e | ments, the enrjched

popul at i%’ﬁul(%ffionl 033?}%3@?%9& Eg’thﬁﬁﬁﬁﬁ}ﬁfi fcgtﬂlq %ﬂ’égaggl?ﬁ‘r‘levﬂ’ég E‘Féﬁ’i‘g@@?{ ¥ ol | owi ng
t he tangepdritivh pfdceivre. SBleetodd fof enriehR&f dBh&natddRidiie dnl Rlls BAhlaGhEe s Of

hemat opoi et c Eé}grﬁpﬂg&l | s froma source of 10 peripheral blood | eukocytes

are Khodripheral SRR it i1d and ¢n be gdapiadiiar usa withian erached

popul at i | g9k | . r ' . ml e, an
enri checfﬁ g%lg%cinat [ onsﬁgﬁqfdéﬁﬁo%;d? %gge(?aﬁr% e 4‘03%??%&&’2%% g#%“ cells
usi ng, efdeukodytemaambralyribereoriched faCR3Ocells esihgiegidsmmemagnetip. , Rowl ey et

at, Bon Jransplant. 21:1253 998:. Depni ng- Ke I at, Br. J.
Haemat oﬁﬁ%@g%ﬁm‘lﬁégﬁ? e nROSY ¢iobrbone My %@f’sfg%'r%g@é&ﬂ@B%‘t em cel |
yi el ds, DenaigKepdylle:al.j B/ Aieneide d 05:18010095 Y EsdB16R SO Futeiat inkRasbFF as

descri bed in tqr}:% Erei ent_i.nvention can be cultured in the presence of, for
exanpl e, SULSHYIE, heglhpopiatiagenriched i moneayies stbspatenfo TEF 46 deseriedhin o deri ve
CD34+ Cahd sreserliifvéatibh SintoePeftlre®f (hirkd ' ﬁﬂkg | ¥ecg®! |
cul ture.colﬁ?.sgi ner such ast,3 a TE:Léﬁ\Ié(aér)geg%I({?’uuf?re ’@5“5’?“”%&% er,lﬁjpl\eﬁ??p er al
bl ood ddnmediumsanipining felabssrumitorderive GiD34mcelld. |Thewbittre riusichercemiedeut ipri or to

col l ecti I ' ral . bl ood an tion of lLeukocytes by TFF.
Var i ous a%% ? |e§1?ﬁ 88%“2 cCopigpet ﬁuﬁlﬁ ?Seagjﬁﬁgﬁ\z?‘f“hﬁe&?‘gy F B#Leg'tpé‘i‘ﬂ?%éa?l har vest
are knowtool dodidiecarbe sujedtedtsaniintuel] dabizihgtaimBR pridrt6 8éI1RGtM grth GV CSF,
G C%F, AND%ll_Qa? gor of her agent u}(hat I nhibits CXCR-4 function),
0" peripheral blood and separation of leukocytes by TFF. Various mobilizing agents for

increasing efficiency of stem cell harvest are known in the art. For example, donors can be

treated with GM-CSF, G-CSF, AMD?3100 (or other agent that inhibits CXCR-4 function),

and/or mobilizing chemotherapeutic agents such as, e.g., high- or low-dose

cyclophosphamide (see, e.g., Deliliers et al., Leuk. Lymphoma, 43:1957, 2002). The blood

25 donor can be the patient to receive the fransplant, a close relative, a HLA-matched
individual, or the like.

In yet another embodiment, the methods of the present invention are also used
- to obtain a non-stem cell subset such as, for example, a cell population enriched in
progenitor cells (e.g., hematopoietic or endothelial progenitor cells) or cells that secrete a -
30  factor of interest (e.g, hematopoietié or angiogenic growth factors). For example,
| circulating endothelial progenitor cells (CEPs) can be identified as a subset of circulating
CD34" cells by, e.g., coexpression of VEGFR-2 and AC133 (as well as, e.g., VE-cadherin
and E-selectin). (See, e.g., Peichev et al., Blood 95:952, 2000.) An enriched population of
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and/ or nmobilizing chenot herapeutic agents such as, , or | ow dose
cycl ophosphamni de (see, e.g., Deliliers et at, Leuk. nﬂﬁgﬁgembﬁéz%w
2002). The blood 25 donor can be the patient to recel ve the transplant, a

close r HLA- mat ched individual, or the lik et anot her
TGl HyselPutits

enbodi t hods of t he present |nvent|on ar'é T to obtain a

non-stemcel | . subset ul ati on enriched in
progeni moe}lﬁcé'ﬁsgm( ¥ E@F‘?}%%?:g‘? %?@ﬁﬁmﬁ ]Pg'fug%?%@?ﬁ%‘?‘a% l's) or
cel I's t hathageseid aﬁtﬂﬁﬁlefs aeéodd t@VEGFReZ ARACE39 Also) ERPS AR B ldbflized

angi ogem C wth fact ors) For exar’rﬁFls circulati ng endot hel i al

progeni t BT %&F@W@E@%’P 64 YEF. {Sesseg., Gill diaf cGrati ng  CD34+
cel I's bype€ 88:167 %@%Pfﬁﬁﬁérongiy@tf g}éﬁ%ﬁ’n&n@rﬁg eﬁ@%@a@& éi‘%ﬁlhtg%z WA

VE-cadherin and E-selecti 95: 952,
2000.9 Arngiagenicells (646i) Grhichrseaste, <2, ECHAHEHEBESP0R6 GMAOSEDRS/ 000444

xamp o, T RRR TRt SOGHLED pblsRS ok MkotSlra 88 €n poPBFLT, 0t oo

VEGFR- 2 E@H, ah@FBS. onAl filmoneCitPsoated Buriftee Blbihbi diechrdiig @ adhéredicElldYed I €at ment

wi th cyt oki such e.g., Gll et at, Cre Res.
88: 167, Olgehmqglﬁfz{,rgfzrcuqu%@@? ﬁg:f’r@rogé'rbodl ments, endot helial-1ike
circulating 5 angiogenic cells (CACs) (which secrete, e.qg., VEG-, HG,

G CSF, and GV CSFIn additionOik airid8 thipumubﬁ émaﬂcg E‘s&ﬁ'bb eﬂ%&a&@m&h@é ion of
| eukocytes with, e.g., VEG- DbF | G- 1 on a

fibr %ec‘txipﬁlst@é{f éhﬂ@ﬂﬁeﬂ%‘@e@ﬁﬁ of fiern celilss Far @ian@imﬁmécﬁm eqlls carebd s (see,
R , hed
€. 9., RehuRMy turE MRl Bowli Bideor 0P o b1 BRLABR 4 he enr i che

populatlon of eu ocytes can 0o 1In expa hof
pl uri potiht-opsteryeeii tagior (ﬂCFg,t&ambejztb-monEwte etaryptiaul GRS fittos (GMH-CSH)| S can be

expande ure w iC ors.s

conbi na?%n?))r(l} ?Ekiee’le@’ ef%n?a EQIS?S%:%B%{) ?%@?)"1 é’g}ﬁﬁ?‘%@?’e m)nocyte
col ony- sipolpsulaﬁbn e‘rglcharfoﬂmw@'fbéﬁﬁbe trafted itk 3l (MAESF, B0 and/ciUl-Bh At

Haenmt ol ogi.ca 88: 561, 2003). Alternatively for exarrpl e, a popul atlon

enr i BhePbTaR PlHEPRIes)( Emacraphapes” (M), avhich morph@logcallyms@sble ﬂbr@,laslﬁnd/ orI : L-6.
+ eseni i e HedRRY iliopthalR O ADARER 1G5k HE Chan e o ab 9620 ot 2o

| evel s OYariCBGH. fGelSZhaMm2426, 2003.) Fhe progefiivt br stéa aells 86 bubsddRéutlyd3: 2426,

. 2003.) 'gﬁtgro%emt r or stemcel]s ‘%&g_ subsequent |y be . treated with any
of vari Jf&® |Q"P¥I8 C&Mef] agtoys foigdnce dfferendiatignintet i on i nt o

hemat op Gle@kiofoietic Mnhﬁﬂ&bﬁ@&ic%bﬁgeé.' neages.

20 In other embodiments, an enriched population of leukocytes can be cultured
~ under conditions suitable for inducing differentiation (e.g., differentiation of progenitor cells
or transdifferentiation of more diffemnﬁated cells types such as, for example, monocytes or
monocyte-derived dendritic cells). (Aé used herein, "transdifferentiation” refers to a_
_ processs of phenotypic modulation of a differentiated cell, generally withoﬁt the need for any
- 25 cell division, whereby the differentiated cell differentiates into a morphologically and/or
functionally different cell type.) For example, in addition to differentiation into dendritic
cells, monocytes can be transformed into other hematopoietic or non-hematopoietic cell
types, including, e.g., macrophages, osteoclasts, and endothelial-like cells, depending on
culture conditions (see, e.g., Becker et al., J, Immunol. 139:3703, 1987; Nicholson et al.,
30 Clin Sci. 99:133, 2000; Havemann e al., in Novel Angiogenic Mechanisms: Role of
Circulating Progenitor Endothelial Cells 47-57 (Nicanor I. Moldovan eds., 2003)). Inone
- embodiment, an enriched population of monocytes or monocyte-derived dendritic cells is

transdifferentiated into endothelial-like cells by culture with, e.g., VEGF, bFGF, IGF-1,
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20 In other enbodi nents, an enriched popul ati on of Ieukggist es can ge
cultured under conditions suitable for inducing differeREEETIERE. g.
differentiation of progenitor cells or transdifferentiation of nore

differenqti ll's types such as, for exanple, mpnocytes or

nonocyt ﬁ%@&%@’gﬁ?dendri tic cells). (As used herei n,PGT{IYS%Wé”HPf‘?serent i ation"
refers tp rocess henot ypi ¢ nmodul at i of adifferentiated cell,
gener al I@y‘ﬁ?“f’ﬁ’é?ﬂe’ fn}‘i@F (ﬂ{: fﬁﬁ n%ﬁvc%@déafwedf%eﬁaﬁwmww e BYPr f‘-ﬁe

di f f er enhjsat@enGel poihiidh SPlehiic§Ss danteR cAlnB 114! RAHIESHd tHat JRHEST
functionally different cell type.) For exanple, in addition to
[+

di f f er endiffgentiion af wlaieslnmdifferentate oell subsaini@g. elirpaientasogeniershdr med i nto

ot her hegg, { etd ) \ | ef.] YPes, o ne ' e.g.,

macr ophages?&%}5]tﬁedo%:iafr{a%solp g{éﬁ%ﬁgﬂg%&@%ﬁ@% lﬁjlgiké? 2T &?,Ofggelgdg g ﬁ%n%sn culture
condi® i oorgrdveih éactaps. GFor efiepitey moadeydd-derivdd plhuripotend btem k3ls FMB) cah®87; N chol son

et al., 5‘1:‘),}8 C‘{%?i n .&ci .. 99: 133, ,2000; venmgnn et al., .in _Novel Angiogenic
Mechani sfEicoRE dAttgrntiafs 1peo slaadars gappphgers £ dymphoayes erithgfialcells seuonat 7
(Ni canorcells, eMpItElIMBRIIE AP hopatdORD By trchitn P Rith eeg@),q}i"s,”ﬁﬂﬁ, BN NS, veieed

popul ati on_of nonocytes or nonocyte-deri ve_d ndritic cells is
t r ansdi faréi@nrespectisielyntSee Shngat Meisiar) Supediferehtiatioy canietipdugedpridr fo e. g. |

VEGF, bR ndwds kil . r@e‘[ 6 000444 PCT/ US2003/ 019428
hydr ocorti%one,g%enc?xlﬁ—%ggjgﬁlgggg’i ré{%%gll:gﬁdr?-s‘%g%g'%ﬁéurface. (See Havemann et
at, supra.) Also, an enriched popul ation of |eukocytes can be cultured

undel® condi ti ons Theafollowitg cemipdksfaferevidédanérely aofllustedtiat bfredripus aspects

coll ) 1l Bt it HEREhS stk mBrplhER Elon RSBV LSI ng any of

vari ous cytokines 5 or growth factors. For exanple, nobnocyte-derived

pl uri potExatnpktle TRFDdvice (Wi RédoverUniband Reeaue e Unit ih Kidni@onéipirhidre | Nt 0
standard macrophages, T |ynphocytes, epithelial cells, neuronal cells,

endot helial cells, or hepatocytes by treatment with, e.qg., LPS, [L-2, EG,
NGF VEGE o HoPn iRl G e o catueries = opiptiog Jerng »

di f f er enéréder oiit A3 Bnderebdveyamntt (Mih@llo‘:)%g%onﬁ%maftﬁhbﬂw'e Rg&ftlal A®X Pansi on such
as, for exanple, described supra. 10 The follow ng exanples are provided

mer éPy aﬁéﬁatlggégﬁ%t@serﬁiﬁ)v“%}eir@ngvcagrpibwﬁlgded&homﬁiég hawirgiwio sherabris @houl d not
be cons ] L1 ERvent i ' I ; ice Wth
Renover %&dﬁ??{ og%gédﬁ‘ﬁegég@tg?@algﬁ?%n 51%@’%%%%%@%@0 u%ﬁgé#ggﬁlnt of the
pr esent mmieditheter) baving 4 pessize af@hbutdumiaton dmatvat/iOngiceons. Eimoress-flowi t (1) and
a recove nit, (G2) kh,a,l onfiguration.of. the tangential flow 15
filtrat icﬁ#bg?éiﬂ"ﬁ‘g?‘i%ﬁ?lab“r‘%%%}lﬁ?ﬁfﬂ{d?"g‘ﬂﬁ ity charibe ncluded,ac hg havi ng
two chafiescodit (8. Disreddvaryuah aismed 4 Bausgqg(@)ﬁboﬁﬂainhfg@i&@mﬁﬁﬂ@ﬁb), @4)).

- separated by a m groporous fjlter (51 (14
20 returnoutlet (1 ﬁ, a sample let (12), and a solution inlet (13). In certain embodiments the

sample inlet and solution inlet are the same, but can be separate. Sample (e.g., blood, blood

preparations, or a prepared population of leukocytes) was introduced into the recovery umnit
by the sample inletl (12), and was withdrawn through the return outlet (11) to the remover
unit by action of a recirculating pump (14). Sami}le was introduced into the remover unit
25  through the fluid inlet (6) and flowed across the microporous membrane (5), such that the
fluid’s movement was directed at a tangent to the direction of filtration. The fluid inlet (6)

- was positioned generally perpendicular to the radius of the filter, The relative inlet, filtration
and outlet rates induced a vortex, the center of v;rhich drew components in the blood
preparation not passing through the filter, to the fluid outlet (7) and back to the recovery unit

30  (2). The flow of fluid between the recovery unit and the remover unit was controlled By the
recirculation pump (14). The removal of filtrate from the remover unit was controlled by a
filtrate pump (15). | |
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mmin dianeter) having a pore size of about 1 micron to _ahout 10_nicrons.
The cross-flow chanber included a fluid inlet (6) and égﬁaﬁﬁnﬁ’e %P[W et (7).
The filtrate chanmber included a filtrate outlet (8). The recovery unit

i ncl ude |ng (9) containing a return inlet (10), a 20 return outl et
(11), %‘gﬁ’pﬁ@ﬁ‘i“‘r‘n et (12), and a solution inlet (1FCTIHOIPEHn

enbodi ts ampl e..i et a sol n_inhlet. _are th ane, .but can be
‘separ a@@ig: = of Loukacates E&\IP%“’QLLJ. CpRHes %@@e{r@#@mw

popul atimmaca‘Rdt@b;kRéy&ﬁ,g)Efﬂ@@c ntroduced into the recovery unit by the
sanple inlet (12), and was wit%drawn through the return outlet (11) to the

renmover unit by actjon of recircul ating punp, (14). Sanple was introduced

into the remover 4hf eﬁwlﬁﬁwﬁgﬁchméf ‘?fll‘i}ikﬂcﬂtﬁlué’lﬂg(a@))FFﬂ?ﬂc? polRedbgt r oss the

i crOpormm&aﬁﬁgbr@mehg&bmag_@q;%&rﬁést_em&nb ahddl o 122 Y ’@iﬂ%et gdirected at a
|

tangent to the direction of ration. The fluid inlet (6) was positioned
generial | demoastystadd iAcaampte af deukppheresid producs fwas mubjéctddtte TFF Ehedevese andere i nl et

filtrati . I J nduce the center o ich drew
corrponen‘%gimlls"?la%i1 ﬁg&%f %%lcfh é‘%e?%%{éé}g “on °§6‘%{’ﬁ%"§’§%?’ﬁ‘a a%FﬁS @gﬁofl%%et\é\fl ter, to the
flui d outhudeds, THE waspetrfoandd fool thboflle@kopteregis pridict3Ring 2)3. mitoa fitkgwitaf 1 ui d
bet ween the recove uni t and, the renpver unit ontrolled by the
recircul E‘?)tf?nﬂﬁtﬁﬁ%?ﬁﬁ‘;}mmf&%rqg aBY”‘PFTFF‘é‘E“?“%P@HPW e dver unit was
cont r ol | g0 gs@ 1084, Isvo,%@smmmin?.SMost%@thkﬁe@%@ﬁémﬁém 28081y YWRigQQd/ 000444
PCTI US2003/ 019428 Exanple 2: Reftention of Leukocytes Fol Fowl‘ ng TFF -

Ef f lék s thy reteatater (& e lags than aRavtd Opgentof the devkecyrestie thedilimse)amicksghe Ef f i ci ency In
this ex . ' C ' T | C s descri bed
in Exan%?@lc?aﬁ%a%h%dasgmaagpge%ﬁg@ﬂ‘y@ eerﬁ%%b%gﬁ%gég&%ﬁg%% in dianmeter,
- was 5 denowslptict Btts dévignarp MaxpT0, De’)Fopidérvesse $630; 1RROCT080p870satdj 540t ed to TFF
in a devige under.. rious conditions, and the selective retention of

| eukocyt Pe?gtévé%'g'ed. I'n one set of studies, TFF was performed for 10
m of | eukopheresis product using a 3 mcron filter, with a filtration

rate of 15 m/m nin(ahotherlsét dfistilied TFFavas parfortied forelQinilGfMakbpgherefis nput ) rates
. Most of the | eukocytes were

(e.g.., 1680,. 13 080, .870, .and 540 nm/mn / )

geng'15al Imd%%%%}ﬁgl%ﬂ 41?"11’_?)0@]13?@1‘11’@( lsingad Wc.r@.ﬁ,lzeﬂ_é@ﬁl %I}%EFP“HB%EIHHE@ percent of
the | eukaeyt AROI/ i %t fhikde iRk} sHtHiGSRes 1A, 14,564 164 AOD Adh@spas | over
than 1080 m/mn (Figure 2; note: the corresponding actual recirculation
rat es deslioffiliratevaseerllectd pepstudy. Nejtherribe 1.6ual/mini§86he 11380min¥ig@ion870, and

: 1‘5(‘;? 1'2{' %&gffas {u@%ﬁ%ﬁaﬂ@ﬂ%ﬁ%@eﬁﬁd%ﬁw&% nsﬂ?r%jn(ﬁltraﬁ'}olﬂ(%:!ttg%f r‘;lgle:nﬁio\ﬁv%§ performed
leukocytes (Figure 3).

D

D

20  Example 3: Selective Removal of Ervihrocytes From Leukopheresis Product

In this example the sele@tive removal of erythrocytes and the effects of
recirculation rate, filtration rate and saﬁaple- concentration on the separation efficiency using
the TFF device of Example 1 was demonstrated. Samples of leukopheresis product were
subjected to TFF under the conditions as established in Example 2, and the selective removal

25  oferythrocytes was assessed. As in Example 2, TFF was performed for 10 m! of
| leukopheresis product using a 3 micron filter, with a filtration rate of 15 ml/min (for 17 min)
and at various recirculation (input) rates (e.g., 1680, 1380, 1080, 870, and 540 ml/min). It
was determined that generally, reduci_ng the recirculation rate promoted more erythrocytes to
pass into the filirate (Figure 4; note: the corresponding actual recirculation rates for Max, 10,
- 30 9,8,7, and 6 were 1680, 1380, 1080, 870, and 540 m/min, respectively). It can be seem

- that while decreasing the recirculation rate did increase the removal of erythrocytes from the
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15 product in the TFF device of Exanple 1 using a 3 mcron filter, with a
recircul ation (input) rate of 1080 mi/min at three diff2Pessmbes 740 at i on
rates (11, 15, and 19.6 m/mn). About 250 m of filtrate was coll ected
per stud Neither the 19.6 mM/mn nor the 11 mM/mn filtration rate was

subst anPMOAMAIME e benefi ci aI than the 15 ml/mn flpﬁrfUé%(’I"HW‘F%te f or
retention of |eukoc Exarrpl e Sel ecti.ve Renoval of E
hr ocyt edeiepalH # Ef_é’ﬁ%rﬁﬁ]é?%’% 10?& fele pisdi et i ve renoval
of eryt heRsieS%s dMcddNBigald 8 cts of reci rcul atlon rate, filtration rate and

sanpl e concentration on the separation efficiency using the TFF device of
Exanpl e 1 was denmpnstrat ed. Sanpl es of Ieukoaherem S groduct wer e

subj ected to TFF Ofdkxammle % dHE e Berformed &3 Bl pElkprhsresS@IAMICE ™. and t he
sel ecti vfe §aﬁi§q‘f@{ de@ée len%[ y hﬁh‘r&?ﬂﬁ&%‘f@ér&@ﬁéﬁﬁﬁﬁ% fifrald b @R G, TFF was

perfornmed for 10 eukopheresi s product using a 3 mcron ter, with
a filk ra@(fﬂmwdiﬁﬂentcﬁﬁrﬁm@nmwsfﬂ 165 and 195 mimin). AbﬂﬂtaﬁomhwfﬁiMGwem rcuI at i on

et or m (STPEREF it MRS o B0t B DR RS MR L oot 0 o

er yt hr ocybstmtinkdy mp&fbﬁn&ﬁ@ia@)tﬂaiﬂﬂlefl B nflindh Eltfdtiog thtefof the Beléctive tda®valsfr espondi ng

1380, 1087mRotes CigiRetlo The ilen isog Lo iy feddbad e HUroeughn Bhat whi | e

decr easirfgnthd thorSthbk pmmmuﬁﬁk&nqkmm%ﬂwﬁﬁq stRAnin @iRYeh 8 erythrocytes
fromthe 27 15 December 2006 WD 2004/ 000444 PCT/ US2003/ 019428 ret ent at e,

at allr eapsubied inrei seater ateld ofdoukecytasamihe ogentate (Figwre Bhe yiel d of |eukocytes in
the retentate was reduced (Figure 4). As in Exanple 2, TFF was perforned

for 10 m of |euk 8@1%51 gﬂ@?%gteﬁ%cpoflh&@a ?c%rfg%%ﬁ%n dcoef using a 3 mcron

filter, W|thare0|rcu at| input) rate o 5 at three
di f f er eneukbplierasismaaterial mtthcssa(np]b wak3lso atudied OFBymhl/(50 m]). ofDduml:theﬁ@ m of

Fi1tr ot il BuGEES I pRS apbatls DN TV s shBprel g e A Be il

filtrat |amefwvmgfa3mtcmm@é§mlmepéreéﬁwagalofaﬁnmmme@@udt@sKBﬁgwe 5). The
fi Itratlon rate of % m/mnp reduced, the, erythrocytes in the retentate

mor 9t haAR Tentaie s gbou the same, shar 1006 E§5‘RB°¢ @t]? filgediopzatgivamabout I tration rate
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Referring to Figure 6, the effect e concentration o
| eukophélresging b ereoniln 0% of thhmpsmrﬂh@cwaswaﬂeseiamedmiltmmeﬂaﬁq showing( 50 n1) of

o o U s ing B B B bl ahs&?r%mmélﬁ@@egmn of SFytiFotytes

from lenkocytes (designated “WBC™).

C

20  Example 4: Selective Removal of Erythrocytes From Leukopheresis Product — Effect of
Pore Size on Removal of Ervthrocytes

To confirm that the embodiment of the TFF device set forth in Example 1
would perform similarly upon scale-up, TFF of 120 ml of leukopheresis product (1/2 of an
entire unit) was compared in devices having filters with a pore size of 3 micron verses 4.5
25  micron. The recirculation (input) rate was 1680 ml/rrﬁn, and the filtration rate was 15

mi/min. Referring to Figure 7, for TFF performed using a 4.5 micron filter, about 80% of
the erythrocytes (desigﬁated “RBC”; dark shaded bars) were removed from the retentate,
while about 62% of input leukocytes (designated “WBC™; light hatched bars), or greater than
about 70% of input monocytes, were retained. In contrast, using the 3 micron filter, about |

30" 65% of input leukocytes were retained in the retentate, but only 3% of the erythrocytes were

removed,
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a filter having a 3 mcron pore size. The percentage of erythroc%/t es
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filtrati [ ” o1k, ri to Figur or TF erforned
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of input_leu tes si.gna "WBC': |ight t che ars),_ oy greater than
about pm‘%’%’}ﬂgi Himgé%geygf%%ﬁm@n%ﬂl SuAlggmoy Oﬁ Kies ?%@‘F et he 3

m cron frickddporedRUtltes Quiliéiel relchidH of 1 AMKQ R4 (ERihREL-WBLE Pad in the

retentate, but only 3% of the erythrocytes were renoved.” 28 15 Decenber
200610 Wb/ 000444 PCT/ Q52003/ 019428 Referring to Figure 8, TFF of 45 nil
of | eukopheresis product was conpared in devices having filters with a

pore o A g}fsﬁ,%emcg& . \e@gém%fﬁemo Qyith Rin dvald PRl Ia fpumésrgoe

mn. For TFF performed using a 4.5 micron filter, ’ about 99% of the
eryt hrocyt es (deshghisexanple sappies of tukdphetesisiprydina wele swhiceted @ Fd from t he

ret ent at | 0% ' . tes. (.desi gnated " "; light
nat chea ot s A0ah EXRINE L shBRhiols AR Fho PSSR ol {0k
er yt hr oqydtelsts amd asherwasaskessbdit Refolring 490 e 1, Bepdrignslind b 6459 of 1 et ai ned,
showi_ng .t hat, usin 4.5 m.cron filter pronpted equal renoval of
erytr pé?ﬁ‘@ghegﬁlstﬂﬂ@f’%‘?’ﬁé{‘%] gc.tecﬂtp SV PG éltegﬁ%n& qlthf'@%-_s BUATORO17:] t er
retent i aficRh phteé Reirduleidh aialifsht raffiGral oNRP 1690 R RR&) BPHin EXARR! € S
Sel ective Eprichnent of Leukocytes with Removal of Platelets and Plasma In
this exdHistionsdaprels ul/mine Jhe B iwgs pardeiat fopeitieer 6007 @markst o TFF i n
indicated. Following TFF, the retentate was assayed for leukocytes, platelets, and plasma,
In all experiments, between 92 to about 100% of the input platelets and about 97 to about

20 99% of the input plasma were removed from the retentate, independent of pore size (4.5

-

micron or 8 micron), recirculation (input) rate (1690 or 1880 ml/min), and time (60 min or
.-90 min). For experiment 7, an entire leukopheresis product (250 ml) was subjected to TFF
using a 4.5 micron pore size, 1690 ml/min recirculation (input) rate, 15 ml/min filtration
rate, for a 90 min duration. Following TFF, the retentate was assayed and found to have
25 about 84% of the input leukocytes, but only 2% of the input platelets and 3% of the input

plasma,

Table 1; Effect of Filter Pore Sizes on Retention of PBMC

% Input | % Input | % Imput

Leukoperesis | Pore . . WBCin | Platelets in | Plasma in

Input - | Size Rec?;?tmn Time | Retentate | Refentate | Retentate
Expl |{45ml 45pum | 1690 ml/min | 60 min | 88 20 2.0
Exp2 {45ml 45um | 1690 mli/min | 60 min | 67 8.0 20
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8 m1888 mM/mn 60 mn 4 0.0 1.0 Exp

Example 6: Selective Enrichment of Leukocytes from Whole Leukopheresis Products

To confirm that this embodiment of the TFF device would perform

reproducibly upon scale-up to lérger sample sizes, a TFF device designated a 5X device was

used with 250 mi of leukopheresis product {an entire unit) using a 4.5 micron pore size filter,

arecirculation rate of 1680 ml/min, and a filtration rate of 15 ml/min and compared with the

lower input volume. Referring to Figure 9, TFF was performed for 90 min on three different
leukopheresis products on different days. Between 80 to 95% of the erythrocytes were

removed from the retentate, while about 80 to about 100% of mput monocytes were retained.

Following TFF for Exp 1 in Figure 9, the retentate was also assayed and found to have about

only 2% of the input platelets and 3% of the input plasma (designated Exp 7 in Table 1).

These data demonstrated that TFF can reproducibly enrich for leukocytes and preferentially

remove erythrocytes, platelets, and plasma from the retentate.

Example 7: TEF Device For Selectively Enriching A Blood Preparation for Monocytes

In addition to enrichment for leukocytes, selective enrichment of monocytes
from blood preparations was tested using a TFF apparatus. This particular embodiment of

the device éomprised an inverted (“type IV”) configuration designed to change the flow

dynamics by alteﬁng the direction of gravitational force across the membrane (Figure 1C).
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- Example 8: Generation of Dendritic Cells From Cells Isolated by TFF.

In this example the cell population that was isolated and purified by TFF was
cultured in standard conditions for the maturation of dendritic cells from monocytic dendritic
precursor cells. The population of cells isolated by TFF contained approximately 58.6 %

15  monocytes, 22 % lymphocytes and 12.5 % granulocytes. This mixture of cells was
introduced into a tissue culture bag in X-Vivol5 media and 500 U each of Il -4 and GM-
CSF. After five days, approximately 50 % of the cells were harvested, stained for DC
markers and analyzed by flow cytometry. The other approximately 50 % of the cells were
exposed to maturation agents, BCG (2.8 x 10° pfu/mI) and IFNy (1000 U/ml). After 24 h
20  those cells were also harvested and analyzed in the same manner. Table 3 shows the results
of these analyses. The values provided represent the percentage of positive cells among the

- dendritic cells, i.e., after gating on large cells.
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Tabl e 2: Enrichnent of Monocytes Using Type |V (I nverted)é TFF Confi guration
Input Retentate Filtrate MonocyteNo.(x 10 2.85 1.37 0. 88Pecampspti¥eyte No. -
(x 10) 5.67 0.428 4.86 G anulocyte No. (x 10) 0.133 0.0571 0.0797 RBC No.
(x 10) 64.6 1.37 78.9 WBC No. (x 10) 8.78 1.93 5.86 Mnocytes 32.46 71.1
14.7 Lgﬂpﬁ%@é@?“& 64.54 22.17 82.88 Granul ocytes (5’.06’1@100%’%@81. 36 Unl ysed
(x 10) 73.4 3.30 84.8 10 Exanple 8: Generation of Dendritic Cells From
Cells Isolated by TFF. In this exanple the cell population that was

i solated and purified by TFF was cultured in standard conditions for the
maturation of dendritic cells fromnonocytic dendritic_ precursor cells.

The popdiakia brPdection|of Cell Surfageddariersrmrnmatuse srtiMappe endeitie Cplisg. 6 o 15

.nmonocyt es, ZZWW AWl A N1 mxture of cells
was introduced ihio @ tlssue culfy oes (o] il\’rflé%%l}ll)@gléé&%&?a and 500 U each
of IL-4 and GWDEGBF. After fivelQdays, appfoxinmatel§ 50 % of [the cells were
har vest ed, st gi-pregfoi—bc—nmarkers—and—anal-yzed-by—flow ecytonetry. The

ot her appr oxi ﬁpér"y 50 % of thecells weré expose% to matugati on agents,
BCG (2.8 x 10pcpigrm | and TFNy( 1000 U'). AfTerggZd h 20 those cells were
al so harvestefd_and an@lyzed in the sane nner. Table 3 shows the results
of these anal ySB8Q The val ues piSovi ded represent tHe percentage of positive
cells anmong th gendtt+tt+ec—cetHs,—t+—e——after—gattpg—or—targe cells. 31 15
Decenber 2006 2004/ 000444 PCT/ US2003/ p19428 Tabl e 3. Detection of Cell

Surface Markefgpgm | mmature andggMature Dehdritic @l ls.  Majtker Immature DC
(%positi-ve) Ature C (% positive) CD14 10 2 CD11c. 99 96 ICDila 70 69

CD80 75 74 CD54' N 100 ° 98
i MHC I 56 72
These markers show a significant increase in mean fluorescence intensity
5 (MFT) among positive cells after maturation

Based on the forward light scatter and side scatter parameters of the flow-
. cytometric analysis it was determined that the immature dendritic cell population contained
. approximately 71 % live DC, 21 % lymphocytes and 7 % other cells (mostly dead cells of
10 unknown origin). The mature dendritic cell population contained 61 % live DC, 21 %
lymphocytes and 15 % other cells, These results demonstrated that monocytes purified
directly from leukopheresis material by TFF can be efficiently converted into DC using
standard culture conditions maturing dendritic cells.

Example 8: Isolation of Monocytes on Glass Beads
15 An enriched populationf'of leukocytes is isolated by TFF according to any of

the previous examples. During TFF, the buffer is replaced with AIM-V media (Gibco-Life
Science) containing 1% heat-inactivated autologous plasma (binding media). Glass beads
(20 grams) are prepared by washing twice in binding media and are subsequently placed in a
60 milliliter syringe fitted with a frit to retain the beads to form a column bed.
- 20 (Alternatively, Plastic Plus microcarrier beads (freated styrene copolymer beads from
- SoloHill Engineering, Inc.) or HilleX microcarricr beads (styrene copolymer beads from

SoloHill Engineering, Inc.) can be used, The binding media is then drained from the column
bed by gravity flow. The enriched population of leukocytes from TFF is applied to the

* column, and any flowthrough is collected. Binding media is added to provide a small layer

25  ofliquid above the column bed. The column with cells is incubated at 37°C for 30 minutes.
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CD83 7 34 (CD86 90 89 CD54 100 98 MHC 11 56 72 These narkers show a
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beads f rftiorSariralykedin S taME nidiner béihie vasHes. HIkd FabtiBATH AR bh&yicheads
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bi ndi®g %eRA%d s then drained fromthe colum bed by gravity flow. The
enri ched popul ati on of | eukocytes from TFF is applied to the colum, and

any fl owtamgleah Diﬂ’e&i%&ltﬁﬁB@enﬁﬁ@@bﬂb@rﬁﬁ%%ohﬁe@%@ F}% @ia@%‘ TB' d@sa snal |

| ayer 25 o I qui d above the colum Dbed. € colum w S I's incubated
at 37C for 30 mnutes. 32 15 Decenber 2006 WO 2004/000444

PCT/ U82003/ 01942 8Manecytes piecashad tp Himeswith 30 minf RRY.tand sesependsdin and t he

f1 owt hr ' | . ' 1 hrtinmes with
bi ndi ng Fgﬁ?%gkrﬁ/iwad &@é@%‘?ﬁ?@éﬁ@%ﬂ%ﬁ% 0, hes through
t he col uUnterlgydin4/mb). A pootiong@/3) bithe esdisngrensiomis theh thaheferdpaito a rotarfhese washes
are foll owed by,t shes wi t h phpsph puf fere aline ("PBS"). Cell 5
counlts ZrEeasisE éﬁyﬂﬁgcﬁﬁn‘g?ql%g?f@é{gﬂ%ﬁ%%@ﬁ% PSFIF"&)‘WPH*ough, and t hey
ar e. analy@sidings % CO;. After culturing, the cell population comprises about 70% jmmature

dendritic cells, based on cell size, granularity and cell surface markers.

Example 10: Activation of Immature Dendritic Cells with Prostate Specific Antisen

Monocytes are isolated from a prostate cancer patient as described in the

20 previous examples. The monocytes are cultured in tissue culture bags in X-VIVO 15 tissue
culture media supplemented with GM-CSF and Interleukin 4 (500 Ufml each) for 6 days at
37°C. The resulting immature dendritic cells are then exposed to prostate specific antigen
(PSMA) (isolated as described in U.S. Patent No. 5,788,963) added to the culture media.
The immature dendritic cells are then differentiated to form mature dendritic celis using a

25  maturation agent. The mature (activated) dendritic ceﬁs are added to a T cell proliferation
assay. T cell cultures are incubated in a humidified 37°C incubator supplemented with 5%
CO, for 5 days prior to addition of 1 puCi *H-Thymidine/well of a microtiter plate. Aftera24
hour incubatibn, the cells are harvested in a semi-automatic cell harvesfer (Skatron, Stevina,
Va.), and the radibactivity of the collegted cells is determined. T cell proliferation is

30 assessed by measurement of average *H-TdR incorporation.

Example 11: Capacity of Cultured Mature Dendritic Cells to Present Antigen
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forward and side scatter FACS analysis to determ ne the gercenta e of
nonocytes present. After conpleting the washes, the bodnHeHSIYECI08s are
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r esuspengfidern 1 an€ stirhwlit8 2iBREdus (Dl Héh HR soiBk pidbnis! BT préRfeRtidn W th 500 U

‘GMCSF/m and 500 U Interleukin 4/m). A portion (2/3).  of the cell
suspensi AP recprdicted an desariled gbavs (Bxampletd). Teamys doxoithis Ghosengpthhecon) and

culture : -at | ol ' s l.okNg 5 % CO2.
Mter ouPorrasoeRigBl il bboimphiCl el SUEARRERL syl Toble
dendri t i @nbekétivatet) asetto.oAuiobighussi cells cutuzadubithy the patientds dealititicsagtls ende nmar ker s.

Exanpl e - Activat.i,on.of | ture ndri.t.i.c | Ls.wth, Prgstat,e Specific
i " gert oot bt SR A FepiTAa i i bRekihobba [ AR LR IR .o

descri bedbsénde tdidrilOcallspandat Rvaxasifieatly MigherMCTHIe Sultikel witH hatued i n tissue
cul turee@‘?q%s i.n X_Véq\%cy)llw' I ssue culture nedia supplenented with Gw CSF

and | nt defaiefidendy ou A pcpyus fogoidr gashowine angielosepemixed u) t i ng

| mat ur gyAeRd etréééti&g! 'Iﬁusf’;‘&f‘cp}éa&‘i‘atr%ﬁ B2 &G R iOR Rh&itRREA & uer@nt | gen
(PSMA) (isolafed as described in U'S Patent No. "5, 788, 963) added to the
cul t Ut e feeliell prolifseationrrat ure dendritic cells are then differentiated to
formmature dendritic cells using a 25 maturation agent. The mature

(activatgd), gelridrsitirduﬁatigﬁbf gut%gou@qd@e‘ill%t oaTcell proliferation assay. T
cel | culturés are i fied 37C i ncubator supplenented with
5% CO2 for 5 days prior to addition of 1 JtC 3H Thym dine/well of a
mcrotiter plate. Mafwetactvaed) dandutic Gelis spiseitfic dor prostede cwbdrerearsed foar vested in a

sem - aut |.C I rvest.er atron, .Stevina . nd..t

"o oact A asftoson” AR pi B RRA potihl A Hiecoliel bSO, o1 ation i s
30 assesshy] ametazrts proswrrineef cell \liae,dgesed kb J tbhebetnivp prosate@anceedigpd € 11:
Capacity of | tyred, Mature Dendritic Cells to Present Anti(%gn 33 15

Decehberi? 8381 PiRBISefion a1y saneraby-ps dpsoidhsd i Yoy PatentNe, 9 J88, 203 capacity of

the cul taioRdure BRHHIE iR drktbdbyetekedicd RerBihe SEREnifigit: indfseliR *@ivk st mul at e
autol ogous T cells fromthe sare patients,” T cell proliferation assays are

conduct ducompraiiog iy sbseedbandothinate lactiva@y deftettinelds and IDIGIP ilsatehasen as t he
included in the T cell cultures.

Example 13: Administration of Stimulated Autologous T Cells to a Subject

20 T cells are prepared by leukopheresis from a subject, The T cells are
contacted with mature activated dendriﬁc cells. The dendritic cells are matured after
contacting with a crude cellular lysate of LNCaP cells, a metastatic prostate cancer cell line.
Following contacting, the T cells and dendritic cells are cultured and expanded. The
expanded, activated T cells are administered to the subject at a dose of about 107 to about 5 x

25 10° cells per dose. |

Example 14: Conversion of Monocytes to CD34" Stem Cells

The percentage of CD34" cells in peripheral blood is extremely low, ranging
from about 0.01% to about 0.1%. CD34" cells are recognized as the cell type necessary for
successful transplantation of hematopoietic function. Monocytes can be isolated from

30  peripheral blood using the device and methods described above, yielding 1 to 2 X 10°
' monocytes. These cells can then be cultured in 50 ng/ml M-CSF in medium containing fetal
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representative antigen in these experinents to determ ne whether patients'
memory T cells 5 can be activated in vitro. Autol ogous 1°Betardbetefi0fured
with the patient's dendritic cells and Tetanus toxoid will proliferate at
| evel s significantly higher than background |evels g n the absence

dendri t MO and at | evel s significantly hi ghePCTYEHIFY2EE s cul tured
wth mature (activated) dendritic cells wi thout Tetanus toxoid (i.e.,

showi ng bewing sare dydasiye D34 deells. Fistraliyree mpgde ppeied aRon-adhesiVs esent at i on

of Tet anus: i lAn® I [ :

prolif e?: gﬁ%@%ﬁ@g% aceiﬂ%g‘:d%@t éhrlrt:iflPe gia sénéucl)ﬁg%%t c()%lgitf;g Ezlsty%glgiﬁgéuﬁ/at ure

(act i vatcelire flaskd do hotaleealdy istosfla%d kells. fAomlysis oS thafaegeomismrtheendtutesed t o

stinmul ate autql ogo +cells of rastate cancer patient. A crude cellular
| ysat e 5?"3%&%:&1%“%8@3; ¢ Vf?éettgglﬂ@l“?lée 5Pt 8" ancer cell line, is used as
a representative prostate cancer antigen 15 in aT cell proliferation assay
genesal ITabhst, dexpredsion @f CD3os Mdnatged aftiy. cufinreds MESF(t he di scl osure of
which is incorporated by reference herein). A significant increase in 3HTdR
i ncorporatioh 1s observed when bot/h ure actfiﬁg%e%ﬁﬂendr tic cells and
LNCaP | ysatep are included in the T cefS™Rigste . “BXanpl ¢ 13:

Adm ni str at i ph—of—StimulatedAutollogous—T-ceH-s—t+o—a—Sublect 20 T cells are
prepared by |euligpinearstsad rom a qubject. The2T cells are |[contacted with
mature activated dendritic cells. |{The dendritic cells are pmtured after
contacting Wwih a crude celTular ITlysate of LNCaP cells, a pretastatic
prostate canger c&RngppBreecelly | owi ng contactPhg, the T ce|ls and dendritic
cells are cultured and expanded. The expanded, activated-T cells are

adm ni st er ed| ¢@nkda fRtb) ect at a dose of aboutg 107 to abouf 5 x 25 109
cells per dose. Exanple 14: Converisi on of Monocytes to CD34¢ Stem Cells The
‘percentage of CD34F celTs I n peripheral blood 1S extrenely|low, ranging
from about 0 01% tGetiapewularaggcels CD34+ cel |s add recogni zed|{as the cell type
necessary for__ successful transplantation of hematopoieticlfunction.
Monocyt es can be s+ 30y I I tshe devi ce and

nmet hods descri bedd:]%%%%ﬁs%ﬁﬂéafég}bgghl?ﬁ{e{éﬂg@@fotgé@@n%rﬁ%%%t?g)g .tQThese cells can
t hen be recohstintethe revifhiént's oneim ko @IF may bedidthercwlturedan thempeesénse af oth@4 15
Decenber 2006 . WD 2004/ 000444 [ US2003/.019428 bovi.ne serumifo_derive
Cosat ceripResi geherti RolAl IS BE P Bee: Te O SHRELPD S By ¢ omment

such asysilEFLON(r) culture bags. Cultures in standard pol ystyrene tissue

11%)

10 ' The examples are provided herein are intended to illustrate but not to limit the
scope of the claimed invention. Other variants of the invention will be readily apparent to
those of ordinary skill in the art and encompassed by the'appended claims. All publications,
patents, patent applications and other references cited herein and are also incorporated by |

reference herein.
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culture flasks do not develop into CD34+ cells. Analysis of the |arge cells
inthe culture revealed that the CD34+ cell were found’'PRetamber %8er size
range. 5 Table 4. Expression of CD34 on Mnocytes after culture in M CSF
Percentage of CD34+ Cells Culture in culture bag 21 Gating on large cells
58 Culture in flask 6 Gating on large cells 11 CD34+ cells prepared by

t hi s met®ledlMAn be used transplantation to reconstitute the recipient's
bone marrow or maybe further cultured in the presence of other cytokines
to generate endothelial cells for use in treating, eg. nyocardi al

infarction, etc. and tAdenpédal i fikhgios ¥avitd RS pRH&IR P¥iDsshulgogi n are
intended to i(Lngftrate but not tolimt the scope of the clained

i nvent i offiniche SpkQSYiESt OIYFISINge i nvention will be readily apparent to
those of ordinary skill in the art and enconpassed by the appended cl ai ns.
Al'l publications, 2rpapiugit haangacraspflowehambersa flichtochaerber asider Bies cited

Coarng g Behtint B byl bpph o fae i e s gt e

popul at i fleateehsimbdred for | eukocytes, conprising: a renover unit having a
cross-flow chanber, a filtrate chanber and a filter disposed therebetween,

the filter in fl u&%&W&ﬁd@ph%@i %t%%&fcﬂﬁ&mgboéﬁ%t he

filtrate chanber; the cross-flowc aving an Inlet and an outlet, the
i nl et diisipuitetia samplé of bloclicomstituemapdmpridingleokat ytes istd ithaarnsssflav ojamlsr ng

| eukocytes intq,.the cross-fl ow chanber nd parallel tqQ the surface of the
(i1ter: SAEMAHG *%ﬁ]ﬁsaﬁfacééﬁ#}eaﬂﬁf‘% 3&53@%%@ RT3l gieppsst] ToR BRI S f | ow

chamber cg;gp%{vtcﬁaﬁlbﬁO?bg,sq@rthesgﬁgrgggécet he filter having an average pore size
ranging fromabout 1 to about 10 mcfons; such that flow of the sanple

. across the filter it LS d D6 0 tuen
| eukocytes. 2. Thtggg éqc}lfce %%oarvg%%g bﬁrg%geg%mr%?rfg, frgnﬁl%t%h‘étr P@o%%‘rle; f;q ng:
microns; such that flow of the sample across the filter enriches the sample of blood

constituents for leukocytes,

2. The device according to claim 1, further comprising:

a means for providing a predetermined input rate of the sample to the inlet of

the cross-flow chamber;

a means for controlling 2 filtration rate of filtrate through the filter and info the

filtrate chamber; and

wherein the filiration rate controlling means limits the filtration rate to less
than the unopposed filtration rate for the filter.

3. The device according to claim 1 or claim 2, further comprising:

a recovery unit comprising an inlet and an outlet, the cross-flow chamber and
the recovery unit interconnected in loop format, wherein the cross-flow chamber inlet is in
~ fluid communication with the recovery unit outlet, and the cross-flow chamber outlet is in

fluid communication with the recovery unit inlet.

4. The device according to claim 3, wherein the recovery unit further

comprises a sample inlet and a wash inlet.
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a neans for providing a predetermned input rate of the sanple to the inlet
of the cross-flow chanber; a means for controlling a filPPP&MBEHZ404t e of
filtrate through the filter and into the filtrate chanber; and wherein the
filtration rate controlling neans limts the filtration rate to |less than
t he unopposed filtration rate for the filter. 3. The device according to

claiml or claim?2, sfurt [-Sh:Ng: @ .recqvery unit .conprisi an inlet
and an outlet, the cr ossj?ﬁ%e&vmgﬁgdr?%dergg)ncgmr‘}'ﬁWB%PV‘%ﬁOW?ﬁ r connect ed
in | oop foewhesemenitiguis in fluikbcoammasediibowithithewadh ihlel.et is in fluid

comuni cation with the recovery unit outlet, and the cross-fl ow chanber

outlet is in flui d6corm]r.#1%Fati on vg%rtlh the recovery unit inlet. 4. The
devi ce according to’clai VIR B7RTHNg 013ty Whexe the replasemirt liquédispni ses a

sanpl e i nisefonktekffer Wassbud dlifte maffa, 15 Decenber 2006 5. The device according
to claim4, further conprising a source of replacenent liquid in fluid
communi cation with the wash inlet. 6. The device according to claimS5,
wherein the repl acefrent Theglgvige tesonting tosiny oficleinisulf the, whitrelr the GRossfllowur e

media. 7. L€ G n n f clai lto wherein the
cross-fl o%mgﬁﬁ%gﬁﬁl@&ga%fi?!ﬁeﬁt%@f?%%Watoﬂ@“gtﬁerPseé‘ten?eEOF e ftetasbposi te t he
cent er ofpetpeaditulat ®ra snfice PEhOENRE cul ar to a surface of the filter. 8. The
device according to any of clainms 1.to 7, further conprising a cell-
processi ng appar at gs in_fluid communi cation with the renover unit. 9. The

devi ce according t& cl air e devighrseatingtto enyef dlaims d de §s funihenquparizingsa cell-
conpri se . V] ing.to claim8 or 9, wherein the cell
Proeed a&lpg&atuyﬁ‘?ﬂgﬁ doﬁﬁnu%fc%@érﬂgnr}ﬁ She IEHOY Y t h

processing ap tus conprises a e cell population
enriched for |eukocytes. 11. The device according to claim 10, wherein the

means for cul turing co’ﬂmdm:ac@r&iﬁgwblaiﬂﬁl&i\ﬂikréinftﬁéééllﬂ?@ée%siﬁﬁ'ﬁ’%?m?ﬁ‘&o”d
port; a nnnoc%h%ggendriti c cell precursor adhering substrate, the

subst r at ¥ comunication with the first port and the second port;

10.  The device according to claim 8 or 9, wherein the cell processing

apparatus comprises a means for culturing the cell population enriched for leukocytes.

11, The device according to claim 10, wherein the means for culturing
comprises:

a vessel having a first port and a second port;

a monocytic dendritic cell precursor adhering substrate, the substrate in fluid
communication with the first port and the second port;

a screen for refaining the substrate within the vessel, the screen having a pore

size sufficient to allow passage of monocytic dendritic cell precursors and dendritic cells
therethrough;

a drain line in fluid communication with the first port; and

a collection line in fluid communication with the first port.

12.  The device according to claim 11, further comprising a p_lurality of

fluid sources in fluid communication with the first port or the second port.

13.  The device according to claims 11 or 12, forther comprising a sealable

tissue culture vessel adapted to aseptically receive the monocytic dendritic cell precursors.
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a screen for retaining the substrate within the vessel, the screen having a
pore size sufficient to allow passage of nonocytic dend? PEFeneefqos
precursors and dendritic cells therethrough; a drain line in fluid

comuni cation with the first port; and a collection line in fluid

communi cation with the first port. 12. The device according to claim 11,

further conprising | urali 0, L ui.d sources in flui nmuni cat i on
with the first. po.rtqgjrO tk}zlkgge‘%:{%en%c%%r Lé.tof%}m'}%’e%é‘?}?%sﬁgleg]}%dFﬁ&‘i“ Ul ai s
11 or 12, vessel is@tissusrophtine bag flasksardiadebdtor. t i Ssue cul ture vessel adapted to
aseptically receive the nonocytic dendritic cell precursors. 37 15
Decenber 2006 14. Ige d@/i e. according to claim 13, wherein the scal able
tissue culture vess®l i SCLEYICEacrorips foay ob shims 124l dowherchy hafluisk . 15.

The devi ceowcesodipfige bifdiad hedh, ﬁﬁﬁéﬁb%%‘ﬁﬁm{m\mﬁr@ n the fluid sources
urter and el u

conprise binding nedia, washing b Iron pbuffer. 16. The device
according to any of clainms 12 to 15, further conprising a punp in fluid
communi cation with the prhadarice gocofding toi ay obcininesi 240d 5§ Methbt cipriatgla 17

The devi cgy@p GPfif Qf...cl ai 1 to 17, further conprising:. a
t enper at ut e gont@%%&ﬂ@ 08%lhf’Qﬁalltﬁgggﬂﬂﬁmﬁqsémﬁltheaﬁﬁgﬁ)ﬁ%t er m ned
tenperature. 18. The device according to claim 17, wherein the tenperature

control ling neans Ii7s aThedédde actGrding e 20T QSnRA%9116] RHGHEL isifg: Claims 1
to 18, wherein the filter pore size-glf a%out 3 mcrons to % u%s(a{)g'm' crons,

or about 3 mcrons att&nﬁé?ﬁ%Cént%l'ﬂl&hgibsmai%&in%Q?u%ﬁ%@g%?g%ﬁéé@f%ﬁ%fitO any of

clainms 1 to 19, further conprising: a source O sin
fluid cok¥FAPATERE% on with the cross-flow chanmber inlet. 21. The device
according to claim20, wherein the source of blood constituents is a

| eukopheresi s devi ¢&. 27Phe ddvicang@idinglto ElaRv1 TiQMicasn flﬁrtexﬁgéﬂaﬁﬂé BéhiRLRRP! €
of blood _constituents for |eukocytes, conprising: a renbver unit

conpri siﬁ’g?a?fléra (% | ow chanber and a filtrate chanber separated by a
filter ,wherein the cross-flow chanber has an inlet and an outl et

19.  The device according to any of claims 1 to 18, wherein the filter pore

size is about 3 microns to about 7 microns, or about 3 microns fo about 5.5 microns.

20.  The device according to any of claims 1 to 19, further comprising:

a spurce of blood constituents in fluid communication with the cross-flow
chamber inlet,

21.  The device according to claim 20, wherein the source of blood
constituents is a leukopheresis device.

22. A tangential flow device for enriching a sample of blood constituents
for leukocytes, comprising;

aremover unit comprising a cross-flow chamber ; and a filtrate chamber
separated by a filter , wherein the cross-flow chamber. has aninlet. ; 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 the cross-flow chamber substantially
parallel to the filter;

¥

ameans for providing a predetermined input rate of the sample through
the cross-flow chamber inlet; - _
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the outlet centrally disposed in an upper portion of the_chanber,  and
wherein the inlet is disposed above the filter and intfdHEEIPeE2G9Pd into
the cross-flow chanber substantially parallel to the filter; a nmeans for
providing a predeterm ned input rate of the sanple through the cross-flow
chanmber inlet; 38 15 Decenber 2006 and a neans for reducing a filtration

ate through the el Slmeal O RodleipR® Slliofina® o DrBRE Bs e for

| eukocytes in are a e cross-fl chapber. 23. The device
according to claim R‘gf;el%\ﬁlgliﬁﬁeﬁﬂﬁsﬁep%? e‘é%‘?tgﬁbﬂi‘tnﬁﬁquqst“? ahqud i miceans; and  about
one-fifth to about gln ﬂgﬂ hun redth of the predeterm ned input rate; and

further conprising ¢ susihed & TACWEQ@WWEWWQNM%aﬁomn of
bl ood celdhgmbér. t he sanpl e, wher ein the predeterm ned concentration of bl ood

cells is about 10~ to about 1010 ceIIs per mlliliter. 24. A nethod for
separating | eukocypgs f onstl tuents fro subj ect
wherein the sanple %onp'??és%%ufsegagg%rg eﬁ%’ﬁlﬂt?(ﬂ’if)#q i on

i nt roduciratg 1stabeulsm&¥ﬂféxtblab@ut@néeﬁ@h%idrémhbf ﬂ&é féﬂ@tcﬁﬁﬁih&&sp‘h?{;%é %ﬂd' ” any of
claims 1 to 23, through an inlet in the renover unit j’ecting the

sanple to cross- flm&lﬁaﬁi =] re size
of about bout 10 mcro&isgadlhgalﬁ%ﬁr%‘géthf]ggp?eﬁfe{c eg {}&#‘[}%{ra ion

t hr ough ?&?8 PFI stig the sample( whereisl tbepredeﬂeynmedmnmﬂgranmof blolsd cylleis bbando’
consti tu‘%%ﬁﬂéfdmﬁ?hpﬁefﬁﬁﬁﬁl e to forma cell popul ation enriched for

| eukocytes ecordi ng to claim?24, further conprising:
preparing the sanple fr.om subj ect, by | eukopheresis, density
centrifugation, gyf'if er W%‘PSI %eﬁm‘ﬂﬁlg mﬁomamm@eoﬁblpmh of a buffy

. coat, fqy gﬁﬁlélggjﬁl [ tho ccording to
clainms 24 or 2 %g?g? h&t eéPﬁgﬁ%ocy%mﬁﬁ COMRFEe

pl asma, pl atel ets eryt and/ c tes 27. The met hod, accor di ng
to any of clains W %ﬁﬁ gen’B ver,umifof ithe,devigedisgitediip any 2) |
and (3) ofitlaireasto 23Mhrbighem ﬁRti@ﬂhH‘r&ﬁMerBﬁem ation enriched for

-
-

(2 subjecting the sample to cross-flow substantially parallel to a filter
having a pore size of about 1 to about 10 microns;

(3)  subjecting the fluid to filtration through the filter; and

(4)  selectively removing non-leukocyte blood constituents from the
sample to form a cell population enriched for leukocytes.

25. The method according to claim 24, further comprising:

preparing the sample from the subject by lenkopheresis, density

centrifugation, differential lysis, filtration, or preparation of a buffy coat, for infroduction in
the remover unit.

26.  The method according to claims 24 or 25, wherein the non-leukocyte
blood constituents include plasma, platelets, erythrocytes and/or monocytes.

27.  The method according to any of claims 24 to 26, further comprising
repeating steps (1), (2), and (3) at least two times to forn cell population enriched for
Ienkocytes. |
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| eukocytes. 39 15 Decenber 2006 28. The nethod accordi ng to any of clains
24 to 27, wherein the enriched cell popul ation conpri sed®&eqMP552009phout 20
% | eukocytes, or at |east about 60% | eukocytes. 29. The method according
to any of clains 24 to 28, further conprising inducing a vortex notion of
the sanple in the cross-fl ow chanber. 30. The net hod according to any of

clainms 24 to 29, further, conprising. washing the cell_ paqpul.ation, enriched
for |eukocytes wi t#g'a \At}éqf"gfg?‘iﬁ"i%‘%’.ngé‘l?nm%@@ﬁHﬁ@%ﬁd‘é}eﬁ%@elcw&ﬁQ of
clains 2 : OIRR bisd o i i hWihe cel
precur so?esIl ?brpg%n? ]frl\g(;ﬁégﬁes %opult g@iug%o éﬁ%l cﬁjeggj 19’ 5?“%%‘%%@9%2%%&The

met hod according to claim31, wherein the isolation of nonocytic dendritic
cell precursors cddfri sBe mebnt awconding taanyorfetains 24 te2R) furtlier comprising ecur sor

adhering. substrate with t cel | ul atipon enri.ched for |eukocytes;
al | owi ng" ﬂB%W?‘%edeﬁﬁ?l}?' ¢ Jagle iﬁg]gec‘iﬁ?sé;?ﬂ%? 5}?"1‘1‘?& cel | popul ation to
reversi bly adhere to the substrate to form conpl exes conpri sing nonocytic

dendritic cell prigcur StHeSméhell fodiaing ) Sy cTRRMHRADY 0029, Fatied 0Btk fromthe
non- adhering | eukocytes to obtain conpl éxes conprising nonocytic dendritic

cel | prewashigthe collpopalation enmghed fos lewkeryteptwith alwash solutioncel | precursors to

differentiate the precursors to formimmture or mature dendritic cells.

33. The net hod ac%?rdi %e%%@gadg%giﬁg tov\ﬁ?'ro?‘:cﬁiﬁl 54?333?}{3%&]{690 ﬁgsrn’leé' c cell

precursors are el ufed from ate’prior to urirng or-are cul tured
on the sw@stingim®nocytik.dehthittin®lippetuR6Ldro he cklt pepdhtionarickdiefoei n t he
substrate conprises gl ass, polystyrene, plastic or glass-coated polystyrene
ni cr obed@MKOCHES: A nethod for enriching a sanple of blood constituents for

| eukocytes, conprising: 40 ----- -------- 15 Decenber 2006 (1)

I ntroducing the sgsipl eThihfRaddLBRARRY loaify Vot Ak iQtoh o noleyice as

dendritic cell precursors comprises:

contacting a2 monocytic dendritic cell precursor adhering substrate with the cell

population enriched for leukocytes;

allowing monocytic dendritic cell precursors in the cell population to
reversibly adhere to the substrate to form complexes comprising monocytic dendritic cell

precursors and substrate;

separating the complexes from the non-adhering leukocytes to obtain
complexes comprising monocytic dendritic cell precursors; and
culturing the monocytif: dendritic cell precursors to differentiate the precursors

to form immature or mature dendritic cells.

33.  The method according to claim 32, wherein the monocytic dendritic

cell precursors are eluted from the substrate prior to culturing or are cultured on the substrate.

34, The method according to claim 33, wherein the substrate comprises

glass, polystyrene, plastic or glass-coated poiyétyrene microbeads.
35. A method for enriching a sample of blood constituents for leukocytes,
_comprising: '
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recited in any of clainms 1 to 23; (2) recirculating the sanple through the
TFF unit at a predetermined input rate and a predet er m'AR&CaMIef 296i on
rate, the predetermned input rate at least five tines the predeterm ned
filtration rate; wherein the predetermned filtration rate is less than the
unopposed filtration rate for the filter, and (3) isolating a cell

popul ation enri cheg for | eukqcytes. 36. The net hod accordi n% to claim 35,

wherein the enrichél ceftrodpapdiha sameple injo 8 tangentisl flaw |fijtration £TBF) device as

non- | euk eeyie® iPARASE FRRS Y itd $ents. 37. The nethod according to claim 35,
further conprising: preparindg a bl ood sanple by |eukopheresis, density

centrifugation, differ i.al.. | ysis iLtratio r .preparation qf. a buffy
coat. 38. The net hg} acg%;rglﬁ%lndl g%ﬁiesg.wfl%ﬁhroagéiﬂ?gnggm{lgatgﬂe é’tnéﬁeﬁ P8 non-
| eukocyt eatbambalpredetsinihedfilationalel e piddeteiBinc® irpuflatd 4 leabl i iAGYHheS and/ or
nonocyt es. _39. _Th‘ggret,hod according to any_of clainms 35 to 38, wherein the

enr i chedPredgipimiggsh Hteation rate; Jrhsroinsthe peadetesained fbeation pate oless theadhe es, or at
| east ab ggg’ﬂ%%ﬁwfe%rwﬁﬁerme met hod according to any of clains 35
e e ows”

to 39, In the sanp I'na vortex notion in the cross-flow
chanber. 41. The hod. accor di tq any of, cl ai 35 to 40, further
conprising washing’the -wash sol ution. :

i si hi n@ h ’Sa‘ﬁ‘i“f%céa%f?a‘ﬁﬁt‘?%ﬁmca?‘i B eoRtes wash sol ut 42
The net hod according to any of clainms 35 to 41, further conprising

preparing dendriti3s. celTl hetis dbsrdmpith 6lagf 36 ShherBR MY &tichdl cef3-  The net hod
according to .claim42, wherein the dendritic cells are prepared by:

cont act inpguiation ouehstartially fee of nan-lewkacyerdeed enpstitaettier i ng substrate with the
enriched cell population; 41 15 Decenber 2006 allow ng nonocytic dendritic
cell precursors i n t he .@r%ri ched cel | reversi bly adhere to the

popul ation to [S
substrate to formdonpl é’%eﬂ&qgrﬁﬁf“?rg}“rggtor?gar‘\@c%ﬁbf‘l‘fﬂ’@‘émﬁ’ﬂﬁﬂtgicelI pr ecur sor s

and substrate; separating the conplexes fromthe non-adhering | eukocytes to
obtain conpl exes PEIRFRE i blgodrearaidy thyclegkepherasise dersity qneifugsions; and
culturing the nonocytic dendritic cell precursors to differentiate the

pr ecur s@r#erential lysis, filtration, or preparation of a buffy coat.

38.  The method according to any of claims 35 to 37, wherein the non-
leukocyte blood constituents include plasma, platelets, erythrocytes and/or monocytes.

39.  The method according to any of claims 35 to 38, wherein the enriched

cell population comprises at least about 20 % leukocytes, or at least about 60% feukocytes.

40.  The method according to any of claims 35 to 39, wherein the sample

flows in a vortex motion in the cross-flow chamber.

41.  The method according to any of claims 35 to 40, further comprising

washing the enriched cell population with a wash solution.

42.  The method according to any of claims 35 to 41, further comprising
preparing dendritic cells from the enriched cell population. |

43.  The method according to claim 42, wherein the dendritic cells are

prepared by:

contacting a monocytic dendritic cell precursor adhering substrate with the

enriched cell population;
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to formimmature or mature dendritic cells. 44. The neth g ac%ordi ng to
claim43, wherein the substrate conprises glass, pol ysf‘% BHREIA008 i ¢ or
gl ass-coat ed pol ystyrene nicrobeads. 45. The nethod according to clains 43
or 44, further conprising isolating the imuature or mature dendritic
cells. 46. The nmethod according to claim 38, wherein the nonocytes are

cultured wth cytqkines that pr te the differentiation of nonocytes into
dendritic cells. 4%6‘%9@ n}?é'f’%@ dgﬁ ccﬁeﬂé’“’tcBrSETséF a}f’ﬁeljw%ﬂlé?ﬁgpﬂp‘{lﬂém to

cyt oki nesewrsiblgtihéSho thehdis@hte anfrhleothpletss coﬁﬁﬁrsfgg%gﬁggﬁdr%g%ﬁ@c 0 clains

46 or 47, wherein the dendritic cells "are ma endritic
cel|'s. a@recyrarsaddisuhstialecor ding to claim 46, wherein the dendritic cells
are cultured with an antigen under conditions conducive for processing the
antigen to form afepagbng theadmgledenfiom thenoneddheringdeukotines festhgid accor di ng

to any o ' 5 10 49, wherein.the filter has, a pore size of about 3
t o about Egﬁéﬁ%%chgaﬁggngfoh%cﬂ& cel PBeHTsAE: 3 ¢l ai m 50, wherein the

| eukocytes conprise. CD34+ cells, 52. The method according to claims 50 or
51, wherein the safpuEnghepmewayticdsadiitie elinracursors toghiferenttothe prestrshiss been

treated Wb &hmafRShr iRA6x e mobi | i zing agent. 42 15 Decenber 2006
53. The net hod accordri ng tegfetg{l’%tfcnéc@ , Wherein the stemcell nobilizing

agent is G CSF or cycl ophospham de. 54. The method according to any of
clains 50 to 53, f44 t héheowtipd stadingdo cladh4Bgwvlidien e bsytecomiset he CD34+
cells. E‘-’g STh net hod, according to_claimb54, wherein the enrichnent of
| eukocy tEESHRIYEN NSTPRFUC ¢ glass- Yrdpelyelyrene migokgadant i - CD34 ant i body

conjugated to magnetic beads. 56. The nmethod according to any of clainms 50

to 55, further compri Sﬂgmeﬁféﬁﬁeégr@ﬁgﬁgaglggz{&%rqﬁ! fu?ﬂlgxxcoYﬂp\fﬁli]n Zolatﬁ%e

met hod according to any of claims 507t , turther conprisi prepari ng
nonocyt dhedErmaterg o5 maturp denshniticselsm cel |'s from the cel | popul ati on enri ched
for

46.  The method according to claim 38, wherein the monocytes are cultured

with cytokines that promote the differentiation of monocytes into dendritic cells.

_ 47.  The method according to claim 46, wherein the cytokines are GM-
CSF, GM-CSF and 11.-4.

48.  The method according to claims 46 or 47, wherein the dendritic cells
are matured to mature dendritic cells.

49.  The method according to claim 46, wherein the dendritic cells are

cultured with an antigen under conditions conducive for processing the antigen to form

antigen loaded dendritic cells.

50.  The method according to any of claims 35 to 49, wherein the filter has
a pore size of about 3 to about 5.5 microns. '

51. The method according to claim 50, wherein the leukocytes comprise
CD34" cells. |

52.  The method according to claims 50 or 51, wherein the sample of blood

constituents is from a donor that has been treated with at least one stem cell mobilizing agent.
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| eukocytes. 58." The method accor di ng to claim57, further _conprising
i nduci %g differentiation of a progenitor or stemcell. 1%5:30 Er%@fhoq
according to claimb50, further conprising inducing transdifferentiation of

a differentiated cell. 43

53.  The method according to claim 52, wherein the stem cell mobilizing
agent is G-CSF or cyclophosphamide.

54.  The method according to any of claims 50 to 53, further comprising
enriching the leukocytes for the CD34" cells.

55. The method according to claim 54, wherein the enrichment of
leukocytes for the CD34" cells comprises using an anti-CD34 antibody conjugated to
magnetic beads.

56.  The method according fo any of claims 50 to 55, further comprising
expanding the CD34" cells ex vivo.

57.  The method according to any of claims 50 to 53, further comprising
preparing monocyte-derived pluripotent stem cells from the cell population enriched for
leukocytes,

58.  The method according to claim 57, further comprising inducing

differentiation of a progenitor or stem cell.

59.  The method according to claim 50, further comprising inducing

transdifferentiation of a differentiated cell.
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