1 FUKOCYTE PURIFICATION BACKGROUND OF THE INVENTION [0001]Leukocytes (also referred to
as white blood cells) are useful in a variety of applications, including cell therapy and diagnostics.
Leukocytes can be obtained from, for example, cord blood or blood obtained from a donor.
[0002]Conventionally, cord blood concentrates and stem cell concentrates, which include leukocytes, are
stored under liquid nitrogen conditions, wherein the concentrates include the cryoprotectant dimethyl
sulfoxide (DMSO) to protect the leukocytes from damage during storage. The concentrates including
DMSO can be administered to a patient.uk siocsa PMSRI cmnlrearonsidered an impurity, some protocols
include centrifuging and washing the concentrates to reduce the presence of DMSO in the concentrate
product before administration to a patient. Such protocols are labor intensive and time consuming.

[0003]Some methods for obtaining BykMEyRSUNIdE passingVEeader blood products through a porous
leukocyte depletion medium and either eluting the leukocytes from the medium by passing an elution fluid

from the dOWfb?f@am,%.%Fﬁﬁz%ﬂé%lEbe@fé'ﬂetﬁg‘&%ﬁﬁe“&%ﬁ%@tﬁ}{ﬁ%ﬁﬂ?i%'@ﬂ&}*?ﬁ leukocytes on

the medium after forcing saline through the medium from the upstream surface through the downstream

surface or forARY AT AReIR GBI eEH ther aRnRAdEiRHBERP Y kPRIt KA LBH PREBHSRINFRART surface.
However, thesgmgidadsdBrpdasubieddrbBiaiedarratleitgis! of impurities, such as the presence of
erythrocytes known as red blgod cells) and/or a lower than desjred yield of leukacytes. [0004]The
orasent v Ebrow B RN By eSS SN AR AGUE 6P (ot art. These and
other advantaygsdef & pepssn birvetotien waitldpdiqupg aiamyémaititns, deseramidmreao set itdtebelow. BRIEF
SUMMARY T @”!Qﬁg &{ﬁ@ i ' w'ggﬁ od for purifying
leukocytes, tﬁjazc %%%ég%%%@%g@%%ﬁl Iga %‘I.%%]i a wﬂ%%%ﬁrglbﬁgé leu og%tg]ﬁﬁrough a porous
leukocyte degRTGAGAHINSSHARBR) aklaPSReaniraiagdnel MG oeRReradminigieaed e ARlIEBassing

from the upstseasneurfaes theamabetbsrdawnsiraapuraceprlsisis ilkukes Yas#Ryiejaingd by the
leukocyte de@etion medium; %%Ipassing a wash fluid thr%ngh the leukocyte 2 deféletion %gflium from the

downstream Y3288 ﬁ)ﬁﬁ'ﬁc ﬁi‘?&@dﬁg%?‘f e PHmS, ﬁQsEh’i etﬁQ'\}//QﬁEHaﬂﬁi "REHAEh H@Ieukocyte
depletion meddminisdratitre tospra@nt s 8iateptiotough theldotensiveamdstiniacrsaugiayity. [0006]JAnother

embodiment pigyies aag RLRYEBIAKIENER HBE AR GRmRIFNaBARARRGE

cryoprotecta comprising leukocytes through a po etion medium having an

upstream surfii@eigha BAIBWISHEaY S tRietiaRaTRI MaSeRilino e lpdiesaie siiFac®enrough the
downstream giaéRae. HyRIShie Ik QYR ALk iHNaR Riv ik skearie depieiuimadiBlPimassing a

wash fluid throuqh the leukocyte defletion medium from the downstream surface through the upstream

surface; and Yo HREiRY TRAESHASH HOMU B SR DHE TRk RS LRI 4B R SRIRE ABIAUR B stream
surface througiedherdiowrnstre apssudiacsuviacg rentyg O /donasmins fateasth foecits) Gii ithieroogththds, (b) and

(c) are repea ce wi iti id, [0 embodi t the methods further
comprise elutﬁ}%&ﬂéﬁ%%y eﬂ'g r%r%&ﬁ%ﬂ%@@%éﬁﬁjgg@%hnén(?(e?ﬁé?rﬁ%ﬁ %%s%%waeﬁ%efu |§n luid through the
leukocyte depleticpfimbangrrefditadie downdesiablieipyetetifiesghutivagiSraiaretemiet, and recovering
the eluted lewtgtasof t&ﬁ@&ﬁb@vlﬁﬂ@é&itﬁ%w@@lI@téiﬁﬁ&x@é’rtﬂﬂ%ed’é@?@ﬁ%/i@ﬁﬂﬁt@ﬂkﬁa@ém- [0009]if

desired, embodiments of the method can be carried out using multiwell devicef or individual filter devices.
BRIEF DESGRIPHIONTO RFEEEREMERIQN YiRNifesier #me!pRURRREFENe of the disadvantages

of the prior art. These and other advantageseopthsent invention will be apparent from

the description as set forth below.
BRIEF SUMMARY OF THE INVENTION

[0005] An embodiment of the invention provides a methadpiarifying leukocytes, the
method comprising (a) passing a biological fluidngoising leukocytes through a porous
leukocyte depletion medium having an upstream saréand a downstream surface, the fluid
passing from the upstream surface through the dogams surface, wherein leukocytes are

retained by the leukocyte depletion medium; (b¥spay a wash fluid through the leukocyte



[0010]Figure 1 describes, and illustrates diagrammatically, an embodiment of a method according to the
present invention. [0011]Figure 2 shows an illustrative system suitable for carrying out an embodiment of
a method according to the invention. [0012]Figure 3 shows another illustrative system suitable for carrying
out an embodiment of a method according to the invention, wherein the method is carried out while
maintaining a closed system. DETAII FD DESCRIPTION OF THE INVENTION [0013]In accordance with
an embodimeplaliihe RESHERT YR O BoRMREHAA &?ﬁHEM%HK@E&@ﬁ SuRsRWAgch thg method

comprising (a) pa_ssing a biological fluid comprising leukocytes t _rou?{h a porous leukocyte depletion
medium haviR§SHHNERE¥4 SWd oy Hnis BotiRRtie AP nedienHEMURE PRSEREM SHITRE upstream
surface througihoilnghdpwasivasiiesnriaaeasshesairal@tykocytes are retained by the leukocyte depletion

medium; (b) ing a wash fluid through the leykocyte depletion medium from the downstream surface
through the | 00Ram Alee! Anked BALEr el e e A TP A & U R mecium
from the upsteeanprisintaEy tassigh aleydopraisotaanflsur fxispd iegkodyyeadmtignatheroembodiment of a

method for pyiMRGHEHKBRYIGS FRIGAHSRIRY %ﬁ‘ﬁéﬁ?ré‘afm LR g GHkARERR AR ASRRRrotectant

(such as DMSO) through a porous leukocyte depletion medium having an upstream surface and a

downstream BaPEIE8 AR ifaUpSESHY Rererdipua s SoPEBSIHIBER MR IBURILPENIPSRIface,
wherein leukesyipe @t tataiBekbBY Eheclslekonyir depte iersias diwasHBlurpssinega wasbukeelthrough the

leukocyte depletion medium from the downstream surface through the upstream surface; and, (c) passing
the waah o SN T R B AR AL, T S A I H the
downstream pasfiog e geslitiiuid 016} grsthvedeekaioytiirdepianedibe riieth dus U(istreac (s)dmearepeated at
least once wi{nr&g&gtim@ad(yvmrggm.M&@Ig@@p&gi@mbodiment& the biological fluid or cryoprotectant

fluid is passed through the porous leukocyte depletion medium via gravity or vacuum. Passing the wash
fluid through &R ukotyRCaERMBATRRIIROHBM TS QeRn Wl ClfdRaledraLigRThenEsifdam surface

comprises crggtin@manNeaakvriaressure (vacuum) upstream of the upstream surface, or comprises

creating a positiye pressure downstream of the downstream surface. [0017]Advantageously, leukocytes
can be obtan ik ihle SURAG (R TR s FAesd LI AR TR O iRe prosence
of rgc_i blood dmllb(mytda piame'tmimpdmmwgaadmmaWﬁhwgmmwhmﬂead'rmieti@dternat_ively, or
additionally, 'Fﬁ'é‘é‘i‘[}%"ﬁ%ﬁ‘?ﬂq%&\ﬁﬂ%éﬁn%"@c@tﬂ%ﬂ@'ﬂ{é}’ '%‘[]ﬁ?a&%‘?ﬁﬁ&%&&!)e%%ﬂx applications,

especially for those Iinvolving neonatals, infants, and children. [0018]Some embodiments of the methods

further compBYEas IERKPBIRBCHEASSTASHNE o WkaRYISAAVHRIBIBRE P YHEGIIRHKPa SISRIE BeNENRHMUId

through the leadauyte deietien, BeBistThepB Herdanasisaaanshesagailhvengibrinestaearesurface, and
recovering the eluted mﬁﬁyﬁs,_or lysing the leukocytes while retained by the leukocyte depletion
|

medium. In o%“%%% %Yﬂﬁﬂﬁg lysing the leukocytes, the method further comprises analyzing the
content of the lysed leukocytes, e.g., comprising analyzing nucleic acids from the lysed leukocytes. 4
[0019]In one prefer@EMBEEHABH DIARCQethta SthéEtftb ¥ IENKS Yied HieRiMINKRred to a subject,
such as a patient.

[0010] Figure 1 describes, and illustrates diagrammayicath embodiment of a method

according to the present invention.

[0011] Figure 2 shows an illustrative system suitablecBmrying out an embodiment of a
method according to the invention.

[0012] Figure 3 shows another illustrative system suitédalearrying out an
embodiment of a method according to the inventidmgrein the method is carried out while

maintaining a closed system.
DETAILED DESCRIPTION OF THE INVENTION

[0013] In accordance with an embodiment of the presemriteon, a method for
purifying leukocytes is provided, the method comsimg (a) passing a biological fluid

comprising leukocytes through a porous leukocyfeat®n medium having an upstream



[0020]If desired, embodiments of the method can be carried out using multiwell device, or individual filter
devices. For example, using a multiwell device having a plurality of wells having leukocyte depletion
media therein, separate portions of biological fluid and wash fluid are passed through the leukocyte
depletion media in separate wells. [0021]The inventign can be carried out using biological fluid from a
variety of sources, particularly mammals (the cells in the cryoprotectant fluid can also be from a variety of

sources). It isprefesmgsithaldhRmemmalnae, iRmihe SEShERE SR RS UifingF #liBgsHeats) and

Canines (dogs), the order Artiodactyla, including Bovines (cows) and Swines (pigs) or of the order

PerssodactyldOMEIEHY E¢iRGEs HEFSELIeUKANESaR A1k SRR HeIRUSROYrtHER P HED Pigsims (R eboids, or
Simoids (mopkeygoa afétefidenAutidneidakbayraosmmieanss)irdn espacialistgies@tasmammal is

the human. [0022]In accordance with. embodi ts of the invention, any, syitable volume of hiological fluid
or cryoprotecld RLHI T El BLSHDCBALER. S oy APt R R B R R
depletion filtemedhﬁiglfn@mldhs apstsedtaise faas tnedih &diﬁqmﬂ‘a&im@@haﬂ&eg&wim. the range from, for
example, abqyh ) inChesJARPBHLBYM &t '%éiﬁ%tﬂBBQB?dﬂm(ﬂ&%&s]@oﬁﬁB)is% ng5ad0fg3IThe

cord blood concentrates and stem cell concentrates used in a ance with the invention can be

produced (e.§ THWOARARTRNE PR RO 8ICREIBIE BRI ARE PMEPA ErpsigibieBRiAt 8 gent, frozen,

and thawed) feyilcov ety SIEtRENMIGHIE M KEoWY ianthp Aré heferesie daldesties arsuptidie eheamad
preferably, eluted) in accordance, with eml?odi ents h))fttheI'ﬁnventiorrllc [goz Each of %he%ycrom onents of
the inventionR@S rBé“éQ%éf%g& MRorE FetdiPhe \De PIkE €D (%%theH Yelie Feterence

numbers. [Oomm%rﬁmgheﬂ@akoqﬁ@ﬁ@eyw d@ﬂbl'r_on(h}sﬂi_a arwaﬁht&_wlétfmugb ﬁhethJkn@mion_.
Suitable 'eukSEM&BﬁHJr?élﬂ[?rﬁ"r‘?&W%@'&Qﬁr&?ﬂ@éﬂ?&lﬁ%éﬂﬁ%@'%@ﬁgﬁn%I‘F&@é“BF% msdia available

from Pall Corporation (Port Washington, NY). [0026]A variety of wash fluids are suitable for use in the

invention. TypREFINItHE Wash Huid iarpngRitie sHpBIEsedVR R bsiRFERAS) aHHESes not
substantially gifeggthe<cabsibistativerfivesibgladry for example, saline, for example, phosphate
buffered sali S). S [0027]Washing can be accomplished at suitaple fluid flow rate. Typically,
pasaing the OGPt ST T RS e S B TRBen i 5 P Rt 25 SIFGH hrough the
upstream surddogicoaprasbsficidating a negative pressure upstream of the upstream surface, e.g., by

ithdrawi [ ' I ' ; inlet of the filt
withdrawing ‘[*E)%i%i}mg%'Qo%éyém%‘émﬁ({gs}"{ﬂéﬁkftlip Earfliidtr é?aﬁ?ﬂ[ﬁ%%eﬂégs@be Iniet ot he Titer

device, or creating a vacuum in of a multiple well device. Preferably, passing the wash fluid

through the |ERSEREERNEIHNIBHEARYEE HEREliRNUPSHiEEhYB(R LoV atidiph tRseiBaH®reas surface is

accomplishegl i taravii. tHORBRBEhe R preRadifeiimi R akitsim theresitrebigtatned cells, i.e.,

leukocytes (and in some ﬁmbodiments, stem cells) retained (e.g., mrred and/or Tagsorbed% by the filter
'H%Wf%\f“gﬂc pt

are released WH&@WI&E ﬁ1“ngF8mRH%eﬁo‘if&?§”|‘&ﬁ<88% ,SVS‘?,%)Q gslﬁﬁ’atf 8Blution
fluid through sefgr cuscorednises craatinect oditive thesdovenstiiesamadithe thovensisatie spgaeam side, and

through the i rt, [uti id containi IS4 f i rt into a cell
collection coI@f’ln%? co%@n’%ﬂ?lc é%%%ﬁh%g l‘fyﬁg%égﬁ Efgc%:g%ﬁ}gg @&%ﬁ% Eg%%éﬂgaéggr%%&ished at
any suitable ff@dI6@lsrBIOGRIBIRE-0MINIBZIRGNA PremmelEs IRedaes ApdinRiaRsfore or less than

this range capdicunas) VaPRiRBIR freiupbing Fapiissacoamliser abedidn femyate of about
0.5-10 L/min/m2, such as about 1-8 L/min/m2; more preferably the flow rate is about 1.5-7 L/min/m2, such
ieHlagy aMBacaL onaRA

as about 2-6 TR P& 0EFaRsUPL BT RAH gFe2 IR FRRY Sreferable
flow rate mayedppaaliydpothtise irngobdity eeutiataiseirtammer atilcref.the elution fluid, and the nature of the

filter medium ,in icatl . i sjred, hackflushing
can be accor#;):ﬁ?s%fed a%%ﬁfﬁ)\;%ﬁg%gﬂaﬂbgoﬂl% §%ﬁ?%§%m@ﬂ@§gg a 5%% m%\}fﬁ%;lﬂrr%ore
preferably théeHEREyARIRPEOM POdraM ARSI RGO R GEHIBBED A TIB e |AnkeeHE @eglet®ibut 50
mi/min/m2). Q&3 YiRie i O bislaRe Bids AR o Wirlignan dagenstheatv epiprechyBiffhdhe fluid is

physiologically compatible with the desired cells, and does not substantially effect the cells. lllustrative

fluids includeStgFEaBRYIES Y SO ASukRssdan idEasddm R SrukAsKs eI SN dNad8¥8d in U S.
Patents 6,544 1ok antb6@8kASAc003d sty e dautodineentsetviver @intheukooypeseanmlyifiag in
accordance wj ' j r quently | i e ' dium
(rather than \elm%t]eé(? %(é)rbx%ﬁgﬁr%‘ %gm l(j:‘zli(?\)/('% h%%y%ﬁ@%%@ﬁ%‘%gzﬁ%%tﬁgg g%%qgéi{a ﬁgkﬁ%qgagﬁng and
lysing the leuRbEPREeand purifying and/or isolating the nucleic acids (preferably, RNA, but embodiments
of the invention include purifying and/or isolating DNA) released from the



6 leukocytes and are known in the art. If desired, the leukocytes can be treated to stabilize the cells
before lysing. The stabilized cells can be maintained in or on the leukocyte depletion medium for a
suitable period before lysis, or the cells can be lysed shortly or immediately after stabilization. Preferably,
the leukocytes are disputed using a solution such that RNA is rapidly released while inactivating
nucleases. lllustrative reagents and protocols, including purifying RNA, isolating total RNA, and depleting

globin RNA fraf gurifigel Sp Ay &6 i elosediife FRIGEIRTRN oe HRkRIaKI Yk Okpb RNA Isolation

System, Globin mMRNA-Depleted Total RNA from Whole Blood Samples," Instruction Manual, Catalog
#AM 1923, ARITIUSERY HoB2URRSHh SHCIFEMPRERMion B) Ambion Inc., Austin, TX (2007). [0032]A
variety of corEopers antidei s seatypnsengsasmiainaesae cuited ekt using ithetinge aikeitevherein the
containers can be arran g upstream ia_nd/or downstream (ﬁf thﬁ I ukocxte depletion Wed'a. §uitable

. or,individua ﬁ er e\ﬁlces. or exampie USIH&I?hIWG evice naving,a pluralt Of wells .
containers are knownin the art. Typically, one or more e containers are %h))osmlog cally compatible
with the bioldgpwéndligdkdextdesipielioslsetha hardinsieatitos tidsliogirariidis aad dvdsmibid
substantially g,fée&gt;g&g”&% ?eBl%HéWé/ &Eﬁl@fi‘éﬂ"ﬁ%&&ﬁﬁrgﬁe ysgd in embodiments of the invention,

it is not a requirement that a single container be physiologicall co‘g&aﬂble with the biological fluid, the
desired cells [#R8NvashiGidRY NP tHABIRE SR TIGE S UEHF B IGHEN BRI HROUESS for passing

bir?logilcal_quHda?ﬁcﬁmé@&fﬁi@ﬁi_ﬁfaﬂﬂQ%}?@Q%ét}@d@@p@@l _ wafsjmpf s t%tioalmesﬁugarﬁamdat?@@eee_d_not be )
SIologiCca compatible with wa Id and/or elution | notner can pe use or_receilving was
B e SR B et e e A e e T RS Rt
medium, and(emisirerctcanrbresdelddoy, tbecivitey Altitehciplibiding Eatioe$l(tdWEEBB] IBwioere
embodiment3, g P RAIREHS) 56105 PRS0 RIaRISRAUNALRE ) OPIRIESISL LIRHARL e

leukocyte depletion medium, and receiving wash fluid t gh the I€ukocyte depletion medium and

passing waslPHie eREs LG MigeukEEPiE O letBA ad AIORKERPA B & QFiRAAMANP RBISS E3HI8NE .g.
non-flexible caidaipets. snalaseey4igs drarretpntdawmeves wgmodiments of the invention are not so
limited. For e le, the contajner(s) used for passing biological fluid or. cryoprgtectant fluid through the
ukocyte coghabh mAB AR OLHR e ORI R B R S RGO Pmecium and
passing wasHDimLanitiaic_flnm Qherkam{otgnmmdpl_étiomrpecbm@amodmpmieﬁymﬁItﬂemytaidemetlom as
blood bags (fqB astEgBipedaaRRdneifkie sie irlBi G e R e dREERAginer (o)
has/have at least two ports, eg., an inlet port and an out\et port. The flexible side walls can be
compressed BIRAGERISUMIRA PRI FEUTL do5 SR THAE afPRHHTBBSR (AP OPaBYBY I ARTIHE @hdiRer and/or
the flexible sigieryea!(@saimandswf)esraiiorad/or liquid enters the bag and the bag is pressurized, and the
compliant container directs the air and/or liquid out when the qutlet port is opened. [0034]Empodiments of
the invention UPSuital BE5P (LB AP0 GEHSS IGHFS AR B O MBS ISR LA Bllbaricd out
while maintaithie gnekrsenh Systdm pria086iT(eeyio o wina) raiutiic ndaecca i dch ot arc canadive witth the
invention. [0Q ' i lyj i [ luid | - - i jated with
living organiségn@;ggt%cﬁgér@ %!%6@ %%%ﬁé%%%&%%%&%%ﬂ%ﬁﬁﬁﬁ ?@jﬁigh%o%g?a%?ﬁ gé,tored or
fresh blood; tfetedkeRaes i RHiBbGNdilatete il «EldacecdangsividaiembasiingenisiAEMI8ing but not
limited to salipgeRtignent, and/or anticoagulant solutions; blood components, such as platelet concentrate
(PC), platelet-rich plasma (PRP), platelet-poor plasma (P platelet-free plasma, plasma, fresh frozen
! b <h d Sedmore

PP),
plasma (FFPY%thporfe?l Shiamed R H‘,%QH&@HW&&V B0 SIS Almaterial or
buffy coat (B6¢jdoadhpreiduitts carigedentsrhbledkerefdiammbbensponent or derived from bone marrow;

stem cells; c od, el ed f - | ysiplogical solution or a
cryoprotectiviaﬁé%ﬁ); anégp%eﬁgg)s?@%@%t%gwéﬁﬁﬁﬁé%ﬁég%%gﬂﬁ g‘g?@é)i%mgical solution or a
cryoprotectivéYIgiion. brsgiialeviaasodaelads meshydiesy sl Rvataplesingtiebiiie marrow

aspirate. Thehiglagicahbdid Ay ebeataiieaiasbiatie MR st leukocytes before being
processed according to the invention. As used herein, blood product or biological fluid refers to the

components H¥8libed NEREY SRS &ifids Bf@@&"ﬁb%&s@?ﬂﬁﬂﬁ‘é‘?&gpﬁbi YRR Rer means
and with simifeicpropeykaso{R8]otapaibioteitatief|dickirealisirmhdddn de mexantpiantatly effeatabant agent
and mixtures there : imit ' V| sulfoxi e IyVi rrolidone,
polyethylene% yfgoﬁrg%%grﬁ\(r%% : eéf%ramr%,ﬁds%%ri%e@é%%‘n%%I%@éﬁjﬁpﬁé\r’fl@ﬁ)&ﬁﬂéﬁ%h fgrg%afxn%%oﬁ%-sorbitol,
l-inositol, D-1&B&Sk, choline chloride, amino acids, methanol, acetamide, glycerol monoacetate, and
inorganic salts. Exemplary treatment solutions include those disclosed in International Publication No.
WO 96/17514. Typically, embodiments, DMSO is used, which is nontoxic to cells in low concentration. It
is believed that, being a small molecule, DMSO freely permeates the cell and protects intracellular
organelles by combining with water to modify its freezability and prevent damage from ice formation. The
addition of plasma (e.g., to a concentration of about 20-25%) can augment the protective effect of DMSO.
8 [0038]A "unit" is the quantity of biological fluid from a donor or derived from one unit of whole blood. It



pore size (for example, as evidenced by bubble point, or by KL as described in, for example, U.S. Patent
4,340,479, or evidenced by capillary condensation flow porometry), a pore rating, a pore diameter (e.g.,
when characterized using the modified OSU F2 test as described in, for example, U.S. Patent 4,925,572),
or removal rating that reduces or allows the passagegherethrough of one or more materials of interest as
the fluid is passed through the element. While it is believed leukocytes are primarily removed by

adsorption, tay,onn alap,beig YRR RydBipieRed ey eLREIRYISFAALC SBiRalRA adsmpve at least

some level of leukocytes, while allowing the passing therethrough of other components, e.g., plasma, 9

platelets, andted'BREGIIEHIOHER (s utRmis deRIEHPERES B iR & QHRTISSTLAUEEGRARHYE be

treated, and the dpsireaneluenide el oisbe treated AuidgiatdrlEheptitienslemert gasirbare any desired
critical wettintg syarégce tengiovr\lli&C}%}I\{\ﬁ;};1 aﬁ]geﬁi&\ned ir}hfgr e>§§5n l?’vHiér‘eFattﬁnt 4')%25’%;22‘{ The CWST
can be selecfed as 15 kHowh 1h the ar{,%.g., Bs' R0 famy detiosdd in, for eex%p%e, k) H%tents
5,152,905, S,MB]Qate,dBmtm,@ﬂgt aﬁdi@ftbtm,%@ca?ypmmamcﬁm eleheenel(@s of @WIUptE greater than
about 53 dy”@&FHb&ﬁ%@%@&dQ@ B MAEWYRIC B AIRS 10BRLRPRUIGS YRGS AR 58 x 10

5 N/cm), and can have a CWST of about 6 %ynes/cm (about 66 x 105 N/cm) or more. In some

embodiment$"nePSHERREhEWARCS ENGBEN 3P SRYRBEAIN GBEBEEPIFD 2 MR)BR e, .g., in the range
OL about 80 tqmbgat 167@ Eﬂwéeféﬁmg(@ihmﬁt?(ﬂ&ts?ﬂh@é m&;farx fHe @M@éﬁ)né@%’ﬂl 3) h.@.,SlﬁlfiP(@@yte?]
characteristics of the element cgn be modifie .g., {o.affect the CWST . to include a surface charge, e.g.,
2 pouitve o FBbHVSNAROSEIGRS S G ] RSB RATR) SP LA W T cry
oxidation, by@t@a@mﬁeed@pdgmh@amm methersuﬁhimodemtmgrm&mgrreiaeﬂdw Miﬁgations
include, e.g..jragiaiions a@HRS AR ISR IRREER FORIRS PRI TR HBR LG SH AR YANARharged

polymer, and carrying out chemical modification to attach functional groups on the surface. Grafting
reactions malj'Bé/Beiicae§8§ Ssbstireab Kie detgpSotiteblae eEenBdi hrAHMNEIBE SRS, corona
dizqharge, h%s@e?l’%rﬂ&h@fmﬁtgﬁﬂﬂm@@ @Iréﬁi@@ﬁdjﬁﬂmir@ﬁ@ﬂmﬁlbﬁ%mirﬁ@g@ﬁﬁwﬂé@w{fﬂms of
radiation, or ace etching or deposition using a plasma treatment, | e filter and/or filter
evice can iR adaleS B TLIREA Ry SEr LR ORE e He R AGAL 1168 < ALK res andor
functions,_ e.@,hﬂﬁeh&nbﬁé,cﬁlm@imém raap;_mgniﬁhama_gep@gclagsahdismahgmrmg. tﬁ_em]dtht_a filter
element, in speje. SEAETBEBIA A Com sk Autalival T aloBiens, (g disposed in a

housing comprisin at least one inleta least one outlet and defining at least one fluid flow path
between the lHBEMG B a8aLARSS AMEITBPEdTRIAIaBI K ERsdiowmEaRiig ABALDAR; fo provide a filter

d?vice-dTypilwAlmmhé,fEtﬁlrm@/mﬁt))lﬁ Q@%ﬂﬁh%%?ﬁ%@hﬂ@@éfmﬁh@@%m rzfm\@ding at least one
inlet and at least one Qutlet may be em ed. [0046]Alternatively, filter elements or filters comprising one
or more fiter DU cal e R e B G IEIER GG OEC S AR HIRAS AMFIREl iter elementa or
filters comprigéngparpturalitf toe fdtetiareflicd s this pasedhif filer weduSuifEinls, devices and filter 10 plates

are known in {962 ad A o MELAN ARG, S g SR Ha ComArAIPRP AL Washington, NY)

under the tradehames WELLTM an EP.TM and/or descri In, Tor example,

International FAAoBRNRNHEN 8t B0 tR2/608563: 100 AV {MH(A SLsHRG Wa RS AMIRIARHNMY® any suitable
rigid impervigitefataisyiaheiRelWGHIE BRLBIPSO IR G AR RIS G rBaIRE0VRIGhIFEO G Pabblr with the
biological fluid beiln _ /rﬁﬁessed. Typically, the housing is fabricated from a polymer. In some
embodimentéotﬁ‘% gﬁﬁ/ r a transparent or translucent polymer, such as an acrylic, polypropylene,
polystyrene, o0a@jolycarbanietiedf matinrSudtseahoasitadpls easibetirvdraeonomiclpyidalyichted, and allows

observation ‘?ﬂﬁ'&%ﬁﬁg%%)@%%@%g@%ﬂ&& iAHEnd %ﬁ?,]'%r?c?égg ’n%}esneﬁaﬁ%%%ﬁe%m'ed as s

known in the art, utili _ ample, an adhesive, a solvent, laser welding, radio freg cy sealing,
ultrasonic se&riig didptieeaflyikinglutigdioo expnRiBine raatvelasibassUsiits caslwdirg a1ettvia

injection molegge [SARHEheidelirwing exammiestyreherilimsiratethesgvention but, of course, should not
be construed as in any way limiting its scope. EXAMPI F 1 [0050]This example demonstrates leukocytes
\‘R)iﬂ%

can be purified%3hH redBVERSE GRPALYBSHS WRE LA FHiRe MR AiziRY AARE 2eh WER R ination

according to mvamnibodameatobtiaaquentipiysed in or ordghkocyte depletion medium (rather than
eluted from the medium), a variety of reagents notiocols are suitable for treating and
lysing the leukocytes, and purifying and/or isaigtthe nucleic acids (preferably, RNA, but

embodiments of the invention include purifying adsolating DNA) released from the



[0051]The filter devices are 25 mm ACRODISCO syringe filters with Leukosorb leukocyte depletion media
(Pall Corporation, Port Washington, NY). The inlet ports of the devices are connected to empty 5 mL
syringe barrels, the outlet ports are connected to tubing leading to a waste container, and 9 mL samples
of freshly collected blood from donors are treated wite EDTA or CP2D anticoagulant, drain, via gravity,
through the filters. The filtered blood is discarded. [0052]New 5 mL syringe barrels (including plungers)

are connectegd (@ JR&daIghRHS A Qﬁﬂ‘éeoﬁt.aﬂ%&?r%?@wgﬁgé@%‘éﬁ%@ e RYIBIRAIRAlHe devices

are placed in containers containing about 8 jiL of phosphate buffered saline (PBS) ("the waste

containers"). BWSRERMEINVERUrd He fatilFrihes AR FRERINGAHASAT (0D IRHPES G SSPIRERaste

containers, thred@miher dosvitalirapesstipersck/tis oukesyendep|gsen snedia anchinedisastyeam
surfaces, and jpto the.syringe harrels. As shown in Figure 1, after the PBS is pulled into the syringe
parrels. tho SR A T e e R R S S B et
with the PBSrapitiy vedgasasbwizilednsclivasimBsiincaschusiiidtige leagehthendipiisceia grelvitinthrough the

upstream suiiac anrkie deuasis AP R BIRISIIARIGCOBH BERITHRNASH s repeated. as

another volume of PBS is pulled through the media and allowed to drain as described above. [0053]5 mL

of elution solRFPEEFINiEHGEVRBIEXiTGI LR EES A8igkRAVAIGWEseYHeF W’ Patent 6,544,751 is
passed from ghrnputieplefeeicriizg eMpgrbiones dmoniesanpied hineltiesble wkanyde Catalsgconrred.

follows: St e AR LR AT 0 15 Bt KRB Bt WA 578 Cntrol Redual

RBCs in the YO832k eluateardgtyooComtaineBRMA devices comprising aovers are suitable for use in
the invention, wherein the containers can be agdngstream and/or downstream of the
leukocyte depletion media. Suitable containerkamevn in the art. Typically, one or more
of the containers are physiologically compatibléwthe biological fluid, the desired cells,
the wash fluids, and/or the elution fluids, andnd® substantially effect the cells. Since a
plurality of containers can be used in embodimehtbe invention, it is not a requirement
that a single container be physiologically comgatikith the biological fluid, the desired
cells, the wash fluids, and the elution fluids.r Egample, one container can be used for
passing biological fluid or cryoprotectant fluidakigh the leukocyte depletion medium (and
thus need not be physiologically compatible wittsivéluid and/or elution fluid), another can
be used for receiving wash fluid through the leyteaepletion medium and passing wash
fluid through the leukocyte depletion medium, andther can be used for receiving eluted
cells and elution fluid.
[0033] In some embodiments, the container(s) used foimagsological fluid or
cryoprotectant fluid through the leukocyte depletinedium, and receiving wash fluid
through the leukocyte depletion medium and passigh fluid through the leukocyte
depletion medium, is/are substantially non-flexjl@ey., non-flexible containers such as
syringe barrels. However, embodiments of the itie@rare not so limited. For example, the
container(s) used for passing biological fluid groprotectant fluid through the leukocyte
depletion medium, and receiving wash fluid throtigh leukocyte depletion medium and
passing wash fluid through the leukocyte depletimdium can comprise flexible containers
such as blood bags (e.g., plasticized blood bags)ng flexible side walls, typically,
wherein the container(s) has/have at least twaspery., an inlet port and an outlet port. The

flexible side walls can be compressed or a vacuambe created such that air and/or liquid



89610.12EDTA 96 77 0.03 3 CP2D 88 62 0.01 4 CP2D 96 84 0.02 5 EDTA 86 71 0.08 6 CP2D 96

passes from the container and/or the flexible widks expand when air and/or liquid enters
the bag and the bag is pressurized, and the campliatainer directs the air and/or liquid
out when the outlet port is opened.

[0034] Embodiments of the invention are suitable for usegen systems, and
embodiments of the invention can be carried outemmaintaining closed systems.

[0035] The following definitions are used in accordancthwine invention.

[0036] Biological Fluid. A biological fluid includes arnyeated or untreated fluid
associated with living organisms, particularly lponcluding whole blood, warm or cold
blood, cord blood, and stored or fresh blood; #édtlood, such as blood diluted with at least
one physiological solution, including but not liettto saline, nutrient, and/or anticoagulant
solutions; blood components, such as platelet curate (PC), platelet-rich plasma (PRP),
platelet-poor plasma (PPP), platelet-free plasiasnpa, fresh frozen plasma (FFP),
components obtained from plasma, packed red d&RC], transition zone material or buffy
coat (BC); blood products derived from blood od@ld component or derived from bone
marrow; stem cells; cord blood; red cells separfi@d plasma and resuspended in a
physiological solution or a cryoprotective fluidydhplatelets separated from plasma and
resuspended in a physiological solution or a crgtgmtive fluid. A biological fluid also
includes a physiological solution comprising a bamerow aspirate. The biological fluid
may have been treated to remove some of the letd®bgfore being processed according to
the invention. As used herein, blood product ofdgjical fluid refers to the components
described above, and to similar blood productsapgical fluids obtained by other means
and with similar properties.

[0037] A “cryoprotectant fluid” can include, for exampke cryoprotectant agent and
mixtures thereof, such as, but not limited to dimésulfoxide (DMSO), glycerol,
polyvinylpyrrolidone, polyethylene glycol, albumidextran, sucrose, ethylene glycol, I-
erythritol, D-ribitol, D-mannitol, D-sorbitol, I-iasitol, D-lactose, choline chloride, amino
acids, methanol, acetamide, glycerol monoacetatejreorganic salts. Exemplary treatment
solutions include those disclosed in Internatidhablication No. WO 96/17514. Typically,
embodiments, DMSO is used, which is nontoxic tdsaellow concentration. It is believed
that, being a small molecule, DMSO freely permettiescell and protects intracellular
organelles by combining with water to modify itedzability and prevent damage from ice
formation. The addition of plasma (e.g., to a @ation of about 20-25%) can augment
the protective effect of DMSO.



700.057 EDTA90800.1 8 CP2D 8981 0.039 EDTA 87 63 0.1 Table 1 [0055]In each sample,
compared to the controls, over 85% of the white blood cells are trapped and over 60% of the white blood
cells compared to the control are recovered, and, compared to the controls, 1% or less red blood cells are
present in the eluted while blood cells. 12 EXAMPI 82 [0056]This example demonstrates the reduction in
red blood cell contamination while purifying and recovering leukocytes according to an embodiment of the

invention.  1003g] A "unit" is the quantity of biological fluid from donor or derived from one unit
of whole blood. It may also refer to the quantitawn during a single donation. Typically,
the volume of a unit varies, the amount differingnfi patient to patient and from donation to
donation. Multiple units of some blood componeptsticularly platelets and buffy coat,
may be pooled or combined, typically by combiningrfor more units.
[0039] As used herein, the term “closed” refers to a sydteat allows the collection and
processing (and, if desired, the manipulation, sgparation of portions, separation into
components, filtration, storage, and preservatdrtyyoprotectant fluid or biological fluid,
e.g., donor blood, blood samples, and/or blood aorapts, without the need to compromise
the sterile integrity of the system. A closed sgstcan be as originally made, or result from
the connection of system components using whétraven as “sterile docking” devices.
lllustrative sterile docking devices are disclogsgdor example, U.S. Patents 4,507,119,
4,737,214, and 4,913,756.
[0040] A variety of materials can be used, including sgtithpolymeric materials, to
produce the porous leukocyte depletion media (paibfg, fibrous porous leukocyte depletion
media) of the filter elements according to the imti@n. Suitable synthetic polymeric
materials include, for example, polybutylene tetbplate (PBT), polyethylene, polyethylene
terephthalate (PET), polypropylene, polymethylpeatgolyvinylidene fluoride,
polysulfone, polyethersulfone, nylon 6, nylon 6glom 6T, nylon 612, nylon 11, and nylon 6
copolymers, wherein polyesters, e.g., PBT and REI more preferred. Typically, the
fibrous porous media are prepared from melt-blolvers. For example, U.S. Patents
4,880,548; 4,925,572, 5,152,905, and 6,074,868ladis porous leukocyte depletion filters
and filter elements prepared from melt-blown fibers
[0041] A leukocyte depletion filter element can have amyable pore structure, e.g., a
pore size (for example, as evidenced by bubbletpoirby K_as described in, for example,
U.S. Patent 4,340,479, or evidenced by capillandeasation flow porometry), a pore rating,
a pore diameter (e.g., when characterized usingitigified OSU F2 test as described in, for
example, U.S. Patent 4,925,572), or removal ratiatjreduces or allows the passage
therethrough of one or more materials of interegha fluid is passed through the element.
While it is believed leukocytes are primarily reredvby adsorption, they can also be
removed by filtration. The pore structure can élected to remove at least some level of

leukocytes, while allowing the passing therethroafjbther components, e.g., plasma,



[0057]The system 100 used for carrying out this Example is shown in Figure 2, showing a filter device 1,
having an inlet port 2 and an outlet port 3, source bag (blood bag) 4, waste bag 6, leukocyte sampling bag
9, syringe 7, injection port 8, and clamps 10-13. [0058]The filter devices are PURECELLO PXLA High
Efficiency Leukocyte Reduction Filters for Apheresis latelet Transfusion with leukocyte depletion media
(Pall Corporation, Port Washington, NY). The inlet port 2 of the filter device 1 is connected through tubing

and a "Y" conpaeiatdoie BIPRR ArachaneHe Jar St BREMINGPABS Hrsasiish Guftet port 3 is

connected to tubing Ieadig? through another "Y" connector to the waste bag 6 and to the injection port 8,

which is conrf{Bigdd ks difiGe Pddroirsied ARy miEhevithatittitidolution and attached to port 8
while clamp J80is2floserhd ORePH R prslarcancanicch theiBsive Clampaintesplases tensioa (ahirgTbasveen the

inlet port and the blood bag and the lin I S 11), and petween the outlet port and
the waste b AR 10 T PR e R o DS Bt oR Mabba) The
blood bag cotiteiag, $0gmaaditiizhatiyletseldseshind mamsiand. Mixedeneneliit 085 uRant adedding to a
standard b'0‘?94'?%%‘2@f%%déi‘ff’m%@g.sy%mdﬁ/?fﬁ%ﬂﬂ@ré{@m‘Fl%l@/a u stegRrelterathl 3 a5 apened,

blood is filtered via gravity, passmg into waste ‘container 6, and leucocytes are captured on the leukocyte

depletion meBHASSIETHEARET AR vidN CTOHR &S AYRESAY isreRise 1 @NRRPUL 2K WYFBRER AHPS K mL of PBS
V;'IlaSh shollrJ]tiO(;ldéimieﬁtﬁcmacf@rrin%gattlmmrwmd' | JiRBE AN sAHERBEK e N/ast) aemmé;. nassez_ )
t roug the downstream surface t eu eple eql nd thro u am surface and Into the
bloocbag 4. T S LRI AS APe SINEn DAS N SRR o R B e vty
through the filterelexige imtbethiengestbabay (00 66U &Mk redeit Bitoraheaté8WLKEE more with

fresh PBS. [QQR4}V he syringe 7 is filled with elution solution (6% dextran 40 in PBS) and connected to the

injection port 8. 13 [0065]Clamps 10 and 13 are closed, and clamps 11 and 12 are opened, and 24 uL of
the elution sdefiftsh is ifje_ R REPCHEASIAARET dhiberRiamerticrnggiiRlG:h tHuafaakdetes are eluted

anddpa_ss, A/Vimwgewim%m@;ﬂ@uﬁmg Hﬂﬁ@@‘?@@ﬂ,%hﬁ%ﬁv@@@%]&?ﬁ@f??é(ﬁg/@mrﬁltﬁwhb\é’asg fluid is
not drained Into a wast I the other experi ent,t was uida i1 rained Into, waste ba .
ool oraeN e e e D et e o R S

are compare@o[Pae7 Prhthecsufscar@aisyfal ignaiggereiiveddivatioirtaneluteneoyifferidizisn \oBC

lymphocytes m%}%yéﬁﬁrgé%’%@ﬁé’mér,%gﬂng and/or curingstiréace with a charged polymer, and
carrying out chemical modification to attach funatl groups on the surface. Grafting
reactions may be activated by exposure to an ersengrce such as gas plasma, vapor
plasma, corona discharge, heat, a Van der Gra#frgéor, ultraviolet light, electron beam, or
to various other forms of radiation, or by surfatehing or deposition using a plasma
treatment.
[0044] The filter and/or filter device can include addi# elements, layers, or
components, that can have different structuresoarfidihctions, e.g., at least one of
prefiltration, support, drainage, spacing and cusinig.
[0045] The filter element, in some embodiments a filtempadsing a plurality of filter
elements, can be disposed in a housing comprisilegist one inlet and at least one outlet
and defining at least one fluid flow path betweles inlet and the outlet, wherein the filter
element is across the fluid flow path, to providdtar device. Typically, the filter device is
sterilizable. Any housing of suitable shape aralijoling at least one inlet and at least one
outlet may be employed.
[0046] Alternatively, filter elements or filters comprigjrone or more filter elements can
be disposed in multiple well devices or filter ptwherein filter elements or filters

comprising a plurality of filter devices are dispdsn the wells. Suitable devices and filter



platelets none 59 75 77 50 15 25 2x 65 77 86 56 3.6 18 2x drain into waste bag 62 70 80 56 3.4 19
[0068]The results show using the wash reduced red blood cell contamination by over 66% as compared
to no wash. EXAMPI F 3

10

plates are known in the art and are commercialiylable, e.g., from Pall Corporation (Port
Washington, NY) under the tradenames ACROWEIand ACROPREP and/or described
in, for example, International Publication No. WQ02/096563.

[0047] The housing can be fabricated from any suitabld rrgpervious material,
including any impervious thermoplastic materialjethis compatible with the biological
fluid being processed. Typically, the housingabrfcated from a polymer. In some
embodiments, the polymer a transparent or transtysglymer, such as an acrylic,
polypropylene, polystyrene, or a polycarbonatethreSuch a housing is easily and
economically fabricated, and allows observatiothefpassage of fluid through the housing.
[0048] If desired, the housing can be sealed as is knowimei art, utilizing, for example,
an adhesive, a solvent, laser welding, radio fraquaealing, ultrasonic sealing and/or heat

sealing. Additionally, or alternatively, the hougican be sealed via injection molding.

[0049] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.
EXAMPLE 1

[0050] This example demonstrates leukocytes can be paiafiel recovered with a good
yield and while minimizing red blood cell contamiioa according to an embodiment of the
invention.

[0051] The filter devices are 25 mm ACRODISC® syringeefi#t with Leukosorb
leukocyte depletion media (Pall Corporation, Poeshington, NY). The inlet ports of the
devices are connected to empty 5 mL syringe bartedsoutlet ports are connected to tubing
leading to a waste container, and 9 mL samplegeshfy collected blood from donors are
treated with EDTA or CP2D anticoagulant, drain, giavity, through the filters. The filtered
blood is discarded.

[0052] New 5 mL syringe barrels (including plungers) anarected to the inlet ports of
the devices, and the tubing connected to the cubls of the devices are placed in
containers containing about 8 uL of phosphate beffesaline (PBS) (“the waste
containers”). As shown in Figure 1, the syringenglers are withdrawn to pull PBS from the
waste containers, through the downstream surfdd® ¢eukocyte depletion media and the
upstream surfaces, and into the syringe barretsshdwn in Figure 1, after the PBS is pulled

into the syringe barrels, the syringe plungerspaitted out of the barrels, while the device



[0069]This example demonstrates that leukocytes can be purified and lysed and the leukocyte nucleic
acids can be analyzed according to an embodiment of the invention. [0070]The filter devices are 25 mm
AcrodiscO syringe filters with Leukosorb leukocyte depletion media (Pall Corporation, Port Washington,
NY). [0071]9 mL samples of freshly collected blood ftgm donors are treated with EDTA anticoagulant, and
processed as follows. Influent and effluent leukocyte counts are taken. [0072]For the first experiment, the

inlet ports of fipde\Ge2iAH CONRREGRHHRBREY M T SVAKRESIREILCIFHPBEHS LREHS fHiRgeonNnected to

tubing leading to a waste container, and 9 mL samples of freshly collected blood from donors were

treated with

el fiaftaeaitfaNie GraMMALT QYOI SHRITGR RS Fiteld IR EONHRTEBANLRI TRCGistM ded.

[0073]New 5imb sgingstbadeiaitacutisgvakingats) iedmheciellinde PG ipgideat thedgvices, and

the tubing co[hréectg
JiL of phosphaté Bu

to trée
1a an
ered saline

aue

of the

%ortr he ees\(/:iﬁt()as AR Or\)/lgced in waste containers containing about 8
flg %Sf%'ﬂe syringe ;‘)alungers are withdrawn to pull PBS from the

containers, tHAagh thed dolwakelgtion sottdicascomhesing akisxterdédiBias gruitabndeberibpdtream
Paelsethgmyringe plungers

surfaces, angjRiosthe,auing harel. 88588 RER iPulRh AR EXH

are pulled out of the barrels, w device outlets remain in contact

hile the

Wllig[%%he PBS in the waste

containers. TRYPBSHKEPSIBI§EDSE R then drains, via gravity through the upstream surface and the
downstream pyg$are, aneusie, 2Maste eaataioeid Bikogshdadeagpied) apansthrr takletimeraé PBS is

pulled through th

media

Lysis/Binding %S&E?igﬁeigspa}a

nﬂ allowed to drain as described above. [0074]2.5 mL of pH-adjusted
X ggﬁsthrough the medium using a syringe, and collected in a lysate collection

tube. Lysate gd withinp-mLl of Nygigrse-free Wateieadd Froteipasgilfal FasdlfRNA is isolated as
described in "LeukOLOGKIdvidratpl RNAgsnjation Systepc§lobin mRNHeepisted Total RNA from
Whole Blood Samples," Instructign Maslednatalogdib diags, IAMelgids, ANbISSdrdMpnual 1923M
Revision B)Ambrom e, Austim, FX{2007) (the lteukOCLOCKTIM Totat RNA tsofationmSystem Manual”).
[0075]In the secbnd axp t, the blootf'is passed thr@&gh the filter follo the prodedure as
described intheteulpoCkHMMFotal RNAIselation-System-Manrualand-thedeukeeytes are isolated,
stabilized, lysed2and the BEBYAARNA is iso¥&ted as|described in the LeukOLOERI M Total|RNA Isolation
System Mapuak{004pFhe-efficigrey-of-leukeeyte-capturethe RNA-yield—and-the-eptiepl density ratio of
absorbance at 280 and 2862k (A2601286) is datermine8dn eagh experimeéh@¥0077]The results are as
follows: Experiment-Bicieney-of VB Cs-capture-or-thefilter 36-RNA-yeld—dgibloed-sample A260/280

4 CP2D 96 84 0.02

5 EDTA 86 71 0.08

6 CP2D 96 70 0.05

7 EDTA 90 80 0.1

8 CP2D 89 81 0.03

9 EDTA 87 63 0.1

Table 1
[0055] In each sample, compared to the controls, over 868te white blood cells are

trapped and over 60% of the white blood cells camqbéo the control are recovered, and,

compared to the controls, 1% or less red blood ce# present in the eluted while blood

cells.



First (embodiment of the invention) 96 12 2.03 Second 74 8.9 2.10 [0078]This example demonstrates the
improvement in leukocyte purification and total RNA yield according to an embodiment of the invention.
EXAMPI F 4 [0079]This example demonstrates that leukocytes can be purified and lysed and the
leukocyte genomic DNA can be analyzed according 1@ an embodiment of the invention. [0080]Leukocytes
are purified and recovered as described in Example 1. 15 [0081]200 uL aliquots of eluted leukocytes are
processed to isolate genomic DNA using phenglighigiigfers extraction as is known in the art. The isolated
DNA is analyzed via UV-spectrophotometry, agarose gel electrophoresis, and PCR. [0082]The results are

as follows (Whggln K=HRQ)WBfe F8MBIRARS FRNSILRSIon Ml Bh ConBld HaRSMRIROD 260/280 1
purifying and recovering leukocytes according teearbodiment of the invention.
[0057] The system 100 used for carrying out this ExampkEhown in Figure 2, showing
a filter device 1, having an inlet port 2 and atietport 3, source bag (blood bag) 4, waste
bag 6, leukocyte sampling bag 9, syringe 7, ingecgort 8, and clamps 10-13.
[0058] The filter devices are PURECELL® PXLA High Efficiey Leukocyte Reduction
Filters for Apheresis Platelet Transfusion withKeayte depletion media (Pall Corporation,
Port Washington, NY). The inlet port 2 of thediltdevice 1 is connected through tubing and
a “Y” connector to the blood bag 4 and to the lemite sampling bag 9, the device outlet
port 3 is connected to tubing leading through a@oth™ connector to the waste bag 6 and to
the injection port 8, which is connected to syriffge
[0059] The syringe is filled with elution solution andaathed to port 8 while clamp 12 is
closed.
[0060] In order to control the flow, clamps are placedfmntubing between the inlet port
and the blood bag and the sampling bag (clampsdQ.&), and between the outlet port and
the waste bag and the injection port (clamps 121&)d All the clamps are initially closed.
[0061] The blood bag contains 50 mL of blood collectedrirdonors and mixed with
anticoagulant according to a standard blood bardcquure. The system is arranged
vertically, and clamps 10 and 13 are opened, bisdiltered via gravity, passing into waste
container 6, and leucocytes are captured on thieodgte depletion medium in the filter
device 1.
[0062] Clamp 13 is closed, clamp 12 is opened and 20 mPB$ wash solution is
injected via syringe 7 through injection port 8¢isuhat the wash solution passes through the
downstream surface of the leukodepletion mediumtaraigh upstream surface and into the
blood bag 4. Clamps 10 and 13 are opened againvasd solution is allowed to drain via
gravity through the filter device into the wasteylta
[0063] The wash procedure is repeated once more with P8sh
[0064] The syringe 7 is filled with elution solution (6%>dran 40 in PBS) and connected

to the injection port 8.



2.952.91.9422.65251.98 33.003.11.82 [0083]Agarose gel electrophoresis of the obtained DNA
shows high molecular weight DNA is isolated from the recovered leukocytes. The DNA is intact and
amplifiable, shown by amplification using PCR and amelogenin primers. EXAMPI F 5 [0084]This example
demonstrates that leukocytes can be purified and lyged and the leukocyte nucleic acids can be analyzed
according to an embodiment of the invention, using varied layers of leukocyte depletion media. [0085]The

filter devices @z MBIAGRAISEARY H@Qé‘ré"éﬁf%‘ﬁf'tﬁrfh Qifrpyears Qhdeasssaub ARHkOrYie sapletion

media (Pall Corp oratlon Port Washington, NY). [0086]9 mL samples of freshly collected blood from
donors are tr@&%@vﬁwmﬁ ﬁyﬁ%gggfu%ttr\ﬁllﬁtﬂmﬁnm@%@iﬂ?%%lWé%SMWBE‘éé%@@%t?éIIows
Influent and @Hw@méammsgowmtstﬁéeetak@m sKI0OfTihe BiaipmegDalhe devices are connected to the

filled syrlngefa(t%géoutl Ports are connectt%d to t:%)wg ead| to.a gaste contaune],rd the Sé}ﬂ’_ll Ige plungers

are pressed, amples FONA BRI are passed a rate 0 rggﬂ rops teer I%% Sond roug the filters.

The filtered m&nm&mdne%qb@@&jmdvéﬁmIBWM@@@WQIH@MMQWW)&% connected to the
inlet ports of faeARMCERiABG: A HLNRY LoRRECEshih e kgL QQFf&BfﬁnF'aﬁ’&Yé%% Asyagsf in waste

containers containing about 8 uL of phosphate buffered saline (PBS). The syringe plungers are withdrawn
to pull PBS fl§Rfthe cotirsdi3sh MO US RS EAFESOVRIYd MIBMRUER o cyte depletion media and

the upstream surfaces, and into the syringe barrels. After the PBS is pulled into the syringe barrels, the

g P O e e Monoeyics grantiocyieRaE oo Bidicletg e PBS In
none 59 75 77 50 15 25
2X 65 77 86 56 3.6 18
2x drain | 62 70 80 56 3.4 19
into waste
bag

[0068] The results show using the wash reduced red bletb@a@ntamination by over

66% as compared to no wash.
EXAMPLE 3

[0069] This example demonstrates that leukocytes can biggoland lysed and the
leukocyte nucleic acids can be analyzed accordirmnptembodiment of the invention.

[0070] The filter devices are 25 mm Acrodisc® syringeefitt with Leukosorb leukocyte
depletion media (Pall Corporation, Port Washingio¥).

[0071] 9 mL samples of freshly collected blood from dorams treated with EDTA
anticoagulant, and processed as follows. Inflagat effluent leukocyte counts are taken.
[0072] For the first experiment, the inlet ports of theiides are connected to empty 5
mL syringe barrels, the outlet ports are connetdadbing leading to a waste container, and
9 mL samples of freshly collected blood from doneese treated with EDTA anticoagulant,
drain, via gravity, through the filters. The filé&l blood is discarded.

[0073] New 5 mL syringe barrels (including plungers) avarected to the inlet ports of
the devices, and the tubing connected to the outies of the devices are placed in waste
containers containing about 8 uL of phosphate bedffsaline (PBS). The syringe plungers

are withdrawn to pull PBS from the containers, tigio the downstream surfaces of the



16 syringe barrel then drains, via gravity through the upstream surface and the downstream surface, and
into a waste container. The wash is repeated, as another volume of PBS is pulled through the media and
allowed to drain as described above. [0089]2.5 mL of pH-adjusted Lysis/Binding Solution is passed
through the medium using a syringe, and collected in4 lysate collection tube. Lysate is added with 2.5 mL
of Nuclease-free Water, and Proteinase K. Total RNA is isolated as described in "LeukOLOCKTM Total

RNA 'SO'atioflb§N§§[Bm%?@%%'&?ﬂ%%@@n‘?%%%@ ngﬂe%%ﬂ?&le%iépﬁwqion
Manual, Catalog #AM 1923, AM 1933, AM 1934’\&53“‘/45%%' 1923M Revision B) Ambion Inc., Austin, TX

(2007) (the "FERROLBURSINEG 18I R0 FMIRH EFRAPRBIRISIH S O08eTHHME etHibrRRydF dNseyte
capture, the NAIyiRld, andtheaplical density vatioteé sEwiaase AoAelne 28themEa26@h280) is

determined. Oorgnl TBSngFﬁqts aére as f\c/;llovxr/gi/ i't:” r de\éi%%ﬁcirﬁnswfof WBE? c;g)turrcla E&g the filter, %

RNA yield, ug 1§ sampleep[b G980 yersy 2eER e@layers%@.g EEMN eI F e

[0092]This exurfipte cerd dnstratesstheoathioton Thaechbipsdted||amanplameptoneavshifBBoa prhids!

purifying anthﬁGQﬁﬁﬁiﬁ@ MB%@%M@@BQJ%@Q@H@QQMQF of the invention. [0093]The system used
[

for carrying out this Example is shown in Figure 2. o _
0074] 2.5 mL of pH-adjusted Lysis/Binding Solution is pad through the medium

using a syringe, and collected in a lysate colbectube. Lysate is added with 2.5 mL of
Nuclease-free Water, and Proteinase K. Total RiNi&Balated as described in
“LeukoLOCK™ Total RNA Isolation Systenglobin mRNA-Depleted Total RNA from
Whole Blood Samples,” Instruction Manual, Catalog #AM 1923, AM1933, AMI34,
(Manual 1923M Revision B) Ambion Inc., Austin, TX(Q07) (the “LeukoLOCK™ Total
RNA Isolation System Manual”).

[0075] In the second experiment, the blood is passed ghrte filter following the
procedure as described in the LeukoLOCK™ Total RB#ation System Manual, and the
leukocytes are isolated, stabilized, lysed, anddted RNA is isolated as described in the
LeukoLOCK™ Total RNA Isolation System Manual.

[0076] The efficiency of leukocyte capture, the RNA yiedad the optical density ratio
of absorbance at 260 and 280 nmgghsg is determined in each experiment.

[0077] The results are as follows:

Experiment Efficiency of WBCs RNA vyield, A 2601280
capture on the filter, % ug/blood sample
First (embodiment of 96 12 2.03
the invention)
Second 74 8.9 2.10

[0078] This example demonstrates the improvement in leytkgourification and total

RNA vyield according to an embodiment of the inventi
EXAMPLE 4

[0079] This example demonstrates that leukocytes can tigepuand lysed and the
leukocyte genomic DNA can be analyzed accordirgntembodiment of the invention.

[0080] Leukocytes are purified and recovered as desciibEgample 1.



[0094]The filter devices are PURECELLO PXLA High Efficiency Leukocyte Reduction Filters for
Apheresis Platelet Transfusion with leukocyte depletion media (Pall Corporation, Port Washington, NY).
The inlet port 2 of the filter device 1 is connected through tubing and a "Y" connector to the blood bag 4
and to the leukocyte sampling bag 9, the device outlges port 3 is connected to tubing leading through
another "Y" connector to the waste bag 6 and to the injection port 8, which is connected to syringe 7. The

system is arrpngad horiznialyNAbENaRRCIHLfRes WAStS Bas-HaREinaJeARHesideal e bench.

17 [0095]The source bag, containing 50 mL of whole blood mixed with anticoagulant and 10 mL of air is
placed on a HSEEBHAPIRIOHAGE CHAHES SHGRWihiv fite AR 59 s hYAL S e ARt eBag is hung
below the beushdpgctiopreiemietayeigardongditgctiroppdisistpered allowing the blood to pass from the
source bag tT/ h the_filter and into the waste . The tuhing, below the filter is clamped, and the filter
backwashed E}% %e in?géﬁéﬁsg]o% %%alr?ése&g O %%ﬂg%r_an Qg?mions 6% dextran 70 in PBS, in 20 mL
increments for a toMB@:RANYoIRINEB 6f QD\c40rati 60 ALl GINA siletde glsamptd EDrABAMRA@Ments, and the
wash fluid passes-into-thesour ; , jiter @5&' {0096]The wash fluid
and cells are mixed in the source bag and the system is again placed on thel bench-top so that the source
bag is 2 inches ab@gve the filter @A&2he wash bag hangs #dm the side of the|bém%h. The mixture passes
from the source bagy through the4iigrand into the waste Bag. [0097]The wash pgacedure is repeated until
the specific washlvolume is achieved. [0098]The results are analyzed. No backwash yields red blood cell
contamination of about 14%, a 20 mL PBS backwash reduces red blood cell contamination to about
6.5%, a 2 x 20uet] PBAjaciesagh sasicsmhirizislanuhe Amiaew DNBwsRBigh LnfaRSurkackeigah reduces it to
about 1.8%. 9]The leukocyte recovery without a back is about 61%, ahout 66% for 20 mL and 2
20 L P IR OHEE 4 O i BaVE 5 S ThE L (O SRR ST0BIRARD Ak yies
platelet contviaauificetiabasirkpPs; RsiddesneIR0anin PB8asaickwash. A 2 x 20 mL PBS backwash
reduces platelet contamination to about 13%, and a 3 x 20 mL PBS backwash reduces it to about 6%.
[0101]With respect to PBS/dextran, no backwaghxyiglgs resl blood cell contamination of about 14%, about
69% leukocyte recovery, and about 22% platelet contamination. [0102]The use of PBS/dextran reduces

red blood celfganiamingtion @how §2(ﬂq%ﬂs%t5’33tﬁé‘?%@?:y?e@éﬁﬁﬂ{&é8_a%d<|§9eﬁ‘hr%5i§édex”a”)’ and,

[
platelet contamination (about 9% 20 mL PBS/dextran and 2°x 20 mL PBS/dextran). However, the use of

PBS/dextran IRsQEXEe BUKSHS REH 698 REcRAPZRSHACS AL IRMERSSiABBLe B0 &6l BRRRVHEINI 66% 20
mL PBS/dextjane angérS8dakot e @dpleftfaSiieniran). [0103]In another experiment, comparing the
results of a coptrol, and PBS backwashes of 2 x 20 mL, 40 mL single backwash, and 60 mL single
backnash. (0Bt 6 JRERANCER G 16116 A DR A SNEE AT T BB louiocyte
recovery, and émkesodd dldodyte bl epldtpiatelediedifairoapions Eoripaesthitgthe, doYitrol), although the 2 x

20 M. backuieler. Virifip é&ﬁ?&ﬁe’@%’fgsg W daes BT AR OSSN PRBKHasTes vicld

about 8% red bl contamination (compared to about 22% for contré)ﬂ. EXAMPI F 7 [0104]This
example denfsliRagdae WBHENEA DS EyriresirATBRRRERAE as follows. Influent and

effluent leukocyte counts are taken.

[0087] The inlet ports of the devices are connected tdilled syringes, the outlet ports
are connected to tubing leading to a waste contdime syringe plungers are pressed, and
samples of blood are passed at a flow rate of &psdper second through the filters. The
filtered blood is discarded.

[0088] New 5 mL syringe barrels (including plungers) anarmected to the inlet ports of
the devices, and the tubing connected to the cuties of the devices are placed in waste
containers containing about 8 uL of phosphate beffsaline (PBS). The syringe plungers
are withdrawn to pull PBS from the containers, tigio the downstream surfaces of the
leukocyte depletion media and the upstream surfacekinto the syringe barrels. After the
PBS is pulled into the syringe barrels, the syriplyagers are pulled out of the barrels, while

the device outlets remain in contact with the PB& e waste containers. The PBS in each



recovering leukocytes according to an embodiment of the invention. [0105]Blood is collected from a donor
into VACUTAINERO tubes (Becton Dickenson, Franklin Lakes, NJ) containing EDTA anticoagulant. The
blood is processed to obtain and isolate buffy coat. [0106]A cryoprotectant fluid containing 10% DMSO
and 90% same donor plasma is prepared, chilled, ang mixed with the buffy coat. Two 6 mL samples of
buffy coat mixed with cryoprotectant fluid are obtained. [0107]The samples are filtered, and the

leukocytes ar, Wﬁ%‘(@%@“%@h‘%ﬁ§ YRS ngF‘IF&E treshdtrEXRranIeade WA the GwRRIERAL the

leukocytes i |n ample are eluted with PBS, rather than an elution solution mcludmg dextran.
[0108]InfluentU&fkR AN IR RNERP @&%E?t’é%eﬁé@dﬁ?&%@e?ﬁ AR TR hREPS AYIRstein
concentratlonha)dgteﬂﬁ@nnﬁgmasmjtammal foratain £oaeeokBEde. in the eluted leukocyte-containing fluid,

as the chang rotein concenptration ¢ ates ith the reduction of cent tlon.The results
ave 20 folow X ie Yot e s FEL A SE SoMaH e D e WS TH MY 14 Doroorne
results show tisatd\S M genaedn caltiestashin lod ateatigdtlyea o0 % addiks retbvkbimglefikocytes.
EXAMPI F 8 [g101Ibif&xaranle dampRstpiesdaukeouiprsan e pudird ik grovered while

minimizing platelet contamination according to an embodiment of the invention. [0111]Blood samples are

filtered and lebREEGHELGE S V\Tégﬁbﬁ%éeéléﬁ@(ﬂ‘ PG W ORB SR SIR O AR TR B xample 1.

Whole Blood Samples,” Instruction Manual, Catalog #AM 1923, AM1933, AMI34,
(Manual 1923M Revision B) Ambion Inc., Austin, TXQ07) (the “LeukoLOCK™ Total
RNA Isolation System Manual”).

[0090] The efficiency of leukocyte capture, the RNA yiedad the optical density ratio
of absorbance at 260 and 280 nmgghsg is determined.

[0091] The results are as follows:

Filter device Efficiency of WBCs RNA vyield, A260/280
capture on the filter, % ug/blood sample
4 layers 67.2 9.5 2.06
8 layers 99.5 13.6 2.11
EXAMPLE 6

[0092] This example demonstrates the reduction in reddotatl and platelet
contamination while purifying and recovering leuitis according to an embodiment of the
invention.

[0093] The system used for carrying out this Example eshin Figure 2.

[0094] The filter devices are PURECELL® PXLA High Efficiey Leukocyte Reduction
Filters for Apheresis Platelet Transfusion withkdeayte depletion media (Pall Corporation,
Port Washington, NY). The inlet port 2 of thediltdevice 1 is connected through tubing and
a “Y” connector to the blood bag 4 and to the lexte sampling bag 9, the device outlet
port 3 is connected to tubing leading through a@oth™ connector to the waste bag 6 and to
the injection port 8, which is connected to syrifgeThe system is arranged horizontally on

a bench-top, with the waste bag hanging from ttie sf the bench.



19 [0112]Influent, effluent, and eluted leukocyte and platelet counts are taken. The results are as follows
(wherein K=1000). Sample ID Platelet count influent, K/uL Platelet count effluent, K/uL Platelet count in
eluted WBCs, K/uL Reduction in platelets on the filter, % Residual Platelets in eluted WBC, % WBC
recovery in eluate % Blood with EDTA anticoagulant1 7

[0095] The source bag, containing 50 mL of whole bloodedixvith anticoagulant and
10 mL of air is placed on a box so that the bag iilsches above the filter on the bench-top.
The waste bag is hung below the bench-top to pteeserse flow. The clamps are opened
allowing the blood to pass from the source bagutinahe filter and into the waste bag. The
tubing below the filter is clamped, and the filtkerckwashed via the injection port using PBS
or PBS/dextran solutions 6% dextran 70 in PBS, Gnn2ZL increments for a total wash
volume of 20, 40, or 60 mL, or in single 40 mL d @L increments, and the wash fluid
passes into the source bag. For the controllteeit not backwashed.

[0096] The wash fluid and cells are mixed in the sourcg dad the system is again
placed on the bench-top so that the source bagnsh2s above the filter and the wash bag
hangs from the side of the bench. The mixturegsmf®m the source bag through the filter
and into the waste bag.

[0097] The wash procedure is repeated until the specHishvwolume is achieved.

[0098] The results are analyzed. No backwash yields feddbcell contamination of
about 14%, a 20 mL PBS backwash reduces red blelbdantamination to about 6.5%, a 2
x 20 mL PBS backwash reduces it to about 3.4%,aaBd 20 mL PBS backwash reduces it
to about 1.8%.

[0099] The leukocyte recovery without a backwash is alédi¥, about 66% for 20 mL
and 2 x 20 mL PBS backwashes, and about 63% for 2083mL PBS backwash.

[0100] No backwash yields platelet contamination of ald®@%, as does a 20 mL PBS
backwash. A 2 x 20 mL PBS backwash reduces ptateteamination to about 13%, and a 3
x 20 mL PBS backwash reduces it to about 6%.

[0101] With respect to PBS/dextran, no backwash yield$tedd cell contamination of
about 14%, about 69% leukocyte recovery, and ab2Ut platelet contamination.

[0102] The use of PBS/dextran reduces red blood cell aanttion (about 8% 20 mL
PBS/dextran; about 3% for 2 x 20 mL PBS/dextrani, @latelet contamination (about 9%
20 mL PBS/dextran and 2 x 20 mL PBS/dextran). Harethe use of PBS/dextran reduces
leukocyte recovery compared to no backwash (ab@#t Bo backwash, 66% 20 mL
PBS/dextran; about 56% for 2 x 20 mL PBS/dextran).

[0103] In another experiment, comparing the results ajrdrol, and PBS backwashes of
2 x 20 mL, 40 mL single backwash, and 60 mL silglekwash, the results are generally
similar for the 3 backwashes (all showing incredse#focyte recovery, and lower red blood

cell and platelet contamination compared to thdrodyn although the 2 x 20 mL backwash



13803211485462238032315794753380301176211864190118 15
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yields about 18% red blood cell contamination, tredother backwashes yield about 8% red

blood cell contamination (compared to about 22%liercontrol).
EXAMPLE 7

[0104] This example demonstrates the reduction in DMSQ@ewoimation while
recovering leukocytes according to an embodimethh®invention.

[0105] Blood is collected from a donor into VACUTAINER®Kes (Becton Dickenson,
Franklin Lakes, NJ) containing EDTA anticoagulamte blood is processed to obtain and
isolate buffy coat.

[0106] A cryoprotectant fluid containing 10% DMSO and 96&me donor plasma is
prepared, chilled, and mixed with the buffy cofitvo 6 mL samples of buffy coat mixed
with cryoprotectant fluid are obtained.

[0107] The samples are filtered, and the leukocytes ash@dand eluted as generally
described in Example 1, with the exception thati¢hikocytes in this Example are eluted
with PBS, rather than an elution solution includdextran.

[0108] Influent, effluent, and eluted leukocyte cell cauate taken. Additionally, the
initial total protein concentration is determined,is the total protein concentration in the
eluted leukocyte-containing fluid, as the changpristein concentration correlates with the

reduction of DMSO concentration. The results aréoflows:

sample WBC recovery % Residual DMSO concentration %
1 65 0.11
2 62 0.14

[0109] The results show that DMSO concentration can besdsed by about 90% while

recovering leukocytes.
EXAMPLE 8

[0110] This example demonstrates leukocytes can be paiafnel recovered while
minimizing platelet contamination according to amb®diment of the invention.
[0111] Blood samples are filtered and leukocytes are whahe eluted using devices as

generally described in Example 1.
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[0112]

are as follows (wherein K=1000).

Influent, effluent, and eluted leukocyte and plette€lounts are taken. The results

Sample| Platelet Platelet | Platelet count] Reduction| Residual WBC
ID count count in eluted in platelets| Platelets in| recovery in
influent, effluent, | WBCs, K/uL on the eluted eluate %
K/puL K/pL filter, % WBC, %
Blood with EDTA anticoagulant
1 380 321 14 85 4 62
2 380 323 15 79 75
3 380 301 17 62 11 86
4 190 118 15 59 88
5 190 112 20 85 4 84
Blood with CP2D anticoagulant
1 335 21 4 6 1 63
2 335 168 24 50 7 84
3 335 157 17 47 5 80
4 175 34 7 19 4 74
5 175 49 9 28 5 78
6 175 60 8 34 5 72
EXAMPLE 9
[0113] This example demonstrates the reduction in reddotatl contamination while

purifying and recovering leukocytes and maintairangjosed system in according to an
embodiment of the invention.
[0114]

a filter device 1, having an inlet port 2 and atietiport 3, source bag (blood bag) 4, waste

The system 100 used for carrying out this Examgpkhbwn in Figure 3, showing

bag 6, leukocyte sampling bag 9, syringe 7 contgimiash solution, syringe 8 containing
elution solution, and clamps 10-14.
[0115] The filter devices are PURECELL® PXLA High EfficieyyLeukocyte Reduction

Filters for Apheresis Platelet Transfusion withkecyte depletion media (Pall Corporation,



333515717475804175347194745175499285786 175608 34
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Port Washington, NY). The inlet port 2 of thediltdevice 1 is connected through tubing and
a “Y” connector to the blood bag 4 and to the leayte sampling bag 9, the device outlet
port 3 is connected via a “Y” connector to tubirgding to the waste bag 6, and to another
“Y” connector leading to syringes 7 and 8.

[0116] In order to control the flow, clamps 10-14 are pthon the tubing between the
inlet port and the blood bag and the sampling b&gr(ps 10 and 11), and between the outlet
port and the waste bag and the wash and the elsyramges (clamps 12-14). All clamps are
initially closed.

[0117] The blood bag contains 50 mL of blood collectedarfrdonors and mixed with
anticoagulant according to a standard blood baokgature. Clamp%0 and 13 are opened,
blood is filtered via gravity, passing into wastgl6 and leucocytes are captured on the
leukocyte depletion medium in the filter device 1.

[0118] Clamp 13 is closed, the clamp 12 is opened and20fr®BS is injected via
syringe 7 such that the wash solution passes thrtheggdownstream surface of the leukocyte
depletion medium and through the upstream surfaderdo blood bag 4. Clamp 12 is
closed and clamp 13 is opened again and wash@olistallowed to drain via gravity

through the filter device into the waste bag 6.

[0119] The wash procedure is repeated once more with #8$ The wash fluid is
drained into a waste bag 6.

[0120] Clamps 10 and 13 are closed. Clamps 11 and ldpareed and 24 uL of the
elution solution is injected from the syringe 8lsdicat leukocytes are eluted and pass, with
elution solution, into the sampling bag 9.

[0121] The results show, similar to those in Example tygithe wash reduced red blood
cell contamination as compared to no wash. Addtily, this Example shows an

embodiment of the method can be carried out whaentaining a closed system.

[0122] All references, including publications, patent éggtions, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0123] The use of the terms “a” and “an” and “the” andinreferents in the context of

describing the invention (especially in the conteixthe following claims) are to be



572 EXAMPI F 9 [0113]This example demonstrates the reduction in red blood cell contamination while
purifying and recovering leukocytes and maintaining a closed system in according to an embodiment of
the invention. [0114]The system 100 used for carrying out this Example is shown in Figure 3, showing a
filter device 1, having an inlet port 2 and an outlet part 3, source bag (blood bag) 4, waste bag 6,

leukocyte sampling bag 9, syringe 7 containing wash solution, syringe 8 containing elution solution, and

clamps 10-14.JQdhld 6 iR R008R ARJTIARE R HifiitLs BiRbHFRICRRRAIRHROS R Reduction

Filters for Apheresis Platelet Transfusion with leukocyte depletion media (Pall Corporation, 20 Port

Washington, REAM RRRciciB By Gomiethtet HolRERS fomiMhe i isroub R tdBIAg &Rd a "Y" connector to
the blood bagchmathiiogtherdetokas vishsareling ieeh®ribeddgnae ragtaingoihdisiegnpected via a "Y"
connector to fubing Jeading o, waste Bag &, Adio anaiher. o eannegion eading o fyringes 7 and 8.
[0116]In order to contralt e?Fbw, campsf -14 are pa}acegngn?he t?blng etween the'inlet port and the
blood bag andtérdsdrifptierydag éctnyand aredhbt) obreddittivicialthéoratit gepacatel vakievaste bag and

the wash ano}émﬁPeleH ENGRR ClARES tRahisd h AlaiRRrR i S itilbhciaparh ¢ (H fae blood bag

contains 50 mL of blood collected from donors and mixed with antlcgélgulant according to a standard
blood bank prft¥Baratee|disd'a GRasieatianasib i aEmeiHy FEMNIRTERAVIS§ AviR)! 5@&%%’& into waste bag
6 and leucocyigsape apiunedaNHh @ derdkordendeplelinaieedinesindine filics devicget HRidigleHamp 13 is

closed, the cl 12 is ppened and of PBS js injected via syringe 7 sych that the wash solution
sses thro BT R R A A PSS o e RN ALBTAmRS i SAE e Lpstraam
surface and il@_(ngb_ﬁg&j(bgg,4Sl¢dh|a§5’)1m®idme_drah_id istare 8 sl ebeiteadhimiaatewaesh solution is_

allowed to drﬁiOe‘Hﬁ‘oWaMEydBHQH%F?B?ef%t‘ﬁhﬂ%ﬁ&?6ﬂtﬁm$§cﬁﬁ‘?ﬁé‘%R%@ormﬂ@sg%ﬂw\éﬁﬁgeorocedUre IS

repeated once more with fresh PBS. The wash fluid is drained into a waste bag 6. [0120]Clamps 10 and
13 are closed/@mReApI\r1Iaaacir3p sRealiGai o SoBIRBSHIUED RS IR Rj¥AeR-F8HNE% syringe
8 such that leyikpRfiesssesRintiarianeenasstivatbreldipggalution, into the sampling bag 9. [0121]The

comparedt 1o FUlkan, AU S L RS P e L oA B AT 1 ARG G carred o
while maintaimodeskolose dostystamve [0A2XXI Cesfeirenoest Hesitidin g \(arlsicatookthoateptedppidations, and
patents, Citedembodiments may become apparent to those of oxdskdt in the art upon reading the

foregoing description. The inventors expect sHligtisans to employ such variations as

appropriate, and the inventors intend for the iteento be practiced otherwise than as

specifically described herein. Accordingly, tmseéntion includes all modifications and

equivalents of the subject matter recited in tlaéncs appended hereto as permitted by

applicable law. Moreover, any combination of thewae-described elements in all possible

variations thereof is encompassed by the inventidess otherwise indicated herein or

otherwise clearly contradicted by context.



herein are hereby incorporated by reference to the same extent as if each reference were individually and
specifically indicated to be incorporated by reference and were set forth in its entirety herein. [0123]The
use of the terms "a" and "an" and "the" and similar referents in the context of describing the invention
(especially in the context of the following claims) are® be 21 construed to cover both the singular and
the plural, unless otherwise indicated herein or clearly contradicted by context. The terms "comprising,"
"having," "inc@ng\r,\q("S%nd "containing” are to be construed as open-ended terms (i.e., meaning "including,
but not limited to,") unless otherwise noted. Recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each separate value falling within the range,

unless otherwise inglicated\hagiHy A miggp&q%%g@y@ﬁé mgmmgg]aqto the specification as if it
escr [

were individually recited herein. All methods described herein can be performed in any suitable order
unless otherwise indicatedMereiRBiSHBE RO TR M IERRMRIISIEE I9) FAUPiSk 2 TRORIRIES ANy and all

examples, or exemplary languagriice @ m|sisthgas kaevide ehrrighna isdriestagen@splytorpetter illuminate
the invention and does not pose a I(iﬁsnita ion.on the sc&pe of th? inventé:niynles(%o%%rwkﬁe claimed. No
CIAMETEiEThe

language in the specification shdlfd BE cEhbRiEa HeS %%gtﬁjf'é %‘fﬁ/% A nt'Ss essential to
the practice of the invention. [01RdiliP pefesirefenmbibei onesits aoh thisfavecthtionghritheesicedvad herein,

including the best mode known %W%E)m%ﬁqf@uﬁa&xma%trmA@\ﬂ%}ﬂ%&ﬁ&%@%i%th%e

preferred embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The invenfB?Q'éﬁb'ect skilled artisans to employ such variations as appropriate, and

the inventors intend for thegnveniigsziigykReviissticsd ibegnisR tharassnasficabridesadheghberein.
Accordingly, this invention inclu:%es all modifica 'ons&r\;}d eqLﬁvalents of the suhject matter recited in the

claims appended hereto as per ﬂ@ﬂ%ﬂ?%ﬁbﬁw B 1AV L%It 8\%)5'[5?1%8 tidh of the
above-described element$an all passitdehanatsorfsiitiénenigh theclemipasdadidy thednveriton unless

otherwise indicated herein or otrmévﬂ g SATTY, SRR Hi%‘?g%lk?ﬁec mﬁ% C‘Slt@[g\%%}, A method for
purifying leukocytes, the method comaprligng (aﬁpasgng a |olog§ca Iu{iﬁgmprl& g étlgjkocytes, ora
cryoprotectant fluid comprising leykocytes, through a porous leukocyte depletion medium having an
upstream surface afd a dﬁv@ﬁ%%ﬂé‘i%ﬁ g %hg‘?mf%ﬁﬁ'ggsﬂ?ﬁwiiﬁ@lf& e Irs%lfface through the
downstream stydaceteataat ginidethkooyteth & o retai ek byt tenkoeylie depdegiavitnedium; (b) passing a
wash fluid through the leukocyte depletion medium from the downstream surface through the upstream

surface; and, (c) pagsing thgavasthidigribEawal Hprisding\edariekmiPatiuM diafkthe upstream

surface through the downstream surface via gravity. 2.The method of claim 1, comprising passing the
biological fluif ¥PRIRSSAANS A0 S RS S RY KR SRk SRV B MBRUBdium via gravity 3.The

method of claim 1, comprising passing the biological fluid or the cryoprotectant fluid through the porous
leukocyte depletiondmediuM&iBGHEGLPH 2aYTPRERECRINS LadyfdiHe bPErine sepentingtiRr aitshiplising

repeating (b) AN8:&) e astreas@ivita aekeitianay wash fluid. 5. The method of any one of claims 1-4,
wherein the cryoprotectant fluid comprises DMSO. 6.The method of any one of claims 1-5, wherein

passing the wash flgid thrcw%h n%%ﬁ]!;ed“éP&Xteo%%pé?%faﬁ‘m@eE%‘r\?v p;reorgll tgle d%\{gsttéﬁiaﬂ;ﬁ%ﬁrface through the
upstream surface comprises creating a vacuom upstream of the upstre Ph SUFace. 7-The method of any
one of claimsceraprigesreid $assing the wash fluid through

6. The method of any one of claims 1-5, whereirsipasthe wash fluid through
the leukocyte depletion medium from the downstreanfiace through the upstream surface

comprises creating a vacuum upstream of the upstsegface.

7. The method of any one of claims 1-5, whereirsipasthe wash fluid through
the leukocyte depletion medium from the downstreanfiace through the upstream surface

comprises creating a positive pressure downstréadhealownstream surface.



the leukocyte depletion medium from the downstream surface through the upstream surface comprises
creating a positive pressure downstream of the downstream surface. 23 8. The method of any one
of claims 1-7, further comprising eluting leukocytes from the leukocyte depletion medium by passing an
elution fluid through the leukocyte depletion mediumggom the downstream surface through the upstream

surface, and recovering the eluted leukocytes. 9. The method of any one of claims 1-7, further
comprising lysing the retained leukocytes. 10. The method of claim 9, further comprising processing
nucleic acids from the lysed leukocytes. 11. The method of claim 10, further comprising purifying

nucleic acids from the lysed leukogcytes 12. The met f claim 10 or further comprising
analyzing nucleic ag'ds frsﬂr]] %hrgeiqyﬁsgedgqfeﬁ%gy %g-.F CFamfﬁ%h@rrtﬁg{kPo%"&gc ﬁ‘f‘rﬁ‘ qg’ ug(é) f {ré:ging
determining thientotfag I%Nwoﬁyimotﬁ@&ysedﬂedkmnmgassinglmimﬁmmmlmwatbmmmm@mprisir_lg
depleting mRAA KSR HENEEH YA HGRnstrearhsuHAR ENAIRAE Gp aRV-ANE Racla Msylrdéhverftipd out

using a multiwell device, the device having a plurality of wells, each well having a porous leukocyte
depletion meHIBRIHRISHHKANERSIn separate portions of biological fluid and wash fluid are passed through

the leukocyte depletion media in separate wells. 16. The method of claim 8, further comprising
administering the elited |eUik@oyetisob af supjent. of claims 1-7, further posing lysing the retained
leukocytes.

10.  The method of claim 9, further comprising pssteg nucleic acids from the

lysed leukocytes.

11.  The method of claim 10, further comprising fyimig nucleic acids from the

lysed leukocytes.

12. The method of claim 10 or 11, further compgsamalyzing nucleic acids

from the lysed leukocytes.

13.  The method of claim 12, comprising determirtimg total RNA from the lysed

leukocytes.

14.  The method of claim 12, comprising depletinghRrom the lysed

leukocytes.

15.  The method of any one of claims 1-14, carrigidusing a multiwell device,
the device having a plurality of wells, each well/ing a porous leukocyte depletion medium
therein, wherein separate portions of biologicaldfland wash fluid are passed through the

leukocyte depletion media in separate wells.

16.  The method of claim 8, further comprising adstaring the eluted leukocytes

to a subject.



